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1 EPANET by Example

1.1 About

EPANET is a computer program that performs hydraulics computations in pressure-
pipe systems. The internal computational engine is similar to that explored in the
previous chapter(s), but is far more efficient and well tested. The current version of
EPANET (Official EPA Release) is 2.00.12. There is an ongoing Open Source Project
that has released a version 2.1 (to follow the release numbering scheme). There is
likely to be a version 2.3 within a few years. All the versions so far include a capacity
to read an ASCII input file to direct the computations.

A GUI Interface is available that runs in Windows that is quite popular and useful,
but it is elderly and newer interfaces are being explored. Many users dispense with
the interface entirely and operate the model using custom-built (or general) wrapper
programs to call various DLLs (or Shared Objects). Wrappers exist in R, Python,
Delphi (the Legacy GUI), and probably PERL and Ruby.

The remainder of this chapter shows how to use EPANET by a series of representative
examples. These examples are at best a subset of the capabilities of the program, but
should be enough to get one started. The program requires some hydraulic insight to
interpret the results as well as detect data entry or conceptualization errors. 2

1.2 Using the Legacy Interface
1.2.1 Installing the Program

The urltoinstallvideo shows how to download and install EPANET onto your
computer. EPANET will run fine on a laptop computer even a Macintosh that has a

guest Windows OS (WM-Ware, Parallels, or BootCamp).

The urltoinstallvideo shows how to install an implementation that runs (so-so)
on a Macintosh (using a container built using Winebottler and WINE).

The urltoinstallvideo shows how to install and run an implementation on a Linux
computer (using WINE).

EPANET can also be installed onto a flash-drive and run directly from the drive
3

2This chapter is from ”Cleveland, T.G., Tay, C.C., and Neale, C.N. 2015. EPANET by Example.
Department of Civil and Environmental Engineering, Texas Tech University.” available at
http://cleveland3.ddns.net/university-courses/ce-3372/3-Readings/
EPANETbyExample/

3A useful trick on a networked system — be sure you set up the flash drive to be writeable! I have
never tried this on a non-Windows implementation so cannot comment much on that.
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1.3 EPANET Modeling by Example

EPANET models are comprised of nodes, links,and reservoirs. Pumps are treated as
special links (that add head). Valves are also treated as special links depending on
the valve types. All models must have a reservoir (or storage tank).

1.3.1 Defaults

The program has certain defaults that should be set at the beginning of a simulation.
The main defaults of importance are the head loss equations (Darcy-Weisbach, Hazen-
Williams, or Chezy-Manning) and the units (CFS, LPS, etc.)

1.3.2 Example 1: Flow in a Single Pipe

A simple model to consider is a single pipe, a classic problem statement might be
something like

A 5-foot diameter, enamel coated, steel pipe carries 60°F water at a dis-
charge of 295 cubic-feet per second (cfs). Using the Moody chart, estimate
the head loss in a 10,000 foot length of this pipe.

In EPANET we will start the program, build a tank-pipe system and find the head
loss in a 10,000 foot length of the pipe. The program will compute the friction factor
for us (and we can check on the Moody chart if we wish).

£ EPANET 2

File Edit Wiew Project Report ‘Window Help

DZEE BXA §{iEEE h &R+ EOHYG—FNXT

11 Network Map FExE & [x]
Data ]Mau
Junctions
&

Auto-Length Off CF5 a 100% XY -210037.7137.55

Figure 1. Start EPANET program.

The main trick in EPANET is going to be the friction coefficient, in the EPANET
manual on page 30 and 31, the author indicates that the program expects a roughness
coefficient based on the head loss equation. The units of the roughness coefficient for
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a steel pipe are 0.15 x 1072 feet. On page 71 of the user manual the author states
that roughness coefficients are in millifeet (millimeters) when the Darcy-Weisbach
head loss model is used. So keeping that in mind we proceed with the example.

Figure 37 is a screen capture of the EPANET program after installing the program.
The program starts as a blank slate and we will select a reservoir and a node from
the tool bar at the top and place these onto the design canvas.

Figure 37 is a screen capture of the EPANET program after setting defaults for the
simulation. Failure to set correct units for your problem are sometimes hard to detect
(if the model runs), so best to make it a habit to set defaults for all new projects.
Next we add the reservoir and the node. Figure 41 is a screen capture after the

& AEE

IDB"EIQXM%?(E& A Kb AR 0P~ NXT

Defaulls

1D Labels | Properies Hydraulcs |

[~ Save s defauls for al new projects

oK Cancel Help

‘Auto-Length Off CFs a 00% Xy 2026.02, 9307.08
Figure 2. Set program defaults. In this case units are cubic-feet-per-second and loss model is Darcy-
Weisbach..

reservoir and node is placed. We will specify a total head at the reservoir (value is
unimportant as long as it is big enough to overcome the head loss and not result in a
negative pressure at the node. We will specify the demand at the node equal to the
desired flow in the pipe. Next we will add the pipe.

Figure 43 is a screen capture after the pipe is placed. The sense of flow in this
example is from reservoir to node, but if we had it backwards we could either accept
a negative flow in the pipe, or right-click the pipe and reverse the start and end node
connections.
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£ EPANET 2
Fle Edit Wew Project Report iindow Help

DEH&E Xk § HEES || *
rﬁNﬁwwrkMﬂp

< $ &

Data |Map |

Junctions |

AutoLength Off | CFS a 00% | X.: 133308, 364684

Figure 3. Place the reservoir and the demand node..

i3 EPANET 2
File Edt Wew Project Report Window Help

DEE S X g NEEEG *

2
1t Network Map

ZPRUE OBHE—-CNHT

BEE S

Auto-Length Off CFS a 100% ®.v: 5929.37, BEE1.71
Figure 4. Link the reservoir and demand node with a pipe..
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Now we can go back to each hydraulic element in the model and edit the properties.
We supply pipe properties (diameter, length, roughness height) as in Figure 45. We

iF\Ie Edit View Froject Report Window Help

Figure 5.

DEHE BX#E FOuERE

‘ Network Map

n 4 a HoEHg~@KT

; Data |Map |
[Pees —— =]
- °
Prapetly Vaue
“Pipe 1D 1 ~
“Start Node 1 =
“EndNode 2
| Deseription X o
o Tag
“Length 10000
Diameter &
“Roughness 015
Loss Coett o
Inital Status Open
Bulk Caeff,
Wall Coeff.
Flow HHAB
velocity A
Uni Headoss e
Frction Factor A
Reaction Rate BN
Qualiy g
! Status [ &

BECE

Auto-Length Off | CFS ‘ 100% ‘ XY 72481872119

Set the pipe length, diameter, and roughness height..

supply the reservoir total head as in Figure 47.

Figure 6.

EPANET 2 - example-1.net
File Edit View Project Report ‘Window Help

DR & x| g EES KN IEPQUEOEF~FKHT

————
i Network Map [ |5[x] £2Browser [X]
! Data | Map |
Reservoirs v
Property Value
“Reservair|D 1
% Coordinate 1078.07
-Coordinate 858736
Description )(ial *®
Tag
“Total Head
Head Paltein
Inial Quskty
Source Qualty
Netnflow s
Elevation s
Pressure N
Qualty HH

Set the reservoir total head, 100 feet should be enough in this example..
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We set the demand node elevation and the actual desired flow rate as in Figure
49. The program is now ready to run, next step would be to save the input file

Figure 7.

and the demand is set to 295 cfs as per the problem statement..

DEE & BXu g HlEEE k

b @ |0 OG- ENT

F

Junction 2

Propety Walus

i

“Junction 1D 2
%-Coordinate 5687.73
v-Coordinate 8587.36
Description

Tag

“Elevation
Base Demand
Demand Pattern

Demand Categaries 1
Enmitter Coef

Inital Qualiy

Source Qualiy

Actual Demand 295,00
Total Head 2745
Pressure 11.89
GQuality 0o

Sl

EEIEI | o

Junctions

m X o=

B

AuterLength Off

CFs m 100% | X)Y: 520.45, 9962.83

Set the node elevation and demand. In this case the elevation is set to zero (the datum)

(File/Save/Name), then run the program by selecting the lighting bolt looking thing
and the computation engine will start.

Figure 8.

B
i’msugxﬁagﬂ A 2@ HOEHG~CKT
- o

Run Status

Hice outcome - don't always get a sucessful run first time

Sucessful does not mean correct, just means the program
functioned normaily

b = X

v X o

AutoLength DIf

Running the program.

oFs Y T00x | xv:aze37.358141

If the nodal connectivity is OK and there are no computed negative pressures the
program will run. Figure 51 is the appearance of the program after the run is complete
(the annotations are mine!). A successful run means the program found an answer
to the problem you provided — whether it is the correct answer to your problem
requires the engineer to interpret results and decide if they make sense. The more
common conceptualization errors are incorrect units and head loss equation for the
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supplied roughness values, missed connections, and forgetting demand somewhere.
With practice these kind of errors are straightforward to detect. In the present
example we select the pipe and the solution values are reported at the bottom of a
dialog box.

e S(=JE3
IDE’;HQ%XM g HEERS kN ESQUHE OEHBP~-CFNT
i Dats Msp |
Nodes
Hesd =
Hnn nnnnn ’l}\‘nksﬁ
ow <
& Time
‘F:uue‘véy Vall | Single Period v
e 1 ki ol
Start Nod 1
End Nod 2
Descrption - —

utorLe

Figure 9. Solution dialog box for the pipe..

Figure 54 is the result of turning on the computed head values at the node (and
reservoir) and the flow value for the pipe. The dialog box reports about 7.2 feet
of head loss per 1000 feet of pipe for a total of 72 feet of head loss in the system.
The total head at the demnad node is about 28 feet, so the head loss plus remaining
head at the node is equal to the 100 feet of head at the reservoir, the anticipated
result.

The computed friction factor is 0.010, which we could check against the Moody chart
if we wished to adjust the model to agree with some other known friction factor.
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1.3.3 Example 2: Flow Between Two Reservoirs

This example represents the situation where the total head is known at two points
on a pipeline, and one wishes to determine the flow rate (or specify a flow rate and
solve for a pipe diameter). Like the prior example it is contrived, but follows the
same general modeling process.

As in the prior example, we will use EPANET to solve a problem we have already
solved by hand.

Using the Moody chart, and the energy equation, estimate the diameter
of a cast-iron pipe needed to carry 60°F water at a discharge of 10 cubic-
feet per second (cfs) between two reservoirs 2 miles apart. The elevation
difference between the water surfaces in the two reservoirs is 20 feet.

As in the prior example, we will need to specify the pipe roughness terms, then solve
by trial-and-error for the diameter required to carry the water at the desired flowrate.
Page 31 of the EPANET manual suggests that the roughness height for cast iron is
0.85 millifeet.

As before the steps to model the situation are:

1. Start EPANET

2. Set defaults

3. Select the reservoir tool. Put two reservoirs on the map.

4. Select the node tool, put a node on the map. EPA NET needs one node!

5. Select the link (pipe) tool, connect the two reservoirs to the node. One link is
the 2 mile pipe, the other is a short large diameter pipe (negligible head loss).

6. Set the total head each reservoir.

7. Set the pipe length and roughness height in the 2 mile pipe.

8. Guess a diameter.

9. Save the input file.

10. Run the program. Query the pipe and find the computed flow. If the flow is too
large reduce the pipe diameter, if too small increase the pipe diameter. Stop
when within a few percent of the desired flow rate. Use commercially available
diameters in the trial-and-error process, so exact match is not anticipated.

Figure 56 is a screen capture after the model is built and some trial-and-error diameter
selection. Of importance is the node and the “short pipe” that connects the second
reservoir. By changing the diameter (inches) in the dialog box and re-running the
program we can find a solution (diameter) that produces 10 cfs in the system for the
given elevation differences.
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&5 EPANET 2

Fle Edit Yiew Project Report Window Help
DEEH & Xd#é g MEEE k (K+-& 0 0EHF—~CKHT
r e
i Network Map o 5 [EhaseX|
Diata ]Map ]
- —
= :
| Property “Walue
“Pipe 1D 1
*Start Node 1
*End Node 3
Description
Tag f, X
“Length
“Diameter @
“Roughness
Loss Coeff. 1]
Initial Status Open
Bulk Coeff.
‘wiall Coeff
Flow
Welocity o
Unit Headloss 189
Friction Factor omz
Reaction Fate 0.0
Quality 0.0
Status Open
Auto-Length Off CFS ﬂ 100% | XY:-2371.68,7338.23

Figure 10. Solution dialog box for the pipe for Example 2.

We would conclude from this use of EPANET that a 22.75 inch ID cast iron pipe would
convey 10 cfs between the two reservoirs. Compare this solution to the “by-hand”
soluton to see if they are close.
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1.3.4 Example 3: Three-Reservoir-Problem

This example repeats another prior problem, but introduces the concept of a basemap
(image) to help draw the network. First the problem statement

Reservoirs A, B, and C are connected as shown? in Figure 58. The water
elevations in reservoirs A, B, and C are 100 m, 80 m, and 60 m. The three
pipes connecting the reservoirs meet at junction J, with pipe AJ being 900
m long, BJ being 800 m long, and CJ being 700 m long. The diameters of
all the pipes are 850 mm. If all the pipes are ductile iron, and the water
temperature is 293°K, find the direction and magnitude of flow in each

pipe.

Elev. 100 m

Elev. 80 m

L, =800 m

«

Elev. 60 m

/

_/?
Lc=700m
Figure 11. Three-Reservoir System Schematic.

Here we will first convert the image into a bitmap (.bmp) file so EPANET can import
the background image and we can use it to help draw the network. The remainder of
the problem is reasonably simple and is an extension of the previous problem.

The steps to model the situation are:

1. Convert the image into a bitmap, place the bitmap into a directory where the
model input file will be stored.

2. Start EPANET
3. Set defaults

4. Import the background.

4This problem is identical to Chin Problem 2.30, Pg. 92
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Select the reservoir tool. Put three reservoirs on the map.
Select the node tool, put the node on the map.
Select the link (pipe) tool, connect the three reservoirs to the node.

Set the total head each reservoir.

R N

Set the pipe length, roughness height, and diameter in each pipe.
10. Save the input file.
11. Run the program.

Figure 59 is the result of the above steps. In this case the default units were changed to
LPS (liters per second). The roughness height is about 0.26 millimeters (if converted
from the 0.85 millifeet unit).

&5 EPANET; 2 - example-3.net
Fle Edit Wiew Project Report ‘Window Help

DS B2X#M g NigEE M =+ B OEHE—~FKT
r-f.t Network Map g|§|g\v

Elev. 100 m
Modes

Head A

Elev. 80 m Wite
Flows A

Tirng:

Single Period ~ »
Kl |

1837

154,19

Head
25.00
S0.00
75.00
100.00

Auto-Length OfF LPS ﬂ 100% | X¥: 279646, 9563.72

Figure 12. Solution for Example 3. The pipes were originally straight segments, but a drawing tool
in EPANET is used to follow the shape of the underlying basemap. The training video shows the pipes
as the straight lines. The flowrates are in liters-per-second, divide by 1000 to obtain cubic-meters-per-
second..
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1.3.5 Example 4: A Simple Network

Expanding the examples, we will next consider a looped network. As before we will
use a prior exercise as the motivating example.

The water-supply network shown in Figure 61 has constant-head elevated
storage tanks at A and C, with inflow and outflow at B and D. The
network is on flat terrain with node elevations all equal to 50 meters®.
If all pipes are ductile iron, compute the inflows/outflows to the storage
tanks. Assume that flow in all pipes are fully turbulent.

Elev. 75 m
/ L=700m
D=250mm
A \ B

€ 0.2 m¥/s
L=800m
D=300mm
L=1000m
D=400mm E'E":/}'U m
0.2 m3/s €
D \ C
L=1200m
D=350mm

Figure 13. Two-Tank Distribution System Schematic.

As before we will follow the modeling protocol but add demand at the nodes.
The steps to model the situation are:

1. Convert the image into a bitmap, place the bitmap into a directory where the
model input file will be stored.

2. Start EPANET

3. Set defaults
5This problem is similar to Chin Problem 2.31, Pg. 92
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Import the background.
Select the reservoir tool. Put two reservoirs on the map.

Select the node tool, put 4 nodes on the map.

NS ok

Select the link (pipe) tool, connect the reservoirs to their nearest nodes. Connect
the nodes to each other.

S

Set the total head each reservoir.

9. Set the pipe length, roughness height, and diameter in each pipe. The pipes
that connect to the reservoirs should be set as short and large diameter, we
want negligible head loss in these pipes so that the reservoir head represents
the node heads at these locations.

10. Save the input file.
11. Run the program.

In this case the key issues are the units (liters per second) and roughness height (0.26
millimeters). Figure 62 is a screen capture of a completed model.

le Edit View Project Report Window Help

DEE & B2X#M FMEEE  k  X+a 0 OEHTF—-FKT

Elev. 75 m Dota Mep |

Nodes

/ L=700m Head -
D=250mm Lk
121.22 \ Fow v
A
75.00

B
. .(_ 0.2 m3fs Time
75.00 -63.45 79.97 Sjg'epﬁ'i”d :j

L=800m
" ne300mm S—]—
13655

L=1000m
D=400mm Elev. 70 m

0.2 m¥/s €—{) =
[69.90 15.33

L=1200m
D=350mm

Auto-Length OFff LPS a 100% | ¥)v: 2016.42, 8336.35

Figure 14. Solution for Example 3. The pipes were originally straight segments, but a drawing tool
in EPANET is used to follow the shape of the underlying basemap. The training video shows the pipes
as the straight lines. The flowrates are in liters-per-second, divide by 1000 to obtain cubic-meters-per-
second..
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1.4 EPANET Modeling by Example: Example 5

The next example illustrates how to model a pump in EPANET. A pump is a special
“link” in EPANET. This link causes a negative head loss (adds head) according to a
pump curve. In additon to a pump curve there are three other ways to model added
head — these are discussed in th eunser manual and are left for the reader to explore
on their own.

1.4.1 Example 5: Pumping Water Uphill

Figure 64 is a conceptual model of a pump lifting water through a 100 mm diameter,
100 meter long, ductile iron pipe from a lower to an upper reservoir. The suction side
of the pump is a 100 mm diameter, 4-meter long ductile iron pipe. The difference in
reservoir free-surface elevations is 10 meters. The pump performance curve is given

as
h, = 15— 0.1Q* (1)

where the added head is in meters and the flow rate is in liters per second (Lps). The
analysis goal is to estimate the flow rate in the system.

_______________________________________________ o

10m
100 m

------------------------------------------

Figure 15. Example 5 conceptual model. The pipes are 100 mm ductile iron..

To model this situation, the engineer follows the modeling protocol already outlined,
only adding the special link.

1. Convert the image into a bitmap, place the bitmap into a directory where the
model input file will be stored.
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Start EPANET
Set defaults (hydraulics = D-W, units = LPS)
Import the background.

Select the reservoir tool. Put two reservoirs on the map.

SEREE AN B

Select the node tool, put 2 nodes on the map, these represent the suction and
discharge side of the pump.

~

Select the link (pipe) tool, connect the reservoirs to their nearest nodes.
8. Select the pump tool.
9. Connect the nodes to each other using the pump link.

10. Set the total head each reservoir.

11. Set the pipe length, roughness height, and diameter in each pipe.

12. On the Data menu, select Curves. Here is where we create the pump curve.
This problem gives the curve as an equation, we will need three points to define
the curve. Shutoff (@ = 0), and simple to compute points make the most sense.

13. Save the input file.

14. Run the program.

L A ————————————————————————————— -,E,ﬂ

Look in: ‘_J example-2-39 j =% E- (532x4500 @| L unctions &
@PZ—SQ.bn*

&

My Recent
Documenl ts

m, |

My Documenl Is
.
by
My Comput
9
My Netwark— File name [FZ-33bm - Dpen
Places
Files: of type: |AII [".bmp;" emf:" vrnf] j Cancel
v
S >

Auto-Length Off CFS a 100% | X 374.03, 10000.00

iy Start  EPARET 2 [ ex

Figure 16. Example 5 select the background drawing (BMP file).
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Figure 65 is a screen capture of loading the background image. After the image
is loaded, we can then build the hydraulic model. The next step is to place the
reservoirs.
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File Edit Wiew Project Report Mindow Help

DEE & X 7 ikgEE * | Z+aq HOHG—-CKT

Data ]Map |

Reservoirs

3

100 m o %

Auto-Length Off CFS a 100% R 8E04.74, 498175

Figure 17. Example 5 place the lower and upper reservoir.

Figure 66 is a screen capture of the reservoirs after they have been placed. The upper
reservoir will be assigned a total head 10 meters larger than the lower reservoir — a
reasonable conceptual model is to use the lower reservoir as the datum.
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% EPANET; 2

File Edit Yiew Project Report Window Help
DEeEd & X# 7 igEE hDhEda 0 OoEHT—~CFNT
.
1 Network Map
Data }Map |
Pumps ~
T ¥ l
v
< >
Auto-Length Off CFS a 100% K 902372, 3266.42

Figure 18. Example 5 place the nodes, pipes, and the pump link..

Figure 67 is a screen capture of model just after the pump is added. The next steps
are to set the pipe lengths (not shown) and the reservoir elevations (not shown).
Finally, the engineer must specify the pump curve.
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D=a

S B Xd gl

wEE| |k gt B OEHE-CFMT

SUMMER 2018

L]

Auta-Length OFf

74 start

Figure 19.

W EPANET 2

Example 5 pump curve ent

is created by the program..

Curye Editor

Curve 1D Description

[ \

Cuive Type Equation

[FUMP =] [Heage 15000 Fiow)"200

Flow Head ~
= 14

0 15 =
1 143

0

8

1o 5 6
4
2

T
Flaw (LPS)

Cancel

LPS al 100% ‘X,Y:TZZBU.T5,923358

39

ry dialog box. Three points are entered and

Data IMap |

[Eurves ~

&, ®( 1002am

the curve equation

Figure 68 is a screen capture of the pump curve data entry dialog box. Three points
on the curve were selected and entered into the tabular entry area on the left of the
dialog box, then the curve is created by the program. The equation created by the
program is the same as that of the problem — hence we have the anticipated pump

curve.
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Next the engineer associates the pump curve with the pump as shown in Figure 69.

Figure 20.

breh @ (H|OEHE~GKMT

Pioperty

10m

“Pump D
“Start Hode
*End Node
Description
Tag

Purp Curve
Power
Speed
Pattem
Initial Status
Effic. Curve
Energy Price

Price Pattemn

low
Headloss
Quality
Status

Open

HMAA
HMNA
HNAA
HHAA

X &

<
Auto-Length Off LFS) al 100% | X.r:9844.89, 7372.26

Setting the pump curve..

Upon completion of this step, the program is run to estimate the flow rate in the

system.
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1.5 EPANET Modeling by Example: Example 6

Example 6 is an extended period simulation — the files will simply be provided; the
concept is well described in most hydraulics textbooks, as well as in the EPANET
Documentation, however in the interest of time, it is left to the reader to download
and run an extended period simulation model. The goal (for the seminar) is to have
a working model of some complexity to explore the other tools discussed later.
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1.6 The Respec Interface

The urltoinstallvideo shows how to download and install EPANET onto your
computer using the newer Respec GUI. This interface was built to be GIS aware
and facilitate integration of an asset management database and the simulation soft-
ware.

1.6.1 Installing the NewUI

The pre-release of the NewUI is located on a GitHub repository at https://github.
com/USEPA/SWMM-EPANET _User_Interface/releases.

Figure 21 is a screen capture of the page.

000 (K M & GitHub, Inc. github.com/USEPA/SWMM-EPANET User_Interface/ C i) (a1

Releases - USEPA/SWMM-EPANET User_Interface apache suexec - Google Search b

O This repository earct Pullrequests Issues Marketplace Gist
] USEPA | SWMM-EPANET _User_Interface @Watch~ 37 HStar | 36 YFork 18 :
<> Code Issues 23 Pull requests 0 Projects 0 Wiki Insights ~ it

(e MTP4 revision 1

O MTPAr1

= . .
o affd240 & TongZhai released this 4 days ago a

This is the first revision of the MTP4 release with the following updates:

o issue fixes

o functional improvements:
graphing of simulation result will allow selection of objects from map or form listing i
vertex editing improvement
improved transition between model result display and default map display
automatic update of pattern id references after name change

Downloads
@ EPANET-UI-MTP4rl.exe 74.8 MB
@ SWMM-UI-MTP4r1.exe 76.4 MB i

[D source code (zip)

[ source code (tar.gz)

Figure 21. “Git Hub Repository Page for the NewUl..”

The file named EPANET-UI-MTP4r1.exe is a PC installer file that can be downloaded
and installed. Select the file and begin the download.

On the computer that is used for the screen captures in this document the following
were installed in advance of the NewUI.

1. Python 3 (I used the Anaconda installer and installed the 64-bit Python).

2. QGIS. I used both the stand-alone QGIS-0SGeo4W-2.18.8-1-Setup-x86_64.exe
and the over-the-wire osgeo4w-setup-x86_64.exe installer.

Python probably needs to be present, because the NewUI uses python scripts to access
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certain QGIS .DLL files for the interface. QGIS is handy because an environment
variable needs to be set to point to a directory that contains a collection of .CSV files
— these are located in the QGIS program.

The next series of screen captures document the installation from just after the down-
load, to setting the environment variable.

Figure 22 is the install screen on Windows 10 where the OS is requesting permission
to write to the disk. The user would choose yes.

oco0o0 Windows10-64-CodeDevEnv

.

Recy

© 4 4> ThisPC > Local Disk (C) > Users > theodore > Downloads

1 Dropbox (Mac® *  Name

Ri386 3. EPANET-newGUI
EPANET-UL-MTP:
g examples E] tup_O.exe

otes & EPANET-UI-MTPar1 )
ot # nexe Do you want to allow this app from an
5 osgeod-setup <85 Gd.exe

R A
@& OneDrive % qais OsGeoaw 2185 1 setw UNKNOWN publisher to make changes to your

64

™ This PC & symantec_Endpoint Protection|  device?

. o4 45 commun . ENU_ 1956196

EPANET-UI-MTP4r1.exe

Publisher: Unknown

File origin: Hard drive on this computer
Show more details

£ Local Disk (C)
{3 DVD Drive (D) Pi

= VirtualMachines

- P L

Figure 22. Windows 10 Installer Security Panel — Choose Yes.
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Figure 23 is the first of several installer dialog boxes. The user would select next to

begin the installation.

Windows10-64-CodeDevEnv

= This PC &5 symantec Endpoint Protec|
B Desktop 54 15 community ENU_ 1956

ik (C)

4 DVD Drive (D) P

Welcome to the EPANET-UI

Setup Wizard

ed tht you close al ather applications before

Glick Next to continue, or Cancel to @it Setup.

Figure 23. Installer Dialog Box.

e
|m g d v

Figure 24 is the next of several more installer dialog boxes. The user would select
next to accept the install defaults and continue through a series of such screens.

© A 4> ThisPC > Local Disk (C > Users > theo

1 Dropbox (Mac# *  Name
chaptersfigures

Windows10-64-CodeDevEny

dore > Downloads

Date modified Type

EPANET-newGUI

EPANET-UI-MTP:

examples £ EPANET-UL-MTPar.exe
5 0sgeodw-setup-x86 64.exe

4 Qls 05GeoaW- 21881

% This PC 5 symantec Endpoint Prote

& OneDrive

et 4 vs commnity_ENU_1956

 Documents

< Local Disk (C)
{4 DVD Drive (D) P

Symantec_Endpoint_Protec] l seup - EPANET-UI

%| " select Destination Locatior

Where should EPANET-UL be intalled?

1| EPANET-UL into the following folder.

fext. If you would ik to select a different flder, click Bronse.

At least 107.6 MB of fres disk space i required.

(]

Figure 24. |Installer Dialog Box — Accept the Defaults.

n o BN
| a o
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Home  Share

Application Tools

View Manage

Windows10-64-CodeDevEnv

v A %> ThisPC > Local Disk (C) > Users > theodore > Downloads

 Dropbox (Mac
chaptersfigures
EPANET-newGUI
EPANET-UI-MTP:

examples
4 OneDrive

= This PC
m Desktop
“ Documents.
s Downloads
18 Movies
d Music
= Pictures

& Local Disk ()
{4 DVD Drive (D) Pi
- VirtualMachines
=~ Transcend on 'M

~ Dropbox on "Mar

~- Home on ‘Mac' (

Name

Date modified

Symantec Endpoint Protec| # Setup - EPANET-UI

O Anaconda3-4.2.0-Windows
) en2setup_O.exe
) EPANET-UI-MTPAr1 exe

% osgeodw-setup-x86 64.exe
4% QGls 05GeodW 2.188 1
2 symantec_Endpoint_Protec]
o vs_community_ENU_1956

Ready to Install

Setup is now ready to begin installing EPANET-UI on your computer.

Click Install to continue with the instalation, or dlick Back if you want to review or

change any settings.

Destination location:

C:\Program Files\EPANET-UI

Start Menu folder:
EPANET-UL
Additional tasks:
Additional icons:
Create a desktop icon

<o o

8items 1 item selected 748 MB

carolineFG.. NCIMM-E

a O
Figure 25.

Installer Dialog Box — Ready for the Install.

v

Search Downloads

A=k

SUMMER 2018

&

Figure 25 is the installer ready to begin the install. In the figure, we have selected
The user would select

install and the installation would begin. The program installs pretty fast, less than a

a default installation and the creation of a desktop alias.

minute.

Home  Share

Application Tools  C

View Manage

Windows10-64-CodeDevEny.

v 4 4 > ThisPC > Local Disk (C)) > Users > theodore > Downloads

1 Dropbox (Mac
chapter6figures
EPANET-newGUI
EPANET-UI-MTP:

examples
4 OneDrive

= This PC

m Desktop

“ Documents

% Downloads

18 Movies

d Music

= Pictures

& Local Disk (C)
{4 DVD Drive (D) Pi
~ VirtualMachines
=~ Transcend on ‘M

~ Dropbox on ‘Ma

~Home on ‘Mac' (

Name

Date modified

Type

Symantec_Endpoint Prote:

O Anaconda3-4.2.0-Windows|
) en2setup_O.exe
2 EPANET-UI-MTP4r1.exe

5 osgeodw-setup 186 64.exe}
# Qals 05Geodw 21881
& symantec_Endpoint_Protes
o vs_community_ENU_1956

items 1 item selected 74.8 MB

carolineFG.. NCIMM-E.

O
Figure 26.

Figure 26 is the completion screen, ready to

Installed — Ready to Start.

73 Setup - EPANET UI

Completing the EPANET-UI Setup
Wizard

Setup has finished installing EPANET-UI on your computer. The
‘application may be launched by selecting the installed icons.

Click Finish to exit Setup,

[ Launch EPANET-UL

~ m g

start the program.
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000
Recycle H Application Tools

Home  Share  View Manage

g v 4 & > ThisPC > Local Disk (C:) > Users > theodore > Downloads v O Search Downloads

R 386 3.

R x64 3.

R8I EPANET - [Study Area Map]
8 File Edit View Project Report Window Plugins Scripting Help
containing EPSG es. T MR T mmm e om oo
Unable to open E sv.
the GDAL_DATA variable 0 . B ® 5 1 &
ontaining EPSG es.
Unable to open EPSG P ile © B B o~
eting the GDAL DATA on ar Pt Elorer
y containing E
upport file gcs.csv. Project  Ma
ronment variable to point to the Title/Notes
v Options
am Files\EPANET-UI Hydraulics
tan R ssistant.exe Quality
NET-UI\epanet.ghc Reactions
Times
Energy
Report

8 items

carolineFG.. NCIMM-E...

L] OT}‘D@ here to search ] ] . A EED 15/1249;1’\;‘ E‘
Figure 27. |Initial run — interface loads, but notice the error message in the script. | was able to use

the interface, but dealing with the error now is best. We will have to set an environment variable..

Figure 27 is the initial run of the NewUI. While it seems OK, notice the error message
regarding GDAL DAT directories. In my case, because GIS is a novelty to me, I don’t
have an existing environment for the GDAL libraries. The next several figures go
through how to set the variable on my machine, the steps would be similar on user
machines, with the variable pointing to the correct location. There might be some
issue if the user cannot set variables in a network environment and they would need the
system administrator to set the variable. The variable can also be set in a script.

In Windows 10, the user would right-click in the lower left hand corner of their
desktop, on top of the window pane. A menu column should appear, and the user
will select SYSTEM. Figure 28 is a screen capture showing these steps.

Upon entry into the system setting dialog box there is a link called ADVANCED SYS-
TEM SETTINGS in the left column. On my machine, it is the bottom item. Select
ADVANCED SYSTEM SETTINGS The selection opens another dialog box called
SYSTEM PROPERTIES. The bottom selection button is labeled ENVIRONMENT
VARIABLES. Select this button to get to the next dialog box which will allow us to
set the requisite variable.
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Windows10-64-CodeDevEnv _ File Edit
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OXVEDE ® 31

Mobilty Center
Power Options

Event Viewer

Disk Management

Command Prompt

R BHOrABOD T HS
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Figure 28.
select system..

Figure 29 is a screen capture of these steps.
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Once the user has the ENVIRONMENT VARIABLE dialog box open, then we can
set the variable. In the lower panel are the SYSTEM VARIABLES, and the user will
select NEW SYSTEM VARIABLE. The new variable dialog box opens and we type
the variable name, in this case GDAL_DAT. Next we need to set its value. The value is
a path to the directory where the particular data structures reside. On my machine
the variable is set to C:/0SGeo4W64/share/epsg_csv.

Other users will probably have different paths. Figure 30 is a screen capture illus-
trating these steps.

@ Grab File Edit Capture Window Help Il 28 ® # & ] 100%@@ Mon1:26PM cleveland Q =
k] ©0O Windows10-64-CodeDevEnv v
a
£
. Browse For Folder

JVEY  User variables for theodore
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OXVED© # 48
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ComSpec
NUMBER_OF_PROCESSORS
os

Path

PATHEXT

PROCESSOR_IDENTIFIER
PROCESSOR_LEVEL

Value

C:\Users\theodore\OneDrive
9%USERPROFILE%\AppData\Local\Microsoft\WindowsApps;
%USERPROFILE%\AppData\Local\Temp
9%USERPROFILE%\AppData\Local\Temp

Deléidep 2:

Value
C\Windows\system32\cmd.exe

2

Windows NT

C:\Program Files (x86)\Parallels\Parallels Tools\Applications,C:\...
COM;EXE; BAT; CMD;VBS; VBE.JS; JSE. WSF. WSH, MSC

PROCESSOR_ARCHITECTURE AMD64

Intel64 Family 6 Model 70 Stepping 1, Genuinelntel
6

Step 8: Browse QGIS in

tion Remote

Stof these changes.
Ind virtual

Setings..

[Type "GDAL_DATA"

Settings.

Variable name: | GOALDATA

N

rograms for this folder
proj v

Folder: | ePsg_csv

lib

share
cmake
epsg_csv
gdal
man

Make New Folder Cancel

Variable value: ‘
R

Step 4: Choose "OK"

Browse Directory... Browse File...
el

oK Cancel

R PHorRBD TR’

New... Edit... Delete

oK. Cancel

{ftware License Terms

Her)-

8 items Product ID: 00330-80825-23719-AA127 change product key

See also

1: Sefeitt NEVYsstem variable

Auto-Length: Off - Flow Units: CFS - 397.000, -542.000 |

1:26 PM
O Type here to search A @) P SO
/29/17

Figure 30. In Environment Variables, select "NEW SYSTEM VARIABLE.” As an aside, | tried to
set the variable as a user environment variable (the upper part of the dialog) and did not shake the
error. So the program is expecting a system variable that points to the directory epsg_csv. The direc-
tory is part of the Geospatial Data Abstraction Library and may be located in different palces on other
machines. In particular, if a user already has ArcGIS, then conceivably the interface could access that

directory..

8

After the selection the dialog box reports the variable and its value (before we select
OK and get out of the system menu). Figure 31 illustrates the result. From this
condition, the user should select OK and exit in reverse the various system dialog
boxes until they are back to their desktop with the NewUI still running.

The next step is to exit the NewUI and restart the program. Upon the restart the
error should be addressed and we are ready to build models.%

6The program runs OK with the error in place, but seemed to work better when the error was
addressed.
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Figure 31.
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dressed..

Returned to the NewUI and closed the program. Then restart, and the error is ad-

Page 31 of 63



ICT Hydraulic Networks SUMMER 2018

1.7 Verify the Install
The easiest way to verify the install is to open one of the examples supplied with
EPANET. They are located in some variant of C: /ProgramFiles/EPANET-UI/Examples.

Figure 33 illustrates selecting a file from the examples directory. On my machine I
have already palced a few extra examples, the default install will only have three (3)
examples.
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Open an example file supplied with the program..

Figure 33.

Upon opening the interface displays the image shown below in Figure 34. The example
has a dozen pipes, a storage tank, supply reservoir, and a pump. The next step to
verify the installation is to try to run EPANET from the NewUL

Like the OldUI we can either choose to click on the “lightning bolt” icon, or choose
RUN SIMULATION. The selection of RUN SIMULATION from the PROJECT menu
tab is illustrated in Figure 35.
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Upon completion of the simulation, we can use the interface to interrogate the resul-
tant database, for example, Figure 36 is a plot of discharge in the pipe connecting
the pump to the network. It was constructed by activating SELECT OBJECT in the
EDIT menu. The selecting the pipe object (double click to be sure the object ID is
correct — the example does not have pipe labels activated). Then selecting the time
series icon in the interface. The user then selects the plot type (TIME SERIES), the
object type (LINK), the object ID (Link 10), the plot parameter (FLOW), and finally

OK.
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Figure 36. Example 1 Plot of Flow in Pipe ID=10..

The next part of this document illustrates building simple models in the interface
without regards to geo-referencing. These examples are based on the examples pre-

sented in
http://www.rtfmps.com/university-courses/ce-3372/3-Readings/EPANETbyExample/
and are illustrative of elementary examples used in teaching the use of EPANET as

a hydraulic tool to college students.

Additional pipe network specific training materials can be found in Lectures 9 through
13 located at http://www.rtfmps.com/university-courses/ce-3372/1-Lectures/
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1.8 EPA-NET Modeling by Example

EPA-NET models are comprised of nodes, links,and reservoirs. Pumps are treated as
special links (that add head). Valves are also treated as special links depending on
the valve types. All models must have a reservoir (or storage tank).

1.8.1 Defaults

The program has certain defaults that should be set at the beginning of a simulation.
The main defaults of importance are the head loss equations (Darcy-Weisbach, Hazen-
Williams, or Chezy-Manning) and the units (CFS, LPS, etc.)

1.8.2 Example 1: Flow in a Single Pipe using OldUI and NewUI

The simplest model to consider is from an earlier exercise in this workbook.

A 5-foot diameter, enamel coated, steel pipe carries 60°F water at a dis-
charge of 295 cubic-feet per second (cfs). Using the Moody chart, estimate
the head loss in a 10,000 foot length of this pipe.

In EPA-NET we will start the program, build a tank-pipe system and find the head
loss in a 10,000 foot length of the pipe. The program will compute the friction factor
for us (and we can check on the Moody chart if we wish).

The main trick in EPA-NET is going to be the friction coefficient, in the EPA-NET
manual on page 30 and 31, the author indicates that the program expects a roughness
coefficient based on the head loss equation. The units of the roughness coefficient for
a steel pipe are 0.15 x 1073 feet. On page 71 of the user manual the author states
that roughness coefficients are in millifeet (millimeters) when the Darcy-Weisbach
head loss model is used. So keeping that in mind we proceed with the example.

Figure 37 is a screen capture of the EPA-NET program after installing the program
using the OIdUI. The program starts as a blank slate and we will select a reservoir
and a node from the tool bar at the top and place these onto the design canvas.

Figure 37 is a screen capture of the EPA-NET program after installing the program
using the NewUI.
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Figure 39 is a screen capture of the EPA-NET program after setting defaults for the
simulation. Failure to set correct units for your problem are sometimes hard to detect
(if the model runs), so best to make it a habit to set defaults for all new projects.

& - [D]%]
DEE& X §FEEE N K+AQ |HO0OEHE~CNKNT
1) Emasr [
< Data |Map |
Junctions
Defaulls
1D Labels | Properies Hydraulcs |
Flow Urits CFS -~
Headoss Fomula D
Speciic Graviy 1 a
Relative Viscosity 1
basimum Tiiaks 4
Accuacy 0q01
F If Unbalanced Continue

Defaut Patterm 1
Demand Mulipier 10 a

[~ Save s defauls for al new projects

oK Cancel Help

AutoLength Off | CFS a 00% | X.: 202602, 3307.06

Figure 39. Set program defaults, OldULI. In this case units are cubic-feet-per-second and loss model
is Darcy-Weisbach..

Figure 40 is a screen capture of the EPA-NET program after setting defaults for the
simulation using the NewUI.

& Grb Fie Edt Capture Window Hop I G M ® 4 2 & kBB Mon948PM_cleveland Q =

(XYL

IDLabels  Properties  Hydrauiics

01 Save as defauits for al new projects

(3L pHorABOD Tl oXvEBO ST

ok Cancel Help.

Auto-Length: OFF * Fow Unis: G55+ 637000, 12000,

i = O 0 m a3 k%
Figure 40. Set program defaults, NewUl. In this case units are cubic-feet-per-second and loss model
is Darcy-Weisbach..
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Next we add the reservoir and the node. Figure 41 is a screen capture after the
reservoir and node is placed.

£ EPANET 2
Fle Edit Wew Project Report iindow Help

DEE& BXm g iEEe b Kb an
[ 4+ Network Map EEoX gl [x]

X &

SuolenghOff | CFS R 100X | XY: 133309, 964654

Figure 41. Place the reservoir and the demand node..

Figure 42 is a screen capture after the reservoir and node is placed using the NewUI.
There is a caveat here — without a coordinate system the program assigns each object
the same coordinates, so the user has to manually insert the X and Y coordinates
into the objects. I suspect if a coordinate reference system is pre-assigned by virtue
of a GIS vector or raster layer, then the system would correctly report (and input)
coordinates.

& Grab File Edit Capture Window Help I &8 ® + & L 100XB Mon10:06PM cleveland Q i=

Windows10-64-CodeDevEn v

- o x

THOOXVERO I S8

‘gL @LorRABeD

EN Lk

Figure 42. Place the reservoir and the demand node, NewUI..

We will specify a total head at the reservoir (value is unimportant as long as it is big
enough to overcome the head loss and not result in a negative pressure at the node.
We will specify the demand at the node equal to the desired flow in the pipe. Figure
43 is a screen capture after the pipe is placed. The sense of flow in this example is from
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reservoir to node, but if we had it backwards we could either accept a negative flow in
the pipe, or right-click the pipe and reverse the start and end node connections.

File Edit Wiew Project Report ‘Window Help

DEE S8 XA FiEEE k [K$a |HOEHE—-CNKT

11 Network Map

X o=

I Autelength OF  CFS = 005 | %Y. 592937, 866171

Figure 43. Link the reservoir and demand node with a pipe..

Figure 44 is a screen capture after the pipe is placed using the NewUI. The main

challenge here is to actually draw and connect the pipe.

Capture  Window _Help Il 88 ® + 7 [J 100%BB Mon10:20PM_cleveland Q

2 i

230 08 D"

OXVED

THC

‘gL 0dorRABeD

E el

AtoLengh: Of + Flow Unts: S+ 41529, 101,007

- (]

# = O ] -
Figure 44. Link the reservoir and demand node with a pipe, NewUl..

The pipe icon is similar to the OldUI, and using the select arrow we select the pipe
icon. A drawing cross-hair appears, and we lay that on top of the reservoir and click.
Then as we drag the crosshair to the junction, a red dashed line follows the crosshair.
When we get to the junction we position the crosshair over the junction and right click
— that action connects the two objects with the link object (at least visually).

Now we can go back to each hydraulic element in the model and edit the properties.
We supply pipe properties (diameter, length, roughness height) as in Figure 45. Figure
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EPANET 2
File Edit ‘iew Project Report  Window Help

DEES BXd# §NEEEF K X$+Q  HOHG~GFNXT
rii—f- Network Map Eh:lzrff Browser |z|

Data | Map |
L
Froperty Walue
“Pipe 1D 1 ]
*Start Node 1 =
*End Mode 2
Description *@ b4
Tag
“Length
*Diarneter
“Roughness
Loss Coeff.
Iritial Status
Bulk Coeff.
wall Coeff.
Flow HM A
Welocity HM A
Unit Headloss HM A
Friction Factor H A
Reaction R ate H A
Quality H AR
Status HhAA b
Auto-Length OFff | CFS H| 100% | Ky 724.91,9721.19

Figure 45. Set the pipe length, diameter, and roughness height..

46 shows setting the properties using the NewUI. We choose SELECT OBJECT from
the EDIT menu, then select the pipe. It [pipe] should change color to indicate that
it is selected — on my computer it changes to yellow. When it is selected, we can
double-click to obtain the properties, or choose the properties from the tool menu on
the left side of the design canvass. The properties are then supplied as in the OldUI.
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Figure 46.
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T to search [
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Set the pipe length, diameter, and ghness height. NewUI.

Using a similar selection process we supply the reservoir total head as in Figure 47
and Figure 48

Figure 47.

£

D& 2X# §FHIEEE K X+Q 0"~ GCKT

(SRS %]
Data | ap |
[Reservors =
(r1>

Property Value

“Reservei 1D 1

X Coordinate 107807

Y-Coordinate e

Descrption o X

Tag

“Total Head

Head Patiem

Initial Qualty

Source Quality

Net Inflow N
Elevation N
Fressure N
Oualiy N

Set the reservoir total head, 100 feet should be enough in this example..
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Figure 48. Set the reservoir total head, 100 feet should be enough in this exampl..
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We then set the demand node elevation and the actual desired flow rate as in Figure
49. Figure 50 illustrates the same process in the NewUI.

DExE & BXHA Z

MEEE
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#-Coordinate:

- Coardinate
Description

Tag

“Elevation

Base Demand
Demand Pattem
Demand Categories
Emitter Caeff
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Quality
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0.0o

- [E ][] &=

Data } Map

Junctions

a X

|
I

Auto-Length Dff

CFS n 100% | K. 520,45, 9962.83

Figure 49.

and the demand is set to 295 cfs as per the problem statement..

Again the procedure is select the object, then set the values.

Set the node elevation and demand. In this case the elevation is set to zero (the datum)

The program is now ready to run, next step would be to save the input file (File/Save/-
Name), then run the program.

Run the program by selecting the lighting bolt looking thing (kind of channeling Zeus
here) and the program will start. If the nodal connectivity is OK and there are no
computed negative pressures the program will run. Figure 51 is the appearance of
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Grab File Edit Capture Window Help "= ® # 2 [l 100% @I Mon10:44PM cleveland Q
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205

User-assigned name of junction

‘gL Lo RS

oK Cancel

S BOCT

= AutorLength: OFf </ Fow Units: CFS -/ 43.063, -15.235

Figure 50. Set the node elevation and demand. In this case the elevation is set to zero (the datum)
and the demand is set to 295 cfs as per the problem statement..

&4 i
locas x@ﬁﬁ@ A @ (2 OB~ CKWT
S
2 - [O]x] == [X]
i Data | ap |
Aeservois v
w X o
Fun was suecesstul
i P g I
| | ] Mice outcoms —- don't always get a sucessful run first tims.
Sucessful does not mean correct, just means the program
functioned normally
AuolenghOF  OFs R 100% | X.v:823.37.9%9141

Figure 51. Running the program.

the program after the run is complete (the annotations are mine!). A successful run
means the program found an answer to the problem you provided — whether it is the
correct answer to your problem requires the engineer to interpret results and decide
if they make sense. The more common conceptualization errors are incorrect units
and head loss equation for the supplied roughness values, missed connections, and
forgetting demand somewhere. With practice these kind of errors are straightforward
to detect. In the present example we select the pipe and the solution values are
reported at the bottom of a dialog box.

Figure 52 is the result using the NewUI. This is where the two systems diverge. This
particular error can be addressed by setting the simulation time to be at least one
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Figure 52. Running the program, NewUI. Error message is associated with incorrect TIMES entr.
Using the NewUl, the program expects a non-zero simulation duration. A simple hack is to specify the
duration equal to one hydraulic time step..

time increment (it is still a steady flow, single time period simulation). Once we make
this change the program will run successfully.

Figure 53 is the result using the NewUI. To produce this figure the menu item TIMES
was selected and the total duration (first record in the dialog box) was changed from
the default 0 to a value of 1:00. The change roughly tells the program to simulate 1:00
hours of system operation, using a hydraulic time step of 1:00 hours (the default).
The OIdUI would have interpreted the 0 as “single period simulation.” The NewUI
probably expects a non-zero value because it is designed to support both SWMM
and EPANET computation engines. Interestingly, the simulation is still runs, but
produces an output file that the interface cannot access.
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Figure 53. Running the program, NewUl. Here is the result when the total duration in the TIMES
menu item is set to 1:00. The program runs as anticipated..
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Figure 54 is the result of turning on the computed head values at the node (and
reservoir) and the flow value for the pipe in the OldUI. The dialog box reports about
7.2 feet of head loss per 1000 feet of pipe for a total of 72 feet of head loss in the
system. The total head at the demand node is about 28 feet, so the head loss plus
remaining head at the node is equal to the 100 feet of head at the reservoir, the
anticipated result.

The computed friction factor is 0.010, which we could check against the Moody chart
if we wished to adjust the model to agree with some other known friction factor.
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SUMMER 2018
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Figure 54.

Solution dialog box for the pipe..

Using the NewUI, the object dialog box does not capture the computed information.
Instead we can generate a table of values associated with the pipe object. Figure 55
is such a table. It was created after the program run by selecting the pipe object,
then selecting the table icon. Once the table dialog box is opened, select NODES and
the table is generated.

The table reports 7.25 feet of head loss per 1000 feet of pipe for a total of 72.5 feet of
head loss in the system. The total head at the demand node is 27.5 feet, so the head
loss plus remaining head at the node is equal to the 100 feet of head at the reservoir,
the same result as in the OldUI model.

Concluding remarks for the example are the NewUI produces the same results as the
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Figure 55. Solution table for the pipNeWUI..

OldUI for an identical problem.” The NewUI reports results in a different fashion —
that is the computed results are now separated from the object properties, hence the
user will interrogate the results differently (using tables and charts most likely). This
different approach makes logical sense (separating input properties and computed
properties).

The NewUI REQUIRES specification of a simulation duration that is non-zero, for
single period simulations the simplest hack is to specify the simulation duration equal
to the value of the hydraulic time step, and proceed.

Users familiar with the OldUI will find the NewUI similar, but some things will be
different. An improvement is the NewUI generates reports directly to an ASCII file,
then opens that file rather than in the OldUI, having to navigate to the file and open
it independently. Another improvement is the report file extension being .TXT, so it
is automatically associated with an ASCII editor.

"An expected outcome as the computation engine is unchanged.
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1.8.3 Example 2: Flow Between Two Reservoirs

This example represents the situation where the total head is known at two points
on a pipeline, and one wishes to determine the flow rate (or specify a flow rate and
solve for a pipe diameter). Like the prior example it is contrived, but follows the
same general modeling process.

In this example we will lay out a model building protocol and follow the protocol.® The
example will first be presented using the OldUI then repeated using the NewUI.

Using the Moody chart, and the energy equation, estimate the diameter
of a cast-iron pipe needed to carry 60°F water at a discharge of 10 cubic-
feet per second (cfs) between two reservoirs 2 miles apart. The elevation
difference between the water surfaces in the two reservoirs is 20 feet.

As in the prior example, we will need to specify the pipe roughness terms, then solve
by trial-and-error for the diameter required to carry the water at the desired flowrate.
Page 31 of the EPA-NET manual suggests that the roughness height for cast iron is
0.85 millifeet.

As before the steps to model the situation are:
1. Start EPA-NET
2. Set hydraulic defaults
3. Select the reservoir tool. Put two reservoirs on the map.
4. Select the node tool, put a node on the map. EPA NET needs one node!
5

. Select the link (pipe) tool, connect the two reservoirs to the node. One link is
the 2 mile pipe, the other is a short large diameter pipe (negligible head loss).

6. Set the total head each reservoir.
7. Set the pipe length and roughness height in the 2 mile pipe.

8. Set the simulation duration to 1:00 (same as the hydraulic time step default
value).

9. Guess a diameter.
10. Save the input file.

11. Run the program. Query the pipe and find the computed flow. If the flow is too
large reduce the pipe diameter, if too small increase the pipe diameter. Stop
when within a few percent of the desired flow rate. Use commercially available
diameters in the trial-and-error process, so exact match is not anticipated.

8The protocol herein is changed from an earlier version to reflect the need to specify a simulation
duration.
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Figure 56 is a screen capture after the model is built and some trial-and-error diameter
selection. Of importance is the node and the “short pipe” that connects the second
reservoir. By changing the diameter (inches) in the dialog box and re-running the
program we can find a solution (diameter) that produces 10 cfs in the system for the
given elevation differences.

&7 EPANET 2
N File Edit View Project  Report  Window Help

D@ &8 Bxa g MiEEE &

!
It Network Map

dEH oD o= FMT

Pipes -
- 2
" x|
| Property Walue
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“Start Node 1
*End Node 3
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Tag ){@ ®

“Length
“Diameter < A |
“Roughness

Loss Coeff. 1]
Iritial Status Open
Bulk Coeff.

Wall Coeff
Flow
Welocity o

Unit Headloss 183
Friction Factor oms
Fieaction Rate 0.
Quality 000
Status Open
Auto-Length Off CFS n 100% | Ky 237168, 739823

Figure 56. Solution dialog box for the pipe for Example 2.

We would conclude from this use of EPA-NET that a 22.45 inch ID cast iron pipe
would convey 10 cfs between the two reservoirs.

The same problem built entirely in the NewUI is displayed in Figure 57. In creating
the simulation I built the model exactly as done in the OldUI, and started with a
24-inch pipe as my first guess (result not shown). Then changed to the 22.45 inch
pipe to obtain the identical solution as shown in Figure 56.°

9The resulting pipe diameter is to illustrate the use of the program. The user would surely use a
commercially available pipe ID and insert those values. The important point here is that the two
interfaces produce the same kind of results.
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As a further test of the NewUI, the file built for the problem was then imported into
the OldUI and functioned identically. Thus a conclusion of from this example is that
the .INP files from NewUI are compatible with the OldUI. The reverse direction is
also true with the caveat of explicit specification of simulation duration.
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Figure 57. Solution for the pipe for Example 2 in the NewUI..
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1.8.4 Example 3: Three-Reservoir-Problem

This example repeats another classical problem, but introduces the concept of a
basemap (image) to help draw the network. First the problem statement

Reservoirs A, B, and C are connected as shown!® in Figure 58. The water
elevations in reservoirs A, B, and C are 100 m, 80 m, and 60 m. The three
pipes connecting the reservoirs meet at junction J, with pipe AJ being 900
m long, BJ being 800 m long, and CJ being 700 m long. The diameters of
all the pipes are 850 mm. If all the pipes are ductile iron, and the water
temperature is 293°K, find the direction and magnitude of flow in each

pipe.

Elev. 100 m

Elev. 80 m

L, =800 m

«

Elev. 60 m

/

_/?
Lc=700m
Figure 58. Three-Reservoir System Schematic.

Here we will present the problem worked using OldUI, then repeat the example in
the NewUIL.

Here we will first convert the image into a bitmap (.bmp) file so EPA-NET can import
the background image and we can use it to help draw the network. The remainder of
the problem is reasonably simple and is an extension of the previous problem. Bear
in mind that the .BMP file is simply an image and not geo-referenced — so the example
was worked as entirely separate models.

The steps to model the situation are:

1. Convert the image into a bitmap, place the bitmap into a directory where the
model input file will be stored.

10This problem is identical to Chin Problem 2.30, Pg. 92
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Start EPA-NET

Set defaults

Import the background.

Select the reservoir tool. Put three reservoirs on the map.

Select the node tool, put the node on the map.

Select the link (pipe) tool, connect the three reservoirs to the node.

Set the total head each reservoir.

S AT R

Set the pipe length, roughness height, and diameter in each pipe.

—
e

Set the simulation duration to equal the hydraulic time step (1:00 — this setting
is to make the file compatible with the NewUT)

11. Save the input file.
12. Run the program.

Figure 59 is the result of the above steps. In this case the default units were changed to
LPS (liters per second). The roughness height is about 0.26 millimeters (if converted
from the 0.85 millifeet unit).

Figure 60 is the result of the above steps applied using the NewUI. In this example,
the image is loaded into the interface, then the network is built as an overlay. The
network most likely assumes whatever coordinate reference system (CRS) that the
image uses. The computed results are identical to those in the OldUI.
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Figure 59. Solution for Example 3. The flowrates are in liters-per-second, divide by 1000 to obtain
cubic-meters-per-second..
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Figure 60. Solution for Example 3. In this implementation in the NewUI, | did not bother to follow
the pipe paths..
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1.8.5 Example 4: A Simple Network

Expanding the examples, we will next consider a looped network. As before we will
use a prior exercise as the motivating example.

The water-supply network shown in Figure 61 has constant-head elevated
storage tanks at A and C, with inflow and outflow at B and D. The
network is on flat terrain with node elevations all equal to 50 meters'!.
If all pipes are ductile iron, compute the inflows/outflows to the storage
tanks. Assume that flow in all pipes are fully turbulent.

Elev. 75 m
/ L=700m
D=250mm
A \ B

€ 0.2 m¥/s
L=800m
D=300mm
L=1000m
D=400mm E'E":/}'U m
0.2 m3/s €
D \ C
L=1200m
D=350mm

Figure 61. Two-Tank Distribution System Schematic.

As before we will follow the modeling protocol but add demand at the nodes.
The steps to model the situation are:

1. Convert the image into a bitmap, place the bitmap into a directory where the
model input file will be stored.

2. Start EPA-NET

3. Set defaults
"' This problem is similar to Chin Problem 2.31, Pg. 92
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NS ok

S

10.
11.
12.

Import the background.
Select the reservoir tool. Put two reservoirs on the map.
Select the node tool, put 4 nodes on the map.

Select the link (pipe) tool, connect the reservoirs to their nearest nodes. Connect
the nodes to each other.

Set the total head each reservoir.

Set the pipe length, roughness height, and diameter in each pipe. The pipes
that connect to the reservoirs should be set as short and large diameter, we
want negligible head loss in these pipes so that the reservoir head represents
the node heads at these locations.

Set the simulation duration to 1:00 hrs (same as the hydraulic time step).
Save the input file.

Run the program.

In this case the key issues are the units (liters per second) and roughness height (0.26

millimeters). Figure 62 is a screen capture of a completed model built using the
OldUI.

As in the prior example the model was entirely rebuilt using the new interface — again
because the image is not geo-referenced. The OIdUI file would load and run fine, but
again an unreferenced image is not easily placed into the interface. So following the
same protocol, an entirely new model was built, and run. The results were identical
(as anticipated). Figure 63 is a screen capture of a completed model built using the
NewUIL.
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Figure 62. Solution for Example 4. The flowrates are in liters-per-second, divide by 1000 to obtain

cubic-meters-per-second..
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Figure 63. Solution for Example 4. The flowrates are in liters-per-second, divide by 1000 to obtain
cubic-meters-per-second. This example used the NewUI. The numerical results are identical to the

OldUl implementation..
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1.8.6 Example 5: Pumping Water Uphill

The example illustrates how to model a pump in EPA-NET. A pump is a special
“link” in EPA-NET. This link causes a negative head loss (adds head) according to a
pump curve. In addition to a pump curve there are three other ways to model added
head — these are discussed in the user manual and are left for the reader to explore
on their own.

Figure 64 is a conceptual model of a pump lifting water through a 100 mm diameter,
100 meter long, ductile iron pipe from a lower to an upper reservoir. The suction side
of the pump is a 100 mm diameter, 4-meter long ductile iron pipe. The difference in
reservoir free-surface elevations is 10 meters. The pump performance curve is given
as

h, =15 — 0.1Q* (2)

where the added head is in meters and the flow rate is in liters per second (Lps). The
analysis goal is to estimate the flow rate in the system.

10m
100 m
3m
1

Figure 64. Example 5 conceptual model. The pipes are 100 mm ductile iron..
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To model this situation, the engineer follows the modeling protocol already outlined,
only adding the special link.

1.

10.
11.
12.

13.
14.
15.

ISERE A R

Convert the image into a bitmap, place the bitmap into a directory where the
model input file will be stored.

Start EPA-NET

Set defaults (hydraulics = D-W, units = LPS)

Import the background.

Select the reservoir tool. Put two reservoirs on the map.

Select the node tool, put 2 nodes on the map, these represent the suction and
discharge side of the pump.

Select the link (pipe) tool, connect the reservoirs to their nearest nodes.
Select the pump tool.

Connect the nodes to each other using the pump link.

Set the total head each reservoir.

Set the pipe length, roughness height, and diameter in each pipe.

On the Data menu, select Curves. Here is where we create the pump curve.
This problem gives the curve as an equation, we will need three points to define
the curve. Shutoff (@ = 0), and simple to compute points make the most sense.

Set the simulation duration to 1:00 hours (same as the hydraulic time step).
Save the input file.

Run the program.

Again as in the other examples, the solution will be presented in the OldUI and the
NewUI.

Figure 65 is a screen capture of loading the background image. After the image
is loaded, we can then build the hydraulic model. The next step is to place the
reservoirs.

Figure 66 is a screen capture of the reservoirs after they have been placed. The upper
reservoir will be assigned a total head 10 meters larger than the lower reservoir — a
reasonable conceptual model is to use the lower reservoir as the datum.
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Figure 66. Example 5 place the lower and upper reservoir.

SUMMER 2018

Figure 67 is a screen capture of model just after the pump is added. The next steps
are to set the pipe lengths (not shown) and the reservoir elevations (not shown).
Finally, the engineer must specify the pump curve.

Page 59 of 63



ICT Hydraulic Networks

&5 EPANET 2

File Edit view Project Report Window Help

DEEE XA 7 iEEEd M EPQ HOHG—-FMT

$ Network Map

<

Auterlength Off | CFS a 1007 | XY: 902372, 3266 42

100m

m X

%

Figure 67.

g 2Xd g fEEE k

ZPA D OEHE—-GCKMT

Example 5 place the nodes, pipes, and the pump link..

Curve ID

Descrplion

i [

Curve Type Equalion

1 [Pume

] Hesty- 15.000.1Flow"200

Flow Head ~

4 [
Flow (LPS)

Cancel ‘

Help

butolengthOff | LPS a 100% | Xv: 1229015, 923358

+J start i EPANET 2 o e

Figure 68.
is created by the program..

Example 5 pump curve entry dialog box. Three points are enter
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SUMMER 2018

ed and the curve equation

Figure 68 is a screen capture of the pump curve data entry dialog box. Three points
on the curve were selected and entered into the tabular entry area on the left of the
dialog box, then the curve is created by the program. The equation created by the
program is the same as that of the problem — hence we have the anticipated pump

curve.
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Next the engineer associates the pump curve with the pump as shown in Figure 69.
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Figure 69. Setting the pump curve..

Upon completion of this step, the program is run to estimate the flow rate in the
system.

The complete example is presented using the NewUI in Figure
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Figure 70. Example 5. Pumping from low to high reservoir. Solution using NewUI..
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1.9 Running from the Command Line
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