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Abstract: Turbidity is a fundamental measure for assessing
the quality of water supplied by water treatment plants
(WTPs) employing a conventional treatment process. If it
is present in amounts exceeding the permitted limit, disinfec-
tants are less effective in killingmicroorganisms and thewater
becomes unsafe to drink. This article is a part of a compre-
hensive study that aims to investigate the high-turbidity pro-
blem of tap water in two cities of Najaf governorate and offer
suitable measures to solve this problem. The purpose of this
study was to determine howWTPs impact the turbidity of tap
water. The work covered two main WTPs located in Najaf
governorate: Unified Najaf and The Old Kufa. It included the
collection of water samples from three locations in each plant:
the influent of flashmix unit (rawwater samples), the effluent
of clariflocculation unit (settled water samples), and the
effluent of filtration unit (filtered water samples). The samples
were analyzed for turbidity using a turbidity meter. The effi-
cacy of each plant's treatment units was revealed by moni-
toring the turbidity of the water inside each facility. For the
Unified Najaf WTP, out of 99 TRE readings, there were 3, 92,
and 60 positive values for TREc, TREf, and TREp, respectively.
The maximum values of TREc, TREf, and TREp were 22.3, 86.5,
and 61.5%, respectively. The performance of Old Kufa WTP
wasworse than that of UnifiedNajafWT. Out of 99 TRE values,
the number of positive values was 6, 76, and 31 for TREc, TREf,
and TREp, respectively. They also showed that only 26 out of 99
and 9 out of 99 effluent turbidity readings in Unified Najaf and
Old Kufa WTPs, respectively, satisfy Iraqi standards for tap
water turbidity. The bad performance of the WTPs was the
main reason behind the high-turbidity tap water in Najaf
governorate. This study identified the causes of that perfor-
mance and proposed solutions.
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1 Introduction

The supply of potable water is essential to maintain human
health and avoid money, time, and effort wasting during
the spread of communicable diseases as a result of poorly
treated water consumption. Turbidity is a major physical
feature of potable water quality. It is a physical property
that causes light to be scattered and absorbed by particles
rather than transmitted in straight lines through a water
sample. Clay, silt, fine inorganic and organic matter, soluble
colored organic compounds, plankton, and other micro-
scopic organisms are a few examples of suspended impuri-
ties that impede water clarity and cause turbidity. When
producing water for human consumption and industrial
uses, clarity is a crucial issue. Significant evidence shows
that turbidity control is a reliable defense against pathogens
in drinking water, contrary to what was once thought to be
primarily an aesthetic feature [1]. Conventional water treat-
ment plants (CWTPs) are frequently evaluated in terms of
removal effectiveness and effluent quality using physical
parameters, particularly water turbidity [2,3]. A CWTP’s
treatment train is made up of units for sedimentation, filtra-
tion, flash mix, slow mix, and disinfection.

Najaf governorate is located in the middle of Iraq
between longitudes 44°18′34″ and 44°19′14″, and between
latitudes 31°59′27″ and 31°59′56″. Currently, the citizens of
Najaf governorate, specifically those accommodated in
Najaf and Kufa cities, are suffering from a high-turbidity
tap water supply. The high-turbidity tap water can be
attributed to the low efficiency of the WTP and/or inap-
propriate management of water supply networks. There
are many studies conducted on evaluating the perfor-
mance of CWTPs located in Iraq in general and some of
them in Najaf governorate in particular.

Abd Al-Abbas [4] evaluated the suitability of Shatt Al-
Kufa River water for domestic and irrigation uses by col-
lecting water samples from the influents of some CWTPs
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located along this river and analyzing them for 11 water
quality parameters, including turbidity. Salman [5] inves-
tigated the raw and treated water quality of some CWTPs
in Najaf governorate considering 11 water quality para-
meters, including turbidity, and pointed out to the low
efficiency of the considered plants. Salih and Hassan [6]
studied the removal efficiency of some water quality para-
meters, including turbidity, in a number of CWTPs in Najaf
governorate by taking raw and treated water samples and
comparing their quality parameters with the maximum
permissible limits (MPLs) in the Iraqi standards of potable
water. They found that the turbidity of treated water
exceeds its MPL during some months of the year.

Regarding the studies conducted on CWTP perfor-
mance in Iraqi governorates, other than Najaf governorate,
Al-Jeebory and Ghawi [7] evaluated the performance of a
CWTP located in Al-Qadisiyah governorate and checked its
treatment unit design criteria. They measured the perfor-
mance by comparing the values of effluent turbidity and
total suspended solids with the MPLs specified by World
Health Organization and indicated the bad performance of
the considered plants. Abdul-Rahman et al. [8] investigated
the efficiency of sedimentation and filtration units in a
CWTP located in Al-Fallujah city, west of Iraq, and pointed
out to their low turbidity removal efficiency (TRE). Ramal
[9] studied the efficiency of a CWTP located in Al-Ramadi
city, west of Iraq, by collecting raw and treated water sam-
ples, and he indicated that the low efficiency of the plant
can be attributed to the poor plant operation. Mohammed
and Shakir [10] assessed the TRE of sedimentation and
filtration units in a CWTP located in Baghdad governorate
and indicated that the low TRE of the considered units can
be attributed to the shortage in periodic sludge withdrawal
from the sedimentation tanks and the unskilled operators.
Al-Obaidy and Al-Ni’ma [11] investigated the performance
of five CWTPs located in Nineveh governorate, north of
Iraq, and showed that some of the considered plants
were characterized by their low TRE (less than 50%).
Selman et al. [12] evaluated the performance of a CWTP
located in Al-Muthanna governorate, south of Iraq, and
found that the TRE values were 51.5 and 53.8% for the
old and new parts of the plant, respectively, and they
referred these low-efficiency values to the uncontrolled
manual addition of alum. Al-Dujail and Shamran [13] eval-
uated the performance of sedimentation and filtration
units in a number of CWTPs located in Karbala gover-
norate in terms of TRE and showed that both of these units
were poorly performed in all the considered plants. Issa [3]
evaluated the performance of a CWTP located in Khanaqin
city, east of Iraq, in terms of TRE, and pointed out that
although TRE was high (97.88%), the plant effluent turbidity

exceeded the MPL in Iraqi standards as a result of high-
turbidity raw water. Hassan and Mahmood [14] investigated
the performance of two CWTPs located in Baghdad gover-
norate, Iraq, through the routing of 17 water quality para-
meters, including turbidity, at three locations in each
plant (effluents of sedimentation, filtration, and disinfection
units). They showed that the turbidity of produced waters
exceeded its MPL in Iraqi standards. Al-Nasrawi et al. [15]
investigated the performance of ten CWTPs located in Kar-
bala governorate in terms of TRE and found that the TRE
varied from one plant to another. Ali et al. [16] evaluated the
performance of a CWTP located in Karbala Governorate,
middle of Iraq, measured in terms of the removal efficiency
of some organic and inorganic impurities, including tur-
bidity. They found that the TRE of the plant was 60.7%;
however, they did not explain the reason behind this low
TRE value. Al-Tamir [17] investigated the effluent turbidity
of many CWTPs located in Mosul city, north of Iraq, and
showed that some of the plants had effluent turbidity that
complied with the water quality specifications. Nasier and
Abdulrazzaq [18] assessed the TRE of a CWTP located in AL-
Muthanna governorate based on historical data of raw,
settled, and filtered water turbidity values. They showed
that 32% of filtered water turbidity readings exceeded the
MPL of turbidity (5 NTU) and indicated that the uncontrolled
addition of coagulants and unskilled operators are the main
causes behind the low TRE values.

From reviewing the aforementioned literature that
was conducted on evaluating the performance of CWTPs,
especially in Najaf governorate, it can be noted that the
previous studies detected the high turbidity of treated
water. However, none of these studies have presented solu-
tions to it. This article is a part of a comprehensive study
that aims to investigate the high-turbidity problem of tap
water in two cities of Najaf governorate and offer suitable
measures to solve this problem. It concentrated on the role
of water treatment plants (WTPs) in tap water turbidity.

2 Methodology

2.1 Study area location

This study concerned two main CWTPs located in the Najaf
governorate: Unified Najaf and Old Kufa WTPs (Figure 1).
The first plant serves Najaf city, while the second plant serves
Kufa city. These two cities are the main important cities of
Najaf governorate in which about 81% of the total gover-
norate population is settled. Unified Najaf WTP is located in
Al-Zarka area of Kufa city at a latitude and longitude of 32°4′
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37.71″N and 44°22′11.40″E, respectively. However, the Old Kufa
WTP is located in Kufa city at a latitude and longitude of 32°2′
29.85″N and 44°23′59.82″E, respectively.

2.2 Description of considered WTPs

This section describes the considered WTPs using the data
gathered during field visits to the plants. It concentrates on
treatment units applied for water turbidity removal, which
are sedimentation unit, completed with flash mix and floc-
culation units, and filtration unit.

2.2.1 Unified Najaf WTP

Unified Najaf WTP was constructed in 1997. It is located in
Kufa city/Najaf governorate and takes the raw water from
Shatt Al-Kufa River (a branch of the Euphrates River). The
design capacity of this plant was 9,000 m3/h. However, its
present capacity is 13,500 m3/h. Unified Najaf WTP is a con-
ventional type. It includes flash mix unit, clariflocculation
unit (composed of concentric tanks; the inner tank is floc-
culation basin, and the outer tank is clarification basin),
and filtration unit (Figure 2). The treatment unit character-
istics of Unified Najaf WTP are presented in Table 1.

2.2.2 Old Kufa WTP

Old Kufa WTP was constructed in 1958. It takes the raw
water from Shatt Al-Kufa River. The plant was designed for

a capacity of 3,000m3/h. However, at the present time, it is
operated at a capacity of 4,500m3/h. As a conventional type,
Old Kufa WTP incorporates the same treatment train as that
of Unified Najaf WTP. Figure 3 shows the layout of Old Kufa
WTP, and the characteristics of treatment units concerning
turbidity removal processes are presented in Table 2.

2.3 Water sampling and analysis

A fieldwork program of 9 months’ duration (February to
October 2022) has been conducted at the sites of the con-
sidered WTPs. It included the collection of water samples
from three locations in each plant: the influent of flash mix
unit (raw water samples), the effluent of clariflocculation
unit (settled water samples), and the effluent of filtration
unit (filtered water samples). The water samples were
gathered three times a day 2 h apart (9:00 AM, 11:00 AM,
and 1:00 PM). The samples were analyzed for turbidity
using a turbidity meter, model ME-PZD-2A.

The measured values of water turbidity were used to
calculate TRE of clariflocculation and filtration units, in
addition to that of the whole plant as an integrated system
using the following equations:
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Figure 1: Location of Unified Najaf and Old Kufa WTPs.
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where TREc, TREf, and TREp are the turbidity removal effi-
ciencies of the clariflocculation unit, filtration unit, and the
whole plant, respectively, and TURr, TURs, and TURf are
the turbidity values of raw, settled, and filtered waters,
respectively.

3 Results and discussion

3.1 Tracking the water turbidity

Turbidity values of raw, settled, and filtered water samples
represented as one group of samples during the months
February through October 2022 are shown in Figures 4 and
5 for Unified Najaf and Old Kufa, respectively. Figure 4

shows that for nearly all the groups of samples, the tur-
bidity of settled water was greater than that of raw water
and the turbidity of filtered water was less than that of
settled water. It, also, shows that although the filtration
unit has reduced settled water turbidity, the filtered water
turbidity in most groups of samples was greater than that
of raw water. Figure 5 shows that in most groups of sam-
ples, the turbidity of settled water was greater than that of
raw water. It shows, also, in some groups of samples, the
turbidity of filtered water exceeded that of settled water.

To reveal the monthly variation of turbidity values
during the data collection period, the maximum, minimum,
and mean turbidity values of raw, settled, and filtered
waters during each month were obtained as presented in
Tables 3 and 4 for Unified Najaf and Old Kufa WTPs, respec-
tively. From these tables, it can be noted that the mean raw

Figure 2: Treatment units in Unified Najaf CWTP.

Table 1: Characteristics of treatment units in Unified Najaf WTP

Treatment unit Type Number of
tanks

Dimensions of
each tank

Equipment

Flash mix Rectangular concrete
tanks

2 Length = 3.95 m Each tank is provided with a mixer of 8 kW
powerWidth = 1.75 m

Side water depth = 7.3
Clariflocculation Circular concrete tanks 8 Outer diameter = 38 m Each flocculator is provided with a mixer of

4 kW powerInner diameter = 14 m
Side water depth = 4 m

Gravity filtration Rectangular gravity sand
filters

40 8 × 5 m2 The unit is provided with three backwash
pumps (2W + 1S), each of 500 m3/h capacity
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water turbidity values during the winter months for both
WTPs were low as compared with those recorded during the
summer months. The reason for the low turbidity values is
the lack of rainfall during the rainy season of the year 2022,
which causes a reduction in flow velocity and subsequently
the rate of river bed erosion. However, the increase in raw
water turbidity was caused by dredging activities near the
Euphrates River banks done by the farmers in advance of rice
planting season. The highest raw water turbidity value for
each of Najaf Unified and Old Kufa WTPs was recorded in
October, and it was 24.5 and 24.8 NTU, respectively. However,
the lowest rawwater turbidity value for each of Najaf Unified
and Old KufaWTPs was recorded inMarch, and it was 1.2 and
1.6 NTU, respectively. Tables 3 and 4 show that the monthly
variation of settled and filtered water turbidity values fol-
lowed the same trend as that of raw water in both WTPs.

3.2 TRE

Using the measurements of raw, settled, and filtered water
turbidity, the TRE of clariflocculation and filtration units
and the overall plant TRE were calculated and the results
are shown in Figures 6 and 7 for Unified Najaf and Old
Kufa WTPs, respectively. Both figures show negative TRE
values, indicating that for a specific treatment unit (or
plant), the turbidity of effluent is greater than that of the
influent. Figure 6 shows the bad performance (negative
TRE) of the clariflocculation unit in Unified Najaf WTP,
throughout the study period. It reveals the positive TRE
of the filtration unit during most of the study period. How-
ever, the overall plant efficiency fluctuated between posi-
tive and negative TRE values. Out of 99 TRE values, the
number of positive values was 3, 92, and 60, for TREc,

Figure 3: Treatment units in Old Kufa CWTP.

Table 2: Characteristics of treatment units in Old Kufa WTP

Treatment unit Type Number of
tanks

Dimensions of
each tank

Equipment

Flash mix Rectangular concrete
tanks

2 Length = 5.5 m Each tank is provided with a mixer of 7 kW
powerWidth = 2.75 m

Side water depth = 5 m
Clariflocculation Circular concrete tanks 2 Outer diameter = 35 m Each flocculator is provided with a mixer of

4 kW powerInner diameter = 10 m
Side water depth = 4 m

Gravity filtration Rectangular gravity sand
filters

10 9.25 × 9.30 m2 The unit is provided with two backwash.
pumps (1W + 1S), each of 3,600 m3/h capacity
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Figure 4: Turbidity of raw, settled, and filtered waters in Unified Najaf WTP. (a) February to June 2022; (b) July to October 2022.
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Figure 5: Turbidity of raw, settled, and filtered waters in Old Kufa WTP. (a) February to June 2022; (b) July to October 2022.
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TREf, and TREp, respectively. The maximum values of TREc,
TREf, and TREp were 22.3, 86.5, and 61.5%, respectively.
Figure 7 shows that the performance of Old Kufa WTP
was worse than that of Unified Najaf WTP. Herein, out of

99 TRE values, the number of positive values was 6, 76, and
31, for TREc, TREf, and TREp, respectively. The maximum
values of TREc, TREf, and TREp were 35.3, 68.6, and 60.0%,
respectively.

Table 3: Maximum, minimum, and mean turbidity values of raw, settled, and filtered waters in Unified Najaf WTP

Month Turbidity (NTU)

Raw water Settled water Filtered water

Max Min Mean Max Min Mean Max Min Mean

February 5.2 2.1 3.1 6 3.1 4.6 5.6 1.1 2.1
March 3.4 1.2 1.9 6 2.2 4.6 2.6 0.7 1.3
April 5.8 5 5.4 10.8 9.5 10 9.5 6 7.5
May 5.9 5.1 5.5 13.2 8.9 10.8 11.1 7.3 9.3
June 7.4 5.2 6.4 12.7 9.2 10.8 11.9 6.9 8.6
July 12.6 9.1 10.8 15.4 9.4 12.9 13.8 6.5 9.6
August 16 11.9 13.8 17.4 13 15.6 19 10.1 12.7
September 19.1 15.5 17.4 21.8 17.2 19.5 20.2 15.4 17.7
October 24.5 13.4 16.8 27.4 14.4 20.2 26.8 12.1 18.6

Table 4: Max, minimum, and mean turbidity values of raw, settled, and filtered waters in Old Kufa WTP

Month Turbidity (NTU)

Raw water Settled water Filtered water

Max Min Mean Max Min Mean Max Min Mean

February 10.2 2.3 4.2 9.7 4.5 6.7 14.6 2.6 6.0
March 4.6 1.6 2.6 5.7 3.0 4.0 23.2 1.5 10.3
April 6.0 5.1 5.6 11.6 6.4 9.2 11.6 6.6 8.6
May 5.9 5.2 5.6 12.5 9.3 10.5 16.1 6.2 9.4
June 8.2 4.3 5.6 14.9 8.3 11 22.7 6.2 10.7
July 12.7 9.3 10.8 16.2 10.9 13.5 15.8 7.7 11.8
August 18.5 12.4 15.6 20.6 14.2 16.6 18.3 12.8 14.7
September 17.7 15.8 17.2 25.8 18.9 21.3 22.1 17.7 19.9
October 24.8 18.2 21.4 28.8 19.4 24.9 26.6 17.3 23.1
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Figure 6: TRE variation of Unified Najaf WTP during the period February to October 2022.
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Figures 8 and 9 show the monthly averaged values of
TREc, TREf, and TREp for Unified Najaf and Old Kufa WTPs,
respectively. From these figures, it can be noted that the
monthly averaged values of TREc were negative for all the
months. The lowest value of monthly averaged TREc for
Unified Najaf WTP occurred during March in spite of the
raw water turbidity values during this month being low.
However, the maximum monthly averaged TREf and TREp
values were also observed during March. For Old Kufa
WTP, the minimum monthly averaged TREc, TREf, and
TREp occurred during March, too, which indicates that
the low TRE values cannot be attributed to the increase
of raw water turbidity of both plants.

3.3 Effluent turbidity satisfaction with Iraqi
standards

According to the Iraqi standards, the MPL of turbidity in
WTPs effluent (tap water) is 5 NTUs (IQS 417, 2001) [19]. The
effluent turbidity values of both WTPs were statistically

analyzed, and the results are shown in Figures 10 and 11.
The figures show that only 26 out of 99 and 9 out of 99
effluent turbidity readings in Unified Najaf and Old Kufa
WTPs, respectively, satisfy Iraqi standards. Thus, the high-
turbidity problem of tap water in Najaf governorate can be
primarily attributed to the bad performance of WTPs.

3.4 Solution measures for high-turbidity
problem

In order to put measures for solving the problem of high-
turbidity tap water caused by poorly treated water supply,
the reasons behind the poor performance of WTPs must be
identified. Some of these reasons were obvious and detected
during the field visits to the considered plants, such as
1. The scrappers in clariflocculation units in both plants

are out of operation, which affected the sludge removal
process.

2. Sludge withdrawal process from the clarification tanks is
not accomplished regularly, which caused the accumulation
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Figure 7: TRE variation of Old Kufa WTP during the period February to October 2022.
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of sludge in these tanks and the reduction of hydraulic
detention time.

3. Coagulant (alum) is not added to the flash mix units and
the operators claimed that “there is no need to add

alum, since raw water turbidity is low,” which means
the clarification (sedimentation) unit in both plants acts
as a pre-sedimentation unit. But since most of sus-
pended particles in streams are colloids [20], the pre-
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Figure 9: Monthly averaged TREc, TREf, and TREp values of Old Kufa WTP.

Figure 10: Histogram for effluent turbidity of Unified Najaf WTP.

Figure 11: Histogram for effluent turbidity of Old Kufa WTP.
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sedimentation processmay need a detention time exceeding
12 h to achieve a removal efficiency greater than 50% [21].

4. In Old Kufa WTP, the raw water was pumping directly
into the clarifier (Figure 12), without passing through
the flash mix and flocculation tanks, which may cause
the resuspension of settled solids and, subsequently,
reduce the clariflocculation unit efficiency.

5. Lack of continuous monitoring for filtered water tur-
bidity and subsequently identifying the need for filters
backwashing.

6. The majority of WTP employees lack the fundamental
knowledge of water treatment processes.

7. Lack of continuousmonitoring of plant operating conditions.
8. Inadequate maintenance and operation budgets for the

plants.

In addition to the aforementioned points, to fill the
shortage of water supply caused by population increase,
the influent flowrates of both treatment plants were

increased. That was done without expanding the existing
treatment units to withstand the flowrate increase and
preserve the units’ design criteria within their recom-
mended ranges. Table 5 presents the checking results of
presently applied design criteria for treatment units in
Unified Najaf and Old Kufa WTPs along with their recom-
mended ranges. The checking results are represented as
“+” and “−” signs for units having applied values of design
criteria that fall within and outside their recommended
ranges, respectively. The applied values of design criteria
were calculated by adopting the current influent flow-
rates, which are 13,500 and 4,500 m3/h for Unified Najaf
and Old Kufa WTPs, respectively.

For Unified Najaf WTP, the results in Table 5 show that
the applied values of detention time for flash mix, floccula-
tion, and clarification units fall within their recommended
ranges. But the other design criteria fall outside their
recommended range. However, for Old Kufa WTP, the
most applied values of design criteria, such as those of
clarification unit, are unaccepted and that can be, besides
the operational problems mentioned earlier, the reason
behind the bad performance of clariflocculation unit in
this plant.

From the aforementioned points, the solution mea-
sures of high-turbidity tap water in Najaf governorate
include the following:
1. Increasing the power of flash mixers in both plants to

get a velocity gradient (G) value not less than 600 s−1.
2. Increasing the number of clariflocculation tanks in both

plants to lower the values of SOR and make them within
the recommended range.

3. Lowering the mixing power in flocculation tanks to get a
G-value not exceeding 60 s−1.

4. Achieving the coagulation process in both plants by con-
tinuous addition of coagulants at appropriate dosages
using the jar test.

Figure 12: Influent discharge into the clariflocculator of Old Kufa WTP.

Table 5: Checking the presently applied design criteria for treatment units in Unified Najaf and Old Kufa WTPs

Unit Design criteria Recommended values [22] Applied values Check result

Unified Najaf Old Kufa Unified Najaf Old Kufa

Flash mix Detention time (s) 10–60 26.8 121.0 + −

Velocity gradient (s−1) 600–1,000 354.0 270.5 − −

Flocculation Detention time, t (s) 1,000–1,500 1,314 438 + −

Velocity gradient, G (s−1) 10–60 71.7 107.3 − −

t. G 30,000–60,000 94,214 46,997 − +
Clarification Detention time (h) 2–8 2.3 1.6 + −

Surface overflow rate (m/day) 20–33 41.3 61.1 − −

Weir load (m3/m day) <250 364. 9 512.5 − −

Filtration Filtration rate (m/day) 120–240 198.75 125.5 + +
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5. Continuous sludge withdrawal from clariflocculation
units.

6. Maintaining the backwash process of filters.

4 Conclusions

The first part of investigating the problem of high-turbidity
tap water in Najaf governorate as concerned with the perfor-
mance of twomainWTPs has led to the following conclusions:
1. The performance of the clariflocculation unit in Unified

Najaf WTP was very poor. Out of 99 TRE values for this
unit, the number of positive ones was 3 at a maximum
value of 22.3%.

2. The performance of clariflocculation unit in Old KufaWTP
was, also, very poor. Out of 99 TRE values, the number of
positive ones was 6 at a maximum value of 35.3%.

3. The TRE of filtration unit (TREf) in Unified Najaf WTP
has a maximum value of 86.5%. However, sometimes it
had negative values. The same condition was detected in
Old Kufa WTP, but the TREf was not exceeding 68.6%.

4. The maximum TRE values for Unified Najaf and Kufa
WTPs were 61.5 and 60.0%, respectively.

5. The low TRE values in both WTPs cannot be attributed
to the increase in raw water turbidity.

6. Only 26 out of 99 and 9 out of 99 effluent turbidity read-
ings in Unified Najaf and Old Kufa WTPs, respectively,
satisfy Iraqi standards for tap water turbidity.

7. The bad performance of WTPs in Najaf governorate was
the main reason behind the high turbidity of its tap water.

8. Upgrading the treatment units in both plants is essential
for enhancing their performance. That should be com-
bined with maintaining accurate plant operation and
performance monitoring.

Nomenclature

Symbol Description Unit

t Detention time Time unit
G Velocity gradient s−1

SOR Surface overflow rate m/day
t. G Detention time. Velocity

gradient
Dimensionless

Abbreviations

CWTPs Conventional water treatment plants
WHO World Health Organization

TRE Turbidity removal efficiency
TREc Turbidity removal efficiency of the clarifloccu-

lation unit
TREf Turbidity removal efficiency of the filtration unit
TREp Turbidity removal efficiency of the whole plant
TURr Turbidity values of raw water
TURs Turbidity values of settled water
TURf Turbidity values of filtered water
NTU Nephelometric Turbidity Unit
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