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Nhen evaluating aeration systems, a total performance and cost of operation analysis is critical. The components of this analysis should
include an evaluation of the initial capital cost of system installation, all operating and energy costs, and projected maintenance costs. Also
included should be an analysis of how well the systems perform the four basic functions required of all aerators. Those functions ane:

1) Provide sufficient oxygen transfer to promote biclogical treatment

2) Provide sufficient mixing to ensure homogeneity of mixed liquor suspended solids and to prevent solids settling

3) Respond to varying process conditions to maximize energy efficiency

4) Provide reliable service, without costly maintenance and downtime, and without reduction in oxygen transfer capability

A detailed evaluation will quickly reveal that diffused asration systems are able to perform only two or three of the basic functions reasonably
well. On the other hand, a Philadelphia Mixers surface aerator accomplishes all four goals exceptionally well - efficient aeration, excellent
mixing, operational flexibility and a life expectancy of 15 to 20 years with only minimal maintenance.

Consider this: Ditfused aeration systems have gained popularity based on only one aspect of their performance: they provide high
oxygen transfer efficiencies in clean water. But...wastewater is not clean. A fine bubble diffused system which performs efficiently in clean
water instantly becomes less efficient in the real world. Over a few months or so, the degrading of oxygen transfer efficiency becomes more
pronounced until, eventually, the diffuser's porous membranas will need to be cleaned. This is an undesirable and time consuming maintenance
operation. Surface aerators, unlike diffusers, never foul, and will provide the same high oxygen transfer rate over the life of the equipment.

Actual Oxygen Rate (AOR) vs. Standard Oxygen Rate (SOR)
For typical wastewaters the fransfer efficiency of an aeration device is less than what it would be if the device were operating in clean water.
The equation for calculating SOR from AOR is as follows:
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Saturation value of oxygen at standard conditions, 9.09 mg/

the ratio of dissolved oxygen saturation value in the wastewater to that at standard conditions (typically 0.90 - 0.98)
The ratio of oxygen mass transfer coefficient (KLa) at process conditions to that at standard conditions
Temperature Correction Factor (normally 1.024)
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design temperature, degrees C

desired oxygen concentration in the basin, mg/

a5 oxygen saturation at design temperature

By far the most important factor for calculating SOR — if AOR is known — (or vice versa) is the oxygen transfer coefficient, alpha factor. Alpha
is a function of the wastewater as well as the aeration device. A typical value for alpha for a low speed surface asrator is 0.75. The alpha for
that same wastewater for a diffused system would typically be 33% lower. The alpha fouling factor is an additional comection which must be
applied. For a surface aerator there is no fouling: therefore the fouling factor is 1.0, and will remain 1.0 over the life of the equipment. The foul-
ing factor for a diffused system will vary over time. A typical value which designers use for fouling factor is 0.70. Some engineers advocate the
use of an even lower value.

Comparison of Aeration Systems Costs Based on an Oxygen Demand Analysis
With the help of an environmental consulting engineer (who had specified both diffused and surface aeration systems on previous jobs), we

performed an oxygen demand analysis based on some hypothetical requirements. For our comparison we chose an aeration volume of 50" x
50" x 15 deep (12’ of liquid level) and an AOR of 845 Ib. per day (35.2 Ib. / hr).
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The factors usad by the enginear in our

| Diffused Aeration Surface Aeration
| moamnaq.ﬁmm[hm:- g j g&
| Pressure, (psi) 45 | 14.5
| Alpha * _ 070 | 0.70
Fouling Cormection Factor, (F) = Y 1.0
Theta - 1.004 ‘t 1.024
_Temperature, (deg. C) 20 __a
Site Atm. Pressure, (psi) 145 | 145 =
Standard Atm. Pressure, (psi) 147 | 14.7
Required D.O. concentration, (mgf) 20 [ 20 R
SOR, (Ibshr.) ] RO 1076 | 0.3
SOTE 15% [ WA
| SCFM 693 | NA
Number of Diffusers | a5 'r MNA
SCFM / Diffuser ; 73 NA
Motor HP . 40 HP Blower min. | 25HP

For our example, the power benefits of using low speed surface asralors are significant. At $0.07 per KW hour, the power savings will ba about $11,000 per year.
* For our example, the same alpha value is used for both devices.
** Fouling Factor per Federal E.P.A. Manual 625/1-88/023-Design Manual— Fine Pore Asration Systems.






