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OnOn--Site Wastewater SystemsSite Wastewater Systems

60 million people in the US use on60 million people in the US use on--site site 
wastewater systems (OWS)wastewater systems (OWS)

Also referred to as septic systemsAlso referred to as septic systems
33% of new homes use OWSs33% of new homes use OWSs
75% of new homes in Georgia in 2007 75% of new homes in Georgia in 2007 
used OWSsused OWSs
OWSs are often cited as potential sources OWSs are often cited as potential sources 
of N, P, and bacteria in TMDL watershedsof N, P, and bacteria in TMDL watersheds



ApproachApproach

Complex Complex 
numerical 2D numerical 2D 
modelmodel

Spreadsheet Spreadsheet 
decision tooldecision tool

BetterBetter
policypolicy



OWSOWS



Drainfield TrenchDrainfield Trench



BiomatBiomat

Average thickness = 0.5 cmAverage thickness = 0.5 cm
Average saturated hydraulic conductivity = 0.23 Average saturated hydraulic conductivity = 0.23 
cm/daycm/day



Long Term Acceptance Rates Long Term Acceptance Rates 
(LTAR)(LTAR)

SiegristSiegrist. 2007. 2007
LTAR is LTAR is ““long term acceptance ratelong term acceptance rate”” of wastewater by of wastewater by 
soil soil 
State regulators use this rate to determine suitable State regulators use this rate to determine suitable 
sites and required trench length sites and required trench length 
Varies widely among states & often based on Varies widely among states & often based on 
empirical evidenceempirical evidence
Need more rational and uniform approach to estimate Need more rational and uniform approach to estimate 
LTARLTAR
Use computer models to aide designUse computer models to aide design



Numerical ModelNumerical Model

HYDRUSHYDRUS
SimunekSimunek et al. , 2006et al. , 2006

Simulates water and Simulates water and 
solute flow in 2 and 3  solute flow in 2 and 3  
dimensionsdimensions



ObjectivesObjectives

Develop method for estimating LTAR Develop method for estimating LTAR 
based on soil and biomat hydraulic based on soil and biomat hydraulic 
propertiesproperties
Use HYDRUS to estimate steady trench Use HYDRUS to estimate steady trench 
bottom flow under 5bottom flow under 5--cm ponding for 12 cm ponding for 12 
soil textural classessoil textural classes
Develop a spreadsheet method to Develop a spreadsheet method to 
estimate LTAR based on HYDRUS resultsestimate LTAR based on HYDRUS results



LTAR Spreadsheet ExampleLTAR Spreadsheet Example

Loamy sandLoamy sand
KsatKsat = 80 cm/day= 80 cm/day













8.188.18Clay loamClay loam

9.619.61SiltySilty clayclay

11.1111.11SiltySilty clay loamclay loam

11.3511.35Sandy claySandy clay

12.0412.04LoamLoam

13.1913.19Sandy clay loamSandy clay loam

14.7514.75ClayClay

18.2618.26Silt loamSilt loam

38.2538.25Sandy loamSandy loam

43.7443.74SiltSilt

105.12105.12Loamy sandLoamy sand

642.98642.98SandSand

cm/daycm/day

KKssSoil textural classSoil textural class

From Rosetta database in HYDRUSFrom Rosetta database in HYDRUS
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% of % of KKss

4.044.04

3.763.76

6.346.34
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10.4310.43

7.537.53

8.748.74

cm/daycm/day

Bottom flowBottom flow

Deep Water TableDeep Water Table

Clay loamClay loam

SiltySilty clayclay

SiltySilty clay loamclay loam

Sandy claySandy clay

LoamLoam

Sandy clay loamSandy clay loam

ClayClay

Silt loamSilt loam

Sandy loamSandy loam

SiltSilt

Loamy sandLoamy sand

SandSand

Soil textureSoil texture



II1.071.074.364.36SandSand

II1.051.054.284.28SiltSilt

IVIV0.360.361.461.46Sandy claySandy clay

IIIIII0.460.461.871.87SiltySilty clayclay

IIIIII0.490.491.991.99ClayClay

IIIIII0.490.491.991.99Clay loamClay loam

IIIIII0.500.502.032.03Sandy clay loamSandy clay loam

IIII0.660.662.682.68LoamLoam

IIII0.690.692.832.83SiltySilty clay loamclay loam

IIII0.740.743.003.00Sandy loamSandy loam

II0.910.913.733.73Loamy sandLoamy sand

II0.920.923.773.77Silt loamSilt loam

gpd/ftgpd/ft22Soil textural classSoil textural class

ClassClassLTARLTARSafety factor = 50%Safety factor = 50%



ConclusionsConclusions

SpreadsheetSpreadsheet
Provides a more scientific basis for estimating LTARProvides a more scientific basis for estimating LTAR
Provides a method for converting measured Provides a method for converting measured KKss to to 
LTARLTAR
Provides a method for estimating reductionsProvides a method for estimating reductions

Do chamber systems have higher biomat Do chamber systems have higher biomat KKss??
If so use spreadsheet to determine reductionIf so use spreadsheet to determine reduction

Georgia plans to adopt use of spreadsheetGeorgia plans to adopt use of spreadsheet
Better estimates of LTAR will hopefully lead to Better estimates of LTAR will hopefully lead to 
less OWS failures and watershed contaminationless OWS failures and watershed contamination



WERF ProjectWERF Project

Funded by Water Environmental Funded by Water Environmental 
FoundationFoundation
Development of Quantitative Tools to Development of Quantitative Tools to 
Determine the Expected Performance of Determine the Expected Performance of 
Unit Processes in Wastewater Soil Unit Processes in Wastewater Soil 
Treatment UnitsTreatment Units
Colorado School of Mines, University of Colorado School of Mines, University of 
Rhode Island, and UGARhode Island, and UGA



WERF ProjectWERF Project

Use complex 2D numerical models to Use complex 2D numerical models to 
simulate N, P, and bacteria/virus transport simulate N, P, and bacteria/virus transport 
assimilation in OWSsassimilation in OWSs
Develop simple spreadsheet tools for Develop simple spreadsheet tools for 
decision making based on model resultsdecision making based on model results
Project ends 31 Dec 2009Project ends 31 Dec 2009



L = 125

L = 75

L = 190

L = 10

L = 100

HYDRUS Model SpaceHYDRUS Model Space



SandSand

1,000 hours of simulation1,000 hours of simulation
4 doses per day4 doses per day
Input concentrationsInput concentrations

Ammonium = 60 mg/LAmmonium = 60 mg/L
Nitrate = 0 mg/LNitrate = 0 mg/L
Readily biodegradable Readily biodegradable o.mo.m. = 160 mg/L. = 160 mg/L
Slowly biodegradable Slowly biodegradable o.mo.m. = 120 mg/L. = 120 mg/L
Inert Inert o.mo.m. = 20 mg/L. = 20 mg/L



Sand: Water ContentSand: Water Content

h[cm]

-165.000
-147.727
-130.455
-113.182
 -95.909
 -78.636
 -61.364
 -44.091
 -26.818
  -9.545
   7.727
  25.000

:Max   25.000
:Min -165.000
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Sand: AmmoniumSand: Ammonium

L8[microg/cm^3]

 0.000
 5.098
10.196
15.294
20.393
25.491
30.589
35.687
40.785
45.883
50.982
56.080

:Max 56.080
:Min  0.000



Sand: AmmoniumSand: Ammonium

L8[microg/cm^3]

 0.000
 5.098
10.196
15.294
20.393
25.491
30.589
35.687
40.785
45.883
50.982
56.080

:Max 56.080
:Min  0.000



Sand: NitrateSand: Nitrate
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Sand: NSand: N22 GasGas

L11[microg/cm^3]

 0.000
 8.358
16.717
25.075
33.434
41.792
50.151
58.509
66.868
75.226
83.585
91.943

:Max 91.943
:Min  0.000
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UGA Field ExperimentUGA Field Experiment

Poster: Ken Bradshaw, Development of a fieldPoster: Ken Bradshaw, Development of a field--scale protocol to measurescale protocol to measure
LTAR of mature wastewater drainfields: Preliminary resultsLTAR of mature wastewater drainfields: Preliminary results


