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ABSTRACT 

Systems that have big transmission line may have problem on changes of pressure in the distribution system. Because 
the increase in water age is dependent on the difference between the production and consumption rates, high residence 
time in pipes and storage duration in water tanks. The goal of this study is to analyze the effects residence time to water 
quality in large water distribution systems. According to the results in Ahwaz, bacterial growth (HPC) has a direct rela- 
tionship with water age, and changing rate of the bacterial growth (HPC) and the distance travelled and residence time 
have been caused to increase water age, bacterial growth (HPC), chlorine consumption and hydraulic change. So bacte- 
rial growth (HPC) doesn’t have any relationship with THMs and Tol Coli form, but has a reversed relationship with 
residual chlorine nearly. 
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1. Introduction 

Human seek to drink clear water without bacteria. In 
ancient days, human societies have had ways for water 
treatment that were successful. However, nowadays, 
problems are still there on water supply especially on 
quality. Some of problems on quality and quantity may 
be addressed with new methods of design whereby defi- 
ciencies are removed and water quality improved. In the 
big distribution systems, the problem could affect water 
quality. As a result, the problems of quantity are basic 
agents in the decay of water quality in distribution sys- 
tems. Another effect is that of water age [1]. Water age 
could be due to over designs, especially during the initial 
phase of the project that has been designed for 20 - 30 
years. Also, they could cause problems for water quality 
in the water utility. The water residence time in the sys- 
tems might be responsible for decay of water quality in 
the distribution system [1,2] and this could aid microor- 
ganism’s growth, thus causing undesirable effects on 
water quality and water beauty. Also the pressure of wa- 
ter supply in big transmission's line will be very difficult 
in all places. The effects of undesirable pressure in the 
water distribution according to [3], may include corro- 

sion, presence of odor and taste, while low pressure 
could result in laminar flow and eventually lead to decay 
in water quality [3,4]. In addition, described low velocity 
when water distribution has high retention time and low 
demand also decreases water quality and increases bacte- 
ria growth. [5] did a study on MAP (Microbiologically 
Available Phosphorus) in drinking water and research on 
biofilm, residence time and bacteria growth. Residence 
time measurement can help to understand this lack of 
correlation between HPC and other parameters. The pre- 
vious results [6] showed  that in spite of the slightly 
higher HPC bacterial densities measured in the network 
compared with treated water, the supply water can be re- 
garded as “biologically stable” even if free chlorine de- 
grades quickly. According to [7-9], a root cause for bac-
teria growth is distance traveled in large transmission 
lines, and determined the problem to be very dangerous 
to human health. To describe chlorine concentration at 
different residence times in the network. As demon-
strated by [10], in the distribution system [11], Big 
transmission lines have higher water age causing decay 
of water quality that facilitates bacterial growth in distri-
bution systems. In- creased water age may also cause 
DBPs and corrosion of the distribution system.  

*Corresponding author. According to [12], large transmission lines, iron piping 
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and residence time have increased DBPs (disinfection 
by-products) pH. [13] did a study and said that systems 
with large transmission lines (distance traveled) with 
minimal chlorine concentration have increased bacterial 
growth. Residence Time seems to be different for each 
introducing a threshold value for the water residence 
times modified the order of the classification [14,15]. 
This stronger effect of re-chlorination observed for long 
residence times could be explained by the decrease of 
free residual chlorine added at treatment plant and which 
be- comes a limited factor for THM formation, especially 
when chlorine demand is important. Moreover, the con- 
figuration of the system (looped, branched) and the 
changes in water demand over the course of a single day 
can result in great variability in water residence times, 
even for a given point in the system. These variables in- 
clude the applied chlorine dose and the chlorine contact 
time at the treatment plant, water residence times and the 
location of the re-chlorination points.  

N-Nitrosodimethylamine (NDMA) is a non-haloge- 
nated DBP [16]. Distribution system NDMA concen- 
trations varied and tended to increase with increasing dis- 
tribution residence time. NDMA distribution system con- 
centrations can be variable and when detected tend to 
increase with increasing distribution residence time. He 
reported that between the water treatment plant and cus- 
tomer there are changes of water quality in the distribu- 
tion system [17]. Long term residence time increases cor- 
rosion of piping and joints so the consequences of ab- 
sence of a carefully planned design could be the reason 
for biofilm growth and the decay of water quality in dis-
tribution systems. They report chlorine concentration 
over distance travelled decreased and the decay of chlo- 
rine increased coli form growth in the distribution system 
and the impacts of water aging on distance traveled and 
in transit time, due to a lack of careful design, manage-
ment and maintenance as well as changes in consumption 
patterns, the engineering designs project is planned twenty 
to thirty years into the future [18]. The lack of careful 
design thus gives cause for an increase in water aging. In 
the booklet they recommend that for higher water quality 
in distribution systems it is necessary to decrease water 
aging, improve water quality as well as the control of 
consumption patterns. Overall, one could say that their 
conclusion is that the main cause of poor water quality in 
distribution systems has been water aging. [19] did a 
study about analyses of the interactions of water resi-
dence time with heterotrophic plate count (HPC), and 
these results have demonstrated the different influences 
of residence time in reservoirs and in pipes on bacterial 
water quality. In this context, travel of water in the pipes 
has no significant intumesce on HPC bacterial density; 
the supply water can be regarded as “biologically stable”. 

However, the importance of regular reservoir and net-
work maintenance is stressed. In spite of the “biological 
stability” of supply water, BDOC decrease vs. residence 
time was observed for high water temperatures.  

The study by [20] evaluated the effects of chlorine and 
residence time on the presence of culture able bacteria in 
biofilms relative to that in bulk water. The results show- 
ed that when no chlorine residual was present in the sys-
tem. The common notion that biofilms dominate the dis- 
tribution system is not true under all conditions. These 
findings suggest that bulk water bacteria may dominate 
in portions of a distribution system that have low chlo- 
rine residual. 

A decrease in substrate concentration is expected to 
lower the concentration of both bulk water and biofilm 
bacteria. Because of the mass transfer limitations of sub- 
strate into the biofilm, one may expect a greater impact 
of decrease in substrate concentration on biofilm bacteria 
than on bulk water bacteria. However, the production of 
substrate within the biofilm could counteract this effect. 
The common notion that biofilm bacteria dominate the 
presence of bacteria in distribution systems is not true 
under all conditions. Results showed that the bulk-to- 
total bacteria ratio increased with increasing residence 
time, indicating that the fraction of culture able bacteria 
present in the bulk water increased as the residence time 
increased. The ratio decreased with increasing chlorine 
concentration, indicating that the bacteria in the biofilm 
dominate the system at higher chlorine residuals. 

2. Materials and Methods 

The zone to be considered is Ahwaz. Ahwaz city is at the 
center of the province of Keaston, as shown Figure 1 it 
is located in south west of IRAN. Ahwaz is situated on a 
wide expanse of land of about 17000 hectares, and with 
population of about 1,300,000. The Karoon River which 
passes through the central part of Ahwaz is also shared 
by both the eastern and western parts. The Karoon is the 
only source of water supply for Ahwaz. Ahwaz has five 
water treatment plants. Two of the plants are major ones 
while the rest are just minors. Situation the reservoirs in 
Ahwaz. The outside diameter the reservoirs piping is 
1200 and 900 mm, and also during period of high con- 
sumption (at 11 am until 2 pm) much of the water is 
stored in the reservoirs. Also, Figure 1 shows situation 
outlet of transmission line and situation the reservoirs in 
Ahwaz. 

This section will include tables of the local sampling 
and some laboratory activities In Ahwaz region, a five- 
point sampling was performed for each water treatment 
plant namely points A1(water treatment plant), A2 (first 
distribution line), A3 ( middle distribution line), A4    
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Figure 1. The map showing outlet from water treatment plants and outlet reservoir in Ahwaz. 
 

3.2. The Relationship between HPC and Flow consumption peak, this means, between to 8 am, 11 am 
to 15 pm and 19 pm to 22 pm. Also, the minimum con- 
sumption time; this means, at 8 am to 11 am, between 15 
pm to 19 pm and 22 pm to 5 am. Samples were taken 
over a period of 60 days (8 weeks) and 450 samples were 
taken over this period in Ahwaz i.e. 6 (six) times at five 
locations. Tests conducted in the areas where major dete- 
rioration which have affected the quality of water in dis-
tribution network system included HPC, pressure, veloc- 
ity, THMs, Total Coli-from, residual Chlorine, Kw and 
Kb.  

Figure 3 shows the relationship between HPC and flow 
rate in the water distribution network of Ahwaz. When 
the flow rate decreases the residence time will become 
higher and resulted in the system having high HPC. 
Changing HPC between the points A1 to A5 was high, 
and according to Table 2 the presence of HPC at off 
peak flow have been much than peak flow, and HPC in- 
creased with the distance travelled and residence time of 
water in distribution system. Figure 3 shows the rela- 
tionship between HPC and flow rate in the water distri- 
bution network of Ahwaz. As the flow rate decreases at 
the end of the system, the HPC markedly increased. 

3. Result 

Some qualitative and quantitative parameters will be con- 
sidered and a comparative study will be undertaken, this 
will include local sampling and some laboratory activi- 
ties and the results will be obtained with the help of 
analysis involving the use of EPANET model. Tables 1 
and 2 showed parameters changing according to local 
sampling and some laboratory activities in Ahwaz region, 
a five-point sampling was performed for each water 
treatment plant namely points between the points A1 to 
A5. With the distance travelled and residence time of 
water in distribution system in Ahwaz. 

3.3. The Relationship between THMs and Flow 

Figure 4 shows the relationship between flow rate and 
THMs in water distribution networks in different parts of 
the city of Ahwaz. It can be seen that the THMs has 
changed. The maximum flow rate due to average con- 
sumption has been 1.06 m3/s at A1, and the minimum 
flow rate was 0.09 m3/s at A5. The maximum level of the 
THMs on average consumption was 169 (µg/l) at A2, 
and the minimum level was 121 (µg/l) at A4. 

3.4. The Amount of Residual Chlorine 3.1. HPC (Heterotrophic Plate Count) 

Figure 5 shows the level of residual chlorine changes in 
Ahwaz, the maximum amount of residual chlorine at A1 
was 1.2 mg/l, and the minimum amount at A4 was 0.4 
mg/l. However at point A5 which is further away the 
concentration of residual chlorine was apparently higher 
than at point A4. The result of EPANET model of 

Figure 2 shows the HPC of water distribution networks 
in Ahwaz. The level of HPC has also increased along the 
way. The changes in the level of pressure have been from 
A1 to A5. The maximum HPC has been recorded at 2820 
(cfu/ml) at A5 and the minimum HPC was 15.7 (cfu/ml)  
at A1.   
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Figure 2. HPC at various locations in Ahwaz. 
 

 

Figure 3. The relationship between HPC and Flow rate in Ahwaz. 
 

 

Figure 4. The relationship between Flow rate and THMs in Ahwaz. 
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Figure 5. Residual chlorine at various locations in Ahwaz. 
 

Table 1. Information of in the water distribution system in Ahwaz with due attention to locations in Ahwaz. 

PART 
HPC 

(cfu/ml) 
CL 

(mg/l) 
P 
m 

V 
m/s^2 

THMS 
µg/l 

Total Coliform 
MPN/100 ml 

Kb 
1/day 

Kw 
1/day 

Q 
m^3/s 

A1 15.7 1.2 58 2.65 120 0 0.3 0.3 1.06 

A2 57 1 45 1.45 169 3 0.33 0.4 0.44 

A3 390.5 0.6 20 1.2 142 2 0.33 0.46 0.29 

A4 2552 0.4 10 0.6 121 1 0.38 0.6 0.20 

A5 2820 0.6 0 0.3 131 2 0.34 0.4 0.09 

 
Table 2. Information Of peak maximum and peak minimum with due attention to locations in Ahwaz. 

Peak Flow (5 - 8, 11 - 15, 19 - 22) Peak Off (8 - 11, 15 - 19, 22 - 5) 
 

A1 A2 A3 A4 A5 A1 A2 A3 A4 A5 

CL(mg/l) 1.2 1 0.6 0.6 0.4 1.1 1 0.7 0.6 0.5 

Turbidity (NTU) 5.38 5.48 3.95 1.8 2.37 5 5.1 3.1 1.2 2.5 

HPC (cfu/ml) 19.6 55 261 1721 2560 23.4 89 650 3250 3970 

Pressure (m) 58 30 15 15 10 58 35 20 20 10 

 
changes in the amount of residual chlorine in the water 
network of Ahwaz shows that the residual chlorine was 
too high in most part of the water network in Ahwaz. Its 
value was less than 0.2 (mg/l) in only 40 out of 334 
nodes in the water distribution network of Ahvaz. There 
mostly occur at lower part or the dead end points of the 
route. However, in most other places, the amount of re- 
sidual chlorine was high which means the chlorine has 
not been spent within the network. One of the important 
reasons was probably the low water movement in the 
network. Figure 6 showed the amount of residual chlo- 
rine at the peak off (1am) time at different points in the 
network .It should that the level of chlorine were low in  
most parts of lower part or the dead end points.  

3.5. Determination of Water Age in Ahwaz  

Figure 7 which showed water age in Ahwaz system in 
the distribution system at peak flow (8 am). This figure 
shows according to high consumption at peak flow, the 
some parts of system that was very far from water treat- 
ment plant water age was 48 hours more. Figure 4-54 
showed situation water age in Ahwaz system at off peak 
flow (1 am). This figure shows that according to de- 
creasing production and consumption of water (6910 l/s 
to 2035 l/s) in Ahwaz system, water age was ideal (off rate 
flow), whereas the water age some of parts system are 
very far from water treatment plant or consumption of 
water in system was low( especially in the parts of the  
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Figure 6. Residual chlorine at the peak off (1am) in Ahwaz. 
 

 

Figure 7. Water age at off peak flow (1am) in Ahwaz. 
 
system that are end dead), but water age was high. 

Figure 8 shows relationship between HPC and water 
age. The Figure showed bacterial growth (HPC) has a di- 
rect relationship with water age, distance travelled and 
high residence time in the distribution systems. The re- 
sults of the function showed that increasing water age in 
Ahwaz system have been increasing HPC. Another of the 
factor that could cause increasing HPC in Ahwaz system 
was high hydraulic changes.  

4. Conclusions 

1) Bacterial growth (HPC) has a direct relationship 
with water age, and changing rate of the bacterial growth 
(HPC).  

2) The distance travelled and residence time have been 
causing to increase water age, bacterial growth (HPC), 
chlorine consumption and hydraulic change in water dis-  
tribution system in Ahwaz.  

3) Velocity and pressure has a reversed relationship 
with bacterial growth (HPC), Hydraulic change has been 
causing to increase bacterial growth (HPC). 

4) Bacterial growth (HPC) has a reversed relationship 
with residual chlorine nearly. 

5) Bacterial growth (HPC) hasn’t any relationship with 
THMs and Tol Coli form. 

6) Velocity and pressure has a direct relationship with 
residual chlorine. Hydraulic change has been causing to 
increase chlorine consumption more. 

5. Discussion  

5.1. Water Age 

The increase in water age is dependent on the difference 
between the production and consumption rates, high 
residence time in pipes and storage duration in water 
anks. According to [21], water age could cause chemical,  t  
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Figure 8. The correlation and regression between HPC and water age in Ahwaz system. 
 
physical and biological problems in the water distribution 
system and furthermore [22] observed that water age 
may be responsible for by-products in the distribution 
systems. Due to high flow rate and chlorine levels in the 
system, it may also increase the THMs in the water dis- 
tribution system in Ahwaz. Increasing THMs could cause 
many parameters. Some of them are high flow, disinfec-
tion materials, level disinfection and water age. Water 
age in the system of Ahwaz has been more than 48 hours. 
Bearing in mind that water age and high flow has been a 
major factor for bacterial growth and THMs in the dis- 
tribution system in Ahwaz. Considering and compareing 
the activities of these factors in both systems. High water 
age and high flow could cause for increasing THMs and 
HPC in water distribution system in Ahwaz.  

5.2. HPC (Heterotrophic Plate Count) 

Storage and distribution systems that have big water 
transmission line, coupled with high residence time due 
to the distance travelled tend to encourage bacterial 
growth and thus posses high HPC. Bacterial growth HPC 
has led to deterioration of water quality in the distribu- 
tion system. According to the comparison of Ahwaz sys- 
tem, the maximum amount of HPC has been over 2880 
(cfu/ml) in Ahvaz. [23] reports that high residence time 
and temperature have aided in increasing HPC. [24] sug- 
gests that at the dead end of the system growth of bac- 
teria have been more. In this respect the comparison of 
Ahwaz system showed the maximum amount of growth 
of bacterial HPC has been at the dead end. It was ob- 
served that at those location, the amount of residual chlo- 
rine were between 0.4 to 0.6 (mg/l) this showed that 
while growth of bacterial HPC has increased, chlorine 
consumption have been low. A possible reason for this 

phenomenon was the velocity at those points have been 
low, chlorine didn’t affect bacterial HPC phenomenon 
these location. This obstruction is similar of these by [18] 
that there was no relationship between residual chlorine 
and HPC. According to the review of the case study of 
Ahwaz, increased HPC may have been due to changes in 
hydraulic and high residence time in the distribution sys- 
tem. From the study conducted by [25], it was suggested 
that HPC growth had been depending on water age and 
high residence time in the distribution system. Because 
according to the comparison of water distribution net- 
works of Ahwaz. The difference between water age and 
high residence time has been the cause of bacterial 
growth in the distribution system. 

5.3. Chlorine Residual 

Some systems have big transmission system because the 
path length is long and are far from sources. These sys- 
tems have high levels of chlorine injected to the system 
to ensure, there is still chlorine remaining in the network 
system at the end of the system. Although the chlorine is 
a major factor needed to work against bacteria in the dis- 
tribution system, chlorine won’t be able to kill all of the 
bacteria in the distribution system. [4] reported that even, 
if the residual chlorine is between 3 - 6 (mg/l) it is not 
effective to decrease the spread bacterial growth and 
bacteria HPC or stop their activities. Velocity is impor- 
tant factor for the chlorine consumption and to decrease 
amount bacteria HPC in the water distribution systems. 
The amount of residual chlorine has been in most part 
above 0. 4 mg/l in the water distribution network system 
of Ahvaz. However, because of low velocity in the sys- 
tem, the amount of residual chlorine does not reduce in 
distribution the system of Ahwaz, while HPC has been  
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increasing. The effect of high residual chlorine, volume 
and high flow led to increased DBPs (THMs) in the dis- 
tribution system. 

5.4. THMs (Trihalomethanes) 

Another problem in distribution systems with big trans- 
mission system, (such as the water network system in 
Ahvaz), is high production of disinfectant by product 
(DBPs). This might be the reason why there is high 
volume flow and disinfectants (free chlorine) in the net- 
works and distribution systems. In addition, with the re- 
sults of the water network system of Ahwaz, there has 
not been any connection between the rate of THMs and 
the water age. Rate of THMs has been fluctuating in the 
water distribution network system in Ahvaz. And the 
maximum value of THMs was at the beginning of the 
network of Ahwaz. [12] suggested that the amount of 
THMs has increased along the way, when the residual 
chlorine level was zero, Because according to the water 
distribution networks of Ahwaz, the minimum residual 
chlorine has been 0.4 mg/l on all points in the water dis- 
tribution system, and the value at the output of the water 
treatment plant was 1.2 mg/l, but THMs have been in- 
creasing in the distribution system of Ahwaz. It is also 
established that increase in THMs depends on the dis- 
tance travelled and residence time in the water distribu- 
tion system, but this result could be challenged, because, 
the value of THMs has increased through the points in 
distribution system. [26] noted that even if the amount of 
residual chlorine in the system were above 0.7 mg/l, the 
reduction in THMs was not achieved. According to the 
results of residual chlorine in the system, it has not been 
effective in decreasing THMs in the distribution system 
of Ahvaz. However, the main parameter has been high 
flow to increase THMs in the distribution system of Ah- 
waz. 
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