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The United States Environmental Pro-
tection Agency (U.S.E.P.A.) offers a
softwarepackagecalled EPANET which
performs extended period simulations
andwater quality modelingwithinpres-
surized pipenetworks. Thissoftwareis
widely used by the civil engineering
community dueto its functionality and
robustness as well as the fact that it is
free.

Presently, there aretwo versions of the
EPANET software with the latest ver-
sioncalled EPANET 2. EPANET 2isa
stand-alone software package that em-
ploysitsownuser interfacefor devel op-
ing and modeling pipe networks, such
as awater distribution system.

FromaGI Spoint of view, particularly an
ArcView/ArcMappointof view, itwould
be very useful to be able to run the
EPANET 2 modeler using datastoredin
theGIS.

TheCEDRA Solution

The CEDRA-AVwater softwareincorpo-
rates an interface for both versions of
the EPANET software (EPANET and
EPANET 2) thereby enabling the user
to perform an analysis from within the
ArcView® GISor ArcGIS® environment.

In addition to being able to execute the
EPANET softwarefromwithin ArcView/
ArcMap, CEDRA-AVwater provides
functionality for importing an existing
EPANET model. Thisability eliminates
the need for the user to redefine the

TobuildaCEDRA-AVwater model from
an existing EPANET model, the user
musthave: (a) anEPANET mapfile(.map)
and (b) the corresponding EPANET in-
putfile(.inp). Themapfilecontainsalist
of the nodes and their coordinates, as
shown in Figure 1, while the input file
contains the data associated with the
model, seeFigure2. CEDRA-AVwater
will processboth of thesefilesand build
anequivalent CEDRA-AVwater model.
Note that both of these files must share
theexact sameroot name. For example,
if theEPANET mapfileiscalled A.MAP,
the EPANET input file must be called
A.INP inorder for theimporting to prop-
erlywork.

Command Of The Month bulletin

Thismonth’sissue discussesthe pro-
cess of importing an existing
EPANET water model from within
the CEDRA-AVwater software.

EPANET users can create the map file
(.map) from within EPANET using the
{File} [Export] [Map...] command. Like-
wise, theinput file (.inp) can be created
from within EPANET using the {File}
[Export] [Network...] command. By ex-
ecuting these commands from within
EPANET, the user can create the re-
quiredfiles.

Once these two files have been estab-
lished, the user should create aseparate
folder or directory on the hard disk and

good ideato create aseparatefolder for
each model that is to be created. The
{Import} [Points] command, within
CEDRA-AVwater, will beusedtoimport
the EPANET model. Depending upon
the environment, this command can be
displayed by performing thefollowing:

(@ ArcGIS® users should:
* Adctivate the Editor, CEDRA-
AVcad-Menus and CEDRA-
AVwater-Menus toolbars.

(b) ArcView® GISusersshould:
* ActivatetheCEDRA-AVwaer,
CEDRA-AVwater-EPANET-Import
and the CEDRA-ImportPoints ex-
tensions.

A sampleEPANET 2 mapfile(.map)is
shown below. Datalineswith the semi-
colon (;) character are comment lines.

[ COORDI NATES]
. Network Nodal coordinates
2 50 90
9 10 70
10 20 70
11 30 70
12 50 70
13 70 70
21 30 40
22 50 40
23 70 40
31 30 10
32 50 10
[ LABELS]
0 70 "Source" 9
12 68 " Punp" 9
55 90 "Tank" 2
Figure 1

Sample EPANET 2 Map File
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A sample EPANET 2 input file (.inp) isshown below.

?

[ PATTERNS]

; ID Miltipliers.....
1 1.0 1.2 1.4 1.6 1.4 1.2
1 1.0 0.8 0.6 0.4 0.6 0.8
[ REACTI ONS]

CONTROLS]
Punp 9 is on when Tank 2 level < 110 ft
Punp 9 is off when Tank 2 level > 140 ft

LINK 9 OPEN IF NODE 2 BELOW 110
LINK 9 CLOSED IF NODE 2 ABOVE 140

GLOBAL BULK -.5 ; Bulk decay coeff.

[ TITLE]

EPANET Sanpl e Network
[ JUNCTI ONS]
; El ev Denmand
; ID ft gpm

10 710 0

11 710 150

12 700 150

13 695 100

21 700 150

22 695 200

23 690 150

31 700 100

32 710 100
[ TANKS]
; El ev Init Mn Max Di am
; ID ft Level Level Level ft

2 850 120 100 150 50. 5
9 800

[ QUALI TY]
; Initial
. Nodes Concen. ng/L

2 32 0.5

9 1.0

2 1.0
[ PI PES]
; Start End Lengt h Di am Rough
;1D Node Node ft in Coef f
10 10 11 10530 18 100
11 11 12 5280 14 100
12 12 13 5280 10 100
21 21 22 5280 10 100
22 22 23 5280 12 100
31 31 32 5280 6 100
110 2 12 200 18 100
111 11 21 5280 10 100
112 12 22 5280 12 100
113 13 23 5280 8 100
121 21 31 5280 8 100
122 22 32 5280 6 100
[ PUMPS]
; Start End Design HQ
;1D Node Node ft gpm

9 9 10 250 1500
Figure 2(a)

Sample EPANET 2 Input File

GLOBAL WALL -1 ; Wall decay coeff.
[ TI MES]
DURATI ON 24 ;24 hour sinulation
PATTERN TIMESTEP 2 ; 2 hour pattern tinme
[ OPTI ONS]
QUALITY  Chlorine ; Chlorine analysis
VAP Netl.map ; Coordinate file
[ END]
Figure 2(b)

Sample EPANET 2 Input File

ImportingtheEPANET Modd

Once the required EPANET files have
been established and the appropriate
menus displayed, the user is able to
importtheexistingEPANET model. To
do so, perform thefollowing:

1. DefinetheMap Units

The first step in importing an existing
EPANET model isto create anew data
frame (view) and define the map units
for the new dataframe (view). Itisrec-
ommended that anew dataframe (view)
be created specifically for the model to
be imported. Any additional back-
ground information (layers/themes) can
then be added to the new data frame
(view). As such, the user should use
native ArcMap/ArcView functionality
to:

e Createanew dataframe(view) that
will containtheimported EPANET
model,
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»  Set the Map and Distance units of
this new data frame to be feet
(meters) or any other appropriate
unit,

e Setthenameof thenew dataframe
(view) andfinally

»  Savethedocumentfile(projectfile)
using the {File} [Save As...] com-
mand, ArcGIS users, or the {File}
[Save Project As...] command,
ArcView GlSusers.

2. SettheCurrent Working Direc-
tory

When importing amodel, the CEDRA-
AVwater softwarewill crestemodel files
in the current working directory. As
such, it is important to verify that the
current working directory isas desired.

ArcGISUsers

Usethe[Set Working Directory] command
within the { CEDRA Commands} combo-
box (see Figure 3) to verify that the cur-
rent working directory is set appropri-
ately.

SetWorking Directony

Zoom Scale Factor

Set Active Laper

|Ipdate Clazsifications
|Ipdate Geometry
Flip/Reverse Featuresz

Copy Selected Features
Adland Properties... M

Figure 3
CEDRA Commands Combo-Box

Upon selection of the[Set Working Direc-
tory] command, afile navigation dialog
box smilar tothat shownin Figure4 will
bedisplayed. Theuser can double-click
at the appropriate directory to display it
in the topmost datafield (the oneto the
left of the OK button), and then click
the OK button to confirm the setting of
the current working directory. Afterthe
OK button is selected, the pathnamefor
the current working directory will bedis-
played in the status bar area.
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Figure 4
Set Working Directory Dialog Box

ArcView GISUsers

Use the {File} [Set Working Directory]
command to verify that the current work-
ing directory isset appropriately. Upon
activation of the command an input mes-
sage box will appear, seeFigure5, iden-
tifying the current working directory.
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Figure 5
Set Working Directory Dialog Box

If the path that is displayed is not the
desired location, the user will need to
explicitly typethe desired path, followed
by clicking the OK button.

3. SettheActivelLayer

Inimporting an existing EPANET modd,
the user has the option of storing the
points which appear in the map file in
either anexisting layer, orinanew layer.
To set the appropriate layer, or the cur-
rent active layer asit isreferred to, the
user can:

ArcGISUsers

Activatethe[ Set Active Layer] command
within the { CEDRA Commands} combo-
box (seeFigure 3).

Upon selection of the [Set Active Layer]
command, a dialog box similar to that
shown in Figure 6 is displayed.
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Figure 6
Set Active Layer Dialog Box

If anexisting layer isto be selected, the

user should:

e Accept the default Picking Existing
Layer option;

e Click atthe OK buttonto display a
list of al of the visible feature lay-
ers;

e Click attheappropriatelayerinsaid
list, and then

¢ Click at the OK button.

If a new layer is to be established, the

user should:

e Scroll downinthetop datafield of
Figure 6 and select the Entering New
Layer Name option (see Figure 7).

Entering Mew Laver Mame
Continuing in Current Layer

Figure 7
Layer Definition Choice List

« If thelayer to be created isto be:
(8 a geodatabase, the user will
need to enter the appropriate
False X, FalseY and False XY
Units values in the appropri-
ate three data fields of Figure
6.
(b) A shapefile, the user should
accept the defaults in the
above said three data fields.

» Click at the OK button to display
theinput dialog box of Figure 8.

«  Enter the name of the new layer to

be created (for example: ModelA),
and then
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Figure 8
Entering New Layer Name Input Box

e Clickthe OK button.

Note, if the EPANET map file contains
the [LABELS] command, the user
should store the data that is processed
in a geodatabase and not a shapefile.
In processing the[LABEL S| command,
text or annotation features will be cre-
ated by the program. By storing the
data in a geodatabase, the user will be
able to store both, the points and an-
notation featuresin asinglefile, rather
than, having the points stored in a
shapefile and the annotation features
in a geodatabase.

Thereader isreferred to the May 2005
issue of Command of the Month for de-
tail information describing the False X,
FalseY and False XY Unitsparameters.
However, summarizing, the False X and
False Y values pertain to the coordi-
nates of the low left corner of a rect-
angle which encloses the points being
imported. These values should be such
that no datawill fall below or to theleft
of this point.

The False XY units value controls the
number of digitsto theright of the deci-
mal point that are stored in the PGD for
coordinate values. An adequate value
for the False XY units parameter would
be 10000, whichindicates4 digitsto the
right of thedecimal point will be stored,
whileavalue of 1000 indicates 3 digits.
This parameter also controls the upper
right corner coordinates of the PGD’s
extent. A value of 10000 for the False
XY units parameter denotes that the
upper right corner coordinates of the
PGD’ s extent can be computed by add-
ing 214,748.3647 to each of the False X
and Y coordinate values (for a 32 bit
computer).

ArcView GISUsers

Use the [Layers] button £ in the

CEDRA-AVwater button bar, see Figure
9, to set the current active layer.
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Figure 9
Entering New Layer Name Input Box

Upon selection of the command, the
choicelist messagebox showninFigure

10will appear.
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Figure 10
Set Active Layer Choice List

The user can then: (a) pick an existing
themeor (b) specify thenameof thenew
theme to be created by selecting the
appropriate item in the choice list and
clicking the OK button.

If the Pick Existing Layer option is se-
lected, the user will pick the current
active layer from alist that will be dis-

played.

If the Enter New Layer Name option is
selected, the user will be prompted to
enter the name of the new layer to be
created. In thiscase, an input message
similar to that shownin Figure 8 will be

displayed.
4. ImporttheMapFile

Oncethe current working directory and
activelayer have been defined, the user
can select the {Import} [Points] command
to process the EPANET map and input
files. Toimport the existing EPANET
model, the user should now:

ArcGISUsers

e Scroll down in the { CEDRA Com-
mands} combo-box (see Figure 3)
and select the [Import Points] com-
mand. Upon activation of the com-
mand the Browse button will ap-
pear as shown below in Figure 11.
The user should select this button.
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Figure 11
File Browsing Button

After the Browse button has been
selected, thecommand will display
aFileSelectiondialogbox, seeFig-
urel2.
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Figure 12
File Selection Dialog Box

e FromtheFilesof Type pull-downligt,
the user should select the Map Files
(*.map) option. Oncedone, thecom-
mandwill display all of the.mapfiles
in the current directory. The user
should select the appropriate
EPANET map filefollowed by se-
lecting the Open button.

After the Open button has been
selected, thecommand will display
theFileTypechoicelistasshownin
Figure13.

*  Theuser should select the EPANET
Map File option and click the OK
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Figure 13
File Type Choice List

button. Selecting thisoption signi-
fies that the specified file, which
was previously selected, is an
EPANET mapfileandthat oncethe
map file has been processed the
command is to process the associ-
ated EPANET inputfile. If thecor-
responding EPANET inputfiledoes
not exist, only the point featuresin
the .map file will be created. No
model information is established.

Inprocessingthe.mapfile, thecommand
will store the point features which are
created in either an existing layer or a
new one, depending upon the name of
the current active layer.

If apoint layer whosenamematchesthat
of the current active layer can befound,
the point features will be stored in that
particular layer.

If a point layer can not be found, the
commandwill display adialog box simi-
lar totheoneshowninFigure14. Using
thisdialogbox, theuser isableto specify
the location and name of the new point
layer to be created.
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Figure 14
New Point Layer Dialog Box

»  Enter the name of the shapefile or
the name of the FeatureClass and
personal geodatabaseto be created
and click the Save button.

In Figure 14 it can be seen that the text
netlpn ModelA.mdb has been enteredin
the data field to the right of the Name:
label and that to theright of the Save as
type: label the option Personal
Geodatabases has been selected. This
information denotesthat the programis
to store the point features in a
FeatureClasscalled netlpn withinaper-
sonal geodatabase called ModelA.mdb.

The FeatureClass name, netlpn, is de-
rivedfromthenameof theEPANET map
file(inthiscasenetl.map) andtheexten-
sion, pn, denoting apoint FeatureClass.
The name of the persona geodatabase
represents the name of the model being
imported which in thiscaseisModelA.

In creating anew layer, the user hasthe
option of storingthepoint featureswhich
are created in either a shapefile or a
personal geodatabase. In thisexample
we have specified a personal
geodatabase because we know that the
EPANET mapfilecontainsthe[ LABEL S|
command which will result in the cre-
ation of annotation features. As stated
earlier, when annotation features are to
be created, it isrecommended that both
the point and annotation features be
storedinthesamepersonal geodatabase.

Oncethe Save button hasbeen sel ected,
the program will create and store the
point features it comes across in the
.map file. If the .map file contains the
[LABELS] command, the program will
create annotation features. If a layer
does not exist whose name matches the
nameof thecurrent activelayer, theuser
will be asked to specify the name of the
layer to be created, see Figure 15.
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Figure 15
New Annotation Layer Dialog Box

«  Enter the name of the shapefile or
the name of the FeatureClass and
personal geodatabaseto be created
and click the Save button.

To store the annotation features in the
same personal geodatabase as the point
features, the user can enter atext string
such as netltx ModelA.mdb in the data
fieldtotheright of theName: label. Note
that we havefollowed the same conven-
tion in establishing the name of the
FeatureClasswiththeexceptionwehave
usedtheextension, tx, todenoteatext or
annotation FeatureClass rather than the
extension, pn, whichwasusedto denote
apoint FeatureClass.

Oncethe Savebutton hasbeen sel ected,
the user will be asked to confirm if the
personal geodatabaseisto beappended,
seeFigure 16.
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Overwrite / Append PGD Query

»  SelecttheNo button to signify that
the netltx FeatureClass is to be
addedtotheModel A.mdb personal
geodatabase.

After the No button has been selected,
the program will generate annotation
features for each one of the items that
appear under the [LABEL S] command
withintheEPANET mapfile.

Once the EPANET map file has been
processed, thecommandwill changethe
view to display all of the point and any
annotation featureswhichwerecreated.

The command then searches for the
corresponding EPANET input file. If
onecan not befound, thecommand will
terminate.

If thecorresponding EPANET inputfile
exists, thecommand will scanthe points
that have been imported and determine
the lowest and highest node numbers



The CEDRA Corporation

Command Of The Month 6

that have been assigned. If the lowest
node number is greater than or equal to
1000themessageshowninFigure17will
be displayed.

%, Import Points

2 Okay ta bias the node and pipe numbers ta
‘-"/ beqin at one for better performance ?
| Yes | No Cancel ‘
Figure 17

Bias Node / Pipe Numbers Query

Atthesametimeamessagesimilartothe
oneshowninFigure18will appearinthe
status bar area.

»  SelecttheYes, Noor Cancel button
inresponseto biasing thenodeand
pipe numbers query.

In performing an analysis, the best per-
formance in terms of speed isachieved
when a sequential node numbering
scheme, beginning at one, isused. To
assist the user in obtaining this, the
program queries the user if anew node
numbering scheme is to be devel oped.
Theoriginal nodenumbersarepreserved
undertheNODENO_OLD fieldandthe
new node numbers, beginning at one,
arestored under theNODENOfield. In
computing the new node numbers the
programsubtractsfromtheoriginal node
numbers, one less than the lowest node
number assigned. For example, if the
lowest nodenumberis1001, theprogram
will subtract 1000 from each node num-
ber. In so doing the new node number-
ing scheme begins at one.

If thenodenumbersarebiased, thesame
processwill be applied to the pipe num-
bers. The original pipe numbers are
stored under the PIPNUM_OLD field.

Atthispoint of themodel establishment,
the user is asked to specify the name of
the service area, node and pipe layers

that are to be created. A multi-input
dialogbox, asshowninFigure19, will be

displayed.

= Imgart Foists

B ot bkl T s Bl
S sy Thanes Maine i o
P Thewe Hase, - orordes

Fipa Tharsa Flimad  otrpat

Figure 19
CEDRA-AVwater Model Layer Names

In addition, in the status bar, the pro-
gramwill display thenameof thefilethat
was processed and the number of points
that were created.

*  Enter the name of the CEDRA-
AVwater model layersandclick the
OK or Cancel button.

If theuser selectsthe Cancel button, the
command will abort with only the point
features in the .map file being created.
Nomode! informationwill beestablished.
If the user enters a theme name that
exists, theprogramwill query theuser as
toif theexistingthemeistobeoverwrit-
ten.

A response of Yes will overwrite the
existing theme while a response of No
will abort the command with only the
point featuresinthe.mapfilebeing cre-
ated. No model information will be es-
tablished.

Oncethetheme names have been estab-
lished, the command will process the
EPANET input file(.inp) and createthe
service area, node and pipe themes, as
well as, all of the pertinent speciality
node tables. As the model is being
created, the status bar will be updated
reflecting the progress.

Upon successful completion of import-
ingthe EPANET model, aninformation
message box similar to that shown in
Figure20will be displayed.

11 Points created, Large node numbers encounterad, the lowest node number used is: 2002 and the highest is: 2032

Figure 18 - Information regarding the EPANET Map File Importing
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Figure 20
Importing Results Information Box

¢ Click the OK button.

*  Click theEditor button, on the Edi-
tor toolbar ,and then select the Stop
Editing menu option to commit the
edits to disk.

Notethat thiscommand generateacom-
plete CEDRA-AVwater model and will
replace the model in the current active
view if oneexists.

Should the EPANET input filereflect a
water quality analysis, theuser will need
to modify the Control Datamanually to
reflect this. The {Modify} [Control Data]
command can be used to accomplish
this. TheWater Quality optionwithinthis
command should be selected. The user
canthenindicatethetype of water qual-
ity analysis to be performed.

ShowninFigure2lisaview of themodel
thatiscreated usingthesample.mapand
.inp files which appeared at the begin-
ning of this bulletin.

Figure 21
Importing EPANET Model Results
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ShowninFigure22isthe Tableof Con-
tents and its contents upon completion
of importing the sample .map and .inp
files. As can be seen, the netltx and
netlpn layers contain the data in the
EPANET map file. The wtrnodes,
wtrpipes and wtrareas layers represent
theCEDRA-AVwater model layersthat
were created as aresult of the informa-
tioncontainedintheEPANET inputfile.
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Figure 22
Table of Contents Display

The user can now use any of the avail-
able CEDRA-AVwater commands to
manipul ate the model as desired.

ArcView GISUsers

Theimporting processisvery similar to
that described above for ArcGIS users
with the exceptions of:

» the location of the {Import}
[Points] command,

» thereis no ability to create a per-
sonal geodatabase, and

» graphic text elements are created
rather than annotation features.

Aside from these differences the pro-
cessof importing the EPANET mapfile
isthesame. Asamatter of fact, many of
the dialog boxes which are displayed
look very much the same asthose which
appear inthe ArcGlSversion.

Assuch, ArcView Gl Susersshould per-
formthefollowing:

e Sdlect the{lmport} [Points] command
asshown in Figure 23. Upon acti-
vation of the command the file se-
lection dialog box of Figure 24 will

Fointz

Figure 23
Import Points Command

Navigate to the folder containing
theEPANET map fileand select the
appropriate file. Once the file has
been identified, select the OK but-
ton.
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Figure 24
File Selection Dialog Box

*  Fromthefiletypechoicelist shown
inFigure25, select theEPANET Map
File option and click the OK button.
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Figure 25
File Type Choice List

Once the EPANET map file has been
processed, thecommandwill changethe
view to display all of the point and any
annotation featureswhichwerecreated.

The command then searches for the
corresponding EPANET input file. If

onecan not befound, thecommandwill
terminate.

If thecorresponding EPANET inputfile
exists, thecommandwill scanthepoints
that have been imported and determine
the lowest and highest node numbers
that have been assigned. If the lowest
node number isgreater than or equal to
1000 the message shown in Figure 26
will bedisplayed.
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Figure 26
Bias Node / Pipe Numbers Query

*  SdecttheYes,Noor Cancel button
in response to biasing the node
and pipe numbers query.

At this point of the model establish-
ment, the user is asked to specify the
name of the servicearea, node and pipe
layers that are to be created. A multi-
input dialog box, asshowninFigure27,
will bedisplayed.
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Figure 27
CEDRA-AVwater Model Layer Names

¢ Enter the name of the CEDRA-
AVwater model layersandclick the
OK or Cancel button.

Thecommandwill now begintoprocess
the EPANET input file and build a
CEDRA-AVwater modd.

ShowninFigure28isaview of themodel
that is created using the sample .map
and .inp files which appeared at the
beginning of thisbulletin, while Figure
29 shows the contents of the Table of
Contents.
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Figure 28
Importing EPANET Model Results
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Figure 29
Table of Contents Display
Special Notes
1 Whenthe model is established the

pipefeaturesthat arecreated will be
two-point lines. Should the pipe
features, in actuality, containinter-
mediatepointsitispossibletotrans-
fer these intermediate points by
using the CEDRA-
ChangeFeatur esextension. Todo
so, a theme containing the true
shapes of the pipes should be
loaded into the View with the pipes
that werecreated by thiscommand.

The Change Sel ected Features but-
can then be used with the

PIPNUM_OLD field acting as the
commonfieldtochangeinmassthe
shapes of the water pipes.

If individual pipes are to be pro-
cessed, theChange Feature's Shape

tool, , could be used.

The Change Sel ected Features but-
ton tries to match features in one
themewiththosein another usinga
common attribute. In this case the
original pipe number actsthe com-
mon attribute. The user therefore
has the option of either creating an
diasinthewater pipesthemeor one
in the theme containing the true
pipe shapes so that the same field
name appears in both themes.

In changing the shapes of features,
the Change Selected Features but-
ton processesonly the selected fea-
tures. If no features have been
selected, an appropriate error mes-

sage is displayed.

The Change Feature's Shape tool,
ontheother hand, initially prompts
the user to select the feature to be
changed followed by picking the
feature that represents the new
shape. Withthistool theredoesnot
havetobeacommonattribute(field).

Thereader isreferred tothe March
2005issueof Commandof theMonth
for more information describing
these two commands.

When the user performs an analy-
sisusing oneof theEPANET inter-
facesfromwithinCEDRA-AVwater,
the program creates the EPANET
map (.map) and input (.inp) files
during the analysis. As such, the
user is able to import these files
back into EPANET for additional
analysisif desired. Thus, the user
isabletoimportandexport EPANET
mode filesusng CEDRA-AVwater.

ToimportaCEDRA-AVwater model
into EPANET, the user should se-
lect the {File} [Import] [Network...]
command and select the appropri-
ateEPANET inputfile(.inp). All of
the model information which ap-
pearedin CEDRA-AVwater should
now beavailablewithin EPANET.

Summary

Asstated previously, oncethe CEDRA-
AVwater model has been built, the user
can executethe EPANET or EPANET 2
modeler on the imported model. In
addtion, the results of the analysis are
stored as attributes within the CEDRA-
AVwater model. As such, the user is
ableto display, query and graph results
of an analysis using the various
CEDRA-AVwater commands. Thisabil-
ity further bridges engineering and GIS
applications.

If you have arequest for Command
Of The Month, feel free to phone,
fax or e-mail your request to The
CEDRA Corporation.




