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Wastewater Treatment
•Food
•Air 
•Time

Balance these 3 in the 
correct proportions and 
in the correct forms



Expected System Performance
• B. Treatment Potentials and Levels Normally Attained

The quality of sewage treatment in on-site systems varies only slightly according to the type 
of system installed. In almost all cases, the final and highest degree of treatment occurs in 
the soil or soil substitute under unsaturated flow conditions over a vertical distance of 2 to 3 
feet. Under these conditions, treatment levels are often better than those achieved in all 
but the most advanced municipal systems. Typically, the following levels of treatment can 
be expected from a properly functioning onsite system: biochemical oxygen demand (BODs) 
-10 mg/l; total suspended solids (TSS) -10 mg/l; and fecal coliforms -less than 200 per 100 
ml. These treatment levels are jeopardized when the when the flows in the drain field are 
saturated, the unsaturated flow is for less than 2-3 feet, the strength of the sewage is too 
high, toxic chemicals are being put into the system, or the system is too deep in the ground 
for air to reach the soil beneath the infiltrative surface. Proper siting, design, installation, 
operation and maintenance will promote optimal treatment levels *

*Washington Department of Health Basic Principles of Onsite Sewage Handbook 11/1992



Why I/A Treatment

• Situations where conventional systems are 
insufficient

• Proximity to water bodies/sources
• Poorly draining soils
• Small lots unable to accommodate a full-sized drain 

field

• Regulations
• Sites requiring secondary treatment 30/30 BOD/TSS
• Nitrogen reduction 

• TN typically 19 mg/l; many jurisdictions going lower
• Ammonia 1-5 mg/l depending on weather conditions



Two General Types of Treatment: 
Suspended and Attached Growth

Attached growth submerged 
or non-submergedSuspended growth



Oxygen Availability in Air
≈ 275 mg/L oxygen in free air, which directly interfaces with the biomass 
... in contrast to 9 mg/L DO holding capacity of water for oxygen transfer



Packed Bed Filtration Technology Process
• Component of an Advanced Wastewater 

Treatment System Providing Secondary or 
Tertiary Treatment

• Follows Primary Treatment
• Non-Submerged Attached Growth 
• Utilizes Atmospheric Oxygen 
• PBF Consists of the Following Components

• Container w/Liner for Holding Media
• Distribution System for Dosing and 

Distributing the Liquid to be Treated
• Underdrain for Removing Treated Fluid
• Supporting Appurtenances   



Packed-Bed Filter Process History
• Single and multiple pass

• Dates to late 1800s

• Developed for small scale flows as 
supplementary septic system components

• Media types
• Sand/Gravel
• Peat/Coir
• Foam
• Textile 



Packed Bed Filter History
• First Used in England in the 1860s and 

Massachusetts in the 1870s
• Usage Waned Until the 1940s In Florida
• Modern-Day PBFs Gained Traction in 

the1980s
• Removal Rates of ~ 90% Organics and ~50% 

Nutrients



Single Pass Packed Bed Filter 
Process Schematic



Recirculating Packed Bed Filter 
Process Schematic



Primary Treatment
Septic tanks

Sized for Two Days Design Flow in a Packed Bed Filter

>50% BOD5

Up to 70% TSS

Fats/oils/grease (FOG) sequestering

Mandatory



Simple Yet Complex
Properly sized and configured tanks ensure optimum performance..



Primary Treatment
Screened Residential 

Effluent*



Tank Configuration and 
Pump-Out Intervals

• The pumping interval for properly sized and managed 
watertight tanks is about 12-20 years.*

• According to the US EPA “household septic tanks are
     typically pumped every 3-5 years”.

*Data gathered during an audit of 450 tanks in Glide, 
Oregon, in 1986



Pumping to the Filter
Recirculation/Intermittent Pump Tank

Recirc tanks typically one day HRT

Recirc ratios ~4:1

Recirc flow splitting

Time dosed system

High head pumps preferable/required



Pumps
 Turbine well style pumps most prevalent
 Larger systems typically require more robust duty points to ensure even 

distribution over the filter
 Indexing zone valves also common
 Many pressure distribution programs available to calculate system curves



Filtered Pump Vault



Flow Splitting



Flow Splitting



Control Panel

• Must incorporate time dosing
• Counters and timers preferable
• Many can accommodate multiple 

functions to facilitate flow 
splitting utilizing float and timer 
settings

• In larger commercial applications 
can be used to control venting 
equipmemt



Attributes of Packed Bed Filters
• Quick start-up
• Efficient performance with highly variable wastewater 

strengths and flows, including
occasional hydraulic and biologic overloads 

• No release of untreated sewage if a malfunction occurs 
• Consistent trouble-free operation; low maintenance (e.g. 

annual service call recommended;
on-site routine service time 1 hour ±) 

• Ease of maintenance (components should be easily 
accessible and serviceable) 

• Low energy consumption 
• Adequate storage during power outages (normally 24 

hours or more at typical flows) 
• Recoverable and expandable 
• Reliability in providing the level of treated water required 

to final dispersal treatment
processes 



Pros & Cons of Packed Bed Filters
• RPBF Pros

• Utilizes passive 
ventilation

• Consistent high-quality 
treatment

• Full access to 
components for service

• Process Control
• Low power costs
• Able to handle seasonal 

or increasing flows
• Excels in lower flow 

application
• Comparatively easy 

expansion
• BOD5 and nitrogen 

reduction

• RPFB Cons
• Tend to have larger 

footprints
• Most can’t be placed in 

traffic rated areas.
•  Higher initial cost
• Installation/assembly 

tends to be more 
complicated

• Can be difficult to 
blend in aesthetically

• Insect infestation



Intermittent Sand Filters
• Single Pass Using Sand as the Media
• Passively Vented Utilizing Atmospheric Oxygen
• Typical Loading Rate ~ 1GPD/SF Resulting in 

Significant Land Requirement
• BOD/TSS Typically 30/30, Nitrate ~30 mg/l
• Sand Gradation Critical to Performance
• Consistent Performance Difficult to Achieve 

Due to Construction Variability
• 12-72 Doses Over the Media Per Day. 24 Doses 

Is Typical





•  



DESIGN EXAMPLE

Hydraulic Loading Rate
• 440 GPD 
• 150 mg/l BOD Primary Treated 

Effluent
• 440GPD/1 GPD/SF=440 SF RSF

Organic Loading Rate
• STE must be residential strength to 

allow for the 1 GPD loading rate
• For systems with greater than 

residential strength waste aerobic 
pre-treatment can be utilized 



Recirculating Sand Filters
• Multiple Passes Over the Media achieving 10/10 

BOD/TSS ~30 mg/l nitrate
• Passively Vented Using Atmospheric Oxygen
• More Aggressive Loading Rates ~5 GPD/SF
• Design Based on the More Stringent of 

Hydraulic vs Organic Requirements
• Better Utilization of Land Making It a More 

Effective Choice for Commercial/Municipal 
Applications

• Needs Additional Components to achieve 
aggressive permit limits

• 72-100 Doses Per Day to Achieve 5:1 Recirc 
Ratios







DESIGN EXAMPLE

Hydraulic Loading Rate
• 440 GPD 
• 150 mg/l BOD Primary Treated 

Effluent
• 440GPD/4GPD/SF=110 SF RSF

Organic Loading Rate
• 440 GPD
• 150 mg/l BOD Primary Treated 

Effluent
• (150X440X8.34)/1MM=.6lb BOD
• .6lb BOD/.005 lbs BOD/SF=120 SF

Use the greater of the HLR vs OLR
RSF=120 SF 
Effective HLR=3.7GPD/SF



Massachusetts Senior 
Housing

• 28 Unit subsidized housing ~3,500 GPD
• Recirculating Sand Filter OWTS permitted and built in 

2005
• Originally permitted as a Provisional Use System with 

limits set at 30/30/25 BOD/TSS/TN
• Problems reported in spring of 2025
• Recirculation pumps constantly in high level
• One side of the sand filter had ponding































November 17, 2025 
Upgrades

• Replace all risers with watertight PVC material
• Replace recirc and discharge pumps
• Remove the indexing valve regulating flow to either side 

of the sand filter with alternating dedicated lines from 
the recirc basin

• Install new flow splitting valve in between recirc and 
discharge tanks

• Install new telemetry control panel mounted adjacent 
to system in line of sight





Single Pass/Recirculating 
Media Filters Utilizing 

Engineered Media
• Consistent Performance Utilizing Manufactured Media
• Single or Multiple Passes Over the Media
• Passively Vented Using Atmospheric Oxygen
• More Aggressive Loading Rates ~25 GPD/SF ADF
• Best Utilization of Land Making It the Most Effective 

Choice for Commercial/Municipal Applications
• 72-100 Doses Per Day to Achieve 4:1 Recirc Ratios
• Media configurations include hanging textile sheets, 

foam bead pillows, foam cubes, peat or coir fibers















Cape Cod Restaurant

• Year-round restaurant on Cape Cod open evenings 
w/permitted flow of 6,880 GPD

• Recirculating Textile Filter OWTS permitted and built in 
2005

• Originally permitted as a Provisional Use System with 
limits set at 30/30/25 BOD/TSS/TN

• Problems reported in early 2023
• Excess solids build-up on textile caused support 

framework to collapse
• System was pumped, sheets removed, framework 

repaired





























Packed Bed Filtration Takeaways
• Time-tested technology for organics and nutrient 

removal in OWTS
• Robust, dependable performance based on 

proper design, installation and maintenance
• Evolution of media utilized has enabled packed 

bed filtration in virtually all applications
• Process control allows for adjustments based on 

changes in system requirements
• Underperforming systems can be resuscitated



Questions?
WWETT Conference 2026

Jim Healy
Eastern Regional Sales Manager-Orenco Water

jhealy@orenco.com
(339) 222-6025

mailto:jhealy@orenco.com
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