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not constitute an endorsement.



The transformation from our various 
deposits to blue skies and green pastures 
can be by many routes



Septic systems are participants 
in that global chemical cycling
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All essential  elements are part
of an intricate recycling

that sustains life



Theoretically
   Girl eats lobster
       Girl “donates” to septic system
              Septic tank converts protein in lobster from girl’s contribution to ammonium
                     Ammonium gets converted to nitrate in leachfield and enters estuary
                          Nitrate feeds algae that floats around and gets eaten by  small fish
                             Small fish gets eaten by large bluefish
                                Bluefish is caught and eaten with carcass used as lobster bait
                                    Lobster feeds on bluefish carcass
                                        Lobster fisherman sells caught lobster to restaurant
                                            Girl orders lobster for dinner
Girl eats lobster                             

Nitrogen



Useful information to consider when  
designing and operating a septic system

Our Focus

Biological processes 
controlling the treatment of 
waste in our septic systems
 



Section Objectives
• Review the biology that drives treatment and disposal 

in septic systems

• Highlight the importance of the biomat in the soil 
treatment area (aka leachfield)

• Dispel common misconceptions about the biomat and 
how it functions

• Discuss ways to incorporate what we learn to 
optimize design and operation of septic systems



In septic systems,  
treatment is all 
about the biology



In septic systems,  
disposal is all about 
the biology

OK, there is some inorganic chemistry in particular that mediates the disposal, but for the most part 
the biology is the main driver



solids settling

anaerobic 

digestion

Acid or non-methanogenic phase
Bacteria hydrolyze complex organic material to simple sugars 
amino acids and ammonia(um).  Fats and greases remain 
intact.  
Methanogenic phase
Methane forming bacteria convert organic acids to methane 
and carbon dioxide

Liquifaction

as stability develops



On
to
the

leachfield
Where the real interesting things happen



Treatment 
vs

Disposal
Age-old balance -Always some tradeoffs



THE STATE ENVIRONMENTAL CODE
 TITLE 5: STANDARD REQUIREMENTS FOR THE SITING, CONSTRUCTION, INSPECTION,
UPGRADE AND EXPANSION OF ON-SITE SEWAGE TREATMENT AND DISPOSAL SYSTEMS 
AND FOR THE TRANSPORT AND DISPOSAL OF SEPTAGE  
(1995 →→→→→→→→→→     revisions                          →→→2024)

THE STATE ENVIRONMENTAL CODE
Minimum Requirements For The Subsurface Disposal of 

Sanitary Wastes
1977 - TITLE 5

From Disposal

To Treatment



Basically, the “new” code (1995) 
transitioned onsite wastewater 
treatment regulations from 
regulating “disposal” to 
encouraging “treatment” .

• Shallower placed systems
• Lower hydraulic loading rates



Focus on the biomat

The  layer composed of microorganisms and organic material 
located below a soil absorption system which forms on the 
infiltrative surface of soil and which provides biological 
treatment of septic tank effluent. (Title 5)



In general



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 intervention.



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

Receiving Soil

Applied 
Wastewater

Applied 
Wastewater

A biomat will form whether aggregate is used or not



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

Stone Aggregate

Receiving Soil

Applied 
Wastewater



Aggregate

Septic Tank Effluent

Treatment surfaces

AggregateAggregate

Aggregate
Aggregate

Some believe that the area of contact between the individual 
aggregate units and the soil actually “masks” the possible 
treatment area – this has been given by some as a justification for 
decreased requirements for aggregate-free systems (which it is 
claimed have more actual treatment area per linear foot).



MONTH 1

MONTH 2

MONTH 3

MONTH 4

Progression of restrictive 

biomat formation in 

aggregate system gravity 

fed with septic tank effluent 

(STE)

Most loading in 

20% of system

Most loading in 

60% of system

SepticTank 

Effluent

SepticTank 

Effluent

SepticTank 

Effluent

SepticTank 

Effluent



MONTH 1

MONTH 2

MONTH 3

MONTH 4

Progression of 

restrictive biomat 

formation in gravelless 

system  gravity fed with 

septic tank effluent 

(STE)

Most loading in 

40% of system

Most loading in 

60% of system

SepticTank 

Effluent

SepticTank 

Effluent

SepticTank 

Effluent

SepticTank 

Effluent



Biomat formation progresses across 

infiltrative surface

Gravity Fed 

System
Concrete Leaching Chamber

Restrictive biomat forms at water distribution 

point, shunting water to adjacent soil surface. 

Clogging progresses away from point of 

dispersal

Discharge Orifices in Pressure 

Distribution System

Biomat forms slowly in the vicinity of each discharge 

orifice dispersed across entire infiltrative surface

Area of localized 

high loading

Pressure Dosed System

Loading distributed over 

entire infiltrative surface more 

evenly



Myth
Until a restrictive biomat forms, a 
soil treatment area does not treat 
wastewater



Myth
Until a restrictive biomat forms, a 
soil treatment area does not treat 
wastewater

False - Biomats come in different forms – 
optimally, a dominantly aerobic biomat that 
does not promote ponding treats wastewater 
as well if not better than a biomat that 
promotes ponding.



The classic view of biomat



Aggregate

Receiving Soil

Wastewater Application



Aggregate

Receiving Soil
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The biomat is mature when it reaches an equilibrium.  This is 

characterized by the ability of the infiltrative soil interface to allow the 

percolation of the wastewater at the same rate that it is applied. Ponding 

of wastewater commonly occurs.

P O N D E D    W A S T E W A T E R
B I O M A T 



Progressive restrictive biomat
formation in stone trench 

End view

O2

O2
O2

O2

O2

O2

1



Progressive restrictive biomat
formation in stone trench 

End view
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Progressive restrictive biomat
formation in stone trench 

End view
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Progressive restrictive biomat
formation in stone trench 

End view
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reduced flow

“water always finds the path of least resistance” Dutch proverb 



BUT what we found….

Ponding in stone aggregate trenches is 
not so uniform as many think.



Ponding formation in trenches as the 

biomat progresses

Research from MASSTC

2006 - 2007



Dosing 
Mechanism

Common 
Wastewater
Source

Volume 
measure 
and 
samples

25’ Trenches x 5  
A B



A B

PROXIMAL 

OBSERVATION 

PORT

DISTAL 

OBSERVATION 

PORT

Ponding Measurements

PIPE WAS LEVEL ON TOP OF THE AGGREGATE AND BOTTOM OF 

AGGREGATE WAS LAID LEVEL 



PROXIMAL PORTS

DISTAL PORTS



PROXIMAL PORTS

DISTAL PORTS

U
p to 2 inch   ∆



Lessons Learned

• The ponding does not develop uniformly 
across the entire bottom of a stone trench 
configuration (possibly due to bridging in the 
stone aggregate)
• There is a seasonality to the restrictive quality 

of the biomat when it forms.



A more balanced view

A biomat is a simply a 
biologically active area 
beneath the area of 
wastewater distribution. 
Whether the layer allows 
for ponding or not is not a  
measure of its ability to 
remove contaminants.



Tale of 
Two 

Biomats
Ida Dunn Seenit

with forward by
Dewy Knowit PhD

Underground Press Inc.
Toiletbowl, Iowa

Reviews
“Riveting …held me in suspense ‘till 
the very end” Entero Coccus STOMACH NEWS

“A must-read for those with 
insomnia”Wynot B. Sleeping  WASTELAND 
NEWS

“An epoch tale that needed 
telling – I just don’t know where 
to tell it”Ima Fibber MOTHER EARTH SNOOZE



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



Biomat beneath a drip 
dispersal emitter   ~ 3 

years operation



Measuring 
biomat

permeability



Split ring 
infiltrometer

Timer

Measure 
water drop



1. Position device on the soil base without 
fracturing soil structure

2. Set time to zero
3. Fill outer and inner  ring with water to the 

top.  I usually do this 2x before starting a 
test.

4. Test start with water levels at the top of 
both rings

5. Begin timer when it reaches an arbitrary 
height (say 1”)

6. Stop time when it reaches two inches 
below start height.

7. Record and calculate drop rate in desired 
metric.

Test good for 
small areas with 

multi levels



Myth
Storage volume above the biomat 
is necessary for proper treatment 
and operation in a soil treatment 
area.



Myth
Storage volume above the biomat 
is necessary for proper treatment 
and operation in a soil treatment 
area.

False – An alternate (arguably better) way to achieve 
treatment in a biologically active area (biomat) is to allow a 
wetting-drying cycle which can be achieved by timed 
dosing. “Storage volume” is best located in a pump 
chamber. Evidence Perc-RiteTM drip dispersal, GeoMatTM and 
other timed-dosed drainfields. This will generally limit actual 
ponding.



Differences in the Biology of a Biomat
Restrictive    →    Less Restrictive



Biology of a Very Restictive Biomat
(pronounced ponding)



Helpers to 
Digest Organic 
Matter in the 
anoxic world

Facultative anaerobic bacteria, 
some nematodes, some fungi 

Restrictive biomat scan at 400 x
MASSTC  October  2024



Generally, very restrictive biomats that are 
accompanied by ponding effluent are dominated by 
bacteria that produce exogenous polymeric substances 
that bridge the soil particles and cause clogging.  Very 
few species of fungi and nematodes were found in the 
biomat.



Biology of a Biomat
Having transient or no ponding



Helpers to 
digest organic 
matter in the 

aerobic world

Many bacteria, protozoa, 
annelids, amoeba, 
nematodes some 
arthropods, fungi and 
others



The more oxygen supplied to the soil interface, the better 
treatment of the wastewater for enteric bacteria and viruses, 
nitrogen transformation, biochemical oxygen demand, 
suspended organic solids and certain endocrine disrupting 
compounds and contaminants of emerging concern.



Biomats – two extremes and 
anywhere in between

Transmissive
Transmissive

Transmissive

Restrictive



Another helper in the 
recycling of nutrients 

Roots of grass exude sugars and other nutrients that 
support a rich biome of organisms that help degrade 
wastewater constituents. organic acids, amino 

acids, soluble sugars.



GRASS ROOT 
PENETRATION 
AT 36 “ BELOW 
SURFACE TO 
EARCH 
WASTEWATER

Roots penetrating the 
aggregate used in GSTTM  by 
Geomatrix trench system. 



There are significant differences between the 

biomat formation in gravity-fed systems and 

pressure-dosed systems

If there was any doubt



Semi- Finally 
“There are more things in a biomat, Horatio, than are dreamt of in 
your philosophy” (original line in Shakespeare)

light reading for those with insomnia



SOIL
TYPE

Biomat LTAR

Long Term Acceptance Rate
   Where does this concept really fit in?



LTAR
a puzzle unto itself



How should all this inform our 
designs and operation ?

• More air is better  in all situations.  Consider the vents and vent sizing 
when designing any system

• Pressure dosing and resting a system prolongs the life and overall 
performance of a system (actually recommended in the DeFeo, Wait 
& Associates report).

• Timed dosing which allows a rest between doses should be 
considered.

• Products which aerate a soil treatment area should be researched 
and considered (one such is Soil AirTM).



Thank you

George Heufelder
gheufelder@capecod.gov

      
                              

                         

Questions?

mailto:gheufelder@capecod.gov
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