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Abstract 
In this study, the use of the modeling software GPS-X 6.1 specialized in the design of 

sewage treatment units. To remove the phosphorus and nitrogen from the treated 

wastewater and make it identical to the Iraqi standards for the purpose of recycling and 

use in agriculture in the district of Al-Rumaitha in Al-Muthanna province in southern 

Iraq. The effect of changing the temperature during one year on the quality of the water 

produced, and its effect on the efficiency of the treatment plant in the removal of 

phosphorus and nitrogen was studied. Results show that a series of conditions of 

anaerobic, oxygen-oxygenated and aerobic reactors help to efficiently remove biological 

nutrients. Concentrations of phosphorus compounds, nitrogen compounds, COD, BOD, 

and TSS were less than permissible environmental determinants. Except for the release of 

phosphorus compounds during the summer (July and August) due to the sensitivity of 

phosphorus-containing organisms to the effect of temperature. The increased 

concentrations of phosphorus produced in summer were processed by adding chemicals 

dosing (Al2(SO4)3 or iron) in various stages of the wastewater treatment plant and 

required dosage of alum in the range of 0.4-0.8 kgAl / kg P influent, depending on the 

dosage strategy. 
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1. Introduction 

Water is the most natural source of water. Water is the most important natural 
resource. Because the Earth has limited resources, water can be transformed into 
sources of pollution and environmental degradation, so water quality should be 
controlled if possible to prevent environmental pollution (Samorì, et al., 2013 and 
Ghawi, 2017). 
Sewage and sewage are closely related to water and soil pollution. It is therefore 
imperative that waste water and effluent residues should be treated in an integrated 
manner so that they do not reach water sources whether they are used for domestic, 
recreational or agricultural purposes (Pasereh, et al., 2017, and Ghawi, 2019). 
The purpose of wastewater treatment is to accelerate the natural processes that occur 
to wastewater under tight conditions and with a small volume. 
 One of the important reasons for developing methods of treating that water is its effect 
on public health and the environment, as treatment was limited to removing suspended 
and floating materials and getting rid of decomposing organic materials and some 
pathogenic microorganisms. As a result of the advancement of science in the field of 
chemistry, biochemistry, microbiology and increased knowledge of the impact of 
pollutants on the environment, whether in the short or long term, in addition to 
industrial progress and the production of new materials, it was necessary to develop 
methods of treating those waters that would be able to remove most of the pollutants 
that were not easy. Remove them by the old methods used. Tertiary treatment is used 
to remove residual contaminants from secondary treatment. This includes the disposal 
of nitrogen, phosphorous and suspended matter, among others. Its facilities consist of 
physical, chemical and biological treatment units. (Ghawi, 2018a, and Ghawi, 2018b). 
 

The goal of biological treatment of waste is to reduce the COD and BOD content 
in the treated water as well as reduce the concentration of nutrients such as nitrogen 
and phosphorous (Mata, et al., 2010). 
The tertiary stage of wastewater treatment follows the biological treatment phase 
(secondary) and aims to increase processing efficiency up to 99% for the reduction of 
BOD5 and the reduction of nitrogen and phosphorus concentrations to the values 
allowed by the standards. The use of in-depth treatment of sewage can be used in the 
following cases (Mark, and Robert, 2017). Low capacity for self-purification of the water 
supply to which the water will be delivered. The need to reduce nitrogen and 
phosphorous concentrations in treated wastewater. When the water is bad in the area 
and treated wastewater is used in human activities again, this situation is similar to our 
case where it is necessary to use the treated water for irrigation and other activities. 

Finally, if the concentration of phosphorus in urban wastewater is about 10-20 g / 
m 3, it does not have a toxic effect on humans, but it causes the growth of algae and 
algae in the water and therefore the water in oxygen, especially in the deep places, 
which leads to the fermentation Odor and non-granular taste. The conventional 
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treatment of sewage water reduces the concentration of phosphorus from about 15-20 
in raw water to 10-15 in water out of mechanical treatment. Therefore, in tertiary 
treatment of this water to remove excess phosphorus (Lee, et al., 2015). 
The methods used for in- tertiary treatment are numerous and several can be used to 
treat wastewater (Kim, et al 2014): 

The objective  of this research is to study the effect of changing temperature during 
the year on the process of removing phosphorus and nitrogen from the wastewater 
produced by the wastewater treatment plant in Al-Rumaitha (WWTP), and make the 
water produced by the treatment suitable for irrigation and matching the Iraqi 
determinants. 

 

2. Material and Methods 

2.1 Al- Rumeitha WWTP  
 

Rumaitha is an Iraqi city and a district center in the province of Muthanna in 
southern Iraq, estimated to have a population of about 100 thousand people. Al-
Rumaitha is located on a branch of the Euphrates River (Figure 1). The rural areas 
adjacent to Al-Rumaitha are characterized by the cultivation of date palms and grains. 
Al-Rumaytha is located north of Samawah and 25 km away. Al-Rumaitha is an 
agricultural area, so it is necessary to recycle and reuse the wastewater in agriculture. 
Al- Rumeitha wastewater treatment plant was a traditional oxidation ditch mechanical 
secondary treatment plant with an approximate design capacity of average dry weather 
flow 22000 m3/d. In this research, the design of the approved process to achieve the 
removal of phosphorous and nitrogen from treated wastewater and the effect of annual 
changes in the temperature affecting were described. 
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Figure 1. Al Rumeitha site  map. 

 
2.2 Influent characteristics of Al Rumeitha Sewage Treatment Plant 

The population of the city of Al Rumeitha is about 100,000 people, and the 
standard daily typically  load values for each equivalent inhabitant of the BOD5 ranges 
between 40 to 80 gramBOD5, and the flow rate for the city is (22000 m3/day) and the 
average BOD5 is 350 mg.l-1, it is possible A contribution estimate of 77 g BOD5/ 
Equivalent inhabitants per day. Given this BOD5 contribution, it is possible to verify the 
mean of the properties affecting in proportion to this parameter. 

 SERECO S.R.L. technology was used in this study to improve performance of P 
and N removal units. Compares estimates obtained by adopting different sets of load 
values as shown in Table 1.  The GPS-X 6.1 software modeling tool have been used in 
this study. As shown in Table 1, the affected COD should be much higher than official 
data in Iraq (460 mg / L), and therefore a precautionary value of 650 mg / L was 
assumed for the treatment unit. 
 
Table 1. Inflow wastewater characteristic. 

Code  
mg.l-1 

High 
typical 
value 
WWTP 

High 
typical 
value 
WWTP 
estimate
d (USA) 

typical 
value 
WWTP 
estimated 
Regional 

GPS-X 
Value 

WWTP 
Iraq  

B.O.D5 340 350 178 451 355 

C.O.D. 750 820 349 720 450 

T.S.S. 410 410 251 410 410 
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T.N. 68 56 49  35 

NH4-N 44 33 46  20 

T.P. 13 8.5 5.5  8 

 

2.3 Process design for EBNR  
Type of BWWTP process in Al Rumeitha WWTP  is the activated sludge process. It 

oxidizes organic nitrogen and ammonium to nitrates (the N process) by ensuring 
additional aeration capacity and favorable containment time for the sludge to choose 
slow-growing nitrogenous biomass. To reduce N concentration in the treated effluent, it 
is possible to enter a non-toxic section where nitrates will be used in place of oxygen to 
oxidize the easily degradable denitrification process. Thus nitrate will be converted into 
nitrogen gas and released into the air. In the oxidation ditches, the mixed liquor is 
exposed to aerated zones alternated to anoxic zones while circulating around the 
channel. For the purpose of achieving optimum nitrogen removal in the processing unit, 
the presence of easily biodegradable C.O.D is necessary and can be achieved through 
different sources. At the Al Rumeitha  WWTP, sludge from the anaerobic tank (to 
remove phosphorus) will enter the harmless areas at the maximum distance from the 
ventilation (Figure 2), for the purpose of making use of the easily degradable materials 
coming in with the effect. 

 

 
 

Figure 2. Al Rumeitha WWTP oxidation ditched 
 

During normal biodegradation processes, small amounts of P are used for the 
growth of the biomass, but a large removal efficiency of the treatment unit can be 
achieved through improved P removal. The last operation is based on the introduction 
of an anaerobic tank similar to the marker, that is, one in which the accumulation of 
phospholipids is preferred. These bacteria are capable of storing P in the cell when a 
sequence of anaerobic and anaerobic conditions is achieved carbon storage and P 
release will occur in the anaerobic region, while this carbon will be used later in the 
anaerobic and aerobic tanks and phosphorous uptake will take place. Then P is 
discharged as the biomass is lost 
. 
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3. Results and Discussion 

3.1 The WWTP design 
Standard design procedure is used to determine the initial tank size and estimate 

sludge production (Metcalf 2003). Once the influencing properties and the desired 
mixed liquid concentration have been fixed, a minimal SRT and sludge production 
estimate (depending on the kinetics of the activated sludge model) results in an 
estimate of the size of the aerated and anaerobic tanks. Al Rumaitha wastewater 
treatment plant performance has been designed and improved through the use of GPS-
X 6.1 modeling and simulation software. GPS-X 6.1 was used to simulate and verify 
operation performance under minimum temperatures, extreme loading conditions, and 
typical fluctuations in these parameters.  

 
3.2 Simulations and validations using GPS-X 6.1 

Figure 3 shows the Al Rumeitha WWTP layout design by using GPS-X 6.1.  

 
 
Figure 3. Al Rumeitha WWTP layout. 
 
3.3 Simulate daily variations of effective load and flow 

The change in daily flow is  the typical flow rate of household sewage (Metcalf 
2003), Figure 4 illustrates the differences in daily flow for 3 days of operation. 
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Figure 4. Daily flow changing for 3 days of working. 
 

Figure 5 and Figure 6 show the results of treated wastewater using simulation 
led under the aforementioned daily changes at a liquid temperature of 16 ° C. It can be 
seen that all parameters are under the required standard. 

 

 
Figure 5. The C.O.D, B.O.D5 and T.S.S. in effluent with 16°C. 
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Figure 6. The p, n nitrate, in effluent at 16°C. 

 
3.4 Simulate annual changes in the temperature of the effluent wastewater 

In Figure 7, the change of WWT temperature during the year is required design 
temperature where the results appear. 
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Figure 7. The yearly WWT temperature diffrence. 

 
Figure 8 shows temperature increasing in summer season lead to a considerable 

release of P in the WWT effluent. Possible action to reduce the phosphorus content in 
the effluent are discussed in the following section. All other parameters remain below 
the required limits all over the year. 

 

 
Figure 8. P, NH3 and N, in effluent WWTP. 
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3.5 Suggested options for controlling phosphorous flow 

The P concentration can be controlled by dosing of chemicals (AL or Fe salts) at 
different stages of the WWTP in Rumaitha. The occurrence of anaerobic conditions in 
the sludge treatment line is known to lead to the release of large amounts of soluble 
organic P into the river into the float and WWT. If these currents need to return to the 
water line without any additional treatment, they can contribute strongly to the P load 
on the water line. In this case, the dose of chemicals added to the wasted sludge or in all 
liquid streams returned to the water line can provide several advantages, as the 
precipitation of P can be better controlled in the concentrated streams, resulting in less 
quantity, better dosage and control chemicals. Flexibility. In the processes, the effluent 
capacity of sludge and dehydrated water sludge is improved. 

On the other hand, where it is known that the summer temperature in Iraq leads 
to instability of the biological removal of P also in the case of adding a dose of chemicals 
in the sludge line. In this case, chemical dosing added prior to the secondary 
sedimentation tank would allow control of the P-concentration flow while keeping the 
costs of chemical additions as low as possible. To ensure maximum flexibility in the 
operation of the WWTP at Al Rumaitha, direct chemical dosing is required in both the 
water and sludge lines. According to previous results, the required dose of alum ranges 
in the range of 0.4-0.8 kgAl / kgPinfluent, depending on the dose strategy. This 
corresponds to about 5-10 kg alum / kg of liquid matter and a molar ratio of 0.7-1.1.  

 
3.5 Expected effluent quality 

The effluent water quality was estimated the optimum procedure by using GPS-X 
6.1 simulation tool as shown in the Table 2. 
 
Table 2. The effluent quality data. 

Code  
mg.l-1 

WWTP 
Effluent 

estimated 
at 20°C 
Temperature 

GPS-X 
result 
at 15°C 
temperature 
and  dosage 

TSS 30 13 12 

COD 100 55 34 

BOD5 20 2 5.8 

TN 12 8 3.7 

TKN 7 4.5 2.2 

Ammonium  0.56 1.1 

Nitrate  5.6 1.56 

TP 2 1.6 0.8 
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4. Conclusions 

Use the modeling software GPS-X 6.1 to design a WWTP  in Al-Rumaitha district with a 
capacity of 100,000 people. The treatment plant is oxidized ditched. The effect of 
change in discharge and temperature changes on the removal of N and P from treated 
WWTP for irrigation was studied. The results showed that all effluent COD, BOD5, TSS, 
phosphorus, and ammonium nitrate are among the Iraqi specifications throughout the 
year, except for the increased concentration of phosphorus in the summer so it was 
controlled by adding chemicals dosing (Al2(SO4)3 or iron) in various sections of the 
WWT plant. Therefore, the resulting water can be recycled and used in irrigation as it is 
within Iraqi standards of water used in irrigation purposes. 
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