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Abstract -  

In Gorakhpur, as in many other Indian towns, the growing 
population and fast urbanization have made sewage 
management an even bigger problem. It is imperative to 
build effective sewage treatment facilities (STPs) because 
improper sewage treatment poses serious dangers to the 
environment and public health. Over the past three years, 
Gorakhpur city has concentrated on installing on-site 
wastewater treatment plants. Numerous methods have been 
developed that are appropriate for on-site wastewater 
treatment plants. The purpose of this paper was to assess 
and track the technical problems with various onsite 
wastewater treatment plant technologies. A questionnaire 
has been designed and distributed into different areas in 
order to provide a specific technical data about existing 
onsite wastewater treatment plants. Two onsite wastewater 
treatment plants at different levels consist of household, 
collective, and community were evaluated over a period of 6 
months distributed in different areas Two plants used up-
flow gravel filters, while one plant used the activated sludge 
process (ASP) at the home level. At the collective level, two 
plants used an extended aeration process: one used 
anaerobic gravel filters, followed by polishing sand filters, 
while the other used aerobic filters. In the study, the removal 
efficiencies and observed effluent quality in terms of PH, DO, 
BOD, COD, TSS, TKN, and TC/FC are compared to typical 
values reported in the technical literature, which have never 
happened for any plant. The performance of filters is 
expected to function without maintenance for 18 to 24 
months, after which the filter medium needs to be washed 
out with fresh water, which has also never happened for any 
plant. This clogs the empty spaces in the filter medium, 
affecting its ability to provide adequate HRT. plant which is 
consider completely destroy inside because of its long-life 
cycle period without maintenance.  

Furthermore, due to the tremendous pressure of wastewater 
overwhelming the wetland's lagoons, which destroys the 
surrounding wall, the sewage that reaches the created 
wetlands seeps into the surrounding strata instead of 
reaching the effluent storage tank. There was no discernible 
correlation between loading rates and effluent quality across 
all systems and levels. The influence of loading rates differed 
from plant to plant and from technology to other, and the 

effluent quality was indicated by several factors related to 
design and operations parameters. 13% of the current onsite 
wastewater treatment plants in Gorakhpur are operating 
well, 39% are operating with moderate efficiency, 15% are 
operating with less efficiency, and the remaining plants have 
been shut down. This is the positive finding from the 
questionnaire analysis. Where, the plants which were 
working on bad situation affected by the periodic follow up 
of operation which is the main factor that affecting on the 
failure of these plants. The study's most significant finding is 
that availability of trained workers, experienced engineering 
designers, spare parts for repairs, and efficient operation, 
maintenance, and monitoring are more vital than the kind of 
technology. 

Keywords: sequential batch reactor, efficiency, 
assessment, performance, total nitrogen, and residential 
wastewater 

1.INTRODUCTION  

Gorakhpur is a major and largest district in Uttar Pradesh, 
India, located between latitude 26°46'N and longitude 
83°2'E. It is the administrative headquarters of the district 
and was ceded by the Nawab of Awadh to the British East 
India Company in 1801. The district is situated on the banks 
of the Rapti River and is part of the Gorakhpur division. 
Wastewater treatment in India is crucial for reducing the 
environmental impact of wastewater discharge.  

 

https://www.statista.com/chart/32296/development-of-number-of-operational-sewage-treatment-plants-and-annual-sewage-generation-in-india/
https://www.statista.com/chart/32296/development-of-number-of-operational-sewage-treatment-plants-and-annual-sewage-generation-in-india/
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India generates approximately 72,368 million litres per day 
(MLD) of sewage, but only about 28% (20,236 MLD) is 
treated, leaving 72% untreated and discharged into water 
bodies, leading to severe environmental and public health 
issues Although the nation's 1,631 sewage treatment 
facilities (STPs) have a 36,668 MLD total capacity, only 
26,869 MLD of that capacity is being used, which is 
insufficient to treat the sewage that is produced. Only half of 
the STPs meet the prescribed effluent discharge norms for 
biochemical oxygen demand (BOD 30), and 40% of the 
treated water fails to meet regulatory requirements, 
resulting in widespread pollution. Untreated wastewater 
contains organic matter, nutrients, and pathogens, causing 
malodorous gases, depletion of dissolved oxygen in water 
bodies, eutrophication, and contamination of land and water 
sources. Reusing treated wastewater for non-potable 
purposes like irrigation, industrial cooling, and toilet 
flushing can alleviate water scarcity and reduce pollution. 
India has the potential to treat and reuse up to 80% of its 
wastewater, but only 10 states have implemented treated 
wastewater reuse policies. The National Framework for Safe 
Reuse of Treated Water has been released to guide states in 
drafting and implementing wastewater treatment policies. 
Addressing the challenges of wastewater treatment and 
reuse requires substantial investment, improved 
infrastructure, and effective governance.(India Water Portal, 
India Water Portal, India Water Portal, Mongabay-India) 

1.1 Study area 

The study area for this research is the 30 Million Liters per 
Day (MLD) Sewage Treatment Plant (STP) located in 
Gorakhpur, Uttar Pradesh, India. This facility is situated near 
the Manayar River and the Deoria Bypass Road, adjacent to 
the Kashiram Awas residential colony. Commissioned in 
February 2015, the plant plays a critical role in managing 
municipal wastewater generated from Gorakhpur city. 
Utilizing Sequential Batch Reactor (SBR) technology, the STP 
is designed to treat domestic sewage before discharging it 
into the environment or reusing it for non-potable purposes 
like irrigation. Although the installed capacity is 30 MLD, the 
actual inflow is around 24 MLD, indicating underutilization. 
The plant is an important part of the city's infrastructure for 
urban sanitation and river pollution control. However, 
performance reports indicate that the treated effluent only 
partially meets Central Pollution Control Board (CPCB) 
norms, pointing to challenges in operational efficiency and 
maintenance. The surrounding area includes residential 
settlements, agricultural land, and natural water bodies, 
making the environmental and public health impacts of the 
STP a key focus for sustainability studies. This setting offers 
valuable opportunities to explore aspects such as treatment 
efficiency, water reuse practices, compliance with 
environmental standards, and the socio-economic benefits 
and challenges associated with sewage management. 

 

                                 Fig-1: Overview of STP 

1.2. Key Processes Involved in the Plant 

The primary treatment stage of sewage treatment aims to 
remove large solids from wastewater, such as plastics, 
garbage, and other non-biodegradable pollutants. Filters are 
used in the Gorakhpur STP to separate the solid waste from 
the influent wastewater. When wastewater enters 
sedimentation tanks, the heavier components that sink to the 
bottom divide it into sludge.   

Secondary Treatment: The organic compounds in the sewage 
are broken down by microorganisms during the biological 
treatment step. This process uses aeration tanks or active 
sludge systems at the Gorakhpur STP. To promote the growth 
of aerobic bacteria, which effectively break down organic 
contaminants, air is given to the wastewater. At this point, the 
wastewater's biological oxygen demand (BOD) and chemical 
oxygen demand (COD) have significantly dropped.  
 
Tertiary Treatment: Eliminating any remaining contaminants, 
such as nutrients like phosphorus and nitrogen that can cause 
water bodies to become eutrophic, is the final stage of 
treatment. 

2. Methodology  

The 30 MLD Sewage Treatment Plant in Gorakhpur utilizes 
the Sequencing Batch Reactor (SBR) technology, a fill-and-
draw activated sludge process, to treat domestic wastewater. 
The treatment process begins with the collection of raw 
sewage through a network of sewer lines, which is then 
conveyed to the plant's inlet chamber. Upon entering the 
plant, the sewage undergoes primary treatment, where large 
solids are removed through screening and grit chambers. 
Following this, the wastewater enters the SBR tanks, where 

https://www.indiawaterportal.org/articles/pollution-solutions?utm_source=chatgpt.com
https://www.indiawaterportal.org/water-quality-and-pollution/pollution/pollution-solutions?utm_source=chatgpt.com
https://www.indiawaterportal.org/articles/market-value-treated-wastewater-will-rise-rupees-19-billion-2050?utm_source=chatgpt.com
https://india.mongabay.com/2023/06/indias-potential-to-address-water-scarcity-through-wastewater-treatment-and-reuse/?utm_source=chatgpt.com
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aeration and settling occur in a sequential manner, facilitating 
the breakdown of organic matter and removal of pollutants. 
The treated effluent is then subjected to secondary clarifiers 
for further settling of suspended solids. Finally, the treated 
water is discharged into the Ramgarh Taal, adhering to the 
Central Pollution Control Board (CPCB) discharge standards. 
The plant's effective functioning and adherence to 
environmental regulations are guaranteed by routine 
monitoring and maintenance. 

3. Sequencing Batch Reactor (SBR) 

The Sequencing Batch Reactor (SBR) is a true batch 
process where the steps of fill, aeration, settling, and 
decanting are carried out sequentially within a single basin. 
Sewage that has been screened and de-gritted is then added 
to the SBR basins for biological treatment, which eliminates 
suspended particles, nutrients like nitrogen and phosphorus, 
and pollutants including chemical and biological oxygen 
demand (BOD and COD). Fill, react, settle, decant, and idle are 
the five distinct phases that make up each cycle of the SBR's 
batch mode. 

During the fill phase, influent wastewater is added to the 
reactor, and aeration is provided to facilitate the biological 
treatment processes. The react phase involves continued 
aeration to promote the degradation of organic matter and 
the removal of nutr Aeration is halted during the settle phase 
to enable sediments to sink to the reactor's bottom. The 
settled sludge is left behind after the clarified supernatant is 
removed from the reactor's top during the decant phase. 
Lastly, the idle period enables the reactor to be ready for the 
subsequent cycle. This sequence enables the SBR to 
effectively perform biological organic removal, nitrification, 
denitrification, and biological phosphorus removal, making it 
a versatile and efficient solution for wastewater treatment. 

 

Figure-2 : Sequencing Batch Reactor 

3.1   Sampling Locations 

 Inlet Sampling Points: Raw sewage entering the 
treatment system. 

 Outlet Sampling Points: Treated effluent 
discharged from the system. 

 

Figure-3: Model of 30MLD sewage treatment plant, 
Gorakhpur 

 

Figure-4 : .  Re-aeration pond 

3.2.     Sampling Frequency and Duration 

 Frequency: Weekly sampling. 

 Duration: One year (2024–2025). 

3.3.     Parameters Analyzed 

 Biochemical Oxygen Demand (BOD): Indicates the 
amount of oxygen required by microorganisms to 
decompose organic matter. 

 Chemical Oxygen Demand (COD): Measures the 
total quantity of oxygen required to oxidize both 
biodegradable and non-biodegradable substances. 
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 Solid particles suspended in water are referred to as 
total suspended solids (TSS).  
The amount of oxygen dissolved in water, which is 
necessary for aquatic life, is represented by 
dissolved oxygen (DO). 

 pH: Shows how acidic or alkaline the water is. 

 Fecal Coliforms: Bacteria used as indicators of 
potential pathogenic contamination. 

 

Figure-5:  Activated sludge process configuration is 
using cyclic activated sludge principal for BOD 

reduction 

3.4    Analytical Methods 

 BOD and COD: Standard titrimetric methods as per 
APHA (American Public Health Association) 
guidelines. 

 TSS: Gravimetric method after filtration. 

 DO: Winkler's method. 

 pH: Using a calibrated pH meter. 

 Fecal Coliforms: Most Probable Number (MPN) 
method. 

3.5.    Expected Outcomes 

 Pollutant Reduction: Significant decrease in BOD, 
COD, TSS, and fecal coliforms. 

 Water Quality Improvement: Enhanced suitability 
of treated water for irrigation. 

 System Efficiency: Evaluation of the DEWATS 
performance over the study period. 

3.6.    Limitations 

 Seasonal Variations: Changes in water quality due 
to seasonal factors. 

 Operational Challenges: Potential issues in system 
maintenance and operation. 

 Sampling Constraints: Access and logistical 
challenges in remote areas.en.wikipedia.org 

4. OBSERVATION AND RESULT 

Table 1: Test Observations of Inlet Raw Sewage And 
Treated Water 

 

       Date  

RAW SEWAGE TREATED 

WATER 

MLD/day MLD/day 

01-01-2024 29.33 28.27 

09-01-2024 30.37 31.860 

16-01-2024 28.7 28.320 

23-01-2024 29.71 29.33 

 
Table 2: Test Observations of inlet sewage parameters 

PARAMETERS pH TSS COD DO BOD 

 6.0-
8.5 

250-
300mg/l 

400-
450mg/l 

Mg/l 180-
200 
mg/l 

01-01-2024 7.03 211 252 0.20 120 

09-01-2024 7.25 153 180 0.20 110 

16-01-2024 7.12 90 124 0.00 75 

23-01-2024 6.92 124 176 1.20 100 

 
Table 3: Test Observations of Final Treated sewage 

parameters 

PARAMETER
S 

pH TSS COD DO BOD 

 6.0-
8.5 

250-
300mg/
l 

400-
450mg/
l 

Mg/
l 

180-
200 
mg/l 

01-01-2024 7.21 15 36 5.2 7 

09-01-2024 7.23 14 32 5.3 6 

16-01-2024 7.52 13 28 5.3 7 

23-01-2024 7.24 16 84 5.3 9 

 

 

https://en.wikipedia.org/wiki/Decentralized_wastewater_system?utm_source=chatgpt.com
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Flow Rates 

The influent flow rates varied between 28.7 MLD and 30.37 
MLD, while the effluent flow rates ranged from 28.27 MLD to 
31.86 MLD. These figures suggest that the plant was 
operating near its design capacity, with minor fluctuations in 
flow rates. 

Water Quality Parameters 

 pH Levels: The pH of the raw sewage remained 
within the neutral to slightly alkaline range (6.92 to 
7.25), which is conducive for biological treatment 
processes. 

 TSS (Total Suspended Solids): There was a 
significant reduction in TSS from 211 mg/L on 
January 1 to 13 mg/L on January 16, indicating 
effective solid removal by the SBR system. 

 COD (Chemical Oxygen Demand): COD levels 
decreased from 252 mg/L to 28 mg/L, 
demonstrating the system's efficiency in reducing 
organic pollutants. 

 DO (Dissolved Oxygen): The DO levels in the 
effluent were consistently high (5.2 to 5.3 mg/L), 
which is essential for maintaining aerobic 
conditions and supporting the microbial community 
responsible for treatment. 

 BOD (Biochemical Oxygen Demand): BOD levels 
dropped from 120 mg/L to 7 mg/L, reflecting a 
substantial reduction in biodegradable organic 
matter 

5. CONCLUSIONS 

The 30 MLD SBR sewage treatment plant in Gorakhpur 
demonstrated effective performance in treating raw sewage 
over the observed period. The significant reductions in TSS, 
COD, and BOD, along with maintained DO levels, indicate that 
the SBR system is operating efficiently and meeting the 
required effluent quality standards. This performance 
underscores the viability of SBR technology for municipal 
wastewater treatment applications. The Sequencing Batch 
Reactor (SBR) is an effective and versatile method for 
treating wastewater. It efficiently removes organic matter, 
nitrogen, and phosphorus through a series of sequential 
steps. Studies have shown that SBR systems can achieve high 
removal efficiencies for BOD, COD, and nutrients, making 
them suitable for various wastewater treatment applications. 
The flexibility of the SBR process allows for optimization 
based on specific treatment requirements, ensuring 
compliance with environmental standards and contributing 
to sustainable water management practices. 
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