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CHAPTER I 

INTRODUCTION 

Since the necessity of treating domestic and industrial 

wastes prior to their discharge into receiving waters was 

first realized, engineers have been attempting to improve 

existing treatment processes and develop new ones. The 

ideal process would be one that requires a very small area, 

can achieve 100% removal of solids and BOD, can accomplish 

this in the shortest possible time with a low power input, 

and would not produce any by-products that must be disposed 

of. The first major breakthrough in attempting to design a 

near-perfect system was in the 1910's when it was discovered 

that biological solids which had developed in polluted water 

had a strong affinity for organic pollutants (1). This was 

the beginning of the activated sludge processes we know 

today. There are several variations of the activated sludge 

process with different design parameters. Each of these 

variations have their advantages and disadvantages and when 

subjected to a long term analysis, are no closer to the ideal 

process than any of the others. As early as 1940, however, 

the necessary research was being carried out to lay the ground-

work for a new breakthrough which occurred in the mid-1960's. 

This new breakthrough was the pure oxygen activated sludge 

process. 

In the early 1940's, research was carried out using pure 

1 
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oxygen as the oxygen source as opposed to air (2). This re-

search was not fully developed due to the high cost of pure 

oxygen. The economic difficulties were overcome around 1947 

when efficient, large tonnage, cryogenic air separation units 

were developed. The first major project utilizing oxygen was 

carried out in 1946 by Pirnie (3, 4). The proposed system 

pumped settled sewage and final effluent to an oxygenation 

column. It was then pumped to a reactor containing a blanket 

of suspended biological floe solids. The mixture coming from 

the oxygenation column contained sufficient dissolved oxygen 

to satisfy the sludge blanket. In 1947, Okun confirmed Pirnie's 

claims after extensive bench-scale testing (3). He termed 

this process "hie-precipitation" and his apparatus is shown 

in Figure 1. As a result of Okun's testing, a pilot plant 

was placed in operation at the Black River Sewage Treatment 

Plant, Baltimore, Maryland. This study encountered several 

problems. Economics again played a large part in that the 

column was uncovered and allowed excess oxygen to escape. 

This process also required excessive pumping in that five 

units of oxygenated effluent were needed to supply the 

necessary oxygen for each one unit of influent through the 

absorber. At the conclusion of the pilot study, nothing more 

was done with this process. The major reasons for the neglect 

of the bio-precipitation process were: 

1. Concurrent development of mechanical aerators 

with greater oxygen transfer efficiency and 
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lower detention times. 

2. Lack of Federal grants. 

3. Lack of any large firm giving the process 

promotion (4). 

Ironically, it is this last reason that has produced the 

modern pure oxygen process. In the late 1960's the Linde 

Division of Union Carbide became interested in a pure oxygen 

system while seeking new markets for a newly developed oxygen 

production process (2, 5). It was through their research that 

the UNOX process became the first pure oxygen activated sludge 

process to be designed and placed in operation. 

The majority of the claims made for the pure oxygen 

systems are startling when compared to conventional air acti-

vated sludge systems. These claims have been based on exten-

sive bench-scale, pilot, and full-scale operations. Union 

Carbide's first major study was a side-by-side comparison of 

air and oxygen at a plant in Batavia, New York. However, the 

method by which this test was carried out makes a true com-

parison difficult, if not meaningless, since no effort was 

made to operate the air system with a heavy mixed liquor 

solids concentration. The purpose of this research was to 

investigate the claims concerning oxygen systems with emphasis 

on the sludge properties, settling characteristics, and 

biological solids levels that can be utilized. A conventional 

air unit was run at the same conditions for a side-by-side 

comparison of values. 



CHAPTER II 

LITERATURE REVIEW 

The compilation of typical data from the literature con-

cerning this topic proved to be very difficult. The majority 

of the published reports are on specific plants in operation. 

This makes comparisons difficult due to the variations in 

influent characteristics and hydraulics of each plant. A 

great quantity of this literature was also published by the 

manufacturers who are interested in promoting their process 

and their viewpoint may not be very objective. 

When pure oxygen processes are discussed, most engineers 

think of the UNOX system which was developed by Union Carbide. 

This was the first in operation, but there are also other pure 

oxygen systems available. The claims and operating parameters 

of these other processes, however, are almost identical to those 

of the UNOX process. Therefore, the data used for comparison 

in this chapter will be that presented by Union Carbide for 

their process. 

The subsequent literature review will detail the UNOX 

process, the claims of pure oxygen processes, comparisons with 

conventional air units, variations of other pure oxygen systems, 

uses and applications, and operating difficulties related to 

the use of pure oxygen. 

A. Advantages of Pure Oxygen Sys terns · (UNOX) 

The first question that should be answered is, why use 

5 
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oxygen instead of air? Oxygen is the final electron acceptor 

in the aerobic oxidation of substances by microorganisms (S). 

It is therefore of utmost importance in the activated sludge 

process. The substitution of pure oxygen for air as the 

oxygen source enables the dissolved oxygen saturation level 

to increase 4.7 times. Figure 2 will explain this increase. 

At one atmosphere and 20° C, an air system operating at 

2 ppm D.0; has an oxygen partial pressure driving force of 

approximately 125 mm Hg, while an oxygen system maintaining 

10 ppm D.O. at the same conditions has an oxygen partial 

pressure driving force of approximately 585 mm Hg. Even at an 

elevated dissolved oxygen level, the oxygen system has a 

driving force of about 4.7 times that of the air (6). This 

increase in the dissolved oxygen saturation level does not 

cause any significant difference in the metabolic activity 

of the biomass. It can, however, meet practically any oxygen 

demand exerted at the head of the tank, and thus prevent 

periods of zero D.O. (5, 7). Therefore, fluctuations of the 

influent characteristics do not effect the stability of the 

process (6). 

The stated advantages of pure oxygen systems are all based 

on this increased D.O. saturation level. These advantages over 

conventional air processes are considered to be (3, 8): 

1. Lower power requirements. 

2. More economical operation and lower initial cost. 

3. Faster sludge settling. 
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4. Excellent compacting and dewatering characteristics 

of the sludge. 

S. Much lower treatment detention times. 

6. Great buffering capacity against shock loads. 

It has also been stated that increasing the oxygenation ca-

pacity of a conventional air activated sludge plant by con-

verting it to a pure oxygen system would increase the loading 

capacity approximately 20 times (9). Each of these claimed 

benefits will be discussed in detail in the subsequent sections 

of this chapter. 

The physical design of pure oxygen processes is different 

from conventional air plants. Most oxygen plants are similar 

to the UNOX process. The UNOX process utilizes a series of 

enclosed and concurrent gas-liquid contacting stages which 

are fitted with an air tight cover. The oxygen gas is con-

trolled by a pressure valve at the head of the tank and an oxy-

gen analyzer at the final end. A pressure of 1-4 inches of 

water is maintained under the cover. As the liquid flows from 

one basin to another, the gas flows to the next basin with it. 

The pressure drop between stages prevents back mixing of the 

basins. Aeration is accomplished by either submerged spargers 

or by surface aerators (2, S, 6). Most typical plants utilize 

surface aerators while only the largest use the submerged 

spargers (2). These two variations are shown in Figures 3 and 

4. 

The operating parameters for oxygen plants differ greatly 
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from those utilized by conventional air plants. The major 

differences are in the dissolved oxygen levels and the mixed 

liquor solids levels. Table I gives a comparison of the UNOX 

process and a conventional air process (2, 6). From this 

table one can see that the food-to-microorganism ratios (F/M) 

are almost identical. The most controversial parameters of 

the oxygen system are the recycle sludge concentration and 

the sludge production coefficient. These also form the basis 

for the majority of the advantages claimed over standard 

aeration units. 

It should be noted that pure oxygen systems have inherent 

properties which could become problems during operation. The 

first of these concerns carbon dioxide (C0 2) production (10). 

During any activated sludge process, co2 is formed and dis-

charged by the biomass. In conventional air plants the volume 

of air supplied is great enough to strip the co 2 out of solution. 

In an oxygen process, however, the volume of gas required is 

greatly reduced and this minimizes the off-gas. The result 

of this would be a lowering of the pH which, if it is lowered 

too far, would adversely affect treatment. If necessary, supple-

mentary co2 stripping can be accomplished with low cost and 

power requirements. The second property which should be watched 

is the dissolved oxygen level. As stated, the D.O. should 

range from 8 to 10 mg/l. If the level is permitted to reach 

approximately 14 mg/l, the D.O. exhibits a toxic effect (11). 

At a D.O. level of 25 mg/l, the oxygen uptake rate was found 
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TABLE I 

COMPARISON OF OPERATING PARAMETERS 

FOR UNOX AND AIR SYSTEMS (6) 

UNOX 
Oxygenation 

System 

Conventional 
Air Aeration 

Systems 

Mixed-Liquor D.O. Level - mg/l 8 - 10 1 - 2 

Aeration Detention Time (raw 
flow only) - hrs 1 - 2 3 - 6 

MLSS Concentration - mg/l 6,000 - 10,000 1,500 - 4,000 

MLVSS Concentration - mg/l 3,900 - 6,500 900 - 2,600 

Volumetric Organic Loading 
lbs. BOD/Day/1000 cu.ft. 150 - 250 30 - 60 

Food/Biomass Ratio - lbs. 
BOD/lbs. MLVSS 0.4 - 0.8 0.3 - 0.6 

Recycle Sludge Ratio - lbs 
recycle/lb. feed 0.2 - 0.5 0.3 - 1.0 

Recycle Sludge Concentration 
mg/l 20,000 - 40,000 5,000 - 15,000 

Sludge Production - lbs. VSS/ 
lb. BOD removed 0.30 - 0.45 0.5 - 0.75 

Sludge Volume Index -
Mahlman 30 - SO 100 - 150 
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to be approximately eight times slower than the design range 

uptake. Under normal conditions, the initial D.O. level will 

be approximately 10 mg/l and will drop to zero over a period 

of time during an oxygen uptake test. When the initial D.O. 

is approximately 25 mg/l, however, it will drop to a level 

of 18 mg/l, but will decrease no farther regardless of the 

time period of the test (11). 

B. Sludge Characteristics and Properties 

Many of the benefits claimed by pure oxygen system manu-

facturers are related to the sludge characteristics. The 

greatest number of conflicting reports are also related to 

this area. The two most important claims made, based upon 

the sludge characteristics, are that less sludge is produced, 

and that produced will exhibit excellent settling and com-

pacting properties. Each of these claims and their relation 

to the sludge properties will be discussed separately. 

(1) Production of Sludge 

Ball, Humenick, and Speece, upon completion of an 

extensive study, stated that the advantages of an oxygen 

system were due primarily to its ability to economically carry 

a very high mixed liquor suspended solids level rather than to 

differences in biological kinetics (11). They found no dif-

ference in the coefficients for sludge yield or the substrate 

removal rate between oxygen systems and conventional air systems. 

These findings are in direct conflict with reports published 
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by other authors. 

Poon and Wang reported that the substrate removal rate 

was much faster in an oxygen system than in a conventional 

air system (9). They also reported that the sludge yield co-

efficient decreased with increased loading. In addition, they 

stated that there was a higher endogenous reduction of microbi-

al solids in the oxygen system. The sludge yield was always 

lower in the endogenous growth phase than in the exponential 

growth phase, indicating an active endogenous respiration was 

taking place. 

The consulting engineering firm of Consoer, Townsend and 

Associates carried out an analysis of the data from a pilot 

study of an oxygen process at the Fort Southworth Treatment 

Plant in Louisville, Kentucky (14). Their analysis concurred 

with the report of Poon and Wang (9) that the sludge production 

decreased with an increasing loading, as measured by the food-

to-microorganism ratio (F/M). This was true until the F/M 

ratio attained a value of 1.09, after which the sludge produc-

tion remained constant. The sludge production was then compared 

with the sludge volume index (SVI). It was found that as the 

SVI increased, the sludge production decreased until a SVI of 

55 was reached. After this point, the production level remained 

constant. It was also demonstrated that as the temperature 

increased, the sludge production decreased. 

The data and claims of lower sludge production published 

by Union Carbide are in agreement with the others (2, 6). 
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The stated reasons, however, are contradictory. They agree 

that greater endogenous respiration occurs in an oxygen pro-

cess. They also state that the F/M ratio governs the degree 

of endogenous respiration that takes place. However, they 

state that in a multi-stage system, such as their UNOX process, 

the F/M ratio drops in each stage and, therefore, a greater 

degree of endogenous stabilization occurs and less sludge is 

produced; thus, they seem to claim that as the F/M decreases 

the endogenous destruction rate increases. This does not 

agree with the previously reported findings that as the loading 

increases, the sludge production decreases. 

Another factor which reduces the production of sludge was 

tested and reported by Young, Matsch, and Wilcox (12). This 

factor is simply the high levels of dissolved oxygen that the 

oxygen systems operate at. In such an environment, the entire 

floe is utilizing an aerobic process. In conventional air sys-

terns, with a relatively low D.O.level, the inner floe is under 

anaerobic conditions. Therefore, although an oxygen plant and 

an air plant are operating at the same total biomass loading, 

the oxygen process, because it is more aerobic, is operating 

at a significantly lower effective biomass loading when the 

loadings are based on the active mass (12, 13). These conclu-

sions were based on testing using an artificial substrate 

which simulated domestic sewage. The result was a reduction 

of 38% in the pounds of volatile solids produced per pound of 

BOD (12). r 
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As can be seen, the majority of the reports agree that 

an oxygen process produces less sludge. The reasons put forth 

for this result, however, are not in agreement. As time passes 

and more research is done, it seems certain that it will be 

shown that oxygen systems do produce less sludge due to the 

high dissolved oxygen level and the high degree of endogenous 

respiration that occurs in the process. 

(2) Settling and Compaction of the Sludge 

The parameter used most often as a measure of the 

settleability of activated sludge is the sludge volume index 

(SVI). The SVI is defined as the volume in milliliters occu-

pied by one gram of activated sludge mixed liquor solids, dry 

weight, after settling for 30 minutes in a 1000 ml graduated 

cylinder (15) . There has been a great deal of controversy 

over the validity of this parameter. When it is applied to 

pure oxygen systems, however, the difficulty is obvious. If 

a 2000 mg/l sample of sludge settled 25% in 30 minutes, the 

SVI would be 125. If another sample was taken which was 8000 

mg/l, a common level for oxygen systems, and did not settle 

at all, the SVI would also be 125 (16). It is obvious that 

an SVI for a rapid settling air activated sludge is not the 

same for an identically settling sludge developed in a pure 

oxygen environment. Desirable SVI's for oxygen sludge range 

from 30-50, while a range of 100-150 is suggested for air 

sludge (6). Although not yet in wide spread usage, it is felt 

that the initial settling velocity would be a better parameter 
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to apply to all settling tests. 

Based upon SVI observations, manufacturers of pure oxy-

gen systems claim that the resulting sludge settles more 

rapidly and compacts to a greater degree. Several reasons 

have been theorized for this. A report was discussed earlier 

that stated the entire floe is in an aerobic state. It was 

further stated there that this causes the floe to have a more 

circular and compact shape (12). This aids in settling and 

the resulting compaction or thickening. Another cause of 

the better settling characteristics of oxygen sludge is the 

low mixing intensities (11). Although the same amount of 

oxygen is needed in both processes, the use of pure oxygen 

as the source greatly reduces the volume of gas that must be 

applied. Mixing intensities are measured by the root mean 

square velocity gradient (G). Average values of G for con-

ventional plants range from 125 ft/sec-ft to 160 ft/sec-ft. 

The typical value for oxygen systems, however, is approximately 

40 ft/sec-ft. 

The last cause for oxygen system claims of better settling 

is that the settleability of a sludge as measured by the SVI 

may be a function of the concentration of the mixed liquor 

suspended solids (MLSS) (11). Simply, the greater the MLSS 

concentration, the better it will settle within limits. This 

theory was arrived at when an air unit and an oxygen unit were 

tested for settleability with the mean cell residence time, 

the mixing intensities, and the MLSS concentration held constant. 
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Under these conditions, no significant difference was observed. 

The secondary clarifiers are critical in the concentra-

ting of the sludge for return and wastage. In the case of 

oxygen sludge, the major design importance is the thickening 

requirements as opposed to clarification. When the UNOX pro-

cess first appeared, Union Carbide was suggesting overflow 

rates of 1200 gpd/ft 2 and 1600 gpd/ft 2 for warm weather oper-

ation (17, 18). For reasons that have never been made known, 

these values have been reduced to 600 gpd/ft 2 to 800 gpd/ft 2 , 

the same overflow rates that can be expected with conventional 

air plants (4, 12, 19). The utilization of an overflow rate 

of 800 gpd/ft 2 in itself would indicate that oxygen sludge 

settles and compacts better than sludge from an air plant 

(12, 14). At this overflow rate the oxygen MLSS to the clar-

ifier is approximately 4000-·7000 mg/l and its concentrated 

and wastage streams range from 2% to 3% (20,000-30,000 mg/l). 

The air sludge, comparatively, has an influent solids concen-

tration of approximately 2000-2500 mg/l and its concentrated 

return and wastage streams are only 0.5% to 1.0%. Speece and 

Humenick have shown that a concentration of 5800 mg/l influent 

solids to a clarifier utilizing an overflow of 800 gpd/ft 2 

results in the optimum clarifier size for the greatest economic 

savings (20). Above this level, the clarifier's size must be 

increased for thickening, which may offset the savings incurred 

by the decrease in the size of the aeration basin. 

A mathematical model for both the prediction and design 
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of oxygen secondary clarifiers would be valuable. Dick and 

Young have proposed one which was based on one previously de-

veloped for conventional air systems (21). They modified 

the model by the inclusion of a mathematical expression of 

the settling velocity as a function of the suspended solids 

concentration. This can be written: 

where: Gt = 
C· = l 

v. = 
l 

G = c v + c u 
t i i i 

total flux of solids in a continuous 

concentration of suspended solids at 

point 

gravity settling velocity at c. 
l 

thickner 

any 

u = bulk downward velocity in a tank of area A 

and a flow of Q 

Therefore, u = Q/A. 

If wastage is neglected, 

u = R/A 

where: R = volumetric rate of recycle of thickened solids 

The area required for thickening the sludge can now be written: 

where: c
0 

= influent solids concentration 

G1 = solids transmitting capability 

r = rate of sludge removal from the bottom of 

the clarifier as a fraction of the waste 
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water flow, Q 

Thus far, the inclusion of the term which describes settling 

velocity has not been carried out. The expression Dick and 

Young selected was: 

V = ac-n 
i i 

where both a and n are constants. This equation is valid 

except at low concentrations. When applied to pure oxygen 

plants, this would not be a difficulty. After several sub-

stitutions and partial differentiations, a formula can be 

written for the limiting flux, G1 , for any operating condi-

tion. This equation is: 

GL = [ a(n-1) ]l/n [ n ] [ r( Q) ](n-1)/n 
n-1 n 

From a mass balance, it can be shown that the underflow 

concentration, cu , at an applied flux, G1 , is: 

G 
,,,,_!:(A) 

r Q 

Now, if the influent suspended solids level and solids 

synthesis in the aeration basin are ignored, 

In these five equations there are eight variables: Q, 

a, n, G1 , c
0

, cu' A, and r. Of these, Q, a, and n would be 

determined experimentally. In some cases, where the plant is 

in operation or designed, A will also be known. The other 
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values can be obtained by using th~ four independent equations 

given. This method lends itself to the use of a computer pro-

gram. In this way, all of the parameters could be changed 

and the others found such that no matter what the operating 

conditions were, the proper values for optimum treatment would 

be known (21). 

Experiments were carried out at several pure oxygen plants 

to test this model's effectiveness. First, a and n were found. 

In all cases n was nearly 2.21 and a varied from 3.0 to 7.5. 

Using these values and the previously derived equations, the 

solids levels, settling velocities, and underflow concentra-

tions were calculated and compared to the actual existing 

conditions. When these were plotted, the results were excel-

lent; the majority of the points fell within +20% and -10% 

of the actual values (21). 

Although there are some disagreements over certain of 

the claims made for pure oxygen systems, they do have several 

advantages which relate to characteristics and properties of 

the sludge. As additional full-scale oxygen plants go on 

line and testing is carried out on these rather than bench-

s cale models, these advantages will be shown clearly. 

C. Economic Comparison 

Pure oxygen systems claim several major economic advantages 

over conventional air plants. These advantages can be summarized 
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by the following: 

1. Reduced capital cost. 

2. Reduced operating cost. 

3. Reduced land requirements. 

4. Odor control. 

Some of these claims have a direct affect on the cost while 

others affect it indirectly (6, 9, 22). The two which would 

be considered as the most important by a prospective purchaser 

are the capital cost and the operating cost. The capital cost 

saving is due primarily to the decreased volume of the basins. 

This is accomplished by maintaining the high solids level for 

a short detention time. This, in turn, determines the savings 

which will occur from the reduced land requirements. The land 

area required should be reduced by approximately 40% ±10%. This 

is also important in the conversion of air plants to pure oxy-

gen. 

The savings incurred from the operating costs are much 

easier to place a value on (6, 9, 22). This savings is brought 

about in two major areas; reduced power requirements and re-

duced sludge handling. The power savings are substantial and 

can be seen in Table II. When operating at 1.6 ft 3/gal, which 

is the normal required rate given by Ten State Standards, the 

power reduction ranges from 33% to 40%. Even at reduced air 

flow rates, the oxygen realizes a 20% to 35% power reduction. 

These power requirements for the UNOX process include the on-

si te generation of oxygen and the necessary mixing. 



Plant Size 
(MGD) 

6 

30 

100 
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TABLE II 

COMPARISON OF POWER REQUIREMENTS FOR 

UNOX AND DIFFUSED AIR AERATION (6) 

Diffused Air Aeration 
0.8 CF7Gal 1.6 CF7Gal 

HP HP 

150 295 

735 1470 

2450 4880 

UNOX 
Sy:stem 

HP 
120 

600 

1600 
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The savings resulting from the decreased sludge handling 

is also significant (13). Th~ previous section discussed the 

properties of the sludge produced and the claim that less 

sludge is produced. It is commonly accepted that 50% to 75% 

of the total cost of a new conventional sewage treatment is 

for sludge handling and disposal. The required equipment is 

reduced with the oxygen process and thus, savings are realized. 

It has also been shown that the clarifier underflow from an 

oxygen plant can be pumped directly to vacuum filters and 

that excellent results can be obtained without the addition 

of polyelectrolytes (13). The elimination or reduction of 

the use of polyelectrolytes would result in a substantial 

savings. 

A graphical representation of these various savings is 

shown in Figure 5 (6). This graph represents total operating 

costs including labor, materials, power, maintenance, capital 

cost, and estimates for preliminary and primary treatment plus 

sludge handling and disposal. The best comparison of costs, 

however, would be to compare actual bids of both air and oxy-

gen processes for a specific plant. With the cooperation of 

Mr. Wallace J. Beckman of Consoer, Townsend and Associates, 

this is possible. Table III shows the breakdown of the actual 

bids for a new sewage treatment plant in Louisville, Kentucky 

(23). The original design submitted for the oxygen process 

was four, four-stage oxygenation tanks. This was shown to be 

sufficient through extensive pilot studies. The State and 
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TABLE III 

ACTUAL COMPARATIVE BIDS FOR 105 MGD SEWAGE 

TREATMENT PLANT AT LOUISVILLE, KENTUCKY (1) 

Air 4 Oxrgen Units 5 Oxy:gen Units 

Construction 
Costs $54,214,800 $51,784,800 $55,211,800 

Annual Amert-
ized Cost 3,938,705 3,762,165 4,011,137 

Fuel Oil 365,000 365,000 365,000 

Electrical 
Energy 800,000 655,000 665,000 

Polyelectrolytes 135,000 135,000 135,000 

Chlorine 65,000 65,000 65,000 

Labor 1,000,000 1,000,000 1,000,000 

Maintenance, 
Supplies, etc 6202000 620,000 630,000 

Total Annual 
Costs $6,923,705 $6,602,165 $6,871,137 
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Federal representatives of various control agencies rejected 

this design. Due to inexperience with oxygen systems, they 

demanded a greater volume capacity. This plant's average flow 

was 105 MGD. 

It can be seen that even with an over-designed system, 

an oxygen system was slightly cheaper. If one now returns 

to Figure 5, however, a discrepancy arises. From this graph, 

at low aeration rates and 100 MGD, the savings should be 

approximately 17%-25%. The savings in the actual bid for 

the construction costs are only roughly 5%. The power savings, 

however, were 18% lower with the oxygen process. 

Although some of the economic information seems to be 

slightly exaggerated, it can be seen that a pure oxygen sys-

tem can be less expensive than an equal air unit while fur-

nishing excellent treatment and other desirable characteristics. 

D. Applications of Pure Oxygen Systems 

Pure oxygen systems have several applications and have 

been selected for installation at 26 treatment plants treating 

approximately 1.2 billion gallons per day (7, 18). The pri-

mary application, thus far, has been in the treatment of 

domestic wastes. The majority of the oxygen plants have been 

preceded by extensive pilot study work. In the case of the 

UNOX process, this is carried out by pilot plants and personnel 

furnished by Union Carbide in conjunction with the consulting 

engineers (2). The pilot plants are either operated at 
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43,000 GPD or 7500 GPD. Some examples of oxygen treatment 

plants in operation are Fort Southworth, Kentucky, the Morris 

Forman Treatment Plant in Louisville, Kentucky, with a flow 

of 338 MGD, the Detroit Metro Water District with a flow of 

300 MGD, and the East Bay Municipal Utility District with a 

flow of 85 MGD (14, 24, 25, 26, 27). In the case of the East 

Bay plant, before selection of and conversion to pure oxygen 

process, comparative studies were conducted with a high pH 

lime treatment method, lime and a trickling filter, conven-

tional air activated sludge, and the UNOX process (27). It 

was found that the UNOX process achieved the best results 

and was the least expensive. The plants mentioned are, of 

course, only a very few of the many oxygen systems currently 

in use or under design. 

In the past, conventional air activated sludge plants 

have encountered serious problems when subjected to industrial 

wastes alone or from combined sewers. It has been shown that 

oxygen systems can handle these wastes with much less insta-

bility. For example, the sewage treatment plant in Danville, 

Virginia, is being converted to pure oxygen (28). Industrial 

waste makes up 60% of the flow in the combined sewers and the 

waste is highly alkaline. Simply by increasing the detention 

time in the oxygen system to 3.2 hours, treatment of 93% can 

be achieved. Conventional air plants are plagued by filamentous 

bacteria when subjected to wastes strong in carbohydrates such 

as cannery wastes and brewery wastes. Filamentous growth 
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rarely occurs in an oxygen system and, as a result, they 

have been used with a great deal of success with both types 

of wastes (28, 30, 31). Oxygen processes can also treat ex-

tremely strong wastes such as petrochemical and pharmaceutical 

discharges. In both cases, an aerated lagoon precedes the 

oxygen plant to equalize and reduce the shock load. The 

approximate BOD to the plant is 2700-4000 mg.l. Treatment 

efficiency of 90% or better is still achieved. Pure oxygen 

systems have also been used for either carbonaceous or nitro-

genous BOD removal, in a nitrification-denitrification process. 

Such a use is now being considered by the Chicago Sanitary 

District (33). Limited work has also been done utilizing pure 

oxygen in aerobic digestion (13). While most of this research 

is still under EPA Contracts, it has been shown that it will 

reduce the volatile solids approximately 30%-40%. The re-

sulting sludge, however, dewaters poorly. 

Although the examples listed here are few, it can be seen 

that pure oxygen plants perform excellently in their treatment 

of domestic wastes, but their ability to treat to a high deg-

ree strong industrial wastes is even more significant. The 

use of pure oxygen systems will undoubtedly increase as the 

time passes. 

E. O:Xygen Sources· and Related Safety' Problems 

An obvious yet critical consideration in the selection 

of a pure oxygen proces·s is how the oxygen supply will be 
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furnished. This plays a major part in the economic analysis 

of the plant. Domestic sewage requires approximately 1.0 

lb o2/lb BODr while industrial wastes or combined sewers re-

quires 1.6 lb o2/lb BODr (34). There are two alternatives 

available. The first is an oxygen generation system at the 

plant site, while the second is the transporting of liquid 

oxygen to the site. Geography is important due to the flex-

ibility of supply and emergency pipelines of liquid oxygen. 

The cost of producing oxygen on site in the gaseous state 

ranges from $4-$6 per ton, while the transporting of liquid 

oxygen costs between $30-$50 per ton. Approximately 0.4% per 

day of this liquid oxygen will be lost due to condensation, 

which corresponds to roughly $10 per day (34). The costs 

alone would indicate the desirability of building an on-site 

oxygen generation system. 

Two types of oxygen generation systems are currently 

available. The first is the cryogenic air separation method 

which is utilized where the demand for oxygen is extremely 

great. The second alternative, which is used most often, is 

the pressure swing adsorption (PSA) method. The cryogenic air 

separation process utilizes the liquification of air followed 

by fractional distillation (2). The air is filtered, compressed, 

and sent to a reversing heat exchanger. This cools the air 

and removes the carbon dioxide and water vapor by freezing. 

Cold end gel traps are then employed and the final traces of 

co2 and other hydrocarbons are removed. The stream is separated 
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and the two end products, oxygen and nitrogen, are collected. 

The by-product, nitrogen, createi the possibility of selling 

it for additional gain. 

The pressure swing adsorption method (PSA) uses a multi-

bed adsorption technique (2). The air is filtered, compressed, 

and sent to the adsorption beds. The pressure is maintained 

between 30 psig and 60 psig during production. These beds 

remove the co 2 , water vapor, and nitrogen gas. The only final 

product is oxygen. These adsorption units are regenerated 

periodically by "blowing them down" to low pressure. 

When either of these processes are used with a pure oxy-

gen system such as UNOX, they must be sized individually (34). 

A backup supply of liquid oxygen sufficient for one to three 

days is usually required to be maintained at the plant site. 

This can be kept in the event the generation process fails, 

or it can be used during times of extreme peak loads (2). 

The use of either of these oxygen generation systems in 

conjunction with a pure oxygen treatment plant brings up the 

question of safety. It should be noted that oxygen itself 

does not burn. In its presence, however, substances which 

are only slightly combustible will burn quite rapidly (35). 

Therefore, in addition to the usual safety considerations of 

conventional air plants, additional requirements and safety 

equipment are added. In cryogenic plants, silica gel traps 

prevent combustibles from reaching the reboiler and the hydro-

carbon level is continuously monitored. The PSA process is 
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designed to remove hydrocarbons in the center of the pro-

cess sequence so they are not present in the oxygen discharge. 

The other major area for concern is the trapped gas en-

vironment between the water surface and the tank cover in the 

typical oxygen process. The parameter utilized to monitor the 

safety is the lower explosive limit (LEL) (35). This is the 

mixture composition where incipient combustion occurs. An 

automatic continuous detection device and a purge system are 

used to monitor the LEL. If a reading reaches 25% of the 

LEL, an alarm is sounded, the oxygen is automatically cut 

off, and the tank is purged with air. Corrosion coa~ings, 

which can be quite combustible, are prohibited and either 

cast 410 stainless steel or cast aluminum is substituted. 

There is also monitoring of the seals and the oxygen compres-

sors. Should any of these fail, heat up, or a shaft get out 

of true, the oxygen is shut down and the system is purged with 

air. Safety measures are also applied to the waste gas dis-

charge. All vents must be greater than 10 feet above the 

tanks and at least 25 feet from any machinery air intake. 

Utilizing these safety factors, a pure oxygen system is 

no more dangerous than any currently used process. As was 

seen in the discussion of comparative economics, these safety 

features and the use of on-site oxygen production does not 

effect the oxygen process economic advantages. 



33 

F. Variations in the Pure Oxygen Process 

As stated previously, there are other systems in use to-

day that utilize pure oxygen, but differ to various degrees 

from Union Carbide's UNOX system. The process which most 

closely resembles the UNOX system is the OASES™ system manu-

factured by Air Products and Chemicals, Inc. (17, 36). 

There are only insignificant changes in this design and it, 

too, produces excellent treatment results. 

The Airco Pipeline Activated Sludge System utilizes pure 

oxygen and the same parameters as UNOX but has a radically 

different design (38). This system is basically an inline 

activated sludge system where the oxygen and the waste are 

both injected into a pipe whose length determines the deten-

tion time. The advantages of this system are obvious: 

1. No oxygen recycle. 

2. Uniform mixing. 

3. Climate has no effect. 

4. Operating and maintenance costs are low due to 

only one prime mover for mixing. 

5. It can be placed entirely underground. 

This process is also less expensive than the others due to the 

limited equipment required, although primary clarification is 

needed to remove solids. For a 1 MGD plant the capital cost 

savings for the Airco system over the UNOX system is approxi-

mately $54,000, while the yearly operation and maintenance 

savings is $2200. Figure 6 illustrates a typical plant layout. 
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The use of pure oxygen and the resulting performance 

lends itself to the conversion of overloaded conventional air-

aeration units. The conversion to a complete pure oxygen 

system will increase the loading capacity 20 times, with no 

accompanying demand for more land (9). A system is now being 

tested at the Tapia Plant, Los Virgenes Municipal Water Dis-

trict, in California. This is the SIMPLEX process which is 

primarily meant to be used for plant conversions (39). It 

should be mentioned that SIMPLEX is not a trade name, but an 

abbreviation for a simplified single stage oxygen contact 

system which is designed by the Cordon International Corpor-

ation. It utilizes the existing blowers and diffusers, thus 

saving approximately 75% on new equipment (39). A large 

inflatable rubber tent is placed over the tank to utilize as 

much waste oxygen as possible through surface re-aeration. 

Using oxygen with the existing equipment will increase the 

plant's capacity by approxwmately 2 times. The treatment, 

power required, and cost required for conversion are shown 

in Table IV. As stated, the SIMPLEX process will not achieve 
TM the same treatment levels of the UNOX or OASES systems, but 

will furnish an excellent interim option which could operate 

efficiently for years while a permanent expansion design is 

being completed (39). 

A new process which is not yet on the market is one being 

perfected by FMC and Martin Marietta Co. (17, 18). This system 

will utilize a single bay rather than multiple bays, a deeper 
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TABLE IV 

POWER AND COST COMPARISONS FOR 

SIMPLEX MODIFICATION (39) 

Operation and 
Power Conversion Maintenance 

Conventional 49.2 HP/MGD $869,000 $120,000 

SIMPLEX 34.7 706,000 93,000 

UNOX 23.7 974,000 101,000 
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tank than other processes, but one that is uncovered. The 

uncovered tank is possible due to the development of a new 

type of diffuser which will furnish an oxygen transfer ef-

ficiency of 92%-95%. 

New equipment is also finding its way into production 

for pure oxygen systems. An example of this is a downflow 

cone aerator (40). The influent flow enters the small part 

of the cone and flows downward toward the wide portion of the 

cone. The oxygen is injected upward from the bottom of the 

cone. The influent velocity of the flow is greater than the 

buoyant velocity of the bubbles while the velocity of the 

effluent out the bottom of the cone is less than the bubbles 

buoyant velocity. Therefore, the majority of the bubbles 

remain in the cone. There are power savings due to no recir-

culation of oxygen and oxygen transfers of 80%-90% have been 

recorded. 

Speece and Humenick proposed an oxygen system that would 

eliminate the need for a secondary clarifier (20). Due to 

the low turbulence level, they proposed that a solids separa-

tion system be built within the aeration basin. The sludge 

blanket is recycled through the aerator and clarification 

would occur above the sludge blanket as long as the net over-

flow rate did not exceed 800 gpd/ft 2. This system requires 

that three criteria be met: 

1. The overflow rate must provide satisfactory 

clarification. 
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2. The initial settling velocity must be less 

than the overflow rate. 

3. Sufficient volume must be present for the 

sludge blanket to satisfy the F/M ratio and 

the sludge retention time. 

This system has possible additional savings of 33% over other 

processes. Patents have been applied for and issued. 

All of these systems differ in the method of mixing, oxy-

gen transfer methods, and other physical items. It is import-

ant to note, however, that they all utilize close to the same 

operating parameters. 



CHAPTER III 

MATERIALS AND METHODS 

The objective of this research was two-fold. The first 

was to analyze the advantages, if any, of pure oxygen systems 

when compared directly to a conventional air system. The 

second was to analyze the engineering feasibility of operating 

an air system at the same operating conditions used in a pure 

oxygen system. The equipment and methods of analysis are dis-

cussed in the following sections. 

A. Treatment Units 

Two identical bench-scale models were designed for this 

project and were constructed in the Engineering Sciences 

Workshop. Each unit was made of 3/8 inch plexiglass and mea-

sured 9.5 inches long, 6.0 inches wide, and 12 inches high. 

Both units were fitted with covers made of 3/8 inch plexiglass. 

A sharp crested underflow baffle was added 3 inches from one 

of the end walls in each unit. This divided the unit into 

two separate basins, the smaller being the settling basin. 

The adjustment of this baffle regulated the sludge return rate. 

It was occasionally necessary to assist the sludge return by 

means of a hand-held mixing paddle. This type of design has 

been used in full-scale air treatment plants under the trade 

name Rapid Bloc, manufactured by FMC. 

Several sampling points, 5/8 inches in diameter, were 

39 
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placed in the bottom of the unit. One of these was fitted 

with an adjustable pipe that acted as the effluent weir and 

discharged to a sink. Two small slanted baffles were placed 

in both ends of the unit to facilitate mixing in the aeration 

basin and to aid settling and sludge return in the clarifier. 

These units are illustrated in Figures 7 and 8. 

A flow rate of 10 gpd (26.3 ml/min) of raw domestic 

sewage was pumped to each unit. This sewage was obtained each 

day between 9:30 a.m. and 12:00 Noon from the Stroubles Creek 

Sewage Treatment Plant in four s~gallon polyethylene carboys. 

The sewage was pumped directly from these containers, which 

had been fitted with suction lines to insure continuous flow 

to the units without changing the location of the suction up-

take hose of the pumps. At this flow rate, the aeration tanks 

had a detention time of 2.5 hours. 

Other equipment used for the operation of each unit did 

differ. Therefore, each unit, air and oxygen, will be des-

cribed separately. 

(1) Air Unit 

For the longest part of the research, a Sigmamotor 

Model T-8 peristaltic pump was used. This was what is commonly 

called a "finger" pump. It was connected to a variable speed 

motor and there was no difficulty in achieving the desired 

flow rate. This pump did, however, quickly wear through the 

3/16 inch inside diameter plastic tubing that was being used. 

It was for this reason that the pump was replaced by a Manostat 
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Varistaltic Pump. No further difficulties arose. 

Air was supplied to the unit through 3/16 inch inside dia-

meter plastic tubing with a cotton filter added. This cotton 

filter prevented solid matter from clogging the diffuser 

stones and also filtered out any oil that often finds its 

way into a compressed air supply. The air was then diffused 

into the aeration basin through two diffuser stones placed at 

the head end of the tank. 

(2) Oxygen Unit 

The waste was supplied to this unit by a Sigmamotor 

Model TM-35 peristaltic pump. This pump created no difficul-

ties and maintained its flow rate extremely well. It also 

utilized plastic tubing with an inside diameter of 3/16 inch. 

The oxygen used in this unit was purchased from Airco, Inc. 

in steel cylinders containing 260 cubic feet of oxygen. The 

regulator used with the tanks was also furnished by Airco, Inc. 

The gas flow rate was regulated and measured by a flow gauge 

made by the Brook Instrument Division, Size l-65A. It was 

diffused into the unit through two diffuser stones located 

at the head end of the tank. 

A mechanical mixer was required for mixing due to the 

low volume of oxygen required. 

in a 115 volt, 60 cycle size. 

A Waco Supreme model was used 

The paddle used was a three-

bladed, pitched propeller type with an outside diameter of 

approximately one inch. The mixer operated at 200 RPM. 

The flow rates for both units were periodically checked 
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by pumping into a graduated cylinder for several minutes as 

timed by a stop watch. If needed, adjustments were then made 

to the pump. 

B. Methods of Sampling and Analysis 

In order to analyze the performance of both units the 

following tests were run: 

1. Biochemical Oxygen Demand (BOD) 

2. Total Suspended Solids (TSS) 

3. Total Volatile Suspended Solids (TVSS) 

4. Sludge Volume Index (SVI) 

5. Oxygen Uptake 

6. Dissolved Oxygen Concentration (D.O.) 

Other parameters that were necessary were calculated from those 

above. These include: 

1. Oxygen Coefficient (a) 

2. Endogenous Coefficient (b) 

3. Sludge Yield Coefficient (Y) 

4. Auto-oxidation Constant (kd) 

5. Velocity Gradient (G) 

6. Settling Velocity (v) 

7. Food-to-Microorganism Ratio (F/M Ratio) 

These units were not operated at a constant temperature. They 

were both subjected to an identical environment, however, and 

this is the more important consideration in a direct side-by-

side comparison. 
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The D.O. measurements for BOD determinations were made 

using a YSI Model 51 Oxygen Probe. Duplicate samples were 

taken from the influent and the effluent of both units. The 

effluent samples were collected in clean beakers from the 

discharge of the clarifier's effluent weir. The influent 

samples were diluted to 2% and the effluent samples were di-

luted to 15% by the addition of dilution water prepared in 

accordance with Standard Methods (41). The samples were 

placed in standard BOD bottles (300 ml) and incubated in a 

constant temperature room at zo 0 c. They were tested every 

day for a period of five days. At the end of this time, the 

BOD 5 values were calculated and the values for the duplicate 

samples were averaged. 

The total suspended and total volatile suspended solids 

were determined by filtering duplicate representative 10 ml 

samples through gooch crucibles that held Size 2.1 cm, Grade 

934AH glass fiber filters supplied by Reeve Angel. The samples 

were then placed in a 103°C oven for one hour, cooled to room 

temperature in a dessicator, and then weighed. This value was 

used to calculate the TSS values. The crucibles were then 

placed in a SS0°C oven for fifteen minutes. They were again 

cooled in a dessicator and weighed. This weight was sub-

tracted from that obtained after the 103° oven and was used 

to calculate the TVSS values. The samples tested were from 

the influent, both effluents and the mixed-liquor. In most 

cases, the entire basin was uniformly mixed by removing the 
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underflow baffle. Numerous tests; however,were run by taking 

separate samples from the aeration basin and the settling 

basin to see what effect, if any, not mixing the entire basin 

would have. Upon analysis of these different sampling meth-

ods, it was found that when the baffle was not first removed, 

the solids concentrations in the aeration basin were substan-

tially higher. Based on these numerous tests, a solids cor-

rection factor of 1.3 was arrived at to obtain the actual 

solids levels in the aeration basin. 

The SVI was obtained as a measure of the settleability 

of the sludge. During the first half of the testing, samples 

were placed in a one liter graduated cylinder and allowed to 

settle for 30 minutes. Readings were taken every three minutes. 

The settleability was extremely poor. It was decided that side 

wall effects were the cause. Settling tests were then per-

formed in three different cylinders: 

1. A one liter graduated cylinder. 

2. A two liter graduated cylinder. 

3. A 5.5 inch diameter container that had been 

graduated. 

The results improved drastically and gave an insight to the 

degree that side wall effects hinder settling. 

Oxygen uptake rates were obtained by filling a standard 

BOD bottle with a sample from the aeration basin. It was then 

connected to the YSI probe and the time required for the D.O. 

level to drop each 0.5 mg/l was recorded. The initial D.O. 
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level in each basin was checked during this test. 

The velocity gradient, G, was calculated from known 

parameters (11). The basic equation is: 

G = ( fu: )~ 
where: G = mean velocity gradient, ft/sec-ft 

p = power consumption within a fluid volume 

ft-lbs/sec 

µ = proportionality factor having the same 

dimensions as absolute viscosity and equal 

to it in laminar flow 

C = volume of fluid element, ft 3 

This formula can be modified for both mechanical mixing and 

gas mixing. These equations are: 

Mechanical Mixing: 

where: Cd = impeller drag coefficient 

F. = impeller force, lbs 
]. 

v r = relative velocity of impeller 

the length of the paddle 

Bubble Mixing: 

'h 1 G = ( 9...J!.K )~ 
y 

to fluid 

where: Q1 = gas flow per unit volume of fluid, 

ft 3/sec-ft 3 

h = diffuser depth, ft 

along 
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g = gravity constant, 32.2 ft/sec 2 

y =kinematic viscosity, ft 2/sec 

The settling velocity was obtained by plotting the degree 

of settling versus time. A line of best fit was drawn through 

the points for the first three to six minutes. The resulting 

slope was the interfacial settling velocity. This parameter 

was selected to help clarify the comparative settling character-

istics of the two sludges. 

The various kinetic coefficients mentioned were all 

found graphically with the exception of sludge yield coef-

ficient. This will be shown and explained in a later section. 

Some pH values were randomly taken to insure that any 

adverse effects or conditions caused by an excessive build 

up of co 2 would be detected. The pH at no time was below or 

above the allowable range. 

C. Experimental Plan and Difficulties Encountered 

The approach used to obtain the stated objectives is dis-

cussed in the following sections. The difficulties encountered 

will also be discussed. 

(1) Analysis of Advantages of Pure Oxygen Systems 

This objective was accomplished by the continuous 

testing and operation of both units while maintaining oper-

ating parameters within those specified for both units. The 

model utilizing air was based upon a completely mixed process. 

The detention times for both units were 2.5 hours. This is 
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somewhat above that used with oxygen plants and somewhat low 

for completely mixed plants using air. The organic loading 

of the units was higher than expected due to a stronger in-

fluent. This loading was within limits for oxygen systems 

at all times while it was above the upper limit of 120 lb 

BOD/1000 ft 3 for completely mixed air systems on numerous 

occasions. 

The units were seeded with activated sludge obtained 

from a small package plant manufactured by Smith & Loveless 

that is operated at the Corning Glass Factory, Blacksburg, 

Virginia. The units were started and allowed to stabilize 

for one week before full-scale testing went into effect. 

The D.O. level in the air units aeration basin was slightly 

higher than the typical 2.0-4.0 mg/l range, but that level of 

aeration was necessary to achieve adequate mixing. This is 

not uncommon in bench-scale models (12). 

During the first week of operation some filamentous 

growth was observed in the air unit which led to bulking. 

The air flow was increased slightly and some additional seed 

was added. This solved the problem. 

The worst difficulty encountered was first noticed on 

or about 2 July 1973. A large number of worms were observed 

during the settling tests and they multiplied rapidly. After 

a microscopic investigation, they were identified as sludge 

worms and bristle worms, and it was observed that they were 

destroying the important upper life forms in the unit. The 
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situation deteriorated and the units were shut down, cleaned, 

and disinfected on S July 1973. New seed sludge was obtained 

and the units were restarted. Full-scale testing started 

again on 12 July 1973. It should be noted that, although 

both units were cleaned, the worm problem was much greater 

in the oxygen unit than in the air unit. The cleaning of the 

air unit was a preventative measure and also helped insure 

that neither unit was given an advantage. 

The only other recurring problem was sludge floating in 

the air unit. The probable cause was that nitrification was 

occurring in the aeration basin and denitrification was 

occurring in the settling basin. The denitrification would 

release nitrogen gas and would float the sludge to the top, 

and thus over the effluent weir. Denitrification, however, 

is an anaerobic process. Samples were taken from the bottom 

of the settling basin and tested for dissolved oxygen level. 

At no time was this found to be less than 2.0 mg/l. There-

fore, denitrification should not have been taking place. 

The most probable explanation is that the clarifier was indeed 

anaerobic. The sampling point for the clarifier was extremely 

close to the underflow baffle. Solids were continuously cir-

culating beneath this baffle. When samples were withdrawn, 

the sludge obtained may have been primarily from the aeration 

basin and might not have been representative of sludge from 

the clarifier. 
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(2) Feasibility of Operating a Conventional Air Unit 

at Levels Equal to Those for Oxygen Units 

This objective was to evaluate whether an air sys-

tem could achieve the same advantages as oxygen unit when 

run at identical parameter levels. This approach neglects 

any economic considerations such as the need for additional 

compressors and diffusers. It has been shown that conventional 

air plants can handle MLSS concentrations as high as 10,000-

14,000 mg/l such as an industrial waste activated sludge 

treatment plant in Bayport, Texas (11). This plant, however, 

still maintains only 2.0-4.0 mg/l dissolved oxygen. 

When the testing for the analysis of comparative oper-

ation concluded, the oxygen unit was shut down. The oxygen 

unit, obviously, was already at the desired operating levels. 

Therefore, the mechanical mixer was removed and the pure oxy-

gen was disconnected. The diffuser stones were connected to 

a conventional compressed air source and operation was started. 

The air flow rate was regulated to produce a D.O. level of 

7.0-10.0 mg/l in the aeration basin. The resulting turbulence 

caused by the required volume of air destroyed the perform-

ance of the unit. Regardless of the baffle placement, the 

turbulence prevented any solids from settling and actually 

forced them over the effluent weir. In approximately two 

days the majority of the solids were gone. 



CHAPTER IV 

EXPERIMENTAL RESULTS 

The results of this research have been organized into 

separate areas, based on the important parameters, for pre-

sentation in this chapter. Each division contains results 

for both the pure oxygen and the conventional air units. 

A. Sludge Settling Characteristics 

The data for sludge settleability and the SVI were ob-

tained as previously discussed. These tests were carried out 

throughout the project. This settling data is presented in 

Appendix A. 

For each of the tests run, regardless of the cylinder 

used, there was a single distinct sludge interface. No set-

tling aids such as stirring were required. Three different 

cylinders were used, each with a different diameter. The 

respective diameters were; A, 2.5 inches, B, 3.0 inches, and 

C, 5.5 inches. In Cylinders A and B the sludge-supernatant 

interface was not level because of side wall effects. The 

settling observed in all cases was zone and compaction. There 

were extremely few particles observed that remained above the 

sludge-supernatant interface in any test. 

The purpose for using three different diameter cylinders, 

as stated, was to determine the extent of the side wall effects 

and to see if either sludge was more susceptible to them. 
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Figures 9 through 12 are representative settling curves showing 

the extent of the side wall effects on both oxygen sludge and 

air sludge. As can be seen, Cylinder C was large enough to 

eliminate the side wall effects and, therefore, present the 

true settling characteristics of the sludges. The settling 

curves from Cylinder C for both sludges, as presented in Fig-

ures 9 through 12, are shown in a direct comparison in Figures 

13 and 14. These Figures show that there was very little dif-

ference in the settling of the oxygen and the air sludges. 

The concentration of the oxygen sludge in both cases was ap-

proximately 2000 mg/l greater than that of the air sludge. 

These curves are representative of the data obtained. 

To further evaluate the settling characteristics, the 

initial interface settling velocity was calculated. This 

velocity is shown in Appendix B for all cylinders. For analy-

sis, however, only the data from Cylinder C was used to elim-

inate the error due to the side wall effects. Figures 15 and 

16 show the relationship between the settling velocity and 

the concentration of the suspended solids (S.S.). It would 

appear that the S.S. concentration of the oxygen sludge is not 

a controlling parameter, thus a straight line plot is obtained. 

The air sludge, however, illustrates that above a certain S.S. 

range the solids are the controlling factor. The range in 

which the S.S. are not critical is from approximately 3500 

to 4100 mg/l. It should be noted that in the majority of the 

tests, the air sludge had a greater settling velocity than the 
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oxygen sludge, but the MLSS concentration was smaller. The 

settling velocities of both sludges were also independent of 

the F/M ratios. The validity of applying the initial settling 

velocity to sludge produced in a pure oxygen system and a 

possible alternative will be discussed in the next chapter. 

The SVI was plotted against the F/M ratio and the MLSS 

concentrations. These are shown in Figures 17 through 19. 

The F/M ratio was not a factor controlling the SVI for either 

sludge. The SVI average values for the oxygen and air sludge 

respectively were 49 and 58. As would be expected, the SVI 

decreased as the MLSS concentration increased. The lowest 

SVI's obtained from Cylinder C were 36 for the oxygen sludge 

and 32 for the air sludge. 

B. Substrate Utilization Kinetics 

The substrate utilization rate is defined by the equation 

dS/dt = kXS/K
5 

+ S 

where: dS/dt = substrate utilization rate, lbs BOD 

removed/day 

k = maximum rate of substrate utilization, 

day-l 

X = concentration of volatile solids, lbs 

S = substrate concentration, mg/l 

Ks= substrate concentration at k/2 

To determine the coefficients k and K , the equation is s 
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rewritten: 

where: K = k/K 
s 

dS/dt = x 

66 

kS = KS K s 

The substrate utilization rate is then graphed against the 

effluent substrate concentration and the coefficients are 

read from the graph as shown. These respective figures for 

oxygen and air sludge, and a direct comparison, are shown in 

Figures 20 through 22. The values obtained are summarized in 

Table V. 

When the values for K are substituted into the above 

equation, it can be seen that for a given substrate concen-

tration, the oxygen sludge would have a utilization rate al-

most three times that of the air sludge. This greater 

utilization rate for oxygen sludge corresponds well with the 

previous work of Poon and Wang (9). 

C. Oxygen Uptake Kinetics 

As noted previously, the oxygen uptake was measured by 

the YSI Model 51 Oxygen Probe. The drop in the dissolved oxy-

gen (D.O.) level was plotted against time for each run. A 

representative graph of this is shown in Figure 23. The up-

take rate of the sample was obtained by taking the slopes of 

these lines and converting them to pounds per day and dividing 

this by the pounds of MLVSS. These uptake rates per unit 

organism for both oxygen and air sludge were plotted for a 
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portion of the research period in Figure 24. As can be seen, 

the uptake rates per unit organism for the air sludge were 

consistantly higher than those of the oxygen sludge. This 

graph is also significant in that the increase and decrease 

in the rates corresponds directly to the solids level fluctu-

ation. This signifies that the oxygen uptake rate for both 

oxygen and air sludge will increase with the solids level. 

The fact that the uptake rate was slightly greater for the 

air system will be explained in the next chapter when the 

kinetic coefficients are discussed. 

The commonly used rational method for determining the 

oxygen required for an activated sludge process states that: 

d0 2/dt = (a * dS/dt) + (b * X) 

where: d0 2/dt = oxygen required, lb/day 

a = coefficient for oxygen required by 

organisms for growth 

dS/dt = substrate removed, lbs/day 

b = coefficient for oxygen required for 

endogenous respiration 

X = concentration of the mixed-liquor 

suspended solids, lbs 

The coefficients a and b are determined experimentally by 

the following method: 

1. Rearrange the equation to: 
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d0 2/dt = (a* dS/dt) + b 
x x 

2. Plot a graph of the oxygen utilized per unit organism 

against the substrate removal per unit organism. 

By rearranging the equation and preparing this graph, the re-

sulting line has a slope of a and an intercept on the vertical 

axis of b. 

Figures 25 and 26 show these graphs and the results ob-

tained in this research. The lines were plotted using the 

lease squares method. The normal range for the air activated 

sludge process of a and b are 0.35-0.55 and 0.07-0.20 respect-

ively (42). The values obtained for the coefficients are 

shown in Table VI. 

As can be seen, these values are either within or extremely 

close to the typical ranges. This would seem to indicate that 

there is no significant difference in the oxygen utilization 

rates of the biomass due to the type of gas used to supply 

the oxygen. This will be discussed in detail in the next 

chapter. 

D. Sludge Production Kinetics 

The production of volatile solids is given by the formula: 
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TABLE VI 

OXYGEN UPTAKE COEFFICIENTS 

a 

0.37 

0.32 

b (day- 1) 

0.105 

0.140 
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dX/dt = Y * dS/dt - kd * X 

where: dX/dt = cell dilution rate,lbs excess VSS/day 

dS/dt = substrate removal rate, lbs BOD /day 
r 

Y = yield coefficient, lbs VSS produced/ 

lbs BOD 
r 

kd = endogenous respiration coefficient, 

day-l 

X = substrate concentration, lbs 

This is then rewritten: 

dX~dt = (Y * dS/dt) _ k x d 

and the cell dilution rate per unit organism is plotted against 

the substrate removal rate. The slope of the resulting line 

is Y and the vertical intercept is kd. In previous studies, 

ranges for Y and kd for oxygen and air sludges have been found 

to be 0.3-0.45 and 0.5-0.75 lbs VSS/lbs BOD and 0.27 and 0.17 r 
day-l respectively (5, 11). 

Due to various hydraulic difficulties during this research, 

these coefficients could not be determined. Although both 

units operated extremely well and within their suggested 

solids levels, at no time was there excess sludge that was 

wasted. 

E. Treatment Efficiency 

Throughout this research period, the air unit's efficiency 
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only surpassed that of the oxygen unit three times. The over-

all average BOD removal efficiency over a wide range of load-

ings was 94% for the oxygen unit and 85.3% for the air unit. 

The solids removal efficiency (influent-effluent) for the 

oxygen system was 98.5% and it was 79.5% for the air process. 

F. Mixing Intensity 

The velocity gradients remained constant during the 

testing period. The gas flow rates and the mechanical mixing 

parameters were not changed. 

In the oxygen unit, the G rates for gas and mechanical 

mixing were 26. 1 and 13. 35 ft/ft-·sec respectively, for a total 

G of 39.S ft/sec-ft. The gradient for the air unit from the 

diffused air was 158.6 ft/sec-ft. These values are almost 

exactly identical to those recommended for the two systems. 

A range of 140-160 ft/sec-ft is recommended for air and a G 

value of 40 ft/ft-sec for oxygen (11). 



CHAPTER V 

DISCUSSION OF RESULTS 

The objective of this research was to compare an air 

activated sludge process with a pure oxygen activated sludge 

process. The oxygen process is relatively new and a wide 

range of advantages have been claimed. These claims were 

also evaluated. The research was carried out in two identical 

bench-scale models which have been described previously. The 

results obtained were presented in the previous chapter. They 

will be discussed in greater detail in the following sections. 

A. Settling Characteristics of the Respective Sludges 

One of the major advantages claimed for oxygen sludge is 

that the sludge settles and compacts to a much greater degree 

than air sludge. This was evaluated by running settling tests 

in three cylinders of increasing diameter. The SVI and the 

initial settling velocity were calculated from these data and 

compared. The effect of identical side wall effects was also 

observed for both sludges. The largest cylinder (5.5 inches) 

eliminated these effects in both cases. The data from the 

two smaller cylinders, however, did show wall effects. By 

comparing the level the sludges reached in 30 minutes of 

settling, it appears that the side wall effects affected the 

oxygen sludge to a greater degree. 

The SVI values ranged from 36 to 89 for the oxygen sludge 
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and from 32 to 108 for the air sludge. The average values 

for the oxygen sludge and air sludge were 53 and 67 respect-

ively. When these rates were plotted against the solids 

concentration, the oxygen SVI decreased as the solids increased. 

The air SVI, however, was not affected in the solids range 

of 3300 to 4000 mg/l. Above this the air SVI did decrease. 

It was also shown that the F/M ratio did not correlate with 

either SVI. 

The initial settling velocities were also calculated and 

compared. In recent years, the use of this term instead of 

the SVI has been increasing. Its usefulness when applied to 

oxygen processes is questionable. The average values for 

Cylinders A, B, and C for oxygen sludge and air sludge were, 

respectively, 9.1, 17.0, and 95.0 ml/min and 12.0, 21.0, and 

104.0 ml/min. These values were then plotted against the 

solids concentration. The solids levels had no effect on the 

settling velocity of the oxygen sludge. The velocity of the 

air sludge decreased with increasing solids above a level of 

4000 mg/l. It would appear from the settling velocities that 

the air sludge, not the oxygen sludge, settled slightly more 

efficiently. Is this, however, true? The settling velocities 

of both sludges were not affected by the solids concentrations 

when the units were operated within their respective solids 

ranges. The resulting velocities were almost identical. This 

indicates that a sludge with a concentration of 6316 mg/l will 

settle at the same rate as one at 3930 mg/l. In order to 
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settle at the same velocity, the oxygen sludge (6316 mg/l) 

would have to compact to a greater degree. This also enables 

the oxygen sludge to be fed to a clarifier at the same over-

flow rate as used with an air sludge. This in itself would 

be an advantage. This can be seen by the following example. 

Assume two, 2 liter cylinders are used for a comparison 

and the oxygen sludge concentration is 6316 mg/l and the air's 

concentration is 3930 mg/l. Therefore, Cylinder A (oxygen 

sludge) contains 12,632 mg of solids and Cylinder B (air 

sludge) contains 7860 mg. If they both settle at the same 

rate, at some time T1 , they will settle to a volume of one 

liter. The resulting concentrations for Cylinders A and B 

will be 12,632 mg/l and 7860 mg/l respectively. At another 

time, r 2 , the sludges will settle to a volume of 0.5 liters. 

The sludge for Cylinders A and B respectively are now 25,264 

mg/l and 15,720 mg/l. As can be seen from this, the settling 

velocity does not indicate the greater compaction of the oxy-

gen sludge, which is an important advantage. 

A parameter that could be used to effectively represent 

the comparative settling of different concentrations of sludge 

would be of great benefit. The SVI relates a volume after 

settling and the solids concentration while the settling 

velocity relates the volume settled and time. If the settling 

velocity is multiplied by the solids concentration with the 

appropriate conversion factors, the settling will be described 

in terms of the mass of solids settled in a certain time 
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(gms/min). This term could be called the mass settling rate. 

These values were calculated and are shown in Appendix C. 

The average values for oxygen and air sludge, respectively, 

were 0.541 gms/min and 0.470 gms/min. This indicates that a 

larger mass of oxygen sludge settles and compacts than does 

air sludge in an identical time period, which corresponds to 

both the solids and settling data. This mass settling rate 

was plotted against the mixed liquor solids concentration in 

Figure 27. The rate of the air sludge was independent of the 

solids concentration while the oxygen's rate increased slightly 

as the solids increased. This term, after further testing, 

could prove to be a valuable parameter. 

B. Substrate Removal Kinetics 

As previously discussed, the substrate removal rate may 

be written: 

where: K = k/K s 

dS/dt = KS 
x 

The values obtained fork and K for both units were listed in s 
Table V. The commonly used values for air activated sludge 

are k = 6.91 day-l and K = 22 mg/l. As can be seen, these s 
are very close to the values obtained for the air unit in this 

research. The values for oxygen sludge were substantially 

lower than these values. Of major importance, however, is 

the constant K. The K value for oxygen sludge was 2.8 times 
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larger than that for the air sludge. As can be seen from the 

equation, this means that the substrate removal rate for the 

oxygen system is 2.8 times greater than that of the air system. 

This, too, correlates well with published claims. 

C. Oxygen Uptake Kinetics 

The oxygen uptake rate is given by: 

d0 2/dt = a dS/dt + bX 

The values of a and b are presented in Table VI. As demon-

strated, the constants for both units were extremely close to 

the suggested ranges for an air process. The value for a, 

the coefficient of the oxygen required for cell synthesis, 

was slightly smaller for oxygen than it was for air. The 

coefficient b for endogenous respiration was greater for the 

oxygen sludge than for the air sludge. This indicates that 

there is a greater degree of endogenous stabilization occurring 

in the oxygen unit. Both of these results and observations 

concur with the claims reported for pure oxygen systems. 



CHAPTER VI 

CONCLUSIONS 

Based upon an evaluation of the experimental results, the 

following conclusions were made: 

1. There was little difference in the settling veloc-

ities of sludge from the two systems compared. However, the 

oxygen sludge had a considerably larger MLSS than the air 

sludge and, therefore, its settling characteristics were 

superior. 

2. Cylinders with an inside diameter of less than 5.5 

inches had a strong hindering effect on sludge settling. Wall 

effects hindered the settling of the oxygen sludge to a greater 

degree than the air sludge. 

3. The settling velocity of the oxygen sludge was inde-

pendent of the solids concentration within the range tested. 

The air sludge was independent of the solids concentration 

between 3000 mg/l and 4000 mg/l, but higher concentrations 

hindered settling. 

4. When the settling velocities alone were used to de-

scribe settling characteristics, the oxygen sludge appeared to 

settle worse than the air sludge. The use of the settling 

velocity, however, does not indicate the greater compaction 

of the oxygen sludge which is an important advantage. 

5. A new parameter, termed the mass settling rate, ob-

tained by multiplying the settling velocity by the mixed 
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liquor solids concentration, gives a better comparative analy-

sis of the settling and compaction characteristics of oxygen 

and air sludges. 

6. The substrate removal rate was approximately 2.8 times 

greater in the oxygen process. 

7. The oxygen utilization rate of the sludge from the 

air unit was slightly higher than that of the oxygen sludge. 

8. The sludge in the oxygen unit had a greater rate of 

endogenous stabilization than the sludge in the air unit. 

9. The removal efficiency of the oxygen unit (94%) was 

greater than that of the air unit (85%). 

10. Although it has been shown that conventional air 

plants may operate at solids levels equal to those of an oxy-

gen process, they cannot be operated to meet the other para-

meters such as dissolved oxygen levels, by known designs, and, 

therefore, are not able to achieve the same advantages. 
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APPENDIX A 

SETTLING DATA (ml) - CYLINDER A 

Time 
(Min) 20 June 21 June 23 June 24 June 

02 Air 02 Air 02 Air 02 Air 

3 970 760 980 560 975 970 

6 930 600 970 380 960 940 

9 900 520 950 320 950 910 

12 870 470 930 290 930 885 

15 830 425 915 270 915 860 

18 810 400 895 250 900 840 

21 780 380 8 75 240 885 815 

24 750 360 860 230 865 795 

27 730 340 840 220 850 770 

30 700 330 820 210 830 750 

MLSS 19 70 1590 1800 550 1340 2620 
(mg/ 1) 
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SETTLING DATA (ml) - CYLINDER A (cont) 

Time Z5 June Z6 June Z7 June Z8 June 
(Min) Oz Air Oz Air Oz Air Oz Air 

3 980 990 990 990 975 980 9 70 970 

6 965 9 80 980 985 955 965 955 950 

9 955 975 965 975 935 940 940 930 

lZ 940 965 950 960 910 9ZO 925 900 

15 9Z5 955 935 950 880 900 905 870 

18 915 945 9ZO 945 855 880 895 840 

Zl 900 935 905 935 835 860 875 8ZO 

Z4 885 9Z5 890 9Z5 815 840 860 795 

Z7 870 915 875 915 800 8ZO 845 770 

30 860 905 860 905 785 800 8Z5 745 

MLSS 3935 3930 ZZ30 3570 3170 Z805 3010 Z480 
(mg/1) 
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SETTLING DATA (ml) - CYLINDER A (cont) 

Time Z9 June 30 June ·1 Ju1r · z Jul~ 
(min) Oz Air Oz Air Oz Air Oz Air 

3 980 975 965 970 965 970 965 960 

6 960 965 940 945 935 950 9ZO 9Z5 

9 945 950 910 9ZO 895 930 860 885 

lZ 9Z5 935 885 900 855 900 800 850 

15 905 915 850 875 8ZO 875 740 815 

18 885 895 830 850 780 850 695 785 

Zl 865 880 800 8Z5 745 8Z5 650 755 

Z4 850 860 775 805 710 805 605 730 

Z7 830 840 750 785 670 785 565 705 

30 810 8Z5 7Z5 760 635 765 5Z5 680 

MLSS 4310 Z660 3670 Z650 3905 Z615 34Z5 Z570 
(mg/l) 
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SETTLING DATA (ml) - CYLINDER A (cont) 

Time 3 Jul:r 12 Ju Ir 13 Jul:r 14 Jul:r 
(min) 02 Air 02 Air 02 Air 02 Air 

3 680 945 780 985 930 935 890 860 

6 460 870 515 970 820 720 790 620 

9 400 810 440 960 720 560 710 530 

12 360 765 395 950 650 490 650 480 

15 335 720 365 940 600 450 610 440 

18 310 680 340 925 560 420 570 410 

21 300 650 325 910 530 400 540 390 

24 285 625 310 900 500 385 520 375 

27 270 605 295 890 480 370 500 355 

30 260 580 290 825 455 355 480 345 

MLSS 4000 29 70 3379 3420 3821 2780 3880 2895 
(mg/1) 
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SETTLING DATA (ml) - CYLINDER A (cont) 

Time 15 Ju1r .. T6 July 17 Julr 18 Julr 
(min) Oz Air Oz Air Oz Air Oz Air 

3 980 955 980 975 990 9 70 990 980 

6 955 800 9 70 9ZO 975 9ZO 980 870 

9 910 610 955 730 965 810 9ZO 670 

lZ 8ZO 530 945 610 955 750 960 595 

15 760 490 550 940 700 950 540 

18 715 460 510 930 660 940 505 

Zl 680 435 900 475 9ZO 630 930 480 

Z4 650 415 880 450 905 605 9ZO 455 

Z7 6ZO 400 865 430 900 580 910 435 

30 600 385 850 410 885 560 900 4ZO 

MLSS 5Z53 Z415 4956 Z430 5907 Z635 537Z Z8ZO 
(mg/1) 
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SETTLING DATA (ml) - CYLINDER A (cont) 

Time 19 Jult 20 Jul:r 21 JuI:r 22 Jul:r 
(min) 02 Air 02 Air 02 Air 02 Air 

3 980 910 980 960 985 980 980 780 

6 9 70 600 960 870 970 970 960 650 

9 950 485 940 770 950 955 945 585 

12 930 430 925 690 940 940 930 540 

15 915 905 930 920 910 500 

18 900 880 585 905 895 480 

21 885 360 860 550 885 880 445 

24 8 70 340 840 520 865 860 420 

27 850 330 500 860 850 850 400 

30 835 320 810 480 850 830 830 385 

MLSS 5234 2965 5161 3445 5682 5110 5345 4115 
(mg/1) 
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SETTLING DATA (ml) - CYLINDER A (cont) 

Time 23 July: 24 July: 2s July: 26 July 
(min) 02 Air 02 Air 02 Air 02 Air 

3 950 985 960 980 965 985 990 

6 905 980 930 940 950 900 950 970 

9 860 965 900 865 920 840 925 960 

12 815 955 870 810 890 7 80 900 945 

15 790 945 840 860 735 875 930 

18 750 935 805 730 840 700 850 920 

21 710 925 775 700 810 665 825 905 

24 680 910 745 670 740 640 805 

27 650 900 720 645 760 615 780 

30 625 850 690 620 740 590 760 865 

MLSS 5412 5245 5645 3700 5715 3705 5623 3825 
(mg/1) 
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SETTLING DATA (ml) - CYLINDER A (cont) 

Time 
(min) 27 Jult 28 Julr o2 Air 02 Air 

3 980 980 9 70 940 

6 955 960 950 760 

9 930 935 935 640 

12 910 900 910 565 

15 890 890 510 

18 860 835 870 480 

21 840 810 850 455 

24 820 780 830 435 

27 795 755 810 415 

30 770 730 785 400 

MLSS 5950 4075 6316 3930 
(mg/ 1) 
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SETTLING DATA (ml) - CYLINDER B 

Time 20 Jult 21 Ju Ir 22 Ju1r 23 Ju Ir 
(min) 02 Air 02 Air 02 Air 02 Air 

3 960 920 950 960 960 670 920 980 

6 930 820 920 925 925 530 850 960 

9 900 740 890 890 900 450 790 940 

12 890 670 835 860 880 410 720 920 

15 840 620 780 830 845 380 6 70 900 

18 790 580 790 820 355 620 880 

21 760 540 750 790 330 580 855 

24 720 510 720 765 320 540 830 

27 680 480 610 680 740 305 500 810 

30 650 460 590 650 720 300 480 790 

MLSS 5161 3455 5682 5110 5345 4115 5412 5245 
(mg/l) 
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SETTLING DATA (ml) - CYLINDER B (cont) 

Time . 24' Jul}:'.'. 25 Julr 26 Ju1r 27 Julr 
(min) 02 Air 02 Air 02 Air 02 Air 

3 930 960 930 950 980 960 970 

6 880 910 900 790 920 950 920 930 

9 830 820 860 700 880 930 880 840 

12 770 750 810 640 840 900 840 750 

15 720 770 580 800 870 800 

18 670 650 730 545 760 840 760 660 

21 630 620 690 510 720 820 710 620 

24 580 580 650 480 680 670 590 

27 540 560 610 460 645 635 560 

30 510 530 580 440 610 740 600 540 

MLSS 5645 3700 5715 3705 5623 3825 5950 4074 
(mg/1) 
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SETTLING DATA (ml) - CYLINDER B (cont) 

Time .. 28 July 
(min) 02 Air 

3 960 900 

6 920 660 

9 890 570 

12 850 510 

15 820 430 

18 780 420 

21 740 410 

24 700 390 

27 660 370 

30 620 360 

MLSS 6316 3930 
(mg/l) 
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SETTLING DATA (ml) - CYLINDER C 

Time 20 July 21 Ju Ir 22 Julz 23 Julz 
(min) 02 Air 02 Air 02 Air 02 Air 

3 8 75 600 650 750 800 350 650 850 

6 725 500 600 625 700 275 500 750 

9 650 450 525 525 600 250 400 675 

12 590 400 475 475 525 225 375 600 

15 550 375 450 425 475 200 350 525 

18 525 350 400 400 450 200 325 500 

21 500 350 375 375 425 185 300 475 

24 480 350 350 350 400 175 300 450 

27 4 75 340 350 300 390 150 275 425 

30 460 340 340 300 375 150 250 400 

MLSS 5161 3445 5682 5110 5345 4115 5412 5245 
(mg/l) 
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SETTLING DATA (ml) - CYLINDER C (cont) 

Time 24 July: 25 July: 26 July: 27 July: 
(min) 02 Air 02 Air 02 Air 02 Air 

3 700 750 600 750 750 600 650 

6 525 525 550 450 600 525 550 500 

9 450 525 475 400 500 525 450 425 

12 400 475 400 325 450 475 400 325 

15 375 400 400 300 400 400 350 

18 370 390 375 275 3 75 390 325 300 

21 350 350 350 250 370 350 300 250 

24 325 250 250 350 300 240 

27 300 250 225 300 250 225 

30 250 290 250 225 250 290 250 200 

MLSS 5645 3700 5715 3705 5623 3825 5950 4075 
(mg/l) 
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SETTLING DATA (ml) - CYLINDER C (cont) 

Time 28 Ju1r 
(min) 02 Air 

3 700 500 

6 600 400 

9 500 250 

12 425 240 

15 350 200 

18 300 200 

21 300 190 

24 250 150 

27 225 140 

30 225 125 

MLSS 6316 3930 
(mg/1) 



APPENDIX B 

SETTLING VELOCITIES (ml/min) 

Oxygen Crlinders Air Crlinders 
Date A B c SVI A B c SVI 

20 July 6.6 13.3 45.8 89 31. 6 28.8 133.3 59 

21 July 5.5 16.6 116.6 60 6.6 13.3 83.3 36 

22 July 6.6 13.3 66.6 70 73.3 110.0 216.6 76 

23 July 16.6 26.6 116.6 46 5.0 6.6 so.a 77 

24 July 13.3 23.3 100.0 48 10.0 15.0 66.6 61 

25 July 8.3 16.6 91. 6 43 16.6 35.0 133.3 69 

26 July 8.3 16.6 83.3 44 6.6 6.6 83.3 75 

27 July 7.0 13.3 133.3 42 6.6 20.8 116.6 49 

28 July 10.0 i3.3 100.0 36 32.6 40.8 166.6 32 

Average 
Values 9.1 17.0 95.0 49 12.0 21. 0 104.0 58 
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APPENDIX C 

MASS SETTLING RATE CALCULATIONS 

Oxygen 

Date MLSS v Rate 
Cg/1) (I/min) Cg/min) 

20 July 5.16 0.046 0.237 
21 July 5.68 0.117 0.665 
22 July 5.35 0.067 0. 35 8 
23 July 5.41 0.117 0.633 
24 July 5.65 0.100 0.565 
25 July 5.72 0.092 0.526 
26 July 5.62 0.083 0.466 
27 July 5.95 0.133 0.791 
28 July 6.32 0.100 0.632 

Air 

Date MLSS v Rate 
(g/l) Cl/min) Cg/min) 

20 July 3.45 0.133 0.459 
21 July 5.11 0.083 0.424 
22 July 4.12 0.217 0.894 
23 July 5.25 0.050 0.263 
24 July 3. 70 0.066 0.244 
25 July 3. 71 0.133 0.493 
26 July 3.83 0.083 0.318 
27 July 4.08 0.117 0.477 
28 July 3.93 0.167 0.656 
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A COMPARISON OF SLUDGE PROPERTIES AND KINETIC 

DIFFERENCES BETWEEN A PURE OXYGEN SYSTEM 

AND A CONVENTIONAL SYSTEM 

by 

Scott Trethaway Haas 

(ABSTRACT) 

The objective of this research was to analyze a pure oxy-

gen activated sludge process and its claimed advantages. The 

major emphasis of both the claims and this research was the 

settleability of the sludge and the biological kinetics. An 

identical conventional air activated sludge unit was also 

operated as a direct comparison. 

Settling tests were run in three different cylinders with 

increasing diameters to collect data on the side wall effects 

in addition to the settling rates. The settling velocities 

were also calculated and the average values for the oxygen and 

the air sludges were 95.0 ml/min and 104.0 ml/min, respectively. 

The results indicated there was no significant difference in 

the settling rates and the mixed liquor solids concentration 

did not affect these rates. The mass settling rate, a new para-

meter obtained by multiplying the settling velocity times the 

mixed liquor solids concentration, indicated the oxygen sludge 

settled more mass in a given time period than the air sludge, 

and therefore compacted to a greater degree. 

The substrate utilization rate of the oxygen process was 



found to be 2.8 times greater than that of the conventional 

air process. This finding is comparable to other published 

reports. 

The oxygen utilization rate for the sludge from the air 

unit was slightly higher than that of the oxygen sludge. The 

coefficients of the kinetic formula did indicate that the 

oxygen system had a greater degree of endogenous stabilization 

occurring than did the air. 

The oxygen unit used in this study consistently had better 

BOD removal efficiencies than did the air. The oxygen unit 

averaged 94%, while the air unit averaged 85%. 

This investigation also indicates that an air unit will 

not operate at the identical parameters utilized in an oxygen 

process. This is due primarily to hydraulic difficulties 

encountered. 
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