
RIDING THE TREATMENT TRAIN: PRACTICAL SOIL 
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How do we protect public health 
and drinking water?
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Unsaturated Flows
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Soil Treatment
Unsaturated Flow

Filtration, adsorption (nutrients and virus), predation, and 

retention/contact time increase treatment. Pathogens are 

retained on particle surfaces or in small pores.
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Soil Treatment Mechanisms

• Aerobic and anaerobic processes occur

• Physical, chemical, and biological mechanisms
• Adsorption (CEC) – Nutrients

• Biochemical – Predation, conversion

• Retention time – Deactivation (dieoff)

• Soil must be unsaturated

• Suitable soil must be deep enough to remove 
all the pollutants – two or three feet depending 
on use of pretreatment

• Soil must be permeable to air and water



SOIL YOUR UNDIES
CHALLENGE

Photo credit: NRCS Website



Some Things to Consider

• Loading Rates – Is the system sized appropriately for the 
flows AND loads? Are hydraulic loading rates assigned 
appropriately? What about linear loading rates?

• Disturbed Soil or Fill – Concern for preferential flow = 
saturated flow. 

• Compaction – Has any part of the dispersal site been 
impacted by compaction? 

• Limiting Factor – Where is it and What is it? Do we have 
proper separation? 

• Treatment – Is there slowly or rapidly permeable soils? 
Gravity distribution?



What is the soil and site 
telling you?

The role of the soil 
tester is to 

FIND THE STORY
AND REPORT IT TO 

OTHERS



We are not just 
describing the 

soil but also 
applying it and 

relating it to the 
task at hand



SPS 385
Soil and Site Evaluations

Soil morphological 
evaluation follows 

USDA Soil Survey Manual

SOIL EVALUATION 
REPORT



FROM Table SPS 
383.44-2

Maximum soil application 
rates in gallons/sq ft/day 

for septic system dispersal 
designs

SOIL APPLICATION RATES



Soil Application Rates
Septic Tank Effluent and Highly Treated Effluent



TEXTURE

clay loam = 35% sand, 35% silt, 

and 30 % clay

• Defined:  Texture is the relative proportion 
(%) of the different soil separates
in a given sample.

• Soil separates include sand, silt and clay size 
particles.

• 12 basic textural classes on the textural 
triangle.

• Don’t make up classes

• Use texture modifiers

• Very gravelly sand

• Extremely cobbly sand

• Use textural subclasses

• Coarse sand

• Coarse sandy loam



TEXTURE

Rock Fragments

• Non-soil fragments over 2mm in diameter
• Coarse fragments decrease water holding 

capacity (treatment)



STRUCTURE • Soil structure is the arrangement of individual 
particles of sand, silt, and clay into aggregates 
or clusters called peds.

• Peds are classified based on  degree of 
distinctness, size, and shape.

• Abbreviation:  2msbk = moderate, medium, 
subangular blocky

• Structure is the result of many processes
• Freeze/thaw cycles

• Chemical processes of organic material and clays 
that act as binding agents

• Earthworms

• Plant roots

• Compaction destroys the structure







ROOTS





Linear Loading Rate (LLR)

Low Linear Loading Rate

100 gpd /100 ft = 1gpd/ft

100 ft

1 ft  

High Linear 
Loading Rate

100 gpd /10 ft 
= 10 gpd/ft

What’s Better?

10 ft

10 ft







Vertical Separation Concept

Typically 3 feet of

vertical separation

above bedrock, redox 

or observed groundwater
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Minimum Depth of Soil for Treatment



More Soils Definitions SPS 81.01

(202) “Redoximorphic feature” means a feature formed in the 
soil matrix by the processes of reduction, translocation and oxidation 
of iron and manganese compounds in seasonally saturated soil.

(118) “High groundwater” means zones of soil saturation
which include perched water tables, shallow regional groundwater 
tables or aquifers, or zones that are seasonally, periodically or 
permanently saturated.

(119) “High groundwater elevation” means the higher of
either the elevation to which the soil is saturated when observed as a 
free water surface, or the elevation to which the soil has been 
seasonally or periodically saturated as indicated by the highest 
elevation of redoximorphic features in the soil profile.



REDOX DESCRIPTION

Reduced

Oxidized

• Redox feature 
formation requires:

• Anaerobic conditions
• Saturation

• Near Saturation

• Organic matter

• Temperature

• pH

• Iron (Fe) and 
Manganese (Mn)

Iron Depletion and Concentration



Low Chroma Colors 

• Value of 4 or more and a 
chroma of 2 or less.

• Redox depletions

• Reducing conditions

• Suspicious conditions with 
chromas of 3 or less.  



REDOX DESCRIPTION

Reduced Matrices

 Soil matrices that have a low chroma color in-situ because of the presence of Fe(II)- Ferrous Iron.

 Color changes in hue or chroma when exposed to air as the Fe(II) is oxidized to Fe(III) – Ferric Iron.



BEDROCK

“Bedrock” means rock that is 
exposed at the earth’s surface or 
underlies soil material and 
includes:

(a) Weathered in−place 
consolidated material, larger than 
2 mm in size and greater than 50% 
by volume; 

AND

(b) Weakly consolidated sandstone 
at the point of increased resistance 
to penetration of a knife blade.



BEDROCK

Angular 

fragments 

indicate possible 

weathered in 

place material

Rounded fragments 

indicate transported 

material



Vertical Separation Concept
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Failure Definition - § 145

• Discharge to surface water or 
groundwater 

• Discharge into seasonally saturated 
soils

• Discharge into drain tile or bedrock

• Discharge to the surface of the ground 

• Back up into structure



Groundwater

Lake

Well



Gravity Distribution

Septic Tank

➢ Trickle of water from septic tank results in overloading localized areas of 
the drainfield. This can lead to groundwater contamination in coarse 
granular soils because of insufficient treatment. In addition, if not properly 
oxygenated, the organic carbon (biomat) accumulation causes early failure.

Creeping Failure



Water Use in Dwelling



What about a restaurant?

How is water being used in the structure? 

Many different people in and out = higher risk of infectious disease



Onsite Sewage Treatment Program, University of Minnesota. 2020. Manual for 
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Unsaturated Flows





About the Study

Used varying heights of columns of C33 
sand loaded at variable dose volumes 
at 2.0 g/ft²/day for highly treated 
effluent and 1.0 g/ft²/day for 
residential strength effluent



About the Study

• Conclusions:

• Organisms in reasonably clean effluents do not 
pass through mound sand in columns 12 inches or 
longer when dosed evenly throughout the day 
at the rate of 2.0 g/ft²/day.

• Organisms in low quality septic tank effluents do no 
pass through mound sand in columns 24 inches or 
longer when dosed evenly throughout the day 
at the rate of 1.0 g/ft²/day



About the Study

If mound sand columns are 
loaded with either poorly spaced 
dosing or excessive flows, 
organisms will pass through the 
sand, even when the column 
length is 60 inches. 



Soil Treatment
Unsaturated Flow

Filtration, adsorption (nutrients and virus), predation, and 
retention/contact time increase treatment. Pathogens are 
retained on particle surfaces or in small pores.
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Soil Treatment
Saturated Flow

Soil
Particle

Retention/contact time reduced by short-circuiting 
past particle surfaces.

Soil 
Water

Viable 
Pathogens

In

Viable 
Pathogens

Out



Gravity Flow – Just because the system isn’t    

ponding or wastewater isn’t breaking out does NOT 

mean the system is working properly!

THIS is SATURATED FLOW!!



Gravity vs. Uniform Distribution

• Gravity distribution
• Always unequal
• Uneven cell to cell loading

• Through headers or D-box
• Overloads soil within cell
• Saturated flow may occur in 

large interconnected pores
• Reduced treatment

• Quicker biomat formation

Uniform Distribution

GROUNDWATER

Gravity Flow

• Uniform distribution
• Pressure and drip distribution
• Spreads wastewater over a larger 

surface area resulting in contact 
with a greater volume of soil

• Better overall treatment
• More soil volume used
• Unsaturated flow maintained

• Slow moving effluent 
increases retention/contact 
time

• Reaeration between doses
• Reduced biomat formation



Distribution Network

“Uniform distribution by gravity or dosing does not occur. As 
the effluent is pumped in or flows by gravity, it is 
concentrated within one small area of the bed or trench. This 
results in saturated flow thru the fill material. (Converse 
1974, Otis et al. 1972) This area becomes overloaded thus 
resulting in surface seepage with the remaining portion of the 
mound unused.”

“Mound for the Treatment and Disposal of Septic Tank Effluent” Publication 
15.6, 1977 - J.C. Converse, B.L. Carlile, G.W. Peterson



Distribution Network

“The only way to obtain uniform distribution is to use a 
pressure system consisting of a manifold with small 
diameter laterals and holes (Converse 1974, Converse 
et al. 1975, Otis et al, 1974 and 1978).”

“Mound for the Treatment and Disposal of Septic Tank Effluent” Publication 
15.6, 1977 - J.C. Converse, B.L. Carlile, G.W. Peterson



Why Equal Distribution Matters

• Equal distribution of effluent spreads wastewater out 
over the entire surface of the distribution cell thus 
ensuring more total volume of soil is used for treatment.

• Coarse soils offer less total particle surface area for treatment 
reactions to occur and have reduced retention time for 
pathogen die-off

• Under low ( 30mg/L) BOD5 and TSS loads, a biomat does not 
form to ensure a high level of wastewater treatment and 
groundwater protection

• Improves the performance and increases the life span of a 
dispersal cell

• Reduces the chance of breakout or seepage on slopes



Pressure Distribution Systems

• Basic concepts of distribution system:
• Equal Distribution - using proper manifold size and length, 

proper lateral size and length, proper orifice size and 
spacing. 

• Accurate Total Dynamic Head (TDH) calculations

• Dose volumes

• Pump/siphon selection

• Testing



Some Things to Consider

• Loading Rates – Is the system sized appropriately for the 
flows AND loads? Are hydraulic loading rates assigned 
appropriately? What about linear loading rates?

• Disturbed Soil or Fill – Concern for preferential flow = 
saturated flow. 

• Compaction – Has any part of the dispersal site been 
impacted by compaction? 

• Limiting Factor – Where is it and What is it? Do we have 
proper separation? 

• Treatment – Is there slowly or rapidly permeable soils? 
Gravity distribution?
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THANK YOU!

CeCe Rudnicki

715.403.0726

cece@thesepticgal.com​

www.thesepticgal.com​
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