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CHAPTER I1I1

LITERATURE REVIEW

3.1 General Background

Biological treatment” is mainly classified into two processes,
aerobic and anaerobdic. The aerobic treatment process is separated into
many processes for in;tance, activated sludge, trickling filter, aerated
lagoon etc. The actiwated sludge process was developed in England during
the early year 1900, GQODMAN and ENGLAND (1974). After that, many modi-
fications of the ofiginal process have been developed. A modification

that has been extensively use is the contact stabilization process.

Contact stabilization.prfocess was first investigated in England
by COéMBS (1921) and later in the U.S.A. by ULLRICH and SMITH (1951).
The process was first named "Biosorption'" by ULLRiCH and SMITH (1951) due
to the rapid substTate removal when activated sludge was mixed with waste~
water in contact tank..  The use of a contact stabilization in place of a
conventional flow scheme greatly increases volumetric loading capacity
without decreasing process efficigncy. This 'was accomplished at Austin,
Texas, a 6 MGD conventional "activated "sludge plant was upgraded to treat
16 MGD in a contact stabilization' mode withouti“the bulking problems en-—

countered prior.to modification, ULLRICH and SMITH (1957).

Although this process was develbped many decade years ago, how-
ever, the principles of substrate removal mechanisms, the methods of

design calculation have not been clearly concluded.
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3.2 Description of Contact Stabilization Process

The contact stabilization process is known in various names,
biosorption, bioflocculation, two stages aeration and sludge reaeration.
This process was modified from conventional activated sludge system. The

process flow diagram diswshown-in Fig. 3.1s

SEDIMENTATION
TANK

/  EFFLUENT

INFLUENT T GONTAGT TANK

— STABILLZATION/ TANK @ ==

J WASTE SLUDGE

Fig. 3.1 - Flow Diagram of Contact Stabilization Process

Contact.stabilization process differs from conventional activated
sludge system aceording to the number of aeration tanks. The former has
two aeration tanks between sedimentation tank while the latter has only

single tank.

The influent wastewater is mixed with returned activated sludge
in the contaet tank (1St aeration, tank), normally 30 to 90 minutes deten-
tionitime. / Aftexr thedcontact period, ‘the mixéd} liquor' activdtad sludge
is allowed to settle in the sedimentation tank for a so6lid - liquid sepa-

ration.

A small portion of settled sludge is wasted while the remainder

. nd :
flows to the stabilization tank (2 aeration tank) for a period of time,
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generally 3-6 hours, then the stabilized sludge is returned to the con-

tact tank to be mixed with influent wastewater again.

3.3 Development and Application of the Process

The contact stakilization process was firstly inyestigated in
England by COOMBS(1921). According to CHASE (1944), a contact stabiliza-
tion wastewater treatmentsplant was built in 1930 at Birmingham, England,
with one hour and eightshour contact time and stagilization time respec-—

tively.

MALLORY patented a process im 1948. This process was similar

to the contact stabilization process, illustrated in Fig. 3.2.

SEDIMENTATION
TANK

INFLUENT / EFFLUENT -

CONTACT .TANK

STABILIZATION TANK

! '

Fig. 3.2 - Wastewater Treatment Process Flow Diagram Patented by

MALLORY » (Reported by THIRUMURTHI, 1977)

In Fig. 3.2 the settled sludge from a sedimentation tank is
pumped to stabilization tank which a portion og it' is bypassed to be
mixed with influent wastewater in a contact tank. Then the outlet from

the contact tank and the stabilization one enter the sedimentation tank
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making the process in closed circuit.

ULLRICH and SMITH (1951, 1957) faced serious problems of over-
loaded and bulking sludge in Austin, Texas, treatment plant. The labora-
tory study and pilot plant one were conducteéd im Austin. ULLRICH and
SMITH solved the problems by modifying the existing conventional activated
sludge process into the processiwhich they initially termed "Biosorption
Process'". This biosorptien plant had an ability to increase a capacity
from 6 MGD to 16 MGD withouts/ addition of a aeration tank capacity and
still gave high BOD and S§ removal. The problem of sludge bulking was
eliminated and the congrol operation was ‘also rendered easier and simpler

than before.

BOON (1969) indicated that in-both plants of contact stabiliza-
tion and conventional activated.sludge the greatest proportion of the BOD
of thé settled sewage was removed within the first 15 min. of aeration
with activated sludge. He also reported that, SIﬁDIQI et al. (1966) postu-
lated that the loss of substrate removal capacity of activated sludge after
a prolonged period of stabilization was due to inactivation or loss of pre-
viously induced enzyme systems. BOON concluded that in order to obtain
optimum performance’from™a [eontact (stabilization process, ascareful balance
would have "to be ‘made between' the periods of contact'and stabilization.

The optimum periods of retentionfwould depend ©mn the composition'of the

wastewater and on the degree of purification required.

BERRYHILL et al. (1970) conducted an experimental investigation
of two laboratory scale units to compare the performance of a contact

stabilization process with that of a high rate activated sludge process.
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The results indicated that the high-rate process produced a slightly
better effluent than the contact stabilization process. The variations
in the ratios of the concentrations of soluble and total substrate should

. be considered in design of contact stabilization units.

GUJER and JENKINS- (1975 a,b) presented-kinetic models of a contact
stabilization process by experimental verification of bench-scale units
treating settled demestic sewage. ! The models were genmerated based on the
concept of oxygen equivalence mass balaﬁce. Various parameters and infor-
mations were observed such as, process loading (substrate removal‘rate),
tempefature, distribution ©of microorganisms in both tanks, sludge produc-—
tion, oxygen uptake/rate, organic nitrogen conversion, nitrification and
effluent suspended solids. They woncluded that process loading, tempera;'
tﬁre, distribution of mieroorganisms in both: tanks and recycle ratio were
independent parametefs in the design of contact stabilization process.

_This resulted to-increase the design flexibility éomparable with conven-
tional activated sltidge process which had only two independent variables

of process loadingTand the temperature.

BENEFIELD & RANDALL (1976) developed design equatiohs for contact
stabilizatiOn process| using) fonCepts promulgated by ECKENFELDER (1970) and
LAWRENCE and, McCARTY (1970). "He also presented a procedure for engineers
to use these gquations to apply iIn the design/of a contact stabilization
process.  Nevertheless, the-theoretical equations were developed by many

assumptions without experimental data supported as discussed by ORHON (1977).

THRIRUMURTHI (1977) studied on the comparison of a high-rate ac-

tivated sludge unit with an aeration tank volume equal to the combined
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volumes of contact and reaeration tank of a contact stabilization process.
The results postulated to previous investigator, BOON (1970), that both
units produced an effluent of almost the same quality and had equal BOD
or COD removal rate. The author also coneluded that mild shocks induced
by fluctuating hydrauiic and organic loads were better absorbed by a
single tank aeration process due. to the greater wvolume than the contact

tank.

ORHON and JENKINS (1977) modelized the contact stabilization
process by éssuming that substrate removal occurred only in the contact
tank while only microbial decay.or 'endogeneous respiration was assumed
to occur in the stabilization tank. Data were presented to indicate the
direct interrelationship between the mierobial decay coefficient for the
stabilization tank and substrate removal rate for the contact tank. The
model was presented to faciliate the upgrading of overloaded plants to
the desired effluent quality by using varying porfions of available aera-

tion tanks.

KHARARJIAN and SHERRARD (1977) studied on the batch aerobic tfeat-
ment on various concentration of colloidal waste. The result showed that
the COD concentrations of) the isélublejand” colloidal”waste fractions generally
decreased exponentially during the batch“experiments with no increased in
soluble COD attributable to release by sludge ©tganisms as reported by
McKINNEY (1962). ' They finally concluded that not 2ll colloidal wastewaters
exhibited a rapid uptake, substantial release and final drop in the concen-
tration of organic material as illustrated in Fig. 3.3, therefore it was
no reason to specify.the contact stabilization process to a wastewater

contained colloidal organic matters.
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SATIPHANICH (1978) stuaied on the theoretical and experimental
of contact stabilization process in carboneceous phase and nitrification.
The domestic wastewater was used as the influent substrate for tﬁe system.
The kinetic coefficients: growth yield,/ microorganism decay‘rate, maximum
rate of substrate utilization, half velocity coefficient etc. were deter-
mined. 'His results showed that the maximum rate of total substrate uti-
lization in the contaet tamk of contact stabilization process was about
5 times much more than the conventional activated sludge process. The
half velocity coefficiént of /the ‘centact tank correlated with the fréc—
tion of biomass in the gontact .tank and sludge age. The mathematical
models of contact stabilization process. were proposed and proved by experi-
mental data as well as the methods of design calculation in both phases

have been suggested.

YUE (19795 studied on the.modelization of substrate metabolization
_in contact stabilization process within carbonecous phase. The study of
SAIPHANICH (1978) was discussed and extended. YUE modelized two mathema-
tical models, first model expléined the rate of change of microorganisms

and the second one explained the rate of change of substrate utilization.

3.4 Substrate | Removal Mechanism

Although the contact stabilization process has been employed for
many. decadess; the substrate,removal, mechanism of the process has not been

clearly concluded yet. [The! various econcepts! are summarized| as following:

ULLRICH & SMITH (1951), initiated the ''Biosorption" concept, He
explained this concept based on the high capacity to adsorb and absorb

both of suspended solids and dissolved organic matter by activated sludge
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in the contact tank. The return sludge from sedimentation tank which con-
tained the adsorbed and absorbed suspended and dissolved organic matter
from the wastewater is conducted to stabilization tank where it is aero-

bically digested or reactivated in this,tankas

ECKENFELDER and. O'CONNOR (1961) reported. that the BOD removal in
cdntact aeration tank is achievea by absorption of organic matter and by
stabilization (oxidation)sin the reaeration tank. ECKENFELDER (1966) has
illustrated the schematicidiagram of substrate removal in contact staEili—

zation process as shown im Fig. 3.4.

McKINNEY (1962) cited ‘on the experimental of MANSEL SMITH of
Austin, Texas, that there was an immediate drop in BODs, followed by a
rise and then a second and final drop when we aerated a raw wastewater -
activated sludge mixture undetx batch conditidn as shown in Fig. 3.3. From
this fype of phenomina the basis for two aeration basins was.formed. In
the first aeration basin, absorption of the colloidal ©rganics was specu-
lated to occur on the activated sludge floc particles. Because this phe-
nomiﬁon was observed to occur quickly, a short aeration basin contact time
was used. The release of BODs5 and subsequent utilization by microorganisms
then'could occur in'lal second faeration basin of longer hydraulic detention
time. ANevertheless, McKINNEY believed that microorganisms ‘could continu-
ously remove organic matter from‘wastewater by‘enly one methodj.synthesis
into\new protoplasm. |It was possible for the microorganisms (to absorb
largel quantities of organic matter onto their cell.surfaces but unless
this organic matter was assimilated into protoplasm, the rate of absorp-
tion would approach zero. Since a definite quantity of organic matter

was required to form the building blocks for the microbial cells and a



BOD. determined on sefted supernatant

,«Bioéorption Zone

BOD,

Aeration period .

Fig. 3.3 Variation of BOD5 of Raw Wastewater-Activated Sludge

Mixture with Aeration Period ( McKINNEY , 1962 )

= t
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g ~ organjc matter
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g orgortc matier ,
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CONTACT STABILIZATION

Fig. 3.4 Schematic Diagram of Substrate Removal
in Contact Stabilization Process

{ ECKENFELDER , 1966 )

25



26

definite quantity of organic matter must be oxidized to form the energy

necessary for synthesis.

BANERJI et al. (1966) conducted batch experiments to study thé
mechanism of starch removal by activatedssludges They concluded that par-
tial adsorption occurred and was dependent on temperature and acclimation.
Adsorbed starch is degraded by cell-wall associated enzyme systems into
smaller molecules. ..The remaining'portion of the starch is either adsorbed
on the cellular siteivacated by the degraded starch molecules or degraded

by small amounts of extracellular énzymes in the wastewater.

SIDDIQI et als (1966) studied on'the role of enzymes in the con-
tact stabilization process. The research have shown the substantial sig-—
nificance and role of enzymes in the rapid removal of soluble organic
matter in biological treatment. , The data showed that enzymatic processes
were particularly significant in substrate removal as opposed to the widely

accepted surface removal phenomena.

JONES (1967) cited by.THIRUMURTHI, 1977, proposed that during
stabilization period the organisms released proteolytié enzymes to hydro-—
lize the particulate nutrient matter adsorbed in the contact tank. The
hydrolized matter was then ‘synthesized “to new cells and at.higher aeration
periods quoted six hours, these .cells entered the endogeneous respiration
phase. _At the lower aeration period (four hours), the synthesis is_com-

pleted but no mass reduction s accomplished.

JENKINS and ORHON (1972) disagreed with the previous investigators
who proposed that the contact stabilization process mechanism was a matter

of storage-metabolism sequence, and postulated an alternative mechanism of
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growth-death sequence. They proposed that during contact period a rapid

growth of microorganisms led to an increase in activated sludge viable

fraction, followed by a death ph: ‘ ilization which decreased the

viable fraction.

AU INENINGINS
MBI INY 1A
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3.5 Parameters Affecting Contact Stabilization Process

In previous time the operating and design calculation of biolo-

gical wastewater treatment plant were based on empirical means.

To day two design techmiques are commonly used: one technique is
based on the food to microorganism ratio (ECKENFELDER, 1966) and the other
on sludge age (LAWRENCE and MeCARTY, | 1970). The comparison of the appli-
cation of these two design techniques has been presented by STENSEL and

SHELL (1974).

In contactistabilization"process, GUJER and JENKINS (1975 a, b)
concluded that there were independent parameters; process loading, tempera-
ture, distribution of microorganisms im both tanks and recycle ratio.
Therefore, the process has its.design flexibility. The various recommen-
ded operating and design parameters by some inVestigators are summarized

in Table 3.1.

3.6 Nutrient and Trace Element Requirements

In biological treatment system is to function properly, nutrients
must be available in adequate amounts and the principal nutrients required

are nitrogen_and phosphorus,.

METCALF & EDDY (1972) indicated  that'based on' an average composi-
tion of cell tissue of CgH7NO,, about 12.4 per‘eent by weight ©of nitrogen
willibe required. 'The amount is. based on the mass of 6rganisms produced
per day. The phosphorus requirement is usually assumed to be about one-
fifth of the requirement. However, these values are not fixed quantities,
because it has been showed that the percentage distribufion of nitrogen

and phosphorus in cell tissue varies with the age of the cell and environ-



Table 3.1 - Recommended Parameters for Contaect Stabilization Process

(After SAIPHANICH, 1978)

Cp oor Up 6, MLSS (mg/%) Detention Time BOD
2 Removall Authers
(day—l) (day) Contact Stabilization tC (hr) tS (hr) . o
- - 3,000-4,000 | 4,500-640004] 0.25-0.50 1.50 100  |85-99 |ULLRICH et al. (1951)
- - 1,896 6,885 0.63 5.% 41 93.4 |ULLRICH et al. (1957)
0.125 7.2 | 2,000-3,600 |10,000-20,000 2.90 10.0 - 94.3 |HATFIELD (1959)
- - - £ 0p 5 EL5 244 . - |WESTON (1961)
0.283 - 1,780-5,330 | 4,200-10,000 1404 4,20 41-104 | 89.4
0.113 - 2,290 13,600-18,700 3.21 12.00 13-19 84.0 |HASELTINE (1961)
0.166 - 2,200-3,500 | 8,400-11,900 2.94 18,00 46-92 | 87.2
0.52-1.16 | - 7,700-10,670(12,7200-18,200{ 0.58-1.60 | 3.3-3.7 |100=171 [63-68
0.34-0.63 | - 6,050-11,400|11,400~25,000| 0.50-1.61 | 2.0-6.44 [ 1001 (50-86 | . (1969)
0.41-0.52 | - 3,500 7,100 0.30 1.67 100 91
0.31-1.65 | - 1,900-3,000 | 3,500=13,700 0.61 0.50 100 97
0.20-0.60 | 5-15 | 1,000-3,000! 45000=10,000 |~ 0.5+1.0 3.0-6. 0% | #25-200 4/80-90 |METCALF (1972)
0.20-0.8 | 5-30 | 1,000-5,000 |'3,000-12,000| " 0.5=2.0 2.0-6.0"| 50-200 [80-95 |SAIPHANICH (1978)

' xBased on: COD

6¢
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mental conditions.

The other nutrients required by most biélogical systems are shown
in Table 3.2. HELMERS et al. (1951), as reported by ECKENFELDER (1966),
determined minimal quantities of nitrogen'and phosphorus of 4.0 £b N/100
2b BOD removed and 0.6 2b P/100 b BOD removed. This is approximately
equivalent t§ a BOD:NeP ratiosofs 150:5:1. Their studies further indicated
a minimum nitrogen cententsof. 7 per cent and a minimum phosphorus content

of 1.2 per cent of the volatile suspended solids.

Table 3.2 - dInorganic Ions Necessary for Most Organisms

(KIMBALL, 1968 as Reported by METCALF & EDDY, 1972)

Substantial Quantities Trace Quantities
Na' (except for plants) ol
K+ . - Cu-H-
Ca++ Mn++
Mg++ . Zn++
Pof B3+ required by plants,
Cl certain protists
SOZ Mo+ required by plants, certain
protists, and animals
HCOE V++ required by certain
protists and animals
Co++ fequired by certain
animals, protists, & plants
I required by certain
Se animals only
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3.7 The Remedy of Sludge Rising and Sludge Bulking

Two of the major problems encountered in activated sludge process
and its modification such as contact stabilization process are sludge
rising and sludge bulking. These phenomina will cause of high suspended
solids concentration im-the effluent and decreasing the plant efficiency.
Some of the possible causessand suggested remedies were reported by
ECKENFELDER & FORD(1970)s4 US. EPA 625/1471—004a (1974) and METCALF and

EDDY (1972) as follewing:

Table 3.3 - The Remedy of.Sludge Rising and Sludge Bulking

Possible Lause 4 Suggested Remedy

1. Excessive organic loading 1. Reduce organic loading to system

capacity or below.

2. Gasified sludge caused by deni- 2. Increase sludge recycle rate
trification of excessive anae- and/or increase sludge wastage.
robic sludge holding time in

clarifier.

3. Excessive sludge in system : 3. Increase sludge wastage, expand
sludge thickening and handling

facilities if- necessary.

4, Low DO /in deration ;tank or [tanks/| 4. Normallyl maintaim.at or above

2 mg/%

5. Nature of the wastewater re- 5. Maintain aeration basin,contents
sults in proldiferation.ofl filas at nmeutral pH; add coagulant to
mentous microorganismss basin (to enhance solids-liquid

separation.

6. Predominance of filamentous 6. Add inorganic N or P to system.

microorganisms resulting from

low N or P conc. in system.
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Nevertheless, if filamentous microorganisms persist in systems

the suggested remedies should be concerned as following:

ECKENFELDER & FORD (1970) further suggested to chlorinate, keep
sludge in anaerobic condition if possible, .keep MLSS as High as possible,

or purge system of sludge and re-seed.

US. EPA 625/1-71-004a¢(1974) suggested that cﬁlorination had
been found effective in _eontrolling bulking.due to filamentous growths.
Recommended dose rates based on return sludge flow are between 0.2 and
1.0 ¢b of chlorine per 1G0 zb of return sludge solids. This method is
only considered as a temporary measure and should not exceed 24 hours
duration. Selective destruction of filamentous organisms by chlorination
generally will came a turbid effluent until the destroyed organisms are
washed out of.the system. The other method was suggested to émploy hydro-
gen péroxide at continuous desing of 200-ﬁg/2 (based on piant‘influent)
to the return sludge for 24 hrs. which resulted iﬁ an immediate improve-
ment in sludge settling and a gradual recovery of systém performance as

reported by COLE et al. (1973).

WPCF-MOP No._d1 (1970) proposed to chlorinate with dosage of
10-20 mg/% lon basis of Treturn sludge volume or 0.37to 0.6%Z0of dry return

sludge.

3.8 Advantages~and/Disadvantages of ithesProcess

3.8.1 Advantages of the Process

The advantages of the contact stabilization pro-

cess cited by many investigators are summarized as following:



(1)

(2)

(3)

(4)

(5)

(6)
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The contact stabilization process has ability to up-grade
tlie conventional activated sludge plant in term of volume-
tric loading up to 1.5 - 3 times, ULLICH and SMITH (1951,

1957).

The process~ecan withstand of shocksloading toxic loading
because of the biological buffering capacity of stabiliza-
tion ‘tank, .and the fact that at any given time the majority
of the biomassi is isolated from the main stream of the plant

flow, US. EPA 625/1-71-004a (1974), GRICH (1961).

1t is possible to maintain MLSS at concentrations up to
20,000 mg/2 in the stabilization tank without materially
affecting the total.air requirement and affecting no problem

of diffuser clogging, WPCEF MOP No. 11 (1970).

It is possible'to: reduce in the required capacity of return

sludge facilities, WPCF MOP No. 8 (1959).

The contact stabilization process is applicable to the treat-
ment “of wastewaters containing a high proportion of the or-
ganic mat€érs in suspended or colloidal form, (ECKENFELDER,

1966) »

The sludge from thel contact tank.has markedly better settling
characteristics, than those of a conventional activated sludge

plant, GODDARD (1974).

3.8.2 Disadvantages of the Process

(1)

The contact stabilization process requires skilled operator
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to operate the system in effective condition than a conven-

tional activated sludge process.

(2)

i
il
v

AU INENINYINT
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3.9 Mathematical Models of Contact Stabilization Process

Mathematical models are not only necessary for a design calcula-
tion of wastewater treatment plant but also convenient to explain the cor-

relations of various parameters used in the precess.

Many investigators have proposed their biological mathematical
‘models employing in biologicad wastewater treatment pfocesses. Some of
these investigators ares MICHAELIS - MENTON, MONOD (1942), HEUKELEKIAN
et al. (1951), ECKENFELDER and Q'CONNOR (1955), WESTON & ECKENFELDER
(1955), McKINNEY (1963), PEARSON (1966)s McCARTY (1966), VAN UDEN (1967),

LAWRENCE and McCARTY (1970), METCALF and EDDY (1972).

These mathematical models have.been discussed and basically ap-
plied to aerobic (almost in activated sludge system) and anaerobic biolo-
gical wastewater treatment systems as indicated by ECKENFELDER (1970),
METCALF and EDDY (1972), GOODMAN.and ENGLANDE (1974), STENSEL and SHELL .

(1974), JENKINS et-al. (1975), KEYES and ASANO (1975).

For the design of contact stabilization process, these mathema-
tical models have been basically proposed and applied+<by some investiga-
térs as following: JENKINS and ORHON (1972), GUJER and JENKINS(1975 a,
1975 b), BENEFIELD and RANDALL (1976), KHARAJAIN and SHERARD (1977, 1978),

SAIPHANICH (1978), YUE (1979).

The mathematical moedels of carboneceous phase which relate| to
the ésential design parameters of contact stabilization process have been
derived. The mass balance equations, the two basic mathematical models
of mass production and substrate utilization rate as well as the concepts

of investigators especially SAIPHANICH (1978) have been used as basic re-

1 {obgmss:
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3.9.1 Mass Balance Equations

tact stabilization process.
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Fig. 3.5 showed /the mass balance diagramvof con-

This mass balance diagram is indi-

cated in terms of flow rate,substrate concentration and biomass

concentration ofsthessystem.

matical modelsgderived in this title.

This diagram is used for the mathe-

od SEDIMENTATI??
INFLUENT éi + RQ),| (Q + RQ) EFFLUENT
Q X5 x T R X VolX s %, Xor %o ‘Q -Q), X 5 X
RQ + Q
STABILIZATION Xc
RQ | RQ Q, -
Xgs %g Vg %gs %g - X %

Fig. 3.5 - Mass Balance Diagram of Contact Stabilization Process

a) 1 Mass Balance of Microorganisms in Contact, Tank

changel of microorganisms at| definitel time F.

If we define the term (g—

X
af

lance equation is contact tank can be written as:

dx
Ve (dt

)F = RQXS + QXi + kCXCVC - (Q + RQ)XC

)F as the net rate of

The ‘mass| ba-

(3.1)

If we neglect the influent biomass concentration,



37

'~ equation (3.1) gives:

dX) _ RQ C el
(dt)F = X, + kX 3 v (3.2)

at steady state ‘¥u‘

(5):

k (3.3)
t
X (3.4)
b) : fiero gar , abilization Tank
written as follow
.Ti u
v ":j:E;EﬁZ::E::::EEEEE::::::::;____:,:
S : V: l} d
ax I + Kk, ' I (3 5)
dt/ s“s Vg —r :

ﬁEﬂﬁ%ﬂWﬁWBﬂﬂi

ammmmumwmaa -0

where

X5 = T | G
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where: t =-§6

c) icroorganisms in Sedimentation Tank

The terms Q..

the above equ

(3.8)
d) Mass Bala
‘ \ A
If we de inr e "‘; the n .t rate of change of sub-
strate at definite time F. mass balance equation can be

written as:
—-7]
V|
_m

ﬂﬁﬂ%‘n ﬁf’— Weans

t steady state condltlon

LM mmm MMTW]EI’]@ d

(1 + R)

e) Mass Balance of Substrate in Stabilization Tank

The mass balance equation can be written as follow:
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V. fdx
s(5%) -

(%)F (3.11)
at steady s
(4t)
dt/F
Xg (3.12)
substitute 3 _"f*. ' f;\\:# (3.10)
Xo = (3.13)
where: tC
from equation 13), effluent y entration is generally

ol e —————————————————————————————— - _,
formed _— =

;\i'

@ (3.14)

3‘;12' 3 na al Mod .; ‘ iij T;i

qm The two mat ematlca models ol iomass production and sub-
em val rate a tion 8)have

q l i}) a‘& m ?e]m h contact

stabilization process. The first mathematical model was origi-
nately developted by HEUKELIKIAN et al. (1951) and second mathema-

tical model by HERBERT (1958), These two mathematical models were
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modified by LAWRENCE and McCARTY (1970), METCALF and EDDY (1972),

SATIPHANICH (1978).

The biomass | i [ ematical model is:

dX '

*K_ . (3.15)
divide by X: | P EL L2, (3.16)
or: - — ik, ‘ ) i N T h (3.17)
where: k :

» . ~1
i oo cganisms (T )

(T)

the system

.‘
-

T
ik
ystem

b
iI

ANINBANT

1
= mlcroorganlsn‘ decay coeffdeient (T

q ﬁ'lu@jfl‘i A NENA El

Ko xX

d .
d_}t: "X T x (3.18)
S

divide by X:
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K x
1 dx _ o py
U_i it TRl Fx (3.19)
S
where: i mum VMAR : ?-‘r‘te utilization (T—l)
' | -3
am )
1/2 K
From: (3.20)
rewrite ec
(3.21)
Efficiency of syste » - - (3.22)
(3.23)

ﬂt‘LlEl’Wl Eﬂﬂﬁeﬂ&l’]ﬂ’i

Qx
o 1 Ko

or: K _.C
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Qx, .

where: C = organic loading = = (3.25)
Ko Q
5 (3.26)
Total biomass i
(3.27)
(3.28)
(37.29)
(3.30)
a + B - (3.31)
Y
when ¢ is'w gligible d B, t:’“equation (3.31)
ol | . L

gives:

ﬂummmwmm

etentlon time in contact and stabilization tank are as

amﬁm‘mum'mmaﬂ

32)

(3.33)

b= (3.

CR (1 + R)Q

34)
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Vs |
. 3.3
s~ Q (3.35)
\Y 3 1 i
Y5
tep = ol (3.36)

based on totalws: ‘—J..._‘ rom equ &) and (3. 20) give:

(3.37)

if suppose i ; ank equation (3.37)

gives:
MT = (3.38)
from equaFion (3.20
’."}"5 (3.39)
based on -;! tact tank, u1d be written as:
(3.40)
uﬂﬁﬂﬂﬂsuﬂwns
'@ x + Rx =~ (l + R)x
(3.41)

awwmmmumfmmaﬂ

(3.42)

(1 + R)xc
ETI— (3.43)

=3
"
=
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based on total system and contact tank, equation (3.24) obtained:

(R). . C
U ol T (3.44)
and U (3.45)
From equation(3 A;; ' < (3.45) give:
N (3.46)
e (3.47)

.IJI‘

Compare wi equatlon (3.19), it could be written as:

ﬂummmwmm
ANTRN I UM INeaY

(KS)C ) Yo CT - Xe
(KS)T Yo CC. X

(3.49)




T1f non degradation in sedimentation tank, X, = X _ so:

(Rg) e i Y, - C
(KS)T

3 .5 ) “and
s

e

Compare equatio

.rfl-:qrg$2?

A
)

rearrange: 1

.II
i |
¥

rit
|
4
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(3.50)

(3.51)

(3.52)

(3.53)

(3.54)

Substitute E" (3.19) into equation (3.17) and based on the

cﬁlﬂ&l’J‘VlEl'VlﬁWEl’]ﬂ’i

(K ),{l + k29 )

’QW’]Mﬂ?WﬂJW’mmﬁH

Substitute Eq. . (3.48) into equation (3.55):

) YT(l + kz.ec)
TT ec{a(Ko)T - kz}—.l

(3.55)

(3.56)
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