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• NRCS utilized conservation practices to address resource 
concerns

• More than 20 are related to waste 
management

• Waste Separation Facility
• Waste Treatment
• Waste Storage Facility

• There was a need for a document to 
provide planning and design information on waste 
separation
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Purpose of the Document



• Develop a waste separation document to covers both 
current and innovative technologies

• Present information on separation theory to provide a 
better understanding for staff and others

• Provide guidance on separation technologies to assist 
landowners in determining the right choice for 
their operation

• Show examples to illustrate various technologies 
and how they perform on-farm
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Purpose of the Document



• Provide information on the use of coagulants or 
flocculants to enhance separation 
performance

• Provide guidance and examples of 
addressing sand laden manure

• Quantify the impact of utilizing waste 
separation technologies on system and operational 
performance
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• Methods of Solid-Liquid Separation
• Based on density
• Based on particle size

• Manure Characteristics
• Animal Housing
• Waste Separation Benefits
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• Fundamentals
• Screening
• Settling
• Hindered Settling

• System Performance
• Concentration Reduction
• Mass Removal
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• High Rate Separation
• Coagulants/flocculants
• Final Treatment

• Other Separation Technologies
• Sand Laden Manure
• Weeping Walls
• Geotextile
• Belt Separation
• Sand Bed Filtration
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• Design Consideration
• Single Stage
• Multiple Stage

• Cost-benefit Considerations
• Appendix

• Demonstration Projects (FPPC)
• Evaluation of Polymer Dosage
• Additional Performance Data

U. S. Department of Agriculture

Document Contents



Document Contents
U. S. Department of Agriculture



• Download document from the NRCS eDirectives web-site:
• https://directives.sc.egov.usda.gov/
• Select Handbooks
• Select Title 210 – Engineering
• Select National Engineering 

Handbook
• Select Part 637 – Environmental 

Engineering
• Select Chapter 4 – Solid-liquid 

Separation Alternatives for Manure 
Handling and Treatment
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How to Find the Document

https://directives.sc.egov.usda.gov/
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• Look for the pertinent sections in the document
• Review the parameters associated with the proposed 

technology or approach (know the assumptions)
• Example problems can help to understand concepts
• Separation efficiencies will be impacted by several 

factors ranging from animal type and age to operation 
and maintenance
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Diagram the System

Manure 

Treatment System

Unit ProcessesManure 
Source Waste Stream(s)
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Concentration Verses Mass Reduction



Swine Operation
Finishing operation, 
average animal weight 200 
lbs. (8 buildings 
approximately 700 animals 
per building)

Buildings are flushed daily

Anaerobic Treatment 
Lagoon is nearing capacity.

Landowner desires to 
reduce loading to lagoon to 
extend life of the system.

Current solids content of 
flushed effluent is <1%

What options are available 
for waste separation?





• Low solids and fiber content could limit the options for 
separation

• What percentage of solids removal is desired?
• Gravity settling or Centrifuge could be chosen as separation 

technologies
• Cost/benefit, available separation area and desired moisture 

content of separated solids could further impact decision
• Chemical enhancements could be used to increase 

separation efficiency and impact the separation technology 
chosen
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Swine Operation



Provided by Google Maps

Dairy Operation
500 cow dairy

Has both freestall and
bedded pack barns

Sand bedding is used in
freestall barn

Building lanes are flushed 
twice a day at 3,000 gallons 
per flush (flow rate 3,000 
gallons/min from barn)

Landowner desires to reuse
sand to reduce operation 
costs and storage volume 
of holding pond

Size a sand lane for this 
operation?
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Assumed Sand Lane Parameters

• Dilution ratio – at least 2:1 (4:1 or higher is better)
• Uniform sized sand 
• Sand lane slope – 0.15 – 0.25%



• Flow rate from barn: (3,000 gallons/flush)
• 3,000 gallons/minute = 401 cubic feet/minute)

• Contact time in settling lane: 
• 2 – 4 minutes (use 3 minutes)
• 401 ft3/3 minutes = 134 ft3/min
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• Calculate cross-sectional area
• Sand settling velocity 1.5 ft/sec = 90 ft/min)
• Area = (flow rate/settling velocity)
• Area = (134 ft3/min) / (90 ft/min) = 1.5 ft2
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• Settling lane width and depth
• Based on equipment size use a width of 12 feet
• Depth = 1.5 ft2/12 ft = 0.125 ft = 1.5 inches

• Sand land length
• Length = 3 min X 90 ft/min = 270 feet
• Distance to establish sheet flow is approximately 2 times 

the width (24 feet)
• Use total length of 300 feet.
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• Sand Removal Efficiency: 75 - 85 percent
• Sand recovery area is required for sand to be stored 

and dewatered
• Some manure solids and other material will remain in 

the sand
• Flush water quality can impact separation 

effectiveness
• Sand with excess solids can be moved to the upper 

end of the sand lane to remove additional solids
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