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Day 17 Notes

Introduction to Dual Media Filters

Definition and Overview

Dual media filters, also known as dual-media filtration systems, are a type of filtration technology
used in various water and wastewater treatment processes. These filters utilize two layers of media
with different properties to enhance the removal of particulates, turbidity, and other impurities from
water. The most common configuration includes a layer of anthracite coal and a layer of sand. The
anthracite layer, being less dense, lies on top of the sand layer.

The primary function of dual media filters is to increase the depth of filtration and improve the
quality of treated water. This design allows for better removal of suspended solids and
contaminants compared to single media filters. The dual layers effectively capture a wider range of
particle sizes, improving the overall efficiency and effectiveness of the filtration process.

Historical Development

The development of dual media filters can be traced back to advancements in water treatment
technologies in the early to mid-20th century. Early water filtration systems primarily used single
media, such as sand. However, as the demand for cleaner and safer water grew, limitations in
single media filtration systems became apparent, particularly in their ability to handle high levels of
turbidity and diverse particulate matter.

The introduction of dual media filtration was driven by the need to improve filtration efficiency and
water quality. By the 1950s and 1960s, the use of dual media filters became more widespread as
research and practical applications demonstrated their advantages over single media filters. The
combination of anthracite and sand became a standard due to the complementary properties of
these materials. Anthracite's larger particle size and irregular shape allow for better initial capture
of larger particles, while the finer sand layer provides a secondary filtration stage, trapping smaller
particles.

Importance in Wastewater Treatment

Dual media filters play a crucial role in modern wastewater treatment for several reasons:



Enhanced Filtration Efficiency: The dual-layer system effectively captures a wide range of particle
sizes, resulting in higher quality effluent. This is particularly important in wastewater treatment,
where the removal of suspended solids, organic matter, and other contaminants is critical.

Extended Filter Run Times: By distributing the filtration load across two media layers, dual media
filters can operate for longer periods between backwashing cycles. This reduces operational costs
and increases the overall efficiency of the treatment process.

Improved Turbidity Removal: The anthracite layer captures larger particles and reduces the turbidity
of the water before it reaches the finer sand layer. This two-stage process results in significantly
lower turbidity levels in the treated water, which is essential for meeting regulatory standards and
protecting downstream processes.

Versatility: Dual media filters are versatile and can be used in various stages of water and
wastewater treatment, including pre-treatment, primary filtration, and tertiary treatment. They are
suitable for municipal, industrial, and commercial applications.

Cost-Effectiveness: By improving filtration efficiency and reducing the frequency of maintenance
activities, dual media filters offer a cost-effective solution for water and wastewater treatment
facilities. The longevity of the filter media and the extended operational periods contribute to lower
overall treatment costs.

In summary, dual media filters represent a significant advancement in filtration technology, offering
improved performance, efficiency, and cost-effectiveness. Their importance in wastewater
treatmentis underscored by their ability to produce high-quality effluent, reduce operational costs,
and adapt to a wide range of applications.



Dual media filters are an essential component in water treatment systems, providing a higher
filtration rate and better removal of contaminants compared to single media filters. They typically
consist of two layers of different types of filtration media, each with specific characteristics that
enhance the overall filtration process. Here’s a detailed look at the components of dual media
filters:

Components of Dual Media Filters
Filtration Media

Support Layers

Gravel Support Beds

Underdrain Systems

Filtration Media

The filtration media in dual media filters usually consist of two types: anthracite and sand. In some
cases, athird layer, garnet, is added for enhanced performance.

Types of Media

Anthracite

Sand

Garnet

Characteristics of Each Media Type

Anthracite:

Description: A type of hard, dense coal with a high carbon content.
Characteristics:

Larger particle size compared to sand.

Low density.

Angular shape, providing good porosity and mechanical strength.



High capacity for removing organic contaminants and turbidity.
Placed on top in the filter bed to capture larger particles.

Sand:

Description: A granular material composed of finely divided rock and mineral particles.
Characteristics:

Medium density.

Smaller particle size compared to anthracite.

Effective for filtering out smaller suspended solids.

Typically forms the middle layer in a dual media filter.

Provides a polishing effect, enhancing overall filtration efficiency.

Garnet:

Description: A group of silicate minerals used as a high-density filtration medium.
Characteristics:

High density and hardness.

Very fine particle size.

Excellent for removing fine particulate matter.

Often used as the bottom layer in a multi-media filter setup, providing superior fine particle
filtration.

Support Layers

Support layers ensure the stability and proper functioning of the filtration media. They typically
include:

Gravel Support Beds:

Function: Support the filtration media, prevent the media from escaping into the underdrain
system, and distribute the water flow evenly across the filter bed.

Characteristics:

Various sizes of gravel are layered, with larger gravel at the bottom and progressively smaller sizes
toward the top.

The layers prevent clogging and ensure proper drainage.



Underdrain Systems

Underdrain systems are crucial for maintaining the performance and longevity of dual media filters.
They provide structural support, distribute backwash water, and collect filtered water.

Types and Functions

Perforated Pipe Systems:

Description: Pipes with perforations or slits.
Function: Allow for the even distribution and collection of water through the filter media.
Application: Simple design, often used in smaller or less complex systems.

Wedge Wire Screens:

Description: Screens made from V-shaped wire wrapped around support rods.
Function: Provide high strength, clog resistance, and efficient water flow.
Application: Common in industrial applications where durability and performance are critical.

False Floor Systems:

Description: Raised floor panels with evenly spaced nozzles or orifices.

Function: Ensure uniform distribution and collection of water, enhancing the effectiveness of
backwashing.

Application: Used in larger or more advanced filtration systems for optimal performance.
Functions of Underdrain Systems

Even Water Distribution: Ensure uniform flow across the filter bed during filtration and backwashing
cycles.

Support: Provide structural integrity to the filter bed, preventing media migration.

Backwashing: Facilitate effective backwashing to clean the filter media and maintain filter
performance.

Conclusion

Dual media filters utilize a combination of anthracite, sand, and sometimes garnet to improve water
filtration efficiency. These filters rely on well-designed support layers, gravel beds, and
sophisticated underdrain systems to ensure consistent performance, longevity, and ease of



maintenance. Each component plays a vital role in the overall operation, contributing to the
effective removal of contaminants and the provision of clean, safe water.



Filter Bed Design

A filter bed is typically used in water treatment processes to remove particulate matter from water.
The design of a filter bed must ensure effective removal of impurities while maintaining operational
efficiency.

Layer Thickness

The filter bed is usually composed of multiple layers of granular materials. Each layer has a specific
thickness, which is determined based on the desired filtration characteristics and the type of
contaminants to be removed.

Top Layer: This is usually composed of fine sand or anthracite. Thickness can range from 300 to 500
mm.

Intermediate Layers: These may consist of coarser sand or gravel. Thickness typically ranges from
150 to 300 mm.

Bottom Layer: Usually consists of the coarsest material, like gravel, which supports the finer layers
above and ensures proper drainage. Thickness ranges from 150 to 300 mm.

Grain Size Distribution

The size of the grains in each layer is crucial for the filter's performance. The effective size (D10) and
uniformity coefficient (UC) are commonly used parameters.

Effective Size (D10): The grain size at which 10% of the material by weight is finer. Typically, for sand
filters, D10 ranges from 0.35 to 0.55 mm.

Uniformity Coefficient (UC): The ratio of D60 (the grain size at which 60% of the material is finer) to
D10. AUC of less than 1.5 is ideal for uniform granular media.

Hydraulic Design

Hydraulic design ensures that water flows uniformly through the filter bed, preventing short-
circuiting and clogging.

Flow Rates

The flow rate through the filter affects the filtration efficiency and the time between backwashes.

Loading Rate: Typically ranges from 5 to 15 m*/m?/hr for rapid sand filters.



Backwash Rate: Should be high enough to fluidize the bed and wash away trapped particles,
typically 15 to 20 m*/m?*/hr.

Head Loss Calculations

Head loss is the loss of pressure as water flows through the filter media. It needs to be minimized to
ensure efficient operation.

Initial Head Loss: Calculated using Darcy’s law or the Hazen-Williams equation. Initial head loss
should be around 0.1 to 0.5 meters of water column.

Terminal Head Loss: When the filter needs cleaning, often around 2.5 to 3 meters of water column.

Filter Dimensions

The dimensions of the filter bed depend on the desired flow rate and the space available.

Height: Generally, the total bed height ranges from 1.5 to 2 meters.

Diameter: For circular filters or length and width for rectangular filters are designed based on the
required surface area.

Height and Diameter

The height and diameter (or length and width) must ensure sufficient surface area for the desired
flow rate while keeping the bed depth within operational limits.

Surface Area Considerations

The surface area of the filter is crucial to handle the volume of water to be treated.

Surface Area (A): Calculated based on the flow rate and the loading rate. A=Q /LR, where Q is the
flow rate and LR is the loading rate.

Number of Filters: Often multiple filters are used to ensure continuous operation during
backwashing cycles.

Additional Considerations

Support Gravel Layer: Ensures proper distribution of backwash water and supports the filter media.
Typically 200-300 mm thick with progressively smaller grain sizes.

Underdrain System: Located at the bottom of the filter to collect filtered water and distribute
backwash water. Designs include perforated pipes, lateral nozzles, or false bottoms.



Backwashing System: Critical for cleaning the filter media and restoring its capacity. Air scour and
water wash are common methods.

Conclusion

Designing afilter bed requires careful consideration of the media properties, hydraulic design, and
operational parameters to ensure efficient and effective filtration. Proper layer thickness, grain size
distribution, and dimensions tailored to the specific water treatment needs are essential for
optimal performance.



Operational Parameters of Filtration Systems

1. Filtration Cycle

The filtration cycle refers to the operational period during which a filter is actively removing
particulate matter from the water before it becomes clogged and requires cleaning. This cycle
includes several phases:

Start-up Phase: Initial phase where the filter is brought online.

Steady State Phase: Period where the filter operates under optimal conditions, maintaining
consistent filtration quality.

Terminal Phase: Final phase where the filter begins to clog and filtration efficiency decreases,
indicating the need for backwashing or cleaning.

2. Loading Rates

Loading rates, also known as filtration rates, are the rates at which water passes through the filter
media, typically measured in units of volume per area per time (e.g., gallons per minute per square
foot or liters per second per square meter). Optimal loading rates depend on the type of filter media
and the quality of the influent water. High loading rates can lead to rapid clogging and reduced
filtration efficiency.

3. Filtration Speeds

Filtration speed is the velocity at which water moves through the filter media. It is closely related to
loading rates and is crucial for ensuring effective particulate removal. The speed must be balanced
to maximize particulate capture while preventing excessive pressure drop and media bed
compaction.

4. Backwashing

Backwashing is the process of cleaning the filter media by reversing the flow of water through the
filter. This helps to remove trapped particulates and restore the filter's capacity and efficiency.

Frequency: How often backwashing is performed depends on the filter type, influent water quality,
and operational parameters. Common intervals range from a few hours to several days.

Duration: The duration of backwashing is typically between 5 to 20 minutes, depending on the filter
design and extent of clogging.



5. Backwash Water Requirements

The volume of water needed for backwashing is a critical parameter, often expressed as a
percentage of the daily filtered water volume. Efficient backwash systems minimize water usage
while effectively cleaning the filter media. Typical requirements range from 2% to 5% of the filtered
water volume.

6. Air Scouring

Air scouring involves injecting air into the filter bed during backwashing to enhance the cleaning
process. This method helps to dislodge particles more effectively than water alone.

Role and Benefits: Air scouring improves the efficiency of backwashing by breaking up compacted
filter media and increasing particulate removal. It reduces the amount of water needed for
backwashing and extends the lifespan of the filter media.

7. Flow Control

Flow control is crucial for maintaining optimal filtration performance and includes managing the
flow rates at the filter's inlet and outlet.

Inlet Control: Involves regulating the flow of influent water into the filter to maintain consistent
loading rates and prevent overloading.

Outlet Control: Manages the flow of filtered water out of the filter, ensuring stable filtration rates
and preventing negative pressure that can disrupt the filter bed.

Summary

Understanding and optimizing these operational parameters are essential for ensuring the efficient
and effective operation of filtration systems. Proper management of filtration cycles, loading rates,

filtration speeds, and backwashing procedures, along with the implementation of air scouring and

precise flow control, contribute to the longevity and performance of the filtration system.



Performance Evaluation

1. Removal Efficiency:

Definition: Removal efficiency refers to the effectiveness of a water treatment system in eliminating
contaminants from the water.

Calculation: It is often expressed as a percentage, calculated by comparing the concentration of
contaminants before and after treatment.

Removal Efficiency (%)

Removal Efficiency (%)

Ci - Cout
_— 100
( C; ) )

is the initial concentration and

C

out

is the final concentration of the contaminant.



2. Suspended Solids:

Importance: Suspended solids (SS) are particles that are not dissolved in water. High levels can
affect water quality and treatment efficiency.

Measurement: Typically measured in milligrams per liter (mg/L) using gravimetric methods or
turbidity meters.

3. Turbidity Reduction:

Importance: Turbidity measures water clarity, impacted by the presence of suspended solids. High
turbidity can harbor pathogens and reduce disinfection efficiency.

Measurement: Measured in nephelometric turbidity units (NTU) using a turbidimeter.

4. Pathogen Removal:

Importance: Effective pathogen removalis crucial for ensuring safe drinking water and preventing
waterborne diseases.

Measurement: Evaluated by testing for indicator organisms (e.g., E. coli, coliforms) using
microbiological methods.

Water Quality Parameters
1. pH:

Importance: pH affects the solubility and toxicity of contaminants, chemical dosing requirements,
and the effectiveness of disinfection.

Measurement: Measured using pH meters or test kits. The ideal pH range for most water treatment
processes is between 6.5 and 8.5.

2. Temperature:

Importance: Temperature influences chemical reaction rates, biological activity, and the solubility
of gases and minerals.

Measurement: Measured using thermometers or digital temperature sensors.



Monitoring and Optimization

1. Performance Indicators:

Key Indicators:

Influent and Effluent Quality: Regularly measuring concentrations of key contaminants before and
after treatment.

Flow Rate: Monitoring the volume of water treated over time to assess system capacity and
efficiency.

Operational Parameters: Keeping track of parameters like pH, temperature, and chemical dosing
rates.

Data Analysis: Analyzing trends and deviations to identify potential issues and areas for
improvement.

2. Regular Maintenance:

Preventive Maintenance: Scheduled inspections and servicing of equipment to prevent breakdowns
and maintain optimal performance.

Corrective Maintenance: Immediate repairs and adjustments in response to identified problems or
system failures.

Calibration: Regular calibration of sensors and instruments to ensure accurate measurements.
Summary

Performance evaluation in water treatment involves a systematic assessment of various
parameters to ensure the efficiency and safety of the treatment process. Key aspects include
measuring removal efficiency for contaminants like suspended solids and pathogens, monitoring
water quality parameters such as pH and temperature, and implementing regular maintenance
routines to optimize system performance. Through continuous monitoring and optimization, water
treatment facilities can ensure consistent production of high-quality water, safeguard public
health, and comply with regulatory standards.



Advantages and Disadvantages of Multi-Media Filters

Advantages over Single Media Filters

Enhanced Filtration Efficiency:

Layered Filtration: Multi-media filters use multiple layers of different media (e.g., anthracite, sand,
garnet) to filter out various sizes of particles, which increases overall filtration efficiency.

Depth Filtration: The layers capture contaminants at different depths, preventing clogging and
extending filter life.

Higher Dirt Holding Capacity:

Graduated Pore Sizes: The varying pore sizes of the media layers allow for higher dirt holding
capacity, leading to less frequent backwashing and longer filter run times.

Improved Water Quality:

Multiple Contaminant Removal: By utilizing different types of media, multi-media filters can target a
wider range of contaminants, improving the overall quality of the filtered water.

Better Turbidity Reduction: These filters are more effective in reducing turbidity compared to single
media filters.

Extended Filter Life:

Balanced Loading: The progressive layering helps distribute the load more evenly across the filter
media, reducing wear and tear and extending the lifespan of the filter.

Cost-Effective Operation:

Reduced Backwashing Frequency: The increased dirt holding capacity reduces the frequency of
backwashing, saving water and energy costs.



Lower Maintenance Costs: Extended filter life and less frequent backwashing translate to lower
maintenance and operational costs.

Potential Drawbacks and Limitations

Complexity and Cost:

Initial Investment: Multi-media filters often have a higher initial cost due to the need for multiple
types of filter media and more complex design.

Installation and Setup: The installation and setup process can be more complex and time-
consuming compared to single media filters.

Maintenance Requirements:

Media Replacement: Different media may have varying lifespans, requiring periodic replacement,
which can be more complex than maintaining a single media filter.

Backwashing Process: Although less frequent, the backwashing process can be more involved due
to the multiple layers of media.

Potential for Channeling:

Improper Layering: If not properly layered, there is a risk of channeling, where water creates paths
through the filter media, reducing filtration efficiency.

Uneven Media Distribution: Over time, media layers can become uneven, potentially leading to
decreased performance.

Space Requirements:

Larger Footprint: Multi-media filters typically require more space due to their larger design and the
need for multiple layers of media.

Specific Media Limitations:

Media Compatibility: The selected media must be compatible with each other and with the specific
contaminants being targeted, which can limit flexibility in some applications.

Selective Removal: Certain contaminants might require specific media types that are not included
in a standard multi-media filter setup.

In summary, while multi-media filters offer significant advantages in terms of filtration efficiency,
dirt holding capacity, and overall water quality improvement, they also come with certain



drawbacks, such as higher initial costs, more complex maintenance, and potential issues with
media compatibility and channeling. The choice between multi-media and single media filters
should be based on specific filtration needs, operational constraints, and budget considerations.



Troubleshooting and Maintenance of Filtration Systems

Common Operational Issues
1. Media Fouling:

Description: Media fouling occurs when the filtration media becomes clogged with suspended
solids, organic matter, and other contaminants.

Symptoms: Reduced flow rates, increased pressure drop across the filter, and poor effluent quality.

Causes: High levels of particulates in the influent water, improper backwashing, and biofilm
formation.

Solutions: Regular backwashing, chemical cleaning of the media, and pre-treatment of influent
water.

2. Air Binding:

Description: Air binding happens when air pockets get trapped within the filter media, obstructing
water flow.

Symptoms: Uneven flow distribution, noisy operation, and reduced filtration efficiency.
Causes: Improper venting, sudden pressure changes, and air leaks in the system.

Solutions: Ensure proper venting during startup, check for and repair air leaks, and maintain
consistent operating pressure.

3. Mudball Formation:

Description: Mudballs are agglomerations of fine particles that form within the filter media,
reducing its effectiveness.

Symptoms: Increased pressure drop, localized clogging, and poor backwashing performance.

Causes: Insufficient backwash velocity, high concentration of fine particles in the influent, and
improper media grading.

Solutions: Increase backwash frequency and intensity, improve influent water quality, and regrade
or replace filter media.

Maintenance Practices

1. Routine Inspections:



Frequency: Regular intervals, typically weekly or monthly.

Tasks: Check for leaks, inspect media condition, monitor flow rates, and record pressure
differentials.

Purpose: Early detection of potential issues and ensuring the system operates within optimal
parameters.

2. Media Replacement:

Frequency: Varies based on the type of media and operational conditions, typically every 3-5 years.
Tasks: Remove old media, clean the filter vessel, and install new media.
Purpose: Restore filtration efficiency and prolong the lifespan of the system.

3. Emergency Repairs:

Conditions: Performed when the system experiences unexpected failures or severe operational
issues.

Tasks: Identify and isolate the problem, perform necessary repairs, and test the system before
returning to service.

Purpose: Minimize downtime and prevent extensive damage to the system.

Detailed Maintenance Procedures

1. Backwashing:

Procedure: Reverse the flow of water through the filter to remove trapped contaminants.
Frequency: Based on pressure drop and turbidity levels, typically daily or weekly.

Steps:

Stop filtration process.

Reverse water flow through the filter.

Continue until the backwash water is clear.

2. Chemical Cleaning:

Procedure: Use chemicals to dissolve and remove fouling materials from the media.

Frequency: When backwashing is insufficient to restore filter performance.



Steps:

Drain the filter.

Apply cleaning chemicals.

Rinse thoroughly before returning to service.

3. Venting:

Procedure: Remove trapped air from the filter.

Frequency: During startup and as needed.

Steps:

Open vent valves to release air.

Close valves once water starts flowing without air bubbles.

4. Media Grading and Replacement:

Procedure: Ensure media is properly graded and replace when necessary.
Frequency: During major maintenance or as needed.

Steps:

Drain and remove existing media.

Inspect and clean the filter vessel.

Install new graded media.

5. Inspection of Mechanical Components:

Procedure: Regularly inspect mechanical parts like valves, pumps, and control systems.
Frequency: As part of routine inspections.

Steps:

Visualinspection.

Functional testing.

Lubrication and adjustments as necessary.

Emergency Repair Protocols
1. Identifying the Problem:



Use diagnostic tools and operational data to pinpoint the issue.

2. Isolating the Problem Area:

Shut down affected sections of the system to prevent further damage.

3. Performing Repairs:

Replace or repair faulty components, such as valves, pipes, or media.
Ensure proper sealing and alignment to prevent future issues.

4. Testing and Verification:

Conduct tests to confirm that repairs have restored normal operation.
Monitor the system closely after repairs to ensure stability.

By adhering to these troubleshooting and maintenance practices, the efficiency, reliability, and
longevity of filtration systems can be significantly enhanced. Regular monitoring and timely
interventions are key to preventing operational disruptions and maintaining water quality
standards.



Regulations and Standards: Overview

Regulations and standards are critical frameworks established by various organizations to ensure
environmental protection, public health, and safety. These guidelines set the permissible limits for
pollutants, quality standards for water and air, and other environmental and health metrics.

Relevant Standards

EPA (Environmental Protection Agency)

Overview: The EPA is a U.S. federal agency responsible for creating standards and laws promoting
the health of individuals and the environment.

Key Standards:

Clean Air Act (CAA): Establishes National Ambient Air Quality Standards (NAAQS) for harmful
pollutants.

Clean Water Act (CWA): Regulates discharges of pollutants into the waters of the United States and
quality standards for surface waters.

Safe Drinking Water Act (SDWA): Protects the quality of drinking water in the U.S., setting standards
for water quality and overseeing states, localities, and water suppliers.

Resource Conservation and Recovery Act (RCRA): Governs the disposal of solid and hazardous
waste.

WHO (World Health Organization)

Overview: WHO is a specialized agency of the United Nations responsible for international public
health.

Key Standards:

Air Quality Guidelines (AQG): Provides global guidance on thresholds and limits for key air
pollutants that pose health risks.

Guidelines for Drinking-water Quality (GDWQ): Sets international reference values for safe drinking
water to protect public health.

Local Regulations



Overview: Local regulations refer to environmental and health standards set by local governments
or authorities. These can vary significantly based on the region and specific environmental
conditions.

Examples:

State-Level Standards: In the U.S., individual states can set their own environmental standards
which can be more stringent than federal guidelines.

Municipal Ordinances: Cities or towns may have specific regulations to address local
environmental issues, such as waste management, air quality, or water conservation.

Compliance Requirements

Compliance involves adhering to the regulations and standards set forth by these organizations.
Ensuring compliance typically includes the following steps:

Understanding Regulations:

Identification: Identifying relevant regulations and standards applicable to a specific operation or
activity.

Interpretation: Understanding the specific requirements and limits set by these regulations.

Implementation:

Operational Changes: Making necessary changes in processes, equipment, or practices to meet
regulatory standards.

Monitoring and Testing: Regularly monitoring and testing environmental parameters (e.g., air and
water quality) to ensure compliance.

Record Keeping: Maintaining detailed records of compliance efforts, monitoring results, and any
incidents or deviations.

Reporting:

Documentation: Preparing and submitting reports to regulatory agencies as required, which often
include data on emissions, discharges, and other relevant metrics.

Incident Reporting: Promptly reporting any non-compliance incidents or spills/releases as required
by law.

Auditing and Review:



Internal Audits: Conducting regular internal audits to assess compliance status and identify
potential areas for improvement.

External Audits: Allowing for inspections and audits by regulatory bodies to verify compliance.

Corrective Actions:

Addressing Non-compliance: Implementing corrective actions when non-compliance is identified,
which may include fines, penalties, or operational changes.

Continuous Improvement: Regularly updating practices and technologies to enhance compliance
and reduce environmental impact.

Conclusion

Regulations and standards set by agencies like the EPA, WHO, and local authorities play a crucial
role in protecting the environment and public health. Compliance requires a thorough
understanding of these standards, diligent monitoring, accurate reporting, and proactive
management of environmental practices. By adhering to these guidelines, organizations can
contribute to sustainable development and ensure the well-being of communities.



