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ABSTRACT

!
i

DETERHINATION OF ALPHA AND gﬁTA FACTOR FOR‘DOMESTIC WASTE%ATERS
UNDER DIFFERENT OPSRATING‘CONDITIONS
by |
. Prem Krishan Tewari

The growiﬁg cost off energy has placed a greet burden on the waste-
watexr treatmeﬁt plants. Other factors contributing to this great
burden are: increase in industriel effluents, both in quality anég -
diversity, and the tremendouws increase in po%ulation. The unit worst
hit.by this is the biological reactor in the activated sludge treatment,
process.- Th§5 study was conducted, under different operating conditions,
.te.éeterﬁine alpha - the‘ratio of oxygen uptake rates in westewater and
taé.water, respectively; and beta - the re%io og D.0. saturation.
concentratiens -in wastewater and tap water, respectively.- Three different
laboratory scale tang geometries were emploved to analvze four different
types oé-westewaters, collected from two sources.

"The volume of samples in the three tanks was 9.0 L, 12.0 L and.
20.0 L. The range of air flow rates was 40. to ;82 cc/min/L. Since an
interference'was obseeved with the chemicals while chemically
deoxygenating one of the samples, the nitrogen striﬁping method was -
adopted for that sample. The rates of oxvgen uptake, KLa, in water and
wastewater were measured with a D.O. measurlng probe. A computer
programme comprising of SAS pack&ge NLINDF, was used to analyze the
data for caleylating KLa by the nonlinear least-squere regress%on

technigue.

The results showed that KLa values were affected by air flow rate,

water depth, tank geometry, temperature and wastewater characteristics.

1
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~ Aléo, it increased with the successive addition of sodium sulfite.

‘

- -

Howeyer,- the o factor was not affected by air £l6w xate, tank geometry
and water depth; but, wastewater characteristics had influenced the

.alpha values. The results were analyzed statistically and average
L . —

. ?alues of o foi‘the four samples ranged between 0.67 and 0.925.

" This study also showed that the dissolved oxvgen saturation value

o

increaged with an increaseé in depth. It was observed that the D.O.

—-—‘J “
saturation value, obtained.after applving correction for the dissolved

solids concentration to the values read from the Table in Standard .

Methods, was very close to the D.O. value obtained by'the'Winkler'metpod.

On the other hénd, the D.0. saturation values obtained with the prebe
¢« » ' 7

and the calculated values showed disnrepanqies in the results.
-

The" 8 factorlwas calculated using saturation values obtained b§ a
different method. : x\J'

It is concluded that, eQen'though ndlsignificant difference wés
observed among the values obtained by different methods, it is convenient

to calculate £ factor from the D.0O. saturation values obtained from the

Standard Methods after applying.correction for the dissolved solids. The

8 values ranged between 0.89 and 1.00 with an average of 0.97.

~
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CHAPTER I

INTRODUCTION
In this space age, human beings are txying harder and harder to
achieve higher and higher. - This has resulted in the discovery of many

Pl

new chemicals everyday. Such‘technological advancéménfs have inéreaseﬁ
industrial eéfiuent; both in quantity and diversity. Also, the steadily -
increasiﬁg population has resulted in increased quantity of domestic
wastewater. The.increasé in‘éalluténté has placed a greaf burden on the
wastewater treatment plants .to produce effluents of suitable quality
befare discharging them into local bodies of water.

This tremendous burden could be released either $y redesigning the
entire plantslor modifying certain unit operations. fhe.unit cperation®
most affectéd due to increase in organic pollutants is the biological
reacfor in the activated sludge,process. In this process, air is
supplied to ;he:contents in the réactor, known as mixed-liquor, ‘ -

. containing orxganic matter and bacterial mass. This supply of air directly

-oxidizes certain types of wastes to more stabilized form, acts as a " er

-ty

source of oxvgen for the bacteria which can stabilize different types of

oFganic pollutants and keeps the flocs in suspension. -
There are different techniques used for sﬁpplying alr to the mixéd-
liquor. \Surface aeration, alsc known as ﬁéchanical aeration, and sub- -
surface aeration are the two most common methods. Subsurface aeration
-can be fine bubble aeration or coarse bubble aeration. In ﬁine bubbié
devices, .air bubbles form at the surface of 'the diffusers, whereas in
coarse bubble devices, alr breaks into bugﬁles after coming out of the

diffusers (1l}. Due to the climatic conditions, use of mechanical aerators

is discouraged in cold countries.

1 _ ' -



Higher oxygen transfer efficiencies are achieved with fine air
‘bubblé systems, but the c¢logging of diffuser§ is a big standiﬁg problemr.
These problems of general oqpurfenée have resulted in the use of coarse
bubﬁle diffusion syétem in act;vated sludge treatment pldnts. Fig: 1
shows fpe piacement of diffusers near the aeration tank‘bottomJin a
conventional aerfatdon tank (2).

Due fo the resuiting lo# density of air?water g;xture above the
air outlets, as well as the direction og/fluid £low, a rising, circulatiné ‘
spiral motion of the mixture results througliout the entire tank (1). '
In this arrangement, flocs{remaih in suspensi?ﬁ éue to circulating

: ! ;

velocity. However, thé m&in disadvantage is &he inc;ease in the overall
rising velocity which decreases the contact time bet%een the bubbles
#nd the liguid (1).

The presence of surface active materials in wastewatér changes ﬁhe
surface tension which cause the oxygen upﬁake rate in wasj:ewater- to

differ from that in pure water. The necessity for developing a common

base has been fulfilled by taking a ratio between rates of oxygen

- g_— | e

uptake in wastewater and tap water respectively, and this ratio has been:

3

designated as alpha factor, a. The a value changes with wastewater
characterisgics and may therefore change from time t§ time (3). The
dissolved salts in wastewater can be organic or inorganic, biddegradable
or nonbiodegradable in nature and these. substances réduce the solubility
of the dissolved oxygen in water. Beta factor, B, is used to correct
for the effect of salt concentration in thé wastewater on the-solﬁbility
of dissolved .o:.cygen (4).

In the design and operation of aeration tanks, it is imperative

to have reliable values for o and £ factors. It is a common practice
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.=

‘and airflow rates on & and B wvalues.

-

to goﬁd[:ct parailel ;xygeﬁ uptﬂ:éJc‘e‘experiments on effluenlti from treat-
ment plant aﬁd tap water and determine ¢ and B values. These experiments
have bc—;:en cor.xdugted in fi;al_a or'labo‘:'atoi'y without giving qonsidez.jation
to thq-’ﬁ'size of aeration units. In this investigatipn, tﬁo‘différe:;t'
types‘lof wastewaters were studied in three different laboratory units

and the results are compared to determine the effects of tank geometry

3

‘q_‘.



CHAPTER II

LITERATURE REVIEW

A. ™wo Film" Theory of Gas Transfer . 3

The biochemicalléurification of wastewater involves mass
“transfer process, which is based on "Two Film"™ theory developed by
Lewis and Whifman (5 iﬁ 1924. Ippen (6) revisea it in 1952,  and it
hasdieen employed Extensively in the computation of bxygenﬂabsorppionr
rates in water. .  This theory is explained with referénce to sketches in
Fig. 2, which represénts oxygen concentration profileg that are present
_across air-water intérface. The mass transfer occurs by slow rate of
nniécﬁiar diffusion between the two phases by a driving force, which
is é partial pressure gradient in the gas pgase and‘a concentration
gradient in the liqﬁid phase: For ga;es with low sélubility, like
oxygen in water, the gas film offers very little resistance as compgred
to the liquid,filmi and ?i.?;Pg' Therefore, it can be aésumed #ha? tﬁe_
entire resistance to the transfer of oxvgen into the water is caused
by the_liéuid film and the concentrapipn of oxygen in the solution at
the interface is that of saturation, i.e., Ci = Cs = §aturation concen-
tration of dissolved oxvgen at the pa:tial pressure, Pg (7, 8).

The use of this theory is ﬁustified with two assumptions:
{i) oxygen is‘fompletely mixed in the ga§_gpése, i.e., Pé is same in

the entire bulk volume of air, and

(ii) Qdissolved oxyvgen concentration, CL' is same in the bulk water (9).

B. Basic Mathematical Model for Oxygen Transfer

The diffusional process is defined by Fick's Law (10):~
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P

- = time rate of mass transfer by diffusion, MT-l

D, = diffusion. coefficient for oxygen in water, e

A = cross-sectional area through which diffusion occurs or
2 % | '
. absorbing area, L

and v concentration gradient :.n the direction parallel to the cross-

sectional area, ML
|

Mass ;&ansfer takes place through laminar films at the gas and
liguid interfaces and through the .turbulent bodv of fluid until a dvnamic

equilibrium is reached. Since the ‘concentration of dissolved oxygen

is considered uniform throughout the depth, the rate of mass transfer

may be"expressed as (7):

dam DL Dq
e Ty MEC) =g AR i 2
L g
=5 A(Cs-CL) S e 3

(because the resistance in the gas phase is negligible as compared to

that in the ligquid phase)

where,
:Dg = molecular diffusivity of the gas %hrough the gas film,'
Lzr—%
-Yg = hypothetical gas film thickness, L
¥, = hypothetical liquid film thickness, L

ligquid film coefficient, LT-l

el

This mass equation may equdlly be represented in concentration

units by introducing the volume of the liquid, .



or : ac _
. at KLa(CS-CL) ..... 4

where KLa = pverall transfer coefficient,.T-l.

M

~

This form of equation is widely accepted and used for determining

oxyvgen uptake rates in moderm aeration systems. In practice, the ratio

- 4
between KLa values obtained with wastewater effluent and tap water

w

respectivelyv, has been -defined as alpha factor, a. Similarl&, the ratio
of dissolved oxygen saturation concentration values for wastewater

effluent and tap water respectively is defined as beta factor, B.

C. Previcus Investigations Associated with Measurements of Oxvgen

J
Transfer Efficiency. and Alpha and Beta !

Both the Water Pollution Conérol Federat;on} WPCF, and Ameri$;§7"”ﬂ-_-‘-

Water Works Association, AWWA, recommend a standard pro;edure for
measuring oxygen uptake rates in wastewater and clean.water. The ratio
in these oxygen uptake rate valugé is called alpha factor; whereas the
ratio in dissolved oxygen saturation values for wastewater and clean
water is called beta factor. Onlyv a limited amodﬁt of literature exists

' . 'y R
on alpha and beta measurements as compared to the publications on

oxygenation in water.

N ) I3 \ - -
The tvpe of aeration device, mixing intensity and wastewater
»

constituent; are ‘reported to affect alpha and beta measureménts. A
nuﬁber of researcheré like Bas; and Shell (11), Stuckenberg, Wahbeh and
McKinney (4) and many more (12), (13), (14) have described @he apparatus
used to conduct alpha measurements. Otoski (14) tried different aeraticn

devices and observed variations in alpha values. Bass and Shell (1l1)



conducted tests for alpha measurement on a complex 1ndustr1al wastewater.
From their studies, it appeared that the results could vary up to 40%
by using different aeration devices. Kalinske {15) and.others (12)
recommended.that same type of aeration detice should be used for the
test as would be used in the field. 'WPCF Manual No— 5 (16) recommends
that great dere should be exercised in the interpretation of thelbeﬁch
scale alpha data for the field conditions. The reason being that the
pattern of turbulence has an 1nfluence on alpha. Otoski (14) found a
dltEEf/;ezgtlonshlp between turbulence and alpha.value for different
tvpes of aeration devices studied. The turbulence affects the rate of
oxvgen uétake and hence alpha. To minimize the effect, Bass and Shell
{(11), Stuckedbe;g EE.§£..(4) and Weis and Lad (17) hate recommended
that the K a value for bench scale test fer alpha measurement“should be
approximately equal to the field value. A study conducted by Otoski (l4i
to compare benbh scale with full scale alpha measurements ehowed results
coetradictory to the above mentioned recommendation for submerged
aeration devicee.'

Contradictoxy observations have been reported by various
investigators on the effect of suspedded solids on alpha values.
Stuckenberg et al. (4) have suggested two ways in which mixed-liquor
suspended solids (MLSS) can affect oxvgen transfer; by changing viscosity
and by releasing soluble organics. But for the most pdrt, they believe
that the HLSS concentration in the aeration tank is not high enough to
adversely affect viscosity. Living microbial mass wduld release
: seluble organics only in oxygen deficit environment which could reduce

alpha: So as long as the cells remained aercbic, there was no problem.

They further suggested the remedv to employ final effluent or super-



10

natant from the settled ﬁixed—liquor. Bgt 5amhaug qné Balmer (18)
using supernatant had coricluded that the deferﬁination of alpha“on
activated sludge'supernatant or secondary effluent m;ght glve misleading
results. They also recormended that it was important to 1nclude the
effects of suspended solids. They‘obtainea a negative effect on the
KLa value, whereas Matson and Bennett {19) presented their finding by
reporting that microorganisms coyld increase oxvgen transfer rates by
disrupting the liquid surface film surfounding the gas bubbles and
ihence, produce a higher alpha value. Thesg two findings contradict
each other. |

The presence of materials such as proteins, detergents, 011 and
other surface active agents affect film characterzstlcs and surface
tensiOn which tends to decrease oxygen transfer. Aiba and Toda (20)
suggested that guiescent conditions were created at the interface due
to these suxface gctive agents and hence décreased the surface reg;wal
' réte. A research on fine bubble dome diffusers by British Research
Laboratory (21) showed that alpha value for water with 5 mg/L of
detergent concentration produced an alpha §alue of less than 0.5; whereéé,,
.for the mixed-liquor i; was 0.6; however, it varied from 0.3 Fo 0.8
depending upon aeration timé. Pfeffer, Hart and Schmid (22), while
experimenting on wastewater from Topeka Dlant, found very low values
of aloha They suspected that alpha values of 0.45 for the contact
tank-and 0.60 for the reaeration tank were unique only to.the Topeka
plaﬁt., However, they did e%phasize the necessity of considering lower
design values ¢f alpha than presently used. Eckenfelder and O'Connor (7)
have‘repo;ted a wide variation in alpha values. Even 100% fluctuations

in alpha values for similar raw wastes are possiblé. As bio-oxidation



,

~

proceedé and contaminants are destroved, the rate of oxygen uptake
appﬁoaches that in cieén wate;} Kiné {23) discovered that t£e oxXygen
transfgr'rate dec%éésed shafply when domestic wastewater was added to
the activated s1$dge and then rose as the organic materials were .
stabilized. Thus, the complex%ty of wastewater makes alpha to vary over
a wide range. Gilbert (3) had observed a change in alpha valﬁe from
0.8 to 0.5 over é period ;f 4 hours in a brewry wa;te. Thé factors
infigénc;ng were production,schedulé and rain water dilution. At the
same t%&é, the magnitude of error in the selection of alpha and beta
values can be substantial. Gilbert (3} had ob#erved that a reduction
in alpha factor from 0.7 to 0.5 would result in an oxygen deficit of
40% betﬁEen-requirepents‘at field wersus stgndard conditions, keeping
ther factors éhe same. Similarly,lan increase in aLpha factor to
0.9 wodid result in an excess standard oxygen value of 22%. When both
the alphaf and I;e{ca values vary from the design values, the total effect
is compo;négd.

The beta has beén generally referred to as the saliﬁity>correction

factor. - It involves the measurement of saturation concentration of

e
dissolved oxygen in wastewater and tap water. There are several

methods for.measuring dissolved oxyvgen, but membrane electrode method

is mostly applied for the measurement in wastewater. Bass and Shell

(11) have reported that the probes vield false saturation readings
, . .. \ :
because they measure percent saturation and not actual dissolved

oxvgen and therefore should not be used for beta measurements .

Gilbert (3) on the other hand ddex, not agree to it. Kavser 624) had

concluded that the values of oxygen uptake rate were independent of

wrong calibration. It was only necessary that the electrode reading
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should be proportional to the oxygen concentration. Kallnske t al. (25)
" have reported'that all probes hawve some'delay in measurlng dissolved

oxygen and they measure a concentratlon that exlsted a short time

prev1ouslv. Thus, it can s;gnlflcantly lnfluence the values in the
lnltlal part of the test They have further stated that it could be

proved mathematically that this delay would result in KLa values lower

4

than the correct values..; g
- There dre mainly two techniques to*deoxygenate the basin-by sulfite

addition and by nitrogen stripping. The former technique involves the

-

addition of chemical sodium sulfite, in addition to cobalt chloride;
which acts as a catalyst. Recently, there have been some argumeﬂts

over the cobalt chloride concentration. Xalinske gg;gl- (25) had

L]

observed cobalt interference in the dissolved oxygen test. They have

stated that when sodium sulfite was used to-aeoxygenate the water, more

o

than 0.05 mg/L cobdlt ion concentration caused a chemical interference

in the dissolved oxygen concentration by Winkler method. ' This chemical

interference varied with the cobalt ion concentration, the number of

!

- sulfite additions and the aeration period between tests and saturation. ﬂ

I

/

They recommended that no additional cobalt was required arter the
initial addition and only technical grade chemicals should be used.
Tﬁeir experience showed that as many as twenty tests could be maoe rn
2 single batch of water without significant error in oxygen ﬁeasurements.
They further recommended that-if higher concentrations were to be used,

a fast response probe should be emploved for ox&gen measurement,. so

the ‘effect of cobalt concentration does not remain critical. Based

on the results of their study, Naimie and Burms (265 concluded that a

cobaltous ion concentration of 2 mg/L and less caused 80% to 90% of the

/

v
/

)

P
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error in the dissolved oxygen measurements'by Winkler's method. This
was attributed to the formation of hydrogen peroxide in the test. At

relatively hidher concentrations, hydrogen peroxide gets cétalytically

decomposed to trivalent andfte;ravalent cobalt oxides which cause’
‘interference.' This‘interférencé could probably be eliminated at

PH- 6.9 or less, whereas maximum interference would oé&ur at pH lo‘or 11.
Stanton and Bradley (27) had proposed that, in order t& rectify tﬁis
interference, - the magnitude of the interference in.a blank shoula be
determined and that value should be subtracted from the one obtained

by Winkler's method.

~

- AN
S . N
The stoichiometric relationship for the oxidation of sodium sulfite

in Appendik A shows

= 7.89(29/L of sodium sulfite is required to
remove 1.0 mg/L of aissclved xvgen. Since'the aeration device itself
is recommended to be used to mix the sodium sulfite within the basin (4),

a2 little more should be addediiii:ading upon the geometry of thezﬁank

and the mixing characteristics. den  (28) had observed that/ﬂsg;zdi

large quantities of sodium sulfite broduced high transfer valueslﬁﬁxff_~<-
Kalinske (25) haé reported that interference in Winkler's method
increaseé with highér sulfite addition. On.the other hand, the nitrogen
st&ipping process is purely a phvsical metho§. The bubbling of nitrogen
through tﬁe water or wastewater tékes out the dissolved oxvgen from it.
The analysis for the measurement of rate of oxvgen uptake in
submergeé aeration system is ﬁade-by two approaches.. These_twc aprroaches
involve modelling of ogygen transfer proc?ss. Baillod (29) criticized
the conventional ;éproach for neg%ecting the effect of exit gas depletion

and called it the "apparent'kLa". His approach was more realistic as

it considered the influence of gas side oxvgen depletion and can be



concluded as "true. KLa" He further concluded that the field predlctlons
based on the conventlonal method prowvided “apparent alpha values",
whereas modified model gave "true ;lpha valuesf. Brown (30) had reviewed
some of the fundamental statistical ééncepts in regression analysis
and the methods of computing KLa were evaluated on thg\f?sis of data
truncation, saturation concentraéion and exrror structure. His findings
were that the exponential method, using a wéighted nonlinear regression

technique, appeared most attractive for the analvsis of non-steady state

.
\

oxvgen transfer data.

S

The study of factor élpha.involves the measurement of oxvgen uptake
rates in wa§£e§ate: and clean water. fThe prime ﬁbtive of the various
studiés related to oxvgen éransfer in water was to increase the oxygen
transfer efficiency, thereby reducing the high costs associated with
the unit operation. The phenomenon 6f'6xygen transfer 1is occuri;g in
nature, since the inception of life on Earth. One of the earliest
attempts to investigate the factors associated with the efficiency of
aeration was made b&_Ecﬁenfelder (31). He observed that the depth of
diffuser submergence had an enormous increasing effect on the overall
efficiency of the aeration system. But, the power required alsc
increased 1inea;ly with increasing depth.

Carver (32), while employing a venturi diffuser for dischargiqg
bubbles into a six inch lucite column filled with water, noticed that
for a given bubble size, the percentage absorption increased linearly
with colum height- He concluded that the higher the retention éime,-
lthe greater was the transfer of oxvgen. In 1955{ King (23) studied the
oxygen traﬁsfer‘mechahism'Eﬁfa'conventidnal spiral flow aeration ﬁank.

He reported that if the velocity of the overturning current was more
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than what was necessary to producé édequate mixing, then this velocity
should be reduced in order to increase the bubble retentién-time in .
the liguid to obtain higher absorption efficiency. A ;imilar investigation‘
was made by Lamb (33). He reported'éhat the velocity of thé air bubble
was the vectorial sum of its terminal velocity of rise and the velocity
of the air-water mixture. This high velocity in the conventicpal
treatment plants reduced the bubble detention time. Conseguently, ﬁe
suggestea th;t an improvement could ge achieved by sprééding the
diffuser uniformly over the entire tank bottom, which'in turn:would
reduce the velocity of air-water mixture. M%m(%ht@,Mdmmmw
similaY observations. ' While working with Nicholas (35), on a full
scale'tank, they had demonstrated mathematically that increasing the
velocity of the air-water mixture.;ad two-fold effect in the aeration
tank. It decreaséd the usable energy induced in the liquid along with
decreasing transfer of oxvgen. They'concluded that the circulating
velocity should be just enocugh to keeé piological flocs in suspension.
Alani's work on a two-cd%gmn aeration tank, as guoted by Bewtra (35),
demonstrated that percent oxygen absorption was inversely proportional

to the ci;éulating velocity throughout the tank which was later.on
verified by Mavinic‘(BG, 3IN.

Morgan andé Bewtra (38), while conducting teéts on a conventional
spi;al air flow aeration tarnk concluded that the rate of oxygen transfer
for a given airflow rate was éroportional to the diffuser submergence.
Bewtra and Nicholas (35) found out that the rate of oxygen absprption
per unit of power input inc?eased with a.decrease in submergence depth.

These observations support the obseérvations made by Eckenfelder (31).

Lister and Boon (39), while'éxpe;imentihg on a tank 1.5 m x 1.5 mx 8.5 m



16
and using fine bubble diffused-air system had shown that in a-flat
bottomed tank, the rate of transfer of oxygen into water and ﬁixed-
liquor was little affectéd by the depth of liquid within the range 1.2
to 8.2 m. They alse concluded that higher overall oxygenation

.
efficiencies would be achieved in completely mixed aeration tanks, than
in plug flew tanks. Pasveer {40) also héd noté§ that the air bubbles
entered the conventiocnal system§ with water velocity 2 to 3 times as
great as that of the air bubble résulting in contaet time as low as
1/3 to 1/4 of the expected value.
- While workiﬁ%bon,the same problem, Pasveer and Sweeris (40, 41)°
came out with a totally aifferent approach, i.e., horizontal flow
diffused aik svstem. They reasoned that the tlme of contact woulalﬁi
determlned by the self velocity of ascent of the air bubble, whi
very much the same as if the air bubblg ascends in a guiescent fi' ;
column. While working on a ring shaped aeration tank with variable

-

horizontal velocity of flpw, they demonstrated that efficiency of
aeration in the horizontai floﬁ/gystem,rose to 2 to 2.5 times as -
compared to spiral flow or vertical flgw svstems with the same wateE‘
depth. Not only was there higher efficiency, but there was a reduction
of 60% in the length of the porous tubes and 60% of thelvoiume of air
and energy required for spiral flow svstem. .
In 1958, a new concépt was developed keeping in mind that the
diffuser submergence and bubble retention time had individual inﬁiuence
on the*aeration efficiencv. This new concept is called U—tube concept
ané was first studied by Bruijn and Tuinzaad (42)frop the Netherlands,

while striving to achieve higher aeration efficiency with least possible

energy input. This U-tube concept struck to them while experimenting

-
-
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n a U-shaped tube, 3.2 inch in diameter, wertically mounted with one

~
[~

stem being a 44 foot long downdraft ﬁubé, while the other was 9.5 feet
‘shortér. Thg diﬁfuser was located gt'the top of the tube. Oxygen
transfer efficiencies obtained ﬁere much higher dug to pressure
increase.gdd the longer contact time of the downwa%é’travelling.bubbles.
This twg-fold effect lead them to modify their oriéinal.éxperimentai
set up, thus resulting in a U-tube with downward travelling air-water
mixture in the {flet stem and rising in the ouﬁlet stem.  Thus, distance
,J .
travelled by;air—water mixture was longer and, hence, higher transfer
efficiency. Also, it exhibited the least energy requiiement ﬁut of
the present existing systems’ of aeration. In add}tion, it required
less spacé, loﬁ construction cost and very low mainﬁepgnce and supervision.
The U-tube concept was further developed by Spéécé et. al. (43),

using -varic;us improvement techniques. They separated the downflow and
upflow chambers b§ baffles and emploved various size bubble &iffuéers.“
They cbserved that in a gas transfer vrocess, gas~liquid mixture was
temporarily pressurized by means of a teﬁporary hvdrostatic head:
'resulting in a2 hicher rate of oiygen transéer. They further proposed
- that, depending on the.availability of'éufficient hydraﬁlic head, the
free fall of the water into the inlet of the U-tube would entrain air
bubbles and negat; the use of any ex?ernal power required.
Speece (44) has recommended the application of é-tube |
in various situations.

- Reeently, Speece (44, 45), héd invegtngted another technigue for
obtaining higher aeration efficiency by increasing the bubbie detention

time. He siudied an aeration system with water flowing downwards in
L :

aeration chamber with expanding cross-section like an inverted cone. He



named éhis system as the Downfiow Bubble ContacthAeration, DBCA,

. . o . :
system. The dual advantage claimed for this.syétem'is‘ghe ability to
efficiéntly dissol§e’oxy§en while simultanegu;ly stripéing aiséolvéd
hitrogen from the,water. The'emnﬁasis in this system islﬁhat the’
entering veloc;tv of water should be’ hlgher than the buovant véloc1tv
of the air bubbles to prevent them from escaping at the top, whlle the
exit velocity of water should be lower than the buoyant velocity of
the bubbies in oxder to keep them.within the system. Thus, air bubbles
are entrappgd within the system, which éesults in highér trénsfer
efficiency. Speece has cohclu&ed that this increase in oxygen transfer
efficiency is mainlv due to a very lqnglperioa of contact bubbles
" within the hood.. Filling of the cone chamber with bubbles also |
?rOQides higher ratio of bubblg_intérfacial‘aiea to water volume. 1In
addition, higher turbulence within the hood adds for the Higher gas
ﬁransfer rates. He observed that about 1.0 mg/L of dissolved niF:ogeh
is stripped for every 3.5 mg/L of oxvgen diséolved.

Eckenfelder (46) , had mentioned that by dividing the larger
bubbles into smaller sizes by tank turbulence alone, the surface area
to bubble volume ratio could be increased. Morgan and Bewtra (47),
observed that better fransfer efficiencies were obtained when bubble
‘shearing devices were uéed along the coarse bubble spargers to create
smaller air bubbles to increase both the bubble-liquid interfacial
area, as well as liguid turbulence. Pasveer.(48) had stated that for
smaller gas bubbleg, highér ratios of interfacial surface area to
bubble voliume were obfained. Carver (32) had reported that bubblgs in
the range of 0.1-0.6 mm radius and greater than' 4.0 mm radius exhlblted

higher terminal velocities. Thus, the larger the bubble size, the

-
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greater is the ﬁerminal velocity,'i,e.g lesser retentién ﬁime, as well
as a rg?uction in bubble swface area. Pasveer (40) and Dobbins (49),
had poineed out the problemlof clegging in fine bubble diffused aeration
.systems.h USEPA (50) has stated that the fine.bubble diffusér sy§tem

is more efficient and cheaper to operate, but involves greater capital

-~

investment and higher maintenance than a coarse bubble system.
The rate of air supply has considerable effect on oxygen transfer
efficiency. Carver (32), found out that increadsing the gas f£low rate

decreased oxygen absorption rate. This result was attributed to the

more frequent generation of the larger gas bubbles. He further stated
that wakes were formed as the bubbles.rosé, which.éet an upwafﬁ motion
in the liguid called "chimney.effect". This effect intensified with
the higher air flow rate, thus reducing oxvgen absorption efficiency.
Looking into ﬁhﬁ_s%me pxoblem, Eckenfelder (46) stated that the mean
diameter of fhe air bubbles proéuced aé any air flow rate was a direct
exponential function of that flow rate. During the same study, ﬁe
emphaéized the need for relatigg absorption efficiency to actual tank
conditions. Bewtra et. al. (35, 38, 47), while experimenting on a full
scale aeration tank, reparted that for Saran porous diffusers; improved
effic#ency was obtained bv reducing the uniékrate of air flow, whereas
wigh slparga_:.,rs, an insignificant c'iiff_e-rence existed.’

kiﬁg (53, 51) had investigated the effects of size and spacing of
the diffusers with respect to the'tank. He, using a spiral flow
aeration tank, reported‘that for the normal working depths, the different
plate area should be as large .as practical and economical. He further:'

concluded that for 5 to 10% increase in the plate area, oxygen transfer

increased about 8%, keeping all other conditions identical. He



. -'.pointed out that by'setting poréﬁs.plate diffusersggn a row farther

from the wall and also spaced apart, the oxygenmtrénsfer efficiency

d_face an improvement. The reason for the increased efficiency
was the decrease in the velqcity'of the risiﬁg liquidljust above the
g diffulers. ‘ ..
. Bewtra (34, 35, 52) also had looked into the effects of diffuser
size and'spaging for a full scale aeration tank and érrived at the
conclusion that, with same air flow rates, a wide bénd of diffusers gave
2 greater’oxygeﬂ transfer than a-nérfow bgnd. The éovement of diffusers

away from the waLls-resulted'in appreciably higher increase in oxvgen

transfer. The effect of tank geometry was studied by Morgan and

gewtra (47),'by comparing'oxygen-transfer in a two column aeration tank
representing conditioﬁs in a conventional'spiralvflow syétem, with that
;in a single column tark. The efficiencies in the two column unit were
only 0.6 times those inlthe siﬁgle colum unit,--while keeping.all other
coﬁditions.tﬁe-same. Rapld surface renewai, bubble breakage and high
turbu;ence in the cénfined column were found as the reasons for the
highérrt:ansfér efficiency. They (38) further pursued‘theleffects of
the geometry.in a.full scale tank 24 foot wide by dividing it into two
i///r\\ 12 foot wide units. To maintain the same ratio of air flow to water.
'f vplume, one diffuser in the 12 féot tank was compared to two diffusers
in the 24 foot tank. Only higher air fléws showed rema;kabiy higher.
transfer efficiencies due to the greater bubble entrainment in the
smaller tank. Later on, Bewtra {34), concluded that aé the ratio oﬁ
the width of the air water mixtufe stream of the effec;ive tank wiath
was increased, . the numﬁer of air bubbles entrapped in the downward
moﬁing water in the spiral flow tank also.increased, which resulted iﬁ_.

>
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the increased contact time and hence, higher effzc;ency. His
explanatlon for the hlgher efficiency was that the entrapped air bubble

i

" .was carried downward by the liqﬁ;d stream whenever ;he natural buqupt
force actiné on the air bubbléléas overpowered by the drag'fbrce due
teo the circulating velocitf of the'iiéuid;_ This circulating velocity,
in turn, was greatly affected by the tank geometry (52). gewtra and
Nicholas (35) glsolinvestiga;ed the effect of tank width on 6xygen
transfer efficiehéy, while using a widelband diffuser system.‘ ﬁy
decreasing the width, higher-valueS'were obtained for fine bubblg
Saran tubes than for the coarse bubble spargars-f They associa£éd.£his‘
achievement to thé entrainment of a large percent of air bubbles in
the downward moving water zone and thus carried to the bottom of the
tank.. ' ‘ - S

“The intensity-qf agitatién and tu:bﬁ;ence have é marked effect on
the oxygen transfer. Eckenfelder (31) had studied these effects. The
sludge cells tend to join together, which increaseQIIESistance to
oxvgen transfer. Higher agitation breaks them. While'studying the
effécts of the boundary laver, Pasvéer (40) had suggested that, for
the.higher dissolufion of the oxygen, not only should there'bé a
boundary laver at the-water air interface as large as possible, but
also a rapid renewal oﬁ that boundarv laver-by maintaining a continuous
replacement of new water layers.from the bulk vblume of the water.
Eékenfelder (46) had suggested that higher oxygeh transfer rates were
also achieved by a high oxygen deficit or driving force. He recomﬁéndedf
that the lewvel of the dissoclved oxygeﬁ be maintained at about 2.0 mg/L';“
in the Qaste treatment aeration tank to maintain aerobic conditions

in the system.
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Improved transfer efficiencies could be achieved by employing
improved aerating devices like turbine aerators, jet aerators, disc

type units and‘impingemént aerators. These devices have been discussed

~in detail by, Eckenfelder (46). Improved efficiencies were observed

_ by Morgan and Bewtra (47), while using hydraulic 'shear box and venturi

diffusers in a full scale aeration %tank. "Pressure Injection", another
improved technigue of aeration has been mentioned by Thackston and

Speece (53). 1In tgisi a small amount of the total volume is compressed

and air is mixed Qith it until the water is supersaturated. Whe
supersat@;;ted water joins the main stream, excess ai; comes out of
the solution as tiny air bubbles, which rise through and aerate the .
water. The use of pure oxyvgen in a U-tube system.was tried by'Speece’
et al. (43) and they reported 500% higher dissolved oxygen levels as
compared to a system in which air waslused. -

" In late 1979, Lakin and Salzman (54) examined subsurface aeration
systems to.éevelop an appropriate model for evaluating sﬁbmerged
aeration process equipment_on a standard basis and a unif;ed semiflow
reactor approach was presented. The results indicated that tﬁe method
of evaluation presented was ;uperior to other technigques for several
reasons listed in the paper.

fhere are scme other factors which affect the transfer of oxygen
into water. Boon, while present;ng the discussion on Eckenfelder's
paper (55) stafed that the studies at the Water Research Centre in
the United Kingdom had shown that fhe coéfficient.of oxygen uptéke rate
decreased by about 20% when the concentration of suspended solids was
increased from 1400 to 6600 mg/L. Kalbskopf (56) and others had

identified significant effects of the presence of surface active
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agents on mixing patterns. This in turn, no doubt, influences the

oxvgen transfer rates. -

*  Naimié, Nelson ané McCarthy (Sfﬁ, while studying the effects of
‘pﬁ, iron ané manganese on the rate of oxygeg uﬁtake had reported ;hat
t;z 's were consistent, but different for phosphate and non-
phosphate buffered systems w?en the systems were deoxygenated by sulfite

addition or nitrogen stripping, g}thin'the pH range studied. In their

A — "

experiments, probes were used to measure the disSolved oxygen and iron
‘and mahganese concenfrationé were at low background levels. %hey
further concluded that iEOn and manganeée ;nd probably other transitional
elements substahtiall§ enhanced;  up o 100% in those evalpations, -the
oxvgen mass.t;ansfer from the gas phase to the liguid phase. A contrary
statement was made by Boon while presenting discussion of this paper.

He reported that changes in the hardness of theﬂwatér and small changes
in the concentrations of iﬁorganic salfs, including sodium sulfate
coﬁtents{ had little effect on the results. An addition of 5 mg/L of
detergent affected the results by 5% only. =».

D. Factors Affecting Alpha and Beta Values

Important factors affecting alpha vaiues are (3, 4, 58):
(i) Wastewater characteristics
(a) Biochemical Oxygen Demand, BOD-
(b) éhemical,Oxygen'Demand, COD
(c) Sq;pendediSolids, SS
(d) Surface tension of the wastewater
(i1} -Temperature
{iii)  Aeration Device

(iv) Power level

fuy

{v) Basin Configuration
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Similérly, the important factors affécting beta valué; are (3, 58):
(1) ﬁastewéter Constituents such as
{a} Salt Concentration
. (b) Organic Matter
fc) Dissol;ed Gases
(id) Baismetric Pressure -
(iii) Tempera#ure

E.: Suggestions from the Workshop Toward an Oxvgen Transfer Standard

- -

This workshop was organized by USEPA and was held in April 1979

in Asileomar, Califernia, U. S. A.

-~
[

‘The experts”ih the field of oxygén transfer were brought

together to identify:
(a) research needs in the development of an effective consensus

. v
standard for oxygen transfer devices, and . ///

(b} the areas of agreement and disagreement in the evaluation of oxygen -

transfer devices.

-

Consequently, the group came up with the following suggestions (59):
1. The recommended model for the analysi% of unsteady state clean water
oxygen transfer is . _ )

C=a-se % . 5

whe;e A, B, C and t are explained in Fig..3.
2. The parameters A, B and D shouldrbe_estima;ed by fitting the model
to concentration-timé data gy means of a nonlinear ieast squares
regression tecﬁnique. Also; the standard deviation at the parameter
estimates shopld be examined.
3. Values of & less ghan 10% to 20% of the saturation value a may be

truncated to avoid lingering effects of deoxygenation techniques,
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and because these data contribute little to the ability to

estimate A and D.

‘Truncation of the data near saturation should be avoided as these

data have significant effect on the parameter estimates for A and D.

A test should be continued at least for a period egual to &/D.

Temperatﬁre should be measured at the beginning and at the end of

the experiment with a desirable variation of 2°C or less. The

averagé'and extreme values of temperature should be reported.

The analysis should be made with minimum of 10 to 15 data points.
Approximately two-thirds of these final points should be evenly

distributed over the period of time covered by 0.5/D to 2/D. The

., remaining one-third points should be evenly distributed over 2/D

N .
to 6/® period. In cases of rapid transfer, the minimum *ime

between déta pointL ould be 0.5 minutes. For multiple sample
peints, the valud of A and D should be obtained separately for

each peint and thenﬁéverage should be taken.

Further, the group had recormmended that the testing procedural

document should include:

1.

.-

Recording specified conditions for reporting air flow and obhserved
data relating to the existing conditions of measurements

A statement recommending the use of appropriate codes or manuals

for air flow .measurement. - .
Appropriate procedure for system éressure measﬁ;;;;;;_;;:I:%ﬁve of
air flow requirements.. ‘ ' .
The requi;emené of reporting the detailed description of the test
geometry for anv test conducted.

A statement regarding the preferred water temperature range for

testing.



10.

11.

12,

13.

14.
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A statement that nitrogen stripping is an acceptable procedure.

A

A statement that the use of analvt;cal grade sodium sulfite for

deoxygenation is an acceptable procedure.

‘The recognition that technical grade Na SO can be used as a

3
deoxygenating chemical with the provision that adequate quality

control to avoid testing intexference be followed.

A statement recommending ;he'%se of COC12'6H20 in selution form as
the source.of the cobalt catalyst for deoxygentation.

The testing procedural document should address the proper cobalt
concentration for testing with due consideration given to adequate
catalyst (say > Co as Co) for deox?genation and provisions for'
eLimina;ion of dissol§ed oxygen testing interferences with higher
concentrations. A ﬁortable maximum concentration of 2.0 mg/L as

Co was §uggested.

The standérd procedure shou;d reéuiré a sulfite addition adegquate
to reach zero D.0. and to remain zexro for a reasonablé peried-

{say 2 minutes).

The additioﬁ of sulfite in slurry form should be the recommended
procedure ?ith an alternate procedure for ary chemiéal addition
delineated and consideration for multiple point addition addressed.
The use of D.0O. probes for in~-place and ex?ernal measurements -
should be included as an acceptable D.0. measurement procedure. It
should be -duly noted that appropriate detailed analytical care

must be exercised to assure accurate results with probe measurements.
The'testing document should address the guestion of alloéable

number of sulfite additions per tank of water with consideration

- given to setting testing limits of sulfite or total dissolved solids

concentration.
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15.

l6.

17.

18.

19.

20.
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The testing document should-prov:de the option of deletlng the

initial run on a fresh tank of water to account for umcertaln

interactions with sulfite addltzon., . y
The testing document should addtess the.éuesticn of chemical
interferences and iodine vapourization in Winkler D. 0. analvsisg. -
The testlng document should address the question of termlnatlon
of runs in the case of repetitive testing_with considération of
length of run nccessa*v to.reach C in every case and oﬁtaining

. ’ .
app riate data for the recommended method of calculaticn of KLa.
‘The test:.ng document should define a common crocedure for atta:.nmg

measured oxygen saturation value. . .

Tbe testing document should address the number of repetiti?e tests
required and the reproductability li.mts of multiple testing.

The testing document should focus on clean water testing only and
surfactants should not bc used to ccdify the clean water-test

liquid basis. N

The recommendations of the discussion on alrha and beta factors

are presented below (59):

1.

2.

3.

.

Siﬁce alpha was not a_constant,'a single evaluation wcs not adequate.
A number of analyses should be made on the Process waters during
testing and full scale_opetation to develop a rangé of values.

A s;mple_of the MLSS at the influent and effluent ends of the
aeration basin should be analvzed for alpha in the bench, pilet or
full scale operation. If no ?rocess System was operating, alpha
should be completed cr the raw wastewater.

At least two samples should be. analyvzed for alpha, which should be

based upon the variability of the wastewater.

. ——————
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4. " Only one analysig per sample was récommended for both c¢lean ana
dirty (process).waters. Multiple sampling was strongly recomménded.
5. TFour types of samples were recommended with prefefencé'to the mixed
liquor at the influent and theieffluent end of the bdsin, with the
- solids remaihihgl UponAtﬁe nonavailability of it, the raw waste-
water, settled aerator basin effluent and aergted effl;ent (solids
* with a constant oxvgen uptake) could be used, as an alternative

-

for alpha analysis. .
ey

6. If liquid samples were availabief the alpha analysis should be made

as follows:

@

{a) Raw Wastewater S
l(b) Bench Scale Mixed Liguor
{c) Pilot Scale Mixed Liguox
(d) Full Scale Mixed Liquor

7. In all cases, excepf the raw wastewater, thé clean water portion of
the alpha test wou%d be ;ompleted in the actual aeration basin
(i.e., Bench, Pilot and Full Scale).

8._'Any aeration device could be used in the Iaboratory scale tests.
The pilot plant aeration device should be i&entical to tbe full

- _scale device.

9. The KLa value for the alpha test should be the same as the expected
full scale aeration.basin KLa value.

10. A cofrélatiOn should be made to_relate the Benéh, Pilot and Full
Scale alpha as per fable I. .

11. All dissolved oxygen measurements be completed uéing a properly

calibrated dissolved oxygen prcbe.

12. Aexration basin influent and effluent sampigs should be analvzed



13.

&g

for beta. The saturation value for dirty water be corrected for

total dissolved solids.

The research be initiated to establish a better understanding of
) [}

the temperature correction factor. .

H

7.

=
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TABLE I - 3BENCH, PILOT AND FULL SCALE ALPHA CORRELATION

31

Aeration _Aipha Alpha Alpha
Type 3ench_ Pilet Full Scale
[»

1 c ck:c' ac’ a'c!

2 c'<{A ne! hic'

3 ¢’ cc’ c'e!

4 ¢’ de’ é'e’




CHAPTER III

APPARATUS AND INSTRUMENTS ' ) o

L _ ) _/'th.. /
A. Agggratus - ' . .

Three different benéh*ééale geometrical'shapes‘of aeration
tanks, as shown in Figures A,'S and 6 were used in this study. ‘Ail of
these tanks were made.from 3/#“ thick plexiglass. The location of the
diffusers was fixed arbitrarily with'a common choice to place them péar
'the bottom. In _Fig. 4, the giffuser was porous, épherical stone, |
commercially available fromfFisher Scientific Company. It was located
in the centre of the tank. In Fig. 5, the coarse bubble diffuser
employved was a 3/8" diameter copper tube, .ring shaped with twelve
evenly spaced 1/16" diameter holes along the inside edge of the ring.
This arrangement gavé a fairly even distribution of air bubbles through-
out the cross-section of the plexiglass column.l fhe diffuser ring was

. ‘ . >
fastened on the inside of the column and the air was supplied through
.four, 1/8" diameter, copper tubes which were connected to the main air
line. The third tank had a diffuser made from a plexiglass tube, .4 inches
‘long:ﬁith six drilledé holes, e?enly spaced. It was located at one end
of the tank and it resembled a conventional aerathon unit.

—_——

B. Aair Flow Meter .

The compressed air supply line was under constant pressure and
connected to the feedgr tube of the diffuser through an air flow meter,
Lab Crest Mark III, supplied by Fisher Scientific Company. It operates
a; a rotameter with 2 ball floating inside a variable area metering
tube. Use of the various tube and float combinations under.standard
conditions in the flow meter frame permitted gas flow rate measurements

from 0.4 mi to 23400 mi per minute (60). The air flow rates were

32
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pbtéinéd from calibration curves supplied by the manufacturer. &
correction was applied for actual temperature and pggséure'of air
suppl? (60).

C. Dissolved Oxygen Analyzer and Recorder

The YSI Model 54 Oxygen Meter was used for measuring dissolve
oxygen concentration in water and wasteﬁater from the Wastewater Treat-

—
ment Plant. The sensing element was a Clark tvpe membrane-covered

polarographic prohe (61). This inst;ument was calibratedito fead
directly in part;.per million or mg/L’ from 0-20 mg/L with an accuracy
of * 1% of full scale reading at the temperature of calibration. The
range for temperature measurement Qas -5 ;5 45°C with an accuracy |
of * 0.7°C, including probe. The dissolvéd,oxygen measuring probe was
a gold cathode and silver anode-polarographicwsgstem (61) .

The sirip chart recoxder used in this gtud§ was a Hitachi-

Perkin Elmer Model No. 165 with a maximum graph width of 10 incheé and

with a chart speed in the range of 5-240 mm/min.. . .



CHAPTER IV

EXPERIMENTAL PROCEDURE AND COMPUTATIONS

A." Experimental Procedure o : o

-

The schematic diagrams of diffused aeration systems fgr alpha
and beta determinations are shéwn previously in Figufes 4f 5 and 6,
employing a.jar bagin, a coluﬁh basin and a rectanqular basin, respectively.r
In all, two different types of effiﬁent sampleg,collected at four
different times as deséribed in Table II, were tested for aipha and
beta determinations. Two of these four samples, Samples I and IV, were
the supernatants from the activated‘sludge treatment plant, while the
other t;o, Samples II and;III, were the supernatants from pfiﬁary
sedimentation tank, ‘using chemical coagulation. All the sample§ were
ummdﬁmmmwfmtM%to&ud@smdmmataﬂwraeﬁr

, .
the next couple of days. This extended aeration assured that the biomass
had complétely stabilized and exerted no oxygen demand. Then .the
samples were analvzed for alpha and befa. ihe standard procedure
recommended by WPCF and AWWA for the measurement of oxygen up£ake rate
under unsteadf state conditions in clean.waterfand wastewater was
adopted iﬁ this study and is descriged as follows:

The first step was to fix the range of air flow rate for the
jar basin as the experimehts were started on that geometry. Stuckenberg
et al. (4); Wels and Lad‘(l?) and Bass and Sheli (11) have recommended
that alpha tests should be conducted so that the alpha test vessel KLa
values approximétely the field values to minimize the turbulence factor.
Initial experiments with jar basin showed that standard air flow rate
of 3277 e¢/min. resulted in (KLa)é of 0.548 min.-l, which is very

close to the wvalues reported by Gilbert (3) for full scale aeration.

37
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Consequently, it-was decided to use several air flow rates in a range
of 1414-3670 scc/min.. Air flow rates in other test basins were
adjusted so that air flpw fates per unit volume of the test liguid were
the same, with the exception of sample I. |

- '

The next step involved the calibration of dissoclved oxygép,

D.0., measuring probe. Fresh tap water was aérated in the test béﬁin
for about one hour and was left without aeration for about half anl

hour in order to allow the water to.reach équilibrium in case it wﬁs .
supersaturated. The dissolyed oxygen in this water was determiﬁed by

chemical analysis using Winkler's method-with Azide modification as

recommended in Standard Methods (62). The probe reading was adjusted
to this D.0. value while aerating the water because calibration should

be done under conditions similar to those for experiments. The

calibration air flow rate was approximately the mean value of the air

flow range used during actual testing. ' The probe membrane was replaced

after about three weeks and recalibrated. The error in calibration may

not be significant because Kayser (24) has repbrted that thg'rate of

oxvgen absorption is independent of the probe calibrapion.'

The next step involved the deoxygenation of basin sample.
Chemical deoxygenation technique was used for samples I, III and I¥.

Technical grade Na2503, about 1.5 to 2 times the theoretical quantity

s . . ++
réquired to entirely deaerate the basin, and, about 0.05 mg/L of Co

as CoCl2 were used. S;ightly more Na2503'was added in column basin,

since it involved greater depth and higher oxygen uptake rates.

sufficient quantity of Na2503 was added so that dissolved oxygen

concentration remained zero for about at least two minutes (59). A

sample calculation for the amount of CoCl2 and Na2503 requﬁred for a
- . A Il
’/‘./\
~

~

Gy .



40

I

typical run is éiveﬁ in Appendix A. Ndrmally, si# runs were pade on
one batch of sémple. Sédium sulfite was édded for each of these rums,
whereas Cocl2 was addgd only once'duriné the. first run (25). The
chemicals were dissolved in about 200 mL volume of sample taken froml
~ the basin.™ The air flow was started to ensufe proper mixing and this
solution was added into the bhasin at least,”at-three different points.
on the water surface. ’ | | .

While deoxygenating sample II with Nazsos.and COClz’ éertain
interferences were noticed since about £ifty times the calculated
.amount of Nazso3 was required. Also, the sample became cloudy %n

appearance and this closgiﬁess Xept on increasing fbr about three
‘hours while dissolved oxyvgen remained at zero. 15;\

The observed rate of reaeration was ext;ém@;y'slow. A white
precipitate settled down when'aeratién was stopped. Consequently,
nitrogen stripping wés em@lo§ed for deoxygenation:of'fhi; sample. The
nitrogen gas was bﬁbbled through sample II at a high rateyahtil the
dissolved oxygen reading dropped to about 0.8 mg/L. 3£;ér that the
?ate of deoxyéenation became verv, very slow and nitrogen stripping:was
stopped and aeration was sﬁarted. The other steps i§h;he procedure
for measufing oxygen uptake rate were the same. The dissolved oxygen
concentrations were reaélwith the D.O. probe and recorded directly on a
 strip chart recorder. It is desirable that the fluid in front of the
membégne shouid beiagitated (61) . Preliminary investigations showed
that agitation due to aeration alone gave satisfactory calibration and
no additional agitator was necegsary. The D.0. monitoring probe

indicated higher reading whenever air bubbles were stuck to the membrane

of the probe. This problem was overcome by shaking off the bubbles
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é;om the probe énd_smoothening the resultant undulations in thé curve
by hand.

The test was continuved until 2 féirly constant reading for
. D.0. was obtained for about £ive minutes. At the end.of each sét ?f
experiments, the aeration was cont;nued for at ;eéét twelve hours id
order to detefmine the“chgnges, if any, in the saturation value. A
chemical anélysis for dissolved oxygen by Winkler m;thod'was also
carried out at that time ﬁor tap water. The chemical analysis for
wastewater was not possible due to certain interferences.

Some loss in sample volume in aeration basin due to
evaporation was observed. The water level in the agration basin was
’éhe;ked after each experiment and losses were made up by adding an
equal volume of sample. The probe position was kept fixed in each
&asin, both for clean water and wastewater, thus avdidihg the possible
change in KLa with changing the.probe position.

The maximum change in liguid ﬁemperature during these
experiments was * 0.5°C, which is less than the recommen@éd limit of
+ 29C (59). fhe temperature was recorded both at the start and at the
end of each test run. |

B. Method for Computing Alpha and Beta

"Two Film" theory of gas transfer by Lewis and Whitman (5} is.
emploved for the computation of alpha, o, and beta, g, factors. Since

KLa Wastewater

g —— ... 6
KLa Tap Water
C Wastewater

g Deee. 7T

'and B =‘Cs Tap Water

it becomes necessary to measure the overall transfer coefficients, KLa,

. ‘;‘-dl.?.é:



b

and D.0O. saturation values,,cs, in both the tap water and wastewater
samples under identical conditions. For measuring oxygen transfer rates,
first a known volume of the sample was deoxygenated and then it was

b

reaerated. The rate of oxvgen uptake was determin?d, using the

D
following relationships:
dc = Ka(c -0 e !
or ' SR ads - ... S
© o - _
where, ]
%%—= rate of change of dissolved oxygen in the liquid,
mg L-l hr-ll
Ka = overall transfer coefficient, hr -
Cs = equilibrium conqentraﬁion qf oxvgen at the interface,
mg L—l: algo,‘assumed to be the:satu:atioh value
C = concentration of oxvgen in the liguid at time t, mg L-l
(CS—C) = oxygen saturation deficit in the liquid ﬁt‘timé t, ng L_l

Upon integration, Equation 9 becomes,

L (C -C)C =XKat ..., 10
n s Co

where Co = initial concentration of oxygen in the ligquid at time t = 0,

mg Lt ' - ’ .

c -C
s

a t
ns&

ox L

. c_—C =-e-KLa t . )
c =-C
s o
_ -KLa t .
or C =’Cs - (C -C )e ' S e 11
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which corresponds to the model:

c=aB°F . 12

Eéuation 11, being nonlinear, can; used to analyze lg-_;a by nonlinear
least-square regression technique. Values of C » C and t, as obtained
from the recorder plot, were substituted in the model given by Eq. 12

to obtain a best fit curve. Values of C less than 10% of the

saturaticn value were truncated to avoid lmgera.ng effects of deoxvgenat:.on

e

techniques (59). As t.‘ne dissolved oxygen concentration approached «-

saturation, truncation was discouraged (59) as these values significan:\tlv
oo e o
influence the estimation of ,C and I(La. However, as shown in Table III, even
after t:uncat_x.ng D.0. data values above 80%-015 the observea C value, there
was neo effect on b;La values. Workshop 'ibwaxd an Oxygen Transfer Standard
(59} reconmends that the values of Cs as obsexved should be used in :
) computat:ic:_ns. |
SAS Package NLINDF. was used on the computer to obta:.n a best
flt curve through data by nonlinear least—square regression technique
(63). The computer programme used the values of CS, C and t, obtained
" from the above best fit curve to plot log(cs-c) vs trﬁand statistically
computedA the slope of best £fit line. KLa values were obt:ained by
multiplying this slope; with 2‘.303. At the same time, computed vaiues of
CS were also recorded. It is.'shown by comp’utat.:i.ons in Table.IV, that a
variation in Cs values ‘has insignificant effect on }&'a values._
The measuremezﬁt of alpha involves the ratio 'of KLa value for
‘ wastewater to the Z'Ea value for the tap water. Since Yia is temperature
dependent, all values were convertec} to a common base of 20°C before

taking ratios. Bewtra et al. (64) have reported the following

relationship for temperature correction: -



{(T-20) - 13

(X a) = (x.a) x .02 77T ...

where T = water temperature in °C at which KLa was measured. Similarly,

the value of D.0. shtumiion is temperature dependent and all C_ values

were converted to 20°C, using table given in Standard Methods (62),

before taking ratios.

-

A typical set of data and example of computations for alpha and

beta factors is given in Appendix:B.

ey

A

e L
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CHAPTER V

o . RESULTS

As mentiohed earlier, this study was performed on three different
. " .
geonefries and two different methods for deoxygenation of wastewater

t

\
!

were employved, as described in Chapter IV. The raw data énd a sample
calculation for a typical run are attached in Appendix E and B,

respectively. The range of the temperature was maintained between 18°C

t
i
to 25°% during this study. For comparison purposes, KLa valuas obtaine?
at different temperatures were corrected to'20°C,~using Eguation 13. !
i

Several readings for oxygen uptake rates were, taken at a fixed

i
standard air flow rate of 3283 cc/min. and in a given geometry of jar ;

basin to determine the reproducibility of the results. The 95%
confidence interval for (KLa)zo was calculated tb be * 8.7% of the meqh

value as shown in Table V. Various factors contributed to this variaﬁion
- : ;

-

in Kia valugs. These include variation in air flow rates, concentration

of cobalt ions; amount of sodium sulfite added ané errors in taking

observations and calculations.

On an average, five runs at different air flow rates were made Qith
each sample in each type of test tank. The (KLa)20 values and the _
correséonding c—-values at each air flow rate for each of these testg
conditions are shown in Tablé VI to XII. |

The measurement of factor B8 involved taking ratios of D.0O. saturation
in wastewater to that in tap water. In_thiS'study; D.0. 'saturation values,
CS,'were obtained in one or more of the following manners:

(1) D.0. probe reading in each run after these readings had stabilized

.

as shown for a typical plot in Appendix B.

.-
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TASBLE V - CALCULATIONS TO DETERMINE 95% CONFIDENCE

INTERVAL FOR-KLa VALUES

Y
No. | Alr Flow|Water Air Cumulative | Cumulative ‘(K:- a) (E%a)
Rate Temp. | Pressure Na s'o3 CoCl - lT _.120

ce/min. | ©¢ kPa added § added mg hr ; hr
1 3246 |20.00 | 182.2 2.9 1 35.76 35.76
2 3306 19.50 | 172.5 9.0 3 39.70 | 40.10
3 3284 20.00 | 172.5 12.0 4 41.22 41.22
4 3303 19.00 | 172.5 3.0 1 36.25 36.96 1
5 3284 20.00 | 172.5 6.0 2 40.14 | 40.14
6 3303 195.00 | 172.5 9.0 3 40.25 41.06
7 | 33035 [19.00 | 172.5 12.0 4 35.85 | "36.57
8 " 3277 20.00 | 178.7 16.0 5 40.53 40.53
9 3302 §19.90 | 178.7 |y 3.0 1 . 37:54 | 37.60
10 3301 19.85 | 178.7 6.1 1 38.80 |- 38.92
11 3301 /|19.85 | 17s8.7 9.2 1 39.31 39.43

r
12 | 3300 19.65| 178.7 12.4 1 39.04 39.31
13 3299 19.50 | 178.7 15.6 1 39.61 40.00
i -1
Mean (:’ia) = 39.10 hr
20 ; .
Standard Deviation = = 1.70 hr
95% Confidence Interval = * 3.4‘&2{.-1’1*:“l
52
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(ii) D.O. concentration in taé water samples by Winkler method at

the end of each experiment after aerating for at least 12 hou;sl
(1ii) cCalculated value of Bl = Cs for each run by statistical analysis
of data as shown in Appendix B. '

(iv) From D.O. saturdtion values réported in Standard Method (62)

after making correction for dissolved solid concentrations.
All these saturation values were converted to the corresponéing

values at 20°C after applving appropriate conversion factors obtained

a

from Standard Method (62). . The Cg values obtained for all these

experimen‘té are given in Tables XIII to XV. . .
. - ca :

-

In order to study the effeqt of water depth in aeration basir on
the D.0. saturation value, ‘experiments were conducted in the cdluﬁn
basin by varying.therwater dgpth.‘-phe range of deppﬁ”covergdfin this
‘study was 0.30 to 1.80m. At each.depth, the tap water was aerated at
a fixed air flow rate for ét.leaét 12 hours.; The water sample was ﬁith—
drawn near the bottom of the column and analyzeé for D.O. using £hé
Winkler method. The D.0. saturation values, obtained in this study,

for different depths were corxrected to 20°C and are preseated in Table XVI.
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TABLE XIII - D.0. SATURATION VALUSS - JAR BASIN
Tap Watér
No. Cbsexrved Calculated Cg Corrected Zor Cg bv
_ Saturation Saturation Dissolved Solids from Winkler Mephod
Value Ce Value Cs Table in Standard Method |.
mng/L mg/L ng/L mg/L
1 8.89 £.65 9.16
2 8.80 "8.80 9.14
3 8.80 8.80 »~2.13
t‘
4 8.20 8.85 9.11
5 8.90 8:87 9.10° 3.10
AVE. 8.82 8.79 9.13
Wastewater; . Sample I T
) <
1 8.42 §.62 2.03
2 8.43 8.58 9.02
3 8.43 8.56 9.01
4 ‘8.44 8.54 §.99
.5 8.41 ‘B.54 8.98
AVE. 8.43 8.57 9.01 ’
Wastewater; Sample II- )
1 T 8.43 "8.39 2.10
2 8.53 8.65 9,10
3 8.59 8.62 9.10 o
4 8.59 8.68 9.10 _
5 8.59 8.60 '9.10 ¥
AVE. 8.55 8.59 9.10
Wastewater; Sample IiI ™~
1 8.46 8.61 9.13
2 8.55 8.74 .12
3 8.59 8.81 9.10
4 8.43. 8.71 9.09




TABLE XIII =~ D.0O. SATURATION VALUES - JAR BASIN

Wastewater; Sample III (continued)

No. Chserved -Calculated Cg Corrected for Cg by
Saturation’ | Saturation Dissolved Solids from Winkler Method
Value Cg 1 vaiuve Cq Table in Standard Method
mg/L ag/L ng/L ' ng/L
5 8.58 ° 8.75 - 9.07
AVE. 8.52 _ 8.72 9.10
Wastewater; Sample IV
1 8.51 - 8.61 9.15
2 8.62 8.66 9.14
3 g8.64 8.91 9.12
4 8.76 8.86 9.11
5 8.69 8.73 . 9.09
AVE. 8.64 8.75 9.12° .
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TABLE XTIV - D.O.:SATURATION VALUES ~ COLUMN BASIN

)

nt

Tap Water ' . - .
No. Observed Calculated Cs Corrected for . Cs for
Saturation Saturation Dissolved Solids from inklex Me“:.hod
© Value Cq Value Cg Table in Standard Method ©s
ag/L mg/L mg/L - mg/L
1 9.05 8.75 . 9.17 \=
2 9.02 _ 9.06 : . 9.1s | |
3 9.01 9.072 9.16
— 4 9.05 9.08 9.14
5 “9.10 9.26 9.13 9.2
- N ‘\ -
AVE. 9.04 9.02 9.15
C . . i‘“‘\\
Wastewater; Samgle I .
1 §.83 §.70 9.04
2 . 8.99 9.11 9.03
‘ 3 " 8.96 9.16 9.03 g
4 8.98 ' 9.07 9.01 -
5 9.01 9.22 9.00
4
AVE. §.95 s.05 9.02 =
‘ !
’
e 3
.
' ) I -~
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TABLE XV - D.O. SATURATION VALUES - RECTANGULAR BASIN
. Tap Water .
No. Obsexrved Calculated Cy Corrected fox C. for
Saturation Saturation Dissolved lids from Winklexr Method
Value Cg Value Cg Table in Stancard Method
ng/I» mg/L - mg/L mg/L
1 9.21 10.00 9.18
2 - 9.24- 8.96 9.18
3 9.26 9.54 9.17
4 9.24 9.63 9.17.
S 9,26 9.49 9.16 . 9.08
AVE. 5.24 9.52 9.17-
Wastewater; Sample I — L
1 8.48 9.37 9.05
2 8.38 9.18 9.05
3 8.53 9.18 9.05
4 8.50 8.62 9.04
5 8.54 8.78 9.04 o
AVE. 8.49 - 9.03 9.05
Wastewater; Sample IT
1 7.87 8.09 9.10
2 8.26 8.40 9.10
3 8.68 1 8.70 - 9.10
4 8.40 8.53 9.10 .
5 8.40 8.52 9.10 .
AVE. 8.32 - [  8.45 49.10




S

“TABLE XVI - D.0. SATURATION VALUES IN WATER AT DIFFERENT DEPTHS |

. Water Watex . Saturated
No. Depth Temperatur‘g'? Dissolved Oxygen
m °c - ' ng/L
1 0.30 ‘ . 20 | 8.80
2 | 0.0 20 ,8.80°
3 0.90 20 " 9.00 '
a [ 1.20 T20 9.10
5 1.50 | 20 9.20
6 180 20 © 9.25

~a

[



CHAPTER VI

. DISCUSSION -

The determination of alpha was carried out in thé laborato¥y undex.
different operatihg conditioﬁs. Three different types of test ba§ins,
jar basins, column basins and rectangular basins were used. Four
different samples gf wastewater, collected from two different sources,
were analyzed. The air flﬁw rates réﬂéed'between 40 25/182 ce/min/L
and five different air flow ratés were ﬁsed for each sample. The water

depth varied between different test basins and ranged from 0.19 to 1.5 m

and the volume in the three test basins were 20.0 L, 12.0 L and 9.0 .,

—_
<

respectively.;
While adaing.sodium sulfite in sample II, it was observed that
even a large gquantity of sodius sulfite was unable to deplgte'the D.0,
and also the re;eration rate was very low. When the cobait*ion )
concentration was increased, the reaction rate had increased. Obviously,
cértain substances in this sample were reacting with cobalt-ioﬂs added |
in normal concentration and prevented the D.O. depiétion witﬂ‘!?dium.
- sulfite. Therefqre{ it is important to anduct small laboratory
investigaticons with wastewater samples to determine the amount of
catalyst required, before Qarrying out full scale investigations.
Alternatively, the nitrogen.stripping method will haﬁe to be emploved.
The results, reported in the previous Chapter, were.statistically
analyzed to detérmine the effect of different operating conditions on
the alpha and beta factors. It was obéerved that the KLa values were
infl@enced-signifi;antly by tﬂe'air flow rate, water depth, tank geometry-

-

and characteristics of wastewater. it is also observed from Table V,

-~

that with everv successive addition of sodium sulfite, there was an

62



increase in KLa value undexr otherwise identical conditdons.
The analysis of variance test (65) on alpha values was carried out
on the results obtained for sample I, Tables VI %o VIII, for.all three ™

~ .

test basins and at all air flow rates. The analysis regults are shown
in Table XVII. It reveals that, at 95% confidence levei,;gﬁa\i}pha )
factor is independent of air flow rate, water depth and geometrical
éonfiguration. Thus, the mean value éf alpha factor for sample I is
cbtained as 0.79. S;milar statisticaltanalysis_of alpha values for
sample II, Table IX and X, is shown in Table XVIII.l It is again
observed that operating conditions‘hgve no effect on aligha factofrat
95% confidence level. The mean value of alpﬁa factor for sample IX is
obtained as 0.925. Similarl&} the mean alpha values for samples IZI and
iv are 0.67 and 0.87, respectively. Therefore, i£ is obvious tﬂat algha
factor varies wifh the characteristics of wa;tew%ter sample. £
It can be seen from Tables XIII to XV Eﬁat the observed D.C.
saturation concentration is less thén‘%ﬁe calculated D.O. saturation
concentration for all the basins. Also, the D.0C. saturation values,
obtained after correcting for the.dissolved solids éccor@ing to the

-

Table in the Standard Methods (62), are mostly higher than the calculaféd

D.0. saturaticn values. The obsexrved D.0. saturation values were the
probe readings taken from the plot, Fig. 7. A correction may _have to be
applied to thehérobe reading if the operating conditions aré not the
same as the calibrating conditions. Moreover:‘it is possible that £he
sample may not have reached saturation ;evel at the end of the plot. It
is also observed from Table XVI that the ajl-_ﬁsyuration value increases

with increase in depth. BAll these factors had contributed to the

discrepancies in results. The Winkler method is most accurate to



TABLE XVII -~ ANALYS_IS OF VARIANCE IN ALPHA VALUES FOR SAMPIE I
.|No. | Jar Basin |Column Basin | Rectangular Basin | a11 Systems
2 a-Values a-Values a=Values a=-Values
1 0.73 Q.?Z 1.09 2.54
2 0.72 Q.77 .0.89 - 2,38
3 Q.72 0.80 0.78: 2.30°
4 0.72 0:86 0.75 . 2.33
5 0.69 0.84 0.76 . 2.29

el 3.58 3.99 4.27 11.84

a 0.716 0.798 0.854 0.789) -

Tal 2.564 3.197 © 3.729. 9.490

(Za) 2 - o

n 2.563 3.184 3.647 9.345-
2 (23)2 .

Ia -:;—- 0.00072 0.013 0.0$242 0.1443
Source of Sum of Degree of Mean Sguare
Variance Scuares Freedom
Setween 0.04858 2 0.0243
Samples
Within 0.09572 12 0.00797 -
Samples )

Total . 0.1443 14

0.0243 ' '
P o= —t=io ; F z 1 = 3.
): 0.00797 3.0489 ; 05 from Table (&5) 3.89

64



—————— e A

-

TABLE XVIII - ANALYSIS OF VARIANCE IN ALPHA VALUES FOR SAMPLE II

No. Jar Basin Rectangular Basin All Svstems
a=-Values a~Values
1 0.98 0.89 1.87
2 0.86 0.94 1.80
3 0.94 0.96 1.90
4 0.91 0.91 1.82
"5 0.90 0.96 - 1.86 °

Ta 4.59 4.66 9.25 .

c - 0.932 _ 0.918 - o.ezsf

Ta? 4.347 ‘ 4.2217 : 8.5687

(Zay? . -

== 4.34312 4.21362 8.55623
. . D

2 (Za)?

Taf- == 0.00388 0.00808 © 0.01245
Source of Sum of Degree of | Mean Sguare
Variance Sguares Freedom
Between 0.00049 1 0.00049
Samples
"Within 0.01196 g 0.001495
Samples

" Total 0.01245 .| 9 " '0.001383
0.00049 . : ‘ ' :
P = —— - - -
0.328 ; F .. = 5.32 _ J

T 0.001495
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measure oxygen saturation value in tap waters, but this method is
inaccurate with wastewaters. The results confirm that D.0. saturation
values for water, obtained by Winkler method aftex ‘extended aeration for

at least 12 hours, are véry close to the values 6Btained from Table (62}.

- 1

4

The above discussion shows that therxe are hany chances of error in

caiculat;ng B factor. The Wo?kshop Toward An Oxygen Transfer Standard
’  (59) discourageé the use of probe reading for calculatiné 8 values. It
recommends to calculate 8 by applving 2 correcﬁion to D.0. saturation
v;iues‘for dissolved solids co;cengration in wastewater and waﬁé?!
Table XXX lists the B valtlzes calculated for different samples by
_taking ratios between average saturation values obtained'fér wastewater
and tap water,‘respectively, with similar methods. It is observed that -
£ values ranged.between-O.SQ and 1.00, depending on the tank §eometry
and the method used foi ébtaining saturation value. The characteristics
of was;ewate¥ showed no siénificant efféct on average B values. The
average 8. for all samples was obsérved tq_be'0.97- Therefore, it is

" concluded that any of the methods used for calculating 8 will provide

reasonably accurate results; however, it would be more convenient to

use saturation values from Table in.Standard Methods (62) after

correcting for dissolved solids concentration.
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CHAPTER VII

_CONCLUSIONS
This study was performed‘in the 1abor;tor§ to determine alpha and
beta factors for different wastewaterlsamples under different coperating
cond;gionsiqnd the following conclusions can be drawn;

1. Certain wastewater samples may interfere Qith cobalt ions. Therefore,

~it is importanﬁ to conduct sméll labofatory inﬁg;tigations with
ﬁastewatér samples to determine the amount of chemicals reguired, -
‘before performing full scale investigations. Alternatively, nitrogen
stripping Qill have to be e;ployed.

2. KLa values were influenced significantly by the air flﬁw rate, water
depth, tank geometrvy and characteristies of wastewater. Also, with
every successive sodium sulfite addition, KLa value increésed under
otherwise identical conditions.ﬁ h ‘f -

3. At 95% confidence interval, alpha factor is in@ependeht.of air €low

rate, water depth and gEOmetrical configurations. -However, it does

vary with the wastewater charécteristics. In this %tudy o ues
ranged bgtween 0.67 and 0.925. - [

4. fhe D.O. saturation concentration inc:eaée; with an increase in water
éepth.

5. The D.O. saturation values obtained by different methods showed
di;crepan;ies; however, each of these methods?provided reasonably
accurate reéults for 8. It is more'convénient to calculaﬁeas factor
after applving corrections to D.O.'saturation values fér dissolved
solids coqcentration in wastewater and water,

6. fhe g valﬁes are not significantly affected by the air flcw]rapes, -

-water depth, tank geometry and wastewater characteristics. The

average B for all samples was observed to be 0.97.

-

68



APPEND_ICES

€9




4

a) -

" b

APPENDIX A

Calculations for the Amount of Nazso3 and Coc12e6520 Required

‘or 252 mg + 32 mg . + 284 ng C

~

The stoichiometric relationship between Na_SO, and 0, is as follows:

: : 3 2
- -. X ) ‘.‘ f-g
. 2MNas0 +°0, = 2 NaS0, | ‘ ceese 14

)

2(23x2+32+3x16) + 2x16 = 2(23x2+3%+4x16) Co -

‘Therefbre; theoretically, 252/32 7.88 mg/L of Na SO3 per mg/L of -

,dlssolved oxvgen is required to deoxygenate the sample.

Cobalt ioen concentrat;qn'required = 0.0S-mg/L ..... (25)
i PN ‘237
.+ amount of-CoClzfﬁﬂzo required = g * 0. 0s
.- ) - . ‘; ) -
L . N : .g . - 0.20,3!9’/1;

For ZO'Litres of sample;..CoCl2 requiied

=0.20 x %0 = 4 mg
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APPENDIX B

Typical Data and Comgptatiéns forAAlpha and Beta Factors

The dissolved oxygen concentration values vs time for sample IV

-

were read from the. plot in Fig. 7. The data are listed below with Y as

time in minutes and X as D.O. concentration in mg I..-l

0BS | ¥ . X
1 0.0 e4s
-2 0.5 | "1.20 A
. 3 T1.0¢ 2.00 . '
J .4 1.5 | 270
5 2.0’ 3.55
‘6 | 2.5 .| 4.20 ‘
7 3.0 4.70 .
8 3.5 '5.15 B
9 4.0 5.55
10 - 4.5 5.95
11 5.0 6.28
g 12 5.3 6.50
| 13 €.0 6.75
14 6.5 6.95 5
15° | 7.0 7.10
16 7.5 7.28 '
17 8.0 7..40 \
.18 9.6 7.58 '
19 10.0 7.73 )
. )
20 11.0 7..85
21 12.0 7.90
25 . 13.0 7.95
23 15.0 | * 8.00" - :
o, 24 18.0 8,05 i
’ 25 22.0 8.10

TABLE XX - 1IYPICAIL DATA

——— e

N



Other data relevant to this experiment were:

Standard Aix Flow Rate = 3209 cc/min.

Temperature = 24°C = 535.2°R

The above data were analyzed by using a computer programme,

72

Appendix C, to obtain a best fit curve which is plotted in Fig. 8. The

A

print out for computations are attached as Tables XXI to XXIII.

The values from Fig. 8 were plotted as log(CS;C) versus t in

Fig. 9 and a best fit line was drawn statistically through these data.

The computer print out for computations is attached as Table XXIV. The ’

values of intercept and slope are given below:

TABLE XXIV - LOG PLOT OF VARIATION OF OXYGEN WITH TIME
Model: Model O1° SSE 0 ¥ Ratio 999999.99
DFE 20 Prob>F 0.0001
Dep Var: LX MSE 0 R-Square 1.0000
Parameter Standard .
Variable DF Estimate Error T Ratio Prob>]T[
| Intercept ' 2.077607 0 -
- ~ 0.278820 0 "

or

(X, a)
A

. T2
(K. a) = {¥/a) x (1.02)
RAPRD S S _

(k)
DALP

N

= 0276882 x

e

I}

From Equation 13,

From the aboGe‘Table, slope

.

.

v

\

38.53"'x

35.59 hr ©

2.303

0.27882 min *

-

0.642Tmin

38.53 hr T

0

1
. (1.02) 24-20

1
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Similarly, for tap water at standard air flow rate of 3277 ec/min.,

. -1
(x_a) = 40.53 hr
KL 20

(KLa) wastewater  35.59
) 20

.- . a = 0.88

(K 2) __ tap watex = 30.53
20 .
NOTE: The symbols used.in the attached computer programme and print outs
correspond to the notations in the oxygen uptake model, Eg. 12,

as given below:

B, = A
1

BZ=—B
B, =-D
X=2cC

—_

My Y
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APPENDIX C

Computer Prograrme. for Calculating (KLa)T

S/7TTST uce” (xxxxxxxxxx.:.s.-eaﬂrx.'ﬂﬁcm'.CLAss-a
4/ _SXEC  5AS5.IPTIINS='LS31Cl.35a60

LALIYEIN 20 e

ISF1a2] - STEP was SXECUTED - CAND CI0E ageo -
IEF3I7T1 STEP sSas / START 80200.00%54

J08 718

{E¥3I7al STS2 s5a5 / 3T2P  30200.2050 CRU IMIN Ja.98SEC MAIN 200K LCS QX
[EF275] <33 /#TESTY / START A0200.0054

IEF 2701 JCB sTEST 7 3TAP AJ2C0.SCk0 CPU JATN Ja.S35EC

H STATI STIC AL ANALY SIS SYSTEM
C. J:i55 FR.
NITTD T UQY TEST MAS 3ZEN AUN UNDER RELEASE 79.3% oF SAS

. AT TRE UNMIVERSITY ~=F WINDSTR. : -

1 CATA CXYGTM;:

2 INPUT ¥ x 23;:

3 LAZEL  X=CONCENTRATION vYaTIMZ:

a CARDS; .

NITE: SAS wENT TQ A NEZW LINE A4mEN INPLT STATEMENT '

ITACAES PAST THE END QX A LINE,
NOTE:D CaTa SET WOAK.IXYSEY HAS 25 CISERVATICMS and 2 VARIAILES. €51 2895/TAK.
NOYZ: THE CATA STATENENT WSED 0.23 SECCNIS AND 128K
] . FREOC PRINT:

NOTE: TrE PROCEDURE PRINT YSED J.20 SECINGS AND 123K AND PRINTEQ Pase 3.

9 PROAC  NLINDF; ,

10 TARMS 3l1=8.10 82==7.,e5 J33x3u00: BCUNDS Ba<&.20:

L MCCEL  X=D1+82«EXP(B3sY): .

12 JUTPUT OUT=NEW

13 PapMss 81 az a3

14 PREDICTE A= XNEW

15 RESIDUAL2RNEW:

16

NAOTE: NaTa SET wORK.NEW MAS 25 TASERVATIING AND 7 VARTAZLES., 217 C25/TaK.
NOTE - THRE PRICESURE NLINCF USED 2.2 SSCONOS AND 160K AND PRINTEL PASES 2 TC 3.
16 PROC PLAOT CATA=NE«?

17 FILOT XNEweyasps Xeyarat 0

18 TITLES CONCONTRATICN OF DL ESCLVYED DaYGEN VST TIME:

19

NOYE: THE PROCESURE SLCT USED 0.45 SECCNOS AND 130K AMD PRINTED PASE 4.
19 ' FRCC PRINT JATAaNEW; -

NOTE: ThE PROCEDURE SR INT USSZ 9.35 SZCONOS AND 123K AND PQINTEC FAGE S.

20 DATA MNEW2: ’
21 SET  uZw; - ' .

22 IF 231<XNEw<9.20;

23 LX=LCS(D1~XNEW)

24 LABEL xNEW®CONCENTRATION?

‘25

NOTE: DATA SET WOI.NEW2 HAS 22 OBSERVATICNS AND 8 VARIARBLES. 15! COS/TRK.
NCTE: THE DAT& STATEWENT USED 0-17 SZCLNOS AND 128K.

25 PRCC PLOT DATAZNIwS: )
26 PLOT LXays .

27 TITLES LOG PLOT OF VARIATIEN OF OXYGEN wITH Trwe; .
NOTE: THE PROCEDUTE PLOT USED 0.40 SECLADS AND & 30X AND PRINTED PASE 4.

28 FRCC  PHINT  JATazneEw2:

29

NCTE: TrE PAQCEDURE 28 INT USED 0.39 SECINDS ANO 128x AND PIINTED PasZ 7.
29 FRCT  SYSRE3S: MOJEW Lxar;

NCTE: TrE POOCEaUPT Syszes USED C.31 SECINUS AnD 133K AND POINTED pPazc a.

NCTZ: 535 UZEZ 1aoK wzwaey,
NOTEX 545 [NSTITUTE INC.
SA% CImELs
. 97x 8333 :
Cas~. ~.C. 7711
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For Line 10,

Parameter B. -

1 - Saturation Value from the plot

- N

B (Bl—xo), where X, is the value of dissolved oxygen

‘ ' 2 ‘
\}J ) v ©oat time £ = 0.

For Line 22,
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APPENDIX D

s . Calculations for Optaining Stdndard Air Flow Rates:
‘ The curves providéd P? the manufacturer of~r6tamete£rread air flow
" rates corresponding to :ﬁé_gctual temperature and pressure. These values’//
should be corrected to obtain standard air flow rates at the following
Sonditions:
_ Pressure = 14.7 psia = 10l.4 kPa

Temperature = 60°F = 15.5°C

The correlation for obtaining air flow rate under ‘standard condition is:

- xT
= ST = 13
r
where, .
Q = flow rate in cc/min.

Q_ = flow rate'ffom the calibration cuive corresponding to the
scale reading, cc/min.

P = operating pressure, kPa

P_= re%erence‘pressure, 101.4 kPa

T = operating temperature, °R

T = reference temperature, 60°F = 520°R

- . For a scale reading of air flow = 4350 c¢/min., at T = 24°%¢ = 535.2°R

- and P = 191.8 kPa -

101.4x535.2

ngndard Q.= 4350 4// ToA Bx520 - 3209 cc/min.

- [3
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TABLE XXV - RAW EXPERIMENTAL DATA
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Jar Basin; Tap Water °

No. |Air Flow | Mean Cumulative | Cumulative Sgéquenée C Air : &a ‘
Rati:e ‘ '.%mp. NastB Co;:l2 o_f Run | Pressure S

¢c/min. C added § - | added“mg ‘ kPa br
1 3850 19.8 | -11.70 4.2 4 186.30 | 35.98
2 | 3350 19.5 3.00 1.2 1 79.40 | 31.38
3 | 3350 195 6.00 2.2 2 179.40 | 33.09
4 4350 20.00 2.90 1.0 1 182.20 | 35.77
s | 4350 |19 9.00 |1 ‘3.0 3. 178.00 | 39.69
6 | 4350 20 12.00 4.0 4 178.00 | 41.22
7 | 4350 19 3.00 1.0 1 178.00 | 36.25
8 4350 |20 6.00 2.0 2 178.00 | 40.07
9 | 4350 |19 © 9.00 3.0 3 178.00 | 40.25
10 | 4350 19 12.00 4.0 4 178.00 | 35.86
11 | 4350 |1s.9 3.00 1.0 1 178.70 | 37.53
12 | 4350 19.85| - 6.10 1.0 2 178.70 | 38.80
13 | 4350 19.85 9.20 1.0 3 178.70 | 39.33
14 | 4350  119.65| 12.40 1.0 4 178.70 | 39.03
15 | 4350 19.50| 15.60. 1.0 5 178.70 | 39.60
16 1900 18.5. 1 6.20 1.0 2 184.92 | 23.34
17 | 2850 |1s8.3 9.30 1.0 3 182.85 | 30.39
18 | 3350 18.3 12.60 1.0 4 181.47 | 32.97
19 | 4350 20. 16.0 1.0 5 . 178.70 | 40.54
20 | 4850 | 20 19.50 v 1.0 6 '177:33 | 44.21

Jar Basin; Wastewater Samplé I

: £

21 -| 1900 21.05| .10 2.2 2" 190.44 | 18.04
22 | 2850 21.1 9.20 . A 3 189.75 | 23.26
23 | 3350 21.15 12.35 2.2 4 189.06. 25.50
24 | 4350 | 21.2 15.60 . 5 186.99 | 30.01
25 | 4850 21.3 "18.95 . 6 186.30 | 31.32]
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Coluim Basin; Tap Water ) -
No. |Air Flow | Mean | Cumlative | Cumulative| Sequence Air K2
Rate Temp. | Na_SO CoCl,, of Run | Pressure -1
ce/min. |- 9¢ added ' added " mg kPa hr
26 | 850 [21.75| 4.20 1.3 2 185.61 | 38.40
27 | 1350 22.15) - 6.40 1.3 3 184.23 {52.83
28 1640 22.4 8.70 1.3 4 182.85 | 58.57
29 | 2140 22.65| 11.05, . 1.3 5 182.16 | 64.48
30 | 2450 22.90 | 13.50 1:3 6 181.47 | 69.38
31 850 21.25 2.10 1.3 1 185.61 | 37.92
Columm Basin; Wastewater Sample I .
32 | 850 22.25 4.20 . 2 184.23 | 27.92
33 | 1350 22.9 6.40 1.3 3 163.54 | 41.25
34 | 1640 23.0 | 8.78 ] 4 182.85 | 47.58
35 | 2140 23.1 11.05 5 182.16 |'55.93
36 | 2450 23.3 13.52 6 18%.47 | 58.50
37 850 22 2:10 . 1 184.23 | 24.66
Rectangulai' Basin; Tap Water \
38 490 20.65 1.80 1.0 2 193.20 | 2.31
39 850 20.50 2.70 1.0 3 192.51 4.97
40 | 1000 20.65 -3.60° 1.0 4 191.82 | 6.58
41 | 1440 20.80 4.60 1.0 5 191.13 | 8.77
a2’ | 1640 | 20.65 5.65 1.0 6 190.44 | 9.95
Rectangular Basin; Wastewater Sample I ’
T .
43 490 21.75 1.90 1.0 2 192.51 | 2.6
44 850 21.75 2.80 1.0 3 191.82 | 4.54
45 | 1000 21.40{ - 3.70 1.0 4 191.82 | 4.93
46 | 1440 21.25 4.70 1.0 5 191.13 | 6.60
47 | 1640 21.50 5.75 1.0 6 190.44

-7.47

PV
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Rectangular Basin; Tép Water ¢ . ' r
No. | Air Flow | Mean | Cumulative | Cumlative Sequence Air I KLa
. Rate Temp. N_a2503 Coc12 of Run | Pressure -1
cc/min. ¢ added g added mg |- kPa | hr
48 |~ 855 22.25 1.60 1.0 2 192.51 5.86
49 | 1282.5 | 22.85 2.45 1.0 3 191.82 | 8.05
50 | 1507.5 | 23.0 -3.35 130 4 191.13 | 8.83
51 | 1957.5 | 23.35 4.30 1.0 5 190.44 | 11.12
52.| 2182.5 | 21.65 5.30 _ 1.0 6 189.75 | 11.66
Rectangular Basin; Wastewater Sample II
153 855.0 | 20.5 ‘ 1 195.96 | 5.04
¥ g
s4 | 1282.5 | 21.0 : 2. -195.27 7.33
; Nitrogen - '
55 | .1507.5 ! 20.5 ToFE 3 194.58 | 8.08
Stripping
56 1957.5 | 22.5 4 | 193.8 9.93
57 | 2182.5 | 22.5 5 | 193.20 {11.32°
Jar Basin; Wastewater Salt;ple II
58 | 1900 23 1 193.89 | 24.99
59 2850 23 Nitrogen 2 193.20 | 28.65
60 3350 23 ‘Stripping 3. 192.51 | 33.67
6L | 4350 23 ' 4 191.13 | 39.07
62 4850 23 5 1 190.44 | 42.28}
Jar Basin; Wastewater Sample III ’
63 | 1900 22.25 "6.1e 2.2 2 193.89 | 16.18
| 64 2850 22.75 9.7 2.2 3 193.20 | 24.08
65 3350 23.0 12.85 2.2 4 192.51 | 24.62
66 | 4350 23.0 16.10 2.2 5 191.13 | 27.02
67 | 4850 23.0 19.45 2.2 , 6 190.44 | 30.72

A
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Jar Basin; Wastewater Sample IV
No. Aixr Flow| Mean | Cumulative | Cumulative | Sequence Air I&,a-
Rate Temp.| Na2503 Co(':l2 . of Run | Pressure _‘1
‘e¢/min. o¢ added.g added“mg ' kpa hr
68 | 1900 23.8° 6.1 2.2 2 194.58 | 22.21
69 | 2850 23.8 9.2 2.2 3 193.89 | 29.72
70 | 3350 23.9 12.35 2.2 4 193.20 } 3.99
71 | 4350 24.0 15.55 2.2 s 191.82 | 38.53
72 4850 23.9 18.8 2.2 & 191.13 | 42.91

~
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