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Overcoming the challenges of providing an on-

site sewage system for a not-quite-perfect build-

ing site requires careful analysis of the site charac-

teristics and constraints. Today, the homeowner is

presented with a number of different onsite sys-

tems from which to choose. 

The choice of onsite system is narrowed by

state regulations and by the prohibitive costs of

some alternative system designs. But as prime

building sites become scarce, wise engineers and

designers keep current on wastewater treatment

technologies where site conditions are not perfect.

As stated in the U.S. Environmental Protection

Agency publication, Design Manual: Onsite Waste-
water Treatment and Disposal Systems (EPA,

1980), “The primary criterion for selection of one

design over another is protection of the public

health while preventing environmental degrada-

tion. Secondary criteria are cost, ease of operat-

ing and maintaining the systems, and consumer

protection.” The perfect match of treatment sys-

tem and building site is based on these criteria.

Septic Systems—Tried and True
A traditional, gravity-dosed septic system is the

most common treatment and dispersal method. This

method is reliable and the least expensive option.

Conventional septic systems generally require mini-

mal routine maintenance and if properly designed

and constructed, the system is reliable for a relative-

ly long period of time. 

A conventional septic system consists of two

main parts: a septic tank and a soil absorption sys-

tem. The septic tank is a watertight tank that holds
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the wastewater discharged from the house for 24

to 48 hours, allowing solids (sludge and scum) to

separate from the wastewater. Effluent passes

from the septic tank to the soil absorption system,

which can be either a bed or a set of trenches.

The effluent is treated in both the soil absorption

system and the surrounding soil.

Certain site conditions, or constraints, can in-

fluence the type of onsite system considered for

the lot. For beds or trenches the following gener-

al criteria usually apply:

• Slope—0 to 25 percent (0 to 5 percent for

beds)

• Vertical separation distances—2 to 4 feet of

unsaturated soil between the bottom of the

system and the seasonally high water table

or bedrock

• Soil—sandy or loamy textures with bright,

uniform colors are best

• Percolation rate—between 1 and 60 minutes

per inch (based on an average of at least

three perc tests)

Horizontal separation distances from property

lines, bodies of water, and buildings also need to

be met. Each state’s minimum site requirements

for installation of a conventional septic system are

different and may vary from the criteria listed

above. Many states allow some modification to

the traditional design, and several require some

form of improved distribution such as a diversion

valve or a flow-leveling device.

These tight site parameters become less re-

strictive when the homeowner considers a wider

range of treatment and disposal technologies.

Since the site characeristics limit the disposal

method more than other components, the disper-

sal component should be selected first, followed

by pretreatment and advanced wastewater com-

ponents selection. This systematic approach

should also take into consideration the pollutants

of concern, such as pathogens and nutrients.

Preliminary screening of the dispersal options

should be made by noting which alternative tech-

nologies perform effectively under the given site

limitations. Potential onsite dispersal options for

specific site constraints are presented in table 1.

The information in this table may vary according

to state regulations. 

Onsite wastewater treatment systems generally

consist of pretreatment, such as a septic tank or aer-

obic treatment unit, and a dispersal option, such as

trenches, mounds, drip irrigation, low-pressure dis-

tribution, etc. Additional treatment steps can be in-

cluded between the pretreatment and dispersal op-

tion. These additional steps, such as sand filters and

constructed wetlands, provide additional waste-

water treatment that may be needed to meet spe-

cific discharge or dispersal requirements.

The following are descriptions of various tech-

nologies, some conventional, some alternative,

that can be used for onsite wastewater treatment

at difficult sites.

PRETREATMENT
Septic Tank

As previously stated, the septic tank is a water-

tight tank that holds the wastewater discharged

from the house for 24 to 48 hours, allowing sludge

and scum to separate from the wastewater. Septic

tanks can be either single or multicompartment.

Several states now require effluent filter devices

in the outlet of new septic tanks or retrofitted to

existing septic tanks for further solids removal.

Aerobic Treatment Unit (ATU)
An ATU is a mechanical system that treats

wastewater using natural processes that require

oxygen. The system consists of a pretreatment

step, an aeration compartment, and a final settling

chamber prior to discharge from the unit. ATUs

normally should provide better treatment of

wastewater than septic tanks; however, ATUs are

subject to upsets under sudden, heavy loads, if

flow into the system is intermittent, or when the

system is neglected.

OPTIONAL ADVANCED TREATMENT 
Sand Filtration

Sand filters treat wastewater using natural phys-

ical, biological, and chemical processes. Designed

as single-pass or multi-pass filters, the sand is usu-

ally two to three feet deep, contained in a liner

made of concrete, plastic, or other impermeable

material. Depending on the design, the filter may

be above ground, partially above ground, or

below ground. 

Inlet
Baffle

Outlet
Baffle

To Additional Treatm
and/or Dispersal

From House

Inspection Ports

Manhole

Aerator

Mixing  Rotor

      Aeration
Compartment

Sludge Return

 Settling

From Pretreatment
To Additional Treat
and/or Dispersal

Multicompartment Septic Tank

Aerobic Treatment Unit (ATU)
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Wastewater treated by sand filtration is color-

less and odorless and, depending on local envi-

ronmental conditions and regulations, can be dis-

infected and then discharged directly to surface

water. When discharged to soil, sand filter efflu-

ent receives further treatment in a soil absorption

field, even at sites where conventional septic

tank/soil absorption systems cannot be used. 

When properly designed and constructed,

sand filters have proven to be very reliable, per-

forming consistently with few operation and main-

tenance requirements. One disadvantage of sand

filters is that they are not very effective at remov-

ing phosphorus from wastewater; additional treat-

ment may be required in some phosphorus-sensi-

tive areas. Sand filters are not permitted in all

areas. Regulations concerning their use and final

treatment and disposal of their effluent vary wide-

ly state to state.

Peat Filters
A peat filter is a biological system used to pro-

vide secondary-level treatment of effluent from a

septic tank or other primary treatment process. A

typical peat filter system consists of a septic tank,

a pump (dosing) tank, peat filter, and a dispersal

area. Effluent from the pretreatment unit is dosed

onto the peat filter media. The resulting effluent

is then discharged to additional treatment and/or

final dispersal. Peat filters are especially effective

in situations where wastewater loadings are sea-

sonal or intermittent.

Peat filter systems do an excellent job of re-

ducing biochemical oxygen demand, total sus-

pended solids, and fecal coliform. The compact

design of these systems requires less area for

placement. (Refer to the Small Flows Quarterly
Winter 2000 issue, page 42, for a complete dia-

gram.) Disadvantages of peat filter systems are ini-

tial high costs and limited life of the media.

Synthetic Media Filters
The media used in these types of filters are usu-

ally artificial or synthetic materials, such as plastic

or foam particles. The media provides some physi-

cal filtration, but the main purpose is to provide a

place for biological material (microorganisms) to ac-

cumulate. The microorganisms use the nutrients in

the wastewater as a food source, thereby reducing

the amount of pollutants in the wastewater. 

Typically, these filters are single-pass aerobic fil-

ters, although they also can be recirculating. The

units can be attached to a tank or stand alone and

can be either gravity-fed or pressurized. The variety

in types of media and unit housings is advantageous

as it allows for a wide range of applications. The dis-

advantage of this technology is that the life span of

the different types of media is unknown.

From House

To
Dispersal and
Recirculation

From
Pump
Assembly

Textile Filter

Recirculating
Splitter Valve

Soil Depth to 
Permeability Bedrock

Very Rapid- Slow- Shallow Shallow and Deep
Rapid Moderate Very Slow and Porous Non-Porous

Trenches ◆ ◆ ◆

Beds ◆ ◆

Pressure/Low-Pressure Pipe System ◆ ◆ ◆ ◆

Contour Trench ◆ ◆ ◆ ◆ ◆

Drip Irrigation ◆ ◆ ◆ ◆ ◆ ◆

Spray Irrigation ◆ ◆ ◆ ◆

Gravelless/Chamber System ◆ ◆

Mound System ◆ ◆ ◆ ◆ ◆ ◆

At-Grade System ◆ ◆ ◆ ◆ ◆ ◆

Evapotranspiration Trench ◆ ◆ ◆ ◆ ◆ ◆

Evapotranspiration-Absorption Trench ◆ ◆ ◆

Peat Filter

Duel Compartment Tank-Synthetic Media Filter

Source: Table adapted and updated from EPA, 1980, table 2-1.

Selection of Dispersal Methods Under Various Site Constraints

Table 1

To Dispers

From Septic Tank
and Pump Chamber

Peat Filter
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Constructed Wetlands
Closely resembling natural marshes or bogs,

constructed wetlands are artificially created ponds

with a coarse media, such as gravel, to support

aquatic vegetation over an impermeable liner. The

vegetation aids in the reduction of nutrient pollu-

tants, such as nitrogen and phosphorus, and helps

to remove solid particles by trapping them in the

plant root structures or gravel. 

There are two main types of constructed wet-

lands: surface flow and subsurface flow. With sur-

face flow wetlands, the water and wastewater re-

main at a level above the soil and are therefore

exposed to the atmosphere. The surface of the ef-

fluent remains below the substrate in subsurface

flow systems, reducing odor levels and breeding

sites for pests, making them the most appropriate

for household wastewater treatment.

Used as a secondary treatment process, con-

structed wetlands are especially valuable in areas

where soils are too dense or saturated to work

well with a conventional onsite system. They are

also good at handling intermittent periods of both

light and heavy wastewater flows. Of the two

common designs, the subsurface system requires

less land area than surface flow wetlands, and

they usually can be designed to blend into the

surrounding landscaping. 

All wetlands require some plant harvesting

(which should be performed just before the onset

of summer) and periodic removal of solids from

the gravel.

DISPERSAL OPTIONS
Where site conditions are suitable, subsurface

soil absorption is usually the best method of

wastewater dispersal for single dwellings. It is sim-

ple, stable, and low cost. Under the proper con-

ditions, the soil is an excellent treatment medium

and requires little wastewater pretreatment. Par-

tially treated wastewater is discharged below the

ground surface where it is absorbed and treated

by the soil as it percolates to the groundwater. 

Several different designs of subsurface soil ab-

sorption systems may be used. They include pres-

sure systems, serial distribution, contour systems,

drip irrigation, gravelless systems, alternating fields,

mounds, and evapotranspiration. The design se-

lected depends upon the site characteristics en-

countered. Critical site factors include soil profile

characteristics and permeability, soil depth over

water tables or bedrock, slope, and size of the area.

Pressure and Low-Pressure Pipe System
Pressure and low-pressure pipe (LPP) systems

are shallow, dosed, soil absorption systems. LPP

systems are composed of a septic tank or aero-

bic unit, a dosing chamber, and small-diameter

distribution piping with small perforations. Partial-

ly clarified effluent is forced through the pipes at

specific pumping sequences (one to two times

daily), allowing breaks between doses for the soil

to reaerate (or rest) and absorb the wastewater. 

These pressure pipe systems are especially de-

signed to overcome the site constraints of continu-

ous saturation and/or a high water table. LPP sys-

tems can be located on sloping ground or on un-

even terrain and are often placed upslope of the

home site, although in some cases, the suitability

of these absorption designs can be limited by soil,

slope, and space characteristics of a location. 

Free Water Surface

Outlet

Inlet

To
Dispersa

Low Permeability

Berm

Soil

From Septic Tank

From Septic Tank

Pump Chamber

Pressurized Distribution 

Depth to Slope Small Lot 
Water Table Size

Shallow Deep 0-5% 5-15% >15%

◆ ◆ ◆ ◆ ◆

◆ ◆ ◆

◆ ◆ ◆ ◆ ◆ ◆

◆ ◆ ◆ ◆ ◆

◆ ◆ ◆ ◆ ◆

◆ ◆ ◆ ◆

◆ ◆ ◆ ◆ ◆

◆ ◆ ◆ ◆

◆ ◆ ◆ ◆ ◆

◆ ◆ ◆ ◆ ◆

◆ ◆ ◆ ◆ ◆

Impervious Liner

Inlet Outlet

B e d  M e d i a

S u b s u r f a c e  F l o w

To Dispers

Berm

From Septic Tank

Constructed Wetlands

Pressurized Distribution Network
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Spray Irrigation 
Spray irrigation is an efficient way to nourish

plants and apply reclaimed wastewater to the

land; however in order to protect public health

and reduce odors, the wastewater must be treat-

ed to a very high level before being used in this

type of system. After treatment, filtration, and dis-

infection, the effluent is sent under pressure

through the mains and lines of the spray distribu-

tion system at preset times and rates. The irrigat-

ed area must be vegetated and landscaped to min-

imize runoff and erosion. When properly de-

signed and installed, most spray systems provide

uniform distribution to plants and eliminate dis-

charge to streams.

Unlike any other distribution system, spray sys-

tems generate aerosols, which can pose a threat

to public health. Therefore, regulations typically

require large separation distances or buffer zones

that make spray systems inappropriate for small

lots. Minimum setbacks of as much as 50 feet of

forested buffer or 150 to 500 feet from neighbor-

ing residences and water sources are not unusual. 

Gravelless and Chamber Systems
Gravelless and chamber systems use some ma-

terial other than gravel or rock in the excavation

to provide an infiltrative surface onto which sep-

tic tank effluent is distributed along the length of

the trench. These systems provide some capacity

to store effluent until it can be absorbed into the

soil and also to inhibit sand and silt infiltration. 

Advantages of gravelless and chamber systems

include faster installation and increased volume

of void space per unit length compared to con-

ventional gravel-filled trenches. Soil compaction is

reduced since the need to use heavy equipment

to haul and place gravel is eliminated. Some states

allow a reduction in dispersal area when using

chamber systems; however, questions still exist as

to allowable drainfield reductions and the effect

of no gravel or of fine-grained material on a sys-

tem as compared to conventional trenches. Grav-

elless systems may utilize large-diameter, fiber-

wrapped pipe, expanded polystryene foam, or

chamber technology.

Contour System
In this gravity-fed system, a connecting line

leads to several feet of perforated distribution

pipe set in one shallow trench that follows the

contour of the land. Sand and gravel, together

with a geotextile covering, are placed in the

trench. This system provides a large area for ef-

fluent dispersal into the soil. As with any soil ab-

sorption system placed on slightly sloping land,

an interceptor ditch may be placed up-slope from

the dispersal trench to help divert surface runoff

away from the trench. 

The use of a contour system is advantageous

because the effluent is spread over a much

broader front but there also may be distinct dis-

advantages. In situations where trenches must be

more than 150 feet long, the system must be

pressurized. Depending on the underlying geolo-

gy of the site, ensuring that the bottom of the

trench is level can be difficult. 

Drip Irrigation
Drip irrigation systems (also known as “trick-

le” systems) apply treated wastewater to soil slow-

ly and uniformly through a network of thin, flexi-

ble tubing placed at shallow depths in the soil.

Wastewater is pumped through the tubes and

drips slowly from a series of engineered orifices

(emitters) directly to plant roots. To protect pub-

lic health and to prevent the system from clog-

ging, the wastewater must be pretreated to re-

move a portion of the solids contained in the sys-

tem and filtered. The system must be designed

to backflush the filters, and the soil dispersal area

must be designed to facilitate field flushing.

Because irrigation systems are designed to

apply wastewater at very shallow depths, irrigation

may be permitted on certain sites with high

bedrock, high groundwater, or slowly permeable

soils. Drip systems can be designed to accommo-

date sites with complex terrain due to the flexible

tubing used. While subsurface drip systems distrib-

ute water evenly and create fewer problems with

odors and ponding, emitters have been found to

clog, effecting the uniformity of application. The

subsurface positioning can make it difficult to mon-

itor and correct clogging. For this reason, flow

monitoring is recommended—the flow monitoring

can be used to troubleshoot system operation and

indicate when field flushing is necessary.

From
Treatment

Line of Natu
Contour

Distribution
Pipe

Sand

Semi-permeable Barrier
Gravel

Original Soil

Contour System Spray Irrigation System
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Mound Systems and At-Grade Systems
The mound is simply a raised drainfield com-

posed of sandfill on top of a gravel-filled bed and

a network of small-diameter pipes known as the

distribution system. Wastewater is pretreated in a

septic tank, and then fed by gravity to a pump

chamber where the effluent is dosed to the

mound. The mound design overcomes site restric-

tions such as slowly permeable soil, shallow per-

meable soil, over creviced or porous bedrock, and

permeable soil with high water tables. In an at-

grade system, the ground surface is the bottom of

the trench. Construction consists of scarifying the

ground surface to expose the existing soil and

eliminating vegetation prior to laying down the

pipe, gravel, etc., for the trench.

Mounds may be constructed on sites with

slopes of up to 25 percent, but not in flood plains,

drainage ways, or depressions unless flood pro-

tection is provided. Another siting consideration

is adequate horizontal separation distances from

water wells, surface waters, property boundaries,

and building foundations. Mound systems are typ-

ically much more expensive to install than con-

ventional systems. 

One critical design component that must be

assessed is the downslope dimension. Sufficient

area must be available downslope of the mound

at grade to allow liquid to flow through soil.

Evapotranspiration
Evapotranspiration systems (ET) employ the

combined effects of evaporation from soil and

transpiration from plants to dispose of wastewater

effluent. The effluent flows from the pretreatment

unit to a sand bed underlaid with an impermeable

liner. Vegetation above the sand bed wicks up the

moisture through their roots, eventually transpir-

ing the excess through their leaves. Moisture that

migrates to the soil surface evaporates into the at-

mosphere. The evapotranspiration-absorption

(ETA) systems are similar but are designed for fair-

ly impenetrable soils. ETA systems use unlined

sand beds, allowing effluent to trickle slowly into

the underlying ground. 

ET systems can be used on sites having very

porous soils and may be used to allow for a clos-

er proximity to water wells (50 feet) as opposed

to the 100-foot setback needed for soil absorp-

tion drainfields. ET systems are most effective in

locations having low rainfall, low humidity, high

daily average temperatures, and high levels of

solar radiation. Evaporation must exceed annual

rainfall by at least 24 inches or the system may

become overloaded.

Due to the rather simple configuration, ETs

need very little maintenance and are comparable

in cost to other alternative onsite systems. ET sys-

tems are very useful in arid regions and on sites

having very porous or impermeable soils. 

DISINFECTION OPTIONS
Disinfection processes are required to prevent

the transmission of infectious diseases and to en-

sure that water is safe for human contact. While

there is no single perfect disinfectant, suitable meth-

ods should be able to destroy infectious agents

under normal conditions, lack any characteristics

that could be harmful to people or the environment,

not produce harmful residuals, and be affordable.

Safe handling practices must be followed by any-

one working with disinfection methods.

Chlorine
Chlorine is the most widely used wastewater

disinfectant in the U.S. It is able to kill most bac-

teria, viruses, and other disease-causing organ-

isms. Chlorine may be introduced into the waste-

water in various ways; tablet chlorinators are the

most common means of chlorinating domestic

wastewater on a small scale.

Ultraviolet Radiation (UV)
Ultraviolet (UV) radiation inactivates disease-

causing bacteria, most viruses, spores, and cysts.

Wastewater flows through or around a tube with

UV light penetrating it from all directions. For this

process to be effective, the effluent must be rela-

tively clear and free of solids. UV light is becom-

ing more cost-effective and widely used for small-

scale applications.

SPECIAL CONSIDERATIONS
When considering using some of the previously

described technologies, the homeowner should

also be aware of some state mandated special re-

quirements. State laws vary widely when it comes

to the legislation of alternative technologies and

may require special commitments prior to their use. 

Some states require a licensed, certified pro-

fessional engineer to design the system. A special

permit is often required from the county health

department or state permitting agency. In certain

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
Mound

Pump Chamber

From
Septic Tank

Fill
AggregateTopsoil

Fabric Soil

Distribution Network

Mound System

CONTINUED ON PAGE 45

From Septic Tank
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Sand

Perforated
Distribution
Pipe

Evapotranspiration System (ET)
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Oregon: A state onsite certification/licensing

program exists for contractors, installers, inspec-

tors, pumpers, designers, engineers, geologists,

and operators.

Pennsylvania: A state onsite certification/licens-

ing program for wastewater professionals, such as

inspectors, engineers, and geologists, exists.

Rhode Island: A state onsite certification/li-

censing program exists for contractors, installers,

inspectors, designers, engineers, and operators.

South Carolina: A state onsite certification/li-

censing program exists for certain wastewater pro-

fessionals, including contractors, installers, and

pumpers.

South Dakota: A state onsite certification/li-

censing program exists for installers.

Tennessee: A state onsite certification/licens-

ing program exists for certain wastewater profes-

sionals, such as contractors, installers, pumpers,

engineers, geologists, and operators.

Texas: A state level certification/licensing pro-

gram exists for installers, inspectors, pumpers, and

operators.

Utah: No state level onsite certification or licen-

sure program exists for wastewater professionals.

Currently, there are no plans to develop a program.

Vermont: A state onsite certification/licensing

program exists for geologists, operators, and soil

evaluators. Long-range plans are to expand the

program to include additional wastewater profes-

sionals.

Washington: A state onsite certification/licens-

ing program exists for inspectors and designers.

Other wastewater professionals may be certified

or licensed at the local level. Engineers are exempt.

West Virginia: State onsite certification/licens-

ing programs exist for installers and pumpers.

Wisconsin: There is a state onsite certifica-

tion/licensing program for installers, inspectors,

pumpers, designers, engineers, and geologists. If

the new code revisions are adopted, there will be

a new credential: Mechanical Private Onsite

Wastewater Treatment System (POWTS) Maintain-

er.

Wyoming: A state onsite certification/licens-

ing program exists for designers, engineers, and

geologists. Currently, there are plans to expand

this program within the next year.

For More Information
A summary document, A Guide to State-Level

Onsite Regulations, is updated each year to re-

flect the information gathered from that year’s

survey of the states’ onsite regulators. To obtain

a copy of this document, contact the NSFC and

request item #WWBKRG01. Contact the NSFC

for a price. The 2000 version will be available in

spring. Shipping and handling charges will apply.

situations, the health department will

set up a regular monitoring schedule

coordinated with the homeowner and

the county sanitation officials. States

may mandate that a maintenance con-

tract with a professional cleanout and

inspection company be in place before

the construction permit is approved;

therefore, homeowners need to work

closely with local and/or state regula-

tory authorities. Some states require a

certified operator of onsite wastewater

treatment systems to assure systems

are operated properly.

SUMMARY
The wide variety of onsite treat-

ment systems available is impressive,

but since each one has its advantages

and its disadvantages, the procedure

for finding the best one for a particu-

lar site is not straightforward.

A complete site evaluation is the

first step toward determining the ap-

propriate wastewater treatment system

for any specific lot. The particular char-

acteristics of the property will deter-

mine which systems can be consid-

ered. From this list, further criteria such

as cost, required operation and main-

tenance, and landscaping are used to

select the most appropriate onsite

wastewater treatment system for the

lot and the homeowner. 

FOR ADDITIONAL INFORMATION
Readers can order the National Small

Flows Clearinghouse (NSFC) poster

Onsite Wastewater Treatment for Small
Communities and Rural Areas from the

NSFC. Request Item #WWPSPE02. In

addition several issues of the NSFC

newsletter Pipeline and NSFC fact

sheets were used in researching this

article. Refer to the complete list of

NSFC products and resources begin-

ning on page 50 of this issue, or con-

tact the NSFC at (800) 624-8301 or

(304) 293-4191 for more information.
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