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2 LITERATURE REVIEW 
 
In this chapter, conventional biological waste treatment was reviewed to provide an 

understanding particularly denitrification. As mentioned in Chapter 1, carbon 

availability is critical for efficient denitrification process. It provides a basic substrate 

for growth. Hence, widely used sources of external carbon for denitrification was also 

reviewed. A promising approach for improving carbon availability is the use of 

ultrasonic treatment. The effects of ultrasonic treatment will also be reviewed to 

provide insights and understandings of the process and its application. 

 
2.1 Wastewater Treatment Overview 
 
Conventional wastewater treatment plants normally combine physical, biological and 

chemical treatment processes to guarantee effective treatment of raw wastewater from 

domestic and industrial sources prior to release of reclaimed water to the 

environment. A schematic of a typical water treatment plant for municipal wastewater 

is provided in Figure 2-1. 

 
 
 
 
 
 
 

 
 
Figure 2-1  Wastewater treatment process flow diagram (Reproduced from 

Tchobanoglous et al., 2003) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3 

 
NOTE:  This figure is included on page 3 of the print copy of the 

thesis held in the University of Adelaide Library. 
 



- -

2.2 Biological Treatment 

Biological treatment for nitrogen removal involves two major stages, in the initial stage 

ammonia (organic N) is converted to nitrite then to nitrate (nitrification). The second 

stage involves nitrate conversion to nitrogen (denitrification). The nitrification process 

can be represented by the following reaction scheme (Tchobanoglous et aI., 2003): 

Nitrosomollas ) 2N02- + 2H+ + 2H20 2-1 

Nitrobacter ) ­
2N03 	 2-2 

The overall oxidation reaction may be summarised as: 

The simplified stages in the sequence of reactions for denitrification 

N03 -+ N02 -+ NO (g) -+ N20 (g) -+ N2 (g) 	 2-4 

Figure 2-2 illustrates two common plant configurations for nitrification/denitrification 

(Tchobanoglous et aI., 2003). The configuration of the denitrification process at Glenelg 

WWTP (Wastewater Treatment Plant) follows the pre-anoxic denitrification scheme. 

NOTE: This figure is included on page 4 of the print copy of the 
thesis held in the University of Adelaide Library. 

Figure 2-2 	 Types of nitrification/denitrification process: (a) preanOXlC 

denitrification and (b) postanoxic denitrification (Reproduced from 

Tchobanoglous et aI., 2000) 

Nitrification is performed by autotrophic micro-organisms, whereas denitrification is 

performed by heterotrophic micro-organisms, which require a carbon source 

(Tchobanoglous et aI., 2(03). It is crucial to provide sufficient carbon in the sludge for 

4 
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acoustic power is high, where small gas and vapour bubbles are formed in the low 

pressure phase, grow and violently collapse in the compression phase resulting in high 

liquid velocities (Neppiras, 1980, cited in Monnier et al., 1999). The collapse of the 

bubble will yield mechanical effects in a heterogeneous system resulting in improved 

physico-chemical processes, cleaning, emulsification and solid disruption (Monnier et 

al., 1999). 

 

Previous studies have indicated that low frequency ultrasound (20 kHz) coupled with 

relatively high ultrasonic intensity is suitable for sludge disintegration (Nickel et al., 

1999, cited in Gronroos et al., 2005). The ultrasound process leads to cell rupture as a 

consequence of cavitation and bubble implosion formed in the liquid phase. These 

induced stresses rupture cells allowing the intracellular components to be released 

(Bougrier et al., 2005). Microscopic views of secondary sludge showing this 

phenomenon before and after ultrasonic treatment are presented in Figure 2-5. 

 
 
 
 
 
 

 
Figure 2-5 Microscopic views of secondary sludge (a) Filamentous bacteria before 

ultrasound treatment; (b) Filamentous bacteria after ultrasound 

treatment (Reproduced from Purac, 2005) 

 

In relation to cell rupture, Chu et al. (2001) stated that the increase of SCOD is 

probably a consequence of the release of intracellular components in the sludge body. 

Their study indicated that although 66% of the total COD in the original sludge is 

biodegradable, unfortunately the bulk of this COD is associated with the solid phase, 

rather than the soluble form. Their finding confirmed that the increase of soluble COD 

is not significant at a low ultrasound power intensities (110 kW/m3), but at a higher 

power intensities (330 kW/m3), the total COD was transformed into supernatant 

(soluble) COD. Consequently, the soluble COD increased by approximately 40 times 

following 

 

10 

 
NOTE:  This figure is included on page 10 of the print copy of the 

thesis held in the University of Adelaide Library. 
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NOTE: This figure is included on page 89 ofthe print copy of the 
thesis held in the University of Adelaide Library. 

Figure E-l Efficiencies ofthree phase motors (Reproduced from Peters et aI., 2003) 

Annual electricity cost 

The annual electricity cost is: 

. 409kWhiMolasses heater energy consumptIOn + molasses rotary pumps = I day 

W· hAU$ 0.087/ h I I "t . AU$13 0001It /kWh' t e annua e ectncl y cost IS ' I year 

From Table 6-5, the purchased equipment cost is AU$ 620,000. 


Maintenance and repair was assumed to be 2% per year of the fixed capital cost: 


~x $620,000= $12,400 
100 

The total annual operating cost is: 

Bulk molasses cost + electricity cost + maintenance and repair = AU$626,000I 
Iyear 

Table E-3 provides the summary of total expenditure of molasses dosing projected for 

20 year period. 
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~ Plants Band C 

The flow rate ofthe activated sludge is 207 m3!day (8.6286 m31h; 2.40 x 1O-3m3!s). With 

30% allowance, the flow rate hecomes: 

~~~ x 207.0871 mX'ay = 269.2132 mX'ay (11.2172ml(; 3.l159xlO-3 mX) 

Using Figure F-l, the head of the liquid (RAS) is 90 m. From Figure F-2, the pump 

efficiency chosen is 50%. 

NOTE: This figure is included on page 93 of the print copy of the 
thesis held in the University of Adelaide Library. 

Figure F-l 	 Normal operating ranges for commercially available pumps (Reproduced 

from Peters et a1., 2003) 

Calculating Ws using Equation 6-3: 

Ws =Hxg 

Ws =883~ 
kg 

Calculating the mass flow rate 

m=269.2132 m1 XIO.t).k~xldayx Ih =3.2249 kg 
day m 24 h 3600 s s 

93 



NOTE: This figure is included on page 94 of the print copy of the 
thesis held in the University of Adelaide Library. 

Figure F-2 Efficiencies of centrifugal pumps (Reproduced from Peters et aI., 2003) 

Calculating the brake kW using Equation 6-2, 

brake kW = Ws xm 
TjxlOOO 

brake kW =5.6 kW 

Using Figure E-l, the 11e is 0.855. Calculating the electric power input (kW) using 

Equation 6-4, 

1 · . (k) brakekWe ectncpowermput W =----
Tj, 

electric power input = 7 kW 

From the calculation results above the pump requires a 7 kW motor. 

Using Figure F-3 (Peters et aI., 2003), purchased cost for the required centrifugal pump 

less motor for Band C Plant (Pump A) is US$ 2,000.00 

94 

http:2,000.00


 
 
 
 
 

 
 
 
 
 
 

 
Figure F-3  Purchased cost of diaphragm, centrifugal, and rotary pumps 

(Reproduced from Peters et al., 2003) 
 

 
 
 
 

 
 
 
 
 
 

 
Figure F-4 Purchased cost of electric motor (Reproduced from Peters et al., 2003) 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

95 

 
NOTE:  This figure is included on page 95 in the print copy of the thesis 
held in the University of Adelaide Library. 
 

 
NOTE:  This figure is included on page 95 in the print copy of the thesis 
held in the University of Adelaide Library. 
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G.1.2 Mixing Tank 

From Section 6.J.I, the required flow rate of potato starch IS 

1.1890 xl 06 L potato starch suspension 1 200 m 3 / F h ...
h 	 = , Ih . our ours mIxmg tIme IS 

required to maintain the potato starch slurry in suspension. Thus, the mixing tank 

volume required for steady state operation: 

1.1890x106 L potato starch suspension x4 h =4..7559x106 L "" 4,800 m 3 • 

h 

Since the required volume is very large, it was proposed to use prestressed concrete 

closed tanks. According to Creasy (1961), the economical depth of open water storage 

tanks is 15 ft (4.6 m). This guidance was used for the tank design (Figure G-1). Open 

tank was chosen for simplified design calculation and with the assumption that rain 

water would not affect the SCOD concentration of the starch slurry as the starch slurry 

is processed under high flow rate operation. 

NOTE: This figure is included on page 107 of the print copy of the 
thesis held in the University of Adelaide Library. 

Figure G-l 	 Economical depth of concrete storage tanks (Reproduced from Creasy, 

1961) 

Calculating the dimension of the tank with tank volume = 4800 m3 (1,060,000 gallons) 

and the required tank depth, h = 4.6 m, gives the tank diameter, d: 

d-~ V 
- O.25x7[xh 
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The maximum ring tension for the above design is (Creasy, 1961) 

150 1b( = WXHX[D]
lin 2 2t 

where w is the density of liquid assuming water 0.032 Ib/in3 (63 lb/fe; 1000 kg/m\ H 

is the depth of the tank (in), D is the tank diameter (in), and t is the wall thickness (in). 

In order to verify the above results, the ring tension using t = 41.89 in: 

f =0.032X196.85X[ 1456.69 ]=123.231b( 

r 2x41.89 lin2 


Since the ring tension 123.23 Ib/cu.in is less than the maximum allowable ring tension 

(150 lb/in\ the wall thickness is therefore satisfactory. 

The cost of unmounted ground level prestressed concrete tank (assuming design with 

semi-sliding wall-foot type) is given in Figure G-2. 

NOTE: This figure is included on page 109 of the print copy of the 
thesis held in the University of Adelaide Library. 

Figure G-2 Purchase cost of concrete tanks (Reproduced from Creasy, 1961) 

The cost shown in this diagram includes site stripping, excavation, contract 

preliminaries and trimming for fitting (approximately 20%). With the use of this 

diagram, the purchase cost for one unit of 1.2 million ga1lon open concrete tank is 

£12,000.00 (in 1961). However, a fixed wall-foot was proposed for the design. This will 
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affect the cost of approximatdy 10% increase to the cost of semi-sliding wall-foot type. 

Therefore the tank cost with fixed wall-foot is: 1.1 x £ 12,000.00 = £ 13,200.00 

Since the tank will he IlHHlIl<lcd to the ground, another cost factor was employed to 

obtain higher accuracy of the cost. The cost trend for mounded tank is shown in Figure 

0-3. 

NOTE: This figure is included on page 110 of the print copy of the 
thesis held in the University of Adelaide Library. 

Figure G-3 Cost trend of mounded tank (Reproduced from Creasy, 1961) 

The tank diameter calculated was 122 ft. Using Figure 0-3, the relative cost is 130%. 

Since the relative cost obtained was for 1 million gallon capacity, converting the 

percentage relative cost to 1.2 million gallons 

. . (capacity equipment A J
cost eqmpment A =cost eqmpment B x . . 

capacity eqmpment B 

. 130°/ (1.2 million gallons J1re ahve cost = /0 X 
1.0 million gallons 

relative cost = 156% 


Thus, the cost of the tank is: 


156% x £ 13,200.00 ~-:: £ 20,592.00 
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Giving 30% allowance, the flow rate ofpotato starch becomes 

m31 m317.7419 Ih xl.3 =10 Ih 


Table G-1 shows the maximum capacity of a screw conveyor for economical service. 


Potato starch was assumed to be in the Class I material category. To transport a 10 m3/h 


capacity, 0.15 m screw diameter was chosen. 


NOTE: This figure is included on page 114 of the print copy of the 
thesis held in the University of Adelaide Library. 

Referring to Figure G-4, the next closest available screw diameter is 0.23 m. It was 

assumed that the conveying distance is 30 m. 

114 
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Appendix H – Attachments 
 
H.1 V5 Sonix Attachments 
 
 

 
 
 
 
 
 

 
 

 
NOTE:  Appendix H.1 is included on pages 122 – 124 in the print copy 
of the thesis held in the University of Adelaide Library. 
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H.3 AFR Filter Specification, Operating Conditions, and Quotation 
 
 

 
 
 
 
 
 

 
 

 
NOTE:  Appendix H.3 is included on pages 126 – 129 in the print copy 
of the thesis held in the University of Adelaide Library. 
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