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Abstract 

One of the most crucial decisions for water and sewerage companies is how to strategize 

network renewal activities. Any misstep in this area can result in wasted allocated funds 

and the emergence of issues related to water distribution networks. Consequently, it is 

essential to make the most informed decisions possible. Planning for the renewal of water 

distribution networks typically considers factors such as events and failures of network 

pipes, along with water demand and network development. However, the analysis and 

evaluation of these factors within water and sewerage companies often lack precision, 

leading to ineffective planning for renewal activities. This research aims to enhance the 

planning of the water distribution network renewal in Qamsar city, Kashan, by analyzing 

data on the network's historical events from 2019 to 2024. To achieve this, a Strategic 

Asset Management model was developed to analyze failures within the Qamsar network, 

identifying the most significant indicators of events in the water distribution network of 

Qamsar city. The results demonstrate that, using the SAM model, it is possible to assess 

the profile of historical events, including the number, location, and type of events, the 

failed equipment, the repair works, pipe size and type of pipe that failed the reason of the 

event, the covering of the event location, and its network pressure. Based on this 

assessment, the renewal strategies of the water distribution network could be determined. 

The SAM model developed in this research can be used to plan the renewal of the water 

distribution network.

 

 

Keywords: 

Water Distribution 

Network, Renewal, 

Historical Events, SAM 

Model, Qamsar.

 

 

 

 

 

 

 

 

Received: Sep. 8, 2024 

Revised: Oct. 13, 2024 

Accepted: Nov. 9, 2024 

 

 

 

 

To cite this article:
Salehi, S., Abyati, A., Rajabi, M., Khandaie, M., 2024. Planning water distribution 

network renewal using the SAM Model for data analysis of historical events. Water and 
Wastewater, 35(4), 88-112. https://doi.org/10.22093/wwj.2025.502364.3462. 

Use your device to scan and 
read the article online

 

 

 

© The Author(s). 

This work is licensed under a Creative Commons Attribution 4.0 International License 

Water and Wastewater, Vol. 35 , No. 4 , pp: 88-112 

http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-9370-3415
https://orcid.org/0009-0009-7424-620x
mailto:Sattar.salehi@iau.ac.ir
https://doi.org/10.22093/wwj.2025.502364.3462
https://doi.org/10.22093/wwj.2025.502364.3462
http://creativecommons.org/licenses/by/4.0/


Planning water distribution network renewal using the …                    dx.doi.org/10.22093/wwj.2025.502364.3462 

 89 

                                   Water and Wastewater 

                                      Vol. 35, No. 4, 2024 

1. Introduction 
The key operational dataset for water distribution 
networks is typically the event history, which can 
be used to assess the condition of network 
infrastructure. Historical events in water 
distribution networks can serve as a significant 
database for operational planning, especially with 
regard to programs focused on upgrading, 
rehabilitating, and replacing existing water 
distribution networks (Burn et al., 2003). Most 
water companies collect data, but this data is 
often not used to its full potential in analytical 
contexts. Using Strategic Asset Management

1
 

models can help improve water distribution 
network renewal shortages by implementing a 
more effective planning approach. These models 
rely on historical events and network failure data 
to establish renewal plans and strategies (Salehi et 
al., 2018). In this study, a SAM model is 
developed to plan the renewal works of the water 
distribution network in Qamsar, Iran. This model 
uses historical Qamsar network event data 
spanning the years 2019-2024 to determine the 
renewal strategies for water distribution systems. 

 

2. 2. Methodology 
2.1. Case study 
Qamsar City's water distribution network was 
chosen as the case study of this research. The 
Qamsar water distribution network is 95 
kilometers in length, and supplies water to 4907 
subscribers. A diagram illustrating the network 
zones and their linked reservoirs is presented in 
Fig. 1. 

 

 

Fig. 1. The water supply from reservoirs to the 
Qamsar water distribution network zones 

 

2.2. Strategic asset management model 
Strategic asset management models are 
commonly known as SAM models. This model 
falls under Asset Management models (AM 
models) for water distribution networks. The AM 
models are based on failure- and event-driven 
models (FM models) of water supply facilities. In 
other words, SAM models incorporate failure 
models through a multilevel approach that 
combines mechanical and hydraulic structural 
analysis, and then offers a strategic plan for 

                                                 
1
 Strategic Asset Management (SAM) 

renewing the water distribution network. The 
initial data for the SAM models are derived from 
historical information about water distribution 
network events and network equipment failures. 
Fig. 2 illustrates the flow diagram of research 
employed in this study to develop a SAM model 
(Fig. 3) for planning the renewal of Qamsar City's 
water distribution network in Iran using the 
historical events of the network from 2019 to 
2024. 

 

 
Fig. 2. The SAM model developed for planning 

Qamsar water distribution network renewal 
 
 

 

Fig. 3. The SAM model – Qamsar City - 2024 
 

3. Results and discussion 
Based on the outcomes of the SAM model, 
historical event data can be assessed, and the 
insights gained can lead to determining the 
strategies to renovate the water supply network. 
The characteristics of each historical event are 
displayed individually for each year in Fig. 4 and 
Table 1. The subsequent analysis and discussion 
for each section are as follows. 
 

3.1. Analysis of the percentage of events in 

different seasons 
By investigating the percentage of events in 
different seasons, it is clear that the occurrence of 
failures in the years 2020 to 2024 occurred 
mainly in the summer season, and after the 
summer, the spring is the second most event-
prone season of the year. Therefore, it is  
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Table 1. Comparing the results of SAM model in Qamsar water distribution network from 2019 to 2024 

202420232022202120202019Year

June-JulyJulyJulyJuly-AugustAugustJuneMonthly

T
im

e

6 A.M. to  
12 A.M.

6 A.M. to  
12 A.M.

6 A.M. to  
12 A.M.

12 A.M. to  
6 P.M.

6 A.M. to  
12 A.M.

6 A.M. to  
12 A.M.

Hourly

Qazaan  
(40%)

Qazaan  
(28%)

Qahreroud (30%)Qahreroud (18%)Extra (21.2%)Jazavand (18.5%)Rank #1

L
o

ca
ti

o
n

Extra (14%)Jouinan (18%)
Farfahan/ Jouinan 

(9.1%)
Extra (15.2%)Emam Jome (12%)Qazaan (15%)Rank #2

Sareroud (7%)Extra (12.5%)

Qazaan/ 
Extra/ 

Paeen Mahaleh 
(6.7%)

Sareroud/ 
Jouinan (9.1%)

Mazgoun/ 
Farfahan/ 

Rahmat Abad 
(9.1%)

Boneroud (11%)Rank #3

Pipe  
Burst in  

the Alley (81%)

Pipe  
Burst in  
the Alley 

(78%)

Pipe  
Burst in  
the Alley  

(80%)

Pipe  
Burst in  

the Alley (82%)

Pipe  
Burst in  

the Alley (82%)

Pipe  
Burst in 

 the Alley (89%)
Rank #1

T
y
p

e

Pipe  
Burst in  

the Street (12%)

Pipe  
Burst in  

the Street 
(18%)

Pipe  
Burst in  

the Street (6.7%)

Pipe  
Burst in  

the Street (9.1%)

Pipe  
Burst in  

the Street (18%)

Pipe Burst in the 
Street (7.4%)Rank #2

Water supply 
disruption/ the 

leakage from the 
network valve to 
the connection 

valve/ the leakage 
between the water 
meter and its cover 

(2.3%)

The  
leakage from 
network valve 
to connection 

valve (5%)

Pressure shortage/ 
water supply 

disruption /the 
leakage from the 
network valve to 
the connection 

valve/the leakage 
between the water 
meter and its cover 

(3.3%)

The leakage 
between water 
meter and its 
cover (6.1%)

--
Water meter 

leakage (3.7%)
Rank #3

Pipe  
(97.67%)

Pipe  
(90%)

Pipe  
(90%)

Pipe  
(93.94%)

Pipe  
(87.88%)

Pipe  
(96.3%)Rank #1

E
q
u

ip
m

en
t

Connection 
(2.33%)

Connection 
(10%)

Connection (10%)Connection 
(6.06%)

Connection 
(12.12%)

Connection (3.7%)Rank #2

Pipe repair by 
clamp 
(74%)

Pipe repair  
by clamp 

(75%)

Pipe repair by 
clamp 
(70%)

Repair 
(52%)

Repair 
(64%)

Repair 
(74%)

Rank #1

R
ep

ai
ri

n
g

 w
o

rk

Pipe connection 
repair (23%)

Pipe 
Connection 
repair (13%)

Pipe connection 
repair (20%)

Pipe connection 
repair (24%)

Pipe connection 
repair (21%)

Pipe connection 
repair (19%)

Rank #2

Network 
connection repair 

(2.3%)

Network 
connection 

repair (7.5%)

Connection repair 
(6.7%)

Pipe repair by 
clamp 
(9.1%)

Network 
connection repair 

(6.1%)

Network 
connection 

repair/Pipe replace 
(3.7%)

Rank #3

110 (28%)63 (25%)
63  

(30%)
110 (24%)

110  
(39%)

110 (44%)Rank #1

P
ip

e 
si

ze
 

75  
(26%)90 (20%)110 (27%)63/90 (15%)

90  
(24%)

75  
(26%)Rank #2

63/90 (16%)110 (18%)90 (17%)50/75 (12%)80  
(15%)

90  
(15%)

Rank #3

PE  
(81%)

PE (78%)PE (100%)PE (85%)
PE  

(82%)
PE (89%)Rank #1

P
ip

e 
ty

p
e

AC (12%)AC (13%)--AC (14%)AC (12%)
DI/AC/ 

PVC (11%)Rank #2

DI  
(7%)

PVC (7.5%)--DI  
(3%)

DI/ 
PVC (3%)

--Rank #3

Ageing (72%)Ageing (85%)Ageing (83%)Ageing (73%)Ageing (91%)Ageing (70%)Rank #1

R
ea

so
n

High pressurized 
network (19%)

Damaged (13%)High pressurized 
network (12%)

Construction 
Activities  

(12%)

Construction  
activities  
(6.1%)

Construction  
activities  

(22%)
Rank #2

Light and heavy 
machinery traffic 

(4.7%)

Non-
Professional/ 

Staff misconduct  
(2.5%)

Lifetime over/ 
equipment 
condition/ 

Pipe blockage 
(3.3%)

Over lifetime / 
renewal/ High 

pressurized 
network/ 
damaged/ 

Gas Company 
(3%)

Landslide (3%)

Landslide/ Light 
and heavy 

machinery traffic 
(3.7%)

Rank #3

Technical factors 
(97.7%)

Technical factors 
(85%)

Technical factors 
(100%)

Technical factors 
(88%)

Technical factors 
(100%)

Technical factors 
(100%)

Rank #1

C
au

sa
ti

v
e 

fa
ct

o
r Gas Company 

(2.3%)

Municipality/ 
Power Company 

(5%)
--

Municipality 
(6.1%)----Rank #2

--
Non-Technical 
Excavation/Gas 

Company (2.5%)
--

Customer/ 
Gas Company 

(3%)
----Rank #3
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Count. Table 1. Comparing the results of SAM model in Qamsar water distribution network  

from 2019 to 2024 

202420232022202120202019

Aged Asphalt 
(51%)

Aged Asphalt 
(45%)

Aged Asphalt 
(53%)

Aged Asphalt 
(55%)

Aged Asphalt 
(48%)

Aged Asphalt 
(48%)

Rank #1

C
o
v

er
in

g

New Asphalt (26%)
Soily  
(30%)

Soily  
(30%)

New Asphalt/ 
Soily (18%)

New Asphalt 
(30%)

Soily  
(26%)Rank #2

Soily  
(14%)

New  
Asphalt (18%)

New Asphalt 
(10%)

Paved (6.1%)Soily  
(18%)

New Asphalt 
(22%)

Rank #3

<1 Bar 
 (72%)

<1 Bar 
 (55%)

<1 Bar 
>4 Bar (43%)

------Rank #1

P
re

ss
u

re

>4 Bar (14%)>4 Bar (33%)>6 Bar (6.7%)------Rank #2

>3-4 Bar (4.8%)>3-4 Bar (5%)>2-3 Bar (3.3%)------Rank #3

 
suggested that renewal works be implemented 
during the cold seasons of the year (autumn and 
winter) so that the Qamsar water distribution 
network is prepared to face the peak of events in 
the warm seasons of the year (summer and 
spring). 
 

 
Fig. 4. The percentage of events in various 

seasons from 2019 to 2024 

 

3.2. Analysis of the month and hours of 

event occurrence 
By analyzing the months with the most events 
during the years 2019 to 2024, it is quite obvious 
that July is the main event-prone month for the 
water distribution network of Qamsar city, 
followed by June and August. It is also evident 
that most events occurred between 6 AM and 12 
noon. 

 

3.3. Analysis of the location of events 
By evaluating the location of events from 2019 to 
2024, it is evident that in the last two years (2023 
and 2024), the concentration of events has been 
higher in the Qazan area compared to other areas. 
Conversely, in 2021 and 2022, the Qahreroud 
area experienced the most concentrated area of 
events and the Jouinan area was also one of the 
failure-prone areas. However, the presence of the 
Qazan area in the list of event-prone areas in 
2022 and 2019 and its conditions in recent years 
indicate the importance of this area compared to 
the Qahreroud and Jouinan areas. Therefore, 
planning of renewal works in the water 
distribution network of Qamsar city can be 
focused on the three areas of Qazan, Qahreroud, 
and Jouinan in the coming years, respectively. 

However, other areas of the water distribution 
network of Qamsar city should also be monitored. 
 

3.4. Analysis of the type of events 
By assessing the type of events from 2019 to 
2024, it is clear that the majority of events in the 
water distribution network of Qamsar city are 
concentrated in burst pipes in alleys and burst 
pipes in the streets, making it necessary to 
consider the renewal of alley pipes (first rank) 
and street pipes (second rank) above other 
equipment in the city’s water distribution 
networkHowever, the leakage from the network 
valve to the connection valve is another issue that 
should be considered after the pipes for renewal 
planning. 
 

3.5. Analysis of the equipment affected by 

the events 
By analyzing the equipment affected by the event 
from 2019 to 2024, an increasing trend in the 
occurrence of events in recent years on pipes is 
evident. As previously mentioned, it is suggested 
that the renewal of the major pipes of the water 
distribution network be put on the agenda. 
 

3.6. Analysis of repairing works 
Evaluation of the repair operations carried out 
from 2019 to 2024 in the water distribution 
network of Qamsar, clearly demonstrates the 
increasing trend of these operations on repairing 
pipes with clamps, underscoring the importance 
of focusing funds on pipe renewal to reduce the 
costs related to pipe repair with clamps. Since 
about 20 to 24 percent of the repair works focus 
on pipe connection repairs, it is advisable to 
allocate a similar proportion of the renewal funds 
to renewing pipe connections. This could reduce 
the percentage of repair operations on this 
equipment in the coming years.  
 

3.7. Analysis of the size of the pipes 

affected by the events 
An investigation into the size of the pipes affected 
by the events indicates that 110, 63, 90, and 75 
mm pipes are mainly involved in the events of 
Qamsar water distribution network. Thus, the 
priority for renewal works should be on these 
pipes. 
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3.8. Analysis of the type of pipes affected 

by events 
From 2019 to 2024, an evaluation of the types of 
pipes affected by events in the Qamsar water 
distribution network shows that PE pipes account 
for the majority of events in this city. Therefore, 
most of the renewal works should be focused on 
these pipes. Although AC pipes also account for 
some of the events in this network, approximately 
12 to 14%, it would be prudent to allocate about 
14 percent of the funds for the renewal of these 
pipes. 

 
3.9. Analysis of the causes of events  
An assessment of the causes of events in the 
Qamsar city water distribution network from 
2019 to 2024 indicates that the ageing 
infrastructure of the network and the wear and 
tear of its equipment are the main causes of 
events. This problem was more evident in 2022 
(83%) and 2023 (85%). Consequently, 
replacement planning is a requirement of the 
water distribution network of Qamsar. 
 

3.10. Analysis of the causes of events 
Evaluation of the main causative factors of events 
in Qamsar’s water distribution network from 
2019 to 2024, reveals that technical factors are 
the main cause of events. However, the need for 
coordination with parallel service companies such 
as the power company, the gas company, and the 
municipality should also be included in the 
management planning of the water distribution 
network of Qamsar city. 

 
3.11. Analysis of the coverage of the event 

site 
An investigation on the coverage of the event site 
in the water distribution network of the city of 
Qamsar from 2019 to 2024 indicates that events 
often occur under aged asphalt or soily roads. 
This underscores the importance of coordination 
 
 

 between the water company and the 
municipality, so that before laying new asphalt 
and undertaking road renovations and prohibiting 
its excavation, action can be taken to renew the 
network pipes. 
 

3.12. Analysis of the network pressure at 

the event site 
By Evaluating the network pressure at the event 
site between 2022 and 2024 demonstrates that 
most events occur in areas with a pressure below 
1 bar or areas with a pressure above 4 bar. This 
highlights the necessity of creating pressure zones 
and pressure management to balance the pressure 
in the water distribution network of Qamsar. 
 

4. Conclusion 
Among the most important documents recorded 
in water companies is information about events 
and failures occurring in urban water distribution 
networks over the course of a year. Using these 
recorded data, it is possible to analyze the 
occurrence of events in a distribution network. In 
this sense, it is possible to determine what type of 
failures or equipment the majority of interruptions 
that occur in a network are related to. It is also 
possible to determine what repair works have 
been carried out and which of these works have 
achieved the desired results. Likewise, it is 
possible to plan the water distribution network 
renewal, which is based on the operational needs 
of the network and the events that have occurred. 
In this study, the historical events in the water 
distribution network of Qamsar city from 2019 to 
2024 were assessed seasonally and annually using 
a SAM model, (an Excel-based analytical model). 
The priorities and strategies for network renewal 
were determined by the developed model. Using 
the results of this study, the historical events of 
water distribution networks in other cities can be 
analyzed, and the renewal of these networks can 
be planned. However, using the SAM model may 
be limited in areas where historical events are not 
available or recorded. 
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Fig. 1. The features of wells in the Qamsar water distribution network 

Fig  2. The water supply from reservoirs to the Qamsar water distribution network zones
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Fig. 3. TheQamsar water distribution network data

Fig. 4. The SAM model developed for planning the Qamsar water distribution network renewal
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Fig. 5. The SAM model – Qamsar City - 2024
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Fig. 6. The number of events from 2019 to 2024

Fig. 7. The percentage of events in various seasons from 2019 to 2024
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Table 1. Comparing the results of SAM model in Qamsar water distribution network from 2019 to 2024

202420232022202120202019Year 

June-JulyJulyJuly
July-

August
AugustJuneMonthly

Event 
concentration 6 A.M. to 

12 A.M.
6 A.M. to 
12 A.M.

6 A.M. to 
12 A.M.

12 A.M. to 
6 P.M.

6 A.M. to 
12 A.M.

6 A.M. to 
12 A.M.

Hourly

Qazaan 
(40%)

Qazaan 
(28%)

Qahreroud 
(30%)

Qahreroud 
(18%)

Extra 
(21.2%)

Jazavand 
(18.5%)

Rank #1

Event location

Extra 
(14%)

Jouinan 
(18%)

Farfahan/ 
Jouinan 
(9.1%)

Extra 
(15.2%)

Emam 
Jome 
(12%)

Qazaan 
(15%)

Rank #2

Sareroud 
(7%)

Extra 
(12.5%)

Qazaan/ 
Extra/ 
Paeen 

Mahaleh 
(6.7%)

Sareroud/ 
Jouinan 
(9.1%)

Mazgoun/ 
Farfahan/ 
Rahmat 
Abad 

(9.1%)

Boneroud 
(11%)

Rank #3

Pipe 
burst in 

alley (81%)

Pipe 
burst in 

alley (78%)

Pipe 
burst in 

alley 
(80%)

Pipe 
burst in 

alley (82%)

Pipe 
burst in 

alley (82%)

Pipe 
burst in 

 alley 
(89%)

Rank #1

Event 
type

Pipe 
burst in 
 street 
(12%)

Pipe 
burst in 
 street 
(18%)

Pipe 
burst in 
 street 
(6.7%)

Pipe 
burst in 
 street 
(9.1%)

Pipe 
burst in 
 street 
(18%)

Pipe burst 
in street 
(7.4%)

Rank #2

Water 
supply 

disruption/ 
The 

leakage 
from 

network 
valve to 

connection 
valve/ The 

leakage 
between 

water meter 
and its 
cover 

(2.3%)

The 
leakage 

from 
network 
valve to 

connection 
valve (5%)

Pressure 
shortage/ 

water 
supply 

disruption 
/The 

leakage 
from 

network 
valve to 

connection 
valve/The 
leakage 
between 

water meter 
and its 
cover 

(3.3%)

The 
leakage 
between 

water meter 
and its 
cover 

(6.1%)

--

Water 
meter 

leakage 
(3.7%)

Rank #3

Pipe 
(97.67%)

Pipe 
(90%)

Pipe 
(90%)

Pipe 
(93.94%)

Pipe 
(87.88%)

Pipe 
(96.3%)

Rank #1
Failed 

equipment Connection 
(2.33%)

Connection 
(10%)

Connection 
(10%)

Connection 
(6.06%)

Connection 
(12.12%)

Connection 
(3.7%)

Rank #2

Pipe repair 
by clamp 

(74%)

Pipe repair 
by clamp 

(75%)

Pipe repair 
by clamp 

(70%)

Repair 
(52%)

Repair 
(64%)

Repair 
(74%)

Rank #1

Repair work

Pipe 
connection 

repair 
(23%)

Pipe 
connection 

repair 
(13%)

Pipe 
connection 

repair 
(20%)

Pipe 
connection 

repair 
(24%)

Pipe 
connection 

repair 
(21%)

Pipe 
connection 

repair 
(19%)

Rank #2

Network 
connection 

repair 
(2.3%)

Network 
connection 

repair 
(7.5%)

connection 
repair 
(6.7%)

Pipe repair 
by clamp 
(9.1%)

Network 
connection 

repair 
(6.1%)

Network 
connection 
repair/Pipe 

replace 
(3.7%)

Rank #3



                                        dx.doi.org/10.22093/wwj.2025.502364.3462 

 

 

                                   Water and Wastewater 

                                      Vol. 35, No. 4, 2024 

SAM

Cont. Table 1. Comparing the results of SAM model in Qamsar water distribution network from 2019 to 2024

202420232022202120202019Year

110 (28%)63 (25%)63 (30%)110 (24%)110 (39%)110 (44%)Rank #1
Failed pipe size 

(mm)
75 (26%)90 (20%)110 (27%)63/90 (15%)90 (24%)75 (26%)Rank #2

63/90 (16%)110 (18%)90 (17%)50/75 (12%)80 (15%)90 (15%)Rank #3

PE (81%)PE (78%)
PE 

(100%)
PE (85%)PE (82%)PE (89%)Rank #1

Failed pipe 
type

AC (12%)AC (13%)--AC (14%)AC (12%)
DI/AC/ 

PVC (11%)
Rank #2

DI (7%)PVC (7.5%)--DI (3%)
DI/PVC 

(3%)
--Rank #3

Ageing 
(72%)

Ageing 
(85%)

Ageing 
(83%)

Ageing 
(73%)

Ageing 
(91%)

Ageing 
(70%)

Rank #1

Event reason

High 
pressurized 

network 
(19%)

Damaged 
(13%)

High 
pressurized 

network 
(12%)

Construction 
activities 

(12%)

Construction 
activities 
(6.1%)

Construction 
activities 

(22%)
Rank #2

Traffic of 
heavy and 

light 
machineries 

(4.7%)

Unprofessional/ 
Staff 

misconduct  
(2.5%)

Over 
lifetime / 

Equipment 
condition/ 

pipe 
blockage 
(3.3%)

Over 
lifetime / 
renewal/ 

high 
pressurized 

network/ 
damaged/ 

Gas 
company 

(3%)

Landslide 
(3%)

Landslide/ 
Traffic of 
heavy and 

light 
machineries 

(3.7%)

Rank #3

Technical 
factors 

(97.7%)

Technical 
factors 
(85%)

Technical 
factors 
(100%)

Technical 
factors 
(88%)

Technical 
factors 
(100%)

Technical 
factors 
(100%)

Rank #1

Event factor

Gas 
Company 

(2.3%)

Municipality
/Power 

Company 
(5%)

--
Municipality 

(6.1%)
----Rank #2

--

Non-
Technical 

Excavation/
Gas 

Company 
(2.5%)

--

Customer/ 
Gas 

Company 
(3%)

----Rank #3

Aged 
Asphalt 
(51%)

Aged 
Asphalt 
(45%)

Aged 
Asphalt 
(53%)

Aged 
Asphalt 
(55%)

Aged 
Asphalt 
(48%)

Aged 
Asphalt 
(48%)

Rank #1

Event location 
covering

New 
Asphalt 
(26%)

Soily 
(30%)

Soily 
(30%)

New 
Asphalt/ 

Soily (18%)

New 
Asphalt 
(30%)

Soily 
(26%)

Rank #2

Soily 
(14%)

New 
Asphalt 
(18%)

New 
Asphalt 
(10%)

Paved 
(6.1%)

Soily 
(18%)

New 
Asphalt 
(22%)

Rank #3

<1 Bar 
(72%)

<1 Bar 
(55%)

<1 Bar 
>4 Bar 
(43%)

------Rank #1

Event location 
pressure

>4 Bar 
(14%)

>4 Bar 
(33%)

>6 Bar 
(6.7%)

------Rank #2

>3-4 Bar 
(4.8%)

>3-4 Bar 
(5%)

>2-3 Bar 
(3.3%)

------Rank #3
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Index 1. SAM-Qamsar-2024 model results regarding the seasonal, monthly, and hourly events in 

Qamsar water distribution network in 2024 

SAM-Qamsar-1402 
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Index 2. SAM-Qamsar-2024 model results regarding the events location in Qamsar water distribution network in 2024 

SAM-Qamsar-1402 
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Index 3. SAM-Qamsar-2024 model results regarding the events type, failed equipment, and repair works in 

Qamsar water distribution network in 2024 

SAM-Qamsar-1402  
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Index 4. SAM-Qamsar-2024 model results regarding the size and type of the failed pipes in  

Qamsar water distribution network in 2024 

SAM-Qamsar-1402 
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Index 5. SAM-Qamsar-2024 model results regarding the events cause and factors in 

Qamsar water distribution network in 2024 

SAM-Qamsar-1402 
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Index 6. SAM-Qamsar-2024 model results regarding the covering and pressure of the events location in 

Qamsar water distribution network in 2024 

SAM-Qamsar-1402 

 




