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Understanding detention time in sedimentation basins is fundamental for designing effective water
treatment systems, especially in ensuring the removal of contaminants through sedimentation. In
this comprehensive guide, we will explore what detention time is, how to calculate it for a basin
measuring 50 feet by 20 feet by 10 feet, and how flow rates influence this calculation. Whether
you're an engineer, environmental scientist, or student, this article will provide clear insights into
the concept and application of detention time in sedimentation basins.

What Is Detention Time?

Definition and Significance
Detention time, also known as retention time, refers to the average time that a volume of water
spends within a treatment unit — in this case, a sedimentation basin. It is a critical parameter
because it determines the effectiveness of processes like sedimentation, where particles settle out of
the water due to gravity.

Key points:
- Detention time affects the removal efficiency of suspended solids.
- Longer detention times typically allow more particles to settle.
- It guides engineers in designing basin dimensions and flow rates to optimize sedimentation.

Factors Influencing Detention Time
Several factors impact how long water remains in a basin:
- Flow rate: The volume of water passing through per unit time.
- Basin volume: The physical capacity of the sedimentation basin.
- Water characteristics: Particle size, density, and water temperature.
- Operational conditions: Inlet and outlet configurations, basin shape.

Calculating the Volume of the Sedimentation Basin

Before computing detention time, we need to determine the basin's volume.



Dimensions and Volume Calculation
Given dimensions:
- Length (L): 50 ft
- Width (W): 20 ft
- Depth (D): 10 ft

The volume (V) is calculated as:

V = L × W × D

Plugging in the values:

V = 50 ft × 20 ft × 10 ft = 10,000 cubic feet

Converting Volume to Gallons
Since flow rates are often expressed in gallons per minute (GPM), converting the volume to gallons
makes the calculations more practical.

- 1 cubic foot = 7.48 gallons
- Therefore, total volume in gallons:

V_gallons = 10,000 ft³ × 7.48 gal/ft³ = 74,800 gallons

Summary:
- Basin volume: 10,000 ft³
- Basin volume in gallons: approximately 74,800 gallons

Understanding Flow Rate

Defining the Flow of Water
Flow rate (Q) is the volume of water passing through the basin per unit of time, typically expressed
in gallons per minute (GPM) or cubic feet per second (cfs). The flow rate significantly influences
detention time.

In this scenario:
- The flow rate is specified, but the actual figure is missing in the prompt.
- For illustration, we'll consider a flow rate and demonstrate calculations accordingly.

Typical Flow Rate Scenarios
Flow rates vary based on system design, but some typical figures include:



- Low flow: 100 GPM
- Moderate flow: 300 GPM
- High flow: 600 GPM

Suppose the flow rate is 300 GPM; this will serve as our example for calculations.

Calculating Detention Time

Detention Time Formula
The general formula for detention time (T) is:

T = V / Q

Where:
- T = detention time (hours)
- V = basin volume (gallons)
- Q = flow rate (gallons per minute)

Since detention time is often expressed in hours, we need to ensure units are consistent.

Step-by-Step Calculation with Example Flow Rate

Given:
- V = 74,800 gallons
- Q = 300 GPM

Calculation:
1. Calculate the detention time in minutes:

T_minutes = V / Q = 74,800 gallons / 300 GPM ≈ 249.33 minutes

2. Convert minutes to hours:

T_hours = T_minutes / 60 ≈ 249.33 / 60 ≈ 4.16 hours

Result:
- The detention time is approximately 4.16 hours at a flow of 300 GPM.



Impact of Different Flow Rates
Let's explore how varying flow rates affect detention time:

| Flow Rate (GPM) | Detention Time (hours) |
|-----------------|------------------------|
| 100 | ≈ 12.48 hours |
| 300 | ≈ 4.16 hours |
| 600 | ≈ 2.08 hours |

This table illustrates that higher flow rates reduce detention time, potentially decreasing
sedimentation efficiency.

Design Considerations for Sedimentation Basins

Optimizing Detention Time
Designing an effective sedimentation basin involves balancing flow rate and detention time to
maximize particle removal.

Guidelines:
- Typical detention times range from 1 to 4 hours for primary sedimentation.
- Longer detention times improve removal but may require larger basins.
- The basin size must accommodate expected peak flows.

Factors Affecting Design Choices
- Type of particles to be removed: Larger particles settle faster; finer particles require longer
detention.
- Water quality parameters: Turbidity, particle size distribution, and temperature influence
sedimentation.
- Hydraulic loading rate: The flow per unit area should be within recommended limits to prevent
resuspension of settled particles.

Practical Applications and Examples

Case Study: Designing a Sedimentation Basin for a Small
Community
Suppose a community expects a maximum flow of 300 GPM. The basin dimensions are 50 ft by 20 ft
by 10 ft, as previously given.

Steps:
1. Calculate basin volume: 10,000 ft³ or 74,800 gallons.



2. Determine the desired detention time, say 4 hours.
3. Find the maximum flow rate the basin can handle:

Q = V / T_hours × 60 (to convert hours to minutes)
Q = 74,800 gallons / 4 hours × 60 ≈ 300 GPM

This confirms the basin's capacity aligns with the flow rate, ensuring effective sedimentation.

Additional Factors Influencing Sedimentation Basin
Efficiency

Sedimentation Basin Shape and Design
Proper basin shape promotes even flow distribution and minimizes short-circuiting.

Design features include:
- Vertical or horizontal flow configurations.
- Baffles to reduce turbulence.
- Inlet and outlet structures designed to promote laminar flow.

Maintenance and Operational Considerations
Regular cleaning and sludge removal are essential to maintain detention time and sedimentation
efficiency.

Best practices:
- Routine inspection of sludge accumulation.
- Adjusting flow rates during peak and off-peak periods.
- Ensuring inlet and outlet structures function correctly.

Summary and Conclusion

Calculating the detention time in a sedimentation basin is vital for effective water treatment. For a
basin measuring 50 ft by 20 ft by 10 ft:
- The total volume is 10,000 cubic feet or approximately 74,800 gallons.
- At a flow rate of 300 GPM, the detention time is roughly 4.16 hours.
- Adjusting flow rates and basin dimensions can optimize sedimentation.

By understanding these principles, engineers and operators can design and operate sedimentation
basins that effectively remove suspended solids, improve water quality, and meet regulatory
standards. Proper planning, calculation, and maintenance ensure the sedimentation process remains
efficient and reliable.



Remember: Always tailor detention time and basin design to specific water characteristics and flow
conditions to achieve optimal sedimentation performance.

Frequently Asked Questions

What is the formula to calculate the detention time in hours
for a sedimentation basin?
Detention time (hours) = (Volume of the basin in cubic feet) / (Flow rate in cubic feet per hour).

How do I determine the volume of a 50 ft by 20 ft by 10 ft
sedimentation basin?
The volume is calculated as length × width × depth, so 50 ft × 20 ft × 10 ft = 10,000 cubic feet.

If the flow rate is given in gallons per minute, how can I
convert it to cubic feet per hour for detention time
calculations?
Convert gallons per minute to cubic feet per hour by multiplying the flow by 0.002228 to get cubic
feet per minute, then multiply by 60 to get cubic feet per hour.

What is the typical detention time range for sedimentation
basins of similar size?
Typically, detention times range from 1 to 4 hours, depending on design specifics and treatment
goals.

How does flow rate affect the detention time in a
sedimentation basin?
Higher flow rates decrease detention time, potentially reducing sedimentation efficiency, while
lower flow rates increase detention time, enhancing sediment removal.

Can the shape of the basin influence the detention time
calculation?
Yes, the actual volume and flow dynamics are affected by basin shape, so calculations should
consider the true volume and flow paths for accuracy.

What are common units used for flow when calculating



detention time in sedimentation basins?
Flow is commonly expressed in gallons per minute (GPM), cubic feet per second (CFS), or cubic feet
per hour, depending on the application.

What is the impact of sedimentation basin detention time on
water treatment efficiency?
Longer detention times generally improve sedimentation and removal of suspended solids, leading to
better water quality.

How can I optimize detention time for a sedimentation basin
with a flow of X cfs?
Adjust the basin volume or flow rate to achieve the desired detention time, ensuring optimal
sedimentation without compromising flow capacity.

Additional Resources
Detention Time in Hours of a 50 Ft by 20 Ft by 10 Ft Sedimentation Basin With a Flow

Understanding the detention time within sedimentation basins is fundamental to designing effective
water treatment processes. This key parameter influences the removal efficiency of suspended
solids, colloids, and certain pollutants, ensuring the treated water meets safety and quality
standards. When considering a specific basin size—such as 50 feet in length, 20 feet in width, and 10
feet in depth—alongside a given flow rate, calculating the detention time becomes a pivotal step for
engineers, plant operators, and environmental scientists alike. This article provides a comprehensive
exploration of what detention time entails, how to calculate it accurately, and its significance within
the broader context of water treatment infrastructure.

---

Understanding Detention Time in Sedimentation
Basins

Definition of Detention Time

Detention time, often referred to as hydraulic residence time, describes the average time that water
spends within a basin or treatment unit. It is typically expressed in hours or minutes. In
sedimentation basins, the detention time reflects how long particles or contaminants are exposed to
settling conditions, directly impacting the efficiency of solids removal.

Mathematically, detention time (T) is expressed as:



\[ T = \frac{\text{Volume of the basin}}{\text{Flow rate}} \]

where:

- Volume is measured in cubic feet (or meters³),
- Flow rate is measured in cubic feet per second (or cubic meters per second),
- Resulting time is in seconds, which can be converted into hours or minutes.

Significance: A longer detention time generally allows for better sedimentation, as particles have
more opportunity to settle by gravity. Conversely, too long a detention time can lead to operational
inefficiencies or unnecessary basin size, while too short may result in inadequate solids removal.

Relevance in Water Treatment Design

Designing sedimentation basins involves balancing multiple factors:

- Particle size distribution,
- Water flow characteristics,
- Inflow variations,
- Basin dimensions.

Detention time helps determine whether a basin can effectively remove specific particle sizes and
pollutants. Proper calculation ensures optimal basin sizing, cost-effectiveness, and compliance with
water quality standards.

---

Dimensions of the Sedimentation Basin

Given Basin Dimensions

The sedimentation basin under consideration measures:

- Length (L): 50 feet
- Width (W): 20 feet
- Depth (D): 10 feet

These dimensions define the physical capacity of the basin, which influences the volume available for
sedimentation.

Calculating the Volume of the Basin

The volume (V) of the basin can be calculated using the formula:



\[ V = L \times W \times D \]

Plugging in the given dimensions:

\[ V = 50\,\text{ft} \times 20\,\text{ft} \times 10\,\text{ft} = 10,000\,\text{ft}^3 \]

This volume represents the total internal capacity of the basin.

Note: Actual operational volume might differ slightly due to basin baffles, sludge accumulation, or
freeboard (space above water level), but for calculation purposes, the total geometric volume is
sufficient unless more detailed design data are provided.

---

Flow Rate Considerations

Understanding the Flow Rate

Flow rate (Q) indicates the volume of water passing through the basin per unit time. It is usually
expressed in cubic feet per second (ft³/sec), gallons per minute (GPM), or liters per second (L/sec).

For the purpose of this analysis, assume a specific flow rate is provided or needs to be calculated.

Common Flow Rate Units and Conversion

- 1 cubic foot per second (ft³/sec) = 7,480 gallons per second,
- 1 GPM = 0.002228 cubic feet per minute,
- 1 liter per second (L/sec) ≈ 0.0353 cubic feet per second.

Example: If the flow rate is 100 gallons per minute (GPM), convert to cubic feet per second:

\[ Q = 100\,\text{GPM} \times \frac{1\,\text{ft}^3}{7.48\,\text{G}} \times \frac{1}{60\,\text{sec}}
\approx 0.222\,\text{ft}^3/\text{sec} \]

---

Calculating Detention Time

Basic Formula

The fundamental formula for detention time (T) in hours:



\[ T = \frac{V}{Q} \times \frac{1\,\text{hr}}{3600\,\text{sec}} \]

Where:

- V = basin volume in cubic feet,
- Q = flow rate in cubic feet per second,
- 3600 converts seconds to hours.

Step-by-step Calculation:

1. Determine the volume (V):

\[ V = 10,000\,\text{ft}^3 \]

2. Obtain or assume a flow rate (Q). For example, suppose:

\[ Q = 0.222\,\text{ft}^3/\text{sec} \] (from the previous conversion)

3. Calculate detention time in seconds:

\[ T_{sec} = \frac{V}{Q} = \frac{10,000}{0.222} \approx 45,045\,\text{sec} \]

4. Convert seconds into hours:

\[ T_{hours} = \frac{45,045}{3600} \approx 12.51\,\text{hours} \]

Result: The detention time is approximately 12.5 hours at a flow rate of 100 GPM.

---

Impact of Flow Rate Variations and Basin Design

How Flow Rate Affects Detention Time

Flow rate is inversely proportional to detention time: as flow increases, detention time decreases,
and vice versa. For example, doubling the flow rate halves the detention time, potentially reducing
sedimentation efficiency.

Scenario Analysis:

| Flow Rate (GPM) | Flow Rate (ft³/sec) | Detention Time (hours) |
|-----------------|---------------------|------------------------|
| 50 GPM | 0.111 | ~25 hours |
| 100 GPM | 0.222 | ~12.5 hours |
| 200 GPM | 0.444 | ~6.25 hours |

This table illustrates how increased flow rates shorten detention times, which might compromise the



basin’s ability to settle particles effectively.

Design Considerations for Optimal Detention Time

- Particle Size and Settling Velocity: Smaller particles require longer detention times for effective
removal.
- Flow Variability: Plant operations must account for peak flow conditions to prevent short-circuiting
or inadequate settling.
- Basin Geometry: Increasing length or depth can increase volume and detention time without
enlarging footprint excessively.
- Operational Flexibility: Incorporating adjustable weirs or flow controls to maintain desired
detention times during fluctuating inflows.

---

Significance of Detention Time in Water Treatment
Efficacy

Optimizing Sedimentation Performance

An appropriately calculated detention time ensures that particles have sufficient time to settle,
which directly correlates with the removal efficiency of turbidity, pathogens attached to solids, and
certain pollutants.

- Typical detention times in conventional sedimentation basins range from 2 to 4 hours for primary
clarifiers.
- Extended detention times (up to 8–12 hours) might be necessary for particularly high loads or
specific treatment goals.

Balancing Cost and Effectiveness

Longer detention times require larger basins, increasing capital and maintenance costs. Therefore,
engineers aim to optimize detention time to achieve target water quality at minimal expense. This
involves:

- Precise calculation of flow rates,
- Proper basin sizing,
- Incorporating flow control devices,
- Regular maintenance to prevent sludge buildup and operational inefficiencies.

---



Conclusion

Determining the detention time of a sedimentation basin measuring 50 feet by 20 feet by 10 feet
involves a detailed understanding of the basin's volume and the flow rate passing through it. With a
volume of 10,000 cubic feet, the detention time varies significantly depending on the flow rate. For
example, at a flow of 100 GPM (approx. 0.222 ft³/sec), the basin provides approximately 12.5 hours
of detention time, which is suitable for removing a substantial fraction of suspended solids under
typical conditions.

Effective basin design hinges on accurately matching flow rates with detention times that optimize
sedimentation without incurring unnecessary costs. Variations in flow, particle characteristics, and
operational goals all influence the ideal detention time, emphasizing the need for meticulous
planning and ongoing management.

In practice, engineers and water treatment professionals leverage these calculations to ensure water
quality standards are met, infrastructure costs are controlled, and treatment processes operate
efficiently. Understanding and applying detention time principles are thus central to the successful
design and operation of sedimentation basins and broader water treatment systems.
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