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Abstract : 

 

The principal rationale of waste water treatment is generally to allow human and 

industrial effluents to be disposed of without danger to human health or unacceptable 

damage to the natural environment. An environmentally-safe fluid waste stream is 

produced. No danger to human health or unacceptable damage to the natural 

environment is expected. Sewage includes household waste liquid from toilets, baths, 

showers, kitchens, sinks and so forth that is disposed of via sewers. Sewage also includes 

liquid waste from industry and commerce.  

 

 To design a suitable sewage treatment unit for the residential colony using existing 

technologies. 

 

The objectives of the study are: 

1. Physical, chemical  characterization of domestic waste water samples from the 

kitchen effluent, various laboratories outlets and the bathroom waste of colony 

area. 

2. Comparison with the prescribed standards. 

3. Design of the sewage treatment plant. 

 

Waste water samples from the kitchen effluent, various laboratories outlets and the 

bathroom waste of colony area will be collected. 

The following physical characteristics will be studied: 

1. Odour 

2. Turbidity 

3. Color 
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4. Temperature 

 

 

The following chemical characteristics will be studied: 

i. Total solids, suspended solids and settleable solids 

ii. pH Value 

iii. Chloride Contents 

iv. Nitrogen Contents 

v. Presence of Fats, Oils and Greases 

vi. Sulphide, Sulphate and Hydrogen Sulphide Gas 

vii. Dissolved Oxygen (D.O.) 

viii. Chemical oxygen demand. 

Keywords : Screening, waste disposal , chemical treatment, storage, supply. 

 

INTRODUCTION 

The principal rationale of waste water treatment is generally to allow human and 

industrial effluents to be disposed of without danger to human health or unacceptable damage 

to the natural environment. An environmentally-safe fluid waste stream is produced. No 

danger to human health or unacceptable damage to the natural environment is expected. 

Sewage includes household waste liquid from toilets, baths, showers, kitchens, sinks and so 

forth that is disposed of via sewers. Sewage also includes liquid waste from industry and 

commerce.  

METHODOLOGY 

The principal rationale of waste water treatment is generally to allow human and 

industrial effluents to be disposed of without danger to human health or unacceptable damage 

to the natural environment. An environmentally-safe fluid waste stream is produced. No 

danger to human health or unacceptable damage to the natural environment is expected. 

Sewage includes household waste liquid from toilets, baths, showers, kitchens, sinks and so 

forth that is disposed of via sewers. Sewage also includes liquid waste from industry and 

commerce.  

CIKITUSI JOURNAL FOR MULTIDISCIPLINARY RESEARCH

Volume 6, Issue 6, June 2019

ISSN NO: 0975-6876

http://cikitusi.com/484



 

The methodology used is elaborated below : 

1. CPHEEO manuals on waste water collection and treatment was referred for data 

assumption and design of various units. The various existing units were studied in 

detail and most economical unit was chosen after feasibility study. 

2. For small discharges and restricted space, a compact aerobic unit was found to be 

most suited.  

3. All the units of process were assembled in the open space as indicated in the flow 

diagram. 

4. Population forecast of 3 decades was taken into account keeping in mind the design 

life of treatment plant and collection system. Arithmetic increase model was used for 

estimation. 

5. Sewage output was calculated taking into account water supply and peak factor to 

account for fluctuations. 

6. Collection system was designed to carry sewage for treatment as per 

recommendations given in CPHEEO manuals. 

7. The treated effluent was dumped and discharged as per standards. 

Sludge  was collected in collection tanks and disposed off after treatment 

. 
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ANALYSIS & DESIGN 
SCREEN DESIGN PARAMETERS   

 Peak Design Flow  = 0 .0625 cum/s 

 Flow through screen = 0.80 m/s 

 Clear spacing between bars = 20 mm 

 Area of screen Channel, (A = Q/V) = 78.125 X 10
-3

 m
2
 

 Width of each screen channel , W =  1 cm 

 Assume Angle of inclination =  60
o
 

 Inclined height of the screen, H1 = 9 cm 

 Head loss through screen in normal condition, (h1=0.0729(Vs
2
-Va

2
)) = 0.0143 m 

 Head loss on 50% clogging (h1=0.0729(2*Vs
2
-Va

2
)) =  0.154 m 

 

 DESIGN OF SCREEN  

 

Peak Flow =  5.40 MLD 

Assuming that the velocity through the screens is not allowed to exceed 0.8 m/sec 

Net Area of screen openings required = 0.0625/0.8 

      = 78.125 × 10
-3

 m
2 

Using Rectangular steel bars in the screens, having width 1 cm, and placed at 2 cm clear 

spacing 

Gross Area of the screen required = (78.125× 10
-3

)3/2 

                                                       = 117.1875 × 10
-3

 m
2 

Assuming that the screen bars are placed at 60
o
 to the horizontal, 

 

Gross Area of screen needed = (117.2× 10
-3

)/(sin 60
o
) 

                                                = 1353.2 cm
2 

Hence provide a coarse screen 50 cm × 30 cm with 30 cm freeboard.   

 

Head Loss = 0.0729(V
2
 – v

2
) 

Velocity through the screen  V = 0.8 m/sec 

Velocity above the screen  v = (0.8*5)/6 m/s 

                                                     = 0.67 m/s 

Therefore, Head loss = 0.0729(0.8
2
 - 0.67

2
) 

                                       = 0.014 m 
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3 DESIGN OF GRIT CHAMBER CUM EQUALIZATION TANK   

 

 Type of channel -- Rectangular 

 Detention Time              4 hrs 

 Discharge               5400 KLD 

Volume Required                                                                         900 m
3
 

Provide a tank of depth 1.2m with 0.4m Free-board 

Hence area required = 900 m
2 

Provide tank of dimensions 40m length, 15m width and 1.6 m depth.  

 

6.5.4 DESIGN OF AERATION TANK  

 

Sewage flow : 5.4 million litres/day 

BOD5  : 250 mg/l  

Total Kjeldahl nitrogen : 50 mg/l 

Phosphorus : 12 mg/l  

Winter temperature in aeration tank = 18
0 

C 

Yield Coefficient (y) = 0.6                      Decay Constant (KD) = 0.07/day 

Specific Substrate Utilisation Rate (k’) = 0.038 (mg/l)
-1 

(h)
-1

 at 18
0 

C (BOD5 basis) 

BOD5 going for aeration = 250 mg/l 

Assuming biodegradable fraction of VSS(fb) = 0.6 

Mean cell residence time θc = (0.77/Kdfb) = 0.77/(0.07×0.6) = 18.33 days. 

Assuming θc as 20 days. 

Effluent BOD5 (S) = (1/θc+ kd)/(k’y) =  (1/20+0.07)/(0.038×0.6) 

                                                             =5.2 mg/l 

Assuming SS in effluent = 20 mg/l and VSS/SS = 0.6 

BOD5 of VSS in effluent = 0.6 (20×0.6)= 7.2 mg/l 

Total effluent BOD5 = 7.2+5.2 = 12.4 mg/l 

Influent BOD5 = 250 mg/l  

Overall BOD5  removal efficiency = (250-12.4)×100/250 = 95% 

BOD5  removal in aeration tank = (250-5.2)×345060×(10)
-6 

= 84.47 kg/day 
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Aeration Tank : 

Assume MLSS = 4000 mg/l and MLVSS (x) = 2400 mg/l 

Tank volume required : Vx = YθcQ(250-5.2)/(1+kdθc) 

                              V(2400) = (0.6×20×345.06×244.8)/(1+0.07×20) 

                                         V = 176 m
3 

Provide a circular tank of depth 3m and length=10m & breadth=6m 

Detention time = V/Q = (176×24/345.06) = 12.3 hrs 

F/M = (250-5.2)345.06/(2400×176) = 0.2 kg BOD5 / kg MLVSS per day 

 

Surplus Sludge Production: 

Net VSS produced = (2400)(176)/(1000)(20) = 21.12 kg/day 

Total SS produced = 21.12/0.6 = 35.2 kg/day 

VSS Production/BOD removed = (21.12)/(84.47) 

                                                   = 0.25 kg/kg BOD5 removed  

                                                   = 0.17 kg/kg BODu removed 

SS Production/BOD removed   = (35.2)/(84.47) 

                                                   = 0.42 kg/kg BOD5 removed     

                                                   = 0.28 kg/kg BODu removed 

Above values are slightly lower due to the fact that all BOD incoming is normally not in 

soluble form, some solids are also present. 

 

Phosphorus removal along with sludge : 

 

VSS withdrawn = 21.12 kg/day Influent Phosphorus = 4.14 kg/day 

Assuming phosphorus = 1.5 % of the cells  

Phosphorus removed = (0.015)(21.12) = 0.32 kg/day 

Phosphorus removed/100 kg BODu removed = 0.32/(1.47)(84.47) = 0.25 

As there is no primary sedimentation, total phosphorus removal is as given above. 

Removal = 0.32/4.14 = 8% 

 

Nitrogen Removal along with sludge : 

 

Nitrogen lost = 9% of VSS withdrawn = (0.09)(21.12) = 1.9 kg/day 

Influent Nitrogen = 17.25 kg/day 

Removal = 1.9/17.25 = 11%  
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Oxygen Requirement : 

 

Oxygen required for meeting the carbonaceous demand : 

     = BODu removed – BODu of solids leaving 

     = 1.47(84.47) - 1.42(21.12) 

     =94.18 kg/day = 3.92 kg/hr 

     =0.76 kg/kg BODuremoved 

Oxygen required for nitrification (neglecting nitrogen removed in the sludge, lost in effluent, 

lost in denitrification) : 

     =4.33(influent total kjeldahl nitrogen/day) 

     =4.33(17.25 kg/day) 

     =74.7 kg/day = 3.1 kg/hr 

Total oxygen required = 3.92 + 3.1 = 7.02 kg/hr 

     =1.36 kg/kg of BODu removed 

 

Power Requirement : 

Assuming oxygenation capacity of aerators as 2 kg oxygen per kWh at standard conditions 

and only 70% at field conditions. 

Power Required = 7.02/(2×0.7) = 5 kW 

                           = (5)(24)(365)/3195 

                           = 13.7 kWh/ person/ year 

Assuming all incoming nitrogen has to be oxidized. 

 

6.5.5 Design of Secondary Settling Tank  

 

Total inflow = 5400 m
3
/day 

Assuming recycle flow = 232 m
3
/day 

Assuming a surface loading rate of 25 m
3
/m

2
/day 

Tank area required = 216 m
2 

Total flow from aeration tank to final clarifier = 577.06 m
3
/day 

Solids to clarifier = (577.06 × 1000)(4000)/10
6
 = 2309 kg/day 

Assuming solids loading rate of 140 kg/m
2
-day 
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Area required = 16.5 m
2
 

Provide a circular tank of diameter 4.6 m. 

Providing side water depth of 3 m. 

Detention time = 3.4 hrs.  

 

6.5.6 Sludge Collection Tank : A circular collection tank is provided for sludge 

after thickening with adequate thickener unit, from where it is transported for drying and 

disposal. 

 

6.6 FINAL RESULT 

 

Sewage Parameters Intake sewage 

quality 

Output sewage 

quality 

Remark 

BOD 154 mg/l 25 mg/l Acceptable 

COD 288 mg/l 72 mg/l Acceptable 

TSS 210 mg/l 30 mg/l Acceptable 

Oil&grease 10 mg/l 5 mg/l Acceptable 

pH 7.29 7.72 Acceptable 

Chlorides  600 mg/l  400 mg/l Acceptable 

Sulphates 1000 mg/l 250 mg/l Acceptable 

 

A successful technical project involves integration of various fields . This is an attempt to to 

combine several aspects of environmental, biological and chemical and civil engineering. 

      Since in Gorakhpur city there is no proper treatment plant for sewage . It is necessary to construct 

a Sewage Treatment Plant. The plant is designed perfectly to meet the future expansion for the next 

30 years in accordance with GOI manuals . This project consist the design of the complete 

components of a sewage treatment plant . 
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