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System Components
• Source

• Collection
• Treatment

– Primary
– Secondary

• Dispersal
– Air
– Soil treatment  
– Surface
– Recycle

• Management 



Evaportranspiration in cold/humid 
environment.  
Can’t rely on it but is effective in 
removing some effluent to the air
during the growing season.

WATER USE
(WHERE ROOTS DRINK AND EAT)

41%

25%
12 inches

24 inches

16% 
36 inches

18%

Keep systems shallow to 
maximize ET.



Vast majority of effluent goes 
upward in the SW if installed 
shallow but there are dormant
periods.

Constructed wetland transpire a 
lot of effluent during growing
season 



System Components
• Source

• Collection
• Treatment

– Primary
– Secondary

• Dispersal
– Air
– Soil treatment
– Surface
– Recycle

• Management 



Treatment/Soil Dispersal 

• Septic tank – soil treatment/dispersal 
• Aeration systems – polishing and soil dispersal

– ATUs
– Packed media beds



Effluent Quality to Soil Unit
• Septic tank

– High BOD
– High TSS
– High fecal coilforms
– Nitrogen

• Organic nitrogen
• Ammonium

– Biomat development

• Aerobic treatment
– Low BOD
– Low TSS
– High/low fecals
– Nitrogen

• High nitrate
• Low O.N. and ammonium

– Minimal biomat
development



What is Role of the Soil?

• Septic Tank
– Secondary treatment
– Aeration
– Complete pathogen 

removal
– Partial Nutrient 

removal 
– Dispersal

• Aerobic Treatment
– Polishing
– Complete  the 

pathogen removal
– Partial Nutrient 

removal 
– Dispersal



Source
Septic
tank Soil treatment/dispersal

Source Aeration Polishing/Soil dispersal

Minimal biomat formation

biomat formation

Recent research indicates some reduction
in hydraulic conductivity resulting in 
temporary ponding after dosing with 
Aerobically treated effluent.



Soil and Site Evaluation 
• Need to evaluate site for

– Slope

– Set backs
– Vegetation

– Drainage
– Other features



Texas Code 

Texas Code



Evaluate Site For:

• Ability of the soil to accept effluent
• Ability to treat the effluent
• Ability of the soil to allow the effluent to 

move away from the unit



Soil and Site Evaluation
• Evaluate soil profile using soil morphology 

features.
– Soil texture 

– Soil structure
– Soil consistence

– Soil drainage
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Class Ia–
Sandy texture 
soils > 30% gravel

Class Ib–
Sand, loamy sand
< 30% gravel  

Class II –
Sandy loam and 
loam sands 

Class III–
Silt, silt loam , silty
Clay loam ,sandy 
clay loam and 
sandy clay 

Class IV–
Silty clay and clay 
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Soil Absorption System Sizing 
• Size is determined by:

– Design daily flow

– Soil loading rate 

• Design flow is determined by:
– Home size (usually No. of bedrooms or square ft. )

• Approach may be 
– 150 gpd for one bedroom and  100 gpd for all other bedrooms .
– 120 or 150 gpd/bedroom 

– Metered flow (for commercial facilities)
– Other flow estimate



Soil Absorption System Sizing

• Soil loading rate depends on:
– Soil texture, structure and consistence

– Texas – based on soil texture
– Effluent quality

• Septic tank effluent
– Hydraulics
– Organic load

• Aerobically treated effluent 
– Hydraulics



Foot note
a. < 60% rock fragments
b. >60 < 90% rock frag.
c. Requires pressure

distribution

Wisconsin Code



Loading rates for BOD < 140 mg/L.   No credit for secondary treatment 





Soil Absorption System Sizing
Based on Texas Code.

• Single family 4 bedroom house with < 3500 sf with water saving 
devices =  300 gal/day  (Table III)

• Soil - Class II - 0.25 gpd/ft2 

• Absorptive Area - Q/Ra =  300gpd/ 0.25 gpd/ft2 =  1200 ft2  

• Absorptive area – Bottom area + 1 ft high sidewall around 
perimeter.    

•



Organic Load/Oxygen Demand

• What about sizing based on organic load
• What about the oxygen demand load?

– BOD
– Nitrogen



What is the Oxygen Loading Rate?

Assume the 4 bedroom home:

Flow rate = 300 gpd 

BOD = 140  mg/L   (Septic tank effluent)

Total nitrogen = 60 mg/L (Septic tank effluent)

BOD oxygen demand =  0.35 lbs/day

Nitrogen oxygen demand  = 0.15 lbs/d

Total oxygen demand =  0.50 lbs/d

Soil unit must meet this demand to minimize biomat     
development.  Mat development is also a  function of how    
effluent is loaded to unit.



When should organic loading be used as a basis for sizing
a soil absorption system?  

Organic load is one of the elements that should be 
incorporated into design , not just hydraulic load.  

Need to keep the mass load equal to or below the typical
domestic  waste load  (Texas – 140 mg/L)

Need  to consider it for all commercial wastes and 
extraordinary domestic waste water



Secondary Effluent

• Loading rates for aerobically treated 
effluent

– Texas uses same loading rate for all effluent < 
140 mg/L 



% reduction
56%

33% 

60% 
Infinite 



States Allowing Reduction In Soil Dispersal 
Area Using Highly Pretreated Effluent 

  STATE   

Colorado

Florida

Idaho

Illinois

New Mexico

North Carolina

Ohio

Oregon

Pennsylvania

% REDUCTION  

20%

25%  (    30 mpi)

25 - 33%

33%

30%

20%  (Group H2)

33%  (48"      24")

20%

33%  (6 - 90 mpi)

<_



Evaluate Site For:

• Ability of the soil to accept effluent
• Ability to treat the effluent
• Ability of the soil to allow the effluent to 

move away from the unit



Soil and Site Evaluation

• Evaluate for limiting condition to:
– Seasonal saturation

– Bedrock
– Restrictive layer



Vertical Separation Distance

• Function of:
– Effluent quality

– Contact time which is related to dosing vol.
• Have not put this into the equation yet 



Seasonal Saturation – one of the limiting factors



Redoximorphic features

Using redoximorphic features to estimate seasonal saturation 

Seasonal Sat. 



Bedrock – One of the limiting conditions 



Bedrock 

Creviced bedrock,  solid bedrock.  Type may affect how effluent
moves.



Soil/Site’s Ability to Treat the 
Effluent

• Separation distance to limiting condition
– Seasonal saturation
– Bedrock

• Contact time in soil
– Rate of application – small frequent doses
– Biomat presence

• Depth beneath surface 
– Amount of oxygen present and rate of transfer



Separation distance in Wisc. for STE and aerobically treated  effluent.



Separation Distance from infiltration surface 
to limiting condition -Texas  

• Limiting condition  -
– Groundwater
– Restrictive horizon 

• System type
– Standard  system - 2 ft of separation 
– Drip -

• 12” from emitter  to ground water 
• 6” from emitter to solid or fractured rock `

• Need to consult Table 13 for separation distances 
• Based on soil texture, 
• Ground water
• Restrictive horizon 



Texas 
Code
Table 
13



Table 13 continued 



Effluent Quality of Aerobic Units 

Some aerobic units are very effective in fecal 
coliform removal, while others are not.



Fecal Coliform concentrations for 
various aeration units serving homes*

3,7801,87034,40044,100463,00014,300Mean

3,2203758,1709,960303,0002,040Median

1,0402335,9708,200211,0001,210Geo. mean

RSFSPSFDeltaBioMi-
crobics

NorwecoMulti-
flow

Parameter

* From Converse, 2004, 10th National Symposium

Septic tank effluent – 100,000 – 1 million col/100 mL
Maintenance of system will affect effluent quality 

Units are col./100 mL



Field Evaluations for Fecal 
Coliforms

• Evaluated soil profiles beneath soil units 
receiving aerobically treated effluent and 
septic tank effluent

• Cored beneath system 
• Data reported in fecals/g dry soil

• Fecals/g dry soil 
– Conservative number
– Higher for soil than water sample (Siegrist)



Fecal Profiles For 3 System Types

                        0.5                            8                         --                      413

                           3                            3                       733                      151

                           9                           <1                       186                       - --

15 <1                         47 58  

21 <1 20                          -  

27 <1 9 49  

33 <1 6                          -

39 <1 2 23  

                          <1                           <1   1  

MEDIAN VALUES - MPN/g  dry soil
DEPTH AEROBIC MOUNDS AT-GRADES

EFFLUENT(In.)
PROFILES    (77) (26) (61)

CONTROL (0-6")

Fecal count from aerobic units was relatively low

PROFILE



Fecal Coliform Profile Beneath Soil Units Receiving 
Single Pass Sand Filter Effluent

(mpn/gram of dry soil)

363636363636363618Sample

28341291012623191019S.D.

224356173698490th.

<1<1<1<1<1<1<1<1<1Min.

15516166235607157318104200Max.

1111111145Median

82244215180457Mean

36-42
in.

30-36
in.

24-30
in.

18-24
in.

12-18
in.

6-12
in.

1-6
in.

0-1
in.       

Infl.
*

*col./100 mL



Concerns with Reducing Soil 
Separation Based on Effluent Quality

• Malfunctioning of aerobic unit
• Solids carry-over resulting in failure
• No biomat formation 

– Deeper penetration of pathogens including 
bacteria and virus



Management

• It is VERY important to maintain  an 
aerobic unit. If not effluent becomes septic
– Soil unit becomes overloaded and fails

– Impact on groundwater – if less separation 
distance



Effluent Distribution for 
Aerobically Treated Effluent

• Gravity
– Minimal/no biomat development

– Small portion of soil unit used
• Minimal contact time
• Pathogens carried downward



Effluent Distribution for 
Aerobically Areated Effluent

• Pressure distribution
– Minimal/no biomat developed

• All soil unit used
– Maximum contact time
– Less potential carry down of pathogen

– Timed dosed better than demand dosed

– Higher orifice density better ( 6 ft2/orifice vs
12 ft2 per orifice)    (More drop points)



Gravity Flow

Pressure distribution 

Texas does not require pressure distribution except in fractured
rock sites



Evaluate Site For:

• Ability of the soil to accept effluent
• Ability to treat the effluent
• Ability of the soil to allow the effluent to 

move away from the unit



Soil and Site Evaluation

• Evaluate soil profile for water movement
• How does the effluent leave the system?

– Vertically
– Horizontally

– Combination of both



4 site conditions showing 
how effluent moves away 
from the mound



Linear Loading Rate (LLR)

• How much water can be applied along the 
contour – gallons/day/linear foot,  so that 
the effluent moves away from the mound 
without backing up and breaking out at the 
mound toe.   



Also important for all soil units including in-ground, 
at-grade, mound and drip distribution where site has 
restrictive/limiting layer causing horizontal movement



Linear Loading Rate

• Vertical movement  < 10 gpd/lf
• Horizontal movement   <  3-4 gpd/lf



Linear loading rate

• Function of:
– Flow direction

• Vertical flow
• Horizontal flow
• Combination of both

– Infiltration distance

– Slope
– Soil texture, structure, consistence



Linear Loading Rates for Onsite 
Systems

• Order via www.wisc.edu/sswmp
• Publication number 16.10, Converse

– Provides a thought process of estimating linear 
loading rates.  Gives 2 examples.  

• Publication – Publication No 4.43. Tyler
– Table on linear loading rates (print out) 

•



Hydraulic linear loading rate, gal/d/ft
Slope

0-4% 5-9% >10%
Soil characteristics

Infiltration loading rate,
gal/da/ft2

Structure
Infiltration distance, inch Infiltration distance, inch Infiltration distance, inch

Texture
Shape Grade

>30 mg/L
BOD

<30 mg/L
BOD 8-12 12-24 24-48 8-12 12-24 24-48 8-12 12-24 24-48

COS, S, LCOS, LS -- 0SG 0.8 1.6 4.0 5.0 6.0 5.0 6.0 7.0 6.0 7.0 8.0

FS, VFS,LFS,LVFS -- 0SG 0.4 1.0 3.5 4.5 5.5 4.0 5.0 6.0 5.0 6.0 7.0

-- 0M 0.2 0.6 3.0 3.5 4.0 3.6 4.1 4.6 5.0 6.0 7.0
1 0.2 0.5 3.0 3.5 4.0 3.6 4.1 4.6 4.0 5.0 6.0PL

2, 3 0.0 0.0 - - - - - - - - -
1 0.4 0.7 3.5 4.5 5.5 4.0 5.0 6.0 5.0 6.0 7.0

CSL, SL
PR/BK

/GR 2,3 0.6 1.0 3.5 4.5 5.5 4.0 5.0 6.0 5.0 6.0 7.0

-- 0M 0.2 0.5 2.0 2.3 2.6 2.4 2.7 3.0 2.7 3.2 3.7
PL 1,2,3 0.0 0.0 - - - - - - - - -

1 0.2 0.6 3.0 3.5 4.0 3.3 3.8 4.3 3.6 4.1 4.6
FSL, VFSL

PR/BK
/GR 2,3 0.4 0.8 3.3 3.8 4.3 3.6 4.1 4.6 3.9 4.4 4.9

-- 0M 0.2 0.5 2.0 2.3 2.6 2.4 2.7 3.0 2.7 3.2 3.7
PL 1,2, 3 0.0 0.0 - - - - - - - - -

1 0.4 0.6 3.0 3.5 4.0 3.3 3.8 4.3 3.6 4.1 4.6
L

PR/BK
/GR 2, 3 0.6 0.8 3.3 3.8 4.3 3.6 4.1 4.6 3.9 4.4 4.9
-- 0M 0.0 0.2 2.0 2.5 3.0 2.2 2.7 3.2 2.4 2.9 3.4
PL 1,2,3 0.0 0.0 - - - - - - - - -

1 0.4 0.6 2.4 2.7 3.0 2.7 3.0 3.3 3.0 3.5 4.0
SIL

PR/BK
/GR 2,3 0.6 0.8 2.7 3.0 3.3 3.0 3.5 4.0 3.3 3.8 4.3
-- 0M 0.0 0.0 - - - - - - - - -
PL 1,2,3 0.0 0.0 - - - - - - - - -

1 0.2 0.3 2.0 2.5 3.0 2.2 2.7 3.2 2.4 2.9 3.4
SCL,CL SICL

PR/BK
/GR 2,3 0.4 0.6 2.4 2.9 3.4 2.7 3.0 3.3 3.0 3.5 4.0
-- 0M 0.0 0.0 - - - - - - - - -
PL 1,2,3 0.0 0.0 - - - - - - - - -

1 0.0 0.0 - - - - - - - - -
SC, C, SIC

PR/BK
/GR 2,3 0.2 0.3 2.0 2.5 3.0 2.2 2.7 3.2 2.4 2.9 3.4

� 2000 by E. Jerry Tyler
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Soil absorption area = but linear loading rate twice on right side
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Type of Soil Units

• In-ground trench
• Shallow in-ground trench

– Half pipe

• At-grade unit
• Mound
• Modified mound
• Drip Distribution – more of a dist. unit



System Selection Criteria

• Separation distance
– Seasonal saturation

– Bedrock
– Restrictive area

• Soil permeability
• Owner preference





Ideal  on-site system
• Narrow trenches
• Shallow placement
• Oriented on contour
• Time dosed

– Surge capacity – (septic tank/pump chamber)

• Multi cells – for resting
• Flow and ponding monitoring



SOIL BIOTA POPULATION
VS

SOIL DEPTH

98.7%

0.9%

0.4% 

16 inches

30 inches

98.7%



WATER USE
(WHERE ROOTS DRINK AND EAT)

41%

25%
12 inches

24 inches

16% 
36 inches

18%



Oxygen Diffusion  -  Unponded Unit

PRESSURE DISTRIBUTION

OXYGEN   DIFFUSION

Oxygen Diffusion  -  Ponded Unit

PRESSURE  DISTRIBUTION

PONDING

OXYGEN   DIFFUSION 



3' Trench Width

Native Backfill

Sidewall 
Porosity 65%

2.5 SF/LF
Open Area

Min. Per 
Code

16"10" Invert
Height

Will a vent add  more oxygen to the open infiltrative surface?

Non- ponded chamber



3' Trench Width

Native Backfill

Sidewall 
Porosity 65%

2.5 SF/LF
Open Area

Min. Per 
Code

16"10" Invert
Height

Will a vent add  more oxygen to the ponded infiltrative surface?

Ponded chamber



In-ground trench



Texas Code



In-ground 
trench



Aggregate-Free Systems

• Chambers
• Large diameter perforated pipe
• Small perforated pipe bundles
• Rigid foam with tube
• Tire chips 
• Half-pipe unit



Types of non-rock
aggregate media



Purpose of Media

• The primary purpose of media is to provide 
void space for effluent to enter and contact 
soil infiltrative surface.  

• All have advantages and disadvantages
• For each we must establish soil loading 

rates both hydraulic and organic.



Reduction in Soil Absorption Unit Sizing 

Utilizing Aggregate Free Media

• Wisc. allow for downsizing up to 50% for 
– Chambers
– Polystyrene pipe

• One unit wide only allowed with downsizing

Is this a good idea?

1 unit wide

1 unit wide



Texas Code Reduction

• Chambers 
– Trench length reduction 

• 40% reduction if  design is for 75 gpd/person
• 25% reduction if design is for 60 gpd/person 

• Square footage requirement is same for both methods

• Other Proprietary media – letter between 
manufacture and and director 



For aerobically treated effluent
with high loading rates



At-Grade Soil Absorption Unit



Manual available for

siting, designing and

installing via

www.wisc.edu/sswmp

Number 15.21



At-Grade Soil-Site Criteria

• Depth to seasonal saturation – 3 ft (1-4)
• Depth to bedrock - 3 ft (1-4)
• Slopes <25%*

Separation distances same as in-ground units
*construction safety reasons only



At-grade units



Mound Soil Absorption System

There are different design considerations for mounds 
as dictated by state code.  



Wisconsin mound system.  Can be used for both septic tank effluent
and aerobically treated effluent

Siting, design, installation manual available on-line at
www.wisc.edu/sswmp.  No. 15.24.  Also publication 9.14. pressure 
distribution on line 



Wisconsin Mound



Wisconsin
Mound

Texas Code –
- 1 ft of native soil
- < 10% slope   



Installation of mounds

• Place on contour
– Straight contour
– Convex contour
– Concave contour (less desirable)

• Proper soil moisture content for 
construction
– Depth 0-8”
– Crumble
– Doesn’t form wire



Till under proper moisture conditions

0-8”
Crumbles and won’t form a 
wire when rolled in palms







The tilled area should
extend beyond the sand
layer so that the top
soil can tie into the tilled
soil.  





Note the risers on the tanks.

The seasonal saturation will 
come above the top of the 
tank and the joint at the 
riser/lid is not water tight so 
there is a very good 
potential that ground water 
will infiltrate into the tanks 
causing a mound overload



Need anti-siphon at manifold
when placing laterals on surface.
Holes up with several holes
down with orifice shields for 
lateral drainage.

¼” hole

Anti-siphon

Directing orifices upward 
Provides more uniform 
effluent distribution.  



Using polystyrene pipe as media 



Polystyrene pipe 
with fabric over it in
mound



Mounds on More Difficult Sites

• Greater risk of toe leakage
• More care in construction
• Longer mounds due to lower linear loading 

rate
• Tanks more water tight



Mound Units 



Questions or comments


