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Sequencing Batch Reactor (SBR) Design Calculations - U.S. units
|. Design for BOD Removal and Mitrification
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SBR wastewater treatment design calculations are essential for ensuring the effective treatment of
wastewater in Sequencing Batch Reactors (SBRs). SBR technology has gained popularity due to its
simplicity, flexibility, and effectiveness in treating a variety of wastewater types. This article will delve
into the fundamental aspects of SBR design, covering key calculations and considerations for effective

wastewater treatment.

Understanding Sequencing Batch Reactors (SBR)

SBRs are a type of activated sludge process that treats wastewater in batch modes. Unlike continuous



flow systems, SBRs process wastewater in a series of stages, which can be adjusted based on the

characteristics of the influent and the desired effluent quality.

Key Components of an SBR System

1. Reactor Tank: The primary vessel where the treatment occurs.

2. Aeration System: Introduces air to facilitate microbial growth and biodegradation.

3. Mixing System: Ensures uniform distribution of microorganisms and substrates.

4. Decanting System: Allows for the separation of treated water from the biomass after settling.

5. Control System: Manages the timing and sequence of operations.

SBR Design Considerations

When designing an SBR system, several factors must be taken into account:

1. Influent Characteristics: Understanding the quality and quantity of the wastewater entering the
system is crucial.

2. Treatment Objectives: Defining the goals for effluent quality, such as BOD, TSS, nitrogen, and
phosphorus removal.

3. Operational Flexibility: The system should be adaptable to varying inflow rates and wastewater
compositions.

4. Site Constraints: Considerations such as land availability, proximity to users, and environmental

regulations.

Influent Characteristics

The design of an SBR system begins with the analysis of influent characteristics, which include:



- Flow Rate: Average daily flow and peak hourly flow rates.
- Constituents: Concentrations of biochemical oxygen demand (BOD), total suspended solids (TSS),
nitrogen, phosphorous, and other contaminants.

- Seasonal Variations: Fluctuations in wastewater composition due to seasonal factors.

Design Flow Rates and Loading Calculations

To design an SBR accurately, the following calculations are critical:

1. Average Daily Flow (ADF):

- Determine the expected average daily flow using historical data or estimates.
\[

ADF = \frac{\text{Total flow over a specific period}}{\text{Number of days}}

\

2. Peak Flow Rate:
- Establish the peak flow rate, which is usually 2 to 4 times the ADF, depending on the source of

wastewater.

3. Organic Loading (BOD):

- Calculate the organic loading rate (OLR) for the SBR:

\[

OLR = \frac{BOD_{in} \times ADF}{V_{reactor}}

\]

Where \( BOD_{in} ) is the influent BOD concentration and \( V_{reactor} \) is the volume of the

reactor.

4. Solids Loading (TSS):
- Determine the solids loading rate similarly to the OLR:

\[



Solids Loading = \frac{TSS_{in} \times ADF}{V_{reactor}}
\

Reactor Volume Calculations

The volume of the SBR reactor is a crucial design parameter that influences treatment efficiency and

performance. The volume can be determined based on:

1. Hydraulic Retention Time (HRT):

- The time the wastewater is retained in the reactor. It can be calculated as:
\[

HRT = \frac{V_{reactor}}{ADF}

\]

A common HRT for municipal wastewater is between 8 to 24 hours.

2. Sludge Retention Time (SRT):

- The average time that microorganisms are retained in the system. SRT is crucial for controlling the
microbial population and can be determined using:

\[

SRT = \frac{V_{reactor}}{Q_{waste} \times X}

\]

Where \( Q_{waste} \) is the waste sludge flow rate and \( X \) is the biomass concentration.

3. Reactor Volume Calculation:

- Using the desired HRT, the reactor volume can be calculated:
\[

V_{reactor} = ADF \times HRT

\]



Aeration Requirements

Aeration is a vital component of the SBR process, facilitating the growth of aerobic microorganisms.

The aeration requirements can be calculated based on:

1. Oxygen Demand:
- Calculate the oxygen demand using the BOD removal requirement. A rule of thumb is that

approximately 1.5 to 2.0 mg of oxygen is required per mg of BOD removed.

2. Aeration Rate:

- The aeration rate can be calculated using:

\[

Aeration Rate = \frac{BOD_{removal} \times \text{Oxygen Demand}}{24 \text{ hours}}
\]

3. Diffuser Design:

- Select appropriate diffusers based on the required aeration rate and the desired oxygen transfer

efficiency.

Settling and Decanting Calculations

Effective settling is critical to the SBR process, and several calculations are necessary:

1. Settling Time:
- Estimate the settling time based on the characteristics of the biomass and the design of the

decanting system.

2. Decanting Efficiency:

- Ensure that the decanting system is designed to minimize the loss of biomass while maximizing the



removal of treated effluent.
3. Volume for Settling:

- Calculate the volume necessary for settling based on the SRT and the expected sludge

concentration.

Control and Automation Systems

A well-designed SBR system incorporates control and automation for efficient operation. Key

components include:

1. Programmable Logic Controllers (PLCs):

- Automate the sequence of operations, including aeration, mixing, and decanting.

2. Level Sensors:

- Monitor the levels within the reactor to ensure proper operation.

3. Flow Meters:

- Measure influent and effluent flow rates.

4. Data Logging:

- Collect operational data for performance evaluation and regulatory compliance.

Conclusion

In conclusion, SBR wastewater treatment design calculations are vital for optimizing the performance
of Sequencing Batch Reactors. By understanding influent characteristics, calculating necessary flow

rates, determining reactor volume, and efficiently designing aeration and settling systems, engineers



can create effective wastewater treatment solutions. With proper control and automation, SBR systems
can be flexible and responsive, meeting the varying demands of wastewater treatment while achieving
regulatory compliance and environmental protection. As wastewater treatment technology continues to

evolve, SBRs remain a prominent choice for sustainable and efficient treatment processes.

Frequently Asked Questions

What is SBR in wastewater treatment?

SBR stands for Sequencing Batch Reactor, a type of activated sludge process that treats wastewater

in batch mode, allowing for the simultaneous treatment of multiple phases.

How do you calculate the volume of an SBR reactor?

The volume of an SBR reactor can be calculated using the formula: V = Q HRT, where V is the

volume, Q is the flow rate, and HRT is the hydraulic retention time.

What are the key design parameters for an SBR system?

Key design parameters include hydraulic retention time (HRT), solid retention time (SRT), aeration

time, settling time, and influent flow characteristics.

How is the aeration time determined in SBR design?

Aeration time is determined based on the biochemical oxygen demand (BOD) of the influent and the

desired effluent quality, often using empirical data or modeling.

What role does settling time play in SBR design?

Settling time allows suspended solids to settle at the bottom of the reactor after aeration, ensuring that

treated water can be separated effectively from the sludge.



How do you estimate the influent BOD for SBR calculations?

Influent BOD can be estimated through grab sampling and laboratory testing or using historical data

and flow monitoring of the wastewater source.

What factors influence the performance of an SBR system?

Factors include the influent characteristics, operational parameters (like aeration and settling times),

temperature, pH levels, and the presence of toxic substances.

How is the sludge volume index (SVI) relevant in SBR design?

SVI is a measure of the settleability of sludge and is crucial for determining the optimal settling time

and ensuring effective separation of solids from treated water.
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