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General Site Evaluation and Planning 

On-site treatment and disposal of wastewaters is a common practice in Missouri. 

However, many systems perform poorly because they were designed and installed without 

proper knowledge of the limitations involved at the site. On-site systems depend on the 

natural resources available locally. For on-site systems to provide adequate treatment in an 

environmentally acceptable manner, you should determine the advantages and limitations of 

the local resources. This determination is best done in a thorough site evaluation. 

The final disposal component of an on-site system usually will be the most difficult 

component to select because it is the most dependent upon local site characteristics. You must 

choose this component first and choose an initial treatment component to match. 

On-site treatment systems must perform two tasks: 

1. Provide adequate treatment for protection of public health and the 

environment. 

2. Successfully manage large volumes of water on a continuous basis. 

The second task can be challenging because Missouri law requires that effluents from 

on-site systems remain on the owners' properties. For this reason, the use of water-conserving 

practices and equipment in the home is encouraged. 

The preferred on-site disposal option is the soil-absorption trench because of its 

reliability with minimum attention. Although this component can and does work successfully 

in the state, a large number of soil types and geological formations exist in Missouri, which 

severely limit the use of the soil-absorption trench and will require some modifications. 

Site Evaluation Data 

The following list represents the type of data you should get from a site evaluation: 

1. Soils: properties, permeabilities. 

2. Topography: slopes, depressions, natural drainage ways, lowlands, rock outcrops. 

3. Geology: depth to bedrock or water table, presence of karst geology (sinkholes, etc.). 

4. Easements: underground utilities, cables, etc. 

5. Potential sites: areas available for the system, including replacement areas. 

6. Location of neighbors who may be affected. 

7. Wastewater flow and characteristics. 

8. Location of drinking-water wells. 
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You may get preliminary soils information from soil survey maps prepared by the 

Natural Resources Conservation Service (NRCS) and University Extension personnel. The 

Department of Natural Resources Division of Geology and Land Survey can be contacted 

concerning geologic information. You must collect field data on soils by performing soil-profile 

analyses and percolation tests once you've selected an actual site. 

Disposal options 

Once you've selected site evaluation data, you can make a screening of disposal options 

(Table 1-1). Table 1-1 indicates options that may work under the constraints associated with 

the site. All constraints must be considered and evaluated. 

Example 

Assume that a site in central Missouri has the following characteristics: 

• Slowly permeable soil 

• Shallow depth to bedrock 

• Slope- 15% 

• Deep water table 

Considering all possible constraints in Table 1-1, three systems have potential: low 

pressure pipe (LPP), mounds (with modifications) or wetland (with modifications). Each 

system must be evaluated on its advantages and disadvantages. 

For example, both mounds and wetlands require some site modifications to work 

properly. Mounds are more difficult to construct and operate on steep slopes. On a 15 percent 

slope, a mound will have to be longer and narrower than on lesser slopes and built on the 

contour. You also should avoid depressions. If the site cannot accommodate these 

modifications, then the mound may not work. 

The steep slope will cause some construction difficulties for the wetland. It also can 

be constructed on the contour, but the slope may limit the width of the wetland which in turn 

may cause inadequate treatment. Constructing a wider wetland may be feasible, but you could 

incur more construction costs. 
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Table 1-1. Site constraints for various on-site systems. 

DEPI'H TO DEPTH TO 
SOIL PERMEABILITY BEDROCK WATER TABLE SLOPE 

Rapid Moderate Slow Sballow Deep Shallow Deep 
METHOD (>3.0"/hr) (0.2 • 3.0 "lhr) (<0.2"/hr) (<60") (>60") (<.S") (>.a") 0·5· 5·15. >15. 

Conveotiooal 'I'rellcb X X X X X M 

LPP X X X X X X X X X 

MOWlda X X X X2 X X X X M 

La goo .. X X X X X 

Sand Filt.n X X X X X X X 

Wetlaoda M M X M X X X M 

Modilled Tra:lch X X X X X X 

M • Modi1leatio01 needed fer option to work. 
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The Septic Tank 

Introduction 

Septic tanks are the most commonly used component of on-site waste treatment 

systems. Septic tanks are large-volume, watertight containers buried in the soil. A typical 

cross section is illustrated in Figure 2-1. 

A septic tank has four basic functions: a) separate solids from the liquid, b) 

anaerobically digest a portion (40 percent to 60 percent) of the organic material, c) store solids 

(sludge) in the bottom of the tank until they can be removed by pumping, and d) trap grease 

and floatable solids (scum) and prevent them from leaving the tank. These four functions are 

accomplished within the three zones shown in Figure 2-1 (scum, liquid, sludge). Only material 

from the liquid zone should flow from the tank; scum and sludge should be removed by 

periodic pumping. Scum or sludge discharge in the septic tank effluent can cause serious 

problems in the treatment component following the septic tank. 

Expected Performance 

The environment within a septic tank is anaerobic (without oxygen), and you can 

expect only partial treatment of organic materials. This is the reason that effluent from a 

septic tank requires further treatment. The quality of effluent from a typical septic tank 

receiving domestic sewage from an individual home is shown in Table 2-1 (Canter and Knox, 

1985). 

Septic tanks cannot be relied upon to remove disease organisms because bacterial 

numbers are not significantly changed. Oil and grease removal generally is 70 to 80 percent 

with most of the material trapped in the scum zone (EPA, 1980). Few nutrients (nitrogen and 

phosphorus) are removed. 

A properly operating septic tank should trap suspended solids and scum. Hydraulic 

loading, the number of chambers in the tank, and the design and placement of baffles and 

maintenance practices affect trapping performance. Flushing items such as diapers, feminine 

products, bones, paper towels, etc. into a septic tank may lead to clogging of pipes and frequent 

pumping of the tank. Failure to periodically pump out sludge solids eventually leads to 

discharge of suspended solids in the effiuent. 
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Table 2-1. Typical characteristics of septic tank effluent (Canter & Knox, 1985). 

Suspend solids 49 mg/L 

BOD5 138 mg/L 

COD 327 mg/L 

Phosphate llmg/L 

Total nitrogen 45 mg/L 

Ammonia nitrogen 31 mg/L 

Fecal coliform 5 X 106/100 ML 

Oil & grease 20 mg/L 

Design 

General 

Septic tanks should be designed in accordance with Missouri Department of Natural 
Resources Guidelines 10 CSR 20-8.021, Individual Sewage Treatment Systems (1989). 

All tanks must be designed to ensure removal of the majority of settleable solids. This 
is accomplished by: 

a) Providing sufficient liquid volume to ensure a minimum 
hydraulic residence time of 24 hours to 36 hours at maximum 
sludge depth. 

b) Proper baffling at the inlet and outlet to prevent discharges 
of sludge or scum. 

c) Providing sufficient sludge and scum storage volume. 

d) Venting gases that are produced within the tank. 

Figure 2-2 shows a typical single-compartment septic tank with appropriate 
dimensions. The maximum volume of a single-compartment tank should be 1,500 gallons. 
Tee-type baffles at the inlet and outlet are preferred (see Figure 2-2), but other types ofbaffles 
are acceptable (see Figure 2-3a). Improperly designed or placed baffles can create turbulence 
in the tank, impairing settling efficiency and permitting solids and scum to be discharged in 
the effluent. 
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Tanks with larger water-surface area and shallower depths help dampen inflow surges 

and decrease the possibility of solids discharge. For a given inflow volume, the corresponding 

increase in water depth is less, resulting in a slower discharge rate and exit velocity and a 

prolonged settling time (EPA, 1980). 

Multi-compartment tanks (see Figure 2-3b) are gaining in popularity because they 

provide better protection against solids carry-over in the effluent during wastewater surges 

or upset due to rapid digestion (EPA, 1980). For two-compartment tanks, not less than one

half and no more than two-thirds of the total volume shall be in the first compartment. 

Volume Requirements 

People traditionally select the size of septic tanks for homes based on the number of 

bedrooms in the home. This method, however, does not adequately allow for hourly peak 

flows, which can result in higher solids content in the effluent. 

Garbage disposals in the home increase the amount of settleable and floatable solids 

in the household wastewater and their accumulation rates in the septic tank. Increases in 

sludge and scum accumulation rates of37 percent have been measured (Public Health Service, 

1967). Traditionally, 250 gallons has been added to septic tank volumes to account for garbage 

disposals; but no data exists to prove that this is an effective practice. Using disposals will 

increase the frequency of pumpings to remove sludge and scum solids. Avoiding garbage 

disposals for on-site systems is normally a good idea. 

Table 2-2 gives currently accepted minimum tank capacities. These values account for 

the use of garbage disposals, washing machines and other household appliances. Septic tanks 

should be sized to provide 36 hours ofhydraulic detention time at maximum sludge and scum 

depth. 

Table 2-2. Minimum septic tank volumes (MDNR, 1989). 

Minimum tank liquid 
Number of Bedrooms Capacity in gallons 

1 to 3 1000 

4 1250 

5 1500 
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Figure 2-2. Construction dimensions for a properly designed, single compartment Septic tank. 
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Figure 2-3. (a) A single compartment tank with cast-in-place concrete baffles. 

(b) A two-compartment septic tank. 
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Materials 

Septic tanks must be watertight and structurally sound. Watertightness prevents 

water infiltration into the tank, which can cause hydraulic overloading and lead to washout 

of more solids. The increased hydraulic load on the soil absorption system also may lead to 

performance failures. Structural failures result from pressures from soil and water on the 
tank sides or heavy machine traffic overhead. 

Precast concrete is the most common type of material used for septic tanks. Concrete 
tanks are installed easily at most sites and offer good structural strength (walls 3 inches to 

4 inches thick). After installation, seal the tank for watertightness with two coats of 
bituminous coating. 

A compound that bonds both to the concrete and the piping material must be used to 

seal around the influent and effluent pipes. You can expect a properly installed and 

maintained concrete septic tank to last 50 years (Canter and Knox, 1985). 

If a tank is buried more than 12 inches deep, a manhole should extend to within 12 
inches of the ground surface. For each tank compartment, an inspection pipe (6 inches to 8 
inches in diameter) should extend to the ground surface and be equipped with a threaded cover 
(see Figure 2-1). 

Steel septic tanks have been used but are subject to high corrosion rates, especially at 

the tank water level. If you use steel tanks, they must be coated both inside and out with a 
good- quality bituminous or other corrosion-resistant material. Past experience indicates that 

a coated steel tank can be expected to operate for fewer than 10 years (EPA, 1980). 

Plastic or fiberglass tanks are lightweight, easily transported and resistant to corrosion 

and decay. Historically, these tanks have not held up well structurally during installation and 

don't bear heavy traffic loads after burial (EPA,1980). However, some manufacturers have 

found ways to increase the strength of these tanks, and they should be satisfactory. You 

should be careful when installing this type of tank. A properly designed tank should last for 

50 years (Canter and Knox, 1985). 

Dosing Equipment 

As explained earlier, septic tanks provide only partial treatment of the wastewater. 

Effluents from septic tanks must receive further treatment before being released into the 

environment. Often the secondary treatment of septic tank effluent will be in a soil-absorption 
field, which often operates more efficiently if dosed with effluent at periodic intervals rather 

than if it receives a continuous trickle of effluent. 
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Figure 2-4. Dosing equipment for septic tank effluent: (a) siphon; (b) pump. 
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You may dose with siphons or pumps (see Figure 2-4). Siphons are relatively simple 
and do not require an outside energy source. They are, however, restricted to sites where 
gravity flow can be used. Siphon maintenance is critical. A study in Wisconsin of on-site 
systems using dosing siphons (Converse et. al., 1985) indicated that many developed leaks and 
allowed a continuous trickle of water. If leaks are not corrected, the advantage of dosing is 
lost, and the distribution network may get plugged. For this reason, siphons are generally not 
recommended for mounds or LPP systems. Float devices can be built into siphons to provide 
monitoring of its operation. 

A number of on-site treatment systems work better with pressurized dosing (low 
pressure pipe, sand mounds, sand filters), and dosing by pumping is becoming more prominent. 
Pumps eliminate trickle problems associated with siphons and the need for gravity, and they 
can provide a wide range of volumes. They depend on electricity and may require a second 
tank as a dosing chamber (see Figure 4b), which increases the cost of the treatment system. 
A number of high- quality, submersible pumps are manufactured and are reliable. As with 
any mechanical device, some maintenance will be required. 

Installation 

Locate septic tanks properly to avoid potentially polluting wells, water lines, streams, 
lakes, etc. Adherence to setback distances (see Table 2-3) will help prevent pollution. 

Table 2-3. Setback distances for sewage tanks (MDNR, 1989). 

Sewage 
Minimum distance in feet from: Tanks• 

Private water supply well 50 
Public water supply well 300 
Classified stream, lake or 50 
impoundment 25 
Stream or open ditch•• 10 
Property lines 5 
Building foundation 15 
Basement 10 
Water line under pressure 50 
Suction water line 

• Includes sewage tanks, intermittent sand filters and dosing chambers . •• Sewage tanks and soil-absorption systems should never be located in 
the drainage area of a sinkhole. 
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It is critical that you place the septic tank on a level grade and at a depth that 

provides adequate gravity flow from the home and that matches the invert elevation of the 

house sewer. 

Place the tank on undisturbed soil so that settling does not occur. If you dig too deep 

in the original excavation, you should back fill it with sand to the proper elevation to provide 

adequate bedding for the tank. If the tank is not installed level, the influent and effluent 

structures may not work properly. 

The influent and effluent pipe should be Schedule 40 PVC, cast iron or equivalent and 

should extend a minimum of two feet beyond the excavation for the tank. 

For tanks installed in soils in which settling or heaving may occur, use cast iron pipe 

for the influent and eftluent pipe. In areas with potentially high groundwater, you may use 

floatation collars. The sewer pipe from house to septic tank should have a minimum of one

percent slope. 

Maintenance 

The most important maintenance requirement for septic tanks is the periodic pumping 

of sludge solids. As sludge depth increases, the tank's effective liquid volume decreases, and 

the hydraulic retention time decreases. Flow velocities in the tank may increase and cause 

scouring and resuspension of solids. Treatment efficiency declines and more solids pass from 

the tank in the effluent and cause problems in the soil-absorption field or other secondary 

treatment process. 

You should check scum and sludge accumulations in the septic tank at least once a 

year. Once you know accumulation rates, you can adjust the frequency of inspections. 

Inspection of scum and sludge accumulations is the only way to determine when a tank 

requires pumping. 

You can measure scum with a wooden stick (2 inches x 2 inches) to which a weighted 

arm has been hinged (see Figure 2-5a). Force the stick through the scum layer and allow the 

hinged arm to fall open to a horizontal position. Raise the stick until you feel resistance from 

the bottom of the scum layer (see Figure 2-5b). Determine the lower end of the effluent baffle 

by the same method. If the scum layer is less than three inches above the bottom of the 

effluent baffle, pump the tank. 

Sludge depth can be measured with a stick wrapped with rough, white toweling (see 

Figure 2-5b). Push the stick carefully to the bottom of the tank, and keep it there a few 

minutes. The best place to measure sludge depth is near the effluent device. After a few 
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Figure 2-5. Measurement of scum and sludge: (a) measuring devices; (b) placement of devices 
in tank. 
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minutes, carefully remove the stick. Observe sludge depth by the black particles clinging to 

the toweling. Ifthe sludge depth is less than 12 inches below the bottom of the eftluent baftle, 

the tanks need pumping. 

Sludge depth also can be measured by a small pump connected to a clear plastic line. 

Start the pump after lowering the inlet tube through the scum layer. Lower the line slowly 

until you note a high solids concentration in the pump eftluent. 

CAUTION: Never enter a septic tank or dosing chamber that has 
been pumped. 

They contain toxic gases and little oxygen and 
represent a potentially fatal environment! 

Do not put hazardous household chemicals into a septic tank. This includes grease, solvents, 

paints, motor oil, gasoline or other liquid fuels and cooking fats. Don't put slowly decomposing 

solids such as coffee grounds, bones, diapers, plastics, rags, newspapers or cigarettes into a 

septic tank. They will clog the tank and cause problems in the absorption field. 

Additives 

One of the more controversial issues regarding on-site sewage treatment is the use of 

additives to promote the functioning of a septic tank. No scientific evidence exists to show 

that additives help a septic system function. 

There are two basic types of additives: chemical additives (acids, bases, flocculants) 

and biological additives (enzymes, bacteria, yeasts). Chemical additives are generally strong 

oxidants while biological additives claim to enhance microbial growth (Wilcox, 1992). 

Strong chemicals, such as acids and bases, can damage concrete or metal tanks and 

other equipment and may harm the soil structure in the absorption field. Additives cannot 

compensate for poor septic tank design or maintenance (Wilcox, 1992). In addition, additives 

added to septic tanks that damage the soil absorption field result in more costly repairs. 
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Aerated Treatment Units 
Operation 

Aerated treatment units rely on aerobic (with oxygen) breakdown of organic materials 
to chemically simpler inorganic compounds. Oxygen is supplied to the wastewater by diffusing 
air into the tank volume or agitating the liquid with a mechanical mixer (see Figure 2-6). The 
hydraulic and solids retention times often are extended to ensure that the aerobic process is 
completed and minimum solids remain in the system. Solids concentrations never reach zero 
because inert material and nondegradable solids accumulate and eventually must be removed. 

Properly operated units produce an effluent low in solids and odors and highly 
mineralized (high in nitrate and phosphate). The removal of indicator bacteria is highly 
variable and not well documented (EPA, 1980). 

Design 

Some aerobic units provide pretreatment to remove grease, nondegradable solids and 
garbage grindings. This is usually accomplished through traps, settling chambers, septic tanks 
or grinders. If pretreatment (solids removal) is included, you'll have to regularly clean these 
devices. Avoiding maintenance could lead to discharge of solids from the aeration unit, 
plugging of pumps and clogging of flow lines. 

On-site aeration units are made of plastics, fiberglass, coated steel or reinforced 
concrete. Corrosion and structural concerns about septic tanks apply to aeration units also. 
Some units may be installed above ground and will require protection from the weather. 

Because aeration units require periodic maintenance (blowers, pumps, etc.), inspection 
and solids removal, locate them for easy access. Setback distances for septic tanks also apply 
to aeration units (see Table 2-3). 

The Missouri Department of Health (1992) recommends that aeration units have a 
minimum treatment capacity of 150 gallons a day per bedroom or 500 gallons, whichever is 
greater. 

Missouri law does not permit property owners to discharge effluents from on-site 
sewage treatment systems. This includes aeration units. The Missouri Health Department 
(1992) also recommends that you not discharge the effluent from an on-site aeration unit to 
the ground surface. Effluents from on-site aeration units must be discharged to an approved 
final treatment system. If final discharge is to a soil-absorption field, size as for a septic tank, 
with no reduction in area. 
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Maintenance 

On-site aeration units are much more complex than septic tanks and require more 

maintenance and inspection. Shock loads, intermittent use, maintenance neglect and 

mechanical malfunction are the primary reasons for poor performance. 

Proper performance of aeration units requires that you establish and maintain a 

population of microbes through regular feeding (organic wastes) and continuous aeration. If 

the unit is used only intermittently (i.e. weekends only), serious disruptions to the microbial 

population can occur, and you may expect poor performance from the unit (Sievers et. al., 

1989). 

A common misconception is that if aeration stops or malfunctions, the aeration tank 

can function adequately as an anaerobic septic tank. This is not true because the smaller 

volume of the aeration tank has a shorter hydraulic retention time and will not provide enough 

time for treatment. Secondly, the aeration unit may not have properly designed baffles for 

trapping scum and settleable solids. 

It is recommended that you use aeration units that meet or exceed National Sanitation 

Foundation Testing Protocol. 
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Figure 2-6. Aerated sewage treatment tanks: (a) air diffusion; (b) mechanical mixer. 
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Properties of Soils 

Introduction 

Soils have played a vital role in the development and the downfall of various 

civilizations throughout history. Simply put, soil is a nonrenewable natural resource that we 

use for food and fiber production, for disposal of wastes, as support for roads and buildings and 

as a resource that supports recreation, wildlife and other aesthetic natural endeavors. To 

perform all of these functions, soil must be more than just "dirt." Remarkably, soil acts like 

a sponge to retain water for plant growth but is still able, in many instances, to drain excess 

water that would harm plant functions. Soil is a dynamic and active biological, physical and 

chemical body that is teeming with varieties of beneficial and harmful life and is constantly 

changing chemically. Sadly, humans have abused this nonrenewable resource through 

erosion, pollution, sedimentation and chemical and physical deterioration. Society must begin 

to view the soil as a complex natural body with a multitude of properties and come to 

understand why these properties exist. It is hoped that by understanding these dynamic 

properties, society can better manage this fmite resource for its and future generations' use. 

Soil in its natural setting is a mixture of solid particles that are both organic and 

inorganic. The arrangement ofthese solid particles gives rise to various amounts of pore space 

that may contain air and/or water. Various factors combine in the soil environment to 

determine the arrangement of the particles and the amount of pore space available. These 

properties are further modified by chemical reactions. Soil is a dynamic physical, chemical 

and biological body that is constantly changing because climate and biological activity acts 

upon a parent material altered by topography over time. 

A soil horizon is a layer of soil with uniform characteristics approximately parallel to 

the soil surface. Soil horizons are identified by observing changes in soil properties with 

depth. Soil texture, structure and color changes are characteristics used to determine soil 

horizons. 

Soil horizons commonly are given the letter designations of A, B and C to represent 

the surface soil, subsoil and substratum, respectively. Not all soils have all three horizons. 

On the other hand, many soils show variations within each distinct horizon and are subdivided 

as Al, A2, A3, Bl, etc. Some example soils and their horizons are shown in Figure 3-1. 
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Figure 3-1. Schematic of a soil profile showing various horizons (Source: EPA, 1980). 
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Each horizon has its own set of characteristics and therefore will respond differently 
to applied wastewater. Also, the conditions created at the boundary between soil horizons can 
significantly influence wastewater flow and treatment through the soil. Therefore, evaluation 
of a soil must include a comparison of the physical properties of each horizon that influences 
absorption and treatment of wastewater. 

Soil Color 

The color of the soil is one of the easiest detectable soil properties. Because a word 
description of color such as reddish brown is a relative term, we use a standard reference 
called the Munsell Color System. Essentially, an undisturbed soil sample is moistened and 
compared to color chips until the soil color matches a color chip (similar to matching paint 
chips). An example of a Munsell color description is 10YR 5/6. The 10YR portion refers to the 
color hue which is the dominant wavelength of light reflected (10 parts yellow to 1 part red). 
An example of a page from a Munsell book is shown in Figure 3-2. Each page of the color 
system represents a different color hue. The number 5 in the example refers to the value 
which represents the quantity oflight reflected (lightness or darkness of the color). The last 
number in this example, 6, refers to the chroma or the purity (dullness or brightness) of the 
designated hue. 

The color of a soil is determined for each horizon within the profile. Each horizon may 
have more than one color. These colors consist of the matrix color and the mottle color. The 
matrix is the dominant color (greater than 50 percent) while the mottle color(s) refers to the 
splotches or variants of colors embedded in the matrix color. 

Reddish colors often indicate oxidizing conditions (oxygen present); grayish colors may 
indicate soils with permanently high or stagnant water tables. Mottled soils may indicate 
seasonal wetness, although a mottling may be due to the presence of various minerals. 

For determining the appropriateness of a soil for wastewater treatment, the color 
chroma is the most valuable color property. Chroma numbers less than or equal to 2 indicate 
gray colors, which are reflective of reduced iron caused by anaerobic or waterlogged conditions. 
Conversely, bright colors usually indicated by chromas of 4 or greater indicate aerobic 
conditions. The pattern and relationship of the mottle and matrix colors within a soil profile 
are used to classifY the internal drainage of a soil. This drainage classification is summarized 
in Table 3-1. 
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Table 3-1. Soil color as indicator of drainage. 

Relative Subsoil Color 
Drainage Class Matrix Mottle 

Well Bright red None 
Moderately well Red Gray 

Somewhat well Dull red Gray dominant 
Poorly All gray 

Soil Texture 

Soil texture refers to the size distribution of inorganic particles within the soil that 

have spherical diameters smaller than 2 millimeters. Particles larger than 2 millimeters are 

called coarse fragments. In lay terms, texture refers to the proportion of sand, silt and clay. 

A comparison of characteristics for these three different soil particles are in Table 3-2. 

Table 3-2. Comparisons for sand, silt and clay. 

Soil Diameter S.A. Water Chemical 
Se:Qarate (mm) Sha:Qe volume abSO!J:!tivit:y abso!l!tivitv 

Sand 0.05-2.0 Round Least Lowest Least 

Silt 0.002 - 0.05 Round/Flat Middle Middle Middle 

Clay 0.002 Flat Greatest Highest Greatest 

For many land uses, a broad range of soil particle sizes are needed to give an optimum 

range of physical and chemical properties. In many instances, no one size particle will give 

the desired soil property for a land use. 

For better communication and management decisions, soil textural classes are used. 

A soil textural class is a grouping ofvarious percentages of sand, silt and clay such that each 

grouping has unique characteristics relative to the other 11 classes. The primary words used 

to designate textural classes are sand, silt, clay and loam. Loam is a mixture of sand, silt and 

clay such that each particle type has an equal influence on soil properties. More than one 

word may be used to describe a textural class. In this case, the last word determines the 

dominating soil class and major soil properties. The words preceding the primary class 

description indicate modifications to the primary soil properties. An example is a sandy loam 

in which the primary texture is a loam mixture of silt and clay. The term "sandy" indicates 

that sand particles dominate 
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over silt and clay particles, and thus, influence the properties associated with the loam 

classification. The twelve soil textural classifications are: 

1. sand 7. loam 

2. loamy sand 8. sandy loam 

3. silt 9. silt loam 

4. clay 10. clay loam 

5. silty clay 11. sandy clay loam 

6. sandy clay 12. silty clay loam 

The correlation of textural class with individual soil particle percentages is best 

illustrated in the textural triangle (Figure 3-3). 

Use the triangle by reading the clay percentage from the left axis. Next, find the silt 

percentage and plot it parallel to the right axis. Finally, plot the sand percentage. Where the 

three points intersect determines the textural class. (Note: Be sure all three percentages 

intersect at one point.) 

Texture by Feel Method 

You can estimate the textural class of a soil in the field by working a moist sample of 

soil between your thumb and fingers. This procedure corresponds well with soil consistence, 

which is defined as the response of a soil material to physical manipulation at a specific 

moisture content. The way in which the moist soil responds to manipulation determines the 

percentage of size separates. 

The procedure calls for you to determine clay content first, followed by sand content. 

When you squeeze a moist soil sample between your thumb and forefinger, a ribbon (cohesive 

soil material stuck together) may form. The longer and more cohesive the ribbon, the greater 

the clay content. If the ribbon is less than 4 centimeters long and not very shiny, the sample 

probably contains less than 27 percent clay. If the ribbon is 4 centimeters to 8 centimeters 

long and somewhat shiny, the sample probably contains between 27 percent and 40 percent 

clay. Once you have determined the clay content, estimate the percentage of sand (gritty feel) 

and then silt (soft and floury but not sticky like clay). If equal percentages exist, a textural 

class in the middle of that bracket is a strong possibility. If sand is dominant, a sandy 

modifier may be appropriate or if silt is dominant, a silt(y) modifier may be appropriate (see 

Figure 3-4). 
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35 



100 
CLAY 

Clay 

Clay Loam 

Forms good ribbons and sticky when moist: 
very hard clods when dry. 

Silt Loam 

Forms medium ribbons when wet: 
hard clods when dry. 

Forms poor or no ribbons when moist: 
soft clods when dry. 

Figure 3-4. Determining soil texture by feel. 
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Soil Structure 

The aggregation of the individual sand, silt and clay particles into larger secondary 

units called soil structure plays a vital role in influencing bulk density, porosity, water 

movement, tillage, and root anchorage. Macropores, or large pores, arise from structural 

formation. These pores usually enhance water movement and drainage, whereas micropores, 

or small pores, enhance water retention because of their texture. Three structural properties 

can be described in the field: structural grade, structural class and structural type. 

Structural grade refers to the distinctness and durability of the structural type. Grade 

of structure may be described as structureless, weak, moderate or strong. 

Structural class refers to the size of the structural type. Class is described with five 

terms: very fine, fine, medium coarse and very coarse. The size limits for structural class 

vary with each structural type. 

Structural type is the most important parameter of a structural description. The type 

of structure determines the size and amount of pore space. Four general types of structure 

are: spheroidal, cube-like, prism-like and platey (listed in the decreasing order of porosity), 

and these are described in soil materials (see Figure 3-5). 

Soil structure is a fragile soil characteristic. It is easy to degrade through continuous 

cropping systems, erosion, tillage, traffic and other uses. However, structure is difficult to 

build because a fresh, continuous supply of organic matter is needed to stabilize and cement 

structural units. 

As the clay content of a soil increases, the ability increases to alter the soil structure 

and thus affect porosity (see Figure 3-6). For example, there is a much greater chance of 

smearing the sidewalls and reducing porosity while digging a soil-absorption trench with a 

backhoe in a clay soil than digging one in a sandy soil. 

Landscape Position 

Locating an on-site system properly is critical to its performance. Various landscape 

positions are shown in Figure 3-7. You can expect hilltops and side slopes to have good surface 

and subsurface drainage while you'll find depression and footslopes are likely to have poor 

drainage. 
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Figure 3-5. Types of soil structures and their influence on the rate of water movement. 
(Source: U.S. Department of Agriculture, 1959). 
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Figure 3-6. Relative changes in porosity due to soil structure type. 
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Figure 3-7. Various landscape positions important .to on-site systems. (Source: EPA, 1980). 
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Water Movement in Soils 

The ability of the soil to conduct water (called soil permeability) is determined by the 

size (diameter), continuity and tortuosity (the amount of winding and twisting) of the soil 

pores. A clayey soil has more pores than a sandy soil, yet the sandy soil conducts more water 

because it has larger, more continuous pores. 

Figure 3-8 illustrates the primary forces affecting the movement of water through soil. 

As water is applied to a soil, gravity forces the water downward. At the same time, forces of 

attraction resist gravity and try to hold the water in the pores. The forces of attraction are 

due primarily to the attraction of water molecules to one another (cohesion) and the attraction 

of water to surfaces of soil particles (adhesion). As water wets the surface of soil particles 

because of adhesive forces, the water pulls more water molecules into the pores because of 

cohesive forces. This process is known as capillary rise and will continue until the weight of 

the water column (gravity) equals the forces of attraction (force of capillarity). 

The size of the attraction forces depends upon the size of the pores. Water is held 

tighter in soils with small pores because they have more surface area for adhesive forces to 

act upon and resist the force of gravity. Large pores drain quickly because they have less 

surface area and weaker attractive forces to hold water. This can be illustrated by Figure 3-9, 

where soil pores are simulated by two different sizes of pipe (l-inch and 0.5-inch diameters). 

The area and volume properties of each pipe are given in the figure. If the cross-sectional area 

(0. 785 in2) of the l-inch pipe were replaced by an equivalent area of 0.5-inch pipe, four pipes 

would be required. The four 0.5-inch pipes would have twice the surface area (6.28 in2) for 

attractive forces to work while providing the same volume for water storage. 

Clay particles are small, and soil with a high content of clay has many small-diameter 

pores that tend to hold water tightly (attractive forces dominate). Sandy soils have relatively 

large pores and tend to drain water quickly (gravity forces dominate). Loam soils have more 

larger pores than clay, but fewer than sand, and lie between clay and sand in terms of water 

flow. 

Hydraulic conductivity is defined as the soil's ability to transmit water and depends 

on the number and size of soil pores. Hydraulic conductivity is related to the balance between 

the forces of gravity and attraction. This balance often is referred to as soil moisture tension. 

Increasing tension means that the soil is drying and water is being held more tightly by forces 

of attraction. 
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The effects of soil properties on hydraulic conductivity are shown in Figure 3-10. When 
soil is saturated, all the pores are filled with water, and conductivity is high due to gravity. 
However, because of differences in pore sizes, clay soils have a much lower conductivity than 
sands. Sands, because of their large pores and small attraction forces, drain quickly, even as 
the soil dries. As clay soils dry, their conductivity also decreases but stabilizes more quickly 
than sand due to higher attraction forces. It is important to see, however, that the 
conductivity is small and little water is moving through the clay. 

Hydraulic conductivities of Figure 3-10 are for homogeneous soils, i.e. soils that have 
uniform properties. This seldom occurs in nature where soils are formed in layers with each 
layer having its own set of particular properties including hydraulic conductivity. Layers of 
soil with varying hydraulic conductivities can interfere with water movement and cause 
problems for on-site systems using the soil for disposal. 

If the upper layer of soil has a significantly greater hydraulic conductivity than the 
next lower layer, water may pond over the lower layer because it cannot transmit water as fast 
as the upper layer can deliver it. If the upper layer of soil has a significantly lower hydraulic 
conductivity than the lower layer, the lower layer may not absorb water because greater 
attraction forces in the upper layer hold water more tightly than in the lower layer. Water 
may not move into the lower layer until the upper layer is saturated. 

Clogging layers often form at the bottom of soil-absorption trenches because of 
biological activity and can reduce the hydraulic conductivity of the soil. The clogging layer 
may cause ponding of water in the trench while soil beneath is unsaturated. 

The Percolation Test 

The percolation test is a field test to estimate the rate of water movement in a soil by 
observing the absorption of water from a test hole in the soil. The percolation test does not 
measure the true percolation rate or hydraulic conductivity. At best it estimates gross relative 
permeability (Kaplan, 1987). A number of factors can cause errors in the results of percolation 
tests. If these are understood and eliminated, test results will be more consistent and useful. 

Size ofHole 

The diameter of the percolation test hole affects the rate of water movement into the 
soil. Therefore, it is important to make all tests using the same-diameter holes so test results 
can be compared accurately. 
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Figure 3-8. Primary forces affecting water movement in soil. 
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Figure 3-9. Illustration of the effect of pore diameter on water attractive forces. 
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Figure 3-10. Hydraulic conductivity verses soil moisture tension. (Source: EPA, 1980). 
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Soaking Time 

A dry soil obviously will have a higher percolation rate than when the soil is wet. 
Presoaking the soil in a percolation test hole is an attempt to simulate conditions that will 
exist in the actual absorption trench when wastewater is applied and hydraulic conductivities 
will be low. Percolation rates change with soaking time (see Figure 3-10) for individual soils. 
Time to reach a stable percolation rate may range from minutes (for sand) to weeks (for clays) 
depending upon the soil type and conditions at the test site. For largely economic reasons, 
standard soaking times have been proposed, which is a compromise. 

It also should be noted that percolation curves may 1be influenced by changes in soil 
structure due to wetting, swelling of clays, entrapped air in soil pores, microbial growth and 
uniformity of soil layers (Kaplan, 1987). 

Smearing of Sidewalls 

In the process of digging test holes, the sidewalls may be smeared (especially if power 
augers are used (Van Kirk et al., 1981). Hand augured holes appear to have fewer smearing 
problems. If smearing is a problem, dig a smaller hole (i.e., a 4-inch diameter) and enlarge 
the diameter (to 6 inches) by picking the soil away from the sides with a small knife or a large 
nail. 

Setup and test procedures 

The following procedures for performing a percolation test are taken from Individual 
Sewage Treatment Systems Standards (MDNR, 1989). A typical test-hole setup is shown in 
Figure 3-11. 

A A minimum of three percolation test holes are required. Two of the holes can be 
around the periphery of the absorption area with one in the middle of the area. 

B. Make each test hole 6 to 8 inches in diameter, have vertical sidewalls and dig to 
a depth of 24 inches or to the bottom of the proposed absorption area, whichever is 
greater. 

C. Carefully scratch the bottom and sides of the hole to remove any smearing and to 
provide a natural soil surface into which water may penetrate. Remove loose material 
from the bottom of the test hole and add two inches of gravel (one fourth to three
fourth inch diameter) to the bottom of the hole to protect from scouring. 
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D. Fill the hole carefully with clean water to a minimum depth of 12 inches over the 

soil bottom of the test hole and maintain this depth for at least four hours. Allow the 

hole to swell for at least 16 hours but no more than 30 hours. In sandy soils, the 

saturation and swelling procedure is not required, and the test may proceed if one 

filling of the hole has seeped away in less than 10 minutes. 

E. In sandy soils, adjust the water depth to 8 inches over the soil bottom of the test 

hole. From a fixed reference point (see Figure 3-11), the drop in water level is 

measured in inches to the nearest one-eighth inch at approximately 10-minute 

intervals. A measurement also can be made by determining the time it takes for the 

water level to drop 1 inch from an 8-inch reference point. If 8 inches of water seeps 

away in less than 10 minutes, use a shorter interval between measurements, but in 

no case should the water depth exceed 8 inches. Continue the test until three 

consecutive percolation-rate measurements vary by a range of no more than 10 

percent. 

F. In other soils adjust the water depth to 8 inches over the soil at the bottom of the 

test hole. From a fixed reference point the drop in water level should be measured in 

inches to the nearest one-eighth inch at approximately 30-minute intervals, refilling 

between measurements to maintain an 8-inch starting head. The test should continue 

until three consecutive percolation rate measurements vary by a range of no more than 

10 percent. The percolation rate also can be made by observing the time it takes the 

water level to drop 1 inch from an 8-inch reference point if a constant water depth of 

at lest 8 inches has been maintained for at least four hours prior to the measurement. 

G. Calculate the percolation rate by dividing the time interval (in minutes) by the 

drop in water level (in inches) to obtain the percolation rate in minutes per inch (mpi). 

H. The slowest percolation rate of the three tests is to be used to determine the final 

soil treatment system design. 

I. Keep all worksheets showing all calculations and measurements for submission to 

proper authorities. 
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Figure 3-11. Schematic showing two methods of performing a percolation test. 
(Source: EPA, 1980) 
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Soil morphology evaluation 

The use of percolation tests to design and size on-site soil absorption systems is 

gradually being replaced by a detailed soil-morphology evaluation. The percolation test is 

subject to many errors and often lacks consistency (see previous section). Detailed soil 

evaluations performed by an individual knowledgeable in soil science and on-site systems can 

provide detailed and more consistent information about the site than is possible with the 

percolation test and should result in more reliable systems. 

A detailed soil-morphology evaluation should include information on (1) topography 

and landscape position (slopes, drainage and location of buildings, wells, streams, etc.), and 

(2) soil characteristics (texture, color, structure, permeability and restrictive horizons in the 

soil profile). 

Topography and landscape position 

Uniform slopes of less than 15 percent are generally the most suitable for on-site soil

absorption systems. Make provisions to provide adequate drainage on slopes less than 2 

percent. Sites with slopes 15 percent to 30 percent may be suitable if there is suitable soil 

depth to install a system and obtain sufficient treatment. 

For all systems, divert excessive surface water away from the absorption field. If 

excessive water moving laterally through the soil will likely saturate the absorption area, 

install interceptor drains up slope of the absorption field. 

Table 3-3 lists site data useful for evaluating topography and landscape position. 

Table 3-3. Site data for evaluating topography 
and landscape position. 

Slope,% 
Slope type, uniform or complex? 
Landscape position (See Figure 3-7) 
Surface drainage - Diversion required? 
Seasonly high water table present? 
Restrictive horizons, where and type 

Soil Characteristics 

The soil characteristics of color, texture, structure and permeability were discussed in 

detail earlier in this unit. The results of a detailed soil analysis could be presented in a form 

similar to Table 3-4. The soil characteristics of color, texture and percent clay can be thought 
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of as the primary characteristics that determine a soil's suitability for receiving and treating 

wastewater and can be used to design an absorption field for either a conventional system or 
low- pressure pipe system. 

Table 3.4. Soil characteristics from field evaluations. 

Depth Matrix Texture %Clay Mottle Coating Structure Permeabilit 
(inches) color color color y 

(inch/hour) 

0-9 10YR3/2 silt loam 20 - - granular 

9-30 10YR4/3 silty clay 32 10YR3/2 blocky 
loam 

30-42 10YR3/2 silty clay 45 10YR2/2 blocky 

42-60 10YR3/3 silty clay 50 10YR2/3 massive 

Once the primary soil characteristics are known, you can determine a soil group 

from Table 3-5 and select a range of application rates for design purposes. The secondary soil 
characteristics (mottle color, coating color, soil structure and permeability) can be used as 

modifying parameters to choose an appropriate loading within the chosen range of application 
rates. 

For example, suppose you were considering a conventional absorption field for a site 

with a soil as described in Table 3-4, and that the trenches would be located at a 24-inch 

depth. This soil would fall into Soil Group 4a (see Table 3-5) with a design application range 
of 0.4 gallons to 0.2 gallons a day per square foot (gpd/sq. ft.). 

The soil at the trench level (24 inches) appears to have reasonable permeability as 

shown by it's matrix color (chroma of 4) and sub angular blocky structure. However, mottling 

in this horizon has a dark color (lOYR 3/2), and the clay content (36 percent) is relatively high. 

The low chroma of the mottles (2) and the relatively high clay content (36 percent) would 

suggest seasonly high water tables and that the design application rate should be reduced to 

less than 0.4 gpd/sq.ft. The higher clay content (46 percent) and darker color of both the soil 

matrix and mottles in the next lower horizon (30 inches to 42 inches) reinforces the likely hood 
of seasonly high water tables and reduced permeability. You should reduce the design 
application rate to 0.3 or 0.2 gpd/sq. ft. 

50 



Table 3-5. Application rates for conventional and LPP soil absorption systems based on soil 
morphology evaluations (MDNR, 1989). 

Soil Soil Texture Classes Application Rate (gpd/sq.ft.) 
Group 

Conventional Low Pressure 
Pipe 

1 Sands Sand 1.2- 0.8 0.5- 0.4 
Loamy Sand 

2 Course loams Sandy loam 0.8 - 0.6 0.4- 0.3 
Loam 

3 Fine loams Silt loam 0.6- 0.4 0.3- 0.2 
well drained colors Clay loam 

Sandy clay loam 
Silty clay loam 

4a Clays and some fme Sandy clay 0.4 - 0.2 0.2- 0.1 
loams Silty clay 
low to moderate Clay 
shrink/well Silty clay loam 

Clay loam 

4b Clays and some fme Sandy clay . Unsuitable Unsuitable 
loams Silty clay 
high shrink/ Clay 
swell, >35% clay Silty clay loam 
content Clay loam 

5 Skeletal Silt loam 0.6- 0.4 0.3-0.2 
less than 50% Silty clay loam . 
rock fragments Clay 

Silty clay 
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Conventional Soil Absorption Trench 

The subsoil absorption trench is the most commonly used final-treatment component 

for on-site sewage systems. The trench is simple in design and construction and low in cost. 

Within limits, the soil is an excellent treatment medium. To be effective, the soil-absorption 
trench must accomplish two things: 

1. Provide adequate treatment of the wastewater by removing organics, 

bacteria, virus and certain chemicals. 

2. Successfully absorb and transmit daily the design volume of water. 

A typical soil-absorption trench is constructed in layers as shown in Figure 4-1. The 
rock media surrounding the perforated distribution pipe has four purposes: (a) support the 
pipe and help distribute the wastewater to the trench bottom and sidewalls, (b) dissipate 

energy from the incoming wastewater and prevent erosion of the soil surfaces, (c) provide 
temporary storage, and (d) prevent collapse of the trench sidewalls. 

The layer of material separating the rock from backfill soil (barrier material) prevents 

soil particles from entering the rock and clogging it. The barrier material should be permeable 

to allow movement of water and air. 

Wastewater movement from the rock media into the soil depends on the nature of the 

pore spaces between soil particles (number, size, structure). As wastewater is continuously 

applied to the trench, a thin clogging layer develops at the rock - soil interface within the soil 
pores (see Figure 4-2). The mat is largely biological in nature and helps treat the wastewater. 

Because it fills the pore spaces, the mat slows the movement of water into the soil to less than 

that observed in the percolation test. If the rate of organic material added to the trench 
exceeds the rate of decomposition in the clogging mat, the water may pond. This will restrict 

oxygen to the mat, encourage anaerobic conditions and lead to further declines in water 

movement (Otis, 1985). 

Both the trench bottom and sidewalls act as infiltration surfaces. In the presence of 
a properly functioning clogging mat, the hydraulic head produced by the water depth over the 

trench bottom, will cause more water to move through the bottom area. Clogging mats on the 
sidewalls are generally less developed than on the bottom, but hydrostatic pressure is less and 

it is difficult to predict which surface will be more effective (EPA, 1980). 
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Figure 4-1. A conventional soil absorption trench. 
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Figure 4-2. Infiltrative surfaces and clogging mat in a soil absorption trench. 
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Keep settleable solids, greases and fats out of a soil-absorption trench because these 

materials can clog the soil quickly. A properly functioning septic tank should remove these 

materials from the wastewater flow. 

Brine flows from home water softeners do not cause problems in soil-absorption 

systems (Corey et al., 1977), but you must consider the increased hydraulic load when sizing 

the absorption field. 

Septic-tank additives do not appear to harm soil-disposal systems (EPA, 1980). 

However, additives containing strong bases could damage soil structure, and additives 

containing organic solvents may lead to groundwater pollution (Noss, 1989). Always know 

what an additive contains before using it! 

Design 

Soils 

Soil-absorption trenches depend upon the soil's ability to absorb wastewater under 

difficult conditions. They must be designed based on a knowledge of soil properties (see Unit 

III, Soil Properties). Evaluate soil properties through soil profile analyses or percolation tests 

or both. 

Absorption area requirements (trench bottom only) based on percolation rates are given 

in Table 4-1. Don't use sites with percolation rates less than 1 minute/inch because 

insufficient treatment will likely occur and lead to potential groundwater pollution. 

Investigate sites with percolation rates of one minute to ten minutes an inch for potential 

groundwater contamination. 

Don't use soils with percolation rates less than 60 minutes/inch for conventional 

trenches. You may use, with modifications, soils with rates of 60-120 minutes/inch. Check 

with a qualified engineer who is knowledgeable with soil-evaluation data obtained from a 

qualified soil scientist. In no case should trenches be constructed in soils with percolation 

rates slower than 120 minutes per inch or where rapid percolation may result in 

contamination of water-bearing formations or surface waters. 

Each absorption trench system should have a minimum of two trenches. No trench 

should be longer than 100 feet. Minimum spacing between trenches is 5 feet on centers. 

Absorption trenches should be 18 to 36 inches wide. We recommend that trenches 24 

inches or less be used in soils with percolation rates greater than 45 
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minutes/inch. The bottom of conventional trenches should be 18 to 30 inches below the 

finished grade (see Figure 4-3a). 

Pipe 

The pipe between the septic tank and the absorption system should be 4-inch diameter 

minimum and have a minimum slope of one-eighth inch per foot. 

Table 4-1. Recommended absorption areas for conventional soil absorption 
trenches (Source: MDNR, 1989t 

Percolation JUbsorption area Loading Rate 
Rate** (sq. ft./bedroom)* (gal./ sq. ft). * 

1-10 150 1.0 

10-30 200 0.8 

30-45 265 0.45 

45-60 300 0.4 

60-12011 600 0.2 

+Note: Soil-absorption areas based on a detailed soil evaluation can be found in Table 
3-5. 

* Gallons of sewage-tank effluent per day per square foot of trench bottom. 

** Sands with percolation rates from one minute to ten (1-10) minutes per inch 
shall be evaluated for potential groundwater contamination. Absorption 
trenches in these highly permeable sands should have a minimum vertical 
separation of 4 feet between the absorption trench bottom and seasonal high 
groundwater table or bedrock. 

Cherty clays may have percolation rates between zero and 60 minutes per inch. 
Cherty clay soils located in areas of potential groundwater contamination 
should have less than 50 percent rock fragments and a vertical separation 
distance of 4 feet or more between the absorption trench bottom and bedrock. 
Unlined absorption trenches should not be installed in cherty clays when the 
field evaluation indicated the presence of zones of large voids. Regardless of the 
percolation rate, absorption trenches installed in areas of potential groundwater 
contamination with cherty clays should be designed for a maximum loading rate 
of .45 gallons per square foot or a minimum of 265 square feet per bedroom . 

• The bottom of trenches constructed in clays with low-to-moderate shrink/swell 
potential should be located a minimum of 2 feet above any perched water table. 

The most commonly used pipe for distribution lines in the trench is 4-inch diameter 

perforated plastic with two rows of one-half to three-fourths inch diameter holes along its 
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length (see Figure 4-3b). When placing the pipe in the trench, place the holes at the 4 o'clock 

and 8 o'clock positions to ensure better distribution and less clogging. Corrugated plastic 

tubing (4-inch or 6-inch diameter) may be used for distribution lines as long as it is 

structurally sound and has hole sizes and configurations similar to Figure 4-3b. 

Rock 

Make sure rock used in soil-absorption systems is clean, washed gravel or crushed 

stone and graded or sized between three-fourths of an inch to two and one-half inches. Don't 

use crushed limestone or dolmite. The sharp edges increase compaction (reduce porosity) and 

the fine material from breakdown of the rock can clog pores in the soil. In cases where gravel 

is not available, you may use gravelless distribution systems. Place the rock a minimum of 

12 inches deep with at least 6 inches below the pipe and 2 inches over the pipe and distributed · 

uniformly across the trench bottom and over the pipe. Barrier material that can be used: 

a. Unbacked, rolled, 3 1/2-inch thick fiberglass insulation 

b. Untreated building paper 

c. Synthetic drainage fabric 

d. A minimum of 8 inches of straw for a compacted thickness of 2" 

Layout 

The placement and layout of the soil-absorption field must be given priority. Consider 

setback distances, proximity to neighbors, alternate field sites, and topography (see Unit I, Site 

Evaluation). 

For sites that are relatively flat (little slope), tie the trenches together (see Figure 4-

4a). This will enable wastewater to flow to all trenches even if there is a blockage in one 

lateral line. 

For sites with slopes greater than 4 percent, trenches should be laid out on the contour 

(see Figure 4-4b). Avoid areas with complex slope patterns or areas where surface flows 

converge. Don't use slopes greater than 15 percent unless there is adequate soil depth (3 feet 

or more) for construction. The greater soil depth on these steep slopes also helps prevent 

downslope surfacing and trench to trench flow. Interceptor drains may be required to prevent 

water from moving through the soil into the trenches and causing hydraulic overloading of the 

system. 
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Figure 4-3. (a) Construction dimensions for soil absorption trenches,· (b) Proper placement 
of perforated plastic pipe in trench (Miller et al., 1987). 

61 



WATERTIGHT PIPE 
&JOINTS 

1 - :p:> -

SEPTIC TANK 

r-

- .. 

(a) 

PERFORATED 
DISTRIBUTION PIPES 

AVOID AREAS 
WHERE SURFACE FLOWS 

CONVERGE. 

(b) 

Figure 4-4. Layout for soil absorption trenches: (a) On level terrain; 
(b) On sloping terrain (Miller et al., 1987). 
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Effluent Distribution 

For soil-absorption trenches to function properly, it is imperative that you distribute 

wastewater as uniformly as possible over the entire trench bottom area and avoid placing an 

excessive hydraulic load on any single point in the system. Concentrating water at one point 

may lead to surfacing of wastewater, water or gas backup into the home and system failure. 

Wastewater distribution to a soil-absorption system can be accomplished by three 

methods: gravity, dosing and pressure. 

Most on-site systems for individual homes will use gravity distribution of wastewater. 

You can achieve uniform distribution to all trenches with a distribution box (see Figure 4-5a). 

Influent enters the box at a slightly higher elevation (2 inches to 3 inches) than the effluent 

pipes. To get equal flow in all effluent pipes, install the distribution box level. Boxes not 

sitting level will distribute wastewater unequally. Place boxes on a foundation of compacted 

soil, gravel or concrete to prevent differential settlement. You can acljust for some small 

amount of settlement by installing commercially available weir inserts on the box end of the 

effluent pipes. This regulates water flow. 

Research at the University of Arkansas (Mitchell) has shown that even-flow 

distribution from a distribution box cannot be obtained to more than four lines. Capillary 

attraction or surface tension cannot be overcome by the low flow rate from the septic tank. 

Distribution boxes should be made of non-corrosive material and watertight. Place the 

box at least 2 feet from the septic tank. 

Drop boxes (see Figure 4-5b) are used on sloping sites where trenches are constructed 

on different contour elevations. Drop boxes distribute water from one trench to the next lower 

one when the water level in the upper trench rises to a given level. This means that the upper 

trench must become flooded before water will flow to the lower trench. This is referred to as 

serial distribution and can cause the upper trenches to receive a disproportional amount of 

wastewater, leading to system failure. Serial distribution systems should be limited to sites 

where a minimum of 3-feet separation exists between the bottoms of adjacent trenches (see 

Figure 4-6a) and where soil permeability restrictions are associated with the soil at the site 

(slow percolation or seasonally high water tables). We recommend that drop boxes be designed 

to close off the inlets to the distribution pipes to give each trench rest period when the trench 

becomes saturated. 

You can eliminate serial distribution with a drop-box configuration (see Figure 4-6b). 

This system requires more pipe and excavation than the drop-box system but prevents 

saturation of individual trenches. Be careful when installing the drop box not to let it settle, 

causing unequal distribution. The top of the drop boxes should be at the final grade level so 

that you can periodically inspect them. 
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Figure 4-5. Effluent distribution devices: (a) Distribution Box; (b) Drop Box. 
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Figure 4-6. Effluent distribution on sloping terrain: (a) Serial distribution 
using drop boxes; (b) Using a distribution box. 
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We recommend that you use dosing for all systems except serial-distribution systems. 

We also recommend that you provide dosing on all distribution-box systems that have more 

than 500 lineal feet of distribution line. Table 4-2 gives recommended dosing frequencies 

(EPA, 1980). 

Table 4-2. Recommended dosing rates for distribution box systems (EPA, 1980) 

Soil texture Dosing frequency 

Sand 4 doses/day 

Sandy loam 1 dose/day 

Loam Frequency not critical8 

Silt loam 
Silty clay loam 1 dose/dar 

Clay Frequency not critical8 

a Long-term resting provided by alternating fields may 
be desirable. 

Alternate dosing schemes also may be used, particularly on sites with difficult soils or 

topography. Alternating trenches (see Figure 4-7a) require a small amount of extra piping and 

a diversion valve (commercially available). You can use one set of trenches for three months 

to six months and then switch effluent to the alternate set. This provides rest for the trenches 

to dry out and the clogging mat to break down. 

Alternating fields (see Figure 4-7b) are more expensive to build and require more land 

area but can be an option on difficult soil sites. Alternating fields also can be used to repair 

a failing site. In this situation the older field is not abandoned but re-used after a rest period 

(Lomax, 1982). 

Construction 

Soil-absorption systems work only when soil pores remain open at the infiltrative 

surfaces (trench bottom and sidewalls). If these pores are sealed during construction by 

compaction, smearing or puddling of the soil, the system may never operate as designed or 

may fail from the beginning and eventually repairs could cost the homeowner two or three 

times the original cost. You should observe setback distances (see Table 4-3). 
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Table 4-3. Setback distances for soil-absorption systems (MDNR, 1989). 

Minimum distance in feet from Disposal area 1 

Private water supply well 100 

Public water supply well 300 

Classified stream, lake or impoundment 50 

Stream or open ditch 25 

Property lines 10 

Building foundation 15 

Basement 25 

Water line under pressure 10 

Suction water line 100 

Upslope interceptor drains 10 

Downslope interceptor drains 25 

Top of slope of embankments or cuts of 2 feet 
or more vertical height 20 

Other soil-absorption system except repair 
area 20 

1 Includes subsurface absorption systems. Does not include wastewater stabilization ponds. 

Initial Excavations 

The EPA (1980) recommends the following procedures for excavating soil-absorption 

trenches or beds: 

1. You may excavate in clayey soils only when the moisture content is below the soil's 

plastic limit. If soil taken at the depth of the system's proposed forms a •wire" 

instead of crumbling when you try to roll it between your hands, the soil is too wet. 

2. A backhoe is usually used to excavate the system. Don't use front-end loaders or 
bulldozer blades because the scraping action of the bucket or blade can smear the soil 

severely, and the wheels or tracks compact the exposed infiltrative surface. 

3. Don't drive excavation equipment on the bottom of the system. If trenches are 

used, the equipment can straddle the excavation. If a bed is used, the bed should be 

divided into segments so the machinery can operate from undisturbed soil 
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Figure 4-7. Alternative dosing schemes: (a) Alternating trenches; (b) Alternating Fields 

(Lomax, 1982 ). 
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4. The bottom of each trench or bed must be level throughout to ensure uniform 

distribution or eftluent. A level and tripod are essential equipment. 

5. Leave the bottom and sidewalls ofthe excavation with a rough open surface. Any 

smeared and compacted surfaces should be removed with care. 

6. Schedule work only when the infiltrative surface can be covered in one day because 

wind-blown silt or raindrop impact can clog the soil. 

Backfilling 

Once the infiltrative surface is properly prepared, you must backfill carefully to avoid 

any damage to the soil. 

1. The gravel or crushed rock used as the porous medial is laid in by a backhoe or 

front- end loader rather than dumped in by truck. You should do this from the sides 

of the system rather than driving out onto the exposed bottom. In large beds, push 

the gravel or rock out ahead of a small bulldozer. 

2. The distribution pipes are covered with a minimum of 2 inches (5 centimeters) of 

gravel or rock to retard root growth, to insulate against freezing and to stabilize the 

pipe before backfilling. 

3. Cover the gravel or rock with untreated building paper, synthetic drainage fabric, 

marsh hay or straw to prevent the unconsolidated soil cover from entering the media. 

Cover the media completely. If you use untreated building paper, the seams should 

overlap at least 2 inches (5 centimeters) and any tears should be covered. If you use 

marsh hay or straw, spread it uniformly to a depth of 8 inches. In bed construction, 

it's good practice to spread a layer of hay or straw covered with untreated building 

paper. 
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Figure 4-8. Modified trench design (MDOH, 1992): (a) Shallow trenches; 
(b) Sand-lined trenches. 
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4. The backfill material should be similar to the natural soil and no more permeable. 

It should be mounded above natural grade to allow for settling and to channel runoff 

away from the system. 

Modified Trenches 

Shallow Trenches 

Where there is insufficient soil thickness for conventional trench installation or 

insufficient soil depth to a seasonally high or perched water table, use shallow trenches (see 

Figure 4-8a). Shallow trenches are built by placing the top of the rock fill at the original 

ground line and covering the trench with permeable topsoil (12 inches to 18 inches at center). 

If the soil used for the cap contains more than 15 percent clay, the depth of soil cover should 

be reduced to 6 inches to 8 inches. The topsoil cover should extend 5 feet beyond the trench 

wall and be seeded to grass. Minimum distances from the trench bottom to the water table 

or bedrock are given in Figure 4-8. 

Sand-lined trenches 

On sites that have soils with greater than 50 percent rock fragments or where bedrock 

conditions may lead to groundwater contamination, use sand-lined trenches (see Figure 4-8b). 

Sand-lined trenches are conventional trenches which have a 12-inch sand layer on the bottom 

of the trench rock and a 6-inch sand layer on the sides. To place sand on the trench sides, 

excavate trench walls on a slope (2:1 or 1:1). 

For loading rates up to 0.45 gallons per square foot per day (265 f'flhedroom), the sand 

should be natural sand with less than 15 percent clay. Finely crushed limestone is not 
acceptable. For higher loading rates, the sand must meet the requirements for an intermittent 

sand filter. For areas where natural sand is difficult to get, substitute an 8-inch or 10-inch 

graveness pipe with a 6-inch sand envelope around the pipe. 

Correcting failing systems 

Soil-absorption fields can fail for many reasons, and determining the cause can be 

complex. Figure 4-9 provides help in identifying causes offailures and offers some corrections. 
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Low pressure pipe systems 

Introduction 

Low-pressure pipe (LPP) systems are soil-absorption systems that have been modified 
to account for sites that may have slowly permeable soils, shallow soils or steep slopes. LPP 

systems overcome these restrictions by (a) uniform distribution of wastewater, (b) dosing and 
resting cycles, and (c) shallow trenches. Gravity-fed systems often can overload specific sites 

within the soil absorption area because of uneven distribution by broken or misaligned pipe. 
Distribution in an LPP system is accomplished under a small pressure head that uniformly 

distributes wastewater over the entire soil-absorption area. Dosing helps maintain aerobic 
conditions in the soil, which improves treatment of the wastewater and maintains soil 

permeability. Shallow placement of trenches increases the vertical distance between the 
system and any restrictive layer (claypan or high-water table) and generally allows you to 

place the trench in more permeable soil. 

This system is particularly appropriate where the only available site is upslope from 

the home, which would require a pump for any soil-absorption system. Wooded sites are an 
ideal place for LPP systems because a small trenching machine can maneuver around trees. 

The smaller equipment also is safer to use on steep slopes. 

An LPP system consists of a properly designed and installed septic tank; a pumping 

chamber containing a submersible pump, level controls and high-water alarm; and a supply 
line, manifold and distribution laterals (see Figure 4-10). Single compartment septic tanks 

with self-contained pumping units also are available. This system eliminates the need for a 

second tank (see Figure 4-11). 

When septic-tank effluent rises in the pump chamber, the upper-level control turns the 
pump on, and effluent is distributed under pressure (5 feet of pressure head maximum) 

through small holes placed along each lateral. The pressure ensures that each lateral receives 

the same amount of effluent. Effluent diffuses from the trench into the soils where it is 

treated. 

Design 

Soil Absorption area 

Soil-absorption areas for LPP systems are calculated on a total area basis, not trench

bottom area as with conventional soil-absorption trenches. Once you know the total area, you 

can position the trenches within the area in a variety of designs. Table 4-4 gives application 
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rates for calculating total absorption areas. These rates are based on soil percolation tests 

which normally are conducted 12 inches to 18 inches deep and may not apply to shallow LPP 

trenches. We strongly recommend that LPP trenches be sized based on a soil morphology 

evaluation (see Table 3-5, Unit III). 

Table 4-4. Application rates for LPP systems (MDNR, 1989). 

Percolation Absorption Loading rate • 
rate area (ga1/sq. ft.) 

(min/inch) (sq. ft./bedroom) 

1- 10 200 0.6 

10-30 300 0.4 

30- 45' 400 0.3 

45-60 600 0.2 

• Gallons of effluent per day per square foot of total area . 
• Where groundwater contamination is a concern and soils consist of cherty clays, 

an application rate of 0.2 ga1/sq.ft. should be used even if the percolation rate 
would indicate a higher loading. 

A minimum of 24 inches of soil should exist between the naturally occurring ground 

surface and the restrictive layer (bedrock, high-water table or restrictive soil layer) or 12 

inches between the trench bottom and restrictive layer. In areas where groundwater 

contamination is a concern and the soils contain a high chert content, a minimum of 4 feet 

should exist between the trench bottom and the bedrock. 

Trenches should be 6 inches to 12 inches deep, at least 6 inches wide, and have a 

minimum spacing of 5 feet (see Figure 4-12). Discharge from any one lateral should not vary 

10 percent from the other laterals. The laterals should be encased in small-diameter rock (we 

recommend pea gravel) with 4 inches of rock beneath the lateral and 2 inches on top. 

Use synthetic fabric between the rock and backfill to prevent soil fines from being 

drawn into the rock if water fills trench and then slowly recedes. 

You can place absorption fields for LPP systems on steep slopes (up to 25 percent) but 

take care to ensure that pressures are equalized in all laterals (within 10 percent). Place all 

laterals on the contour so pressure does not vary along a lateral. The absorption field should 
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not be placed in depressions or areas subject to frequent flooding. Intercept and divert surface 

water, perched groundwater or other subsurface lateral water movement from the absorption 

field. 

Setback distances for LPP systems are the same as for conventional septic tank-soil 

absorption systems (see Units on septic tanks and conventional soil-absorption trenches). 

Distribution system 

All piping in the distribution system should be PVC Schedule 40 or 160 psi plastic 

pipe. Supply lines and manifolds are usually 2-inch pipe; laterals can be l-inch to 2-inch 

diameter pipe with one and one-half inch pipe being common. Figure 4-13 shows a typical 

distribution system. The manifold supplies effluent to each lateral Maximum length of a 

lateral (manifold to turn-up) should not exceed 70 feet. For laterals longer than 70 feet, 

connect the manifold in the center of the lateral line as shown in Figure 4-13, rather than at 

the end of the laterals. Holes (5/32-inch diameter) are drilled every five feet along the lateral 

in a straight line. Drill the first hole at least 2 feet from the manifold and the last hole drilled 

at least 2 feet from the turnup. For low- permeable soils (see Type 4a, Table 3-5, Unit III), 

hole spacing can be up to 10 feet. 

You may vary the diameter of drilled holes or hole spacing or both along laterals in a 

distribution system to adjust for differences in flow rates to each lateral Differences in flow 

rates are caused by elevation differences in trench placement on steep slopes. This design 

should be attempted only by a qualified engineer. A simpler method of adjusting for elevation 

changes is to place a valve at the manifold-end of each lateral which you can use to adjust 

pressures in individual laterals (see Figure 4-12). Place the valves 8 inches in the ground and 

protect them with a valve cover or encase them in a section of PVC pipe fitted with a threaded 

adapter and screw cap. Don't dig the lateral trenches through to the manifold trench. Leave 

a 6-inch to 8-inch dam of natural soil so effluent will not drain into the manifold trench. 

Experience has shown that if soil is replaced and compacted to form a dam, leaks often occur 

in the manifold trench. Slime growths may clog the orfices over time. Neutral 

bouyancy materials (cellophane, cigarette butts) also may cause clogging. Therefore, laterals 

should be flushed through the Turn-ups) every year and no less than every two years. 

Dosing rate 

Once you calculate the absorption area, determine the length and number of the 

laterals. You may place the laterals within the absorption area in a number of configurations 

as long as no single lateral exceeds 70 feet in length and laterals are spaced at least 5 feet 

apart. 
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Calculate the number of holes to drill as follows: 

(1) Total Number of Holes= Total Lateral Length, ft 
5 ft. per hole 

The dosing rate (gallons per minute, gpm) depends upon the number of holes and the 

pressure head in each lateral Maintain a pressure head of 2 feet to 4 feet in each lateral 

Lower pressures do not provide uniform distribution and pressures greater than 5 feet can 

cause scouring of soil in the trenches. Choose a desired pressure head (2 feet to 4 feet) for the 

laterals, determine the flow rate per hole from Figure 4-14 and calculate the dosing rate from 

the following: 

(2) dosing rate, gpm = (total number holes) x (flow rate/hole, Fig. 4-14) 

You may need to increase slightly the dosing rate if a weep hole is used at the pump. 

Dosing volume 

Effluent distribution under pressure in an LPP system provides rest periods to the soil 

between doses, which allows for more aeration in the soil. Increased oxygen in the soil 

stimulates aerobic organisms to break down the waste and remove contaminants. Inadequate 

aeration may lead to an anaerobic clogging zone and cause effluent to surface. Dosing can be 

done from one time to four times a day, depending on the soil type in the absorption field. We 

recommend small, frequent doses for very porous soils (sands), so that a small clogging zone 

will develop to provide better treatment. Less-porous soils provide better treatment but 

require more aeration time. Therefore, you dose less often but with more volume per dose. 

For most systems two doses per day will be adequate. 

Dosing volume is the effluent volume that must be pumped to the soil-absorption area 

during each dose. Calculate by dividing the total daily flow (based on 120 gallons per bedroom 

per day) by the number of doses per day: 

(3) Dosing volume, gallons = Total daily flow 
Number doses/day 

Pumping volume is the total volume of effluent applied per dose plus the void volume 

which is the effluent volume in the supply, manifold and lateral lines after the pump is shut 

off. If the pump is located downslope from the absorption field, the void volume will drain 

back into the pumping chamber. If the pump is located upslope from the absorption field, the 

void volume will drain into the laterals. In this case, you could subtract the void volume from 

82 



-.... 
6 
~ 
:c 
w 
a: 
:::) 
(/) 
(/) 
w 
a: 
a.. 

5 

4 ----------------------------------------------------------

3 

2 

1 

0.6 0.7 0.8 0.9 1 

FLOW RATE, gpm 

Figure 4-14. Flow rate versus pressure head for a 5132" diameter hole. 
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the dosing Volume to prevent hydraulic overloading of the absorption field. Calculate the void 

volume from values in Table 4-5: 

Table 4-5. Storage capacity per 100 feet of PVC pipe. 

Pipe diameter Storage capacity, gallon per 100 feet 
(inches) 

160 psi Schedule 40 

1 5.8 4.1 

B4 9.0 6.4 

1~ 12.5 9.2 

2 19.4 16.2 

3 42.0 36.7 

(4) Pumping volume, gallons = dosing volume + void volume 

Pump Selection 

A typical pump chamber is shown in Figure 2-4. As the effluent accumulates in the 

chamber, the water level contacts the upper float and starts the pump. When the water level 

falls to the lower float, the pump stops. The two floats are set so the calculated pump volume 

is distributed to the absorption field. Set the minimum water level high enough that the pump 

is always submerged. This minimizes pump corrosion and prevents explosions from electrical 

sparks. Vent the chamber to let gases produced in the chamber escape. 

The volume of the pump chamber must be large enough to maintain a minimum water 

depth (pump covered) plus the dosing volume plus at least one day's effluent storage in case 

of pump failure. Keep all surface and groundwater out of the pumping chamber. Provide a 

high- water alarm to warn of pump failure. 
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The pump selected must be capable of supplying effluent at the calculated dosing rate 
(gpm) and meeting total head losses. Total head consists of: 

1. Elevation- Vertical height from pump to laterals. 

2. Friction - Friction loss in the distribution system (Table 4-6). 
3. Operating Pressure - Pressure in laterals to provide equal distribution (2 feet to 4 

feet). 

After you calculate dosing rate and total head, check with a reputable supplier to buy 
the most efficient pump. Choose a submersible pump capable ofhandling septic-tank effluent. 

Checking the system 

Mter you've installed all components (except backfilling trenches), check the system 
for proper operation. Run clean water into the pumping chamber and allow the level switches 
to operate the pump. While the pump is operating, check each lateral to ensure that all 
openings are unplugged and distributing water evenly. 

Also adjust the pressure head in each lateral to design values. To do this, attach a 5-
foot length of clear, plastic pipe or tubing to a threaded adapter that will screw onto the turn
up adapters. Replace the cap on the turn-up with the section of pipe (see Figure 4-15). While 
the pump is running, adjust the pressure head in each lateral at the lateral valve until the 
water height in the vertical pipe stands at the design value. Include the vertical distance of 
the turn-up pipe in the pressure head value. 
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I Table 4-6. Friction loss per 100 feet of PVC pipe. I 
Pipe Diameter (inches) 

Pipe 
Flow, 1 1~ Ph 2 3 
(gpm) 

Friction Loss, feet per 100 feet of pipe 

1 0.07 
2 0.28 0.07 

3 0.60 0.16 0.07 
4 1.01 0.25 0.12 
5 1.52 0.39 0.18 
6 2.14 0.55 0.25 0.07 
7 2.89 0.76 0.36 0.10 
8 3.63 0.97 0.46 0.14 
9 4.57 1.21 0.58 0.17 
10 5.50 1.46 0.70 0.21 
11 1.77 0.84 0.25 
12 2.09 1.01 0.30 
13 2.42 1.17 0.35 
14 2.74 1.33 0.39 
15 3.06 1.45 0.44 0.07 
16 3.49 1.65 0.50 0.08 
17 3.93 1.86 0.56 0.09 
18 4.37 2.07 0.62 0.10 
19 4.81 2.28 0.68 0.11 
20 5.23 2.46 0.74 0.12 
25 3.75 1.10 0.16 
30 5.22 1.54 0.23 
35 2.05 0.30 
40 2.62 0.39 
45 3.27 0.48 
50 3.98 0.58 
60 0.81 
70 1.08 
80 1.38 
90 1.73 
100 2.09 
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Design Example 

Design an LPP system for a three-bedroom home. Soil at the potential absorption site 
is a clay loam with a percolation rate of 60 minutes per inch and is located on an 8-percent 
slope. Perched water tables exist, and 60 inches of soil rest above bedrock. A topographic map 
of the area available for disposal is shown in Figure 4-16. All pipe will be PVC Schedule 40. 

1. Design flow: Q = 120 gpdlbdrm x 3 bdrm = 360 gpd 

2. Absorption area: A= 360 gpd I 0.2 gpd/frl (Table. 4-1) = 1800 ft2 

3. Total lateral length: Assume a 5 ft spacing between laterals. 
Total lateral length = 1800 ft2 I 5 ft = 360 ft. 

4. Lateral layout: The 1,800 frl absorption area with 360 ft of total lateral length can be 
located on the site in a variety of configurations depending on surface drainage patterns, 
landscaping and location of property lines. Three examples of lateral arrangement are listed 
below: 

I 

Number laterals I Length of each lateral (ft.) I Dimensions of area (ft.) 

6 

I 

60 

I 

60 X 30 

4 90 90 x20 

3 120 120 X 15 

In reference to Figure 4-16, the 90 x 20 foot field would allow you to place the four 
trenches closer to the top of the hill slope and avoid the natural drainage to the left 
and the convex slope to the right. All laterals must be on the contour, and the 
manifold will be in the center of the lateral lines. 

5. Total number of holes: Number ofholes =360ft oflateral I 5 ft per hole= 72 holes 

6. Pressure head in laterals: Assume 3 ft of pressure head/lateral 

7. Calculate dosing rate: From Figure 4-14 and 3ft of pressure head, flow/hole= 0.5 gpm 

Dosing rate= (72 holes) x (0.5 gpm/hole) = 36 gpm 

8. Dosing volume: For this soil of low permeability assume 2 doses/day. From Equation 3: 

Dosing volume = 360 gpd I 2 doses per day = 180 gal/dose 

9. Void volume: Use values from Table 4-5 to calculate void volume: 

Manifold (2" PVC): 55 ft x 16.2 gaV100 ft = 8.9 gallons 

Lateral (2" PVC): 360 ft x 16.2 gal/100 ft = 58.3 gallons 

Void volume= 8.9 gal+ 58.3 gal= 67.2 gallons 
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10. Pumping volume: Because the pumping chamber is upslope of the absorption 
area, the void volume will drain to the absorption field rather than back to the pumping 
chamber. By not adding the void volume to the dosing volume, the pumping volume equals 
the dosing volume (180 gal/dose), and the absorption area will not be overloaded. If the pump 
were located downslope from the absorption area, then the void volume (67 gal) must be added 
to the dosing volume (pump volume= 67 + 180 = 247 gal/dose) to account for the void volume 
draining back to the pumping chamber. 

11. Pump selection: Calculate total head. 

Elevation: 

Friction: 

Assume pump is 4 ft below the manifold outlet from the pumping 
chamber. Because the pump is upslope, no further elevation is 
accounted for. Once effluent leaves the pumping chamber, it gains 
pressure head because it flows downslope (approximately 2 ft). 

A weep hole (5/32-inch) is required in the manifold line inside the 
pumping chamber, so add 2 gpm. New dosing rate= 38 gpm. Choose 
2-inch pipe for laterals to minimize friction loss. From Table 4-6, for 
2-inch pipe and 38 gpm, friction loss is 2.39 ft/100 ft of pipe. 

Friction loss = 2.39 ft/100 ft x 415 ft of pipe = 9.2 ft 

Pressure head: Assume 3 ft 
Total Head= 4ft+ 9.2 ft +3ft= 16.2 ft 

Choose a submersible pump that will deliver 38 gpm at 16.7 ft ofhead. 
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Mound Systems 

Introduction 

Mounds are soil-absorption systems that are elevated above the natural soil surface 

(see Figure 4-17). A suitable fill material (often sand) provides treatment to applied 

wastewater before the treated water enters the natural soil. Mounds are designed to overcome 

the following site restrictions: slowly permeable soils, shallow permeable soils over creviced 

or porous bedrock and permeable soils over high-water tables. With slowly permeable soils, 

the mound improves absorption of the natural soil by using the more permeable topsoil layers 

and spreads effluent over a larger area. In permeable soils with insufficient depth to 

groundwater or creviced bedrock, the mound provides the necessary treatment wastewater 

treatment (USEPA, 1980). 

Certain site conditions must be met if a mound is to be used. These restrictions are 

summarized in Table 4-7. In addition, the siting of a mound must comply with the setback 

distances in Table 4-8. 

Design 

Refer to Figure 4-18 for all design dimensions. 

Fill Material 

The fill material provides the necessary treatment in a mound system and must be 

chosen with care. It should have a sand texture as classified by the USDA-Natural Resources 

Conservation Service and should not have more than 15 percent (by volume) of rock fragments 

larger than 1/16-inch diameter. Table 4-9 gives recommended loading rates for fill material. 

A minimum of 12 inches of fill material must be placed between the bottom of the absorption 

area and the top of the plowed surface (see Figure 4-18). 

Absorption area 

The absorption area distributes wastewater to the fill material and consists of 1/2 inch 

to 21h inches clean rock. You may build the area as a single bed or a series of trenches (see 

Figure 4-19). Beds are easier to build, but trenches are preferred in mounds built over slowly 

permeable soils (percolation rates greater than 60 minutes per inch) because wastewater can 

be distributed over a larger area of fill material. Trenches are normally spaced 12 feet apart 

(center to center) and can have a width of 18 inches to 36 inches. Lateral spacing in single 

beds should not exceed 40 inches nor be closer to the edge of the rock than 20 inches. Place 
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9 inches of rock under the lateral and 2 inches over the top. Barrier material may be 
untreated building paper, 8 inches of straw, 3~ inches of unbacked fiberglass insulation or a 

geotextile. 

The absorption area required is based on the loading rate of the fill material (see Table 

4-9) and can be calculated according to: 

(1) Absorption area, AA, ft2 = Daily flow (gal/day) 
Loading rate of fill (gal/ft2/day) 

Table 4-7. Minimum site conditions for mounds (MDNR, no date) 

Restriction Slowly 
permeable Permeable 

soil soil 

Percolation Rate• (minutes/inch) 60- 120 3-60 

Minimum depth to creviced bedrock or high water table. 24 inches 24 inches 

Minimum depth to bedrock or impervious 60 inches 60 inches 
soil. 

Maximum ground slope. 6% 12% 

*Percolation test depth at 24 inches for slowly permeable and shallow soils; 12 
inches for high-water table soils, unless there is a more restrictive horizon above. 
If perched water is at 24 inches, test depth should be held to 16 inches. 
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Figure 4-17. Typical mound systems for: (top) slowly permeable soil and (bottom) permeable 

soil with high groundwater or fractured bedrock (Source: USEPA, 1980). 
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Figure 4-18. Construction dimensions for mound systems. 
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Table 4-8. Setback distances for Mound systems (MDNR, 1989). 

Minimum Distance in Feet From Disposal area 

Private water-supply well 100 

Public water-supply well 300 

Classified stream, lake or impoundment 50 

Stream or open ditch 25 

Property lines 10 

Building foundation 15 

Basement 25 

Water line under pressure 10 

Suction water line 100 

Upslope interceptor drains 10 

Downslope interceptor drains 25 

Top of slope of embankments or cuts of 2 feet 20 
or more vertical height 

Other soil absorption system except repair 20 
area 

Downslope property line 50 

Table 4-9. Recommended loading rates for fill 
materials in mounds (MDNR, 1989). 

Texture Loading rate 
(gal/sq.ft./day) 

Medium to coarse sand 1.2 

Fine sand 1.0 

Loamy sand 0.8 

Sandy loam 0.6 

For many sites it's adequate to have a rectangular absorption area with the long axis 

parallel to the slope contour. As the ground slope increases and the percolation rate of the 

original soil decreases or both, you should make the absorption area narrow and extend it 

along the natural contour as far as possible. This helps prevent seepage from the toe of the 

mound. 

The basal area of a mound system is the area of fill material through which effluent 

flows into the natural soil. The basal area must be large enough to absorb all effluent before 
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it reaches the perimeter of the mound, or effluent may discharge and seep onto the surface. 
The basal area depends on whether the mound is built on sloping ground or level ground. For 
example, on level ground the basal area would be (L x W) in Figure 4-18 as effluent would 
tend to flow in all directions from the distribution lines. However, on sloping ground, only 
area below and downslope of the absorption area is considered basal area (B x [A + 1], see 
Figure 4-18). 

Basal area depends upon the permeability of the natural soil (see Table 4-10) and can 
be calculated according to: 

(2) Basal Area, AB, ft: = Daily Flow (gaVday) 
Loading Rate (gaVft2/day) 

Table 4-10. Recommended loading rates for basal area (MDNR, 1989). 

Soil Percolation Rate Loading Rate of Basal 
(minutes/inch) Area 

(gaVday/sq.ft.) 

1-30 1.2 

31-45 0.75 

46-60 0.50 

61- 120 0.25 

Distribution System 

To ensure complete wastewater distribution throughout the absorption area, dose all 
mounds. You may dose by gravity and a siphon or under pressure by a pump (see dosing 
equipment in Unit II on septic tanks). We recommend you dose by pump because it will 
provide a more uniform distribution in the permeable fill material. The mound should be 
dosed no more than twice a day. 
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Figure 4-19. Absorption areas for mound systems. Trenches (top) and single bed (bottom). 
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Figure 4-20 shows a typical pressure-distribution system. Laterals can be 1lh-inch to 

2-inch PVC Schedule 40 pipe. Perforations consist of V4-inch diameter holes drilled 30 inches 

apart. The holes must be on the bottom of the laterals (6 o'clock position) with each end of the 

lateral capped (see Figure 4-20). If the last hole in a lateral is more than 15 inches from the 

end, drill a hole in the cap or near the cap. Connect the laterals to a 2-inch diameter manifold 

(PVC Schedule 40). 

Be sure the size of the dosing pump is large enough that a minimum pressure of 1 

pound per square inch (1 psi) is maintained at the end of each lateral. All laterals, the 

manifold and supply lines should be installed so draining occurs between doses. This provides 

protection from freezing. The pump-dosing tank should have a volume equal to one dosing 

volume plus one day's storage. The extra volume will provide storage if the pump fails. 

Control dosing by water-level control switches. An alarm switch to indicate pump failure is 

mandatory. For design of pumps and pumping chambers, see the section on low pressure pipe 

systems. 

Construction 

Mounds are alternative-treatment systems chosen because soils and other site 

conditions• or both restrict the use of conventional soil-absorption areas. Therefore, use 

constru.ction procedures that do not cause further problems to the site. The following 

constru.ction procedures are recommended: 

1. Cut all vegetation close to the ground surface and remove. Tree stumps should be flush 

with the ground surface, but don't remove the roots. 

2. Install the supply line from the pump to where it will connect with the manifold pipe. 

3. Plow the area to a depth of 7 inches to 8 inches and parallel to the contour with the plow 

throwing the soil upslope. Do not plow if the soil is too wet because soil compacts. 

4. Constru.ction should proceed with a crawler tractor, not a ru.bber-tired tractor. 

5. Begin laying fill material around edges of the mound, working from sides and upslope 

edges. (Minimize traffic on downslope sides). Maintain 6 inches of fill material beneath the 

track to minimize compaction of plowed layer. 

6. Pile fill material into mounds to the proper depth and slope. Fill material must be level 

in the absorption area. 

7. Form trenches or bed with rock, and make sure rock surface is level. 

8. Install laterals, and connect to distribution manifold. Cover laterals with 2 inches of rock, 

and apply barrier material. 

9. Place soil cap on top of absorption bed. 
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Figure 4-20. Typical lateral and manifold system for pressure dosing a mound system. 
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10. Crown entire mound with 12 inches of topsoil and plant with appropriate grasses. Do not 
plant shrubs or trees on mound. 

11. Divert all surface water away from the mound. 
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Design Example 

Design a monnd system for a three-bedroom home. The natural soil at the disposal 
site is a silty clay and has a percolation rate at 24 inches of 100 minutes per inch. Depth to 
an impermeable soil layer is 28 inches. Surface gronnd slope is 4 percent. Available fill 
material has a textural class of loamy sand. Refer to Figure 4-18 for explanation of 
dimensions. 

1. Design flow: Q = 120 gpd/bdrm x 3 bedrooms = 360 gpd 

2. Absorption area: AA = 360 gpd I 0.8 gaVft21day (see Table 4-9) = 450 ft2 

Because the natural soil is slowly permeable and there is 4 percent slope, make the 
absorption bed as long as possible and run it along the contour. For this example, 
assume that 50 ft is available for bed length. 

Bed length (B, see Figure 4-18) =50ft 
Bed width (A, see Figure 4-18) = 450 ft2 I 50 ft = 9 ft 

3. Mound dimensions: (From Figure 4-18) 

Fill Depth (D) = 1.0 ft 
Fill Depth (E)= D +[slope x A]= 1ft+ [0.04 x 9ft]= 1.4 ft. 
Absorption Bed Depth (F) = 1.0 ft. 
Cap at Center of Absorption Bed (H) = 1.5 ft (minimum). 
Cap at edge of Absorption Bed (G)= 1.0 ft. 
Upslope Setback (J) = [D + F + G] x slope of monnd (3:1) = [1 + 1 + 1] x 3 = 9 ft. 
Side slope Setback (K) = [{D + E}l2 + F + H] x slope of monnd (3:1) 

= [{1 + 1.4}12 + 1.0 + 1.5] x 3 = 11.1 ft or 11 ft. 

4. Basal area: As = 360 gpd I 0.25 ft21gal/day (Table 4-10) = 1440 ft2• 

Because the monnd is on sloping gronnd, the downslope length of the basal area will 
consist of [A+ I] only. 

AB = 1440 ft2 = [A + I] X B = [9 + I] X 50 
I = [1440150] - 9 = 19.8 or 20 ft 

Check downslope setback (I) against distance needed for natural slope. 

Mound height at downslope edge of bed= E + F + G = 3.4 ft. On 3:1 slope, horizontal 
distance requires 3.4 ft x 3 = 10.2 ft. 1(22 ft) is greater than 10.2 ft, so I of 22 ft is 
sufficient. 

5. Overall dimensions: 

Mound length (L) = B + 2K = 50+ 2(11) = 72ft 
Mound width (W) = J + A + I = 9 + 9 + 22 = 40 ft 
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6. Laterals: 

There will be 3 laterals, Ph-inch PVC Schedule 40 pipe with 1/4-inch holes drilled 
every 30 inches. The ends will be capped and the laterals spaced 30 inches apart. 
Each lateral will be 47.5 feet long (allows 20 inch distance from end oflateral to edge 
of absorption area. A 2-inch manifold pipe will be used with the manifold placed in 
the center of the laterals. 
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Intermittent Sand Filters 

Sand filters are beds of medium-to-coarse sands (24 inches to 36 inches deep) and 

underlaid with gravel containing underdrains. Primary or secondary effluent is applied 

intermittently to the surface of the sand. Intermittent application means that wastewater is 

applied to the filter a number of times a day rather than continuously. Hence, these filters 
are referred to as intermittent sand filters. Wastewater purification occurs as it percolates 

through the sand. Underdrains collect the filtered effluent and convey it to the next treatment 

process or final disposal Intermittent sand filters include buried filters, open filters and 
recirculating filters. 

Processes 

A variety of treatment processes occur in sand filters, and they are not well 
understood. Bacteria are the primary biological agents working in sand filters and successful 

treatment of wastewaters in sand filters depends on their continuously assimilating filtered 

material (USEPA, 1980; Anderson et al., 1985). The degree of treatment achieved in a sand 

filter depends primarily on the characteristics of the applied wastewater and environmental 
conditions within the filter. 

Temperature and reaeration are two of the most important environmental conditions 

affecting treatment. Temperature directly affects the rate of bacterial growth. Availability 
of oxygen in the pore spaces between sand particles permits aerobic decomposition of the 

wastewater with minimal odors (Anderson et al., 1985). 

Sand and Gravel 

The success of a sand filter in treating wastewater depends on choosing the proper size 
and uniformity of granular material. Granular material that is too coarse allows the 

wastewater to flow too quickly through the material, providing inadequate treatment time. 

A material that is too fine limits the quantity of wastewater that can be filtered and leads to 

early clogging of the filter. 

Granular material size and uniformity are known as "effective size" and "uniformity 

coefficient." Effective size refers to the size of individual grains (in millimeters) such that 10 

percent of the grains (by weight) are smaller. The uniformity coefficient is the ratio of two 

grain sizes: that which is 60 percent finer (by weight) to that which is 10 percent finer. Both 
of these parameters are determined from a sieve analysis. Less than 1 percent (by weight) of 

the material should have a diameter of less than 0.13 millimeters. 
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Distribution and Collection 
All piping in a sand filter should be 4-inch PVC. Use perforated pipe for distribution 

and collection lines. 

Dose all sand filters at least twice per day. Dosing provides uniform wastewater 
distribution throughout the filter cross section and allows time for reaeration of the pore 
spaces. You can dose with pumps or siphons. 

Effluent from the filter underdrains must be collected and disposed of properly. For 
individual home systems, there can be no discharge off the owner's property, and you must 
dispose of the effluent of properly. For this, you may need a soil-absorption field or irrigation. 
For conventional soil-absorption systems, the amount of trench bottom area required may not 
decrease significantly from that required for septic tank eftluent if the soil's original 
permeability is low. A proper soil analysis will determine if you can reduce the trench area. 

Maintenance 

Buried filters are designed to operate without maintenance for up to 20 years 
(Anderson et al., 1985). This depends on the characteristics of the applied wastewater, degree 
of pretreatment and care given to the original filter design. 

Open filters require more periodic maintenance including weeding in the summer and 
protection from freezing in winter. 

Eventually, all filters experience sand clogging. Open filters often can be regenerated 
if you rake the surface layer of sand to break up crusting or replace the top few inches of sand 
with new, clean material. Resting of either bed type for a period of months is effective in 
restoring filter hydraulic conductivity (SSWMP, 1978). Resting promotes aerobic oxidation of 
clogging materials and reopens the pore spaces. When you site sand filters, you should 
consider maintenance and repair by construction equipment. 

Design 

Buried Sand Filters 

Design guidelines for buried sand filters are given in Table 5-1; a schematic is shown 
in Figure 5-l. 

Provide one collector line for every 6 feet ofbed width, with a minimum of two collector 
lines provided per bed. The collector lines should have a minimum grade of 1 percent. 
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Table 5-1. Design guidelines for intermittent sand filters (MDNR, 1990) 

Parameter Buried filters Open filters 

Pretreatment Septic tank Septic tank 

Setback distance 
Residences 50 ft. 200ft. 
Water supplies 100ft. 100ft. 

Backfill Depths 12-inch min. 

Distribution 
Gravel 6" (%" - 2lh") None 
Pipe 4" PVC Perforated PVC or equivalent 
Venting Downstream end 
Dosing Frequency > 2 per day > 2 per day 
Hydraulic Loading 1.0 gpdlft2 2-5 gpdlft.2 
Barrier Material 3lh fiberglass; untreated 

building paper (40 lb to 60 lb); 
synthetic fabric; 8" straw None 

Sand 
Effective size 0.5-2.0 mm 0.3- 1.22 mm 
Uniformity coefficient < 3.5 < 3.5 
Fines (<0.13 mm) ~ 1% (by wt.) < 1% (by wt.) 
Depth 24- 36" 24- 36" 

Collector lines 
Minimum number 2/bed; 1 line per 6' width 2/bed; !line per 6' 
Slope 1% minimum width 
Gravel 4" overpipe; (% - 2lh") 1% minimum 
Pea gravel 3" (1/8 - 3/8") 4" overpipe (% -
Pipe 4" PVC perforated 2lh") 

3" (118 - 3/8") 
4" PVC perforated 

Distribution lines should be level and spaced a maximum of 3 feet apart. Vent each 

distribution line (downstream end) or connect it to a common vent. Vents should extend at 

least 12 inches above the ground surface with the outlet screened or capped (perforated). 

Apply septic-tank effluent to the filter through a distribution box (see Unit IV on 

conventional soil distribution trenches). All buried filters should be dosed with a pump or 

siphon (see section on LPP system in Unit IV). The dosing volume should be sufficient to fill 

the pore spaces in the gravel to a depth of 4 inches. 
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Figure 5-l. Schematic of an intermittent buried sand filter for a single home. Dimensions 
based on MDNR Guidelines (1990). 
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For single-bed filters receiving septic-tank effluent, the hydraulic loading rate should 
not exceed 1.0 gallon a day per square foot with a maximum organic loading of 1. 75 pounds 

of BODs per day per 1,000 square feet of surface area. Total surface area should not be less 
than 200 square feet. 

Open Sand Filters 

Construction of open sand filters is similar to buried filters with the exception that no 

soil backfill or gravel is used on the top of the sand and the filter is usually enclosed within 
concrete walls (see Figure 5-2 and Table 5-1). 

Wastewater distribution is usually applied by pipes directly over the sand surface at 
the center of the bed or at the four corners. Use splash plates beneath points of discharge to 

prevent erosion of the sand. To prevent scouring, place curbs around the splash plates or large 

stones around the periphery of the plate. All exposed pipes should slope to drain. 

Filter walls should be concrete or of masonry and extend 6 inches above the sand and 
6 inches above the adjacent ground level. 

Dosing should flood the bed to a depth of 2 inches with a hydraulic loading of 2 gallons 

to 5 gallons a day per square foot (septic-tank e:ffiuent). Maximum organic loading is 5.13 

pounds of BODs per day per 1,000 square feet of surface area. 

Open sand filters are often covered to provide protection against severe weather, the 

growth of weeds and to keep children and animals out of the filter. Covers also may reduce 

odors. If freezing temperatures persist in the winter, insulate covers. Allow 12 inches to 24 

inches of space between the cover and sand surface. 

Recirculating Sand Filters 

Recirculating sand filters (RSF) (see Figure 5-3) are a modification of open sand filters 

in which septic tank effluent flows into a recirculation tank where it mixes with effluent from 
the open sand filter. A portion of the recirculation tank volume is periodically pumped onto 

the surface of the sand filter by a low-pressure, submersible pump. RSFs were developed 
primarily to reduce odors (Hines and Favreau, 197 4) and enhance nitrogen removal (Sandy 

et al., 1987; Lamb et al., 1990). They can provide excellent wastewater treatment but also 

require more maintenance and expense. 

Design of RSFs is basically the same as for open sand filters (see Table 5-2), except 

that you need an additional tank and pump. The volume of the recirculation tank should be 

0. 75 times the daily flow. Make the tank accessible for maintenance and cover it. 
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Figure 5-2. Schematic of an open intermittent sand filter. 
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Figure 5-3. Schematic of a typical recirculating intermittent sand filter. (Source: USEPA, 1980). 
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Figure 5-4. Alternative schemes for adjusting recirculation ratios in RSF' s. 
(Source: USEPA, 1980). 
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Table 5-2. Design guidelines for recirculating sand filters (RSF) (MDNR, 1991). 

Parameter RSF 

Pretreatment Septic tank 

Setback distances 50 ft. 
Residences 50 ft. 
Water Supplies 

Recirculation tank 
Tank volume 0. 75 daily flow 
Recirculation ratio 1:1 - 6:1 

Sand filter 
Design Same as open filter (Tbl. 5-1) 
Hydraulic loading 3- 5 gpd/ft2 

Dosing frequency Every 1/2 hour 

Recirculation pumps are normally submersibles and should be sized to deliver 0.1 

gallon per minute per square foot of surface area. Provide a float shut-off and high-water 

alarm and override. 

You can apply effluent from the recirculation tank to the filter by pipes above the sand 

surface or buried below the sand with effluent delivered to the surface by vertical risers. Cap 

the vertical riser, and drill an opening (V8 inch minimum) through the cap (MDNR, 1991). 

For pipes on the surface, Place openings at 4 o'clock and 8 o'clock positions. Provide 

splash plates to prevent erosion. All exposed lines should slope to drain. 

Recirculation ratios can be adjusted by a variety of methods including splitter boxes, 

adjustable weirs, check valves and float valves (see Figure 5-4; USEPA, 1980). 
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Sewage lagoons 

Introduction 

A home sewage lagoon is a shallow pond in which wastewater is placed and treated 
by bacteria. Treatment occurs because of a symbiotic relationship between bacteria and algae 
in the lagoon (see Figure 5-5). Bacteria use the organics in the wastewater, converting them 
to inorganic nutrients such as ammonia, phosphates and carbon dioxide. The algae in turn 
use the carbon dioxide with sunlight to photosynthesize, which produces more oxygen for the 
bacteria. The algae are normally able to produce sufficient oxygen to keep the lagoon aerobic 
in the upper layers of water with minimal odors. 

Design 

For the design of home sewage lagoons, refer to MU Publication WQ 402, ·~ 
Homeowner's Guide: Residential Waste Stabilization Lagoons." 
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Figure 5-5. Facultative sewage lagoon for individual homes. 
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CONSTRUCTED WETLANDS 

For the design of submerged flow wetlands for on-site sewage treatment refer to the 
following publication: 

Sievers, D.M. 1993. Design of Submerged Flow Wetlands for Individual Homes and 
Small Wastewater Flows. Special Report 457, Missouri Small Wastewater Flows 
Education & Research Center, Agricultural Experiment Station, College of Agriculture, 
Food and Natural Resources, University of Missouri-Columbia, Columbia, MO, 11 pp. 

To order the above publication contact: 

Extension Publications 
2800 Maguire 
Columbia, MO 65201 
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APPENDIX 

Definition of terms 





Definition of terms 

1. Aeration unit - Any sewage tank that uses the principle of oxidation in the 
decomposition of sewage by introducing air into the sewage. 

2. Baffle - A device installed in a septic tank to operate the tank and to retain solids. 
This includes vented sanitary tees and submerged pipes in addition to those devices normally 
called baffles. 

3. Bedrock - The layer of parent material that is consolidated and unweathered. 
4. Bedroom - Any room in a dwelling that might reasonably be used as a sleeping 

room. 

5. Building sewer - Part of the drainage system that extends from the end of the 
building drain and carries its discharge to an individual sewage-treatment system. 

6. Capacity -The liquid volume of a sewage tank using inside dimensions below the 
outlet. 

7. Distribution pipes- Perforated pipes tiles that are used to distribute sewage
tank effluent in a soil-treatment system. 

8. Dosing chamber (or pump pit or wet well) - A tank or separate compartment 
following the sewage tank effluent in a soil-treatment system. 

9. Dosing device - A pump, siphon or other device that discharges sewage-tank 
effluent from the dosing chamber to the soil-treatment system. 

10. Dwelling - Any building or place used or intended to be used by humans as a 
single- family or two-family unit. 

11. Geologist - A person who meets the requirements of chapter 256 of the Missouri 

statutes. 

12. Gray water - Liquid waste from a dwelling or other establishment produced by 
bathing, laundry, cooking, from floor drains. This excludes toilet waste. 

13. Holding tank - A watertight tank for sewage storage until it can be taken for 
approved treatment and disposal 

14. Impermeable - With regard to bedrock, a bedrock having few cracks or crevices 
and a vertical permeability less than 1 inch in 24 hours. With regard to soils, a soil horizon 
or layer having a vertical permeability less than 1 inch in 24 hours. 

15. Individual sewage-treatment system- A sewage treatment-system, or part of 
a system, serving a dwelling(s) or other establishment(s), which utilizes subsurface-soil 

treatment and disposal. 
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16. Mottling - A zone of chemical oxidation and reduction activity appearing as 

splotchy patches of red, brown, orange or gray in the soil. 

17. Mound system - A system where the soil-treatment area is built above the 

ground to overcome limits imposed by proximity to water table or bedrock or by rapidly or 

slowly permeable soils. 

18. Other establishment- Any public or private structure other than a dwelling that 

generates sewage. 

19. Percolation rate- The time rate of drop of a water surface in a test hole. 

20. Plastic limit - A soil-moisture content below which the soil may be manipulated 

to install a soil-treatment system and above which manipulation causes compaction and 

puddling. 

21. Rock fragments -The percentage of rock fragments in a soil that are greater than 

2 millimeters in diameter and retained on a No. 10 sieve, which may include chert, sandstone, 

shale, limestone or dolomite. The amount of rock fragment in a soil is of a concern in areas 

of residual soils overlying highly permeable bedrock. 

22. Sanitarian- A person registered as a sanitarian by the National Environmental 

Health Association or employed as a sanitarian by the state or local health department. 

23. Septage - Solids and liquids removed during periodic maintenance of a septic or 

aeration unit tank or those solids and liquids removed from a holding tank. 

24. Setback- A separation distance measured horizontally. 

25. Sewage - Any water-carried domestic waste, exclusive of footings and roof 

drainage, from any industrial, agricultural, or commercial establishment. Domestic waste 

includes liquid waste produced by bathing, laundry, cooking, liquid wastes from toilets and 

floor drains, but it excludes animal waste and commercial process water. 

26. Sewage flow - Flow as determined by measurement of actual water use or, if 

actual measurements are unavailable, as estimated by the best available data provided by 10 

CSR 20-8.020 Small Sewage Works Design Guide. 

27. Sewage tank- A watertight tank used in the treatment of sewage, which includes 

septic tanks and aeration units. 

28. Sewage-tank emuent - Liquid that flows from a septic or aeration unit under 

normal operation. 

29. Septic tank- Any watertight, covered receptacle designed and constructed to 

receive sewage discharge from a building sewer, separate solids from liquid, digest organic 

matter, store liquids through a period of detention and allow the clarified liquids to discharge 

to a soil-treatment system. 
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30. Site - The area bounded by the dimensions required for the proper location of the 

soil-treatment system. 

31. Slope - The ratio of vertical rise or fall to horizontal distance. 

32. Soil characteristics- limiting. Soil characteristics that preclude the installation 

of a standard system, including evidence of water table or bedrock closer than 3 feet to the 

ground surface and percolation rates slower than 120 minutes per inch. Could also include 

soils containing significant amounts of rock fragments and that are located in areas of 

potential groundwater contamination. 

33. Soil scientist - A person who is qualified to be a full member in the Missouri 

Association of Professional Soil Scientists or has been employed as a soil scientist by a state, 

federal or local unit of government with a minimum of 2 years experience evaluating soils in 

the field. 

34. Soil textural classification - Soil particle sizes or textures specified in this rule 

refer to the soil textural classification in the Soil Survey Manual Handbook No. 18, U.S. 

Department of Agriculture, 1951. 

35. Soil treatment area - Area of trench or bed bottom in direct contact with the 

trench rock of the soil-treatment system. 

36. Soil treatment system - A system where sewage tank effluent is treated and 

disposed of below ground surface by filtration and percolation through the soil. It includes 

those systems commonly known as seepage bed, trench, drainfield, disposal field and includes 

mound and low- pressure pipe systems. 

37. Standard system- An individual sewage-treatment system employing a building 

sewer, sewage tank and the soil-treatment system commonly known as seepage bed or 

trenches, drainfield or leachfield. 

38. Trench rock - Clean rock, washed creek gravel or similar insoluble, durable and 

decay-resistant material free from dust, sand, silt or clay. The size ranges from 3/4 inch to 2 

1/2 inches. 

39. Toilet waste - Fecal matter, urine, toilet paper and any water used for flushing. 

40. Valve box- Any device that can stop sewage-tank effluent from flowing to a 

portion of the soil treatment area. This includes caps or plugs on distribution or drop box 

outlets, divider boards, butterfly valves, gate valves or other mechanisms. 
,r'"·' 

41. Water table -The highest elevation in the soil where all voids are filled with 

water, as evidenced by presence of water or soil mottling or other information. This includes 

perched and zones of saturation for long periods of time. 

42. Watertight- Constructed so that no water can get in or out below the level of the 

outlet. 
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43. Graveness system- An absorption system comprised oflarge diameter, 8-inch 

and 10-inch corrugated plastic pipe, perforated with holes on a 120 degree arc centered on the 

bottom, wrapped in a sheath of spun-bonded, nylon-filter wrap and installed level in a trench 

without gravel bedding. 

44. Intermittent sand filters - Intermittent sand filters are beds of granular 

materials 24 inches to 36 inches deep underlaid with graded gravel and collecting tile. 

Wastewater is applied intermittently to the surface of the bed through distribution pipes or 

troughs, and the bed is underdrained to collect and discharge the final effluent. Uniform 

distribution is normally obtained by dosing to flood the entire surface of the bed. Filters may 

be designed to provide free access (open filters) or may be buried in the ground (buried filters 

or subsurface sand filters). Discharge effluent from intermittent sand filters to a soil

absorption system. 

45. Single-dwelling wastewater-stabilization pond- A sealed earthen basin that 

uses the natural unaided biological processes to stabilize wastewater. Often used on large lots. 
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