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Performance evaluation study of biological sewage treatment plant
Chapter–1
INTRODUCTION
1.1  INTRODUCTION
Human society is growing and developing day-by-day resulting rapid increase

in  urbanization.  Wastewater  generated  from  urban  areas  has  been  a  major source of pollution of surface water in India. The facilities to treat wastewater are  not  adequate  in  any  city  in  India.  Presently  accordingly  to  the  Central Pollution  Control  Board  only  about  20%  of  the  waste  water  generated  is treated,  the  rest  is  discharged  as  it  is  into  the  water  bodies.  When  this untreated sewage is discharged into some river stream, floating solids present

in the discharged sewage may be washed upon to the shore, near the point of disposal, where they decompose and create foul smells and bad odours. The large  amount  of  organic  matter  present  in  the  discharged  sewage  also consume the dissolved oxygen from the river stream in getting oxidized and may  thus  seriously  decrease  the  dissolved  oxygen  of  the  river  causing  fish killing   and   other   undesirable   effects.   In   addition   to   these   effects,   the discharged sewage will contaminate the river water with pathogenic bacteria. Although in this earth 2/3 is water and 1/3 is land but 97% of total water is in the ocean and sea, 2% is free zed in glaciers, high mountains and in poles, only 1% is available for drinking or for the consumption of life form in the earth. Hence this 1% water is to kept pollution free all the time.

So  proper  collection,  treatment  and  disposal  /  utilization  of  wastewater  of domestic origin is an essential pre requisite for projection of public health and improvement  in  quality  of  life.  The  problem  of  the  treating  sewage  to  the desired standards does not end with the construction of the treatment plants. It

is  imperative  that  the  assets  created  are  operated  and  maintained  properly. Any  deficiencies  in  operation  and  maintenance  of  facilities  would  lead  to ineffective use of investment and deterioration of the system, which affect the
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effluent quality. Therefore the aspect of operation and maintenance of sewage

treatment plant needs to be given as much importance, if & not more, as the implementation of the scheme.

Recognizing the need for a critical review & assessment of the performance of sewage  treatment  plant  and  their  operation  and  maintenance,  a  evaluation planning  diagram  was  drawn.(fig  No.  4.1)  We  have  under  take  a  detailed appraisal  of  sewage  treatment  plant  identified  for  evaluation.  The  study involved review and analysis of engineering design in depth.

1.2   TREATMENT OF SEWAGE :
Treatment is accompanied  by  unit  operation  and  process  or  combination  of operation & process. Sewage treatment means removal of contaminants such

as

Remove solids, everything from rags and plastics to sand and smaller particles found in wastewater.

Reduce organic matter and pollutants - naturally occurring helpful bacteria and other  microorganism  consume  organic  matter  in  wastewater  and  are  then separated from the water and

Restore  oxygen—the  treatment  process  ensure  that  the  water  put  back  into our rivers and lakes has enough oxygen to support life.

Wastewater  was  pumped  from  sewage   pumping  station  to  the  sewage treatment  plant  (fig.  no.  3.1,  schematic  flow  diagram)  Pretreatment  unit consists  of  medium  bar  screens  and   grit  chamber  followed  by  primary sedimentation tank. The effluent from primary sedimentation tank is treated in activated   sludge   process,   which   consists   of   aeration   tanks   followed   by secondary  settling  tank.  Waste  sludge  is  collected  in  secondary  sludge  pit from  where  a  part  is  re-circulated  to  activated  sludge  basin  and  remaining sludge along with primary clarifier sludge was send to anaerobic digesters
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followed by sludge drying beds. The filtrate from the sand drying beds is re-

circulated   back   into   primary   sedimentation   tank.   Treated   effluent   from secondary settling tank is discharged into a surface water drain, which joins river Yammuna.

1.3
OBJECTIVE AND SCOPE OF STUDY
The  study  addressed  to  an  in-depth  evaluation  of  typical  sewage  treatment plant  in  the  country,  so  as  to  bring  out  the  state  of  the  art  of  operation  and maintenance leading to identification of deficiencies, if any in current practices and  recommendation  for  improvement  thereof.  The  finding  of  the  study  will also  help  in  the  delineation  of  functional  and  cost  effective  design  of  waste water  treatment  and  resource  recovery  system  including  a  methodology  for ranking   of   technologies   based   on   health   aesthetics,   environmental   and economic criteria.

Scope of work including the following

1.  Reconnaissance  visit  to  the  sewage  treatment  plant  for  collection  of design and engineering data including construction design.

2.  Field visit for critical evaluation of the functionality of the treatment units with  focus  on  physicochemical,  biological  quality  of  sewage  at  various stages of treatment.

3.  Evaluating   the   potential   for   upgrading   of   sewage   treatment   plant   if possible.

4.  Appraisal  of  laboratory  facilities  and  plant  personal  training  needs  and overall management.

An objective assessment of the above so as to bring out the gap in design, operation & maintenance and practical suggestions for overall improvement.
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1.4
ORGANISATION OF THE REPORT
The present studies were undertaken to arrive at a clear picture of the level of pollution  in  the  wastewater  produced  from  the  urban  areas  and  to  ascertain the  level  of  success  being  achieved  by  the  different  wastewater  process  in regarding to removal of pollution parameters.

The  work  also  includes  investigation  of  any  shortcomings  in  the  present wastewater   treatment   being   provided   for   the   safe   disposal   of   treated wastewater & recommendation to improve these shortcomings.

This dissertation work is the report on these investigative studies.

Chapter II
provides a review of  literatures on similar  problems & report on their possible solutions.

Chapter  III  describes  in  details,  the  different  process  in  sewage  treatment plant.

Chapter IV narrates the methodology of dissertation work followed for present study.

Chapter V gives observations made during experimental analysis in tabular as well as in graphical form, their results along with discussions.

Chapter VI narrates conclusions drawn from the present work.
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Chapter – 2
LITERATURE REVIEW
2.1
INTRODUCTION
Since  last  few  year,  stricter  environmental  controls  are  being  exercised  for treatment of polluted waste water generated from Urban and industrial areas, before  being  disposed  on  land  or  to  stream  by  state  &  national  government through specialized agencies constituted for the purpose.

Increase in Urbanization and stricter environmental controlled has forced the society  and  nation  to  investigate  into  the  possible  methods  for  treatment  of sewage.

The  purpose  of  this   chapter  is  to   review  the  process,  technology   and economics of various method of wastewater treatment practiced on sewage .A literature review on studied problem is given.

2.2
UNIT OPERATION AND PROCESSES
The  removal  of  contaminants  is  brought  by  a  sequential  combination  of various  physical  unit  operations  and  chemical  and  biological  unit  processes

.The
physical
  unit
 operations
including

screening,
grit
removal
and sedimentation
.The
chemical
processes
including
chemical
coagulation followed  by  flocculation  are  not  usually  used  for  treatment  of  domestic wastewaters .The biological processes can be broadly classified as:

a)  Suspended   growth   processes,   both   aerobic   and   anaerobic,   including activated   sludge   process,   extended   aeration,   lagooning,   nitrification, denitrification and anaerobic digestion and
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b)  Attached growth processes such as aerobic and anaerobic filter processes

Two   categories:   aerobic   and   anaerobic   treatment.   Both   the   approach essentially
involves
biochemical
oxidation
to
remove
the
organic contamination  and  is  not  benign  to  the  environment  since  they  involve excessive  consumption  of  power  and  chemicals.  For  example,  in  aerobic treatment the trickling filter occupy too much space and tend to generate odor and files. The activated sludge process is highly energy inefficient (Kaushika and Chaubey 2002) and biological culture in the aeration tank does not grow homogeneously  through  out  the  effluent  .The  rotating  biological  contactor

(Stove and Kincannon 1976, Khan and Siddiqui 1972) are cost intensive and can not be applied to variety of effluent .The reactor using fixed submerged media  offer  promise  of  good  performance  but  suffer  from  chocking  due  to excessive surface loading of effluent, the problem of chocking is overcome by means of self cleaning , self rotating   bioreactor (Dan Dickeson 2000 )which involve  the  excessive  consumption  of  energy  and  cumbersome
activities  of cleaning  .
More  recently  fixed  film  bioreactor  design  (Chauby  2002)  which involve  the  use  of  slant  (at  45  degree  )  cellular  structures  as  fixed  film submersed   media   have   been   proposed   for   efficient   and   cost   effective treatment of wastewater .

2.3
BASIC DESIGN CONSIDERATIONS
2.3.1
Degree of treatment
The  object  of  the  sewage  treatment  is  to  stabilize  decomposable  organic matter present in sewage so as to produce an effluent and sludge which can be disposed of in the environment without causing health hazards or nuisance.
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Before  proceeding  with  performance  evaluation  of  the  treatment  plant,  it  is essential  to  know  the  variations  in  quantity  and  characteristics  of  the  raw sewage and the quality of final effluent desired. The degree of treatment will be  decided  by  the  regulatory  agencies  and  the  extent  to  which  the  final product of treatment are to be utilised. These regulatory bodies have laid down standard of the effluent or specify the condition under which the effluent could be  discharged  into  a  natural  stream,  sea  or  disposed  of  a  land.  These regulatory  bodies  may  be  the  locals  or  a  State  Pollution  Control  Board.The method of treatment adopted should not only meet the requirements of these regulatory  agencies  but  also  result  in  the  maximum  use  of  end  products consistent with economy.

2.3.2   Design of process flow sheets
Selection  of  an  appropriate  combination  of  various  unit  operations  and  unit processes to achieve a desired degree of contaminant removal. The selection

of  unit  operation  and  processes  primarily  depends  on  the  characteristics  of raw  wastewater  and  the  required  level  of  contaminant  permitted  in  the processed effluent. The design of process flow sheets is very important step in the  overall  design  of  wastewater  treatment  and  requires  a  thorough  under standing of the treatment units and associated unit operation /processes along with the mechanism involved and performance levels attainable under variable conditions.  It  calls  for  optimization  of  wastewater  treatment  system  coupled with stage wise optimal design of individual operation / process to achieve a minimal cost design.

The
main
contaminant
in
domestic
wastewater
to
be
removed
are biodegradable organics, measured by BOD ,suspended solids and pathogens with   first   two   having   being   traditionally   considered   as   the   performance indicator for various treatment units. It is the objective of domestic wastewater treatment plant to produced treated effluents having BOD 5 of 30 mg/l or less
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and  suspended  solids  of  50  mg/l  for  disposal  into  inland  water  bodies.The conventional process flow sheets of municipal wastewater plant comprises of the unit operation screening ,grit removal and primary sedimentation followed

by unit process of aerobic biological treatment usually achieved by activated sludge  process  or  trickling  filter  followed  by  secondary
sedimentation  .The sludge   removed   by   primary   and   secondary   sedimentation   are   digested anaerobically
followed  by  drying  of  anaerobically  digested  sludge  on  sand sludge drying beds.   It is possible to replace the activated sludge process or trickling filter process by low cost treatment devices such as oxidation ditch, aerated lagoon or waste stabilization ponds. Such   treatment devices obviate the  necessity  of  some  of  the  unit  operations  and  processes  like  primary sedimentation and aerobic digestion.

With the better understanding of microbiology  and biochemistry of anaerobic treatment  ,  it  is  now  feasible  to  treat  dilute  organic  wastewater  such  as domestic wastewater also directly through anaerobic  treatment using  recently developed  innovative  devices  such  as  Up  flow  Anaerobic  Sludge
Blanket Reactor  (UASBR),Fluid  –Bed  Submerged  Media  Anaerobic  Reactor  (FB- SMAR)  and  Anaerobic  Filter  (AF)  or  Static-Bed  SMAR  (SB-  SMAR)  and Anaerobic Rotating Biological Contractor (An RBC ). It is  reported that BOD 5 removal efficiencies may range from 60 – 80%.Consequently post treatment will generally be required to achieve the prescribed effluent standards.

2.3.3
Choice of processes
Sewage treatment process are classified as primary , secondary and tertiary  . The  general  yardstick  of  evaluating  the  performance  of  sewage  treatment plant  is  the  degree  of  reduction  of  BOD,  SS  and  Total  Coliforms.  The efficiency  of  a  treatment  plant  depends  not  only  on  proper  design  and construction but also on good operation and maintenance.
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Tertiary treatment is adopted when reuse of effluent for industrial purpose is contemplated or when circumstances dictate the requirement of higher quality effluent.

Cost  is  the  prime  consideration  in  the  selection  of  the  treatment  method  .  It include the cost of installation, capitalised cost of maintenance and operation taking into account interest charges and period of amortisation .Other factors that may influence   are ease of construction   and maintenance , benefits that accrue from better environmental sanitation , location , availability of land and topographical conditions.

2.3.4  Effluent disposal and utilization
The sewage after treatment may be disposed either into a water body such as lake, stream, river, estuary and ocean or onto a land. It may also be utilized for several purposes such as:

1.  Industrial  reuse  or  reclaimed  sewage  effluent  in  cooling  system  ,boiler feed, process water etc.

2.  Reuse in agriculture and horticulture, watering of lawns, golf courses and such purposes and

3.  Ground   water   recharge   for   augmenting   ground   water   resources   for downstream users or for preventing saline water intrusion in coastal areas

Another  use  of  sewage  effluent  may  be  at  the  treatment  plant  itself  for purposes. Such as flushing and foam control, chlorinator injector water, lawn sprinkling, fire protection (with necessary safe guard) and plant operation.
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Chapter  - 3
DETAILS OF SEWAGE TREATMENT PLANT
3.1
WASTEWATER TREATMENT
Treatment is accompanied by unit operation and process or combination of operation & process.  Waster water disposal involves the ultimate disposal

of  liquid  portion  of  wastewater,  solids  and  gasses  produced  during  the

treatment.  Sewage treatment means removal of contaminants such as

   Remove  solids,  everything  from  rags  and  plastics  to  sand  and smaller particles found in wastewater.

   Reduce organic matter and pollutants - naturally occurring helpful bacteria   and   other   microorganism   consume   organic   matter   in wastewater and are then separated from the water and

   Restore oxygen—the treatment process ensure that the water put back into our rivers and lakes has enough oxygen to support life.

Wastewater treatment basically takes place in four stages:

3.1.1
Preliminary Treatment
The   preliminary   treatment   consists   solely   in   separating   the   floating materials, like dead animals, free branches, papers, pieces of rags, woods etc. and also the heavy settleable inorganic solids .It also helps in removing the oils and grease etc. from the sewage. This treatment  reduces the BOD

of wastewater by about 15 to 30%. The processes used are:


Screening for removing floating paper, rags, clothes etc.


Grit chamber or Detritus tank for removing grit sand.


Skimming tank for removing oil, greases
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Fig. No. 3.1
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3.1.2
Primary Treatment:
Primary  treatment  consists  in  removing  large  suspended  organic  solids. This   is   accomplished   by   sedimentation   in   settling   basins.   The   liquid effluents  from  primary  treatment  contain  a  large  amount  of  suspended organic materials and have a high BOD (about 60% of original).

The  organic  solids  from  sedimentation  tanks  are  stabilized  by  anaerobic decomposition in a digestion tank. The residue is used for landfills etc.

3.1.3
Secondary Treatment:
Secondary treatment involves further treatment after effluent, coming from the  primary  sedimentation  tank.  This  is  generally  accomplished  through biological decomposition of organic matter, which can be carried out either under   aerobic   or   anaerobic   condition.   In   these   biological   units,   will decompose the fine organic matter, to produce clearer effluent.

The aerobic biological units are:

   Filters

   Aeration tank

   Oxidation ponds and aerated lagoons

All these aerobic units make use of primary settled sewage. Anaerobic biological units are:

   Anaerobic lagoons

   Septic tank

   Imhoff tank

3.4
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3.1.4
Sludge (bio solids) treatment and disposal:
Most of the suspended solids and some of the dissolved organic solids, in

a converted form, are separated from the main flow of the wastewater, in the  form  of  sludge.  In  general,  the  sludge  contains  92-98%  of  moisture, and  is  loaded  mostly  with  putrescible  organic  substances.  The  high organic content of the sludge demands further treatment prior to its final disposal either on land or into the sea.

3.2
UNIT WISE DESCRIPTION OF TREATMENT & PROCESS
3.2.1
Catchment Area:
Shastri  Nagar,  Ashok  Vihar,  Laurance  Road,  Shalimar  Bagh,  Bharat Nagar, Pitam Pura, Nangloi, Avantika, Mangol Puri, Sultan Puri and Rohini Sector-1 to 19. The raw sewage is coming in the treatment plant through 8 nos. of sewage pumping station (SPS).

3.2.2
Inlet sump : The sewage pumped from (1) SPS Avantika, (2) SPS Rohini Sector 19, (3) SPS Rithala Sec. 9, (4)  SPS Pitam Pura, (5) SPS Haider Pur, (6) SPS Rohini Sector 17 (7)  SPS Shalimar Bagh (8) SPS Bharat Nagar  comes in common sump at Ph-I from where raw sewage is diverted  for  both  the  plants.
Maximum  up  to  40  MGD  goes  to  phase-II, remaining in Phase-I.

3.2.3
Screening:
Screening   is   the   essential   step   in   sewage   treatment   for   removal   of materials  which  would  otherwise  damage  equipment,  interfere  with  the satisfactory  operation  of  treatment  units  or  equipment.  Screen  are  used ahead of pumping station, meters and as a first step in all treatment works.

A  screen  is  device  with  openings  generally  of  uniform  size  for  removing
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bigger suspended or floating matter in sewage. The screening element may consists of parallel bars, rods, gratings or wire meshes or perforated plates and the opening may be of any shape although generally they are circular

or rectangular screens may be coarse, medium or fine.
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Figure No. 3.2
Fixed Bar type medium screen

The velocity of flow ahead of and through a screen varies materially and affects its operation. The lower the velocity through the screen, the greater

is the amount of screening, that would be removed from sewage. However, lower the velocity, the greater would be the amount of solids deposited in the channel. Hence, the design velocity should be such as to permit 100% removal of the material of certain size without undue depositions. Velocities

of 0.6 to1.2 mps through the open area for the peak flows have been used satisfactorily.

Here  three  Nos.  of  mechanical  bar  screens  of  size  2.44  m  x  2.44  m  , spacing  20  mm  are  provided  in  three  channels  for  removing  the  floating material.
This  floating  material  poured  in  a  conveyer  belt  and  than  in  a trolley from where it is thrown in approved land fill area

3.2.4
Grit Chamber:
Grit  chambers,  also  called  grit  channels,  or  grit  basins,  are  intended  to remove the inorganic particles (specific gravity about 2.65), such as sand, gravel, grit, egg shells, bones etc. of size 2mm or longer to prevent damage

to  the  pumps,  and  to  prevent  their  accumulation  in  sludge  digesters.  Grit
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chambers are, infact but like sedimentation tanks, designed to separate the intended heavier inorganic materials by the process of sedimentation due

to  gravitational  forces,  and  to  pass  forward  the  lighter  organic  materials. They  may  be  placed  either  before  or  after  the  screens.  Many  engineers, however, prefer to place them before the screens, as to avoid silting of the screen chambers. A grit chamber is an enlarged channel or a long basin, in which  cross-section  is  increased,  so  as  to  reduced  the  flow  velocity  of sewage  to  such  an  extent  that  the  heavy  inorganic  materials  do  settles down  by  gravity,  and  the  lighter  organic  materials  remain  in  suspension, and, thus, go out along with the effluent of the grit basin

Here the sewage goes in 3 numbers of grit chambers for removing grit or inorganic solids. Detention  period of this chamber is  90 seconds.   In this chamber  sewage  is  centrifuged  in  a  slow  speed  by  a  mechanical  motor driven  arm  &  the  solid  0.15  &  above  having  gravity  2.5  settledown  and swapped  to  the  side  pit  from  where  the  inorganic  solids  are  removed  by rake classifier in the trolley and than disposed in approved land fill area.
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Figure No.3.3
Rectangular Grit Chamber
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3.2.5
Primary Settling Tank(PST) :
The purpose of sedimentation of sewage is to separate the settle able the solids so that the settled wastewater, if discharged into water courses, does not form sludge banks and when used for land disposal does not lead to clogging
of
soil
pores
and
excessive
organic
loading.
Primary sedimentation  of  sewage  also  reduces  the  organics  load  on  secondary treatment  units.  Sedimentation  is  used  in  the  wastewater  treatment  to remove

   inorganic suspended solids or grit in grit chamber

   organic  and  residual  inorganic  solids,  free  oil  and  grease  and floating  material  in  plain  sedimentation  or  primary  sedimentation tanks which are located after screens and grit chambers.

   Bio-flocculated
solids
or
biofloc
from
effluents
of
secondary biological treatment units such as trickling filter and activated sludge

in secondary settling tanks or secondary clarifiers and

   Chemical flocs produced during chemical coagulation in secondary settling  tanks.  In  addition  to  primary  and  secondary  settling  tanks, intermediate  settling  tanks  also  used  to  remove  the  bioflocculated solids in multistage biological treatment units.

The   settleable   solids   to   be   removed   from   wastewater   in   primary   or secondary settling tanks after grit removal are mainly organic and flocculent

in  nature,  either  dispersed  or  flocculated.  The  specific  gravity  of  organic suspended solids, may vary from 1.01 to 1.20. For primary sedimentation tanks, both, surface overflow rate and detention period
( Hydraulic Residence  Time)  are  important  design  criteria  as  the  solids  to  be  settled are flocculent in nature and undergo flocculation.
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Figure No.3.4
Circular sedimentation Tank

Here
four  PST  of  capacity  10  MGD  each,  detention  period  2.1  hours  , depth 3.12 m and dia 40 meters are provided.  The reduction of suspended solid & BOD load is 50 & 60%.   The scum collector arm on the surface is collecting  scum  and  other  floating  on  the  surface  in  a  scum  box.
The scraper  in  the  bottom  is  collecting  settled  raw  sludge  in  sludge  pit  at  the center.

The  raw  sludge  is  drawn  through  scour  line  by  opening  valve  & hydraulic pressure (gravity) in raw sludge sump.  The raw sewage inters in the  center  of  the  tank  and  spread  around  go  down  ward  then  comes upward in sedimentation zone leaving behind the easily settlable solids & the supernatant drain out in the launder.   For better & proper functioning the  sludge  blanket  should  be  maintained  by  withdrawing  sludge  in  due course of time so that the sludge particles  could not drain from the tank. The blanket should be maintained 0.3 meter to 0.9 meter or below effluent weirs.  The raw sludge collected in the sump should be fed to the digester

as soon as possible or in once in each shift.  Long retention in the sump will lead  sludge  deterioration,  bulking  of  sludge,  loss  of  volatile  matter  and formation  of  thick  layer  in  the  surface  of  the  sump.
The  return  sludge heaving biological floc increases settlebility in PST.   Raising sludge is due

to denitrification –nitrogen  gas trapped in sludge mass and become light &

float or rise to the surface and goes  in effluent.
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3.2.6
Activated Sludge Process :
The activated sludge process has been the most widely used wastewater treatment  system  .  This  system  is  applicable  for  the  treatment  of  a  wide range  of  municipal  and  industrial  wastewater  that  contains  biodegradable organic material. The activated sludge process includes an aeration basin

in which a biological floc (biomass) is mixed with the wastewater containing organic constituents, and oxygen to enhance the biochemical oxidation of the organic material. Colloidal material in the influent is incorporated in and soluble  BOD  is  oxidized  by  the  biomass  floc  particle.  The  mixture  of biological floc and wastewater commonly is called mixed liquor suspended solids (MLSS). The reactor combined with a secondary clarifier constitutes the conventional activated sludge process.

The  suspended  solids  (biomass)  that  aregenerated  in  the  reactor  are separated  by  gravity  and  concentrated  in  the  clarifier.  A  portion  of  the concentrated  biosolids  (underflow  from  the  clarifier)  is  recycled  to  the reactor and the remainder is discharged from the system.   The removal of biodegradable organic compounds is a function of the rates of degradation

of  organic,  biomass  concentration  (MLSS),  sludge  age  (solids  retention time), and hydraulic retention time. Therefore, process variables include:

(a) Type and concentration of organic compounds;

(b) Influent suspended solids;

(c) Nutrient availability (N and P);

(d) Sludge age;

(e) Aeration time(hydraulic retention time;

(f) Acclimated bacterial consortium (MLSS);

(g)  Presence  or  absence  of  biologically  toxic  constituents  (e.g.  heavy metals, toxic organic compounds, etc.);

(h) Potential inhibitors, (e.g. total dissolved solids (TDS), chlorides, etc.);

(i) pH;

(j) Alkalinity, and;

(k) Acidity.
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The activated sludge process or some variation has been used extensively

to treat municipal wastewater. The design of the activated-sludge process must consider:

(a) Effluent characteristics required,

(b) Reactor type, i.e. conventional plug flow, completely stirred, contact stabilization, extended aeration, etc.,

(c) Organic loading criteria,

(d) Sludge production,

(e) Oxygen requirements and transfer,

(f) Nutrient requirements,

(g) Solids liquid separation, and

(h) Control of filamentous organisms.

Kinetic parameters required for the design of aerobic biological treatment systems  may  be  developed  after  establishing  the  biodegradability  of  the constituents   in   the   wastewater.   Bench-scale   or   pilot-scale   treatability studies will yield the necessary data required to evaluate kinetic and design parameters. The hydraulic detention time and the biological cell residence time  (sludge  age)  are  two  important  design  variables  that  affect  the performance of biological treatment systems. The sludge age reflects the average  time  that  the  biomass  is  in  the  system  while  the  hydraulic detention  time  indicates  the  time  that  the  biomass  is  in  contact  with  the constituents  of  the  wastewater  before  the  wastewater  is  discharged  from the reactor. Important factors that affect the performance of the activated sludge process include:

(a) Type and concentration of organic constituents;

(b) Mixing intensity in the biological reactor;

(c) Air flow rate and oxygen transfer in aerobic systems;

(d) Geometry of the reactor;

(e) Inventory of active biomass, and;

(f) Microbial growth pattern

A schematic flow diagram of the activated sludge process is illustrated in

Figure No.3.5
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Figure No. 3.5  Activated Sludge Process

The terms included in Figure 3.4 are defined below. Q = Flow rate of wastewater, (L/d)

So = Influent substrate (BOD5) concentration, (mg/L) Se = Effluent substrate (BOD5) concentration, (mg/L)

X = Biomass concentration in the reactor (MLSS) (mg/L) Xo = Biomass concentration in the influent (MLSS) (mg/L) Xe = Biomass concentration in the effluent (MLSS) (mg/L)

V = Volume of the reactor (L)

Qw = flow rate of excess activated sludge (L/d)

Qr = rate of flow of recycled activated sludge (L/d)

Xw = concentration of excess activated sludge (MLSS) (mg/L)

Xr = concentration of activated sludge (MLSS) after settling in the final clarifier (mg/L)

Xw= Xr
Px = biomass produced daily (kg/d)

The
design
relationship
that
describes
the
aerobic
biodegradation phenomenon in wastewater treatment in the activated sludge process may be written as:
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where:

c   = cell residence time, (days)

Y = Cell Yield Coefficient, (mg MLVSS / mg substrate removed)
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kd = Endogenous Decay rate, (d-1)

U = Specific Substrate Utilization rate, (mg BOD5 removed per mg MLVSS-

d)

but:
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where:

Q = flow rate (L/d);

So = influent BOD or COD (mg/L); S = effluent BOD or COD (mg/L)

V = reactor volume (L); and

X = MLVSS (mg/L).

The cell residence time is also called solids retention time, or sludge age, and may be defined as:

However, Q  Xe  can be considered to be negligible, and:
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3.2.6.1
Sludge Production :

The  biomass  produced  in  the  aeration  basin  must  be  wasted  from  the system  in  order  to  maintain  steady  state  conditions.  The  amount  of biomass  (sludge)  produced  can  be  calculated  using  an  equation  that results from rearranging the terms in the design equation:
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where:-

Px   =  amount of biomass produced daily (kg/d]

Q(So-S) =  amount of substrate removed (kg BOD5/d) and

VX  = amount of biomass in the reactor (kg biomass).

The excess biomass also may be calculated from the design sludge age:
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3.2.6.2
Oxygen Requirements :
The  aerobic  environment  is  maintained  in  the  reactor  by  introducing  air through  diffusers  or  by  mechanical  aeration.  The  biomass  is  also  kept  in suspension by the mechanical or diffuse aeration system. The amount of aeration  required  is  based  on  the  oxygen  uptake  requirement  and  the energy  required  for  mixing.  The  theoretical  oxygen  requirement  can  be calculated  from  the  ultimate  BOD  removed  in
the  process
less  the theoretical ultimate BOD of the biomass wasted from the reactor per day. Therefore, the theoretical

oxygen required is:
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where:

O.U.R. = oxygen utilization rate (kg O2/d)

f = conversion of BOD5 to BOD ultimate (usually 0.68)

1.42 = conversion of biomass to BOD ultimate

Q (So-S) =amount of substrate removed (kg BOD5/d) Px  = biomass produced (wasted)(kg/d)

Here eight number of Aeration tanks of size 69.50 m x 20.50 m x 4 m are provided with 6 hrs. detention time . These tanks are equipped with 16 No.

of mechanical   aerators of 40 HP and 8 No. of mechanical aerators of 75

HP . So three number of aerators in each tank. In these tanks MLSS ratio is maintained between 1100 to 2200 mg/l with F/M ratio 0.15 to 0.30.

The effluent from PST enters in aeration tank with 25% return / activated

sludge. This is aerobic treatment culture tank where bacteria is multiplied

by  giving  oxygen,  food,  water  and  favourable  atmosphere.
  The  bacterial cell  reproduce  by  binary  fission,  sexually  or  by  budding.
The  slim  layer around the cell absorb suspended solids and become heavier.  The brown colour  and  good  precipitate  /  biological  floc  shows  better  result.
The aerator toward inlet is taking water in, while toward outlet is throwing the
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water  out  of  tank.
Closure  of  aerators  will  lead  deposition  of  solids  &

deterioration of sludge which will ultimately give bad quality of final effluent. The aerators may be run as per the BOD to be stabilized in the tank

3.2.7
Final Settling Tank:
From the aeration tank , the sewage flows to the final sedimentation tank. This tank will normally be of the the general type with certain modifications.

In  secondary  settling  tanks  ,  a  considerable  length  of  overflow  weir  is desirable,  to  reduce  the  velocity  approach  .Final  settling  tank  severs  the dual function of clarification of liquid flow and the thickening of the sludge overflow.  The  allowable  surface  settling
rate  in  such  a  tank  has  to  be determined considering both the factors of clarification and thickening. Any failure on the part of the settling tank in the production of desired underflow concentration  will  lead  to  an  unsatisfactory  performance  of  the  entire activated sludge process.

Here
four  SST  of  capacity  10  MGD  each,  detention  period  3.18  hours  , depth 4.2 m and dia 42.70 meters are provided. Scraper in the bottom for sludge collation sludge pit and scour line for sludge withdrawal.   The well aerated/flocculated  water  comes  in  the  center  of  settling  tank  spread around with down ward motion and upward in sedimentation zone leaving behind the sludge. This biological floc with suspended solid is collected in return sludge sump and returned 25% as activated sludge in aeration tank and  75%  for  sludge  wasting  in  distribution  chamber  of  P.S.T.
The supernatant of F.S.T. comes out & go in final effluent channel of S.T.P.
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Figure No.3.6
Secondary Sedimentation tank

3.2.8
Final Effluent :
The final effluent can be used for irrigation industrial purpose. At present it

is diluting water pollution in the drain and ultimately in Yamuna river.   For taking  more  better  and  clear  effluent  it  may  be  filled  in  oxidation  pond  in vacant land available back side of drying bed hydrophytes and fish will treat the water naturally.   Fish farming may increase the earning by sale.   The hygrophyte may be used in organic manure production in compost Khad pit with  plant  leaves  grass  and  other  plant  cutting.  2  Nos.  of  7.5  HP  pumps
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have  been  installed  at  final  effluent  channel  to  use  this  effluent  for

horticulture purpose of the plant and staff quarter through piping network.

3.2.9
Digesters:
Here nine numbers of digesters each of capacity 5660 m3    are provided. The raw sludge is fed to the digester for anaerobic complete degradation. Detention  period  of  the  digester  is  20  to  30  days.
The  anaerobic fermentation take place and produce gasses as 60 to 70% methane, 25 to

30% carbon dioxide, 5% Nitrogen and 0.1 to 1.0% hydrogen  sulphide. The methane is combustible gas and can be used for power generation by gas engine and for cooking gas.

The digester is closed vassal.   The digested sludge will go in the bottom and  supernatant  on  the  top  of  the  sludge  and  the  gas  accumulate  in  top dome  of  the  digester,  from  where  it  is  stored  in  gas  holder.
The  screw mixtures in the center of the digester is mixing the whole mass of sludge in the digester for proper digestion, separation of gasses & digested sludge. After  completion  of  digestion  period  mixture  is  closed  for  separation  of supernatant  &  deposition  of  digested  sludge  in  the  bottom.  The  digested sludge is to be drawn & fresh sludge is to be filled in.

The micro-organism responsible for decomposition are – (a) acid former (b) methane former.  When digestion is going satisfactorily the alkalinity ranges from 1000 to 5000 mg/l and the supernatant will be white due to sulphide available or insoluble sulphur granules.

Raw sludge is added in the zone where sludge is actively digesting and the  gas  is  being  released.
As  the  gas  rise  up  it  lift  sludge  particles,  oil, grease forming scum layer.   As a result of digestion the sludge becomes more  mineralized  (due  to  fixed  solid)  and  it  thickens  due  to  gravity  and result  supernatant  above  the  sludge.
The  supernatant  taken  out  by opening valve and digested sludge taken out and filled in drying beds .
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Figure No.3.7
Sludge Digestion Tank

3.2.10
Gas Holder :
This plant has three number of gas holders each of capacity 5660 m3  . The gas holder is a floating dome.   When the gas is filling the dome rises up. Approximately 1 m3  of gas is produced per kilogram of solids digested. The heat content of the methane is approximately 36000 KJ / m3
At present gas  is  burnt  in  two  nos.  of  burners  of  20000  cft  /hrs  behind  drying  beds. The  gas  line  &  burners  area  should  be  protected  because  any  sabotage

can cause explosion and fire in the gas zone.  At present gas is also being given to ph-II for power generation.

3.19

Performance evaluation study of biological sewage treatment plant
3.2.11  Sludge Drying Beds:
There are 48 Nos. of drying beds behind the plant.Drying of the digested sludge on open beds of land called sludge drying beds, is quite suitable for hot countries like India. Sludge drying beds are open beds of land , 45 to

60 cm deep , and consisting of about 30 to 45 cm thick graded layers of gravel or crushed stone varying in size from 15 cm at bottom to 1.25 cm at top  ,  and  overlain  by  10  to  15  cm  thick  coarse  sand  layer.  Open  jointed under-drain pipes (15 cm in dia ) @ 5 to 7 m c/c spacing are laid below the gravel layer in valleys and at a longitudinal slope of about 1 in 100 . The beds are about  15 x 30 m in plan and are surrounded by brick walls rising about 1 meter above the sand surface .
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Figure No.3.8  Cross Section of Sludge Drying Beds
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Figure No.3.9
Plan of Sludge Drying Beds

The sewage sludge  from the digestion tank is brought and spread over the top of the drying beds to a depth of about 20 to 30 cm through distribution troughs having openings of about 15 cm x 20 cm at a distances of about 2m

or so. A portion of the moisture , drains through the bed , while most of its is evaporated  to  the  atmosphere  .  It  usually  takes  about  two  weeks  to  two months . for the drying the sludge . Sludge should never be applied to a bed until the preceding dose has been removed . The filtrate is recycled with the help of four numbers of filtrate pumps each of capacity 1 MGD   and dried sludge is   used as manure in our country  , as it contains 1.7% nitrogen ,

1.5% phosphoric acid and 0.5% potash.
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3.3   DESIGN DETAILS OF SEWAGE TREATMENT PLANT
This treatment plant  is situated  in ROHINI Sector 11  & in front of DMRC station  Rithala  in  North  West  of  Delhi.
This  is  conventional  sewage treatment plant based on activated sludge process.

Area of the Plant:
 81.5 hectare Construction Cost:
 Rs. 1093 lacs Commissioned:
In February 1991

Constructed by:
1)  M/s  Geo  Miller  &  Co.  (P)  Ltd.  Part-I  inlet chamber

2) M/s Bhasin Associate (P) Ltd. Part-II-IV

The plant is running on gravity flow after the inlet sump, only raw sludge is being pumped to digester.

a.
Screening
Number
: 3

Size
: 2. 44  m x  2. 44  m Slope
:  800  to horizontal Clear opening
:  20 mm

Accessibility
:  Yes

Bypass  provide
:  Yes

Velocity in  inlet  channel
:  0. 45 m / s

Arrangement  for  flushing
:  No

Screening  removal  method
:  Mechanical Frequency  of  removal


:  Continuous Method
of
disposal
of
screening
:  Land filling Flow
measuring
device

:  Provided

b.
Pumping  Details
Number
:  6 ( 3  +
3 )


Type
:  Horizontal
centrifugal

HP
:  330 ,  560  rpm

Design  head
:  17 m  and  19  m

Capacity
:  20  MGD  and
33  MGD
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c.
Grit  Chamber
Number
:  3


Type
:  Detriator

Size
:  12. 2 m x 12. 2 m x 1. 1 m

Detention time
:  90 sec. Design average flow
:  40 MGD Water surface elevation
:  1.3  m Provision for scum removal
:  Yes

Grit  quantity
:  0. 1 Kg / m3
Provision  for  bypass
:  Yes

Method  of  disposal  of  grit
:  Landfill

d.  Primary  Settling Tank
Number
:  4

Shape  and  size
:  Circular, hopper  bottom

40 m  diameter

3. 12  m
36. 13 m3  / m2  . d
Weir loading
:  361.28 m3  / m. d
Detention time
:  2.1  hrs. Free board
:  50 cm Provision for dewatering
:  Yes Bypass arrangement
:  Yes Provision for scum removal
:  Yes

e.  Aeration tank
Number
:  8

Shape & size
:  Rectangular ,

69.5  m  x  20.5 m

Depth
:  4 m Free board
:  85 cm Detention time
:  6  hrs.

MLSS
:  1800 mg/l

F/M
:  0.26

Type of aeration
:  Mechanical

Type of rotor / aerator
:  Surface aerator

Number of aerator / compartment
:  3
Power required for mixing
:  15 KW/1000  m3
3.23

Performance evaluation study of biological sewage treatment plant
HP of aerator
:  75 HP (one), 40 HP(Two )

Oxygenation  capacity
:  135 Kg /KWH (for 40 HP )

:  2.25 Kg / KHW(for75 HP ) Provision for draining
:  Yes

Method  of  return sludge addition
:  By recirculating  pump

Recirculation ratio
:  25 %

f.
Pumping  Details For  Sludge  recirculation
	Number
	:  5
	

	Type
	:  Horizontal
	centrifugal


HP

:  70 ,  750
rpm Desigm
head
:  10. 8  m Capacity

:  6  MGD

g.
Secondary  Settling  Tank
Number
:  4

Shape  & size
:  Circular 42.7 m diameter

Depth
:  4.2

Free board
:  30
cm Detention
:  3.18  hrs Surface overflow  rate
:  32 m 3/m 2 .d Weir loading
:  338  m 3/m.d Sludge drawal  arrangement
:
Pumping Provision  for  dewatering
:  Yes

Method  of  disposal /utilization
:  Agricultural  Utilization

For  raw  sludge

Number
:  4

Type
:  Horizontal  centrifugal

HP
:  40

Design head
:  25 m

Capacity
:  1.3  MGD

h.
Sludge Digester
	Number
	:  10
	

	Type
	:  Fixed  dome
	type


Size
:  25  m  diameter

Depth
:  14  m
Capacity
:  5660  m3
Type  of  cover
:  MS  fixed  type. Cover hemispherelcal

Bottom  slope
:  1 : 3

Location  of  sludge  inlet
:  Top  of  digester
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Sludge  outlet
:  Bottom  of  digester

Quantity  of  gas  produced
:  22690  m3  / d
Gas
piping  material
:  SS  316

Provision  for  gas  purification
:  No

Gas  utilization  per  day
:  Not  utilized

Annual  income  from  gas
:  Nil

i.
Gas  Holders
Number
:  3
Capacity
:  5660  m3
Liquid  depth
:  11. 25  m

Pipe  size  inlet / outlet
:  250  mm  diameter

Drain  lines
:  150  mm  diameter

j.
Sludge  Drying  Beds
	Number
	
	:  45

	Size
	
	:  30. 5 m x 30.5 m ( each )

	Depth  of  sludge
	application
	:  300  mm  ( max )


Under  drain  laterals, RCC  open  jointed
:  150  mm  diameter Manifold,  RCC  open  jointed
:  250  mm  diameter Lateral  Spacing
:  7.6 m  c / c

Effluent  disposal
: Filtrate sent to ASP & dried sludge sold as manure

Details  of filter bed

I
-  layer
: 225 mm thick  coarse  sand

II  -  layer
: 75
mm  thick  25 mm gravel

III -  layer
: 75
mm thick  40 mm gravel

IV -  layer
:150  mm thick  75 mm gravel

Sludge  feed  line  size
: 250 mm

Pumping  Details

Number
:  4

Type
:  Vertical  centrifugal

Hp
:  25

Design
:  17.5  m
Capacity
:  189.4 m3  / hr.
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3.3
DETAILS OF POWER INSTALLED AT STP  RITHALA
S.No.   Name of Unit
No. of
HP of Motor
Total

	1.
	Bar Screen
	3 Nos.
	2
	06

	2.
	Grit Chamber
	3 Nos.
	2
	06

	3.
	Organic Pump
	3 Nos.
	1.6
	04.8

	4.
	Rake classifier
	3 Nos.
	2
	06

	5.
	Conveyer Belt
	1 No.
	2
	02

	6.

	P.S. Ts

	4 Nos.

	1

	04


	7.
	Raw Sludge Pump House
	4 Nos.
	40
	160

	8.
	Dewatering at Raw pump house
	1 No.
	1
	01


	9.
	Aeration Unit
	16 Nos.
	40
	640

	
	Aeration Unit
	8 Nos.
	75
	600

	10.
	Return Pump House
	5 Nos.
	75
	01

	12.
	P.S.T.
	4 Nos.
	1
	04

	13.
	Digester Mixer
	9 Nos.
	30
	270

	14.
	Filtrate Pump House
	4 Nos.
	25
	100


H.P.
2179.8
=========
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3.4
Design of existing sewage treatment plant (40 MGD)
To  evaluate  the  design  in  depth,  the  sewage  treatment  plant  was designed as per CPHEEO codal provision. The design details are as under

DESIGN DATA AND ASSUMPTION CODAL PROVISIONS (as per CPHEEO) Design for peak flow.

Peak flow factor  = 2.0 – 3.5

Bar x Section  = 10 mm x 50 mm

Angle of inclination of bars  = Almost vertical Clear spacing between bars = 20 – 50 mm Velocity  = 0.6 – 1.2 m/s

Raw sewage characteristics
BOD5  at 20 0C  = 200 mg/l

Total suspended solids = 400 mg/l Treated sewage characteristics BOD5  at 20 0C   = 20 mg/l

TSS  = 30 mg/l

Flows To The Plant
Total average flow  = 40 MGD = 181.6 MLD = 181600 m3/d = 2.1 m3  /sec. Peak flow  = 100 MGD  = 454000 m3/d = 5.25 m3/ sec

Plant is designed based on Activated sludge process.

DESIGN OF UNITS
(a) BAR SCREEN AND SCREEN CHAMBERS:
Screen will be mechanically cleaned. Assume:

Angle of inclination of screen  = 800
Vertical depth of flow = 1.94 m

Velocity through screen (V) = 0.55 m/s

Flat size
= 10 mm x 50 mm

Clear spacing between bars = 20 mm

Size  Calculation




Inclined length of screen, Ls =1.94 / sin 800  = 1.97 m

Clear width of screen, Ws  = Q m  / V.Ls = 5.25/(0.55 x 1.97)

=
4.84 m
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Provide three no. of bar screens

Width of each bar screen = 4.84/3 = 1.61 m

No. of openings , n =  1.61/0.02 = 81

No. of bars   = n –1 = 81-1 = 80

Total width of bars  = 80 x 0.01 = 0.8 m

Clear opening  = 81 x 0.02 = 1.62 m Therefore, the width of screen chamber  = 0.8+1.62 = 2.42 m Head Loss Calculation

If velocity upstream of bars screen is v m/s then head loss is < = 0.15 m

2.44 X 1.94 X v = 1.62 X 0.55

Therefore, v = 0.36m/s

Head loss through the screen  = 0.0729 X (V2  – v2)

= 0.0729 X (0.552  – 0.362) =0.0126m

If screen opening are 50 % clogged then

Velocity through the screen is double

That is, V  = 1.11 m/s

Head loss  = 0.0729(1.12  – 0.362) m= 0.078m

Free board  = 0.5 m

Provide 3 screen chambers having clear width of 2.44m with vertical depth of 2.44 m

(1.94 + 0.5) and 10 mm X 50mm bars with clear bar spacing of 20 mm.

(b)  GRIT CHAMBER
DESIGN FOR PEAK FLOW

Grit size = 0.15  - 0.20 mm

S.G.   =  2.4 to 2.65

Surface loading  = 1555  - 2160 m 3  / m2  /d Settling velocity   = 0.018 – 0.025 m/s Detention period  = 60 to 90 sec.

Actual surface over flow rate  = 2/3 to 1/2 of theoretical SOR Free Board 150 – 300 mm

Assume:
Grit size, d = 0.15 mm = 0.015 cm

Specific gravity, Ss  = 2.65

Average temperature  = 200C Determination time, t  = 90 sec.

Settling velocity Vs  = 60.6  (Ss – 1). d (  3T + 70)
100

=  1.947 m /s  =0.0195 m/s
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Theoretical surface overflow rate

= 0.0195 x 24 x 60 x 60 =1685 m3/m2  /d

Considering 75% efficiency

SOR= 3/4 x 1685 = 1263.75 m3/m2  /d

Provide depth   = 1.1m

Q X t
5.25 X 90
Surface area required  = -----------   =  ---------------  = 429.54 m2
D
1.1

Surface area based on SOR = Q/SOR = 5.25 X 24X60X60 / 1263.75

= 358.97 m 2
Provide grit chamber with maximum surface area (429.54 m2)

Hence provide 3 grit chamber each of area 143.18 m2
(12.2m x12.2m x1.1 m)

Detention Period Provide = (12.2x 12.2 x1.1 x 3 / 5.25) =93.55 sec.

Total depth of grit chamber

= water depth  + free board  + grit storage space

=  1.1 + 0.3  + 0.3  = 1.8  m

(c) PRIMARY
CLARIFIER (4 no.)
Design for average flow

Diameter   =  3m to 60 m

Depth
=2.5  to 3.5 m

Detention period = 2  to  2.5 hour

Over flow rate   = 35 to 50 m3/m2  /d

Weir Loading as per CPHEEO  =125 m3/m/d

As per ten states standard

For peak flow  < 44 L/ s  Weir loading
= 248 m3/m/d For peak flow  > 44 L/s  Weir loading   = 372 m3/ m/d Average flow   =  40 MGD

Flow through each clarifier
= 10 MGD

Total flow in each clarifier  =10  + Excess flow towards filtrate (0.2 %)

=  10
+  10  x   0.2  =
10.02  MGD

100

=  45490.8  m 3/d

= 0.526 m 3/sec.

Adopt over flow rate  =  36.13  m 3  / m2  /d

Surface area of clarifier   =  45490.80 
  =  1259.08 m2
36.13

Area of central pier (assume diameter   =   1.2 m)
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 x(  1.2) 2  /4  =  1.13  m2
There for total area
= 1259.08   + 1.13  = 1260.22 m2
Diameter of clarifier   = 1260.22 x  4
=   40.05  m



Say   D =  40 m

Actual surface area  provided  =    x 40 x 40 = 1256.64 m2
4

Adopt side water depth  = 3.12  m

Volume provided   = 1256.64 x 3.12 = 3920.72 m3
3920 .72 x 24

Detention time period = -------------------
=2.068 hrs.= 2.1 hrs.

45490.8

Length of launder =   x 40 = 125.66 m.

Therefore weir loading = 45490.8/ 125.66 = 362.01 m3/m/day

Here the peak flow   = 10 MGD  =  525  L/S   >44 L/S Velocity  =0.75 m/s

Width of launder  =   2 x  depth  (d )

Therefore  45490.80 x 0.75 / (24 x 60 x 60 )   = 2  x   d 2

Therefore,  d =  0.44 m.  ,
width =  0.88 m.

Free board =  0.5 m.
, depth of launder  =   0.94 m. V-notch weir  = 6 mm.thick

V-notch spacing =  0.2 m.

Therefore, no. of  notches =     x 40
= 629 no.

0.2


(d)  Aeration tank
Design for average flow

MLSS =   1500 – 3000 mg/l

F/M = 0.2 – 0.4

HRT =
4 - 6 hrs.

BOD loading = 0.3 – 0.7 Kg/m3
Kg O2  required /Kg BOD5  removed = 0.8 – 1.0 Kg.

Oxygen transfer rate of surface aerator = 1.2 – 2.4 kg O2  / kwh

Average flow = 181.6 MLD

Add 25% for return sludge = 1.25 x 181.6 = 227 MLD Take HRT   = 6 hrs.

Volume of Aeration tank = 6 x 227 x 1000 / 24 = 56750 m3

Take MLSS (Xt) = 1800 mg/l

BOD removal in P. S.T. = 40 %

Balance BOD as inlet to Aeration tank = 60 x 200 / 100 = 120 mg/l

F/M =
Q. x So
,
So = inlet BOD

V x Xt
V = vol. of Aeration tank

=   (227 x 103  x 120) / (56750 x 1800) = 0.26
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Volumetric loading = Q.x So 
= (227 x 106  x 120) /(56750 x 106) Kg/m3/day
V

= 0.48 Kg/m3/day

BOD loading = (120 x 227 x 106) /  106     = 27240 Kg/day

= 27240 / 180000 = 0.15 Kg/m3
Oxygen requirement = 1 Kg O2 / Kg BOD5

= 1 x 27240 = 27240 Kg/day

Oxygen transfer rate of surface aerator   = 1.2 KgO2  / Kwh

= 28.80 KgO2  / Kw

Total power required per day   = (27240/28.8) = 945.83 Kw

= 1261.00 HP

Provide 30 aerators in 10 tank {three in each tank( two of 40 HP & one of 75 HP) }

length to width ratio shall be 1:3.39

L  =  3.39 w

For  4m size water depth ,  V =  10 x 4 x 3.39 w x  w = 56750

w =  20.46 m ,   L = 69.35 m provide  69.50m x 20.50m

V = 10 x 69.50 x 20.5 x4 = 56990m3  > 56250 m3  hence ok .

(e) SECONDARY CLARIFIER
Flow in each clarifier  =  181.6/4  MLD  +  25 %  for return sludge

= 45.4 + 45.4 x 25 / 100 = 56.75MLD Assume surface loading = 32 m3/m2/d

Area required  =   56.75 x 103
= 1773.44  m2

32

Area for central pier  =      (1.2)2
= 1.13 m2

4

Total area  =  1773.44 + 1.13 = 1774.56 m2

Diameter of clarifier   = 1774.56 x 4   = 47.53 m



Provide   D = 47.60 m

Surface area provide  =   X (47.60)2
=  1779.52 m2

4

D. Time
= 2 hrs.

Volume required  = (56.75 x 103  x 2) / 24  = 4729.16 m3

SWD   = 4729.16 / 1779.52 = 2.65 m

Provide D = 2.7m

Weir length  =    x 47.6  = 149.53  m

Weir loading  = 56.75 x 103  /149.53  = 379.49  m3/m2/d
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(f)  SLUDGE DISESTOR
Raw sewage SS  = 400 mg/l

SS removal efficiency in PST  = 75%

Quantity of primary sludge generated  = 0.4 Kg /m3 x 181.6 x 1000 m3/d x 0.75

=   54480 Kg/day

SS concentration in primary sludge is 4% i.e. 40 Kg/m3  = 54480 / 40 = 1362 Kg/d

Excess sludge   =   25%   = 54480 / 4 = 13620 Kg/d

SS  conc. In return sludge is 1 %  i.e.10 Kg/ m3  =  13620 /10 = 1362 m3/ day

Total volume of mixed sludge   =   1362+1362 = 2724 m3/d

Total quantity of mixed sludge  =54480 + 13620 = 68100 Kg/d

SS concentration in mixed sludge  = 68100 / 2724 = 25 Kg/m3

Approximate  % of V M in mixed sludge  = 70 %

Quantity of V M in mixed sludge = 0.7 x 68100 = 47670 Kg/day Quantity of non V M in mixed sludge = 0.3 x 68100 = 20430 Kg/day At 200C, for 50% VSS destruction, SRT =  20 days

volume of digester  =  2724 x 20 = 54480 m3

Provide 10 digesters

Volume of each digester =  54480 / 10 = 5448 m3
For  SWD = 14 m

Diameter of digester  =  5448 x 4 = 22.26 m

14 x  

Provide D   = 22.5  m

Actual depth   = 14 m + 0.6 (FB)  +0.4 (silt accumulation)  = 15 m

(g)  GAS HOLDER
Gas production per kg of VM destroyed   = 0.9 m3

50% VM is destroyed during digestion.

Total gas production  = 0.9 x 0.5 x 47670 = 21451.50m3

Provide storage for 25%  = 21451.50 x 0.25 = 5362.90 m3

If storage depth is  = 11.25 m, then

Area  = 5362.90 / 11.25 = 476.70 m2
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Diameter =   476.70 x 4    =24.63m,
keep D  = 25 m



Total depth  =  11.25 + 0.5(FB ) =11.75m

(h)  SLUDGE DRYING BEDS
Quantity of VM in digested sludge  = 0.5 x 47670 = 23835 Kg

Quantity of non-VM in digested sludge = 0.4 x 47670 = 19068Kg

Total Quantity = 42903 kg. For average consistency of 5% (50 Kg/m3)

Volume of digested sludge = 42903 / 50  = 858.06 m3/d

Sludge drying period  = 14 days

Depth of sludge application  = 0.3 m

Total plan area of SD Beds  =  (858.06 x 14) / 0.3 = 40042.80 m2

Provide 30.5m x 30.5m Beds

No. of Beds =   40042.80/ 30.5 x 30.5 = 43 no. Provide  45 Beds of  30.5m x 30.5m
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Chapter – 4
MATERIALS AND METHODS
4.1
INTRODUCTION
A  Sewage  treatment  plant  based  on  conventional  design  scheme  that  is activated  sludge  process  was  selected  for  performance  evaluation  study. Extensive preparation was under taken to delineate the plan & the logistics for field survey and evaluation as depicted in fig. 4.1. A proforma was designed for the collection of detailed information and other relevant data. The design data  &  other  details  for  the  plant  were  obtained  from  the  plant  authorities. These information’s firmed the basis for review of design & evaluation of the plant  performance.  In  all  ten  months  monitoring  was  done  to  assess  the variation
in
wastewater
quality
&
plant
performance.
In
this
chapter methodology followed for investigative studies is described.

4.2  QUALITATIVE AND QUANTITATIVE MONITORING
4.2.1
Wastewater generation
Waste  water  is  defined  as  a  combination  of  liquid  and  solid  carrying  waste from residence, commercial buildings industrial plants and institutions together with ground water, surface water and storm water.  Waste water contains

	1.
	Kitchen Waste
	:
	Vegetable, oil, fat and other food residue

	2.
	Bath Room Waste
	:
	Soap and detergent


3.
Toilet Waste
:
Biodegradable organic load

4.
Sanitary products
:
Phenyl, insecticides

5.
Industrial
:
Acid, alkali, colour, dye, paint, mettle, toxicants

6.
Motor Industry
:
Burnt oil grease and carbon

4.1

Performance evaluation study of biological sewage treatment plant
The  sewage  is  collected  from  the  catchments  area  in  the  sump  of  sewage pumping  stations  (SPS)
through  under  ground  conduits,  brick  barrels  and sewers & pumped to the sewage treatment plants (STP).

4.2.2
Monitoring of inflow
Wastewater flow monitoring  was done through Electromagnetic flow meter at outfall channel. The plant inflow was measured for every two hours for 24 hrs. once in a month over a period of  ten month.

4.2.3 Collection of composite samples
The collection of a representative sample is the most important function of an analyst. Three type of samples are often collected depending on situations .


Grab samples.


Composite samples.


Integrated samples

Composite samples are a mixture of grab samples collected at one sampling point  at  different  times.  The  composite  samples  are  useful  for  observing average  values.  Individuals  samples  are  collected  in  the  wide  mouth  bottles every hour an mixed in volume proportional to the flow .

To  determine  average
characteristics  of  wastewater,  composite  samples  of wastewater  were  collected
at  two  hour  interval  over  a  period  of
24
hr. throughout the day at different stages of the treatment plant as indicated in the fig.3.1  This  procedure  was  done
at  monthly  intervals  over  a  period  of  ten month.   Collected   samples   were   stored   at   around   40C   to   preserve   its characteristics.
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Fig. 4.1
EVALUATION
PLANNING  DIAGRAM
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4.2.4
Selection of characteristic parameters for analysis of wastewater
While selecting the parameters for characterizing the wastewater, its pollution potential  was  primarily  considered  and
temperature  ,oil  &  grease  ,  BOD5, COD  ,  were  included.  This  treatment  plant  is  based  on  activated  sludge process   ,the   nutrients   (nitrogen   and   phosphorus)   should   be   present   in sufficient  quantity  for  oxidation  and  synthesis  of  organic  matter  by  micro- organism . In addition to these parameters like total solids , suspended solids

,dissolved  solids  ,  pH  were  included  as  they  are  necessarily  considered  for disposal of industrial effluents on surface water and on land for irrigation. Thus the parameter selected for analysis needed for characterizing wastewater at a glance  are as under,

Temperature  ,oil  &  grease  ,  BOD5,  COD  ,  total  solids  ,  suspended  solids, dissolved  solids  ,volatile  solids,
pH  ,  chloride  ,  sp.  Conductivity,  nitrate, phosphate and ammonia  nitrogen . (Appendix –A2)

4.2.5
Analytical methods for analysis of wastewater samples
Analytical  methods  selected  for  analysis  of  wastewater  samples  to  obtain values  of  selected  parameters  are  displayed  in  table  4.1.  Samples  were collected  and  preserved  as  per  standard  procedure  described  in  standard methods.  Wastewater  sample  analysis  was  done  as  described  in  detail  in standard methods.
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Table no.  4.1   ANALYTICAL METHODS FOR ANALYSIS OF WASTEWATER
	Sr. No.
	Parameters
	Analytical methods for analysis of wastewater
Standard methods –1985-16th  Edition.

	1
	Total Solids
	209 A  Total solids dried at 103 – 105 OC

	2
	Dissolved

Solids
	209 B Dissolved Solids dried at 180  OC

	3
	Suspended

Solids
	209 C  Suspended Solids dried at 103 – 105 OC

	4
	Volatile / fixed
	209 D fixed and volatile solids dried at 550 OC

	5
	PH  value
	Ph  meter

	6
	BOD5
	507 Biological Oxygen  Demand

( 5 days at 20 OC )

	7
	COD
	508 B Closed  reflux  method

	8
	Chlorides
	407 A  Argentometric  titration method

	9
	Oil & grease
	503 A Partition gravimetric method

	10
	Phosphate
	Colorimetric test (by spectrophotometer)
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4.3
PERFORMANCE STUDIES OF SEWAGE TREATMENT PLANT
4.3.1
Collection of samples
Wastewater  was  pumped  from  sewage  pumping  station  to  the  sewage treatment  plant.  Pretreatment  unit  consists  of  medium  bar  screens  and  grit chamber  followed  by  primary  sedimentation  tank.  The  effluent  from  primary sedimentation  tank  is  treated  in  activated  sludge  process,  which  consists  of aeration tanks followed by secondary settling tank. Waste sludge is collected

in secondary sludge pit from where a part is re-circulated to activated sludge basin  and  remaining  sludge  along  with  primary  clarifier  sludge  was  send  to anaerobic digesters followed by sludge drying beds. The filtrate from the sand drying  beds  is  re-circulated  back  into  primary  sedimentation  tank.  Treated effluent from secondary settling tank is discharged into a surface water drain, which joins river Yammuna.

During  the  preliminary  visit,  the  routine  operation  of  the  plant  was  observed critically, to plan the studies and to decide the sampling location, the frequency

of the sampling and parameters to be analyzed for evaluation. Evaluation of

the plant was undertaken over a period of ten months. Samples were collected

at different stages of the treatment as indicated in the fig.no.3.1 The sewage flow  to  plant  is  by  pumping  and  is  round  the  clock.  Keeping  in  view  the pumping schedule, flow measurements and sampling were carried at 2 hourly, frequency of compositing over a period of 24 hr. Samples of raw sewage and effluent  from  primary  sedimentation  tank  and  secondary  sedimentation  tank were  collected  for  characterization  .  The  samples  were  analyzed  for  all relevant  physico  -chemical,  heavy  metals  and  bacteriological  parameters. Additional   samples   were   collected   from   the   aeration   tank   to   study   the important parameters like mixed liquor suspended solids, mixed liquor volatile suspended  solids,  dissolved  oxygen  and  sludge  volume  index.  Grit  samples were collected and subjected to sieve analysis and organic content. Samples
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of sludge from primary sedimentation tank ,secondary sedimentation tank and sludge  drying  beds  were  collected  and  analysed  for  physico  –  chemical characteristics. All the samples were analysed as per the standard methods.

4.4
MASS BALANCE
Mass  balance  relationship  of  suspended  solids  was  evaluated  for  activated sludge process. Following equations are applicable at steady state of activated sludge process .
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Q X
=  Q1 X 1   +  Q2 X2
--------------(A)
And
Q X
=
Q3 X3   +  Q4 X4
+
Q2 X2   --------------(B ) Equating (A) and (B)

Q2 X2   + Q1X1  =  Q3 X3   +Q4 X4   +  Q2 X2
Q1X1   =  Q3 X3   + Q4 X4
Thus , at steady state of activated sludge process total mass entering into the system per unit time must be equal to the total mass leaving from the system per  unit  time  .Mass  balance  relationship  for  activated  sludge  process  was evaluated by measuring  Q1, X1,  Q3 , X3,  and Q4 ,X4  .
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4.5  D.O./ MLSS OBSERVATIONS
Dissolved oxygen were measured in activated sludge process   with portable Toshniwal make dissolved meter   . MLSS levels were measured in activated sludge process .(aeration tank ).
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Chapter – 5
RESULTS & DISCUSSION.
5.1  INTRODUCTION:
Performance  studies  of  each  unit  of  sewage  treatment  plant
was  done through   the
composite   samples
collected   from   influent to and effluent from  each  treatment  unit  .  Observation  taken  during  these  studies  are displayed in the form of tables and represented in various graphs and figure convenient for discussions.

5.2.
WASTEWATER MONITORING
Wastewater monitoring was done with the help of Electromagnetic flow meter installed at effluent out fall channel  . Monitoring of wastewater was done at an interval  of
2  hrs.  during  24  hrs.per  month
over  a  period  of  ten  months  as explained in chapter – 4 ( Materials & Methods ).

5.2.1   Flow characteristics :
Flow monitoring was carried  out  over  a  period of ten months. The   average flow  from  the sewage  treatment  plant  was  observed between 10.93 MGD and 33.82 MGD   with a peak flow of 16.15 – 44.37 MGD as against design average flow of 40 MGD. So the average flow reaching the treatment plant is much less as compared to designed flow. The table 5.1 & table 5.2 gives the flow data of   two hourly frequency flow monitoring carried out for ten month. The two hourly variation in the flow monitored during the three months (Sep.

2005, Jan. 2006   and March 2006) which is being treated are depicted in the fig.  5.1
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Table   5.1
WASTEWATER  FLOW  MONITORING  DATA
	Time Interval
	Average Flow ( MGD)

	
	Aug.
2005
	Sep.
2005
	Oct.
2005
	Nov.
2005
	Dec.
2005

	2.00 AM
	5.149
	5.531
	12.7
	7.381
	8.612

	4.00 AM
	0
	0
	13.73
	6.894
	5.225

	6.00 AM
	10.39
	10.4
	10.74
	7.712
	11.64

	8.00 AM
	10.68
	28.96
	11.43
	7.699
	11.42

	10.00 AM
	14.97
	29.9
	24.45
	13.42
	16.51

	12 NOON
	21.74
	23.97
	23.88
	16.15
	10.76

	2.00 PM
	13.73
	35.5
	25.26
	14.42
	17.25

	4.00 PM
	16.3
	19.87
	17.89
	10.49
	14.06

	6.00 PM
	9.821
	12.04
	21.21
	12.41
	19.06

	8.00 PM
	11.63
	15.3
	12.35
	10.64
	14.47

	10.00 PM
	16.11
	23.29
	18
	10.95
	12.47

	MID NIGHT
	13.83
	31.22
	19.2
	12.96
	15.41

	Observed average flow (MGD)
	12.03
	19.66
	17.57
	10.93
	13.07
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Table  5.2
WASTEWATER  FLOW  MONITORING  DATA
	Time Interval
	Average Flow ( MGD)

	
	Jan.
2006
	Feb.
2006
	Mar.
2006
	Apr.
2006
	May
2006

	2.00 AM
	7.983
	5.932
	23.44
	0.012
	12.15

	4.00 AM
	6.093
	7.571
	28.13
	0.237
	19.06

	6.00 AM
	8.628
	5.598
	26.05
	9.275
	10.79

	8.00 AM
	22.01
	23.05
	37.88
	30.21
	20.63

	10.00 AM
	20.12
	15.1
	34.13
	27.23
	12.38

	12 NOON
	23.91
	15.46
	41.63
	30.53
	21.23

	2.00 PM
	21.73
	20.76
	44.37
	22.08
	23.65

	4.00 PM
	26.17
	17.04
	42.38
	23.79
	14.94

	6.00 PM
	16.72
	18.09
	32.89
	26.5
	3.118

	8.00 PM
	13.9
	14.14
	29.66
	24.13
	28.89

	10.00 PM
	11.84
	13.17
	27.25
	26.42
	4.873

	MID NIGHT
	9.814
	13.35
	38.11
	4.052
	5.584

	Observed average flow (MGD)
	15.75
	14.11
	33.82
	18.71
	14.78
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5.2.2
Wastewater characteristics :
Characteristic of composite samples of wastewater collected of 10 months are displayed in table   5.4 & 5.5. On comparing the characteristics of wastewater with the effluent standards for disposition on inland surface water (table 5.3) .It can be seen that  BOD5  , COD , Oil & grease , suspended solids & dissolved solids  are  far  in  excess  than  their  permissible  limits  for  disposal  on  land therefore waste water needs treatment before being disposed. As suspended solids  and  BOD5    are  quite  high  in  the  wastewater  needs  treatment  for  the improvement of the characteristics of wastewater.

5.3
CONSENT  TO OPERATE SEWAGE TREATMENT PLANT
Under section 25/26 of the water (Prevention and control of pollution) act 1974 and under section 21 of the air (Prevention and control of pollution) act 1981. Effluent category established by Delhi Pollution Control Committee are

   Green

   Orange

   Red

Sewage treatment plant falls under orange category, the parameters of effluent should be below these limits (table  5.3 ). Therefore , wastewater needs treatment before being disposed.
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Table  5.3
Permissible (maximum) limits of important parameters of treated effluent  for disposal into inland water bodies
(As stipulated by Prevention and control of pollution act 1974)
	S.No.
	Parameters
	Tolerance limit

	1
	PH
	5.5 to 9.0

	2
	TSS
	Not to exceed  50 mg/l

	3
	BOD (27 3 days)
	Not to exceed 30 mg/l

	4
	COD ((Peflux)
	Not to exceed  250 mg/l

	5
	OIL & GREASE
	Not to exceed 10 mg/l

	6
	Ammonical nitrogen as N
	Not to exceed  50 mg/l

	7
	Dissolved phosphates as P
	Not to exceed  5.0 mg/l

	8
	Nitrates nitrogen
	Not to exceed  10 mg/l
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Table No. 5.4
WASTEWATER CHARACTERISTICS AT DIFFERENT STAGES OF TREATMENT
	MONTH
	Aug.-05
	Sep-05
	Oct-05
	Nov-05
	Dec-05

	RAW SEWAGE
	PH
	7.1
	7.1
	7.2
	7.1
	7.2

	
	Total alkalinity
	280
	320
	310
	310
	280

	
	Chloride
	160
	150
	140
	150
	100

	
	TS
	932
	912
	796
	876
	812

	
	SS
	292
	220
	276
	240
	212

	
	DS
	640
	692
	520
	636
	600

	
	BOD
	172
	235
	217
	207
	174

	
	COD
	520
	400
	420
	460
	380

	
	NH3-N
	30
	30
	35
	32
	26

	
	Phosphate as PO4
	5
	4.9
	4.3
	5.1
	4.3

	PRIMARY SEDIMENTATION TANK
	PH
	7.2
	7.2
	7.3
	7.3
	7.3

	
	Total alkalinity
	290
	340
	320
	330
	330

	
	Chloride
	170
	160
	130
	140
	140

	
	TS
	682
	720
	700
	732
	756

	
	SS
	54
	64
	44
	122
	106

	
	DS
	628
	656
	654
	610
	650

	
	BOD
	90
	113
	128
	121
	116

	
	COD
	200
	200
	160
	300
	290

	
	NH3-N
	ND
	ND
	24
	ND
	ND

	SECONDARY SEDIMENTATION TANK
	PH
	7.7
	7.6
	7.5
	7.5
	7.6

	
	Total alkalinity
	260
	300
	320
	330
	340

	
	Chloride
	150
	120
	130
	130
	150

	
	TS
	648
	672
	634
	664
	652

	
	SS
	20
	10
	20
	20
	20

	
	DS
	628
	662
	614
	644
	632

	
	BOD
	15
	16
	17
	20
	19

	
	COD
	60
	60
	60
	160
	120

	
	NH3-N
	18
	16
	20
	18
	16

	
	Phosphate as PO4
	3.2
	2.8
	2.9
	3
	3.2
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Table No. 5.5
WASTEWATER CHARACTERISTICS AT DIFFERENT STAGES OF TREATMENT
	MONTH
	JAN.-06
	FEB. - 06.
	MAR. - 06
	APRIL - 06
	MAY - 06

	RAW SEWAGE
	PH
	7.2
	7.2
	7.2
	7.2
	7.3

	
	Total alkalinity
	300
	370
	320
	340
	220

	
	Chloride
	140
	190
	150
	140
	100

	
	TS
	1200
	1108
	984
	1000
	844

	
	SS
	220
	260
	292
	460
	308

	
	DS
	980
	848
	692
	540
	536

	
	BOD
	210
	174
	213
	255
	208

	
	COD
	490
	480
	540
	670
	420

	
	NH3-N
	35
	32
	34
	32
	36

	
	Phosphate as PO4
	4.2
	4.6
	5.5
	5
	4.9

	PRIMARY SEDIMENTATION TANK
	PH
	7.2
	7.3
	7.3
	7.3
	7.4

	
	Total alkalinity
	340
	380
	310
	350
	260

	
	Chloride
	160
	160
	140
	160
	120

	
	TS
	1100
	892
	736
	816
	688

	
	SS
	124
	76
	116
	264
	176

	
	DS
	976
	816
	620
	552
	512

	
	BOD
	130
	98
	117
	190
	108

	
	COD
	400
	350
	340
	350
	300

	
	NH3-N
	ND
	ND
	ND
	ND
	ND

	SECONDARY SEDIMENTATION TANK
	PH
	7.7
	7.6
	7.6
	7.6
	7.8

	
	Total alkalinity
	320
	400
	330
	320
	300

	
	Chloride
	160
	170
	150
	170
	160

	
	TS
	996
	796
	728
	756
	692

	
	SS
	20
	44
	48
	50
	44

	
	DS
	976
	752
	680
	706
	648

	
	BOD
	20
	18
	23
	29
	21

	
	COD
	170
	180
	180
	180
	170

	
	NH3-N
	20
	18
	20
	20
	24

	
	Phosphate as PO4
	3.2
	2.8
	2.9
	3
	3.1
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5.4
PERFORMANCE  STUDIES  OF SEWAGE TRATMENT  PLANT
Waste  water  generated  from  residence,  commercial  building  and  institution was  taken  through  sewage  treatment  plant  consists  of  bar  screen  and  grit chamber,
primary
sedimentation
tank,
aeration
tank
in
secondary sedimentation
tank

in
sequence.

Treated
effluent
from
secondary sedimentation  tank  flows
  to  nearby  Nala,  which  leads  to  Yammuna  river. Performance studies were under taken for each unit of sewage treatment plant separately. Here composite samples of waste water were taken from influent

to & effluent from each unit ( ie. PST, SST) and for the detailed description of that , section 4.3 chapter – 4 ( Materials & Methods ) may be referenced.

Observations taken during these studies are displayed in various tables and figure convenient for discussion. Various concerned design parameters were evaluated for different units of STP for observed influent wastewater flow rate. Design parameters evaluated and displayed in various tables are discussed as under.

5.4.1   PRIMARY & SECONDARY  SETTLING TANK:
5.4.1.1.
HRT  (Hydraulics Retention Time) :
Detention time in hour is mathematically expressed as (volume of unit /waste water flow in m3/day)*24. Detention time of sedimentation facilities  is affects BOD  and  suspended  solids  removal,  being  maximum  during  2-2.5  hours

(CPHEEO recommended) and there after decreases appreciably. Increase in detention time beyond 2-2.5 hour will not increase the percentage removal of BOD and suspended solids proportionately. Longer detention time beyond 4 hours  may  affect  the  tank  performance  adversely  due  to  settling  in  septic conditions particularly is tropical climates.
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5.4.1.2.
Weir Loading:
Weir loading is mathematically expressed as

Wastewater inflow in m3

=
------------------------------------. Weir length in m.

Weir loading influence the removal of suspended solids in sedimentation tank, particularly in secondary settling tank where flocculated solids are settled. For

all primary, intermediate and secondary settling tanks, in all cases except in case of secondary tank for Activated Sludge Process, weir loading not greater than 125 m3/d/m for average flow is recommended (CPHEEO). For secondary settling tanks in Activated Sludge Process or its modifications, the weir loading shall  not  exceed  185  m3/d/m.  Performance  of  existing  sedimentation  tanks can be improved by merely increasing their weir length.

5.4.1.3.
Surface Overflow Rate:
Surface Overflow Rate to sedimentation tank is mathematically expressed as

Wastewater inflow in m3/day

=  --------------------------------------------------- Surface area of sedimentation tank in m2
Surface overflow rate is an important parameter for design of sedimentation tanks treating wastewater containing granulated or flocculated particle.
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5.4.2.   ACTIVATED SLUDGE PROCESS:
5.4.2.1.
F/M  (Food to Microorganism Ratio):
Q  *S0
F/M
=  ------------------.

(V )* Xt
Where,

Q = Wastewater inflow in m3 / day (sludge recycle excluded),

V = Volume of aeration tank in m3, Xt  = MLSS, mg/L,

S0 = Influent BOD to aeration tank, mg/L.
F/M  ratio is the main factor controlling BOD removal. Lower the F/M value, higher will be the BOD  removal in activated sludge plant. F/M can be varied

by varying MLSS  concentrated in aeration Tank.

5.4.2.2.
MLSS (Mixed Liquor Suspended Solids):
Mixed liquor suspended solids(MLSS) content is generally taken as an index

of  the  mass  of  active  microorganisms  in  the  aeration  Tank  .However,  the MLSS will contain not only active microorganisms but also their dead cells as well as inert organic and  inorganic matter derived from influent sewage .

5.4.2.3.
Volumetric Loading:
Volumetric loading is an empirical loading parameter is defined as the Kg

BOD5  applied per unit volume of aeration tank.

Q  * S0
Volumetric loading in Kg,  BOD5  / m3
=   -----------.
V

5.11
Performance evaluation study of biological sewage treatment plant
Where,

Q =  wastewater  inflow in m3  (sludge recycle excluded), S0   =  Influent  BOD 5,mg /L  to aeration tank,

V=  Volume of aeration tank in m3.
5.4.2.4.
MCRT ( Mean Cell Residence Time )
MCRT  or  mean  cell  residence  time  to  solids  in  aeration  tank  is  a  useful parameter for checking of design of Activated Sludge systems, also known as SRT or solids Retention time, mathematically expressed as:

Kg MLSS under aeration

-------------------------------------------------------------

(Kg SS wasted + Kg SS lost in the final efflux

5.4.2.5.
Sludge Volume Index
It is used to indicate the physical state of the sludge production in a biological aeration system .It represent the degree of concentration of the sludge in the system  and  hence  decides  the  rate  of  recycle  of  sludge  (  QR   )  required  to maintain the desired the   mixed liquor suspended solids and   F/M ratio in the aeration tank to achieve the degree of purification.

Sludge volume index is defined as the volume occupied in ml. by one gm .of solids in the mixed liquor after settling for 30 minutes.

Where


V0a  x  1000
SVI
=
--------------------  ml / g

Xt
V0a  = settled sludge volume in  ml

Xt  = mixed liquor suspended solids (MLSS)mg/l

The usual range of sludge volume index is between 50 – 150 mg/gm and such

a value indicated good settling sludge.
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5.4.2.6.
Recycle and Rate of Return Sludge
Mixed liquor suspended solids concentration in the aeration tank is controlled

by the sludge recirculation rate and the sludge settleability  and thickening in the secondary sedimentation tank.

The relation is given by

QR
Xt
-----   =
------

Q
XR  –Xt
Where

Q = Sewage flow into the aeration tank in m3

QR  = Sludge recirculation rate in  m3/d

Xt  = Mixed liquor suspended solids in the aeration tank mg/l

XR   = Mixed liquor suspended solids in the return or wasted sludge in mg/l

In  term of sludge volume index

QR
Xt
	-----
	=
	-----------------

	Q
	
	106


-------  -
Xt
SVI

The value for conventional sludge plant varies between 0.25 to 0.50

.
5.4.2.7
Wasting of Excess Sludge
Sludge generated in the aeration tank has to be partly discharged and wasted out of the plant to maintain a steady level of mixed liquor suspended solids in

the system. The excess sludge quantity will increase with the increasing F/M ratio and decreases with temperature .In the case of domestic sewage, Qw is about 0.5 to 0.75 kg per BOD removed for the conventional sludge plant (F/M ratio between 0.4 – 0.3)

In conventional plant the wasted sludge is taken directly to sludge thicker and digester  or  the  primary  settling  tank  for  its  disposal  along  with  the  primary sludge.
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5.4.3
Screen  and Grit  chamber
The course, medium and fine screen were working satisfactory and screenings are  removed  at  regular  intervals.  It  was  noticed  during  the  visits  that  the quantity  of  screening  was  not  much.  The  quantum  of  screenings  removed everyday was more than 0.2 m3  .Out of three units only two units were under operation  due  to  reduced  flow.  Screening  were disposed off   by  dumping in low  lying areas .

Grit removed was also done mechanically and the quantity of grit collected per day was around 1.5-2.0 m3/day. The sieve analysis of the grit sample collected

is shown in table 5.10.The physical analysis of the grit sample show that the moisture content is around 35% with solid concentration of 65% ( table 5.13). The
volatile
solids
and
fixed
solids
concentration
are
44%
and
56

%respectively.

5.4.4   Primary Sedimentation Tank
The  objective  behind  provision  of  primary  sedimentation  tank  in  wastewater treatment technology is to provide quiescent condition to untreated wastewater for   sufficient   time   for   removal   of   suspended   and   settleable   solids   in wastewater by gravity separation. BOD   & COD removal also occurs through primary  sedimentation  tank. All  the  four  PSTs  were  in  operation  during  the period
of
monitoring.Tables
5.4
&
5.5
show
the
physico–chemical characteristics of primary and secondary treated effluent in comparison to the raw sewage. Performance studies were under taken on primary sedimentation tank shows that about 59.58 % of suspended solids were removed by primary sedimentation tank from wastewater (table 5.7). About 41.59 % of BOD5 was also removed as part of total BOD5,  exists in suspended form (table 5.6).
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Calculated value of design variables at observed flow condition are displayed

in table 5.8. It can be shown from the table 5.8, the detention time of 2.45 –

7.58 hrs. is much more higher than the recommended detention time of 2–2.5 hrs. The increase in the detention time beyond 2 – 2.5 hrs will not increase the percentage removal of BOD or SS proportionately. Surface overflow rate and weir loading varies from 9.87 - 30.54 m3/d/m2  and 98.71 –305.46 m3/m/d at observed  maximum  and  average  flow  respectively.  Decreasing  the  overflow rate will lead to the settlement of even those particles which are having lower values of their settling velocities.

5.4.5   Secondary sedimentation tank
SST  is  provided  to  give  an  opportunity  to  the  suspended  and  settleable biomass  present  in  effluent  from  activated  sludge  process  (aeration  tank)  to get  settled  and  removed  from  the  wastewater  by  gravity  separation.  SST provided  in  the  STP  under  consideration  is  circular  in  plan  with  diameter  of

42.70m.,  depth  4.2m.  Performance  studies  were  carried  out  on  composite samples  of  wastewater  collected  from  the  influent  to  and  effluent  from  SST show   that   70.73   %   of   suspended   solids   are   removed   by   secondary sedimentation tank and 83.49 % of BOD are removed (table 5.6 & 5.7) .The observed  value  of  design  parameters  for  SST  are  displayed  in  table  5.9. Detention time of 3.76 – 11.64 hrs. is observed to be much more higher  than the  recommended  detention  time  of  1.5  –  2.0  hrs.  (CPHEEO).  Longer detention  periods  in  SST  results  in  denitrification  which  affects  the  settling efficiency  .So  there  is  a  problem  of  rising  sludge  in  the  tank  .Other  design parameter  viz.  SOR,
WL.  are  observed  to  be  on  low  side
ie.  SOR  8.66  –

26.81 m3/m2/d  &  WL 92.47 – 286.14  m3/m/d.
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Table  5.6
BOD Removal Efficiency
	Sr. No.
	Month
	RAW
	PST
	SST
	Percent
Removal

	
	
	
	
	
	PST
	SST
	Overall

	1
	Aug.-05
	172
	90
	15
	47.67
	83.33
	91.28

	2
	Sept.-05
	235
	113
	16
	51.91
	85.84
	93.19

	3
	Oct.-05
	217
	128
	17
	41.01
	86.72
	92.17

	4
	Nov.-05
	207
	121
	20
	41.55
	83.47
	90.34

	5
	Dec.-05
	174
	116
	19
	33.33
	83.62
	89.08

	6
	Jan.06
	210
	130
	20
	38.1
	84.62
	90.48

	7
	Feb.-06
	174
	98
	18
	43.68
	81.63
	89.66

	8
	Mar.-06
	213
	117
	23
	45.07
	80.34
	89.2

	9
	Apr.-06
	255
	190
	29
	25.49
	84.74
	88.63

	10
	May-06
	208
	108
	21
	48.08
	80.56
	89.9

	Average Removal Efficiency
	41.59
	83.49
	90.39


Table  5.7
Suspended  Solids Removal Efficiency
	Sr. No.
	Month
	RAW
	PST
	SST
	Percent
Removal

	
	
	
	
	
	PST
	SST
	Overall

	1
	Aug.-05
	292
	54
	20
	81.51
	62.96
	93.15

	2
	Sept.-05
	220
	64
	10
	70.91
	84.38
	95.45

	3
	Oct.-05
	276
	44
	20
	84.06
	54.55
	92.75

	4
	Nov.-05
	240
	122
	20
	49.17
	83.61
	91.67

	5
	Dec.-05
	212
	106
	20
	50
	81.13
	90.57

	6
	Jan.06
	220
	124
	20
	43.64
	83.87
	90.91

	7
	Feb.-06
	260
	76
	44
	70.77
	42.11
	83.08

	8
	Mar.-06
	292
	116
	48
	60.27
	58.62
	83.56

	9
	Apr.-06
	460
	264
	50
	42.61
	81.06
	89.13

	10
	May-06
	308
	176
	44
	42.86
	75
	85.71

	Average Removal Efficiency
	59.58
	70.73
	89.6
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Monthly variation in BOD removal efficiency (SST)
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Table  5.8   Observed design parameters of  PST
	Sr. No.
	Design parameter
	Values of parameters for

	
	
	Design values
	Observed values

	
	Flow avg. (mld)
	181.6
	49.62 – 153.54

	1.
	Diameter (m)
	40.00
	40.00

	2.
	Depth (m)
	3.12
	3.12

	3.
	Detention time (Hr.)
	2.10
	2.45 – 7.58

	4.
	Surface overflow rate

(m3/m2/d)
	36.13
	9.87 – 30.54

	5.
	Weir loading (m3/m/d)
	361.28
	98.71 – 305.46


Table  5.9
Observed design parameters of  SST
	Sr.No.
	Design parameter
	Values of parameters for

	
	
	Design values
	Observed values

	
	Flow avg. (mld)
	181.6
	49.62 – 153.54

	1.
	Diameter(m)
	42.70
	42.7

	2.
	Depth (m)
	4.2
	4.2

	3.
	Detention time (Hr.)
	3.18
	3.76 – 11.64

	4.
	Surface overflow rate

(m3/m2/d)
	32.00
	8.66 – 26.81

	5.
	Weir loading (m3/m/d)
	338.43
	92.47 – 286.14
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Table  5.10
Sieve analysis of grit sample
	Sieve
No.
	Size (mm )
	Weight (gm)
	% Retained

	14
	1.41
	24.905
	12.57849

	16
	1.20
	8.5669
	4.326787

	18
	1.00
	6.3079
	3.18586

	20
	0.84
	6.576
	3.321266

	25
	0.70
	7.4381
	3.756677

	30
	0.60
	0.4232
	0.213741

	35
	0.50
	15.849
	8.004675

	40
	0.40
	6.1235
	3.092727

	45
	0.35
	7.9564
	4.018449

	50
	0.30
	7.6708
	3.874204

	70
	0.21
	16.778
	8.473874

	80
	0.18
	14.091
	7.116782

	Residue
	--
	75.311
	38.03647


Weight of the dry sample = 198.00 gm
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5.4.6.
ACTIVATED SLUDGE PROCESS (Areation tank )
Activated  sludge  process  is  an  aerobic  process  for  biological  treatment  of wastewater. Conversion of soluble BOD in wastewater to suspended biomass

is brought about by active microorganisms, which are recycled by recycling the sludge produced from SST. Suspended and settleable solids in effluent from aeration tank are removed by subsequent secondary sedimentation tank .The aeration  tanks  (8  in  number)  with  three  aerators  in  each  tank  are  under consideration rectangular in plan , with size of  69.45 *20.5 m & depth 4m.The Observed  process flow parameters like MLSS , F/M value , volumetric loading rate , hydraulic detention time are given  in  the  table  5.11.  With  the  reduced inflow , the detention time was found to be 7.13 – 22.10 hours as against the design value of 6 hours . The MLSS in  the aeration was observed very low and in the range of 160 – 1920 mg/l  as against the design value of 1800 mg/l. The average volumetric loading rate with an influent BOD5 of 125mg/l and with

an  average  flow  of  49.62  –  153.54  mld  was  in  the  range  of  0.13  –0.39  kg

BOD/m3/day  against  the  design  rate  of  0.46  kg.  BOD/m3/day.  The  F/M  ratio was in the range of 0.08 – 1.01 kg BOD/ kg MLSS /day as against value of

0.26 kg BOD/ kg MLSS /day. The influent BOD to the aeration tanks varied from 90 -190 mg/l with a final effluent BOD ranges from 15-29 mg/l (table 5.6). The BOD removal efficiency was around 88–93 % and 90-percentile value is found to be 90 %. The sludge volume index was in the range of 12.50 – 52.08, which was not satisfactory; indicate poor settling properties of the mixed liquor solids and problem of sludge bulking. There was no arrangement to measure the quantity of return sludge .,it was done by pumping the sludge by pump for whole day and approximately it was 2 – 3 MGD .
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Table 5.11
Various parameters concentration in Aeration Tank
	Sr. No.
	Month
	Qav
(MGD)
	DO
mg/l
	Voa
ml
	MLSS
mg/l
	SVI
ml/g
	So
mg/l
	HRT
hrs.
	VL
	F/M

	1
	Aug.-05
	12.03
	2.6
	5
	250
	20
	90
	20.03
	0.11
	0.43

	2
	Sept.-05
	19.66
	2.8
	10
	350
	28.57
	113
	12.26
	0.22
	0.63

	3
	Oct.-05
	17.57
	1.6
	8
	220
	36.36
	128
	13.72
	0.22
	1.01

	4
	Nov.-05
	10.93
	2.8
	2
	160
	12.5
	121
	22.05
	0.13
	0.82

	5
	Dec.-05
	13.07
	3.2
	15
	500
	30
	116
	18.44
	0.15
	0.30

	6
	Jan.06
	15.75
	3.2
	12
	420
	28.57
	130
	15.3
	0.2
	0.48

	7
	Feb.-06
	14.11
	3
	30
	990
	30.3
	98
	17.08
	0.14
	0.13

	8
	Mar.-06
	33.82
	0.2
	60
	1240
	48.39
	117
	7.126
	0.39
	0.31

	9
	Apr.-06
	18.71
	0.4
	50
	1800
	27.78
	190
	12.88
	0.35
	0.19

	10
	May-06
	14.71
	0.18
	100
	1920
	52.08
	108
	16.38
	0.16
	0.08


Volume of Aeration Tank  = 45592 m3
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5.4.7.  Sludge Digesters
Ten  numbers  of  sludge  digesters  have  been  provided  have  a  size  of  25  m diameter and 14 m depth. Also the capacity of individual digesters is given to

be  5660  m3.  The  data  on  gas  samples  obtained  from  sludge  digesters

provided   by the plant authorities indicates a methane content of 57.4 % and carbon  dioxide  content  of  39.4  %  with  small  concentration  of  other  gases  , which  shows  high  calorific  value  which  is  utilized  for  the  production  of electricity .

Table – 5.12
Performance of Anaerobic Digester
	Digester volume
	: 5660 m3 (each)
	

	No. of digesters
	: 10 ( 9 working )
	:

	Total solids added
	:17835  kg/d
	

	Total volatile solids added
	:11593  kg/d
	

	Detention time
	:25  days
	

	Gas production /day
	:1575  m3/d
	

	Gas produced / kg VSS added
	:0.14   m3/d
	


Gas produced / kg VSS destroyed
:0.9
m3/d
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Table No.5.13
Characteristics of Grit & sludge
	Parameter
	Aug. 05
	Jan. 06
	May 06

	Grit
	Moisture  %
	36
	34
	37

	
	Total  Solids %
	64
	66
	63

	
	Volatile Solids %
	42
	43
	45

	
	Fixed   Solids %
	58
	57
	56

	
	Specific Gravity
	1.5
	1.8
	2.0

	PST  Sludge
	Moisture  %
	96.6
	97.6
	88.7

	
	Total  Solids %
	3.4
	2.4
	11.3

	
	Volatile Solids %
	64.71
	62.5
	66.37

	
	Fixed   Solids %
	35.29
	37.5
	33.63

	
	Specific Gravity
	0.86
	0.92
	0.9

	SST  Sludge
	Moisture  %
	99.75
	99.6
	99.2

	
	Total  Solids %
	0.25
	0.40
	0.80

	
	Volatile Solids %
	44
	50
	62.5

	
	Fixed   Solids %
	56
	50
	37.5

	
	Specific Gravity
	1.1
	1.1
	1.2

	Sludge Drying Beds
	Moisture  %
	90.8
	97.55
	93.2

	
	Total  Solids %
	9.2
	2.45
	6.8

	
	Volatile Solids %
	52.17
	57.14
	44.71

	
	Fixed   Solids %
	47.83
	42.86
	55.29

	
	Specific Gravity
	1.5
	1.5
	1.6

	
	Total
Nitrogen %
	1.0
	0.9
	1.2

	
	Total Phosphate as PO4 -P
	0.6
	0.8
	1.0

	
	Drying Period (d)
	12
	15
	10
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5.4.8
Bacteriological
From bacteriological point of view the plant is well maintained and the bacterial removal  is  quite  satisfactory.  Literature  says  that  the  removal  of  indicator bacteria by activated sludge system is generally poor, which can be attributed

to the short retention time. In monsoon season the removal are very poor The removal  of  Faecal  coliform  and  Faecal  streptococci  increased  during  winter and summer season. The final effluent shows good reduction in the indicator bacteria.   Faecal   coliform   reductions   ranges   between   98.42   &   98.84   % indicating  that  the  system  is  at  its  optimum  efficiency.  In  general  the  final effluent quality seems to be satisfactory.

Table 5.14
BACTERIOLOGICAL RESULTS
	Month
	Source
	Faecal
Coliform
	% Reduction

	Sep.- 05
	Raw sewage
	11 x 106
	---

	
	SST Effluent
	13 x 104
	98.82

	Jan.- 06
	Raw sewage
	26 x 106
	--

	
	SST Effluent
	4  x 105
	98.46

	May- 06
	Raw sewage
	43 x 106
	--

	
	SST Effluent
	5 x 105
	98.84


5.4.9
Sludge Handling
The  sludge  from  primary  settling  tank  is  thickened  in  sludge  thickener  and then sent to the anaerobic digesters for stabilization. The digested sludge is conveyed to the sludge drying beds for dewatering and drying and to achieve volume  reduction.  The  representative  sludge  samples  from  primary  settling
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tank,  secondary  settling  tank  and  sludge  drying  beds  were  analyses  for important parameters and the results are summarized in the table no 5.13.The volatile solids in dried sludge varied from 44 to 57 %.   Sludge also contains nitrogen,  phosphates  and  potassium  indicating  that  the  digested  sludge  has fertilizer value.

Operating   at   the   sewage   treatment   plant   did   not   conform   to   standard guidelines for operating and maintenance (O and M). Sludge withdrawal from PST and SST was not proper. Sludge recirculation to aeration tank mostly was not  based  on  MLSS  concentration.  So  the  operational  troubles  in  sewage treatment   plant   are   discussed   in   appendix   A3.   Laboratory   facilities   are available at the plant for routine analysis of parameters like DO, BOD, COD, SS  and  other  relevant  parameters  and  the  laboratory  is  fully  equipped( minimum  labs  equipments  needed  for  test).  Records  for  results  of  physico- chemical analysis are available with treatment plant authorities.

5.28
Performance evaluation study of biological sewage treatment plant
Chapter – 6
CONCLUSIONS & RECOMMENDATIONS
Based on the studies on  “ performance evaluation study of biological sewage treatment plant “ following conclusions are drawn

1
Average  discharge  of  wastewater  was  observed  to  be  10.90  -  33.82

MGD against a design value of 40 MGD. Hence plant is under loaded.

2
Flow rate of wastewater was observed to be even equal to zero at the night. No sewage pumping station was operating at night.

3
Variation   in   characteristics   of   composite   samples   of   wastewater collected  for  10  months  were  observed  of  the  same  order.  Therefore average   wastewater   characteristic   can   be   assumed   to   be   nearly constant throughout.

4
When   the   design   details   provided   by   the   plant   authorities   was compared  with  the  calculated  parameters.  It
was  found  that  area provided  for  aeration  was  less  and  the  rate  of  recycling  of  activated sludge was not considered while designing the secondary settling tank and aeration tank.

5

The  course,  medium  and  fine  screens  were  working  satisfactory  and screenings are removed at regular intervals. It was noticed during the visits that the quantity of screening was not much (0.2 m3).

6
Grit  removed  was  also  done  mechanically  and  the  quantity  of  grit collected per day was around 1.5 -2.0 m3/day. The grit wash pump was found in working condition.
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7
The BOD and SS removal efficiency in primary sedimentation tank was

in the order of 41.59% and 59.59% against the CPHEEO values of 30 –

45 mg/l for BOD and 45 -.60 mg/l for SS respectively. Detention time and overflow rate were from 2.45 - 7.58 hr. and 9.87 - 30.54 m3/m2/d. Very high detention time adversely affects the BOD & the SS removal efficiencies in sedimentation tank and decrease in overflow rate which leads to the settlement of those particles which are having lower values

of their settlement.

8
Variation in plant inflow, F/M ratio, very low MLSS in the aeration tank, with   frequent   power   interruption   and   low   voltage   resulted   in   the performance  of  the  activated sludge process. It shows that the return sludge recycle rate was not maintained properly and the process was running in extended aeration mode.

9
The observed value of SVI were in the range of 21.5  - 52.08 mg/l and

90  percentile  value  was  found  to  be  30  mg/l  which  was  not  in  the desired  range  of  (  50  mg/l  –  150  mg/l).The  observed  value  of  sludge volume  index  (SVI)  indicates  the  occurrence  of  sludge  bulking.  The occurrence of sludge was also confirmed by the fact that the collected sludge had very less concentration of solids contents (about 0.25 % as against the normal1% solids concentration).

10 Removal efficiency of SST in term of SS and BOD5  was observed to be

70.73 % and 83.49 % against the CPHEEO values of 85 – 95 mg/l for BOD  and  85  -.95  mg/l  for  SS  respectively  ,  which  means  the  SSTs were  not  working  properly
.The  detention  time  of  the  sewage  in  the SST  was  in  the  range  of  3.76  –  11.64  hrs.  Due  to  higher  value  of detention time, which provide conductive environment for denitrification

to occur. So there was a problem of rising sludge in the tank .   During
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the  entire  monitoring  periods  some  time  gas  bubbles  and  solids  floc were observed on the surface of the tank..

11 In  anaerobic  digester,  the  mixing  system  device  was  not  working properly, where as for the proper reduction in volatile matter and proper digestion, the mixer should be in good working condition Dip trape was maintained  properly  and  in  good  working  condition.  To  increase  the efficiency  of  digester  and  to  achieve  more  biogas,  the  gas  mixing system is recommended.

12 The gasholder is a floating dome type. No leakage was found in floating dome. The water level was maintained in the gasholder. Previously in this plant the bio- gas produced was flared in the gas burner fixed at backside of drying beds. But at present the bio- gas is utilized for power generation

13 In  sludge  drying  beds,  the  under  drain  system  was  in  good  working condition and filtrated pumps were also in working for the recirculation

of filtrate to the PST. From sludge drying beds, the manure was lifted by

the farmers, which have the required NPK value.
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RECOMMENDATION
Following recommendations are suggested to improve the performance of the sewage treatment plant.

1.  Uninterrupted  power  supply  of  stable  voltage  should  be  ensured  for effective O &M of the plant.

2.  Equal distribution of flow to primary settling tanks, aeration tanks  and secondary-settling tanks must ensure to avoid overloading of the units.

3.  Return  sludge  from  the  secondary  settling  tank  must  be  recycled  to maintain  required  MLSS  (1800  mg/l)  in  the  aeration  tank  for  effective functioning of the activated sludge process.

4.  It was observed that the plant was under loaded (av. Flow 15 MGD)

It is suggested that instead of operating all PSTs , SSTs and aeration tanks ,only half portion of the plant can be operated for the given flow and thus increases the performance of the plant.

5.  The sludge bank of (0.3 – 0.9 m) should be always maintained to get the  good  quality  and  proper  functioning  of  the  PST  (60%  removal  of SS& 30%- 40% of BOD). To avoid denitrification and sludge bulking in the tank. The scum box should be cleaned properly and scum collector

& scrapper should be in working condition. The sludge taken from PST

in the raw sludge sump should be loading in the digester in due coarse

of time to avoid the reduction of the volatile matter in the sump.
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6.  1-2 mg/l of dissolved oxygen has to be maintained in aeration tanks.

7.  The  digester  dome  (unoperational)  should  be  repaired  using  anti- corrosive materials and the digester put into operation at the earliest for the proper operation and for recovery of valuable by product in the form

of biogas.

8.  Necessary training should be imparted to the plant staff particularly at the lower and middle level for effective O & M of the plant.

9.  Sign  board  showing  particular  unit  and  precautions  should  be  placed and maintained from time to time.

10. Final effluent – The good quality final effluent can be given to Japanese park  for  irrigation  and  horticulture  purpose.  However,  it  is  suggested that this good quality water can also be filled in the recreation pond in Japanese park.
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Appendix A1
Minimum  Laboratory Equipment  Needed for Test
	S.No.
	Equipment
	Type of plant

	
	
	5 MLD
	>5MLD

	1.
	Analytical Balance
	
	

	2.
	Autoclave
	
	

	3
	Centrifuge
	
	

	4
	Chlorine Comparator
	
	

	5
	Colony counters
	
	

	6
	Demineraliser
	
	

	7
	Dissolved Oxygen sampler
	
	

	8
	Drying over(hot air)
	
	

	9
	Fume cupboard
	
	

	10
	Gas liquid chromotograph
	
	

	11
	Hot plates
	
	

	12
	Incubator 20 0c(BOD)
	
	

	13
	Incubator  30  0c(Bacteriological)
	
	

	14
	Kjehldhal Digester unit
	
	

	15
	Magnetic stirrers
	
	

	  16
	Microscope,  binocular  with  oil  immersion  and  movable stage counting cell.
	
	

	   17
	Membrane filter Assembly
	
	

	  18
	Mufflo Furnace
	
	

	   19
	Orsat or equivalent gas analysis apparatus
	
	

	    20
	Ph comparator (Colorimetric)
	
	

	21
	PH meter with reference & spare electrodes
	
	

	22
	PH meter protable
	
	

	23
	Refrigerator
	
	

	24
	Sedwick Rafter funner
	
	

	25
	Sludge sampler
	
	

	26
	Soxhlet  extraction unit
	
	

	27
	Spectrophotometer (atomic absorption)
	
	

	28
	Spectrophotometer  with  or  without  U-V  range  or  photo electric colorimeter
	
	

	29
	Total organic carbon analyzer
	
	

	30
	Turbidimeter
	
	

	31
	Vaccum  pump
	
	

	32
	Water bath (thermostat controlled)
	
	
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Appendix A2
TEST RECOMMENDED TO BE CARRIED OUT ON UNITS OF STP
	S.No.
	Treatment Stage /Units


	Total Suspended solids
	Settleable Solids
	Dissolve solids
	 (MLSS)
	SVI for ML
	Turbidity
	PH
	Alkalinity
	Volatile Acids
	BOD
	COD
	DO
	ORP
	Total kjohldahl Nitrogen



	1
	Raw Sewage
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2
	Primary sedimentation Tanks Influent and effluent
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3
	Activated sludge aeration tank influent
&effluent
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	4
	Above tank content
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	5
	Effluent of secondary settling tank
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	6
	Above tank contents
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	7
	Digester contents
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	8
	Primary sludge
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	9
	Secondary settled sludge
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	10
	Digested sludge
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	11
	Sludge digester supernatant
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	12
	Above pond contents
	
	
	
	
	
	
	
	
	
	
	
	
	
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Appendix A2
	S.No.
	Treatment Stage /Units


	Ammonical Nitrogen
	Nitrates
	Phosphates
	Heavy Metals
	Toxic Substances
	Total Solids
	Volatiles Solids
	NPK Ratio
	Colour & Texture
	Sp. Gravity
	Microscopic Examination
	Microbial Growth Rate
	Oxygen Uptake Rate
	Algal Cell Concentration

	1
	Raw Sewage
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2
	Primary  sedimentation Tanks
Influent
and effluent
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3
	Activated
sludge aeration   tank   influent
&effluent
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	4
	Above tank content
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	5
	Effluent  of  secondary settling tank
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	6
	Above tank contents
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	7
	Digester contents
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	8
	Primary sludge
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	9
	Secondary
settled sludge
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	10
	Digested sludge
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	11
	Sludge digester supernatant
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	12
	Above pond contents
	
	
	
	
	
	
	
	
	
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Appendix A3
Operational Troubles In Sewage Treatment Plant
	Sign and Symptoms
	Possible Causes
	Suggested action

	Pretreatment
Unusual or excessive screening.
	Increase in domestic

sewage or industrial waste.
	Clean screens more often and report.

	Excessive grit
	Road washings, ashes or material from building site.
	Report and get them diverted.

	Excessive organic matter in grit
	Velocity is too low and detention period too long.
	Reduced the cross-section area of the channel occupied by flowing sewage.

Install planks, bricks or tiles along sides of channel or reshape or repair outlet weir to proportionally reduced depth of flow for all normal present flow rates.; or decrease the

number of channels used; or reduced length of channel by moving outlet weir.

	Carryover of grit
	Velocity is too high and detention is too short.
	Remove grit more frequently or increase number of channels or increased cross-sectional area of channels.

	Sedimentation of tank
Floating sludge in all tanks
	Accumulated sludge decomposition

In the tank and buoyed to the surface.
	Remove sludge more completely and more often.
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	Floating sludge not in all tanks
	Affected tank receiving too much sewage.
	Reduced flow to affected tanks.

	Bubbles rising in tanks
	Septic conditions.
	Report and empty tank completely as soon as possible.

	Contents black and odorous
	Septic sewage or strong digester supernatant.
	Taken action to eliminate septic by improving hydraulics of sewer system, preareation of organic industrial wastes admitted to the system

etc. or improve digester operation so as to have improved quality supernatant: or reduced flow into settling tank or by pass competely supernatant to lagoons etc. till situation improves.

	Excessive settling in inlet channels.
	Velocity too low.
	Reduced cross section area by installing inner wall of suitable material

along one wall of channel

;or agitate with air, water or otherwise to prevent deposition.

	Excessive suspended matter in effluent – all tanks
	Accumulated sludge flow through tanks too fast (fast loading).

Humans sludge or under drainage returned too fast.
	Clean tanks more often. Report and get the loading reduced. Reduced pumping rate.

	-Not all tanks.
	Some tanks receiving too much sewage.
	Reduced flow to affected tanks.

	Excessive floating matter in the effluent.
	Defective scum boards or none.
	Repair scum boards or install new ones.

	Sludge pipes choke.
	Sludge too thick. Sludge contains grit.
	Clean more often.

Clear grit chamber more
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	often: if chokage persists report. Change sludge piping if necessary.

	Intermittent surging of flow.
	High intermittent pumping rates.
	Adjust pumping rates to keep close to rates of flow or install or adjust baffling to reduced inlet velocity and to have

effective flow distribution across the width of tank.

	Sludge hard to remove from hopper
	High content of grit and

/or clay

Low velocity in withdrawal line
	Reduce grit content :or reduce clay –content :or rod the clogged lines. Pump sludge more often

:or change sludge piping.

	Activated sludge
Change in sludge volume index.
	High soluble organic loads in sewage.
	Decrease aeration liquor suspended solids: or bulking of activated sludge may be controlled by proper application of chlorine to return sludge

:or controlled sludge index by converting digested sludge to activated sludge.

	Rising sludge (in settling tank)
	Due to excessive nitrification.
	Increase the rate of return activated sludge from the final settling tank: or decrease the rate of flow of aeration liquor into the tank: or increase the rate of sludge collecting mechanism in the settling tank to increase the rate

of removal of sludge : or decrease nitrification by reducing aeration or lowering the detention period.
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	Frothing
	Synthetic detergent cause, frothing. The froth increases with decrease in aeration liquor suspended solids or increase in aeration: or increase in degree of purification of sewage: or increase in atmospheric temperature.
	Use water, effluent or clarified sewage sprays in the frothing area: or apply defoamants in small quantities to tank surface

(repeated dosing is necessary) or increase aeration liquor SS concentration.

	Sludge Digestion.

Fluctuation in sludge temperature.
	
	Pumps large quantities of thin sludge at high rate

for cooling.

	Temperature drops in

unit with hot water coils.
	Sludge solids adhering to coils forming a thick insulating layer preventing heat transfer to digester.
	Clean the surface of coils or replace this form of heating with an external heat exchanger.

	
	Increase in scum accumulation: or increase in grit accumulation: or excessive acid production or acid condition due to

(a)  Organic over loading.

(b) Acids wastes.

(c)  Toxic metals. Cu, Ni. , Cr.& Zn.
	Control scum: or control grit: or prevent excessive acids conditions by reducing organic overloads: or reduced

acid wastes by pre treatment: or eliminate toxic metals or add time to keep pH between  6.8 to 7.2: or proper quantity of over digested sludge should be withdrawn

from digester.

	Foaming
	Insufficient amount of

well buffered sludge in the digester: or excessive additions of raw sludge

(with high volatile contents); or poor mixing of digester contents; or temperature too low for prolonged periods followed by rise in
	Temporarily reduce or stop raw sludge additions; or add lime to keep pH between 6.8 to

7.2 while other corrective measures are undertaken; or restore good mixing within digester;

Or raise temperature to normal range;
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	temperature of digester contents; or withdrawal of too much digested sludge; or excessive scum; or grit accumulations
	Or breakup and remove excessive scum layer; Or if large quantities of oil or grit are present, empty digester.

	Sludge drying beds
Sludge dries more slowly than usual
	Sludge layer too thick

Second dose applied too late

Standing water

Bed surface clogged

Broken or clogged drains
	Put on less sludge.

Do not apply second dose if first has started to dry off.

Decant water.

Rake over, skim if necessary and redress the surface.

Set them right.
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