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Overview

• Soils and onsite septic systems

• Landscape Level: Soils of Massachusetts
• Parent materials
• Soil Survey

• On-site: Describing soil properties
• Texture 
• Structure
• Redoximorphic features



Onsite wastewater Treatment

35% of MA homes use 
onsite wastewater 
treatment 

US EPA



Siegrist, Robert L. et al. “Design and Performance of 
Onsite Wastewater Soil Absorption Systems Prepared.” 
(2000).



OSU extension 
https://ohioline.osu.edu/factsheet/aex-745 

Treatment in the soil depends on soil properties and water 
movement

Filtering

Treatment

Biological

Chemical

Physical

https://ohioline.osu.edu/factsheet/aex-745


Understanding soil information is key to a 
successful system

• Vertical separation to water table

• Soil properties affecting treatment
• High groundwater
• Impermeable layers
• Excessive permeability
• Shallow bedrock
• Texture
• Structure
• Consistence
• Landscape position



Soil: A natural 
body comprised of 
mineral and 
organic matter, 
liquids and gases, 
on the land surface 
that has layers 
distinguishable 
from the initial 
material and/or the 
ability to support 
rooted plants in a 
natural 
environment.
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It starts with the bedrock



• Pleistocene Epoch (Ice 
Age) - 1.8 MYBP to 8 
KYBP.

• Maximum extent aprox. 
20,000 YBP

• Ended aprox. 10,000 
YBP

• Wisconsinan advance 
covered all of New 
England to Long 
Island

And then…



GLACIAL

• Till

•  subglacial/lodgment

•  supraglacial/ablation

• Glaciofluvial

• Glaciolacustrine/ Glaciomarine

POST-GLACIAL

• Eolian

• Organic

• Alluvium

Resulting in:
Glacial Parent Materials



Surficial Materials of 
Massachusetts

https://pubs.usgs.gov/publication/
sim3402 

https://pubs.usgs.gov/publication/sim3402
https://pubs.usgs.gov/publication/sim3402


Compact Till Landscape – restrictive layer



Glacial Outwash - permeable sands and gravel



https://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx 

https://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx






Groundwater

Water found in cracks, fissures, and pore 
spaces in the saturated zone below the 

ground surface, including but not limited to 
perched groundwater.



Kinds of Groundwater Systems

Unconfined, true or apparent water table

Perched water table

Confined, artesian effect



Water Table

Precipitation

Capillary Fringe

Unsaturated Soil

Unconfined Groundwater System 



Perched groundwater system
Soils with a limiting layer – dense till/ impermeable bedrock

Perched water table

Groundwater

Slowly permeable layer

Precipitation



Soil Properties affecting water movement

• Texture

• Structure

• Depth
• To water
• To impermeable or less permeable layer



Soil Texture
The proportion of 

• Sand (0.05-2.0 mm)
• Silt (0.002-0.05 mm) 
• Clay (<0.002 mm)

Anything larger is gravel, 
stones, boulders



Clay size particles 
• <0.002 mm
• When wet – very smooth, sticky, forms a 
strong ribbon

• When dry – extremely firm and requires 
strong pressure to crush

• Dirties pores of one’s hands
• Particles stay suspended in water for long 
periods of time



Clay size particles 
• <0.002 mm
• When wet – very smooth, sticky, forms a 
strong ribbon

• When dry – extremely firm and requires 
strong pressure to crush

• Dirties pores of one’s hands
• Particles stay suspended in water for long 
periods of time



Silt size particles
• 0.002 to 0.05 mm
• Very smooth, non gritty feel like flour or 
talcum powder

• When wet – slightly to non sticky, forms a 
weak ribbon

• When dry – crushes with moderate 
pressure

• Dirties pores of one’s hands
• Particle will suspend in water when mixed



Sand size particles 
• 0.05 to 2 mm
• Largest size class and is further divided into subcategories.

• Very coarse sand (1 to 2 mm)
• Coarse sand (0.5 to 1 mm)
• Medium sand (0.25 to 0.5 mm)
• Fine Sand (0.1 to 0.25 mm)
• Very fine sand (0.05 to 0.1 mm)

• Composed mainly of  weathered grains of quartz.  
• Sand is gritty to the touch.
• Sand grains will not stick to each other.

• Non sticky
• Hands can be wiped clean
• Particles do not suspend in water



Texture = Relative 
proportion of sand, 
silt, and clay sized 
particles 





Water movement in soils: texture

Sandy loam Loam Clay loam



Sandy loam Loam Clay loam

Water movement in soils: texture



Water movement in soils: texture

Sandy loam Loam Clay loam



Water movement in soils: clay layer



Water movement in soils: clay layer



Water movement in soils: clay layer



Water movement in soils: clay layer



Water movement in soils: sandy layer



Water movement in soils: sandy layer



Water movement in soils: sandy layer



Water movement in soils: sandy layer



Water movement in soils: sandy layer



USDA-NRCS Davis, CA

• Cohesion of 
particles into larger 
units = PEDS

Granular

Blocky

Single-Grain

Structure



Structure



Structure
Granular, blocky, platy, prismatic

Photos courtesy of John 
Kelley

Pearson Education, Inc 2011



PC Fletcher



Observed Groundwater Elevation

That elevation below the ground 
surface at which water is observed 

weeping, flowing from the walls of, or 
standing in a deep observation hole.



Water table fluctuations



Redoximorphic Features

Features formed by
the processes of            
reduction,  
translocation, and/or 
oxidation of Iron (Fe) 
and Manganese (Mn) 
oxides



Oxidation/Reduction and Soil Color

• In subsoil horizons, Fe and Mn oxides give soils their 
characteristic brown, red, and yellow colors.

• When saturated and reduced, Fe and Mn are mobile 
and can be stripped from soil particles.

• This leaves the characteristic mineral grain color, usually 
a neutral gray.

Coating of Fe2O3

Mineral grain (gray)

Remove Fe
Red Soil Gray Soil





Formed in thick
deposits of sand

Seasonal high
groundwater

greater than 5 feet

Windsor Soil



Amostown Soil

Formed in sands over silts

Seasonal high
perched water table

at 1.5 to 5 feet



Freetown Muck
(wetland soil)



Consider your soil and your landscape



Use common sense: A failed system waiting to be 
installed

Photo by PC Fletcher



University of Georgia
https://outreach.uga.edu/uga-helps-coastal-communities-se
ptic-tank-crisis/ 

Consider the future

https://outreach.uga.edu/uga-helps-coastal-communities-septic-tank-crisis/
https://outreach.uga.edu/uga-helps-coastal-communities-septic-tank-crisis/


University of Georgia
https://outreach.uga.edu/uga-helps-coastal-communities-se
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Consider the future

https://outreach.uga.edu/uga-helps-coastal-communities-septic-tank-crisis/
https://outreach.uga.edu/uga-helps-coastal-communities-septic-tank-crisis/


 In accordance with Federal civil rights law and U.S. Department of Agriculture (USDA) civil 
rights regulations and policies, the USDA, its agencies, offices, and employees, and 
institutions participating in or administering USDA programs are prohibited from 
discriminating based on race, color, national origin, religion, sex, gender identity (including 
gender expression), sexual orientation, disability, age, marital status, family/parental status, 
income derived from a public assistance program, political beliefs, or reprisal or retaliation for 
prior civil rights activity, in any program or activity conducted or funded by USDA (not all 
bases apply to all programs). Remedies and complaint filing deadlines vary by program or 
incident.

Persons with disabilities who require alternative means of communication for program 
information (e.g., Braille, large print, audiotape, American Sign Language, etc.) should 
contact the responsible agency or USDA's TARGET Center at (202) 720-2600 (voice and 
TTY) or contact USDA through the Federal Relay Service at (800) 877-8339. Additionally, 
program information may be made available in languages other than English. To file a 
program discrimination complaint, complete the USDA Program Discrimination Complaint 
Form, AD-3027, found online at How to File a Program Discrimination Complaint and at 
any USDA office or write a letter addressed to USDA and provide in the letter all of the 
information requested in the form. To request a copy of the complaint form, call (866) 
632-9992. Submit your completed form or letter to USDA by: (1) mail: U.S. Department of 
Agriculture, Office of the Assistant Secretary for Civil Rights, 1400 Independence Avenue, 
SW, Washington, D.C. 20250-9410; (2) fax: (202) 690-7442; or (3) 
email: program.intake@usda.gov.

USDA is an equal opportunity provider, employer, and lender.

mailto:program.intake@usda.gov



