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Wastewater

Biomat

BIOMAT – A layer of organic and inorganic material  (biofilm) that develops 
on the soil interface in a soil absorption field as a result of microbial 
growth and activity.

Just in case…….



Objectives

•Reintroduce and refine the concept 
of biomat
• Improve its reputation
•Understand its real function
•Learn ways manage biomat 

formation rather than fear it.



Real Objective ?
Get you excited about 
biomats so that you 
integrate your knowledge 
into septic systems design
(and discuss it with you family at the dinner table)



From Perc Test to LTAR
How onsite wastewater soil loading design evolved

Perc Era
1920s–
1960s

THE PERC 
TEST ERA
HOW FAST 
CAN WE 
MAKE IT GO 
AWAY?

Biomat Insight
1960s–1970s
Realization
Interface clogging
can controls long-
term acceptance 
rates.
Laak

Soil Physics and 
LTAR
1970s – 1990s
Stop designing in what 
virgin soil can take in a 
perc test and start 
designing for long term 
sustainable acceptance 
Bouma (1975), Converse, 
Tyler , McGauhey, 
Winneberger,and colleagues

TODAY
2000s+
Design on Long-Term 
Acceptance
Rate (LTAR)+ soil 
morphology and 
wastewater strength 
EPA 2002
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Biomat Awareness Era





But does it really 
behave like a 
uniform mat?



Dosing 
Mechanism

Common 
Wastewater
Source

Volume 
measure 
and 
samples

A B

Not really ! 

Research conducted at 

Massachusetts Alternative Septic System Test Center
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CONCEPTUAL 







The biozone is a living community 
whose composition and activity 
deserve considerable attention





We design from the soil we 
find — but wastewater 
creates a soil–biological 
interface that wasn't there 
when we described it.



Introducing biology into  where 
it was previously limited



So, how much can 
change already?

• OXYGEN FALLS > anaerobic zones may develop
• BIOLOGY EXPLODES > carbon + nutrients support a new 

community
• PORES CHANGE >biofilm + solids alter flow pathways
• MINERALS MOVE >Fe, Mn, P dissolve, migrate or 

precipitate
• WATER MOVEMENT CHANGES



Design goal shouldn’t be to prevent 
or even encourage biomat formation 
– it should be to design such as to 
keep it from becoming too much of 
a good thing.



The challenge



REMEMBER 
We design around what we cannot fully predict

LTAR is NOT a soil property, it is design 
loading rate assigned to a soil under 
specified or assumed wastewater and 
operating conditions.

In other words – accounting  for the biology that 
develops









Biomat
The Traditional View 

and Approach



P. H. McGauhey and 
J. H. Winneberger
1960s

Johan Bouma
1970s

Robert Laak
1970s

Emphasized hydraulic restriction on horizontal the surface







“migrating”
biozone

Restrictive Biozone 







DYNAMIC 
BIOZONE
MOVING UP 
AND DOWN 
WITH WATER 
LEVELS 









General Principle
When the oxygen demand exceeds the oxygen 
supply in areas of applied wastewater the soil 
interface begins to change dramatically.

EPS Buildup
Sealed pores 
Less oxygen exchange







Reducing BOD before soil 
dispersal can reduce oxygen 
demand and help limit 
hydraulic restriction in the 
biozone
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Hydraulic load is the amount of 
wastewater applied over time 

and space.
and

Time is what you make it







Biomat forms slowly in the vicinity of each discharge 

orifice dispersed across entire infiltrative surface

Biomat formation progresses across infiltrative 

surface



Gravity fed aggregate-free
System ~ 2 years 

Restrictive 
biomat 
~ 18 min/inch

~ 5 min/inch

6” down
<2  min/inch



Pressure timed-dosed system
~ 2 years 

~ 5 min/inch
<2 min/inch











REMAINING 
QUESTION







SYSTEM 1 Woodchip box 
bioreactor (n= 16)

SYSTEM 3 Proprietary 
woodchip 
bioreactor (n=16)

SYSTEM 2 
Experimental 
lined sand-
sawdust 
bioreactor (n=16)

Standard pipe-in-stone 
trench (n= 26)

6.59 6.57 6.57
6.34

Fecal Coliform



SYSTEM 1 Woodchip box 
bioreactor (n= 16)

SYSTEM 3 Proprietary 
woodchip 
bioreactor (n=16)

SYSTEM 2 
Experimental 
lined sand-
sawdust 
bioreactor (n=16)

Standard pipe-in-stone 
trench (n= 26)

5.72

4.72

5.51

4.50No significant difference
P= .05

Somatic Phage



Take Home Messages













Take Home Message



More air = more treatment and more 
transmissivity (hydraulic performance)



Thank you

George Heufelder
gheufelder@capecod.gov

      
                              

                         

Questions?

mailto:gheufelder@capecod.gov
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