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PEAT FILTERS AS AN ALTERNATIVE ON-SITE RESIDENTIAL SYSTEM:


A DESIGN, OPERATION, AND PERFORMANCE  OVERVIEW
Overview
Disposal of septic tank effluent (STE) in mineral soil absorption systems can become difficult under certain hydrogeological conditions, such as low permeability soils and high water table.  The inability to use conventional drainfields in some hydrogeologically restrictive areas, as well as the frequent operational failures of conventional on-site systems has prompted the examination of alternative treatment media, such as peat for utilization in on-site systems.   Research has shown that a peat filter bed can be successfully operated with a subsurface or surface discharge under appropriate conditions.

Peat is a complex natural material containing lignin and cellulose as major constituents.  It is an effective medium for removing impurities such as organic matter, suspended solids, oils, nutrients, heavy metals, and other inorganics by virtue of its porous and polar characteristics.  For transition metals and polar organic compounds, adsorptive capacity is quite high.  Suspended solids larger than the interstitial channels inside the peat fibrous matrix are removed efficiently by filtration through various physical interactions.  In addition, development of micro-organisms within the peat pore structure provides for significant mineralization of the biodegradable fraction of suspended solids and soluble organics, as well as transformation and/or partial removal of nutrients.

In a subsurface discharge mode, peat filter systems are similar in design and operational aspects to conventional soil absorption beds.  Wastewater is initially pre-treated in a compartmentalized septic tank.  The effluent then flows by gravity or is alternatively pumped to the peat filter, where it is distributed through a network of small diameter perforated pipes over the basal area of the filter.  Beds are constructed typically in-ground by excavation of native soil material, followed by the placement and compaction of peat to ground surface.  However, in areas where this construction is restricted by slowly permeable soils, high groundwater table, or close proximity to bedrock, peat filters can be constructed using imported fill and an above-ground mound-type design.  Renovation of the STE occurs as the liquid percolates vertically downward through these layers to the base of the system or the groundwater table.  At the bottom of the filter, pea rock or coarse gravel overlain by medium or fine sand helps retain the peat, while the sand also creates a suction effect at the sand-peat interface to facilitate effluent flow through the bed.  The peat surface may or may not be seeded to provide a top grass cover for additional nutrient uptake.  A peat filter can also be utilized to effectively treat STE before it discharges into a highly permeable soil or into porous bedrock using a lined underdrain system in series with a reduced in-size conventionally designed leaching field.  As a surface discharge system, the peat filter construction parallels a conventional intermittent or recirculating sand filter and compares favorably in treatment efficiency.

Peat filters are generally still considered in the developmental stage and primarily used in the experimental or demonstration phase.  A Wisconsin Department of  Industry, Labor and Human Relations report (Ayres and Associates, 1991) indicates that for overall considerations, the subsurface discharge peat filter system ranks number one as an alternative on-site treatment system, considering nitrogen removal, effluent quality, performance consistency, process reliability, construction cost, operation and maintenance, system implementation, and owner acceptance.  The State of Maine has promulgated specific regulations for peat filters based on extensive field studies of residential systems.  Over 200 systems are currently in operation in Maine at this time.

Pretreatment
For residential applications, pretreatment should consist of a certified flow-through compartmentalized septic tank equipped with appropriate baffling or filtration to prevent large suspended solids from potentially clogging the peat filter.  Septic tanks must be adequately sized hydraulically to provide needed detention time for solids separation.  Routine pumping of the septic tank contents is also recommended as preventive maintenance against peat clogging.  However, given the peat filter's open vault design, clogging may be overcome by turning the peat layer or simply replacing it.  Septic tank pretreatment criteria should follow guidelines as stringent as feasibly possible to ensure longevity of peat filter service.

Peat Filter Disposal Field Design and Installation
A sphagnum peat should be used as the filter media in lieu of a reed-sedge peat, having a demonstrated resistance against clogging and microbial decomposition and consistently high reductions in BOD5, COD, TSS, TKN, and fecal coliforms in both laboratory and field studies.  Regulations promulgated by the State of Maine specify that the bulk-loaded sphagnum be air dried, milled, and unscreened with a pH between 3.5 to 4.5, a von Post decomposition index of H4, a moisture content of 50 to 60 percent, an organic content of 95 percent or greater, and an ash content of 5 percent or less.  Peat, by itself, cannot remove substantial amounts of phosphorus.  Boosting agents, such as red muds from the aluminum industry and lime, may also be added to commercial peat to improve phosphorus removal as removal efficiency is correlated with the iron, aluminum, calcium and ash content of the peat.  A mineral constituent analysis should be performed on the peat source if phosphorus removal is a design objective.

For typical residential applications, a disposal field width between 5 and 20 feet is recommended with 4 inch diameter gravity dosed perforated distribution pipes at 2.5 feet on center.  Maximum length for the field is 50 feet with end manifold and 100 feet with central manifold.  Distribution pipe dosing is variable up to a recommended maximum of 0.5 gallons per lineal foot of pipe.  The State of Maine does not permit a low pressure distribution STE delivery system in peat disposal fields.  No justification for exclusion of this technology is given.

Recommended filter installation practice consists of lightly compacting the peat in thin lifts over a support base of coarse granular material to a given in-place bulk density.  As per the State of Maine criteria, a design of lift of 8 to 12 inches or 12 to 16 inches is specified for a peat moisture content of 50 percent and 60 percent, respectively, on a dry weight basis.  Manual compaction should achieve an in-place bulk density between 6.2 lbs/ft3 and 9.4 lb/ft3 on a dry weight basis.  The final lift extends to the surface and is crowned at a slope of 3 percent.  Seeding with lawn grasses is optional.  A minimum of 24 inches of peat below the bottom of the distribution pipe allows for sufficient depth for STE renovation and provides a factor of safety of two based on laboratory and field studies in Maine.  An additional 8 inches or more of peat are compacted above the influent lines to prevent odor migration, provide a vegetative medium, insulate the filter, and isolate the system.  The State of Maine regulations recommend a minimum 6 inches of 3/8 inch clean crushed rock or clean coarse sand as the supportive base layer.  In addition, distribution pipes must be installed over the center line of a 10 inch wide and 4 inch deep layer of 3/8 inch washed crushed rock and encased on either side with additional crushed rock to a 3 inch width.  Use of geosynthetics, such as geonets and geotextiles, could be considered as optional construction materials for the support base and encasement layer.  These innovative substitutes for natural materials are gaining in popularity in soil absorption systems.  A geotextile placed under distribution laterals can prevent STE channeling and provide more even downward migration.

Process Variations
Peat beds may be installed as strictly subsurface disposal systems without provisions for a natural or synthetic liner below the support base.  However, with the installation of a liner and perforated collection pipes within the granular supportive layer, peat filters can be designed to provide intermediate treatment with the effluent being conveyed to a separate soil absorption field for the final treatment and disposal.  An 18 to 20 mil polyethylene sheeting or equivalent liner can provide sufficient thickness as a hydraulic barrier layer.  Sizing the soil absorption field depends upon a minimum hydraulic loading rate based on soil profile and/or percolation rates as per conventional design, with some reduction credit given for treatment provided by the peat filter.  The State of Maine allows a sizing credit at 90 percent of the minimum hydraulic loading rate.  A size reduction in the soil absorption disposal field of 30 to 40 percent has been assumed as a design criteria for intermediate treatment systems that can achieve secondary quality effluent (Ayres and Associates, 1991).  With this series operation, a potential also exists to reduce the overall peat field dimensions and optimize the total system size and concomitant cost.

Use of low pressure or siphon distribution appears to be a viable option for STE loading to the peat filter.  Design criteria relating this process specific application of alternative distribution systems needs to be addressed as conventional practice may or may not be suited for peat filters.  Sprinkler technology has also been demonstrated as a means to surface apply STE to a peat filter bed.  Here uptake of nutrients by vegetative cover becomes significant.  For example Nichols and Boelter (1984) observed that rough stalked bluegrass planted on a peat-sand filter bed accounted for 45 percent of phosphorus removal and virtually all nitrogen removal from a sprinkler applied wastewater during an established fifth year of operation.  As for alternative effluent disposal, spray or drip irrigation and direct surface discharge may be employed with an underdrained peat filter system with certain constraints placed on effluent quality similar to any overboard discharge system.

Enhanced nitrogen removal via microbial denitrification within an underdrained peat filter can be promoted simply by elevating the outlet invert of the effluent collection piping above the liner to create saturated conditions and anaerobiosis in the bottom granular support layer.  Nitrate nitrogen produced in the aerobic unsaturated region of the peat filter is easily converted to nitrogen gas with the STE providing a readily degradable carbon source.

Performance
Nitrogen Species - The contaminant parameter of greatest concern from a groundwater perspective is nitrate nitrogen resulting from the bioxidation of organic nitrogen and ammonia nitrogen constituents in STE.  An average value of 40 to 45 mg/L as nitrogen is typical of residential STE.  Peat filter systems generally provide good treatment for the nitrogen species with reductions in influent nitrogen concentrations ranging from 20 to over 90 percent.  Typical average mass removal efficiency can be assumed to be 50 to 60 percent.  Depending upon the influent strength, nitrogen concentration in the effluent can achieve a 10 mg/L as nitrogen drinking water standard.  To achieve high reductions, both nitrification and denitrification must be operative within the peat filter system.  Nitrogen effluent primarily in the form of organic and ammonia nitrogen denotes incomplete nitrification and suggests anaerobiosis at the upper face of the peat filter.  Conversion to nitrate nitrogen occurs readily under aerobic conditions and low organic loading rates to the filter.  Nitrification rates are temperature sensitive below 10 C; however, the performance behavior of peat filters does not usually support this dependency.  Thermal generation by microbial activity coupled with insulating properties of peat may circumvent any low STE influent temperature conditions.  Research also indicates that peat filters operated hydraulically under partly saturated conditions can achieve enhanced nitrate nitrogen removal via denitrification (Winkler and Veneman, 1991).  In addition, the acidic environment within an aerobic peat filter offers a favorable niche for the growth of several species of fungi that can assimilate organic, ammonia, and nitrate nitrogen directly.  For residential applications, nitrogen loading rate to the peat filter does not appear to be a limiting design criteria.

Biochemical and Chemical Oxygen Demand - Treatment performance of peat systems with respect to five-day biochemical oxygen demand (BOD5), reported as percent of STE influent concentrations, is consistently good with average effluent values less than 10 to 15 mg/L.  This translates to removals of 90 to 95 percent for a medium strength STE influent of 150 to 200 mg/L BOD5.  Reduction of chemical oxygen demand (COD) is typically lower and ranges between 60 and 80 percent; however, higher removal is possible.  Newly installed systems contribute a yellow-brown color to the effluent, imparted by fulvic acids being leached from the peat.  This leachate adds to the effluent COD and lowers apparent treatment efficiency.  Improved COD and color reductions have been noted with time indicating a lower rate of leaching of constituents from the peat (Viraraghavan and Rana, 1991).

Total Suspended Solids - Peat exhibits good filtration capacity as a result of its pore structure.  Total suspended solids (TSS) removal typically exceed 80 to 90 percent with effluent concentrations below 20 mg/L as a general performance measure.  A highly clarified effluent is possible with turbidity levels below 10 Nephelometric Turbidity Units (NTU).

Total Phosphorus - An average value of 5 to 10 mg/L total phosphorus is typical of residential STE, although higher concentrations have been observed.  Peat, by itself, cannot remove substantial amounts of phosphorus, especially those peats low in ash, Al and Fe.  Microbial assimilation reactions alone within the peat may be responsible for upwards to 10 percent removal of the total phosphorus.  Additional reduction occurs as phosphate forms hydrous groups coordinated with Fe, Ca, and Al to produce colloidal precipitates.  These chemical flocs are retained by the peat as suspended solids, during the downward migration of the STE through the peat layers.  Peats with adequate levels of Fe, Ca, and Al as natural mineral constituents exhibit good removals ranging from 30 to 60 percent or more.  With peat amendments of metal salts or lime, effluent concentrations below 1 mg/L total phosphorus can be achieved.  This performance boosting effect seems to decrease with time and depends upon the hydraulic loading rate of the peat filter.  Re-application of the amendment after this period of time can restore treatment efficiency.

Enteric Bacteria - Total and fecal coliform counts for STE are substantial and on the order of 105 to 107 and 104 to 106, respectively, per 100 ml.  Extensive field data for residential systems, as well as laboratory column studies, have demonstrated that peat filters do provide a high level of treatment for various bacteriological parameters.  This antiseptic quality has been attributed to the phenolic properties of peat and the acidic conditions within the filter  bacterial removal by adsorption.  In addition, several species of fungi that occur in peat are bacteriocidal towards bacteria.  Removals in excess of 99.9 percent are possible, yielding an effluent that may rival water quality standards for contact activities and source water criteria for raw water supplies.  For surface discharge, a disinfection requirement may be necessary; however, chlorination should be avoided.   Research has demonstrated that chlorinated hydrocarbons form during chlorination of aqueous extracts of peat.  Ultraviolet light disinfection may be an option to consider for systems requiring a surface discharge.  Commercial units are available for residential use.  

pH - Peat generally has a pH around 4, resulting from the presence of humic acids.  In contrast, STE lies between pH 6 and 8 depending upon the carriage water characteristics.  Treatment through an acidic peat filter consumes alkalinity and, thus, lowers the effluent pH.  Nitrification also contributes to pH reduction.  As a result, an effluent pH range between 4 and 6 may be expected for most peat filter systems.  Sufficient buffering capacity must exist within the immediate discharge zone to minimize the impact of this acidic water.

Design Parameters
Several variables collectively determine the treatment capacity of a peat filter and establish its removal efficiencies for organics, suspended solids, nutrients, and fecal coliform bacteria.  The major design parameters of interest include: 1.)  minimum depth of peat; 2.)  compacted density of peat; 3.)  hydraulic loading rate; 4.) organic loading rate; and 5.)  nutrient removal capacity of the peat.  Classical adsorption models using solute breakthrough data from laboratory peat columns have been evaluated as a reasonable basis for the design of peat filters for field operations.  For example, Viraraghavan and Rana (1991) used the Bohart-Adams absorption model to estimate a design hydraulic loading rate for a service time of 365 days and a 50 cm bed depth.  These researchers considered a typical STE concentration of 220 mg/L BOD5.  The model indicated a hydraulic loading rate of 7.9 cm/d.  For a single residence flow rate of 1520 L/d, a peat bed would, therefore, be sized at approximately 19.2 m2.  The Thomas model of adsorption used by the research team gave a similar design.

Minimum Depth - Laboratory studies generally indicate that 30 cm of peat can provide an adequate level of treatment for STE; however, removal efficiency does show a depth dependency.  Higher average removals of BOD5, COD and TKN have been observed in column studies with increasing depth over 20 to 50 cm.   Rock et al. (1984) reported that 30 cm of peat compacted at a density of 0.12 Mg/m3 in a laboratory column and operated at a hydraulic loading rate of 8.1 cm/d and an organic loading rate of 20.2 kg BOD5/1000 m2 per day produced a BOD5 reduction that exceeded 95 percent and a suspended solids removal efficiency of 90 percent.  

A field system constructed at a 30 cm depth and operated at a 4.1 cm/d hydraulic loading rate and a 9 kg BOD5/1000 m2 per day organic loading rate provided comparable treatment to two other field systems constructed at a 75 cm depth and operated at a hydraulic loading rate of 1.5 cm/day and an organic loading rate of 3.6  and 1.8 kg BOD5/1000 m2 per day, respectively, (Brooks et al., 1984).

Compacted Density - Rock et al. (1984) evaluated column compactions of 0.09 to 0.20 Mg/m3 for depths of 30, 60, and 90 cm.  Columns compacted at densities of 0.15 Mg/m3 and greater clogged.  In general, higher bulk densities do not allow for adequate percolation and an unconsolidated peat promoted channel flow that results in a non-uniform distribution of STE.  The ability to percolate at a given level of compaction may also be dependent upon the applied organic load to the filter.  Increased organic loading above some limit can produce clogging within the peat filter and surface ponding; however, adequate organic removal may still be achieved, despite the flooded condition.

Hydraulic Loading Rate - Defining an appropriate design hydraulic load for a peat filter system must consider the impact of other factors working in conjunction with each other.  For example, STE concentration and flow rate together determine the areal organic loading rate.  With lower strength STE, a higher hydraulic loading rate may be applied without loss of infiltration capacity resulting from clogging.  Temperature also plays a defining role in overall treatment efficiency as organic removal decreases with lower STE temperature.  Thus, a more conservative hydraulic loading rate should be used for regions having extended low ground temperatures.   Rock et al. (1984) recommends a maximum loading rate of 4.1 cm/d for residential STE based on laboratory column studies, as 8.1 cm/d proved to be excessive at 5 C.  Higher rates than these have been evaluated for short periods under laboratory conditions at 21 C (Viraraghavan and Rana, 1991).  In general, an increase in hydraulic loading with its corresponding organic loading results in a reduction in treatment efficiency.  This effect appears more pronounced as filter depth decreases (Viraraghavan and Rana, 1991). 

Organic Loading Rate - Hydraulic loading is the traditional basis on which peat filter systems are designed; however research has demonstrated the relative importance of organic loading to system performance.  For applications involving high strength STE, additional design criteria which considers this parameter is needed.  Using the previously recommended hydraulic loading specification of 4.1 cm/d with typical strength STE translates to an organic loading rate of 10 kg BOD5/1000 m2 per day.  Laboratory columns, however, have been successfully operated at twice this limiting criteria (Rock et al., 1984).

Nutrient Removal Capacity - To date, guidelines have not been established for design of nitrogen and phosphorus loading for peat filter systems.  Under typical residential applications, nutrient removal capacity will not be a limiting design constraint; however, for high strength STE review of nutrient loading may be necessary.  McKee et al. (1994) suggested a maximum nitrogen loading rate of 2 kg/1000 m2/d based on extensive monitoring conducted at various field sites.  In addition the research indicated that phosphorus loading rates did affect phosphorus concentration in the peat filter effluent.  Treatment effectiveness, however, appeared less dependent on loading rates.  For surface discharge applications, a phosphorus loading design criteria may be required to avoid exceeding the ultimate removal capacity of the peat filter.  Alternately, design specifications could call for the addition of boosting agents to the commercial peat to enhance treatment efficiency.  Couillard (1992) investigated the addition of aluminum industry waste (red mud) to laboratory peat filter columns.  Phosphorous removal efficiency was raised from approximately 20 percent to over 95 percent.  Effluent concentration was below 0.15 mg/L as phosphorus.  The author reiterated another study wherein the addition of 0.4 percent iron in peat achieves a 99 percent phosphorus removal.

Operation and Maintenance
Peat systems require minimal routine operation and maintenance on an annual basis.  Periodic septage removal every three to five years is recommended for the septic tank, with influent distribution piping to the filter being flushed at the same time.  Note that post-flow access should be incorporated into the bed design to allow easy back flushing and inspection of the distribution system.  Vegetation at the filter bed surface must be mowed frequently during the growing season.  Any deep rooted woody plants should be removed.  If peat decomposition occurs, replenishment may be necessary.  Additionally, a clogging potential can exist under high hydraulic and organic loading rates.  Turning of the peat filter, or simply replacing its media, can temporarily correct the flooding problem.  Most field experience indicates that peat filters are quite reliable, relative to system components and require infrequent repairs.

Costs
Ayres and Associates (1991) examined peat filters as one of several treatment options for onsite nitrogen removal.  System construction cost and annual operation and maintenance outlay were estimated for a subsurface discharge operating mode with septic tank pretreatment.  The following assumptions were applied for the cost determination:

Typical residence



3 bedroom

Capita per residence



4

Design flow




150 gpd/bedroom

Average daily flow (estimated)

200 gpd

SWIS* size




900 ft2
SWIS loading




0.5 gpd/ft2
SWIS size reduction (secondary quality)
30%

Energy cost




$0.08/kwh

Labor rate




$10.00/hr

*Subsurface wastewater infiltration system.

Construction costs totalled $5800 (septic tank:  $1000; peat filter bed: $3000; and SWIS: $1800).  Operation and maintenance outlay was minimal at $25 per year for labor only with zero energy requirement.  Construction costs would be highly dependent upon local availability of sphagnum peat.  Couillard (1992) indicated a unit cost for peat at $88 per metric tonne (1991 U.S. dollars) presumably for Canadian peat.  Therefore, access to the appropriate type of peat and its transport to the Southwestern United States could significantly increase the peat filter bed construction cost.

Conclusion
Peat filter beds perform well in various design configurations, providing excellent organic and enteric bacteria removal at a reasonable cost without auxiliary disinfection.  Nutrient removal capability can vary.  Microbial transformations convert nitrogenous components into nitrate at high efficiency.  A potential also exists through proper design and operation to biologically denitrify and remove this nitrate as nitrogen gas, achieving an effluent quality below the recommended drinking water level.  Phosphorus removal, in contrast, remains rather incomplete; however, efficiencies can be improved through use of metal admixtures within the peat filter.  Laboratory and field research have provided a better understanding of the various operative mechanisms within a peat filter which provide for renovation of STE.  Based on numerous studies developmental studies, design criteria presently exists to implement a subsurface discharge filter system keyed primarily on hydraulic loading rate, filter depth, and allowable compaction of the peat.  For those systems not limited by the hydraulic capacity of the natural soil receiving the treated STE, the critical design specification may well be the organic loading rate and nutrient removal capacity, especially for the nutrient sensitive applications.
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