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GIS tools for water supply
systems: an implementation
using JGrassTools and

gvSIG
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WHO AM I?
- environmental engineer specialized In hydrology,
hydraulics and geomorphology

- co-founder of HydroloGIS with Andrea Antonello

- developed scientific models contained in the JGrassTools
library in the field of:

e ol

- hydrolo

e HydroloGIS
ydraullCs =nvironmental =ngineering

- forestry

- PhD student of Science and Technology at the Free
University of Bolzano (Italy)

- OSGeo Charter Member



JGRASSTOOLS

+ geospatial Open Source library containing modules for:
- vector and raster processing
- geomorphology
- forestry
- mobile mapping connection
- LIDAR data analysis
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EPANET
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- a powerful and well known software for water supply
system management (analysis) and design

- developed by EPA (United States Environmental
Protection Agency)

- predicts the dynamic hydraulic and water quality behavior
within a drinking water distribution system operating over
an extended period of time

- research tool for improving the understanding of the
movement (flow and direction) of the water within a
distribution systems
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EPANET & GIS

Hydraulic Spatial Netwo
parameters distribution
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EPANET & GIS

Hydraulic Spatial Netwo
parameters distribution
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Hydraulic model system
System evaluation
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EPANET & GIS
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Hydraulic Spatial Netwo
parameters distribution
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Hydraulic model system

GIS system

System evaluation
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EPANET & GIS

- the bindings to the original EPANET library are integrated
as a module in the JGrassToools library
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EPANET & GIS

- the bindings to the original EPANET library are integrated
as a module in the JGrassToools library

- a plugin in gvSIG is developed that supplies a graphical
iInterface to prepare the data for EPANET in a GIS way
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EPANET & GIS

- the bindings to the original EPANET library are integrated
as a module in the JGrassToools library

- a plugin in gvSIG is developed that supplies a graphical
iInterface to prepare the data for EPANET in a GIS way

- this plugin provides all of EPANET — there is no need to
install EPANET software itself, it comes automatically
with the plugin
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EPANET & GIS
4 STEP SIMULATION RUN

1.generate new shape files: reservoirs, valves, pumps,
pipes, tanks, junction
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EPANET & GIS
4 STEP SIMULATION RUN

1.generate new shape files: reservoirs, valves, pumps,
pipes, tanks, junction

2.synchronize shape files attributes using other available
geospatial data: DTM for elevation and pipes' 3D length

evaluation
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EPANET & GIS

4 STEP SIMULATION RUN

1.

2.

generate new shape files: reservoirs, valves, pumps,
pipes, tanks, junction

synchronize shape files attributes using other available
geospatial data: DTM for elevation and pipes' 3D length
evaluation

.run EPANET simulation: hydraulic parameters definition

and insertion of other information to be added for the
simulation



V"'.'E"', = EEm—

e

I

T,

EPANET & GIS

4 STEP SIMULATION RUN

1.

2.

generate new shape files: reservoirs, valves, pumps,
pipes, tanks, junction

synchronize shape files attributes using other available
geospatial data: DTM for elevation and pipes' 3D length
evaluation

.run EPANET simulation: hydraulic parameters definition

and insertion of other information to be added for the
simulation

.open the EPANET result viewer: visualization of the

results, spatial maps and charts with the evolution of
local variables in space and time
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EPANET & gvSIG

The tools are available from the menu:
HydroloGIS — Epanet

File Selezione Layer Mostra Vista Mappa Strumenti Finestra Aig HydroloGIS

u [E;" H @ Eﬁ E Q Q. ﬁ Q @\ ‘Q LE‘ “u 0 I Epanet : @" Create Project Files i; | 3‘5' &: /
Gestore di progetto Geopaparazzi Sync Project Shapefiles
Results for node J24 inrun 2 Strumenti 1 Bun Epanet
ES IGrasstools E View Results
51 W Style Layers
50 e o - o

PRESSURE
&

4z {| ™
47
1970-01-01 0:00 1970-01-01 01:00  1970-01-01 02:00  1970-01-01 03:00  1970-01-01 C
time
1 I 1 I - H -
Epanet Results Browser
Epanet Runs Variables
2 -test02 w
Node variable PRESSURE
Title: test02
ThIet TESTUs Link variable FLOW v
Description: New Epanet Run Description
User: hydrologis
Timestamp: 2015-12-01 10:08:26 Timeline
Select time 1970-01-01 02:00:00 e
Flots
Plot Mode 124 ~
Plot Link P51 w




1. CREATE PROJECT FILES

Select the folder and the projection of the project

Iél gwslG 2.2.0.2313 with JGrasstools : Senza titolo

Eile Selezione Layer Mostra Vista Mappa Strumenti Finestra Aiuto HydroloGIS (&) Chooze a folder into which to createthe Ngecties %

DEH ONEAASAQKIEE & 05ES ..l o 9 som

Tipa:

& & poes

Gestore di progetto
Tipo di documento

Proprieta del progetto

Mome progetto:  Senza titolo
Percorso:

Data creazione:  1-dic-2015

Oggett recenti

Desktop

Documenti

CRS usati di recente:

Carattere  Codice

Trasformazione

EPSG 4326 Senza trasformazione

A tanks
A junctions

A pipes

Proprieta

new view with all the
possible features types
for running EPANET
with standard names
and styles

Vista Tabella Mappe in serie iy Info CRS
€ > Quests PC
Seleziona trasformazione: Senza trasformazione
vista BV omecatcle [prjeven_mpiznts iz g vaenasiepenesa
Epanet Layer View Moo Rt Tipo fle: Annulla Annulla Indietra
Apri — — -
Vista: Epanet Layer View = | =l @
Rinomina :
- N reservoirs
Rimuowi =
B valves
Proprieté 2 pumps

L T
= ~ [Metri K= 0,76 | - 0,39 EPsG:32632




1. CREATE PROJECT FILES

Shapefiles attributes contain the required parameters for the

File Modifica Selezione Mostra Tabella Vista Mappa Strumenti Finestra Aiuto HydroloGls

DEH & % % 0¥ I1I08 & SveHEBE =SEHY ¢ | wo

Vista: Epanet Layer View

A reservoirs Tabella degli attributi: reservairs

0 / 0 righe selezionate.

Tabella degli attributi: valves EE@
4

| startnode || endnode || diam || type || setting | minloss | status | |

0 f Orighe selezionate.

| startnode || endnode || power || head_id || speed | pattern_d | price
0 / 0 righe selezionate.

Tabella degli attributi: tanks

|| imit lev || minlev || maxlev || diam || min_vol | weol_cur_id |

0 f Orighe selezionate.

= [ [%

i T =Tl id 1|

0/ 0 righe selezionate.

Tabella degli attributi: pipes EE@

E‘ i | startnode || endrode || length || diam || rough || demand || pattern_id || leakcoeff | minloss | status | |
<

0/ 0 righe selezionate,




draw

1. CREATE PROJECT FILES

GIS layers (orthophoto or technical maps) as background to

/transform the main features of the aqueduct

File Selezicne Layer Mostra Vista Mappa Vista portatile Strumenti Finestra Aiute HydroloGls

DEH DHEQAQASQAxqfmE 08540

» RRR2AQAOTIPY @ B 0¥

&5

!juncﬁons w
—_—

3 resery
=
A pipes

47 044100

Inizia editazione
Rinomina
Tabella degli attributi

Proprieta

Zoom al layer

Rimuaovi layer
Ricarica

Mostra errori
Porta in primo piano

Copia
Taglia

Incolla

Esporta...
Aggiungi layer

VR B %

Tabella degli attributi: junctions

[ B -4 | BN=[cy B B

=

(=[x

| id Il elev || DEPTH -||— den'|and_|l emitt_coef || patte
1 [153 965,298 1,500 0,100 0,000 -
2 152 943,197 1,500 0,100 0,000
3 [151 947,771 1,500 0,100 0,000
PR T 948,213 1,500 0,100 0,000
5 140 948,804 1,500 0,100 0,000
6 |48 949,035 1,500 0,300 0,000
Th 147 943,895 1,500 0,300 0,000
8 |46 50,335 1,500 0,300 0,000
3 145 949,548 1,500 0,300 0,000
10 J44 948,027 1,500 0,100 0,000
i1 |43 947,698 1,500 0,300 0,000
12 |42 948,257 1,500 2,000 0,000
13 J41 952,554 1,500 0,100 0,000
19 |40 946,530 1,500 0,100 0,000
15 139 942,532 1,500 0,100 0,000
16 138 940,974 1,500 0,100 0,000
17 137 947,798 1,500 0,100 0,000
18 136 938,502 1,500 1,000 0,000
19 |35 948,546 1,500 0,100 0,000
0 |14 944,038 1,500 0,100 0,000
21 133 938,573 1,500 0,100 0,000
22 132 940,214 1,500 3,000 0,000
23 |31 939,706 1,500 0,300 0,000
24 130 942,755 1,500 0,100 0,000
75 129 942,477 1,500 0,300 0,000
6 |1 943,485 1,500 0,300 0,000
27 127 942,683 1,500 0,300 0,000
B |16 933,651 1,500 1,000 0,000
29 J25 940,378 1,500 2,000 0,000
30 124 942,352 1,500 2,000 0,000
31 |23 933,598 1,500 3,000 0,000
a7 1N nJ2& ACTY 4 Chn N ann N ann a

1: 1,578

« |Metri [{ = 637.554,%6 Y = 5,128.322,86 EP5G:32632




2. SYNCHRONIZE ATTRIBUTES

DTM for elevation and pipes' 3D length evaluation

File Selezione Layer Mostra Vista Mappa Vista portatile Strumenti Finestra Aiuto HydroloGIS

DEH@%EQ&ER‘&@&.&%' “u Strumenti »
| F (4| CTP2012_044100 v Geopaparazzi *

:3 JGrasstools

% & B 0¥

N reservoirs
=
A tanks
=
. junctions
O
4 pipes
<
ENCIES
junch DEPTH | demand || emitt_coef | pattern_i
1 153 965,298 1,500 0,100 0,000 A
2 152 943,137 1,500 0,100 0,000
3 151 947,771 1,500 0,100 0,000
4 |150 945,213 1,500 0,100 0,000 o B dtm_castello
5 |14m 948,894 1,500 0,100 0,000
& |48 343,035 1,500 0,300 0,000
7 147 243,896 1,500 0,300 0,000
8 145 950,385 1,500 0,300 0,000
. g 145 949,543 1,500 0,300 0,000 .
0 |44 945,027 1,500 0,100 0,000
T 11 |43 947,698 1,500 0,300 0,000
12 945 257 2,000 0,000
13 952,554

pipe) [ id | startnode | endnodel]|| length || || dam || roush | demand | pattern_id | leakcoeff | minoss | stats |

1 |p1 13 15 152,476| &0,000 0,050 0,000 0,000 0,000|open o
2 |2 19 110 62,127 30,000 0,050 0,000 0,000 0,000 |open

E 110 112 115,346 80,000 0,050 0,000 0,000 0,000[open

4 |pa 144 143 23,922 § 100,000 0,050 0,000 0,000 0,000[open

5 [|ps 143 113 3,537 § 100,000 0,050 0,000 0,000 0,000[open

& s 143 148 57,502 80,000 0,050 0,000 0,000 0,000[open

7 |p7 143 147 59,309 | 110,000 0,002 0,000 0,000 0,000 |open

3 | 147 145 51,931 | 110,000 0,002 0,000 0,000 0,000 |open

s [ps 145 140 71,611 § 110,000 0,002 0,000 0,000 0,000[open

0 |Pw 140 139 56,718 | 100,000 0,050 0,000 0,000 0,000(open

11

P11 139 138 32,204/ | 100,000 0,050 0,000 0,000 0,000/open




2. SYNCHRONIZE ATTRIBUTES

Warnings and errors messages from the tools are highlighted
INn a pop-up dialgg.

roject manager

Console Log :

| [ﬁ C\earj [ CopyJ [ O] StQpJ

Process SyncEpanetShapefilesExtension started at: 2015-11-30 17:01:22

Reading input vector layers...
Reading coverage: dtm_castello.asc
Finished.

N
#% dtm_castello
[ 795.46
[ s0z.03
[J1o010.59
111815
B 1225.73
W 133329

Finished.

Extracting elevations from dem...
20%...

40%...

50%...

70%...

90%...

100%...

Finished.

Extracting pipe-nodes links...
10%...

30%...

20%...

60%...

80%...

100%...

Finished.

. |Extracting pumps attributes...
Finished.

Extracting valves attributes...
Finished.

WARNING x

A some of the features could not be synched:
No end node found for pipe: P4
No end node found for pipe: P14
No start node found for pipe: P21
No start node found for pipe: P27
Mo start node found for pipe: P28
No end node found for pipe: P41

- |Meters& = 686,022.95 [ = 5,128,317.32 [EPSG: 32632
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2. SYNCHRONIZE ATTRIBUTES

Progress state and general information are displayed in a
dedicated Console

‘roject manager

View: Epanet Layer View

C Console Log

A reservoirs

|@C\ear‘ |u:5Copy‘ ‘ ® Stop

=
M tanks

Pracess SyncEpanetShapefilesExtension started at: 2015-11-30 17:10:16 (=]

A junctions q
O O

-7 4 pipes o

Reading input vector layers...
Reading coverage: dtm_castello.asc
Finished.

= e Al

5-[1 & dtm_castello
L 79546
- %0303
- [J101059 4

Finished.

Extracting elevations from dem...
10%...

20%.
30%.
40%.
S50%.
60%.
70%.
L [80%...

90%...

100%...

Finished.

Extracting pipe-nodes links...
10%...

B 1225.73
[ BEEERE]

A tnon 0

= INFO X

Synched shapefiles successfully created. (@]

oK O
100%... —
Finished.
Extracting pumps attributes...
Finished.
Extracting valves attributes...
Finished.
Adding new layers...
Writing features to shapefile...
Finished.
Writing features to shapefile...
Finished.
Writing features to shapefile...
Finished.
Writing features to shapefile...
Finished.
Finished.




==

2. SYNCHRONIZE ATTRIBUTES

Complete all the required parameters for the features

Eile Modifica Selezione Mostra Tabella Yista Mappa Strumenti Einestra Aiuto HydroloGls

-~

DEH & % % 0¥ Il = aveHB:E =@ ¢ 1 «#
Vista: Epanet Layer View [= [@ [=
= B ks Tabella degli attributi: tanks EE|
| tank' | id || elev || initlev || minlev || maxlev || diam || min_vol || vol_cur_id |
@ A junctions fT1 | 999,538 4,000 2,000 &,000 7,000 0,000| |
O
B a ';E"”’"S Tabella degli attributi: junctions (o [@ =
o[ M pipes junch | id | elev | DEPTH | demand | emitt_coef | pattern i
1 153 965,293 1,500 0,100 0,000 ~
é...|:| &7 CTP2012_044100 2 152 343,197 1,500 0,100 0,000
[Jm.o, 1ol 3 151 947,771 1,500 0,100 0,000
WL 4 150 948,213 1,500 0,100 0,000
5 145 348,894 1,500 0,100 0,000
< 2 3 143 949 035 1,500 0,300 0,000
7 147 948,895 1,500 0,300 0,000
8 146 950,385 1,500 0,300 0,000
9 145 949,543 1,500 0,300 0,000
1 Flla degli attributi: reservoirs | = [ = [ 22 0 |44 948,027 1,500 0,100 0,000
- - 11 143 947,693 1,500 0,300 0,000
.| head | patternd 12 |14z 948,257 1,500 2,000 0,000
1 i | 1.085,000] 13 14l 352,554 1,500 0,100 0,000
14 |10 946,590 1,500 0,100 0,000
d 0/ 1righe selezionate. 15 139 942,532 1,500 0,100 0,000
6 [138 340,374 1,500 0,100 0,000
Tabella degli attributi: pipes - 1 = =R = I S 538,502 1,500 1,000 0,000
: | id || startnode || endnode | length diam rough || demand || pattern_id | leakcoeff | min_loss || status | L 135 348,346 1,500 0,100 0,000
1 P1 18 19 152,476 80,000 0,050 0,000 0,000 0,000/open ~ i jz Z;’gi i’:gg g’ﬁg g'ggg
2 P2 19 110 62,127 30,000 0,050 0,000 0,000 0,000/open i) 5 40‘2 = 1‘500 3’000 nlnnn
3 P3 110 112 115,346 0,000 0,050 0,000 0,000 0,000/open =51 939’?06 1’500 0’300 o’ooo
4 P4 144 143 23,922 100,000 0,050 0,000 0,000 0,000(open & T 5 42’?5 = 1’500 0’ o0 olooo
5 PS5 143 113 63,537 100,000 0,050 0,000 0,000 0,000/open 5 5 42‘ e 1‘500 0’300 nlnnn
& P& 149 148 57,502 0,000 0,050 0,000 0,000 0,000/open i 5 43’ e 1’500 0’300 o’ooo
7 P7 143 147 69,309 110,000 0,002 0,000 0,000 0,000(open R 5 42’ ) 1’5 00 0’ 00 0’ o0
8 Pa 147 145 51,931 110,000 0,002 0,000 0,000 0,000/open e 938168 I 1‘500 1‘000 nlnnn
] Pa 145 140 71,611 110,000 0,002 0,000 0,000 0,000/open e iz 5 40’3?8 1’500 2’000 o’ooo
10 P10 140 139 56,713 100,000 0,050 0,000 0,000 0,000(open = 12 5 42’352 1’500 2’000 olooo
11 P11 139 138 32,204 100,000 0,050 0,000 0,000 0,000|open = = o = — —

[Metri [x = 687.905,24 [f = 5.128.058,53 EPSG:32632
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3. RUN EPANET SIMULATION

Simplified wizards help the user to fill in the main hydraulics
parameters

|£:| Epanet Run Wizard - [m} x | £:| Epanet Run Wizard - [m] X

Define options parameters Additional files and folders
UNITS LPS
HEADLOSS D-w
QUALTTY MONE
VISCOSITY 10
DIFFUSIVITY L0 Extra files folder
SPECIFIC GRAVITY |10 Demand file

TRIALS 40 Control file

ACCURACY 0.001 Rules file

UNBALANCED CONTINUE 10 Inp file D:Vaveri_tmp\2015_12_gvsig_valenda\epanetitestd3.inp || Epanet Run Wizard - O b
EAEY ! Qutput database
TOLERAMCE 0.01

EMITTER EXPONENT  |0.5

DEMAMD MULTIPLIER |1

< Indietro Annullz < Indietro Annulla

Qutput sglite db  Wavori_tmp\2015_12_gvsig_valenda\epanet\castello_spanet.sglite

The results are stored in a local
database (sqlite)

< Indietro Eine
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3. RUN EPANET SIMULATION

Progress state and log messages from EPANET code are
displayed in a dedicated Console

/

'_raiect manager ;i & g 2 g i View: Epanet Layer
Console Log * ;

[ﬁc\ear] [L%Cupy] ‘@St i

Finished.
Process RunEpanetExtension started at: 2015-11-30 20:09:03

-

Reading input vectar layers...
Finished.

Generating inp file...

20%...

o

60%...

?g%ﬁ% # dtm_castello
Finished. = ;gggg
Connect to output database and create tables if necessary... O 1010.59
Finished. :

Importing network data to the database... Oii1s1s

133329

~enotaown

E\'mshad.

Page 1 Mon Nov 30 20:10:03 2015
* EPANET |

< Hydraulic and Water Quality *

* Analysis for Pipe Networks *

» Version 2.00.12 b

Input Error 233: Node ]11 is unconnected.
Input Error 200: one or more errors in input file,

Process RunEpanetExtension stopped at: 2015-11-30 20:10:03
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4. VISUALIZATION OF RESULTS

- selection of the timestep, variable and elements to visualize
- visualization of results on the map (pipes, junctions)

Project manager
Document types

| view: Epanet Layer View

[=! A reservoirs
R1: 0.00
A tanks
T1: 6.00
A junctions
- @ 2915
@ )10:51.61
@ )12: 5858
@ )13:5514
@ )14:51.36
@15 74.36
@115 74.40
@)17: 8438
@ )18: 92,38
: 75,37

Map Sheets Charts

Epanet Layer View

Session properties
Session name: Untitled
Saved in: /home/hydrologis/gvSIG/MYPROJECTS/castello_ap...

Creation date: Mov 30, 2015

@ B

Epanet Runs Variables

1 - New Epanet Run -

Title: New Epanet Run
Description: New Epanet Run Description Link variable
User: hydrologis

Timestamp: 2015-12-01 09:12:44

Epanet Results Browser

Timeline
Select time 1570-01-01 03:00:00 -
Plots




| 'L Results for node n
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4. VISUALIZATION OF RESULTS

- selection of the timestep, variable and elements to visualize
- visualization of results on charts (nodes, pipes

Project manager

1]

e

Results for link P54 in run 1

83.75
93.50
93.25
93.00
82.75
92.50

— e [

2.50
2.25
2.00
175
1.50
1.25

92.25
92.00
91.75
91.50
91.25
91.00
90.75
90.50
90.25
90.00
89.75
89,50
89.25
89.00

PRESSURE

~nenolr

1.00
0.75
0.50
0.25
0.00
-0.25
-0.50
-0.75
-1.00
-1.25
-1.50
1:75
-2.00
-2.25

FLOW

1970-01-01 00:00

Epanet Results Browser

Epanet Runs

1970-01-01 04:00

1970-01-01 08:00

1970-01-01 04:00

1 - New Epanet Run

Title: New Epanet Run

Description: Mew Epanet Run Description
User: hydrologis

Timestamp: 2015-12-01 09:12:44

Variables

Node variable

Link variable

PRESSURE
FLOW

Select time

1970-01-01 03:00:00

Plots

Plot Node

Flot Link

----- P38: 0.10
P3%: 0,10
A Pa: 341
PA40: 0.20
----- P41: 0.10
P42: 0.10
A P43: 22014
P44: 0.20
P45: 0.10
P46: -16.90
A Pa7: 111
----- A Pag: 2,43
----- A Pag: 2,33
A P5:3.31
----- PS0: 2,33
----- PSl: 2,23
PS2: 2,27
PS3: 0.10
BEA. 030

P54

1970-01-01 08:00
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EPANET & gvSIG

Can help assess alternative management strategies for
Improving the performance of the system by:
- altering source utilization within multiple source
systems
- altering pumping and tank filling/emptying schedules
- targeted pipe cleaning and replacement
- pre-localization of leakages
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EPANET & gvSIG

- problems are highlighted in the results

- test new design solutions: Pressure Reducing Valve

A tanks ~ L
. T16,00
= [ M junctions

11: 27,69
@ 110: 44,10
@ 112:50,93
@ 134743
@ 114 43,86
@ 115: 66,70
@ 115 66,74
@ 17 76,4
@ 118: 84,44
® 11%:67,43

12:37,96
® 063,94
@ 12t:60,25
@ 122 55,80

@ 130: 49,70
@ 131: 52,23
@ 1325159

& 135 47 77
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EPANET & gvSIG

- problems are highlighted in the results
- test new design solutions: Pressure Reducing Valve

gV = Niiliarini Liming
S1G | ﬂl. Il .

=[] 44 junctions ~
o J1: 25,08
@ 03,54
@ 12379
® 334,33
@ 1% 31,30
@ 115 53,77
@ 116: 53,81
@ 117: 44,93
@ 118:52,93
@ 193592
® =3
@ 20:32,43
@ 121: 46,05
@ 22418
@ 123: 40,19
8 55 5 Bwncions
126: 40,36 11: 26,08
@ 27:36,73 110: 31,54
@ 125: 35,93 = 112: 37,99
| oy @ 302
@ 130: 36,66 @ 114:31,30
@ 131:38,95 @ 115: 53,77
® 5233 @ Jis: 53,81
@ 333,97 @ 117: 4493
@ 1343498 @ 115: 52,33
g @ 135 29,57) hd . J19: 35,92
@ 12354
@ 20: 32,43
@ 121: 46,05
@ 224,86
@ 123: 40,19
@ 124: 36,59
@ 125 38,71
@ 125 40,36
@ 127: 36,73
@ J28: 35,93
@ 129: 36,94
[ PR
@ 130: 36,86
@ 131: 38,95
@ 132:38,38
@ 133: 39,97
@ 34344
@ 135: 29,57 v
< >
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EPANET & gvSIG

- problems are highlighted in the results
- test new design solutions: change volume of tank

r |

i
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FUTURE PLANS

- finalize the implementation and testing of Epanet in gvSIG in

different areas and scenarios

- integrate the support for simulation of the water quality in

Epanet

- integrate a new model for design and verification of systems

for collecting rain water and sewage in urban environments



~ e OVaiG
-lf _‘_ﬁ. | . | !r .. nl

THANKS FOR THE ATTENTION!

Franceschi Silvia
silvia.franceschi@hydrologis.eu
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