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ArcGIS® isused for many applications )
animal migration, monitoring tree health
and much much more. Few folks are The CEDRA Solution =
aware however, that water distribution ANPLM, CDEST

modeling isalso an applicationinwhich
ArcGI S can be employed.

The CEDRA-AVwater software offersa
set of tools which integrates ArcGIS
withtheU.SA.E.PA.’sEPANET 2mod-
eler. Thissoftware package enablesen-
gineers to perform water distribution
analysis and water quality modeling
from within the ArcMap environment.

This month’ sissue of Command of the
Month discusses how afire flow analy-
siscan be performed using the CEDRA-
AVwater software in conjunction with
the EPANET 2 modéler.

It should be pointed out that water dis-
tribution agencies, worldwide, havethe
responsibility to supply water to fight
fires, and to verify that thisresponsibil-
ity can be met. As such, the ability to
perform afireflow analysisisan essen-
tial function.

Basically, afire flow analysisinvolves
calculating how much flow is available
at any hydrant or group of hydrantsin
awater distribution model, based upon
pressure and flow constraintswhich are
defined by local regulations. Fire flow
analysisresultsare used in sizing anet-
work. Larger pipesleadsto larger costs.
A proper fire flow analysis enables the
engineer to balance system adequacy
and cost.

Shownin Figures 1 and 2 arethe menus
and tools which comprise the CEDRA-
AVwater software package. Shown in
Figure 3 are the modeling commands
which appear in the left-most drop-
down of the CEDRA-AVwater-Menus
toolbar. The[Execute] command isthe
specific command which performs an
analysis.
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This month'’s issue discusses how to
perform a fire flow analysis using
the EPANET 2 modeler from within
the ArcMap environment.

AVwater Model Overview

A CEDRA-AVwater water model con-
sistsof basically two layersand aseries
of tables. Thelayersareof pointandline
type and contain all of the nodes and
pipes which comprise the water model.

ShowninFigure4isthedefault classifi-
cationschemefortheCEDRA-AVwater
nodeand pipelayers. Thisclassification
can bealtered by the user, if so desired.

The tables, mentioned above, contain
modeling information pertaining to the
specific types of nodes and the overall
model itsalf.
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Modeling Commands ComboBox
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Figure 5
Sample Water Distribution Model

Attached to the nodes and pipes are a
set of attributes used in performing
steady-state, extended period simula-
tionsand water quality analyses. Note,
this does not preclude the user from
adding other attributes to the node and

pipelayers.

Shown in Figure 5 is a sample water
distribution model. This model could
have been created from within the
CEDRA-AVwater softwareusingtheA,
N and P toolsinthe CEDRA-AV water-
Toolstoolbar or it could have beenim-
ported using the [Import Points] com-
mand in the CEDRA-AVcad-Menus
toolbar. The [Update Model Geometry]
command showninFigure3canbeused
to convert ArcMap point and line fea-
turelayersinto CEDRA-AVwater node
and pipelayers. Assuch, thereareafew
differentwaysaCEDRA-AVwater model
can be established.

Fire Flow Analysis Overview

CEDRA-AVwater supportstwo differ-
ent typesof fireflow analysis. Thefirst
is to determine the maximum available
pressure (the demand case), while the
second determines the maximum avail -
able flow (the required pressure head
case).

Fire Flow loads are stored as attributes
inthenodelayer. TheFIRFL Oattribute
is used to store the load when it is
desired to compute the maximum avail-

able pressure, while the RPRESS field
contains the load value when the maxi-
mum available flow isto be computed.

ThelL toolintheCEDRA-AVwater-Tools
toolbar can be used to assign the fire
flowload. Alternatively, nativeArcMap
functionality can be used as well.

Notethat thefieldsFIRFLOand RPRESS
areused inthisdiscussion. It should be
pointed out that theuser isableto create
other fields containing different values
and have those fields used in the analy-
sis. Insodoing, theuserisableto define
various load scenarios by creating dif-
ferent fieldsfor thevariousloading sce-
narios.

When afireflow analysisis performed,
itisreferredtoasarun. Inasinglefire
flow run amaximum of 30 nodescan be
assigned afire flow load. Thiswould
simulate 30 fires occurring at the same
time. Thereisno limit to the number of
fire flow runsthat can be executed.

Thetablecalled FireFlowDataisusedto
store the number of fire flow runs and
what nodesareloaded for eachfireflow
run. TheFireFlowDatatableis created
by the[ Execute] commandwhentheuser
specifiesthat afireflow analysisistobe
performed.
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Figure 6
Report File Specification Dialog Box

Fire Flow Analysis Operation

To perform afireflow analysis, thefol-
lowing should be performed.

0 1 Scroll down in the {Modeling
Commands} menu combo box,
and select the [Execute] menu
command (see Figure 3) to dis-
play the report file specification
dialog box shownin Figure 6.

02

Select the Browse button to dis-
play thetypica Windowsfilenavi-
gation dialog box shown in Fig-
ure?. Navigatetotheappropriate
locationand either pick or enter
the name of the report file to be
created followed by clicking the
Savebutton. If anexistingfilehas
been specified, confirmationwill
beaskedastoif theexistingfileis
to be overwritten. In this case,
clicktheYesor Nobutton. Once
the name of the report file has
been established, the dialog box
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Figure 7 - File Navigation Dialog Box
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Figure 8 - Fire Flow Analysis Parameters Figure 10
Modify FireFlowData Table Query
shown in Figure 8 will be dis- =101 ]

played.
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Figure 11 - General Analysis Parameters

03 ﬁggl L‘r(]jg‘;‘gl]eg tthh: dgrr’; S/T): Modeler to be Lsed:  [EFANET 2
of fire flow analysis to be per- Create Full Beport [1'=pes, M=na):
formed. ShowninFigureQarethe :
availablefireflow analysistypes INFLOMW load fild: ~ [INFLOW/
If no fire flow analysisis to be OUTFLO load field: ~ |OUTFLO
performed, sel ect the <none> op- _
tion and proceed to Step 8. FIRFLO load field: |FIF|FLEI
RPRESS load field: IHF'FEESS
0 4 Scroll downinthelncludeEmit-
ters: data field, and select the
option indicating if Emitters are
to beincluded in the analysis.
05 Enter inthe Begin Fire Flow click at the Cancel button to
Analysis with Node: data field, abort the command.
the node number of the starting
fireflow run. 0 9 Ifthisisthefirsttimeafireflow
analysishasbeen performed or if
0 6 Enter intheEndFireFlowAnaly- nofireflow analysisisto be per-
siswithNode: datafield, thenode formed, skip to Step 10, other-
number of the ending fire flow wise, click at the Yes button
run. showninFigure10toreplacethe
data stored in the FireFlowData
0 7 Scroll down in the Delete Data table with new data,
in Summary Tables: data field, or
and select theoptionindicatingif click at the No button to use the
the existing data in the data presently stored in the
FireFlowNodes, FireFlowPipes FireFlowDatatable.
and FireFlowSummary tablesare
to be deleted and replaced with U 10 Scroll downintheModeler tobe
new data. Used: datafield showninFigure
11, and select the desired mod-
0 8 Click at the OK button to con- eler to be used in the analysis.

tinue,
or

The EPANET and EPANET 2
model ers are supported.

0 11 Scroll down in the Create Full
Report: datafield, and select the
appropriateoptionindicatingif a
full report fileisto be created or
not.

0 12 Scroll downintheINFLOWdata

field, and select the name of the

fieldthat containstheinflow |oad
values.

Scroll downintheOUTFLOdata
field, and select the name of the
field that contains the outflow
load values.

0 14 Scroll downintheFIRFLO data
field, and select the name of the
field that contains the fire flow
demandvalues. Thisfieldisused
whenmaximumavailablepressure
isto be computed.
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Figure 12
Begin Analysis Query

0 15 Scroll downinthe RPRESSdata
field, and select the name of the
field that contains the required
pressure head values. Thisfield
isusedwhenmaximumavailable
flow isto be computed.

0 16 Click at the OK button to con-

tinue,

or

click at the Cancel button to

abort the command.

0 17 Click at theY esbutton shownin

Figure 12 to begin the analysis,

or

click at theNobuttonto abort the

command.

Having clicked at the Yes button, the
command beginsthe process of execut-
ing the specified type of analysis. De-
pending upon the type of analysisto be
performed, this can take afew seconds
or several hours. Note, afireflow analy-
sis involving several thousand nodes
can take several hoursto complete.

Once the analysis has been completed,
thequery showninFigure13will appear.

O 18 Click at the Yes button to view
thereport file using the Notepad
program,
or
click at the No button to skip the
viewing of thereportfile, thereby
terminating the command.

Asstated previously, the FireFlowData
table contains the number of fire flow
runsthat are to be executed. Shownin
Figurel4isasampleFireFlowDatatable
containing three records, which indi-
catesthat amaximum of threefire flow
runs will be performed. The

i, Modeling Execute

EPAMET 2 Analyzis Completed.
- ] Ok.ay to dizplay the Output File:
Chdatato-avwtrd
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Nul

Figure 13
View Report File Query

FIRFLO_RUN field is used to contain
thefireflow run number.

On each record a maximum of 30 node
numbers may appear. The table shown
inFigure14only containsnodenumbers
undertheNODE_1field. Thisindicates
that eachfireflow runhasonly onenode
with afireflow load assignedto it. If it
isdesired to process multiple nodesfor
a fire flow run, native ArcMap table
editing functionality can be used to en-
ter the appropriate node numbers. The
first 0 node number in a fire flow run
recordterminatesthedefinition of nodes
withfireflow loads.

The results of a fire flow analysis are
stored in the following tables:

FireFlowNodes
FireF owPipes
FireFlowSummary

ShowninFigures 15, 16 and 17 are ex-
amples of the above mentioned tables.

The FireFlowNodes table contains the
node’ sdemand, gradeline and pressure
resultsunder the DEMAND, GRADLN
and PRESSRfidlds, respectively. The_X
extension appears for each of the result
fields. X denotesthefire flow run num-
ber.

The FireFlowPipes table contains the
pipe sflow rate, velocity and head loss
results under the FLOWRT, VELOCT
and HL 1000 fields, respectively. The
_X extension appears for each of the
result fields. X denotesthefireflow run
number.

The FireFlowSummary table contains
for each fire flow run, the nodes with a
fire flow run and the resultant node's

demand, gradeline and pressure for the
run. In Figure 14, nodes 7, 62 and 69
appear under theNODE_1field. These
are nodes which have been assigned a
fire flow load. In Figure 17, the same
node numbers appear under the
NODENOfield. Totheright of thenode
number value are the node's demand,
grade line and pressure values for the
fireflow run.

Notes

1 The[lmportPoints] commandwithin
theCEDRA-AV cad-M enustool bar
enablesthe user to import an exist-
ing EPANET model. Two files,
whichcarry the.inpand.mapexten-
sions, arerequiredinorder toimport
anexisting EPANET model.

2. WhenrespondingtotheBeginFire
Flow Analysis with Node: and the
EndFireFlowAnalysiswithNode:
parameters, shownin Figure8, the
command scanstheNODE_1field
inthe FireFlowDatatable, see Fig-
ure 14, to determinethelocationin
thetable for extracting data.

3. When the FireFlowData table, see
Figure 14, isbuilt by thecommand,
the command scans the node layer
for nonzero values for the fields
specified for the FIRFLO and
RPRESSparameters, seeFigurel11.
Those nodeswhich haveanonzero
value for either the FIRFLO or
RPRESS fields will have arecord
added to the table with the node's
nodenumber valueappearinginthe
NODE 1fidd.

4. TheEPANET optionintheModeler
tobeUsed: datafieldreferstoVer-
sion 1.1c of the U.S.A.E.P.A
EPANET program. The EPANET 2
optionreferstoVersion2.00.12.

5 Foranon-fireflowanalysisanode' s
demand is computed using the fol-
lowing equations:

DEMAND =0.0
DEMAND = DEMAND - INFLOW
DEMAND = DEMAND + OUTFLO
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B8 Attributes of FireFlowData -0l x|
0ID | FIRFLO_RUN | HODE_1 | HODE_2 | HODE_3 | NODE_4 | NODE_5| NODE_6 | HODE_7 | HODE_8 | HODE_9| HODE_10
3 0 1 7 ] ] ] ] 0 ] 0 ] ]
1 2 52 ] 1] ] ] 0 1] 0 ] ]
2 3 =i ] 1] ] ] 0 1] 0 ] ]
| | il
Recaord: ﬂlll 1 _I*Iﬂl SHDW:I All Selectedl Recaords [0 out of 3 Selected ] Options v|
Figure 14 - FireFlowData Table containing all Nodes with a Fire Flow Load for each Fire Flow Run
Ef Attributes of FireFlowNodes 1 -0O] x|
QI HODENO| DEMAND_1|DEMAND_2| DEMAND_3| GRADLN_1| GRADLHN_2 | GRADLHN_3| PRESSR_1| PRESSR_2| PRESSR 3| =
K 0 1| -17r08s| 209718 176413 127 127 127 0 0 0
1 2 0 0 0 0 0 0 0 0 0
2 3 0 0 0 0 0 0 0 0 0
3 4 0 0 0 751.84 73554 764 53 £319 5756 6375
4 s 0 0 0 72995 71229 747 .43 8587 4322 E3.44
s & 0 0 0 0 0 0 0 0 0 Ll
Record: EILII 1 _Plﬂl Shu:uw:l Al Selected | Recards [0 out of 107 Selected.) Dptiohs v|
Figure 15 - FireFlowNodes Table containing results for all Nodes analyzed in a Fire Flow Run
Ef Attributes of FireFlowPipes o [m]
OID| PIPHUM| FLOWRT _1| FLOWRT _2 | FLOWRT _3| VELOCT _1|VELOCT_2| VELOCT _3|HL1000_1 | HL1000_2 | HL1000_3| =
0 1 1048 .24 1154 75 93096 669 7a7 594 162.24 19685 | 12793
1 2 1048 24 1154 75 930.96 (= 7a7 594 167.08 0275 13179
2 3 S26.06 72925 S87 .81 3.35 4 E5 375 72 8015 s208
3 4 52606 72925 Sa7 .81 3.35 4 B5 375 095 117.14 7611
4 s 2702 1912 16.21 172 01z 0 1145 0.0s 0.04
s E 269.29 182 1529 1.7 011 0.0g 1051 0.0s 0.03 Ll

Record: EILII 0 _Plﬂl Shaw: IW Selected | Recaords [0 out of B4 Selected.]

Options = |

B Attributes of FireFlowSummary =10 x|
0ID | FIRFLO_RUN| HODENO | DEMAND | GRADLN | PRESSR
] 1 ¥ al F17.05 44 65
1 2 G2 2000 a87.2 052
2 3 59 1000 B75.73 3975

Figure 16 - FireFlowPipes Table containing results for all Pipes analyzed in a Fire Flow Run

Fecord: ili" 1] _Plﬂl Shio: W Selected | Fecordz [0 out of 3 Selected ]

Optiong = |

Figure 17 - FireFlowSummary Table containing results for each Node with a Fire Flow Load for each Fire Flow Run
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As can be seen, the command uses
both the INFLOW and OUTFLO
values in computing a demand
value. This approach offers the
user greater functionality inassign-
ing ademand value.

6. For afireflow analysiswhereitis
desired to calculate the maximum
available pressure (the demand
case), anode’ sdemandiscomputed
using the following equation:

DEMAND = FIRFLO

In this case the demand value is
equal to thefireflow value.

7. For afireflow analysiswhereitis
desired to calculate the maximum
available flow (the required pres-
surehead case), anode’ sdemandis
computed usingthefollowing equa-
tion:

DEMAND =0.0
DEMAND = DEMAND - INFLOW
DEMAND = DEMAND + OUTFLO

Additionally, the node’s ground
elevation value is computed using
the following equations:

ELEV = GRELVZ + RPRESS
ELEV =ELEV - DROP

Where RPRESS represents the re-
quired pressure head which is 2.3
times the pressure, which is ex-
pressedinPSl. GRELVZ andDROP
arenodeattributesrepresentingthe
ground elevation and drop values
associated with the node.

In this case the demand value is
computed usingthesameequations
asanon-fireflow analysiswhilethe
ground elevation is computed us-
ing the above equations. In anon-
fireflowanalysis, thegroundeleva-
tiondoesnot usetheRPRESSvalue.

Summary

Theability to perform water distribution
moddingwithin ArcGlSofferstheengi-
neer a powerful querying and mapping
environment. In so doing additional
data layers such as parcels, street
centerlines can be superimposed upon
the model. Furthermore, non-graphic
information or tabular data, such asme-
tering information, can be added and
utilized in computing node demands.

As always, users who have a need for
functionality that isnot presently avail-
ablein CEDRA software should fed free
to forward these requests to CEDRA,
aswell as, any other comments or sug-
gestions you may have.

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




