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ABSTRACT
In this study, performance of a CETP treating 3405 m3 day-1 wastewater from 450 synthetic textile mills
was evaluated. Four criteria viz. design, operation, maintenance and administration was deployed to
evaluate the overall performance of CETP. Design data was collected from each unit operation of the
CETP and adequacy of design was assessed using a scoring method. Actual operational efficiency
of the CETP was evaluated by collecting samples (19 in all) at each stage of treatment. All samples
were analyzed for 16 physico-chemical parameters. Administration capability and adequacy of
maintenance systems were evaluated using questionnaires and by conducting staff interviews. The
overall performance of the CETP was evaluated considering all the dimensions and accordingly
recommendations were made for improving the performance.

Key Words : Performance evaluation, Wastewater treatment,  Unit operation, CETP,
Textile wastewater, Maintenance

INTRODUCTION
At current prices the Indian textiles industry is
pegged at US$ 55 billion, 64% of which services
domestic demand. The textiles industry accounts
for 14% of industrial production, which is 4% of
GDP; employs 35 million people and accounts for
nearly 12% share of the country’s total exports
basket. There is an urgent need to augment our
textile production capacity. At the same time, it is
very essential that the environmental problems
associated with industrial development are
properly addressed to sustain both industrial as
well as economic growth. The index of production
for the textile group of industries shows mixed
trend. There is a significant increase in textile
products (18.6 %) and cotton textiles (10.2%).
Only a marginal increase in jute and other
vegetable fiber textiles (2.7 %) is witnessed, while
wool, silk and man made fiber textiles have

declined (-0.1 %)1.  40% of the industrial
wastewater generated in India comes from small
size industries. With the adoption of the Water
Act, those small size industries have in theory the
obligation to treat their effluent in order to reach
pollution concentration respecting the minimum
acceptable standards laid down by the State
Pollution Control Boards. Nevertheless, the size
of these facilities makes the installation of a
standard Effluent Treatment Plant (ETP)
unaffordable. Therefore, public authorities have
taken the initiative to promote CETP schemes,
allowing small industries to gather in order to treat
jointly their effluents. The CETP concept was
originally promoted by the Ministry of Environment
and Forests in 1984. The first CETP in India was
constructed in 1985 in Jeedimetla near Hyderabad,
Andhra Pradesh (India) to treat waste waters
from pharmaceuticals and chemicals industries.
In 1999, 82 CETPs had been set up in 12 states
around the country. Although CETPs are mainly*Author for correspondence
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seen as a means to take advantage of scale
economies, these schemes also act as subsidies
from public powers to small industries in order to
allow them to respect the standards2. It has been
clearly shown that compared to individual ETPs,
CETPs are more cost effective in reaching the
effluent concentration standards3,4. Several
methods of cost distribution for CETPs are being
practiced world wide. In India the distribution is
as such:  state subsidy of 25%, central subsidy of
25%, entrepreneur’s contribution of 20%, and loan
from financial institutions of 30% of the total
project cost (e.g. any nationalized bank, State
Industrial Financial Corporation etc.). If the CETP
Co. does not desire to have loans from financial
institutions/banks they may augment the same out
of their own resources/contributions, i.e. the
entrepreneurs would then contribute 50% of the
project cost. Central assistance up to 25% of the
total cost of the CETP would be provided as a
grant to the CETP. In the other parts of the world
various other systems of cost distribution exist
such as quantity method, quantity – quality method,
malz  formulation, Fukashiba formulation, Roman
formulation, Chemtech formulation, graduated
payment formulation, and Flecksedar
methodology2,5,6. The CETP in the case study is
located in Pali which is in the North-Western State
of Rajasthan of India. Pali district is situated on
the banks of river Bandi. The total area of this
town is about 12,387 Sq. kms. There are around
989 dyeing and printing units. There are four
CETPs (I, II, III and IV)7. CETP I is situated at
Punayta road having capacity of 3405 m3  day-1.
It treats wastewater from 450 small job synthetic
textile industries. Dyeing and printing of synthetic
fabrics is the major activity along with desizing,
mercerizing, kiering, and bleaching etc. The
combined wastewater besides alkaline pH and
intense colour, contains certain organic and
inorganic chemicals due to various process
operations.

MATERIAL   AND   METHODS
Design of CETP
The effluent treatment plant is a combination of
physico-chemical followed by aerobic biological
treatment (Fig 1). The plant consisted of following

primary and secondary treatment unit operations:
sump well, equalization basin, chemical dosing
tank, primary clariflocculator, activated sludge
basin, secondary clarifier and sludge drying bed.
Treatment process
The combined waste water is collected in a sump
well of  9m diameter (Fig. 1). Effluent from sump
well is further treated in screen chamber. The
waste water from sump is continuously taken up
into equalization basin to neutralize qualitative and
quantitative irregularities from member industries.
Concentrated sulfuric acid of 98% purity is also
added for pH adjustment, if needed. Ferrous
sulfate is used as a coagulating agent. Sulfuric
acid, ferrous sulfate and polyelectrolyte are added
in a chemical dosing tank. The contents are mixed
for 60 seconds in the tank. The above chemicals
help in coagulation. Coagulated mass enters
primary clarifier where it is flocculated with the
help of slow speed  stirrer and settles along with
some inorganics. The clear supernatant flows  into
aeration tank for biological treatment. The aeration
tank is designed in 2 stages. The first stage is
semicircular arch shaped structure with 2 surface
aerators for maintaining the required dissolved
oxygen level.  The effluent from the first stage of
aeration tank moves on to the next stage of
aeration tank which is U shaped and also has 2
surface aerators in it.  After aerobic treatment,
the effluent enters secondary clarifier for biomass
settlement, recycle or wastage. The excess sludge
is dried up on sludge drying beds.  The clarified
biologically treated wastewater enters into
activated sludge basin and is treated by activated
micro-organisms. This treated effluent from
activated sludge basin is then passed through the
drain which finally discharges into the river.  The
dried sludge is collected and dried off at Punayata
Road CETP site on polythene sheets. Total
quantity of wet CETP sludge generation is about
1000 kg day-1.
Evaluation of design factors
The primary objective of this phase is to determine
design adequacy of CETP and explore whether
significant improvements in treatment can be
achieved without major capital expenditure. Each
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unit operation was analyzed for design and point
score was awarded to the unit operation. The
design adequacy was assesseds based on overall
score. The design score of each unit operation
was then computed using a program to obtain the
final point score for each of the 3-4 crucial
evaluation parameters. The final point scores
were compared with the bands of point ranges
(also given) and the unit operations were adjudged
Type 1, Type 2 or Type 3. Type 1 unit operations
are those where design is adequate but there are
major problems related to operation, maintenance
and administration. Type 2 units are the type
where marginal capacity of the unit operation can

inhibit good performance and the plant needs
physical improvement. Type 3 units are one in
which major unit operations are inadequate and
require major construction work to improve the
performance.

Evaluation of operational factors
The major units were also evaluated for their
performance by taking 3 samples from each unit
operation viz. inlet, middle and outlet. These 19
samples were analyzed for about 16 parameters.
All samples were analyzed within 24 hrs of their
arrival and stored below 8°C till then. All samples
were analyzed as per Standard Methods of
Examination8. The parameter values indicate

A1 Inlet common drain

A2 Sump house

A3 Equalization tank inlet

A4 Equalization tank  middle

A5 Equalization tank outlet

A6 Inlet to flash mixer

A7 Flash mixture

A8 Clarifier inlet

A9 Clarifier middle

A10 Clarifier outlet

A11 Inlet to the aeration tank

A12 Aeration tank (left)

A13 Aeration tank (right)

A14 Aeration tank (middle)

A15 Aeration tank (middle)

A16 Outlet to clarifier II

A17 Secondary clarifier inlet

A18 Secondary clarifier

A19 Secondary clarifier outlet

A 20 Out let of the CETP

Fig. 1 : Flow sheets of CETP showing all the unit operations
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operational efficiency of a particular unit operation
and can be corrected to improve performance.
Major benefit of evaluation is that it optimizes the
capability of existing facilities to perform better
and to treat more wastewater.

RESULTS   AND   DISCUSSION
Evaluation of design
Each CETP has a number of performance limiting
problems that are unique to that facility. However,

it is important to establish whether minor design
changes, process adjustments, operator training
and appropriate administrative actions would lead
to improving plant performance to the desired level
or a major facility upgrade would be necessary.
Table 1 gives the important parameters for each
unit operation, their calculated evaluation
parameters, point score for each parameter and
its point range. Based on the above, the units are
characterized as Type 1, Type 2 or Type 3.

Table 1 : The characteristics of the CETP influent and pollution control board standards
for effluents from textile industry

Equalization tank
It has a capacity of 3405 m3. Hydraulic Retention
Time (HRT) provided was 21.38 hrs with mixing
power of 60 Horse Power (HP). Three agitators
were present for mixing. Mixing power was
insufficient to obtain proper mixing. Overall this
unit operation was of Type 1.
Chemical house
Chemical house consisted of lime tanks, FeSO4

tank and polyelectrolyte tank. Lime tank has the
capacity of 4.7 m3. Lime was added to neutralize
the wastewater. Capacity provided was very less
than the required capacity. Agitators were
provided for mixing. This unit operation was of
Type 3. FeSO4 tank has capacity of 1.35 m3.
Capacity provided was much less than the
required capacity. This unit operation was of
Type 1. Polyelectrolyte tank was of 1.35 m3 which

  S.No.            Parameter Concentration, all  in Concentration, all in
 mg l-1 except pH mg 1-1 except pH

(CPCB website)
1 pH 11 5.5-9.0
2 COD 2000 100
3 BOD 100 30
4 Total Solids 8653 250
5 Total Dissolved Solids 4754 –
6 Total  Suspended Solids 3899 –
7 Total Hardness 750 –
8 Calcium Hardness 175 –
9 Calcium 70 –
10 Magnesium 140 –
11 Chloride 1453 –
12 Salinity 2624 –
13 Alkalinity 170 –
14 Ammonia 1.1 –
15 Phosphate 0.005 –
16 Sulfate 540 –
17 Total residual chlorine – 1
18 Oil and grease – 10
19 Total Chromium as Cr – 2
20 Sulphide as S 7.3 [22] 2
21 Phenolic compounds as C6H5OH – 1
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was greater than the required capacity. This unit
was of Type 1. Flash Mixer was used for mixing
of the different chemicals such as lime, FeSO4
and polyelectrolyte. HRT was 0.02 hrs, provided
by using a mixer of 3 HP. This unit operation was
Type 1.
Primary clariflocculator
The wastewater from chemical dosing tank was
collected in primary clariflocculator. It contained
clarification chamber and flocculation chamber.
Colloidal material along with some of the
inorganics was removed in clarification chamber
by sedimentation. Clarification chamber had HRT
of 3.47 hrs. Surface Overflow Rate (SOR) was
22.48 m3 m-2  day-1, which was within the specified
limit. Clarification chamber was of Type 1. In
flocculation chamber, HRT was of 252 seconds
which provided sufficient time for mixing and floc
formation. HP provided for flocculation was not
known. Flocculation chamber was of Type 1.
Overall clarification was of Type 1. Optimization
of coagulant dose for chemical coagulation was
tried by Nandy et al.9 to improve the process.
Treffry et al.10 used alum coagulation to treat
textile effluents. Barredo-Damas 11 carried out
several jar test experiments to study the influence
of pre-ozonation on coagulation. A short time pre-
ozonation enhanced the coagulation process,
achieving after sedimentation, COD and turbidity
reduction of 57% and 95% respectively.
Aeration tank stage I
Chemically treated effluent from clariflocculator
was led into aeration tank for biological treatment.
Biological treatment removed organic matter from
wastewater. HRT provided for stage I was 9.91
hr. Organic loading rate and oxygen availability
were sufficient and this unit operation was of
Type 1.
Aeration tank stage II
This unit was having the same dimensions as that
of stage I with cylindrical configuration.
Evaluation of the different parameters was same
as that of stage I. This unit operation was also of
Type 1.
Secondary clarifier
Treated effluent from aeration tank was passed
to secondary clarifier. This unit was circular in

configuration. HRT of the clarifier was 4.18 hr,
which gave sufficient time for settling of the
sludge. Surface overflow rate was 18.64 m3 m-2

day-1, which was within the specified limit. This
unit operation was Type 1. The treatment
efficiency can be improved by maintaining a more
active biomass. The effluent can be treated further
to remove colour, and suspended particles.
Powdered Activated Carbon (PAC) can be used
or organic flocculants can be added to remove
colour27.
Sludge drying beds
This unit was of capacity 50.23m3. There were 8
numbers of beds. Surface area of each bed was
83.72 m2. Total surface area of the beds was
669.78 m2, which was 26.91% of the required
area. This unit operation was Type 3. Except for
Sludge drying beds, lime tank, and FeSO4 tanks,
which are Type 3, all the other units are of
Type 1. On the basis of design, it can be said that
the CETP is overall of sound design. The capacity
of the above three units however need to be
increased to improve their efficiency. In many
ETPs treating textile mill effluents, the mode of
treatment is anaerobic followed by aerobic. This
system is attractive as it is cost-effective and
environment friendly12-15. Biological treatment is
sensitive to several parameters.  Mutagenic
compounds are formed in aerobic treatment8,16.
Azo dyes cause mutagenicity and
carcinogenicity17. Dye carriers can also be highly
toxic to the biomass activity18. Nonyphenol is toxic
to aquatic life19. Many dyes contribute to toxicity
to all stages of life20,21. High Total Dissolved Solids
(TDS) interfere with oxygen transfer necessary
for biological metabolism and thereby affecting
the efficiency of the activated sludge process.
High TDS effluents are more sensitive to
hydraulic shock loads and prone to process
upsets22.  Another method of removing colour and
Chemical oxygen demand (COD) of textile mill
effluents is electrochemical oxidation23. Operating
current density of 3.1-4.8 mA cm-2 is
recommended for the treatment of textile mill
wastewaters having TDS around 7000 mg/l for
reduction of TDS24. TiO2 photocatalysis is also a
promising technology for treating textile mill COD.
Photo Fenton is more capable of decolourization
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and decreasing COD than TiO2 coupled
oxidizer25,26.
Operational performance of unit operations
Table 2 presents the characteristics of raw
effluent from the CETP sump and the standards
for discharge after treatment. Samples were
collected from various points in the CETP
(Fig. 1). Typically samples were taken from inlet,
middle and outlet of each unit to check its
performance. 19 samples were taken in all.
Fig. 2 depicts the variation in all 16 parameters
across all the unit operations of the CETP.
pH in the sump was 11 due to no acid addition by
the industries in primary treatment. It reduced to
7-7.5 in the equalization tank after mixing with
other streams. It remained at 8 in the flash mixer.
However it reduced to 7 in the primary clarifier.
pH in the aeration tank and secondary clarifier
remained at 8.  pH of the outlet was 8.5 (Fig. 2).
COD in the sump and common drain was 1900-
2000 mg l-1. It reduced to about 900mg l-1 in the
flash mixer. However, it reduced to about 500 mg
l-1 in the primary clarifier. COD in the aeration
tank was 500 mg l-1, which remained almost same
in the middle and outlet. COD of the secondary
clarifier reduced to about 400mg l-1. (Fig. 3).
BOD of the common drain and sump was 95-100
mg l-1 and in primary clarifier. It showed a
reduction in the aeration tank to about 50 mg l-1,
which remained as such in the secondary clarifier
(Fig. 4).

Total solids (TS) in the common drain, sump and
equalization tank were 8000-8500 mg l-1. TS
increase in the flash mixer was due to addition of
lime, FeSO4 and polyelectrolyte to about 1000 mg
l-1. TS reduced to about 7400 mg l-1 in the primary
clarifier and inlet of aeration tank is 7800 mg l-1

which increased by 4000-5000 mg l-1 to 12000 -
12600 mg l-1 in the aeration tank due to Mixed
Liquor Suspended Solids (MLSS). TS again
reduced in the secondary clarifier to about 7000
mg l-1 after settling (Fig.  5). Total dissolved solids
(TDS) in the sump, common drain and equalization
tank was about 5000-6500 mg l-1. A little increase
in the TDS was observed in the flash mixer to
6100 mg l-1. TDS remained in the range of 6300 -
7500 mg l-1. TDS of the outlet was 3300 mg l-1

(Fig. 6). Good dyeing requires high amount of
salt and the present treatment processes does not
reduce TDS. Total suspended solids (TSS) were
high in common drain (3900 mg l-1) and lower
sump (1500 mg l-1). TSS in equalization tank was
about 2600 mg l-1. An increase to about 4000 -
5000 mg l-1 was observed in the aeration tank
(4700- 5600 mg l-1). TSS reduced in the secondary
clarifier to 400 mg l-1  (Fig. 7).
Alkalinity in the inlet and equalization tank was
120 - 170 mg l-1. It reduced during chemical
treatment to about 80 mg l-1, but increased again
in the clarifier and other unit operations to a range
of 110 - 160 mg l-1 (Fig. 8). Total hardness was
600 -750 mg l-1 in the sump and drain. It increased
to about 900 mg l-1 in equalization tank and
increased further to 1300 mg l-1 in the flash mixer
due to addition of chemicals. Hardness reduced
again to about 500 - 850 mg l-1 and that in
secondary clarifier ranged between 500 - 650 mg
l-1.  Hardness in the outlet was 500 mg l -1

(Fig. 9). Calcium in sump was 70 mg l-1. It was
however 126 - 140 mg l-1 in the equalization tank.
It increased to 364 mg l-1 in the flash mixer after
lime addition and reduced again to about 100 mg
l-1 in the primary clarifier. Calcium in the aeration
tank, secondary clarifier and outlet was close to
100 mg l-1 (Fig. 10). Calcium hardness in the sump
was 175 mg l-1. It increased in the equalization
tank to 315 - 350 mg l-1. It increased drastically in
the flash mixer on addition of lime to 910 mg l-1,
which reduced slowly to about 200 mg l-1 in the
primary clarifier. It remained in the range of 210
-280 mg l-1 in the aeration tank, secondary clarifier
and the outlet (Fig. 11). Magnesium was in the
range of 100 -140 mg l-1 in the sump. It reduced
in the flash mixer to 100 and remained so in the
primary clarifier. Magnesium reduced to about 85
mg l-1 in the aeration tank and about 65 mg l-1 in
the secondary clarifier (Fig. 12). Chloride in the
common drain was 1450 mg l-1 and that in the
sump and equalization tank was 1770 mg l-1. The
concentration in the flash mixer was 2200 mg l-1

which reduced to 1900 mg l-1 in the primary
clarifier. Concentration of 2400 mg l-1 in the
secondary clarifier reduced to 1700 mg l-1 .
Salinity was about 2600 - 3200 mg l-1 in the inlet.
It was higher in the equalization tank (2900 - 3200
mg l-1) and increased to 4000 mg l-1 in the flash
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Table 2 : Design evaluation sheet for all unit operation

Evaluation Parameter Point range Point Score Total Score R e mar k

Equalization

Configuration  0 to 5 5 Type-1

HRT -10 to 15 1 5 19.87  

Mixing -10 to 10 -0.13  

Chemical House

Lime tank        

Capacity -10 to 10 -7.35 -2.35 Type-3

Mixing -5 to 5 5  

FeSO4 Tank        

Capacity -10 to 10 -10 -5.00 Type-3

Mixing -5 to 5 5  

Polyelectrolyte  Tank        

Capacity -10 to 10 1 0 15.00 Type-1

Mixing -5 to 5 5  

Flash mixer        

Configuration 0-10 0 15.00 Type-1

HRT -10 to 10 1 0  

Mixing -5 to 5 5  

                            Primary clariflocculator

Clarification Chamber        

Configuration -10-10 7 18.27 Type-1

HRT -10 to 15 6.6  

SOR -15 to 10 3  

Depth at weir -10 to 10 1.67  

Flocculation chamber        

HRT -6 to 10 1 0 10.00 Type-1

Power -10 to 10 0  

                              Aeration tank stage I

HRT -6 to 10 5.894 25.89 Type-1

Organic Loading -6 to 10 1 0  

Oxygen Availability -10 to 10 1 0  

                              Aeration tank stage II

HRT -6 to 10 5.894 25.89 Type-1

Organic Loading -6 to 10 1 0  

Oxygen Availability -10 to 10 1 0  

                              Secondary clarifier

Configuration -10 to 10 7 22.87 Type-1

HRT -10 to 15 8.2  

SOR -15 to 10 6  

Depth at weir -10 to 10 1.67  

                                  Sludge Drying Beds

Sludge Handling Capacity -10 to 25 -10 -10.00 Type-3

Total point score 135.45

19.87

-2.35

-5.00

15.00

15.00

18.27

10.00

25.89

25.89

22.87

-10.00
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Fig. 2 : Change in pH with the unit operations
in the CETP

Fig. 3 : Change in  COD with unit operations
in  the CETP

Fig. 4 : Change in BOD with unit operations
in the CETP

Fig. 5 : Change in Total solids with unit operations
in the CETP

Fig. 6 :  Change in Total Dissolved Solid (TDS)
with unit operations in the CETP

Fig. 7 :  Change in total suspended solids with unit
operations in the CETP
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Fig. 8 : Change in Alkalinity with unit operations in
the CETP

Fig. 9 : Change in Total hardness with unit
operations in the CETP

Fig. 10 : Change in Calcium with  unit operations in
the CETP

Fig. 11 : Change in Calcium hardness with unit
operations in the CETP

Fig. 13 : Change in Salinity with  unit operations
in the CETP

Fig. 12 : Change in Magnesium with unit opera-
tions in the CETP
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mixer. A decrease in salinity was observed in the
primary clarifier to 3500 mg l-1 which showed an
increase in aeration tank to about 4300 mg l-1.
Salinity reduced again to 3200 mg l-1 in the
secondary clarifier (Fig. 13). Phosphate was in
the range of 0.005 - 0.008 mg l-1. It increased to
0.008 - 0.014 mg l-1 in the equalization tank. It
remained at 0.01 mg l-1 in the primary clarifier
and reduced to 0.001 mg l-1 in the aeration tank
and secondary clarifier.
Sulfate ranged between 540-660 mg l-1 in common
drain and sump. It remained in a range of 500-
800 mg l-1 in the flash mixture. Sulfate decreased
in the primary clarifier to 500 mg l-1, which
increased in the aeration tank to about 625 mg l-1

and decreased again to 550 mg l-1 in secondary
clarifier. Ammonia in the drain was 1.1 mg l-1 but
was 5.1 in the sump. It reduced in the equalization
tank from about 6 mg l-1 to below detection limits.
Ammonia concentration remained in the range of
0.15 - 0.5 mg l-1 up to the secondary clarifier.

CONCLUSION
Performance evaluation of the CETP based on
design, operation, administration and maintenance
was carried out. Most of the units are designed
well. Some improvements like better mixing in
equalization tank, modifications in HRT, SOR etc.
in the clariflocculator,   increasing HRT in aeration
tank, can be achieved by changing operational
parameters. The Lime and FeSO4 tanks have
inadequate capacity and mixing which therefore
needs improvement. Existing sludge drying beds
are only 27% of the area required and therefore
need further construction. The COD and BOD
in the outlet exceeded the standards for effluents
from textile industries. The two aeration tanks
need to improve in terms of performance. This
can be achieved by improving the biomass in the
aeration tanks I and II and increasing the HRT.
Other standards were met by the treated
effluents.
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