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Abstract: First water treatment plant constructed in 1906. By the years, great efforts directed to suffice 
the increased need of drinking water in the governorate. Different types of surface water treatment 
plants are now in operation. Conventional clarifier plants, developed or direct filtration plants, and 
compact unit plants. They produce 68.8 %, 22.2 %, and 9.0 %, respectively; from about 600,000 m3/d. 
Each of them has advantages and disadvantages. A great doubt has been established for the efficiency 
of treatment from the different types of plants. Which type is better? This initiates the author to study 
the obtained results and perform a comparative study for all treatment and plants types. Chemical 
analysis of about 20 plants have been studied, mostly about 30 parameters were analyzed. Only six 
parameters were chosen by the author. Turbidity of the outlet water secured 0.55, 1.60, and 1.80 NTU 
for the conventional, developed, and compact units. pH reading ranges from 7.70 to 7.45. Sulphate 
concentrations ranges from 25.2 to 30.5 mg/l. Ammonia is nil, mostly, after treatment. Residual 
Aluminum secured 0.16, 0.29, and 0.31 mg/l for the outlet of conventional, developed, and compact 
units. TOC concentrations showed nearly no change with these types of treatment. Most of the results 
are within the acceptable range, and within the permissible limits of drinking water. To obtain nearly 
the same good quality water, increasing care of maintenance of water treatment units, control of added 
dose of alum and chlorine, and increase manpower skill are required. It may be concluded that the 
deviation and variations of results related to periodic maintenance and operation problems rather than 
design and construction problems and shortage.  
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INTRODUCTION 
 

A lot of studies have been conducted in water and wastewater treatment plants in Damietta Governorate, 
Egypt. Execution of the master plan of the holding company covered most of water and wastewater activities in 
the governorate through a firm consultancy. This study extended from 2007 till 2010. Reports were issued to the 
holding company of water and wastewater in Damietta. These reports explained and evaluated, first, the present 
situation and problems in each plant, 2nd, the nearest future for remedy and cure, 3rd, a future plan for expansion 
to suffice the need of increasing population and economical activities. 

Another study was conducted by the author for water treatment plants. Aiming a deep reading of the 
obtained results from chemical point of view to initiate a comparison between the different plants, and to reply 
which is better in treatment, are of much concern. 

The study covered the relation between water quality and price on one side, and the type of plant and its 
effect on water treatment on the other side. Water is a naturally occurring substance. Because, except in rare 
cases, it is not sufficiently pure, it cannot be used for human consumption or in industry without form of 
treatment. While circulating in the ground, on the surface of the earth or even in the air, water becomes polluted 
and laden with solids in suspension or in solution: clay particles, vegetable wastes, living organisms, various 
salts, organic matter, and manufacturing residues (Degremont, 1979). 

Damietta Governorate had a wide range of water treatment plants. The main source of water is the river 
Nile, Damietta branch. There are three different types. The conventional surface water treatment plants 
constitute 5 large plants and produces about 68.8% of nearly 600,000 m3/d. These plants are characterized by a 
good intake pump station, slow and rapid mixing of coagulants added, clarifiers or clariflocculators 
sedimentation, filtration, and disinfection and storage. 

The 2nd type of plants are the developed or improved water treatment plants. These are 7 plants produces 
about 22.2% of daily production. Raw water enters the plant through a channel in which alum coagulant is 
added, and direct filtration proceeded if it is one stage rapid sand filter or through a two stages filtration. The 1st 
is gravel and the 2nd is rapid sand filtration. This is obvious because of the low turbidity concentration in raw 
water after high dam construction. 

The 3rd type of plants are the compact units. It consists of two units like containers. About 7 plants in 
operation and produces 9 % of daily production of potable water in the governorate. It solved the need for water 
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in villages and small communities, and also minimizing the cost of investment in construction works. The 1st 
unit may contain flocculation tanks, and lamella settler in which settled water floated an directed to the other 
unit (De Dianous, F., 1990). Since its introduction in 1971, the lamella gravity settler has proven its capabilities 
in industrial wastewater applications such as metal finishing, chemical processing, and steel mills as well as for 
process and production of potable water (Water Environment and Technology, 1998). The 2nd part receives the 
clarified water to come in closed filters like pressurized filters. The filtered water disinfected and directed to 
storage or to the distribution systems. 

Because of differences in treatment and type of plants, remarkable changes in potable water quality are 
noticed. These changes initiate the author investigate and study the whole obtained results aiming to get the 
relation between the quality of water and treatment plants changes.     
 
2- Experimental Works: 
2-1 Methodology: 

Most of chemical analysis of each stage of all water treatment plants were collected, and analyzed by the 
Central Water Laboratory of Greater Cairo Water Company. A few samples were analyzed in Al Adalia water 
laboratory in Al Adalia water treatment plant in Damietta. All results have been revised by the author to ensure 
a standard methodology applied in sampling, transferring, analysis, and reporting of results. More than 30 
chemical parameters in each sample were registered. The author chose six chemical parameters only for 
investigation. These items covered mostly the quality of raw, clarified, and outlet water, and its relation with 
type of treatment plants. 

In order to evaluate the most economical alternative of different water treatment plants, the value 
engineering was the used approach. The value engineering can be defined as the systematic application of 
recognized techniques which identify the function of a product or service, establish a value for that function, and 
provide the necessary function reliability at the least overall cost (Cooper, R. and Slagmulder, R., 1997). 
 
2-2 Instruments and Analysis Parameters: 

A- Turbidity: Turbidity in water is caused by the presence of suspended matter, such as silt, clay, finely 
divided organic and inorganic matter, plankton, and other microscopic organisms. The determination of 
turbidity was carried out by using HRCH Turbidity Meter model 2000. Ready made standards were used in 
calibration. The turbidity was measured as Nephelometric turbidity units (NTU). 

B- Determination of pH: The pH of samples was measured in spot by Digital pH Meter produced by 
HANNA Instruments. The instrument is in compliance with CE directive. Ready made solutions of pH were 
used for calibration. 

C- Determination of Sulphate: Sulphate ions are precipitated in hydrochloric acid with barium chloride in 
such a manner as to form barium sulphate crystals of uniform size. The absorbance of suspension is measured 
by a Nephelometer or transmission photometer. Turbidimetric method is used and according to the standard 
methods (Standard Methods for the Examination of Water and Wastewater, 1975). 

D- Ammonia Nitrogen: The two major factors that influence the selection of the method to determine 
ammonia are the concentration and the presence of interferences. In general, direct determination of low 
concentrations of ammonia is confined to drinking waters and clean surface water. The nessler method is 
sensitive to 20 µg/l and may be used for up to 5 mg/l ammonia nitrogen (Standard Methods for the Examination 
of Water and Wastewater, 1975). 

E- Aluminum: The heavy metals (aluminum – lead – cadmium) were measured using inductively coupled 
plasma- optical emission spectrometry (ICP- OES). The choice of aluminum as a residual element in raw water, 
clarified, or finished water can give the answer on the efficiency of treatment. 

F- Total Organic Carbon: A TOC analyzer, A Dorman Tecmar (USA) was used for quantification of total 
organic carbon (TOC), calculated as the difference between total carbon (TC) and total inorganic carbon (TIC). 
EPA Method 415.1 and American Standard Methods were used (Standard Methods for the Examination of 
Water and Wastewater, 1995). 
 

RESULTS AND DISCUSSION 
 

3-1 Raw Water in Water Treatment Plants: 
Table (1) refers to the characteristics of raw water analysis of samples collected from the intake of each 

plant. Maximum turbidity of conventional intake was 4.7 NTU. The developed secured 6.6 NTU, and the 
compact intakes secured 7.0 NTU. This variation may be related to the difference in the intake construction of 
large plants compared to small ones. The average reading of turbidity is nearly the same in which it reflects a 
steady quality of raw water in Damietta branch. 
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Table 1: Raw Water Quality in Water Treatment Plants. 
Item Unit Conventional Developed Compact 

Max. Min. Avg. Max. Min. Avg. Max. Min. Avg. 
Turbidity NTU 4.7 3.5 4.3 6.6 2.9 4.6 7.0 4.6 5.6 

pH - 7.9 7.8 7.8 8.0 7.7 7.8 8.0 7.5 7.8 
Sulphate mg/l 24.6 20.6 22.5 24.7 20.6 22.5 31.3 14.4 24.3 

Ammonia-N mg/l 0.78 0.36 0.52 0.73 0.20 0.43 0.52 0.2 0.38 
Aluminum mg/l 0.26 0.17 0.20 0.32 0.18 0.25 0.34 0.19 0.26 

TOC mg/l 5.1 4.8 5.0 5.8 5.6 5.7 5.8 5.6 5.7 
 

The pH readings secured the same results in which it reflects the same composition of ions and total 
dissolved salts (Sawyer, C.N., 1995). Sulphate concentrations showed an average of 22.5 mg/l in both 
conventional and developed plants raw water. Ammonia-nitrogen concentration ranges from 0.52 to 0.78 mg/l 
as an average. Ammonia exists naturally in surface raw water but with few amounts. Sulphate and ammonia 
with these concentrations are, mostly, related to certain pollution in the river body. This may be caused by 
agricultural discharge decay of some organics, illegal discharge of domestic wastes or industrial activities. 
Residual aluminum in raw water ranges from 0.2 to 0.26 mg/l in the inlet water of all plants. It represents a more 
direct expression of the organic chemical content of water. It is also used to monitor the process of treatment or 
removal of organic contaminants. 
 
3-2 Clarified Water Quality in Water Treatment Plants: 

Table (2) represents the quality of water treated with coagulant (aluminum sulphate). The outlets of 
clarifiers or first stage treatment samples were analyzed. The dose of alum ranges from 20 to 30 g/m3 and in 
most cases it is accompanied by 3 t0 6 gm/m3 chlorine gas as prechlorination.  

A small decrease in turbidity of the clarified water in the conventional clarifiers from 4.2 to 3.5 NTU was 
noticed. A large decrease was observed in the turbidity of the developed plants. It secured a range of 6.7 to 2.0 
NTU and an average of 4.3 NTU. This change may be coming from first filtration step rather than formed flocs 
by coagulation. Turbidity of clarified water in compact units secured 7.1 to 4.5 NTU with an average of 5.6 
NTU. It seems that the turbidity of clarified water exhibited no change than that of raw water. It may be noticed 
that this type of clarification is not effective in enhancing flocs to precipitate in the settling zone. Sulphate 
concentration secured a maximum of 30.9, 30.4, and 36.4 mg/l in conventional, developed and compact clarified 
water. The average revealed 26.8, 24.5, and 30.0 mg/l for conventional, developed and compact clarified water. 
This increase comes from the added dose of aluminum sulphate solution used in treatment. Residual aluminum 
showed a remarkable increase over the raw water average. It secured 0.56, 0.40, and 0.80 mg/l in the 
conventional, developed and compact clarified water. The high concentration of aluminum in water resulted 
from the added dose of alum. It is kept in solution form rather than forming precipitated undissolved aluminum 
hydroxide (Abdel Halim, H., and Ismail, R.H., 2010). Ammonia- nitrogen concentrations are mostly affected by 
the chlorination and it is nearly demolished. The pH is affected by the added dose of alum in the conventional 
clarified water, to a lower extent in the developed clarified water, and almost is not affected in the compact 
clarified water. 
 
Table 2: Clarified Water Quality in Water Treatment Plants. 

Item Unit 
Conventional Developed Compact 

Max. Min. Avg. Max. Min. Avg. Max. Min. Avg. 
Turbidity NTU 4.2 3.8 3.8 6.7 2.0 4.3 7.1 4.5 5.6 
pH - 7.7 7.4 7.5 7.8 7.5 7.7 8.0 7.8 7.9 
Sulphate mg/l 30.9 24.3 26.8 30.4 20.7 24.5 36.4 22.4 30.0 
Ammonia-N mg/l 0.20 Nil Nil 0.23 Nil 0.05 0.05 Nil 0.01 
Aluminum mg/l 0.77 0.46 0.56 0.51 0.26 0.40 1.0 0.56 0.80 
TOC mg/l 5.3 4.8 5.0 5.7 4.7 5.2 5.6 5.3 5.4 

 
3-3 Outlet Water Quality in Water Treatment Plants: 

Table (3) represents the chemical analysis of samples after filtration. The results of turbidity in conventional 
plants secured an average of 0.55 NTU in which reflect a very good water quality. Turbidity secured 1.6 and 1.8 
NTU for developed and compact units. The pH readings showed a remarkable change after clarification and 
filtration in both conventional and developed outlet water. It ranged from pH 7.7 to 7.3 with an average of 7.5. 
Sulphate concentrations secured 25.2, 29.1, and 30.5 mg/l in conventional, developed, and compact plants 
respectively. Filtration has no effect on sulphate concentrations. Ammonia was affected completely by 
chlorination and was nearly absent in the product water. Residual aluminum secured 0.16 mg/l as an average in 
conventional plants. This value is below the permissible limits of drinking water. The conventional clarifiers 
offer a very convenient settling time to the flocs to precipitate, and the escaping flocs are captured by filtration. 
The developed outlet water showed an average of 0.29 mg/l, while compact outlet water showed an average of 
0.31 mg/l. This increase may be related to a somewhat high turbidity in the finished water. Total organic carbon 
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showed a very small effect after treatment in all types of plants. Surface water treatment by these plants is 
unable to reduce the organic load by appreciable amounts. 
 
Table 3: Outlet Water Quality in Water Treatment Plants. 

Item Unit Conventional Developed Compact 
Max. Min. Avg. Max. Min. Avg. Max. Min. Avg. 

Turbidity NTU 0.85 0.20 0.55 2.1 1.2 1.6 2.8 1.1 1.8 
pH - 7.7 7.4 7.5 7.7 7.3 7.5 7.8 7.6 7.7 

Sulphate mg/l 26.6 23.7 25.2 38.0 21.9 29.1 38.4 21.9 30.5 
Ammonia-N mg/l Nil Nil Nil 0.23 Nil 0.05 Nil Nil Nil 
Aluminum mg/l 0.20 0.05 0.16 0.44 0.13 0.29 0.51 0.22 0.31 

TOC mg/l 5.2 4.6 4.9 5.4 4.6 5.0 5.7 5.2 5.4 

 
3-4 Effect of Plant Variations and Treatment on Turbidity: 

The relation between turbidity and water treatment plants is obvious. Table (4) and Figure (1) showed the 
change of turbidity in the different stages of treatment. A small decrease of turbidity was observed after 
clarification in conventional and developed plants. The outlet water of conventional plants secured 0.55 NTU in 
which produce very high quality water. This value is under the permissible limits of drinking water. Turbidity of 
1.6 and 1.8 NTU were attained by developed and compact plants respectively. A very good filtration improved 
the quality of turbidity of water. 
 
Table 4: Effect of Plant Variations and Treatment on Turbidity. 

W.T.P Average Turbidity Reading (NTU) 
Raw Clarified Outlet 

Conventional  4.3 3.8 0.55 
Developed 4.6 4.3 1.6 
Compact 5.6 5.6 1.8 

 
3-5 Effect of Plant Variations and Treatment on Ph: 

Table (5) and Figure (2) represents the variations of pH in the different stage of treatment. The raw water 
had nearly the pH (7.84-7.89). A small change of pH after clarification as shown from Figure (2) in both 
developed and compacted plants. This reflects a lower influence of the added dose of aluminum sulphate 
solution. The pH of outlet water from the conventional plants is affected greatly and decreased to 7.45 after 
filtration.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Fig. 1: Effect of Plant Variations and Treatment on Turbidity. 

 
Table 5: Effect of Plant Variations and Treatment on pH. 

W.T.P Average pH Reading  
Raw Clarified Outlet 

Conventional  7.80 7.50 7.45 
Developed 7.80 7.70 7.50 
Compact 7.90 7.90 7.70 
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Fig. 2: Effect of Plant Variations and Treatment on pH. 

  
3-6 Effect of Plant Variations and Treatment on Sulphate Concentration: 

Table (6) and Figure (3) represents the concentration of sulphate in the different stages of treatments. A 
gradual increase in the concentration of sulphate in the clarified water after addition of alum solution was 
observed. Conventional plants have a change from 23.0to 26.7 mg/l. The outlet of developed and compact plants 
secured 29.1 and 30.5 mg/l respectively. The difference of sulphate between raw and clarified water is a result 
of addition of chemical treatment, such as aluminum sulphate. Concentration of sulphate in raw water in 
Damietta branch, mostly, comes from agricultural discharge and industrial activities. 
 
Table 6: Effect of Plant Variations and Treatment on Sulphate Concentration. 

W.T.P Average Sulphate Reading (mg/l)  
Raw Clarified Outlet 

Conventional  23.0 26.8 25.2 
Developed 22.5 23.1 29.1 
Compact 24.3 29.9 30.5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 3: Effect of Plant Variations and Treatment on Sulphate Concentration. 
 
3-7 Effect of Plant Variations and Treatment on Ammonia Concentration: 

Table (7) and Figure (4) showed the variation in concentration of ammonia-N with treatment. The average 
concentration in raw water ranges from 0.52 to 0.39 mg/l. It is found naturally in raw water with low amounts. 
Increasing concentration refers to certain pollution. Ammonia was affected greatly with chlorination, as shown 
by clarified water concentrations, and it was, nearly, demolished in the outlet water especially in the 
conventional plants. 
 
Table 7: Effect of Plant Variations and Treatment on Ammonia Concentration. 

W.T.P Average Ammonia Reading (mg/l)  
Raw Clarified Outlet 

Conventional  0.52 0.08 Nil 
Developed 0.43 0.12 0.05 
Compact 0.39 0.22 Nil 
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Fig. 4: Effect of Plant Variations and Treatment on Ammonia Concentration. 
 
3-8 Effect of Plant Variations and Treatment on Aluminum Concentration: 

Table (8) and Figure (5) represents the variation in concentration of aluminum with treatment stages. 
Residual aluminum in raw water ranges from 0.20 to 0.27 mg/l. These concentrations come mostly from the silt 
and clay which constitutes part of the turbidity. A dramatic increase in aluminum concentration in clarified 
water was observed. The concentration of aluminum in clarified water ranges from 0.56 mg/l in conventional 
plants to 0.80 mg/l in compact plants. These concentrations are, mostly, traces from soluble alum rather than 
flocs escaped from clarification. A residual aluminum in the finished water secured 0.16 mg/l in conventional 
plants, which reflects a very good water quality. The other plants revealed aluminum concentrations in the outlet 
water of about 0.29 and 0.31 mg/l in the developed and compact plants respectively. 
 
3-9 Effect of Plant Variations and Treatment on Total Organic Carbon: 

Table (9) and Figure (6) represents TOC concentrations in the raw, clarified, and finished water at different 
types of plants. It seems to be a very small change in TOC readings with these types of treatment. All the results 
ranged from 5.4 to 4.9 mg/l in the outlet water. Dissolved organic constituents or organic loads are not affected 
by these types of treatment with the possibilities of these concentrations to be increased in the nearest future. 

  
Table 8: Effect of Plant Variations and Treatment on Aluminum Concentration. 

W.T.P Average Aluminum Reading (mg/l)  
Raw Clarified Outlet 

Conventional  0.20 0.56 0.16 
Developed 0.25 0.40 0.29 
Compact 0.27 0.80 0.31 

            
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 5: Effect of Plant Variations and Treatment on Aluminum Concentration. 

 
Table 9: Effect of Plant Variations and Treatment on Total Organic Carbon Concentration. 

W.T.P Average TOC Reading (mg/l)  
Raw Clarified Outlet 

Conventional  5.0 5.0 4.9 
Developed 5.7 5.2 5.0 
Compact 5.7 5.4 5.4 
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Fig. 6: Effect of Plant Variations and Treatment on Total Organic Carbon Concentration. 
 
3-10 Economical Evaluation of Different Alternative Plants:  

The points of comparison are the average electrical power consumed to produce 1 m3 of water in kW/hr, the 
average required land space in m2 to produce 1 m3/d of treated water, and the labor daily productivity of water in 
m3/worker. The values are shown in table (10). 
 
Table 10: Variations of Parameters of Comparison. 

Parameter of 
Comparison 

Code of Point WTP 
Conventional Developed Compact 

Electricity Consumption 
(kW/h/m3) 

A 0.4630 0.4167 0.4380 

Require Area (m2/m3) B 0.5300 0.4500 0.3100 
Labor Productivity 
(m3/Worker) 

C 1222 1016 645 

 
The evaluation methods steps are the weight of the desired criteria and the analysis of the desired criteria. In 

the first step, the weight of the desired criteria has been extracted from Table (11), in which the mutual weight 
factors of each parameter of comparison against the others are presented.  

 
Table 11: The Weight of the Desired Criteria. 

 A B C 

A  A-2 A-1 

B   C-2 

C    

 
From Table (11), it was concluded that the element (A) which is the electricity consumption has a weight 

factor that is two times superior to that of element (B), which is the area of land. This means that the running 
cost of the electricity consumption is important than initial cost of the land, based on rough estimate of the 
initial and running cost during the whole design period of the project. Also, the element (A) which is the 
electricity consumption has a weight factor that is one time superior to that of element (C) which is the labor 
productivity. On the other hand, element (C), which is the labor productivity has a weight factor that is two 
times superior to that of element (B) which is the area of land. The total weight factor of each item depends on 
the total number of times that it was mentioned in the Table (11). This means that the raw weight of element (A) 
is 3, the raw weight of element (B) is 0, and the raw weight of element (C) is 2. In Table (12), the normalized 
weight of each parameter in percentage has been introduced. 
 
Table 12: The normalized weight of each parameter in percentage. 

Parameter of Comparison Raw Weight Normalized Weight 
Electricity (A) 3 60.00 % 

Area (B) 0 0.00 % 
Productivity (C) 2 40.00% 

Total 5 100 % 
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In the second step, the average values of each element are transformed to rank based on the ratios between 
values presented in Table (10). And these ranks are presented in Table (13). 
 
Table 13: Ranks of Parameters of Comparison. 

Parameter of Comparison Code of Point WTP 
Conventional Developed Compact 

Electricity Consumption 
(kW/h/m3) 

A 9 10 9.5 

Require Area (m2/m3) B 5.8 6.9 10 
Labor Productivity 
(m3/Worker) 

C 10 8.3 5.3 

 
The analysis completes by calculating the total score of each alternative, which equals the summation of the 

normalized weight multiplied by the rank of each element of comparison, as presented in Table (14). The 
alternative that gets the highest score should be the best alternative under the normal conditions.  
 
Table 14: Score of Alternatives. 

Evaluation Criteria Normalized Weight WTP 
Conventional Developed Compact 
Rank Score Rank Score Rank Score 

Electricity 60.00 % 9 540 10 600 9.5 570 
Area 0.00 % 5.8 0.00 6.9 0.00 10 0.00 
Productivity 40.00 % 10 400 8.3 332 5.3 212 
Total 100.00 %  940  932  782 

 
From Table (14), the conventional surface water treatment plant has the highest score. Under the normal 

conditions, the conventional plant is the most appropriate alternative at the least cost at large communities. Also, 
at large communities, the compact plant is more expensive alternative and its usage should be limited to the 
villages and small communities. 

 
4-Conclusions: 

Based on the experimental program executed in this research, the following conclusions had been reached: 
1. Conventional clarifiers' plants need a high capital costs, wide area, and long distribution pipelines. This 

type of treatment brings the water to a very good quality. 
2. Direct filtration or developed plants depends mainly on the low turbidity of the raw inlet water all the year 

(no flood season). It is possible to stop addition of coagulant in the inlet because there is no time for the 
flocs to be formed, and no timed for the formed flocs to be precipitated. 

3. Compact unit plants with flash mixing tanks, flocculation tanks, and settling tanks with counter-current 
lamella settler can provide a good quality settled water, if it is operated precisely. 

4. Developed and compact plants can solve the need for drinking water in villages and small communities, 
taking into consideration its low spacing, low capital costs, and ease of operation. 

5. All the results were, mostly, within the acceptable range, and within the permissible limits of drinking 
water. 

6. Good quality water from all these different plants could be attained by a good operation, maintenance, spare 
parts storage, and control of added dose of treatment chemicals. 

7. It may be concluded that the deviation and variations of results are related, mostly, to maintenance and 
operation problems rather than design and construction shortage. 

8. Under the normal conditions, the conventional plant is the most appropriate alternative at the least cost at 
large communities. Also, at large communities, the compact plant is more expensive alternative and its 
usage should be limited to the villages and small communities. 

9. Further study is needed to monitor the TOC and pesticides loads in raw water, at least, on yearly bases to 
avoid the possibilities of pollution to increase. 
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