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ABSTRACT

In Egypt, the use of activated sludge process for treating
domestic wastewater has been started recently. Several of activated
sludge plants have been constructed in cities and villages. The
kinetic coefficients used in sizing of the aeraticn tanks for these
plants were taken the same as in the developed countries although the
climatic conditions, load variation, presence of industrial wastewater
and wastewater characteristics in Egypt differ than that in developed
countries.

A continuous flow activated sludge pilot plant was operated 1in
El-Mansoura University Sanitary Engineering Laboratory to determine
the kinetic coefficients for El-Mansoura city and Meet-Mazah village
wastewater. The results indicated that the aeration tank design volume
greatly influenced by wastewater kinetic coefficients and model used
in the design. The aeration tank design veolumes according to Lawrence
and McCarty's model and Kincannon and Stover’s model ars almost egqual.
On the other hand the design volumes according to Eckenfelder's model
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and Eckenfelder’s modified model are very high compared to other
models. In all cases, 1t 1s recommended to run a pilet plant to
determine the wastewater kinetics for accurate sizing of aeration
tanks.
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Wastewater treatment, domestic wastewater, activated sludge
process, kinetic coefficients, aeration tank.

NOMENCLATURE

flow rate, 1l/d

aeration tank volume, 1

aeration tank detentlon time, d

wasted sludge flow rate, 1/d

influent substrate concentration, mg/l

effluent soluble substrate concentration, mg/l

mixed liquor volatile suspended solids concentration, mg/l
effluent volatile suspended solids concentration, ng/l
wasted sludge volatile suspended sclids concentration, mg/l
sludge recycle ratio

specific substrate utilization rate, 1/4

sludge residence time (SRT), 4
food to microorganism ratio
yield coefficient, mg/mg

decay coefficient, l/4
Eckenfelder’s model coefficient, l.mg .d~
Eckenfelder’s modified model coefficient, 1/4

Mckinney’'s model coefficient, 1l/d

Lawrence and McCarty maximum substrate vtilization rate, 1/4
Lawrence and McCarty saturation rate, mg/l

biomass growth rate, 1/4

Gaudy maximum biomass growth rate, 1/d

Gaudy saturation rate, mg/l 1 ey

substrate utilization rate, mg.l " .d

maximum substrate utilization rate, 1l/4

substrate loading at which substrate utilization rate is
one-half the maximum rate, 1/4
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INTRODUCTION

The activated sludge process has gained growing acceptance as a
biological method for wastewater treatment since its dlscovery at the
beginning of thls century. The design of the activated sludge plants
in the past has Dbezn based on empirical criteria. Design approaches
have been based upon detention time, volumetric loading, and rational
maethod. Modern approaches to design ©f the activated sludge process
treating demostic wastewater employ mathematical ©process models
depiciting the relationships among factors affecting the kinetics of
wastewater treatment. Each model contains kinetic coefficients that
are usually determined from bench scale or pilot piant studies. Most
models are developed by writing material balances describing the mass
rate of change in substrate and in microorganisms.

Various kinetic models for sizing the activated sludge treatment
plants have been developed. The most important models are:
Eckenfelder’'s model, Eckenfelder’s modlfied model, Mcklnney's model,
Lawrence and McCarty’s model, Gaudy’s model, and Stover and Kincanno-
n’'s model. These models are discussed and applied ln this research.
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All models are based on the fact that the mass rate of substrate
change in the reactor 1s equal to the rate of change in sSubstrate
concentration multiplied by the volume of the rector. This rate 1is
dependent on the inflow of substrate, the rate at which substrate flow
out of the reactor and the rate at which substrate is utilized for
growth of the microorganisms in the reactor. The difference between
the above mention models 1s relying onr the rate of substrate
utilization assumption. The substrate utilizatiﬂPTSaqe for all models
used in this research 1s presented in Table (1}.”'"%?

Eckenfelder’s modified model is applicable to wvariable influent
substrate conditiopfr its application in industrial waste treatment
has become popular. Lawrence and McCarty’s model 1s by far the most
useful model .Aagﬂough its applicability in transient conditions has
been questiocned. taFtS use In steady state 13 well Jjustified and
generally accepted.

Table (1) Substrate utilization rate formulas. (=789
L Model 1T Formula
Eckenfelder K. X s
o XS
Eckenfelder modified K; 5
!
Mckinney Kn 5
Lawrence and McCarty KXI§
K + 8
2
Gaudy U max X §
Y (K;+ §)
U Q5i
Kincannon and Stover nax X Xt
KH + Q51
| ¢ |

Gaudy's model Aifferes from all other model in its practical
engineering approach, since Gaudy wrote the materials balance around
the reactor rather than the entire system. Accordingly, Gaudy’s model
prevides a direct consideration for returned sludge ratico and returned
sludge Ygl;;ile suspended solids in the design of the activated sludge
reactor.

The kinetic coefficients for each model can be determined by using
steady state conditions results from pilot plant or bench scale
operation and plotting t§§a§ﬁllowing linear relationships which can be
obtained from each model. ™

1. Eckenfelder’s model:

U=X & (1)
2. Eckenfelder’s modified model: °©
S‘ U= K: 5 {21

3. Mckinney’s model:
K =4{(§ -8)-1)/¢ (3)
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4. Lawrence and McCarty’s model:

1 Ea 1 1
T - (4)
5. Gaudy's model:
1 . R 1 . 1 (5)
u -+ u [ n
BAX X
6. Kincannon and Stover‘'s model:
1 _ R 1 . _1 (6)
U U {(F:M} u
[ -3 3 [ .5 3

vield coefficlient (¥} and decay coefficient (K ) can be determined
by plotting the reciprocal of mean cell residende time {1/9) versus
the specific substrate utilization rate (U). The coefficients Y and
K are the ;l?pq and the intercept wvalues of the result line
. 17 85
rgspectlvely.

The main objective of all these models is to size the aeration
tank rather than explaining the fundamentals of the activated sludge

process., The aeratio&s,;%qﬁ volume calculated from each model is
presented in Table (2).7" "
. . [5,7,8,%9]
Table (2} Aeration tank design volume.
Model Formula
r Q (8:1-8)
Eckenfelder Ke 5 X
Eckenfelder modified 9 St(51-8)
K; 5 X
. Q (5:1-5)
Hcklnne}’ v—"
Lawrence and McCarty Q 9c ¥ (51-9)
(1+Kd Gc) X
QY {Si1—-{1l+a}5[+ aQXr _ (1+a)Q
Gaudy X, X Kd

Kincannon and Stover

Q S1/X
Umax S»
{S"'g)_KB

1

MATERIALS AND METHODS

A schematic flow diagram for a continuously flow activated sludge
pirlot plant used in this study is shown in Figure (l1}. The pilot plant
was IC 130D activated sludge sewage treatment pilot plant from Didacta
company-Italy and it consists of 150 liters feed tank, filter, feed
pump, damper, flowmeter, heater, 33 liters aeration tank,
sedimentation tank, electrical panel and air compressor. The aeration
tank was aerated by air diffusers and mechanical stirrer, Temperature
and dissolved oxygen were controlled automatically at 20°C and 2 mg/l
respectively.
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The pilot plant was operated to determined the Xkinetic
coefficients for two types of wastewater. The £first type was
representing a city (El-Mansoura) and was taken from Weet El-Mansoura
Wastewater Pump Station. The second type was representing a village
(Meet-Mazah) and was taken from Meet-Mazah Wastewater Pump Station.
The average characteristics for El-Mansoura city and Meet-Mazah
village wastewater are listed in Table (3).

Table {3) Average characteristics for El-Mansoura city and Meet-Mazah
village wastewater.

. "El-Mansoura Meet-Mazah
No. Description Wastewater Wastewater
1 Biochemical Oxygen Demand,
5 days, mg/l 260 780
2 Chemical Oxygen Demand, mg/l 375 1280
3 Total Dissolved Solids, mg/l 590 680
4 Suspended Solids, mg/1 225 430
5 Sulphate, mg/l 60 35
6 Phosphate, mg/l 11 19
7 Ammonia, mg/l 15 38
8 | Chloride, mg/l 170 200

The pilot plant was operated using El-Mansoura (Clty wastewater
and was operated firstly for the growth of microorganism . The source
of microorganism was the influent raw wastewater. After the mixed
liquor volatile suspended solids in the aeration tank had reached the
maximum required value, the pilot plant was operated at six different
steady state conditions corresponding to sludge residence time of 9.3,
7.5, 6.0, 4.9, 4.1 and 3.5 days. The pilot plant was operated for
twelve days at each steady state condition and the sludge residence
time was controlled by the amount of sludge wastage. The sludge was
wasted once a day.

The pilot plant was operated using Meet-Hazah wastewater by
adding seed obtained from Meet El-Kholy Village Wastewater Treatment
Plant. After adding the seed, the pilot plant allowed to acclimate for
two weeks. Then, the pilot plant was operated at four different steady
state conditions corresponding to a sludge residence time of %.8, 8.2,
5.4, and 4.5 days. The pllot plant was operated for twelve days at
each steady state condition.

Influent BOD and COD, Effluent soluble BQOD and COD,
mixed liquor volatile suspended solids, returned and wasted sludge
volatile suspended solids and effluent volatile suspended solids were
determined dailyﬁ]All analyses followed the procedures described in
Standard Methods.

RESULTS AND DISCUSSION

The kinetic coefficients for El-Mansoura city and Meet Mazah
village wastewater were determined using steady state conditions
results . The kinetic coefficients for El-Mansoura city and Meet-Mazah
village wastewater for BODsand COD basis are listed in Table (4).



Mansoura Engineering Journal (MEJ) Vol.17 No.t,Dec.i992. C. 28
Table (4) Kinetic coefficients for El-Mansoura city and
Meet-Mazah village wastewater.
P . El-Manscura Meet-Mazah
coefficient| basis BOD basis[COD basis|[BOD basis|COD basis
Y g /mg 0.578 0.434 0.633 0.458
Kd 1/d 0.065 0,079 0.152 0.200
X 1/mg.d 0.046 0.0118 0.0067 0.0026
KE 1/4 12.20 4.599 5.18 3.276
K 1/4 3.142 1.598 0.924 1.100
K mg /1l 57.61 56.90 29,74 40.45
u’ 1/d 1.844 0.960 0.646 0.599
KX mg/1 94,51 93.15 36.56 55.91
KD 1/d 12.10 5.318 6.041 3.612
) 1/d 12.08 5.417 6.253 4.089
The resulting aeration tank volumes wusing El~-Mansoura city

wastewater kinetic coefficients and equations in Table (2) are llsted
in Tabl? {5) for BO? of 260 mg/l and COD of 375 mg/l, flow rate of
10000 m™/d, and required values of effluent soluble BOD and COD of 7
mg/l and 25 mg/l respectively. In order to compare volimes directly,
vaiues for X , X ,a were taken 2500 mg/l, 8500 mg/l and 0.40
respectively. In E¢kenfelder’'s model and modified model, the design
volume based on COD is higher than that based on BOD . In HcKinney,
Lawrence and McCarty, Gaudy and Kincannon and Staver m8dels the design
volume based on ZOD is higher than the design volume based on COD. In
Eckenfeider’s model and modified model, the difference between the
design volume based on COD and that based con BOD_are higher by 51% and
43% for both models respectively. In Lawrefice and McCarty and
Kincannon and Stover models, their is no difference almost bDetween thg
two design models. The maximum calculated design volume was 4746 R
according to Eckenfeldeg's model based on COD. While the minlmum
design volume was 2314 m” according to McKinney's model based on COD
for the same wastewater guantity and quality,

Table (5) Aeration tank design volumes for different models based on
El-Mansoura city wastewater kinetic coefficients.
| Design volume,ma

No. Model | "based on BOD based eon COD

1 Eckenfelder 3143 4746

2 Eckenfelder modified 3081 4565

3 McKkinney 2775 2314

4 Lawrence and McCarty 2975 2868

3 Gaudy 2745 2425

Ggl_Kincannon and Stover 3268 3087

The resulting aeration tank volumes determined from Meet-Mazah
village wastewater kinetic coefficients and eguations in Table (2} are
listed in Table (6). The HMeet-Mazah village wastewater BOD was 780
mg/l. TQe COD was 1280 mg/l. The flow rate considered for dasign was
10000 m /d. The effluent characteristics reguired values of soluble
BOD5 and COD were 25 mg/l and 63 mg/l respectively. In order to
compare velumes directiy, values for X , X , a were taken 4300 mg/1,
14500 mg/l and 0.40 respectively. “
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Table (6} Reration tank design volumes for different models
based on Meet-Mazah village wastewater kinetic coefficients.

Design volume,ma
No. Hodel based on BOD Fased on COD
i Eckenfelder 10530 16953
2 Eckenfelder modified 13188 17531
3 Mckinney 2629 2280
4 Lawrence and HMclarty 4165 4280
5 Gaudy 4085 3786
6 Kincannon and Stover 4328 4322

From the above table, Eckenfelder's and Eckenfelder’s modified
model design volume based on COD is higher than that based on BODs In
McKinney’s and Gaudy's model , the design volume based oa BOD is
higher than that based on COD. For Lawrence and McCarty’'s model” and
Kincannon and Stover’s model, the design volume based on BOD5 is
approximately the same as that based on COD. In Eckenfelder’s model
and Eckenfelder's modified model, the difference between the design
volume hased on COD, and the design volume based on BOQ and are 61§
and 33% respectlvely. The maximum calculated design volume 1is 17531 m
using Eckenfelder’s mogified model on COD basis. While the minimum
design volume is 2280 m” using McKinney's model on COD basis.

CONCLUSIGNS

According to the results obtained from this study, the following
conclusions can be drawn

1, The aeration tank design volume greatly influenced by wastewater
kinetic coefficients and model used in the dessign.

2. The aeration tank design volumes according to Lawrence and
McCarty‘s model and Kincannon and Stover’s model are almost equal.

3. The aeration tank design volume according to McKinney's model is
the minimum design volume.

4. The aeration tank design volumes according to Eckenfelder’s model
and Eckenfelder's modified model are very high if they are compared
to the aeration tank design volume of other models.

5. It is important to run experimental works as that explained herein
for designing activated sludge process for rural areas in order to
determine process kinetic coefficients.
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