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Abstract: The main objective of the proposed study is to examine the performance and the feasibility of using three different natural aeration methods (AM). The first two methods are the spray aerator (AM1) and the cascade aerator (AM2). The third method, the curtain aerator (AM3), is a new aeration technique that has different dynamic movement of wastewater falls (physical scrubbing action of aeration) for the aerobic treatment of raw sewage. The study investigates the most effective and suitable natural aeration system among these three methods for use in rural areas of developing countries where high costs of construction, operation, and maintenance of high-rate energy-intensive conventional aeration system technologies are the main bottleneck. The influences of the investigated natural aeration systems on the biological filtrations system are also investigated. The experimental results indicate an increasing in the aeration during the whole experimental by 21 %, 29 %, and 27 % for the AM1, AM2, and AM3 aeration systems, respectively; in respect with dissolved oxygen saturation. The results also showed that the amount of DO added to wastewater was influenced by both the surface loading rate (m3/m2.hr) of the aeration method and the splash movement of wastewater through the surface of the different methods As well, it was observed that cascade aerator (AM2), and the curtain aerator (AM3) had better removal efficiency in BOD, COD, and TSS compared with the spray aerator (AM1).
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1. Introduction:
A wide range of high to low technologies is available for sewage treatment in small communities. A common method for the management of sewage in small communities is by using high-rate energy-intensive wastewater treatment technologies; such as activated sludge. These methods consume high energy during operation due to the use of mechanical aeration (air blowers and air compressors) as the most common means of increasing dissolved oxygen (DO) concentrations in wastewater. In addition, energy-intensive aeration systems require regular maintenance and skilled labors for their operation. 

Extended aeration is a typical example for using the high-rate energy-intensive wastewater treatment technologies in small communities. This system is commonly used in small plants for flows of 370 m3/d or less (such as schools, villages, and subdivisions) (Shun Dar Lin - 2007). 

In developing countries, the high costs of construction, operation, and maintenance of high-rate energy-intensive wastewater treatment technologies represent a major challenge for the governments of these countries to install such systems in small communities. This has created considerable pressure to the government in these countries to find an alternative low cost treatment solution (Claude E. Boyd -1998) & (Matter-Müller et al. -1981). 

Three methods are commonly used for aeration; gravity aeration (natural aeration), mechanical aeration and diffused air aeration. If site constraints and hydraulic conditions permit gravity flow, the least costly method to raise dissolved oxygen levels is with the use of gravity aeration (Sanjib et al. - 2010; Tchobanoglous, et al.  2003).

In the gravity aeration of wastewater, the aeration process brings wastewater and air into close contact by exposing drops or thin sheets of wastewater to the air. Oxygen diffuses from the air into the wastewater and helps to increase the DO content of the wastewater (Sanjib et al. - 2010). The efficiency of the natural aeration process depends almost entirely on the amount of surface contact between the air and wastewater (mrwa - 2010). This contact is controlled primarily by the size of the wastewater drop or air bubble. In addition; the efficiency of the natural aeration process depends on the geometry shape of natural aeration type, material properties and flow conditions (Sanjib et al. - 2010).

Many types of natural aeration have been used such as Cascade Aerators, Cone Aerators, Slat and Coke Aerators, Draft Aerators, and Spray Aerators (mrwa - 2010), (Twort, A. C. - 2000). The naturally aerated biological filter is one of the most low energy consumption techniques for the aerobic treatment of wastewater. 

This study focus on the optimization of the natural aeration; and testing a new aeration method that uses vertical corrugated sheets (CURTAIN) to maximize irregular dynamic movement of wastewater drops to increase the wastewater surface area that is exposed to air.

2. Materials and methods

As mentioned previously, the main objective of this study is to optimize three different methods of natural aeration (spray aerator, cascade aerator, curtain aerator), and to evaluate their effect on the performance of the biological filter. 

Raw wastewater obtained from the sump that receives the wastewater from toilets and kitchens in a labor compound in Al Qassim Research Station in the Kingdum of Saudi Arabia (KSA), is used as the wastewater source during the experimental runs. The physical and chemical properties of the raw wastewater are presented in table 1.
Table 1: The physical and chemical properties of the raw wastewater:

	Measuring parameters
	Description (Av. ± Standard Deviation)

	Total suspended solids (mg/l)
	135 ± 82

	BOD (mg/l)
	352 ± 239

	COD (mg/l)
	411 ± 298

	pH
	6.6 ± 0.34


A significant (considerable) variation in the organic strength of the raw wastewater was observed, due to the low number of staff members working in the compound (10 persons).

Three methods of wastewater aerations were tested ahead of biological filter media of two layers (Figure 1). The three aeration methods are 

1. SPRAY NOZZLE method 1  (AM1),

2. CASCADE (waste-waterfall) method 2 (AM2) which is shown in Figure 2,

3. CURTAIN method (AM3). This is a new method of aeration as it shown in Figure (2). The idea of this method is to use vertical corrugated sheets to maximize irregular dynamic movement of drops that increase the wastewater surface area exposed to air.

The  effect of the surface loading rate (m3/m2.hr) on the aeration performance under the three methods were investigated in order to get the best dynamic movement of wastewater drop that has optimum physical scrubbing action of aeration.

 For fair comparison, the total exposed surface area of AM2 and AM3 were selected to be equal. First, the total exposed surface area of AM3 was measured and found to be 0.2 m2. The cascade was then designed to have same exposed area as that of the curtain. The number of plates were 5 and the exposed surface area of each plate was equal to 0.04 m2 (0.15 * 0.27 m). For AM1, the number of nozzles was 10 and the area of each nozzle was equal to 4.15*10-6 m2. 

Experimental Set-Up

The schematic diagram of the experiment setup is presented in Figure (3). The treatment unit consisted of the following units:

1. Primary settling tank (PST) (0.62 m, 1.0 m, 0.5 m depth).

2. Wastewater from the primary settling tank was equally distributed (by weir) into three biological filters through the three methods of aeration. The height of the three aeration methods (the distance between the primary settling tank and the biological filters) is 1m. 

3. Three identical biological filters (BF) (0.6 m width, 2.0 m length, 1.5 m depth) filled with two layers of media.

4. Three identical final settling tanks (FST) (0.34 m, 0.5 m, 0.42 m depth).

The biological filters (BF) were identically filled with two layers of biological media with the following properties:

1. Upper Media of "0.75" cm depth; characterized by medium surface area with bigger voids ratio than that of the lower media  Sluices of used drinking water bottles arranged in a spherical shape have been used to minimize the media cost. 

2. Lower Media of "0.75" cm depth; characterized by large surface area with lower voids ratio than that of the upper media. Gravel media sieved into particles of 5/8”-1 ½” (15-37 mm) was used. The reason for using these sizes is to retain the most active biological solids for long periods of time (Sabry et al. - 2004). 

In order to enhance the growing up of a quality biomass, the three biological filters (BF1, BF2, and BF3) were seeded at the beginning of the experiment with 100 liters of the activated sludge that is distributed equally among the three filters identically. The source of the used activated sludge is the return activated sludge pump station in the wastewater treatment plant of Buraidah city, Al Qassim region, KSA.

The added activated sludge had the following Characteristics:

Total suspended solids (TSS)

= 5120 g/m3 of sludge

Volatile Suspended Solids (VSS)

= 3510 g/m3 of sludge

Settleable solids measured by Imhoff cone
= 820 ml/L after 0.5 hr settling.

The filters were kept running for three weeks until it reached steady state conditions  before starting changing surface loading rate  from 0.5 to 1.5 m3/m2/hr. 

Analytical Methods

To evaluate the performance of each method, wastewater samples were collected at the inlet and outlet of the PST and the outlet of the FST. The samples were analyzed and the following physico-chemical characteristics were investigated:

· The wastewater flow.

· Temperature.

· pH.

· Dissolved oxygen concentration.

· The 5 days biochemical oxygen demand (BOD5).

· The chemical oxygen demand (COD)

· Total suspended solid (TSS).


All parameters were measured according to the American Standard Methods for the examination of water and wastewater (APHA, 19th Edition, 1995).

The concentration of dissolved oxygen was used to estimate whether the process is over or under aerated. The pH test gave an indication of the amount of carbon dioxide removal. The temperature is important as the saturation point of oxygen increases as the temperature decreases; therefore special attention was given to put the three aeration systems under identical conditions to avoid temperature influence. 

Operational conditions
The aeration efficiency “ET” of any hydraulic structure at any temperature “T” (oC) is expressed using the following equation (Sanjib et al. - 2010; Toombes et al. - 2004):

ET = (CDS – CUS)/ (CSAT – CUS)…………………….1

Where; CDS, CUS, and CSAT represent dissolved oxygen concentration at downstream, upstream the three used natural aeration method and at saturation, respectively.
The three aeration systems were run under three different loading rates. A summary of operation conditions for each run is presented in table 2

 Table 2: The physical and chemical properties of the raw wastewater:

	Measuring parameters
	Description (Av. ± Standard Deviation)

	Total suspended solids (mg/l)
	135 ± 82

	BOD (mg/l)
	352 ± 239

	COD (mg/l)
	411 ± 298

	pH
	6.6 ± 0.34
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Figure 1: An over view for the pilot system
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Figure 2: An over view for the Cascade & Curtain Aeration methods
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Figure 3: A schematic diagram of the Semi-pilot System
3. Results 
The experiment ran for 6 months continuously (24h/d), and was carried out in an ambient temperature. All the temperature measurements were conducted during day light. For each collected sample from the influent (after the primary treatments) the pH value was measured. The average pH value was 6.96, 7.14, and 7.12 after AM1, AM2, and AM3, respectively.

The results of the three natural aeration methods at different surface loading rate (run "1", 2, and 3) will be presented and analyzed in the following subsections.

Results of Dissolved Oxygen concentration at Run 1 (S.L.R. = 0.5 m3/m2/hr):

The DO concentration upstream of the three used natural aeration systems ranged from a minimum value equal to 0.4 mg/L to maximum value of 2 mg/L.

For the first natural aeration system (AM1), the DO concentration ranged from a minimum value of 1.58 mg/L to a maximum value of 4.31 mg/L (figure 4), with an average value equal to 2.9 mg/L. In case of AM2, the DO concentration ranged from a minimum value of 1.59 mg/L to a maximum value of 4.61 mg/L (figure 4), with average value equal to 3.0 mg/L. For AM3, the DO concentration ranged from a minimum value of 1.46 mg/L to a maximum value of 4.64 mg/L (figure 4), with average equal to 2.9 mg/L. 

In summary, the three aeration systems increase the DO concentration from an average value, upstream the natural aeration methods, equal to 1.6 mg/l, to an average value, downstream AM1; AM2; AM3, equal to 2.9 mg/L; 3.0 mg/L; and 2.9 mg/L, respectively.

No significant difference under run 1 was observed between the three aeration systems. The DO after the three systems follows the same pattern of the DO downstream the primary sedimentation tank (upstream the three methods). The drop in DO concentration during the period from (25-30) was due to high influent COD.

A sudden increase in the DO concentration was noted between day 10 and 15, which was a result of the increasing wind in this period of time. As a result, the effective contact between air and wastewater is expected to improve, due to the increase in the splash movement of wastewater, by increasing the wastewater velocity.
Results of Dissolved Oxygen concentration at Run 2 (S.L.R. = 1 m3/m2/hr):

The DO concentration upstream of the three used natural aeration systems ranged from a minimum value equal to 0.76 mg/L to a maximum value equal to 1.94 mg/L.

For the first natural aeration system (AM1), the DO concentration ranged from a minimum value equal to 2.85 mg/L to a maximum value equal to 4.59 mg/L (figure 5), with an average value equal to 3.5 mg/L. For AM2, the DO concentration ranged from a minimum value equal to 3.04 mg/L to a maximum value equal to 6.06 mg/L (figure 5), with an average value equal to 4.3 mg/L. While for AM3, the DO concentration ranged from a minimum value equal to 2.83 mg/L to a maximum value equal to 5.94 mg/L (figure 5), with an average value equal to 4.1  mg/L. 

A similar behavior to run 1 was observed, except for a slight increase in the DO in all the three systems as a result of increasing the SLR,

No significant difference was noted under this run between the three aeration systems. The DO concentration downstream the three methods following the same pattern of the DO downstream the primary sedimentation (upstream the three methods), except the high peak after day 25, which was a result of the increasing wind in the end of this run. 


[image: image4.emf]0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0 5 10 15 20 25

Time (days)

DO-mg/l

After PST AM1 AM2 AM3

`


Figure 4: DO Concentration Before and After Aeration Methods    SLR =0.5 m3/m2.d
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Figure 5: DO Concentration Before and After Aeration Methods SLR = 1 m3/m2.d
Results of Dissolved Oxygen concentration at Run 3 (S.L.R. = 1.5 m3/m2/hr):

The DO concentration upstream the three used natural aeration systems ranged from a minimum value equal to 0.5 mg/L to maximum value equal to 1.3 mg/L.

For the first natural aeration system AM1 the DO concentration ranged from a minimum value equal to 2.09 mg/L to maximum value equal to 2.58 mg/L (figure 6), with an average value equal to 2.3 mg/L. For AM2 the DO concentration ranged from a minimum value equal to 1.96 mg/L to maximum value of 3.53 mg/L (figure 6), with an average value equal to 2.8 mg/L (Figure 7). While, forAM3the DO concentration was ranged from a minimum value equal to 1.99 mg/L to maximum value equal to 3.26 mg/L (figure 6), with an average value equal to 2.9 mg/L.

The difference in behavior of the three aeration systems can be clearly distinguished.  

The difference in behavior of the three aeration systems can be clearly distinguished.  Systems 1 has lower performance efficiency; while system 2&3 are similar and have significantly better performance under this run conditions (higher case of SLR). Similar to Run 1 & 2, the DO concentration downstream the three methods following the same pattern of the DO downstream the primary sedimentation (upstream the three methods). 
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Figure 6: DO Concentration Before and After Aeration Methods   SLR =1.5 m3/m2.d
Results of BOD, COD, and TSS:

The removal efficiency of BOD, COD, and TSS during the experiment were low. This can be attributed to the insufficient biomass concentration in the biological filtration. It should be noted, however, that even though removal efficiencies were relatively low, it was impacted positively by the amount of DO added to wastewater by the different aeration methods. The average BOD removal efficiency for the three runs through the biological systems BF1, BF2, and BF3 during the overall performance of the three pilots was 17.2 %, 29.8 %, and 23.7 %, respectively. For TSS, the average removal efficiency for the three runs was 22.8 %, 27.2 %, and 39.9 % for the biological systems BF1, BF2, and BF3, respectively. The average COD removal efficiency for the three runs was 17.2 %, 23.5 %, and 24.6 % for the biological systems BF1, BF2, and BF3, respectively (Figure 7). 

 
Modification in the design of biological filter (dimensions of media, type of media, operation cycle, recirculation, etc) were considered for future research activities (phase 2 in the project) to improve the removal efficiency of BOD, COD and TSS.  
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Figure 7: Overall average BOD, COD, and TSS removal efficiency for the 3 runs 
4. Discussions:

Adding DO values to the wastewater after the three aeration methods were influenced by changing the SLR from 0.5 m3/m2.hr (Run 1) to 1 m3/m2.hr (Run2). At SLR = 0.5 m3/m2.hr; the average DO added to the wastewater by AM1, AM2, AM3 were increased by 18, 20, 18 %, respectively. While, at SLR = 1 m3/m2.hr the average DO added to the wastewater by AM1, AM2, AM3 were increased by 27, 37, 34 %, respectively (Figure 8).

This can be attributed to the wastewater falling velocity and the splash movement through the aeration methods.  At SLR = 0.5 m3/m2.hr, the wastewater falling velocity and the splash movement was low compared to that at SLR = 1 m3/m2.hr. At SLR = 1 m3/m2.hr, the wastewater falling velocity increased leading to  an increase in the contact exposing time between air and wastewater, and the splash movement through the aeration methods were also increased, which affect positively the amount of DO added to the wastewater

On the other hand, the average DO values that added to wastewater after aerations methods at SLR = 1.5 m3/m2.hr (Run 3) were less than that of 1.0 m3/m2.hr (Run 2). The averages DO at SLR 1.5 m3/m2.hr after AM1, AM2, AM3 increased by 21, 29, 30 %, respectively (Figure 8). This can be attributed to that the wastewater falling velocity at SLR = 1.5 m3/m2.hr was too high to permit a suitable contact exposing time between air and wastewater.

In conclusion, the effective contact between air and wastewater is expected to improve, due to the increasing of hydraulic loading rate, and therefore increasing in the splash movement of wastewater, by increasing the velocity. The splash movement keeps increasing, until it reaches an optimum value for the hydraulic loading rate, and then decrease with the increase of the velocity, due to insufficient wastewater contact exposing time with air. These results are in agreement with a previous study (Sanjib et al. - 2010). They found that at a higher hydraulic loading rate, the flow approaches the transition zone and thereby aeration efficiency decrease.
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Figure 8: Average increasing ratio in aeration  at different SLR 

Power requirements for maintaining a completely mixed flow regime with mechanical aerators in an activated sludge system; vary from 20 to 40 Kw/1000 m3, depending on the type and design of the aerator and the geometry of the tank (Metcalf & Eddy - 2004). Whereas, in the natural aeration methods, for increasing one meter in the pump head to build head for cascade or curtain methods, the increasing in the power consumption for each 1000 m3 is as follows:

P = [(Ɣ Q H / ɳ) / 1000 ]…………………………..2 

Where;

P = Input power (Kw/1000 m3)

Ɣ = 9810 N/m3
ɳ = 65 – 75 %

Q =  1000  m3/d = 0.01157 m3/s

H = 1.0 m

Power=[((9810 N/m3 * 0.01157 m3/s * 1.0 m)/0.75)/1000] = 0.151 Kw/1000 m3
As a conclusion, the natural aeration consumes about 90 % less than the mechanical aerators.

Hydrogen sulfide is most efficiently removed by the scrubbing action of aeration. This removal is dependent on the pH of the wastewater. The hydrogen sulfide can be easily removed at a pH of 6 or less (mrwa - 2010).  Since the pH of the wastewater after the PST were always between 6.02 and 7.54 during the whole experiment, the hydrogen sulfide was expected to ionize, therefore, precluding removal by aeration.

5. Conclusion:

The following points summarize the main conclusions of this study:

1. Improvement in DO concentration was observed in all the natural aeration systems investigated in this study at different SLR.

2. The effective contact between air and wastewater is expected to improve, due to the increasing of SLR, The splash movement keeps increasing, until it reaches an optimum value for the hydraulic loading rate, and then decrease with the increase of the velocity, due to insufficient wastewater contact exposing time with air. 

3. The new tested aeration system (Curtain-AM3), proved efficiency in increasing DO content of the wastewater, due to its corrugated sheets that maximize irregular dynamic movement of wastewater drops, and then increased the wastewater surface area that exposes to the air. 

4. Matching between DO downstream the primary sedimentation tank and final DO achieved downstream natural aeration systems will be mainly dependent on the physical process and the base line of the DO downstream primary sedimentation (Upstream natural aeration system).

5. A significant improvement in the performance of the natural aeration systems were observed during the study as a result of increasing wind speed. Therefore, attention should be made for the orientation of natural aeration systems to make use the wind force potential.

6. Natural aerations systems employed, lead to a reduction of 90 % in the consumed energy compared to the mechanical aerators. 
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Sheet1

		

														RUN 1

										Temperature		After PST		AM1		AM2		AM3		Increase Ratios in AM1		Increase Ratios in AM2		Increase Ratios in AM3

						14-Feb		1				0.2		3.7		2.43		2.23		1750.0		1115.0		1015.0

						15-Feb		2				0.24		3.03		4.2		2.23		1162.5		1650.0		829.2

						16-Feb		3				0.24		3.87				4.92		1512.5		-100.0		1950.0

						17-Feb		4				0.26		2.47		2.65		4.07		850.0		919.2		1465.4

						18-Feb		5				0.44		2.64		3.58		5		500.0		713.6		1036.4

						21-Feb		8						2.27		3.19		2.92		0.0		0.0		0.0

						22-Feb		9				0.23		2.07		2.33		3.14		800.0		913.0		1265.2

						23-Feb		10				0.17		1.88		2.59		2.59		1005.9		1423.5		1423.5

						24-Feb		11				0.19		2.24		4.6		2.79		1078.9		2321.1		1368.4

						25-Feb		12				0.19		2.1		4.34		1.94		1005.3		2184.2		921.1

						28-Feb		15				0.39		3.35		2.8		3.38		759.0		617.9		766.7

						1-Mar		16				0.48		2.67		2.91				456.3		506.3		-100.0

						2-Mar		17				0.18		3.93		1.39		4.77		2083.3		672.2		2550.0

						3-Mar		18				0.93		3.13		4.62		5.55		236.6		396.8		496.8

						4-Mar		19				0.93		3.33		3.34		2.83		258.1		259.1		204.3

						7-Mar		22				1.08		3.01		4.81		3.65		178.7		345.4		238.0

						8-Mar		23				0.76		2.85		4.37		3.32		275.0		475.0		336.8

						9-Mar		24				0.84		3.08		3.67		3.36		266.7		336.9		300.0

						10-Mar		25				0.96		3.19				4.08		232.3		-100.0		325.0

						11-Mar		26				1.14		3.36		3.04		4.3		194.7		166.7		277.2

						14-Mar		29				0.96		2.83		3.59				194.8		274.0		-100.0

						15-Mar		30				0.89		3.04		3.13				241.6		251.7		-100.0

						16-Mar		31				0.95		3.22		4.55		2.65		238.9		378.9		178.9

						17-Mar		32				1.2		3.2		3.96		3.77		166.7		230.0		214.2

						18-Mar		33				1.24		3.51						183.1		-100.0		-100.0

						21-Mar		36				1.26		3.24						157.1		-100.0		-100.0

						22-Mar		37				1.22		3.59				3.15		194.3		-100.0		158.2

						23-Mar		38				1.36		3.23		3.66		3.07		137.5		169.1		125.7

						24-Mar		39				1.32		3.56		3.24		3.15		169.7		145.5		138.6

						25-Mar		40				1.18		4.04		4.97				242.4		321.2		-100.0

						28-Mar		43				1.44		3.3		3.68		4.19		129.2		155.6		191.0

						29-Mar		44				1.23		3.65		5.59		5.21		196.7		354.5		323.6

						30-Mar		45				1.8		4.46		6.06		5.94		147.8		236.7		230.0

						31-Mar		46				1.94		4.59		5.95		5.84		136.6		206.7		201.0

						1-Apr		47						4.25		3.05		4.41		0.0		0.0		0.0

						4-Apr		50				1.98		4.48				4.29		126.3		-100.0		116.7

												0.8770588235		3.2322222222		3.743		3.758

																RUN 2

										Time (day)		After PST		AM1		AM2		AM3

						5-Apr				1		2.39		4.44		2.28		3.29		85.8		-4.6		37.7

						6-Apr				2		2.03		3.32		3.62		3.37		63.5		78.3		66.0

						7-Apr				3		1.98		3.35		3.46		2.91		69.2		74.7		47.0

						8-Apr				4		1.91		3.73		2.95		2.62		95.3		54.5		37.2

						11-Apr				7		1.88		2.54		4.58		2.68		35.1		143.6		42.6

						12-Apr				8		1.88		3.34		2.34		2.08		77.7		24.5		10.6

						14-Apr				9		1.89		2.76		2.59		2.24		46.0		37.0		18.5

						15-Apr				10		1.95		3.97		3.27		2.57		103.6		67.7		31.8

						18-Apr				13		1.91				4.61		4.64		-100.0		141.4		142.9

						19-Apr				14		1.99		3.23		3.19		4.18		62.3		60.3		110.1

						20-Apr				15		1.92		3.53		3.25		3.26		83.9		69.3		69.8

						21-Apr				16		1.77		2.77		3.38		3.21		56.5		91.0		81.4

						22-Apr				17		1.38		2.65		2.73		3.12		92.0		97.8		126.1

						25-Apr				20		1.63		2.62		3.37		3.5		60.7		106.7		114.7

						26-Apr				21		1.59		2.43		3.69		2.91		52.8		132.1		83.0

						27-Apr				22		0.95		2.26		2.11		2.25		137.9		122.1		136.8

						28-Apr				23		0.4		1.58		1.59		1.46		295.0		297.5		265.0

						29-Apr				24		0.68		1.73		2.15		2.08		154.4		216.2		205.9

												1.6738888889		2.9558823529		3.0644444444		2.9094444444		81.8		106.7		90.4
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pH value

		

																		Increasing efficiency in DO %								Ascending

				Flow (Lmin)		Day		After PST		AM1		AM2		AM3				AM1		AM2		AM3				AM1		AM2		AM3

				3.3		0		0.93		3.33		3.34		2.83				258		259		204				2.85		3.04		2.83

						3		1.08		3.01		4.81		3.65				179		345		238				3.01		3.24		3.07

						4		0.76		2.85		4.37		3.32				275		475		337				3.08		3.34		3.15

						5		0.84		3.08		3.67		3.36				267		337		300				3.2		3.66		3.32

						7		1.14		3.36		3.04		4.3				195		167		277				3.23		3.67		3.36

						13		1.2		3.2		3.96		3.77				167		230		214				3.3		3.68		3.65

						19		1.36		3.23		3.66		3.07				138		169		126				3.33		3.96		3.77

						20		1.32		3.56		3.24		3.15				170		145		139				3.36		4.37		4.19

						24		1.44		3.3		3.68		4.19				129		156		191				3.56		4.81		4.3

						25		1.23		3.65		5.59		5.21				197		354		324				3.65		5.59		5.21

						26		1.8		4.46		6.06		5.94				148		237		230				4.46		5.95		5.84

						27		1.94		4.59		5.95		5.84				137		207		201				4.59		6.06		5.94

								1.3		3.5		4.3		4.1				177		242		223

																		188		257		232		Average increasing

																														S.A.= 0.2 m2
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										pH after PST				AM1		AM2		AM3				pH increasing

										7.24				7.38		7.78		7.82				0.14		0.54		0.58

										6.78				6.91		7.28		7.32				0.13		0.5		0.54

										6.98				7.22		7.42		7.42				0.24		0.44		0.44

										6.99				7.22		7.46		7.5				0.23		0.47		0.51

										6.86				7.25		7.57		7.56				0.39		0.71		0.7

										6.98				7.23		7.53		7.6				0.25		0.55		0.62

										6.9				7.23		7.47		7.48				0.33		0.57		0.58

										6.86				7.09		7.41		7.31				0.23		0.55		0.45

										7.54				8.3		8.29		8.18				0.76		0.75		0.64

										7.08				7.44		7.57		7.64				0.36		0.49		0.56

										7.19				7.66		7.82		7.83				0.47		0.63		0.64

										7.01				7.35		7.7		7.69				0.34		0.69		0.68

										6.97				7.27		7.76		7.69				0.3		0.79		0.72

										6.79				7.13		7.27		7.57				0.34		0.48		0.78

										6.37				6.75		6.73		6.75				0.38		0.36		0.38

										6.34				6.65		6.77		6.79				0.31		0.43		0.45

										6.34				6.65		6.78		6.83				0.31		0.44		0.49

										6.34				6.66		6.81		6.76				0.32		0.47		0.42

										6.41				6.76		7.05		6.87				0.35		0.64		0.46

										6.42				6.65		6.81		6.77				0.23		0.39		0.35

										6.26				6.54		6.75		6.73				0.28		0.49		0.47

										6.02				6.58		6.64		6.65				0.56		0.62		0.63

										6.2				6.54		6.65		6.64				0.34		0.45		0.44

										6.28						6.9		6.88						0.62		0.6

										6.35				6.7		6.83		6.8				0.35		0.48		0.45

										6.27				6.58		6.75		6.74				0.31		0.48		0.47

										6.23				6.65		6.82		6.79				0.42		0.59		0.56

										6.38				6.74		6.87		6.83				0.36		0.49		0.45

										6.42				6.88		6.86		6.83				0.46		0.44		0.41

										6.48				6.83		6.95		6.81				0.35		0.47		0.33

										6.5				6.71		6.85		6.84				0.21		0.35		0.34

										6.51				6.88		7.01		6.97				0.37		0.5		0.46

										6.5				6.86		7.09		6.85				0.36		0.59		0.35

										6.49				6.97		7.23		7.1				0.48		0.74		0.61

										6.6				6.81		7.08		7.12				0.21		0.48		0.52

										6.55				6.92		7.07		6.95				0.37		0.52		0.4

										6.5				6.87		6.98		6.95				0.37		0.48		0.45

										6.38				6.74		6.96		6.96				0.36		0.58		0.58

										6.47				6.84		7.07		7.1				0.37		0.6		0.63

										6.46				6.9		7.01		6.98				0.44		0.55		0.52

								Average		6.606				6.9574358974		7.14125		7.1225		Average		0.3430769231		0.53525		0.5165

								STDEV		0.339288849				0.3580188024		0.3893333388		0.4021528603

																								0.4649423077
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Sheet1

		

														RUN 1

										Temperature		After PST		AM1		AM2		AM3		Increase Ratios in AM1		Increase Ratios in AM2		Increase Ratios in AM3

						14-Feb		1				0.2		3.7		2.43		2.23		1750.0		1115.0		1015.0

						15-Feb		2				0.24		3.03		4.2		2.23		1162.5		1650.0		829.2

						16-Feb		3				0.24		3.87				4.92		1512.5		-100.0		1950.0

						17-Feb		4				0.26		2.47		2.65		4.07		850.0		919.2		1465.4

						18-Feb		5				0.44		2.64		3.58		5		500.0		713.6		1036.4

						21-Feb		8						2.27		3.19		2.92		0.0		0.0		0.0

						22-Feb		9				0.23		2.07		2.33		3.14		800.0		913.0		1265.2

						23-Feb		10				0.17		1.88		2.59		2.59		1005.9		1423.5		1423.5

						24-Feb		11				0.19		2.24		4.6		2.79		1078.9		2321.1		1368.4

						25-Feb		12				0.19		2.1		4.34		1.94		1005.3		2184.2		921.1

						28-Feb		15				0.39		3.35		2.8		3.38		759.0		617.9		766.7

						1-Mar		16				0.48		2.67		2.91				456.3		506.3		-100.0

						2-Mar		17				0.18		3.93		1.39		4.77		2083.3		672.2		2550.0

						3-Mar		18				0.93		3.13		4.62		5.55		236.6		396.8		496.8

						4-Mar		19				0.93		3.33		3.34		2.83		258.1		259.1		204.3

						7-Mar		22				1.08		3.01		4.81		3.65		178.7		345.4		238.0

						8-Mar		23				0.76		2.85		4.37		3.32		275.0		475.0		336.8

						9-Mar		24				0.84		3.08		3.67		3.36		266.7		336.9		300.0

						10-Mar		25				0.96		3.19				4.08		232.3		-100.0		325.0

						11-Mar		26				1.14		3.36		3.04		4.3		194.7		166.7		277.2

						14-Mar		29				0.96		2.83		3.59				194.8		274.0		-100.0

						15-Mar		30				0.89		3.04		3.13				241.6		251.7		-100.0

						16-Mar		31				0.95		3.22		4.55		2.65		238.9		378.9		178.9

						17-Mar		32				1.2		3.2		3.96		3.77		166.7		230.0		214.2

						18-Mar		33				1.24		3.51						183.1		-100.0		-100.0

						21-Mar		36				1.26		3.24						157.1		-100.0		-100.0

						22-Mar		37				1.22		3.59				3.15		194.3		-100.0		158.2

						23-Mar		38				1.36		3.23		3.66		3.07		137.5		169.1		125.7

						24-Mar		39				1.32		3.56		3.24		3.15		169.7		145.5		138.6

						25-Mar		40				1.18		4.04		4.97				242.4		321.2		-100.0

						28-Mar		43				1.44		3.3		3.68		4.19		129.2		155.6		191.0

						29-Mar		44				1.23		3.65		5.59		5.21		196.7		354.5		323.6

						30-Mar		45				1.8		4.46		6.06		5.94		147.8		236.7		230.0

						31-Mar		46				1.94		4.59		5.95		5.84		136.6		206.7		201.0

						1-Apr		47						4.25		3.05		4.41		0.0		0.0		0.0

						4-Apr		50				1.98		4.48				4.29		126.3		-100.0		116.7

												0.8770588235		3.2322222222		3.743		3.758

																RUN 2

										Time (day)		After PST		AM1		AM2		AM3

						5-Apr				1		2.39		4.44		2.28		3.29		85.8		-4.6		37.7

						6-Apr				2		2.03		3.32		3.62		3.37		63.5		78.3		66.0

						7-Apr				3		1.98		3.35		3.46		2.91		69.2		74.7		47.0

						8-Apr				4		1.91		3.73		2.95		2.62		95.3		54.5		37.2

						11-Apr				7		1.88		2.54		4.58		2.68		35.1		143.6		42.6

						12-Apr				8		1.88		3.34		2.34		2.08		77.7		24.5		10.6

						14-Apr				9		1.89		2.76		2.59		2.24		46.0		37.0		18.5

						15-Apr				10		1.95		3.97		3.27		2.57		103.6		67.7		31.8

						18-Apr				13		1.91				4.61		4.64		-100.0		141.4		142.9

						19-Apr				14		1.99		3.23		3.19		4.18		62.3		60.3		110.1

						20-Apr				15		1.92		3.53		3.25		3.26		83.9		69.3		69.8

						21-Apr				16		1.77		2.77		3.38		3.21		56.5		91.0		81.4

						22-Apr				17		1.38		2.65		2.73		3.12		92.0		97.8		126.1

						25-Apr				20		1.63		2.62		3.37		3.5		60.7		106.7		114.7

						26-Apr				21		1.59		2.43		3.69		2.91		52.8		132.1		83.0

						27-Apr				22		0.95		2.26		2.11		2.25		137.9		122.1		136.8

						28-Apr				23		0.4		1.58		1.59		1.46		295.0		297.5		265.0

						29-Apr				24		0.68		1.73		2.15		2.08		154.4		216.2		205.9

												1.6738888889		2.9558823529		3.0644444444		2.9094444444		81.8		106.7		90.4
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pH value

																		Increasing efficiency in DO %										Ascending

				Flow (Lmin)		Day		After PST		AM1		AM2		AM3				AM1		AM2		AM3						AM1		AM2		AM3

						1		2.03		3.32		3.62		3.37				64		78		66						1.58		1.59		1.46

						2		1.98		3.35		3.46		2.91				69		75		47						1.73		2.11		2.08

						3		1.91		3.73		2.95		2.62				95		54		37						2.26		2.15		2.08

						6		1.88		2.54		3.03		2.68				35		61		43						2.43		2.34		2.24

						7		1.88		3.34		2.34		2.08				78		24		11						2.54		2.59		2.25

						9		1.89		2.76		2.59		2.24				46		37		19						2.62		2.73		2.57

						10		1.95		3.46		3.27		2.57				77		68		32						2.65		2.95		2.62

						13		1.91		4.31		4.61		4.64		3.345		126		141		143						2.76		3.19		2.68

						14		1.99		3.23		3.19		4.18				62		60		110						2.77		3.25		2.91

						15		1.92		3.53		3.25		3.26				84		69		70						3.23		3.27		2.91

						16		1.77		2.77		3.38		3.21				56		91		81						3.32		3.37		3.12

						17		1.38		2.65		2.73		3.12				92		98		126						3.34		3.38		3.21

						20		1.63		2.62		3.37		3.5				61		107		115						3.35		3.46		3.26

						21		1.59		2.43		3.69		2.91				53		132		83						3.53		3.62		3.37

						22		0.95		2.26		2.11		2.25				138		122		137						3.73		3.69		3.5

						23		0.4		1.58		1.59		1.46				295		298		265						3.97		4.58		4.18

						24		0.68		1.73		2.15		2.08				154		216		206						5.85		4.61		4.64

								1.6		2.9		3.0		2.9				93		102		93		Average increasing

										3.0		3.1		2.9
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										pH after PST				AM1		AM2		AM3				pH increasing

										7.24				7.38		7.78		7.82				0.14		0.54		0.58

										6.78				6.91		7.28		7.32				0.13		0.5		0.54

										6.98				7.22		7.42		7.42				0.24		0.44		0.44

										6.99				7.22		7.46		7.5				0.23		0.47		0.51

										6.86				7.25		7.57		7.56				0.39		0.71		0.7

										6.98				7.23		7.53		7.6				0.25		0.55		0.62

										6.9				7.23		7.47		7.48				0.33		0.57		0.58

										6.86				7.09		7.41		7.31				0.23		0.55		0.45

										7.54				8.3		8.29		8.18				0.76		0.75		0.64

										7.08				7.44		7.57		7.64				0.36		0.49		0.56

										7.19				7.66		7.82		7.83				0.47		0.63		0.64

										7.01				7.35		7.7		7.69				0.34		0.69		0.68

										6.97				7.27		7.76		7.69				0.3		0.79		0.72

										6.79				7.13		7.27		7.57				0.34		0.48		0.78

										6.37				6.75		6.73		6.75				0.38		0.36		0.38

										6.34				6.65		6.77		6.79				0.31		0.43		0.45

										6.34				6.65		6.78		6.83				0.31		0.44		0.49

										6.34				6.66		6.81		6.76				0.32		0.47		0.42

										6.41				6.76		7.05		6.87				0.35		0.64		0.46

										6.42				6.65		6.81		6.77				0.23		0.39		0.35

										6.26				6.54		6.75		6.73				0.28		0.49		0.47

										6.02				6.58		6.64		6.65				0.56		0.62		0.63

										6.2				6.54		6.65		6.64				0.34		0.45		0.44

										6.28						6.9		6.88						0.62		0.6

										6.35				6.7		6.83		6.8				0.35		0.48		0.45

										6.27				6.58		6.75		6.74				0.31		0.48		0.47

										6.23				6.65		6.82		6.79				0.42		0.59		0.56

										6.38				6.74		6.87		6.83				0.36		0.49		0.45

										6.42				6.88		6.86		6.83				0.46		0.44		0.41

										6.48				6.83		6.95		6.81				0.35		0.47		0.33

										6.5				6.71		6.85		6.84				0.21		0.35		0.34

										6.51				6.88		7.01		6.97				0.37		0.5		0.46

										6.5				6.86		7.09		6.85				0.36		0.59		0.35

										6.49				6.97		7.23		7.1				0.48		0.74		0.61

										6.6				6.81		7.08		7.12				0.21		0.48		0.52

										6.55				6.92		7.07		6.95				0.37		0.52		0.4

										6.5				6.87		6.98		6.95				0.37		0.48		0.45

										6.38				6.74		6.96		6.96				0.36		0.58		0.58

										6.47				6.84		7.07		7.1				0.37		0.6		0.63

										6.46				6.9		7.01		6.98				0.44		0.55		0.52

								Average		6.606				6.9574358974		7.14125		7.1225		Average		0.3430769231		0.53525		0.5165

								STDEV		0.339288849				0.3580188024		0.3893333388		0.4021528603

																								0.4649423077
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		BOD		Q (L/min)		% F1		% F2		% F3

				3.3		23.8		28.4		29.4

				1.7		10.7		31.3		18

				Average		17.2		29.8		23.7

		COD		Q (L/min)		% F1		% F2		% F3

				3.3		21.36		27.16		31.40

				1.7		13.05		19.78		17.79

				Average		17.2		23.5		24.6

		TSS		Q (L/min)		% F1		% F2		% F3

				3.3		25.94		28.84		40.94

				1.7		19.64		25.49		38.85

				Average		22.8		27.2		39.9

																increasing in removal efficiency

						BF1		BF2		BF3						BF2		BF3

				BOD		17.23		29.84		23.70				BOD		73		38

				COD		17.21		23.47		24.60				COD		36		43

				TSS		22.79		27.17		39.89				TSS		19		75
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Sheet1

		

														RUN 1

										Temperature		After PST		AM1		AM2		AM3		Increase Ratios in AM1		Increase Ratios in AM2		Increase Ratios in AM3

						14-Feb		1				0.2		3.7		2.43		2.23		1750.0		1115.0		1015.0

						15-Feb		2				0.24		3.03		4.2		2.23		1162.5		1650.0		829.2

						16-Feb		3				0.24		3.87				4.92		1512.5		-100.0		1950.0

						17-Feb		4				0.26		2.47		2.65		4.07		850.0		919.2		1465.4

						18-Feb		5				0.44		2.64		3.58		5		500.0		713.6		1036.4

						21-Feb		8						2.27		3.19		2.92		0.0		0.0		0.0

						22-Feb		9				0.23		2.07		2.33		3.14		800.0		913.0		1265.2

						23-Feb		10				0.17		1.88		2.59		2.59		1005.9		1423.5		1423.5

						24-Feb		11				0.19		2.24		4.6		2.79		1078.9		2321.1		1368.4

						25-Feb		12				0.19		2.1		4.34		1.94		1005.3		2184.2		921.1

						28-Feb		15				0.39		3.35		2.8		3.38		759.0		617.9		766.7

						1-Mar		16				0.48		2.67		2.91				456.3		506.3		-100.0

						2-Mar		17				0.18		3.93		1.39		4.77		2083.3		672.2		2550.0

						3-Mar		18				0.93		3.13		4.62		5.55		236.6		396.8		496.8

						4-Mar		19				0.93		3.33		3.34		2.83		258.1		259.1		204.3

						7-Mar		22				1.08		3.01		4.81		3.65		178.7		345.4		238.0

						8-Mar		23				0.76		2.85		4.37		3.32		275.0		475.0		336.8

						9-Mar		24				0.84		3.08		3.67		3.36		266.7		336.9		300.0

						10-Mar		25				0.96		3.19				4.08		232.3		-100.0		325.0

						11-Mar		26				1.14		3.36		3.04		4.3		194.7		166.7		277.2

						14-Mar		29				0.96		2.83		3.59				194.8		274.0		-100.0

						15-Mar		30				0.89		3.04		3.13				241.6		251.7		-100.0

						16-Mar		31				0.95		3.22		4.55		2.65		238.9		378.9		178.9

						17-Mar		32				1.2		3.2		3.96		3.77		166.7		230.0		214.2

						18-Mar		33				1.24		3.51						183.1		-100.0		-100.0

						21-Mar		36				1.26		3.24						157.1		-100.0		-100.0

						22-Mar		37				1.22		3.59				3.15		194.3		-100.0		158.2

						23-Mar		38				1.36		3.23		3.66		3.07		137.5		169.1		125.7

						24-Mar		39				1.32		3.56		3.24		3.15		169.7		145.5		138.6

						25-Mar		40				1.18		4.04		4.97				242.4		321.2		-100.0

						28-Mar		43				1.44		3.3		3.68		4.19		129.2		155.6		191.0

						29-Mar		44				1.23		3.65		5.59		5.21		196.7		354.5		323.6

						30-Mar		45				1.8		4.46		6.06		5.94		147.8		236.7		230.0

						31-Mar		46				1.94		4.59		5.95		5.84		136.6		206.7		201.0

						1-Apr		47						4.25		3.05		4.41		0.0		0.0		0.0

						4-Apr		50				1.98		4.48				4.29		126.3		-100.0		116.7

												0.8770588235		3.2322222222		3.743		3.758

																RUN 2

										Time (day)		After PST		AM1		AM2		AM3

						5-Apr				1		2.39		4.44		2.28		3.29		85.8		-4.6		37.7

						6-Apr				2		2.03		3.32		3.62		3.37		63.5		78.3		66.0

						7-Apr				3		1.98		3.35		3.46		2.91		69.2		74.7		47.0

						8-Apr				4		1.91		3.73		2.95		2.62		95.3		54.5		37.2

						11-Apr				7		1.88		2.54		4.58		2.68		35.1		143.6		42.6

						12-Apr				8		1.88		3.34		2.34		2.08		77.7		24.5		10.6

						14-Apr				9		1.89		2.76		2.59		2.24		46.0		37.0		18.5

						15-Apr				10		1.95		3.97		3.27		2.57		103.6		67.7		31.8

						18-Apr				13		1.91				4.61		4.64		-100.0		141.4		142.9

						19-Apr				14		1.99		3.23		3.19		4.18		62.3		60.3		110.1

						20-Apr				15		1.92		3.53		3.25		3.26		83.9		69.3		69.8

						21-Apr				16		1.77		2.77		3.38		3.21		56.5		91.0		81.4

						22-Apr				17		1.38		2.65		2.73		3.12		92.0		97.8		126.1

						25-Apr				20		1.63		2.62		3.37		3.5		60.7		106.7		114.7

						26-Apr				21		1.59		2.43		3.69		2.91		52.8		132.1		83.0

						27-Apr				22		0.95		2.26		2.11		2.25		137.9		122.1		136.8

						28-Apr				23		0.4		1.58		1.59		1.46		295.0		297.5		265.0

						29-Apr				24		0.68		1.73		2.15		2.08		154.4		216.2		205.9

												1.6738888889		2.9558823529		3.0644444444		2.9094444444		81.8		106.7		90.4
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pH value

																		Increasing efficiency in DO %										Ascending

				Flow (Lmin)		Day		After PST		AM1		AM2		AM3				AM1		AM2		AM3						AM1		AM2		AM3

				5		9		0.5		2.09		1.96		1.99				318		292		298						2.09		1.96		1.99

						14		1		2.41		3.08		3.01				141		208		201						2.16		1.09		2.68

						15		0.74		2.17		1.92		2.68				193		159		262						2.17		2.81		2.88

						22		1.05		2.29		2.96		2.98				118		182		184						2.23		2.96		2.98

						23		1.05		2.16		2.81		2.88				106		168		174						2.29		3.08		3.01

						24		1.3		2.23		3.53		3.26				72		172		151						2.41		3.13		3.23

						25		1.12		2.58		3.13		3.23				130		179		188						2.58		3.53		3.26

								1.0		2.3		2.8		2.9				136		187		196

																		152		193		207		Average increasing
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										pH after PST				AM1		AM2		AM3				pH increasing

										7.24				7.38		7.78		7.82				0.14		0.54		0.58

										6.78				6.91		7.28		7.32				0.13		0.5		0.54

										6.98				7.22		7.42		7.42				0.24		0.44		0.44

										6.99				7.22		7.46		7.5				0.23		0.47		0.51

										6.86				7.25		7.57		7.56				0.39		0.71		0.7

										6.98				7.23		7.53		7.6				0.25		0.55		0.62

										6.9				7.23		7.47		7.48				0.33		0.57		0.58

										6.86				7.09		7.41		7.31				0.23		0.55		0.45

										7.54				8.3		8.29		8.18				0.76		0.75		0.64

										7.08				7.44		7.57		7.64				0.36		0.49		0.56

										7.19				7.66		7.82		7.83				0.47		0.63		0.64

										7.01				7.35		7.7		7.69				0.34		0.69		0.68

										6.97				7.27		7.76		7.69				0.3		0.79		0.72

										6.79				7.13		7.27		7.57				0.34		0.48		0.78

										6.37				6.75		6.73		6.75				0.38		0.36		0.38

										6.34				6.65		6.77		6.79				0.31		0.43		0.45

										6.34				6.65		6.78		6.83				0.31		0.44		0.49

										6.34				6.66		6.81		6.76				0.32		0.47		0.42

										6.41				6.76		7.05		6.87				0.35		0.64		0.46

										6.42				6.65		6.81		6.77				0.23		0.39		0.35

										6.26				6.54		6.75		6.73				0.28		0.49		0.47

										6.02				6.58		6.64		6.65				0.56		0.62		0.63

										6.2				6.54		6.65		6.64				0.34		0.45		0.44

										6.28						6.9		6.88						0.62		0.6

										6.35				6.7		6.83		6.8				0.35		0.48		0.45

										6.27				6.58		6.75		6.74				0.31		0.48		0.47

										6.23				6.65		6.82		6.79				0.42		0.59		0.56

										6.38				6.74		6.87		6.83				0.36		0.49		0.45

										6.42				6.88		6.86		6.83				0.46		0.44		0.41

										6.48				6.83		6.95		6.81				0.35		0.47		0.33

										6.5				6.71		6.85		6.84				0.21		0.35		0.34

										6.51				6.88		7.01		6.97				0.37		0.5		0.46

										6.5				6.86		7.09		6.85				0.36		0.59		0.35

										6.49				6.97		7.23		7.1				0.48		0.74		0.61

										6.6				6.81		7.08		7.12				0.21		0.48		0.52

										6.55				6.92		7.07		6.95				0.37		0.52		0.4

										6.5				6.87		6.98		6.95				0.37		0.48		0.45

										6.38				6.74		6.96		6.96				0.36		0.58		0.58

										6.47				6.84		7.07		7.1				0.37		0.6		0.63

										6.46				6.9		7.01		6.98				0.44		0.55		0.52

								Average		6.606				6.9574358974		7.14125		7.1225		Average		0.3430769231		0.53525		0.5165

								STDEV		0.339288849				0.3580188024		0.3893333388		0.4021528603

																								0.4649423077






