Attachment A.

Design parameters for and the function of conventional onsite wastewater treatment systems 

Several factors come into play to produce an effective conventional OWTS design – soil type, permeability, porosity and density, depth to water table, setback distances to wells and property lines, wastewater characteristics and hydraulic flow.  Throughout the US, system designers collect this data and apply prescribed regulatory code parameters to create a sustainable system design.  Regulatory codes vary by jurisdiction, but certain trends do exist.  
The two figures below show the typical treatment train and components of a conventional OWTS.  The septic tank is sized according to projected hydraulic flow from the structure.  In the case of residential systems, septic tanks are usually sized to achieve a 2-day hydraulic retention time to promote solids retention.  Design flow in gallons per day expected from a home is typically a function of the number of bedrooms in the structure (with a 2 person per bedroom factor applied) multiplied by gallons per capita per day (ranges from 50 to 75 gallons per person).  As a result, normal septic tank size for a three bedroom home varies somewhat with jurisdictions, but is usually 1,000 gallons in capacity.  Physical settling of solids, anaerobic decomposition of organics and reductions in BOD and TSS occur in the septic tank (also referred to as primary treatment).  Having undergone these treatment processes, “clarified” wastewater then flows to a distribution device (usually a D-Box) where flow is divided into separate trenches in the soil treatment area (STA; also referred to as drainfield or leachfield).  
Flow through the system is typically achieved by gravity.  Conventional OWTS operate on a “social clock”, meaning that whatever wastewater that is generated in the home gets delivered directly to the STA.  Under this social dosing there is not peak storage capacity of wastewater within the septic tank.  The STA would need to be designed to handle whatever peak flows are expected to result in that system, and as a result conventional STAs need to be sized to provide wastewater storage volume.  
Soil treatment areas can vary considerably in their physical layout and structure.  Regardless of their configuration, the main purpose of a STA is to disperse the wastewater as evenly as possible, provide infiltrative surface area for effluent to enter the native soil adjacent to the STA and provide treatment of effluent.  The size of a STA required is determined by a combination of factors – the number of gallons of wastewater produced in the home (design flow), the quality of wastewater being dispersed and the soils ability to accept and handle the flow (a function of soil texture, structure, density and porosity which ultimately determines the design wastewater loading rate to the soil, in gallons per square foot per day).  Expected use, and soil and site factors collected at the design preparation stage all combine to produce the system design.        
Primary treatment in the septic tank still leaves the “clarified” wastewater with considerable organic material in suspension.  As effluent infiltrates the native soil adjacent to the STA, this organic material is captured in soil pore spaces and on particle surfaces and accumulates as a biomat (also referred to as clogging mat).  The biomat has unique microbial, physical and hydraulic properties, and once mature, functions similar to a membrane-like filter.  A steady-state condition is thought to develop where organic inputs somewhat approximate exports due to oxidation, assimilation and synthesis.  Under this scenario wastewater is able to infiltrate soil adjacent to the STA and percolate vertically, eventually reaching local groundwater tables.  Treatment of wastewater would occur in the native soil between the STA base and the groundwater (this minimum separation distance varies between 12 and 48 inches depending upon regulatory jurisdiction codes).

System hydraulic failure (usually defined in regulations as wastewater surfacing at ground level) occurs when wastewater can no longer infiltrate soil pores and rises to the ground surface and/or backs up through the septic tank and into the home.  Failure can occur because of several factors – the soil pore space clogging, excessive hydraulic flow, initial design factors were incorrect to begin with or factors changed over time, the system was abused and/or maintenance was neglected.  One factor can be sufficient to cause failure or several potential factors can combine and overwhelm the system’s ability to handle hydraulic flow.  

[image: image1.png]Septic tank Distribution

Little to no slope

Source




Treatment train schematic for a conventional OWTS.
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Cross-sectional view of the components of a conventional OWTS.

Possible design modifications to enhance conventional OWTS treatment and longevity
· Modify septic tank configuration to increase flow path and enhance particle settling
· Utilize flow equalization tanks to store peak flows and incorporate time dosing to STA
· Incorporate aeration of STA to promote aerobic conditions at STA base, oxidize biomat, maintain infiltrative properties and promote treatment 
· Alternate aeration of STA with effluent wetting fronts to promote conditions for nitrification and denitrification of wastewater 
· Utilize pressure distribution to disperse effluent in more biochemically reactive near surface soil horizons (A and upper B horizons) to promote synthesis, plant uptake, recycling and/or deduction of wastewater nutrients
· Incorporate beneath STAs Ca, Fe, Al and other materials with a high affinity to attenuate P and act as a barrier to phosphorus migration 
· Utilize carbon rich materials beneath STAs to serve as anaerobic zones where denitrification of wastewater may occur
Design parameters for and function of an advanced OWT technologies

The same factors that influence a conventional system design – soil type, permeability, porosity and density, depth to water table, setback distances to wells and property lines, wastewater characteristics and hydraulic flow – also need to be taken into consideration when designing an advanced wastewater treatment technology.  Because advanced OWT technologies treat wastewater to high levels, one of the most important characteristics of wastewater - its strength, is considerably less after treatment in advanced technologies.  BOD and TSS, the two factors used to determine wastewater strength, are typically reduced by 80 – 95 percent by advanced treatment technologies.  In addition, many technologies utilize timed-dosing to store and move wastewater in the technology treatment train.  As a result, technologies often receive a STA reduction from regulatory agencies that usually ranges between 30 and 50 percent of a conventionally-sized STA.  This of course is a benefit on size restricted lots, where space is at a premium and setback distances need to be met.  
Treatment processes vary widely in advanced treatment technologies, and it would be beyond the scope of this document to attempt to describe them all.  However, to illustrate the fundamental differences between conventional and advanced OWTS we’ve chosen to select and describe a generic technology.  The longstanding industry standard for wastewater treatment is held by the single pass sand filter, a non-proprietary technology which has been used for well over a hundred years with consistent performance and success.   Please refer to the figure below when reading about the single pass sand filter treatment train.

Design parameters exist for single pass sand filters in several state regulatory codes.  Sand media specifications vary by jurisdiction but range from 0.3 – 0.65 mm for effective size (D10) and a uniformity coefficient (D60 / D10) of less than 3.5.  Design hydraulic loading rates to the filters vary also from 0.8 to 2 gallon per square foot per day, with higher values associated with larger effective size and more uniform sand media.  Other design and siting criteria would follow local codes, but in most cases final dispersal of sand filter effluent would be to a pressurized STA that would be sized 40 to 50 percent less than that required for a conventional OWTS. 
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In the treatment train depicted above, wastewater flows from the home via a building sewer pipe into a two compartment 1,500 gallon septic tank.  Wastewater moves out of this tank only by means of a pump.  In the second compartment of the tank, a pump enclosed in a screened pump vault and controlled by a programmable timer doses wastewater to the sand filter surface.  The programmable timer allows peak flows coming from the home to be stored in the head space of the septic tank.  The timer engages the dosing pump 24 – 48 times over a 24-hour period and delivers wastewater evenly over he entire sand filter surface in small incremental doses.  
Wastewater dosed to the sand filter surface percolates down through the sand media and collects in a sump area at the base of the filter. This treated effluent is dosed using low pressure to the STA in a pressurized shallow narrow drainfield.  Final dispersal and treatment occurs as effluent infiltrates the soil under the STA and percolates downward to the local groundwater table.  
This single pass sand filter design differs markedly from a typical gravity fed OWTS.  Use of a programmable timer enables storage of peak flows from the home, facilitates small incremental doses of wastewater to be processed aerobically within the sand media pore space and enables treated effluent to be spread evenly over a 24-hour clock (as opposed to a social clock basis with conventional OWTS).  These factors have a profound influence on treatment potential – with BOD and TSS levels reduced by 90 – 98 percent and fecal coliform reduced by 3 – 4.5 orders of magnitude in the sand filter component alone.  Shallow narrow drainfields would reduce residual TN by 30 – 50 percent and TP by 40 – 100 percent.  These values are well above those realized by conventional OWTS.
Possible design modifications to enhance advanced OWTS treatment and longevity
Advanced OWTS vary in treatment processes, configuration, wastewater distribution and treatment performance.  Some consistently achieve a similar level of wastewater treatment as the single pass sand filter system described above, whereas others fall short.  Possible modifications to enhance performance are:

· Enhance primary treatment step (improve solids retention / processing)

· Incorporating timed-dosing to treatment train
· Using flow equalization to store peak flows

· Utilize 24-hour clock to optimize treatment potential
· Experiment with media changes to enhance fluid movement and exchange

· Evaluate alternative designs to enhance nitrification

· Recirculation rates / ratios to promote and enhance denitrification 

· Experiment with carbon sources for denitrification 

· Experiment with techniques to limit cold weather heat loss in system

· Modify treatment trains to incorporate pressure dispersal of final effluent 
· Enhance the use of web based telemetry to help manage treatment performance and system function
