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Abstract

Treatment or purification of water is considered as a critical challenge especially in
developing countries since this treatment is an essential facility to conserve the
public health and environment by eliminating of waterborne diseases and
pathogens. This study was made to assess the efficiency of Khanagin City water
treatment plant (KCWTP) which is the main source to supply drinking water in
Khanagin City, and to evaluate the treated water quality that reached to city
residents. Khanagin City water treatment plant (KCWTP) consists of conventional
water treatment units like other treatment plants in Iraq of flocculation,
sedimentation, filtration, and disinfection. These treatments have been studied
depending on the collected information and tests.

In this research, several physicochemical and bacteriological parameters of both the
raw and treated water were sampled and studied according to Standard Methods
and Procedures to evaluate the performance and quality of treated water from
Khanagin City Water Treatment Plant (KCWTP). The results indicated that the
source raw water is moderately of poor quality, while the treated water is relatively
satisfactory. The treatment process units in KCWTP were also evaluated. Overall
removal efficiency of water turbidity in KCWTP is 97.88%. The study suggests
that the KCWTP units and process operation need to be improved, rescaled, and re-
designed to enhance the plant efficiency and reduce the possibilities of waterborne
diseases and contamination that may occur in future in Khanagin City drinking
water.
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1. Introduction

Water is considered as the most essential element on earth for all kinds of living
creatures to maintain their life. In mean time with rapid urban and rural expansion,
the demand for water supply has increased many times as a result of more water
has been used in domestic, agriculture and industrial sectors [1]. Therefore water is
an important natural resource in the world, and life cannot exist and most industries
could not operate without water [2]. Providing safe and reliable source of water is
thus an essential prerequisite for the establishment of a stable community [3, 4].
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Provision of safe drinking water to the people is very essential as up 80% of all
sickness in the world are caused by poor sanitation or unavailability of safe water
according to World Health Organization [5, 6]

It is very necessary to treat water to purify water sources and make them suitable
for human consumption through the removal and killing of pathogenic organisms
and remove the taste, smell, and other undesirable chemical and physical
constituents [7]. Various treatment processes are used to take out impurities from
raw water, these processes may be arranged in a treatment sequence of flocculation,
sedimentation, filtration, and disinfection for water [8].

Aluminum based coagulants mostly known as alum such as aluminum sulfate
(Aly(SO,4)3) are regularly used in drinking water treatment to remove the
particulate, colloidal, and other dissolved substances like heavy metals during
flocculation process [9]. Heavy metals are considered to be a serious threat to the
environment and human health all over the world [10].

In the conventional flocculation -filtration treatment process, suspended solids and
natural organic matter are removed from the raw water supply by the addition of
coagulants, resulting in the production of water treatment residuals [11]. One of the
purification stages is filtration, solids separation from fluids water by using
physical or mechanical technique to introducing a medium through which only the
water can pass through [12].

In disinfection stage, usually a chlorination process is implemented at most of the
water treatment plant, and it is supplied to the public via distribution network,
where the dissolved chlorine in drinking water is preferred as a chemical in many
countries due to its low cost and effectiveness [13]. Many biological factors are
used as bacterial indicators for water treated by disinfection process such as total
Coliform, fecal Coliform, fecal streptococci, and Escherichia coli [14]. Disinfection
by chlorination is the most important step in water treatment for public supply as
chlorine remains in the water as long as it is not consumed. However, chlorine also
reacts with the natural organic matter present in the water and produces a number
of by-products with harmful long-term effects [15]. During the disinfection process
using chlorine, this disinfectant used in the drinking water treatment may convert
soluble organic substances to harmful disinfection by-products including
trihalomethanes [16].

Numerous compounds such as pharmaceuticals, detergent degradates, flame
retardants, plasticizers, polycyclic aromatic hydrocarbons, fragrances, pesticides
and an insect repellent, and plant and animal steroids were found in residuals that
accumulated from water samples collected after clarification, disinfection
(chlorination), and filtration [17].

The performance of each treatment process in a water treatment plant WTP is
important and needs to be evaluated to ensure the unit’s performance is successful,
for this purpose many factors have been applied such as variability in source water
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quality or units operational and technical conditions to ensure that the performance
of each unit is satisfactory [18].

The assessment of the technical condition needs to be considered comprehensively
both in structural and technical terms and in operational and technological terms
while it is necessary to take into account the quantity and the quality of the
produced water [19].

In evaluation of a water treatment plant WTP depending on treatment process
efficiency, all involved processes could be assessed or a key unit is chosen to
decide whether the plant operates in acceptable way or not. Wei et al. [20] have
selected the disinfection unit to evaluate a water treatment plant WTP. However,
many works evaluated the performance for WTP by assessing whole treatment
units starting from screening unit if exist till disinfection or chlorination unit in the
plant to approve whether the WTP has satisfactory performance or not like [21-23].
In another trend, WTP may also be evaluated through testing water quality
produced in these treatment units that applied in various conventional treatment
plants. Identifying water quality parameters is varying due to water sources used in
these WTP [24, 25]. Generally physicochemical are taken as key parameters to
classify the quality of both raw and treated waters in any water treatment plant,
whereas in other studies biological parameters of treated water were included [26].
In Irag, conventional water treatment plants WTP are mostly the plants used to
supply drinking water in big and small cities. Various studies were performed to
investigate the performance of these WTP by assessing the quality of treated water
and efficiency of treatment units inside WTP. Several of these studies have focused
on water treatment process evaluation [7, 27, 28]. Other studies chose water quality
as physicochemical parameters of treated water to assess the efficiency of WTP in a
number of Iraqi cities [27, 29-31]. Biological parameters for treated water quality
were taken in account as additional factors concerning water treatment plant
performance and efficiency in diverse studies in lragi WTP [32, 33]. In few works
on WTP performance in Irag, the evaluation was based on the efficiency of specific
contaminant removal from raw water such as Polycyclic Aromatic Hydrocarbons
[34].

The aim of this study is to evaluate the performance for purification units of a water
treatment plant located at Khanagin City and the quality of raw and treated water of
this concerned plant in order to understand the compliance and agreement range of
water treatment performance at Khanagin City by KCWTP with the national and
international guidelines and standards. Since no or quite rare previous works have
been made to cover this important issue that related to the public health and the
environment of Khanagin City. Also to explore the possibilities to provide a clean
water to city residents with less routine maintenance requirements.

2. Material and Methods
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2.1. Khanagin City Water Treatment Plant (KCWTP)
2.1.1. Plant Description

Khanagin city water treatment plant (KCWTP) provides potable water for most
quarters of the city, this city is located east of Iraq is situated in Diyala province,
near the border with Iran, its geographical coordinates are 34° 20' 49" North, 45°
24' 2" East. KCWTP serves more than 80000 consumer in the city, by supplying
treated water for 8 hours a day as an intermittent system. The plant was constructed
in 1968 in Khanagin City, it was designed to serve a small city at that time as
shown in figurel, a photo made by Microsoft Maps program. The capacity of the
plant is 22000 m®d. Raw water entering KCWTP from intake pipes located in a
nearby channel that is fed by Alwand river from the south of the city and from
Balajo channel that comes from Sirwan River 24 km away from the north of the
city. The plant didn’t have any expansion since first construction, but many
maintenance had happened to the plant, the last one was in February 2017, where
the old cast iron pipes sedimentation tank were changed.

iure 1. |aI view for hanaqln Clt and locations of water sources and
KCWTP.

2.1.2. Process Description

The plant is constructed as a conventional water treatment plant, where five
essential processes were applied starting from rapid mixing and ending with
disinfection. The KCWTP plant location is illustrated in figure 2, taken from
Microsoft Maps program. KCWTP stages and facilities are described as follows
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Figure 2. Aerial view of KCWTP sections

Intake: A bar screen and two pipes each of 400 mm collect raw water to the plant
from nearby channel as demonstrated in figure 2. The draw of intake water is made
by two pumps of 2 HP.

Rapid mixing: Is the first treatment for incoming raw water. In this stage alum
(aluminum sulfate) is added at highest mixing speed, mixing by hydraulic power to
the flow of water. The raw water is coagulated continuously with alum in flash
mixer tank with a specific retention time.

Flocculation and Sedimentation: The turbid water is directed to flow through the
two clay-flocculation basins made of reinforced concrete of 25 m diameter of each
clarifier and 6 m diameter of inner flocculater (See figure 3). The flocculation is
held in the two basins, turbid inlet water is mixed with aluminum at the bottom of
the basin, then the water goes into the sintering or coagulation after a period of time
of 40 - 60 minutes and then to the sedimentation basins with the period of (1 - 1.5)
hours. The amount of added alum at this stage is 50 kg/day.
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Figure 3, (a and b). Flocculation — Sedimentation basin at KCWTP

Sand Filtration: Water is pumped from the sedimentation basins to 8 sand filters,
the water inlet from these filters is relatively has a high turbidity. the water arrives
to several rapid filters. The dimension of each filter is 5m*4.5m*1.7m. Where the
retention time in the filters is 2.5 hr and the surface loading filtration rate of the
filters is 978 m*/m?/d was maintained at higher loading rate limit.

Disinfection: After filtration stage, the water passes to the disinfection room
located behind filters. Here, the chlorine is added before the storage and
distribution of treated water. Lowest chlorination is applied, about (40-55) kg/day
of chlorine is added during this process.

Storage and other Facilities: KCWTP is equipped with an elevated water storage
tank with limited capacity (See figure 4). The plant contains also secondary
buildings, stores, water distribution pumping units and other parts.

Figure 4. Elevated water storage tank at KCWTP
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2.2. Field Observation and Sampling Data Collection

Most of raw and treated water quality data were obtained from Khanagin Water
Directorate. The data samples were collected by them according to routine
procedures reference laboratory water and wastewater treatment (standard method).
Another set of water quality samples was collected by the author like TDS for raw
and treated water during one month in March - April. Statistical analysis made in
this study was done by applying advanced Microsoft Excel 2013 software.

2.3. Plant Efficiency Evaluation Method

The performance of sedimentation stage and filtration stage in KCWTP are
evaluated as a removal efficiency between the turbidity of the raw water and treated
water turbidities in the treatment plant [35]. The calculation is a percentage
removal as the following equation

Removal Efficiency % =

Turbidity inraw water — Turbidity in treated water

X 100% (1)

Turbidity inraw water
2.4. Plant Capacity Assessment Methods
2.4.1. Population Estimation

Water treatment plant (WTP) capacity is always based on the real population of the
city being served. In our case, to estimate the needed capacity of KCWTP, it is
necessary to know the existing population number of Khanagin City and also
predicting the population number at least within the next ten years to ensure
continuous water supply for the near future without any shortages. The population
forecasting method that used in this study is the geometric method as follows [36].

P,=P(1+m)" (2)
Where,

n: Number of time interval

P,: population after n of intervals

Po: last population
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2.4.2. Domestic and Urban Water Consumption Estimation

Water demand is varying with time, for example, water use was increased six times
between the years 1900 to 1995 in the world. Nowadays an amount of 220 Ipd
(liters per person.day) is considered globally an average rate for urban water use,
but this water use per capita exceeds 400 Ipd in some mega cities in Europe and
North America [37]. However, some countries are able only to provide a minimum
water supply in the range of 4 — 30 Ipd such as Gambia and Nigeria in Africa [38].

For middle east region, where a water shortage problem exist, a rate of 1000 Ipd of
freshwater per capita is considered an distinguishable level. Many countries with
water scarcity in this region like Yemen and Eygpt didn’t reach this level [39]. In
Irag, the average annual water consumption for domestic and urban uses is about
200 Ipd [40]. In this study, an average water demand per capita of 280 Ipd was
taken as an acceptable value that meets the essential and indispensable needs for
human in daily activities.

2.5. Flocculation and Sedimentation Basin Performance Assessment Method

The performance of KCWTP and flocculation — sedimentation process were
evaluated by comparing the actual existing design dimensions and capacity with the
required capacity of treated water supply after about 50 years from the first
construction of KCWTP in 1968. Three different conditions were compared in this
study to evaluate the flocculation and sedimentation basin performance; first, an
optimal design condition based on the actual need for potable water at Khanagin
City. Second, a designed performance calculation based on existing basin
dimensions. Third, an actual performance and outlet water of the basin. The design
calculations were made in depending on standard design and operation calculations
for a conventional water treatment plant [41, 42].

2.6. Filtration Process Performance Assessment Method

The performance of KCWTP and filtration process were also evaluated by
comparing the actual existing design dimensions and capacity with the required
capacity of treated water supply after 50 years from the of first construction of
KCWTP in 1968 same as the assessment of flocculation and sedimentation basin
performance. The assessment was made on the same concepts of design criteria
mentioned in previous section. The allowable design number of sand filters to be
used was calculated by following relation
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N = 0.044yF 3)
Where,
F: treated water flow rate (m*/d)

N: number of sand filters

3. Results and Discussion
3.1. Removal Efficiency and Comparison with Allowable Standards

It is very hard to evaluate a WTP within short time, to have more adequate decision
it needs long time monitoring for WTP performance. In this study, the evaluation
was made for short time duration, approximately one month of March - April 2017.
Results for averaged raw water and treated water turbidities of KCWTP with
removal efficiency of water turbidity and its agreement with various standards are
shown in Table 1. The removal efficiency of KCWTP of water turbidity was
calculated by using equation 1.

Table 1. Raw and treated water turbidities, removal efficiency of KCWTP and
compliance with most important standards.

Raw Treated Removal Iraqi WHO  US.EPA US.EPA
Water Water Efficiency Standard Standard 30-day 2-day
Turbidity ~ Turbidity Standard Standard

(NTU) (NTU) (1 NTU)

(%) (5NTU) (5NTU) (5 NTU)

Violated Violated Violated Violated
260 55 97.88 by 9% by 9% by 81% by 9%

€XCess €XCess €XCess €XCess

Table 1 illustrates the description of the average turbidity data of the raw and
supplied water by KCWTP. The removal efficiency calculated by equation 1 has a
value of 97.88% which is acceptable for the existing working plant facilities and
according to the quality of raw water used in the city.
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According to the Iraqi, World Health Organization WHO, and (2-day) average
American standards on drinking water quality, which demand of 5 NTU. From
table 1, the quality of treated water by KCWTP is not in compliance with these
standards limit by an excess of more than 9%. The excess in treated water turbidity
refers that on the average this standard limit is violated about 9% higher than its
upper limit.

For monthly average American standards on drinking water quality, Referring to
table 1, which shows for the 30-day average turbidity readings for KCWTP. The
American EPA standard limits on drinking water calls for a maximum of 30-day
average of 1 NTU. Based on this standard, it was stated that there is a 81% excess
with this standard for turbidity quality. This means that there is, on the average,
about 4.5 NTU for treated water turbidity is higher than the permitted level by this
standard.

3.2. KCWTP Capacity Assessment

Current KCWTP capacity to supply potable water is surely can not compete the
growing population in Khanagin City, as it was established about 50 years ago. The
required capacity for KCWTP was estimated in depending on the contemporary
situation of the city using the methods mentioned in the section 2.4. Table 2
illustrates the current and required capacity for KCWTP to provide a potable water
for Khanagin citizens over 24 hours a day. The required capacity was calculated as
follows.

The total number of Khanagin City population according to recent estimation is
about 80000 capita. For the proposition of water consumption per capita of 280
I/c.d. (See section 2.4), the required average capacities were calculated on this basis
as demonstrated in Table 2. To maintain this water supply for the next ten years
equation 2 was used. the geometric method was applied for population growing
forecasting of 2.5% in a year which is the normal population number growing rate
in Irag. The assumed period of plant operation is 10 years. The predicted average
and maximum capacities are shown in Table 2. The values in Table 2 show that a
major alteration needs to be made in the KCWTP construction to overcome the
huge increasing demand on the water supply now and for the next ten years.
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Table 2. Current and Required KCWTP Capacities

Current Average Maximum  Predicted Predicted
Capacity Capacity Capacity Capacity Capacity
Q aVv. Qreq mMaX.Qreq pre. Qreq max pre. Qreq
(m®/d) (m®/d) (m®/d) (m®/d) (m®/d)
22000 22400 67200 28700 86000

3.3. Performance Evaluation for Flocculation and Sedimentation Basin at
KCWTP

In this section, the performance of the flocculation and sedimentation basin at
KCWTP was evaluated by comparing between three conditions stated in section
2.5. The summary of the comparison is shown in Tables 3. The obtained calculated
flocculation and sedimentation basin results are for a water treatment plant with
required water supply of existing condition and a water treatment plant with
predicted condition to maintain a continuous providing a potable water to Khanagin
City for the next ten years. It is quite clear that the current performance for
flocculation and sedimentation basins at KCWTP can not deliver the needed
quantity and quality of treated water to the next filtration step in the plant. From
Table 3 it can be found that present performance of the flocculation and
sedimentation basin is not satisfactory as the handled water operating volume in
sedimentation basin is not as required to be for the working condition with existing
dimensions.

The need to supply the minimum necessary outlet water quantity affected the
performance basins, where short and non-appropriate retention time was used. To
overcome these obstacles the number of flocculation and sedimentation basins at
KCWTP need to be increased and reformed. The design of these basin also needs to
be modified to be more suitable for the existing condition of water treatment
capacity and quality at Khanagin city.
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Table 3. Comparison between allowable operation and design characteristics and
current, required and predicted characteristics for flocculation and
sedimentation basins at KCWTP

Allowable Current Required Predicted
design basin basin basin
characteristics characteristics  characteristics characteristic

S

SOR (m*/m?/d) 20 - 40 44.8 ** 30 30
Oper. sed. vol. (m®) Cap.x 0.125 1375 ** 8400 10750
Treat. capacity (m®/d) -- 22000 67200 86000
No. of basins (-) -- 2 4 5
Det. time (hr) 2-4 1-15** 3 3
Sed. basin Depth (m) 3-6 4* 4 4
Outer basin Dia. (m) Less than 40 25* 32 32
Inner basin vol. (m®) Out. basin vol./6 242 * 362 362
Inner basin dia. (m) -- 10 * 13 13
Alum Quantity (kg/d) 30 mg/l 50** 2000 2500
Floc. basin depth (m) 67% sed. depth 3* 2.7 2.7

* conformable to design requirement
** unconformable to design requirement

3.4. Performance Evaluation for the Filtration Stage at KCWTP

For the used, rapid sand filters in KCWTP are usually contain a wide pores,
especially at the upper filtration layers of hard sand, is used, where particulates and
inerts may penetrate these pores easily. The efficiency of these filters is mostly
suitable to filtrate high turbidity water quality to catch these undesirable
constituents. For the used rapid sand filter in KCWTP, a performance evaluation
was performed in this study on the same basis followed with flocculation and
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sedimentation basins. The performance of the filters at KCWTP was evaluated by
comparing between three conditions stated in section 2.6. The required number of
sand filters was calculated by using equation 3. It was found from Table 4 that the
performance of used rapid sand filters is not in satisfactory way. As the filtration
rate of 978 m*m?d is much higher than the recommended highest allowable
filtration ratio of 240 m*m?d for rapid sand filters in a conventional water
treatment plant. This high filtration rate causes a low treated outlet water quality for
filtration step. The remaining design characteristics of the filters are all fall in the
recommended limits for these types of sand filters.

For the filtration stage in the water treatment plant comparison between results
current, required water supply of existing condition and a water treatment plant
with predicted condition to maintain a continuous providing a potable water to
Khanagin City for the next ten years shows a major modification are necessary to
enhance the performance of this step to be qualified to contend the increasingly
water consumption and demand in the city.

Table 4. Comparison between allowable operation and design characteristics and
current, required and predicted characteristics for rapid sand filters at

KCWTP
Allowable Current Required Predicted
design filter filter filter
characteristics | characteristics characteristics | characteristic
S

Filtration rate

_ 120 - 240 978** 140 140
(m*/m</d)
Total capacity (m®/d) -- 22000 67200 86000
No. of filters (-) Eqg. 3 8* 12 14
Area each filter (m?) - 22.5 40 40
Length/Width 1-1.4 1.11* 1.2 1.2
Filter height (m) -- 1.7 1.7 1.7

* conformable to design requirement
** unconformable to design requirement
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3.5. Water Quality

Treatment processes has removed most of undesirable constituents from raw water,
wherein Table 5 it can be found that turbidity and total dissolved solids are mainly
removed in KCWTP by sedimentation and filtration processes. Chlorination is
applied to disinfect water and to produce the recommended residual reaching the
consumer through the distribution systems. The Chlorination in KCWTP has an
effective role to sanitize the supplied drinking water to prevent any possibilities of
waterborne diseases and contamination that may occur outlet water as shown in
Table 5.

Total dissolved solids are actually could not significantly related to treatment
efficiency, as some constituents concentration may increase because of the addition
of chemicals. Turbidity of raw water was 240 - 270 NTU and turbidity of water
after treatment was 5.5 NTU as shown in Table 5. Turbidity comes with KCWTP
raw water from intake point from nearby channel. The high turbidity may be
caused by various suspended solids like clays, sands, silt, organic and inorganic
substances, and microorganisms. Turbidity in raw water decreases the efficiency of
chlorine for disinfection [43, 44]. The turbidity of the treated water as shown Table
5 in the figures did exceed the limit of 5 NTU, which is higher than the Iraqgi and
WHO drinking specification, even the KCWTP had high percentage removal for
turbidity which reached 97.88%.

The pH parameter is a measurement of the acid-base properties of a solution, where
it is a significant indicator for water treatment due to its influences on the dosages
of added chemicals to coagulate particles [45]. As shown in Table 5, pH of the raw
water ranged from 6.7 to 7.2 at the intake. The outlet from water treatment plant
has a decreased range of pH of 6.9 - 7.0 depending on the amount of coagulants
added for suspended solids removal and the chlorine dose used for disinfection.
Regularly, with flocculation process, an amount of CO, is emitted due to the
reaction of alum particles with the natural alkalinity of the raw water and hence pH
is lowered, the reaction of chlorine for disinfection will produce free available
chlorine which also decreases the pH [9]. In KCWTP outlet water, pH was low
varied from 6.9 - 7.0 as shown in the Table 5 agreed with Iragi and WHO drinking
water specification of pH in the range 6.5 to 8.5.

The disinfection stage at KCWTP by chlorination by adding of chlorine. the results
of the bacteriological parameter of E. Coli test for raw water were zero as
illustrated in Table 5, so no contamination of the intake channel is dictated. For
treated water from KCWTP, the same the bacteriological test of E. Coli gave
negative results, indicating high disinfecting efficiency. The tests performed for the
treated water as recommended in the Iragi specification.
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The treated water from KCWTP that distributed to the consumer by pipeline
network throughout of the city has high levels of residual chlorine as stated in
Table 5. The residual chlorine ranged between 1.0 — 4.0 mg/l from various
sampling points of treated water supply. It decreased to 1.0 mg/l in the some times
and places in the water supply network and increased in other time and places that
reached 4.0 mg/l. This increase may indicate contamination of the river and the
incidence of a disease-producing organism in the raw water. The importance of
residual chlorine is to prevent any contamination in the distribution system that
delivers potable water to the city. A level of 0.25 to 0.5 mg/l is preferred as free
available chlorine to ensure disinfected potable water has been reach to all
consumers despite any potentials of distribution pipes cracks and contact with
various pollution sources. From samples taken from tap water at different locations
in the distribution system, significant concentrations of residual chlorine were
detected.

Table 5. Some physicochemical and bacteriological parameters in raw and treated
water at KCWTP with allowable limits on Iraqi and WHO drinking water

standards
Raw Treated Iraqi WHO
Parameter water water Drink. Water | Drink. Water
standard standards

Oudor Oudor exist | Oudorless | Agreeable Agreeable
Color Not clear | Colorless Agreeable Agreeable
pH (pH unit) 6.7- 6.9 6.9-7.0* 6.5-8.5 6.5-8.0
Total dissolved solids (mg/l) 480 -700 387* 1000 500
Turbidity (NTU) 240 -270 5.5%* 5.0 5.0
Chlorine (ppm) 0.0 1.0-4.0* 3.0-40 <3.0
E. Coli (100 ml after 24hr at 44°C) Zero Zero* <1l1 Zero

* Satisfactory to standards
** Unsatisfactory to standards
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Conclusions

It was found in depending on this extensive investigation made by this study for the
performance of khanagin water treatment plant for a short term observation around
two months March — April 2017, the resulting conclusions were obtained

1. The performance of KCWTP Units are relatively satisfactory, the general
performance of Khanagin city water treatment plant was adequately evaluated as
well as compared with two conditions; one of actual requirement of current number
of population in Khanagin city, and another of a condition of a water treatment
plant that can supply a continuous potable water for the next ten years without any
shortage.

2. The removal efficiency of KCWTP has a high ratio, but removal rates of
turbidity is not perfectly fulfilled as the suspended particles by flocculation have
not been removed by sedimentation. The plant has high efficiency in turbidity
removal of 97.88% and the turbidity of the treated water exceed 5.5 NTU.

3. For 30- day average, turbidity data removal efficiency shows that KCWTP in
this study was 81% exceeds the US.EPA standard, 9% exceeds Iragi and WHO
Standards.

4. For 2-day average, turbidity data of supplied water show that KCWTP is 9%
exceeds US.EPA standard.

5. The performance of flocculation - sedimentation basin has not efficient
operation, the reasons for this the high amounts of turbidity from the intake
channel, and the increase in the demand on water supply leads to reduce the
detention time in the basin and hence high turbidity in the outlet water turbidity.

6. Rapid sand filters have the same performance difficulties same as sedimentation
basin of high water supply demand and limited unit capacity.

7. Values of TDS are high in treated water, appeared to rise due to high turbidity,
but still falls in the water classification of acceptable range on Iraqi and WHO
standards. It requires to develop useful modifications to control this case.

8. The KCWTP plant is efficient in bacterial removal where chlorination is applied.
The residual chlorine in the effluent water from the plant is ranged from 1.0 to 4
mg/l. This range fulfills the recommended dosage of chlorine of 0.5 in the
distribution system.

9. Indispensable continuous maintenance and modifications were found to be
obligatory by this precise evaluation of Khanagin city water treatment plant
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performance to overcome the difficulties accompanied by growing demand on the
potable water supply.
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