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Onsite Wastewater SystemsOnsite Wastewater Systems

75% of new homes in Georgia are on 75% of new homes in Georgia are on OWSsOWSs



Absorption Field TrenchAbsorption Field Trench



Design Hydraulic Loading RateDesign Hydraulic Loading Rate

Wastewater infiltration rates decline over time Wastewater infiltration rates decline over time 
due to formation of a biomatdue to formation of a biomat
Estimate of final infiltration rate needed to Estimate of final infiltration rate needed to 
determine design hydraulic loading rate (HLRdetermine design hydraulic loading rate (HLRDD))

Trench line length based on estimate of HLRTrench line length based on estimate of HLRDD

Also referred to as Long Term Acceptance Rate Also referred to as Long Term Acceptance Rate 
(LTAR)(LTAR)

LTAR includes effect of organic loading rateLTAR includes effect of organic loading rate
Do not consider organic loading rate in this analysis Do not consider organic loading rate in this analysis 



Design Hydraulic Loading RateDesign Hydraulic Loading Rate

SiegristSiegrist (2007)(2007)
HLRHLRDD 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 
HLRHLRDD

HLRHLRDD should be based on trench bottom flux under should be based on trench bottom flux under 
shallow shallow pondingponding conditions (normal loading)conditions (normal loading)

Reserve trench volume and sidewall flux for peak flow (peak Reserve trench volume and sidewall flux for peak flow (peak 
loading)loading)

Use computer models to aide designUse computer models to aide design



BoumaBouma EquationEquation

BoumaBouma (1975) developed simple equation for (1975) developed simple equation for 
estimating trench bottom fluxestimating trench bottom flux

KKbsbs = biomat saturated hydraulic conductivity= biomat saturated hydraulic conductivity
ZZbb = biomat thickness= biomat thickness
hh00 = height of = height of pondingponding in trenchin trench
hhss = soil matric potential below biomat= soil matric potential below biomat
KK((hhss) = soil unsaturated hydraulic conductivity below ) = soil unsaturated hydraulic conductivity below 
biomatbiomat
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BoumaBouma EquationEquation
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BoumaBouma EquationEquation
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BoumaBouma EquationEquation
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BoumaBouma EquationEquation
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ObjectivesObjectives

Develop simple method for estimating HLRDevelop simple method for estimating HLRDD
based on soil and biomat hydraulic propertiesbased on soil and biomat hydraulic properties

Use Use BoumaBouma equation to estimate trench bottom flux equation to estimate trench bottom flux 
under shallow under shallow pondingponding for 12 soil textural classesfor 12 soil textural classes
Compare Compare BoumaBouma equation estimates to 2D computer equation estimates to 2D computer 
model (HYDRUS)model (HYDRUS)
Take Take ½½ flux as estimate of HLRflux as estimate of HLRDD (safety factor of 2)(safety factor of 2)
Compare estimates of HLRCompare estimates of HLRDD to classification systems to classification systems 
that have been proposedthat have been proposed



Soil textural classSoil textural class KK ss nn αα θθrr θθss

cm dcm d--11 cmcm--11 cmcm33 cmcm--33

SandSand 642.98642.98 3.183.18 0.03530.0353 0.0530.053 0.3750.375

Loamy sandLoamy sand 105.12105.12 1.751.75 0.03470.0347 0.0490.049 0.3900.390

SiltSilt 43.7443.74 1.681.68 0.00660.0066 0.0500.050 0.4890.489

Sandy loamSandy loam 38.2538.25 1.451.45 0.02670.0267 0.0390.039 0.3870.387

Silt loamSilt loam 18.2618.26 1.661.66 0.00510.0051 0.0650.065 0.4390.439

ClayClay 14.7514.75 1.251.25 0.01500.0150 0.0980.098 0.4590.459

Sandy clay loamSandy clay loam 13.1913.19 1.331.33 0.02110.0211 0.0630.063 0.3840.384

LoamLoam 12.0412.04 1.471.47 0.01110.0111 0.0610.061 0.3990.399

Sandy claySandy clay 11.3511.35 1.211.21 0.03340.0334 0.1170.117 0.3850.385

SiltySilty clay loamclay loam 11.1111.11 1.521.52 0.00840.0084 0.0900.090 0.4820.482

SiltySilty clayclay 9.619.61 1.321.32 0.01620.0162 0.1110.111 0.4810.481

Clay loamClay loam 8.188.18 1.411.41 0.01580.0158 0.0790.079 0.4420.442

From Rosetta From Rosetta LiteLite database in HYDRUSdatabase in HYDRUS



Biomat PropertiesBiomat Properties

Finch et al (2007)Finch et al (2007)
Measurements from 6 OWS sites in GeorgiaMeasurements from 6 OWS sites in Georgia
Biomat average thickness (Biomat average thickness (ZZbb) = 0.5 cm) = 0.5 cm
Biomat average saturated hydraulic Biomat average saturated hydraulic 
conductivity (conductivity (KKbsbs) = 0.23 cm/day) = 0.23 cm/day

We assumed a loam texture for biomat in We assumed a loam texture for biomat in 
all simulationsall simulations
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Water Content  - th[-], Min=0.055, Max=0.399



Deep water table

y = 2.032x - 4.1472
R2 = 0.8223
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Modified Modified BoumaBouma EquationEquation

Original equationOriginal equation

Modified equationModified equation

K
h h Z

Z
K hbs

s b

b
s

0 − +
= ( )

Z
Z

k

K
h h

Z
Z

k
i h

h h Z
Z

K hb

b

b
s

b

bi

k

s b

b
s

+
−

⋅
+

⋅
⎛
⎝⎜

⎞
⎠⎟ +

⎡

⎣
⎢

⎤

⎦
⎥

− +
=

=
∑ 1

1
0

2

2

0

0

0 ( )



Deep water table

y = 1.089x - 0.2718
R2 = 0.9583
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Soil textural classSoil textural class Modified Modified BoumaBouma EquationEquation

Bottom fluxBottom flux Bottom flux / Bottom flux / KK ss
cm dcm d--11 %%

SandSand 10.3110.31 22

Loamy sandLoamy sand 8.888.88 88

SiltSilt 10.8010.80 2525

Sandy loamSandy loam 6.626.62 1717

Silt loamSilt loam 9.419.41 5252

ClayClay 4.044.04 2727

Sandy clay loamSandy clay loam 4.164.16 3232

LoamLoam 5.595.59 4646

Sandy claySandy clay 2.972.97 2626

SiltySilty clay loamclay loam 5.935.93 5353

SiltySilty clayclay 3.823.82 4040

Clay loamClay loam 4.004.00 4949
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Soil textural classSoil textural class HLRHLR DD ClassClass

cm/daycm/day gpd/ftgpd/ft22

SiltSilt 5.405.40 1.321.32 II

SandSand 5.165.16 1.261.26 II

Silt loamSilt loam 4.714.71 1.151.15 II

Loamy sandLoamy sand 4.444.44 1.091.09 II

Sandy loamSandy loam 3.313.31 0.810.81 IIII

SiltySilty clay loamclay loam 2.972.97 0.730.73 IIII

LoamLoam 2.792.79 0.680.68 IIII

Sandy clay loamSandy clay loam 2.082.08 0.510.51 IIIIII

Clay loamClay loam 2.002.00 0.490.49 IIIIII

ClayClay 2.022.02 0.490.49 IIIIII

SiltySilty clayclay 1.911.91 0.470.47 IIIIII

Sandy claySandy clay 1.481.48 0.360.36 IVIV



HLRHLR DD gpd/ftgpd/ft22

SystemSystem Class IClass I Class IIClass II Class IIIClass III Class IVClass IV

SiegristSiegrist (2007)(2007) 1.001.00 0.50.5 0.250.25

LindboLindbo et al. (2007)et al. (2007) 1.001.00 0.70.7 0.450.45 0.250.25

Our analysisOur analysis 1.091.09--1.361.36 0.680.68--0.810.81 0.470.47--0.510.51 0.360.36



Soil GroupingsSoil Groupings
SystemSystem Class IClass I Class IIClass II Class IIIClass III Class IVClass IV

SiegritSiegrit (2007)(2007) SandSand
Loamy sandLoamy sand

Sandy loamSandy loam
LoamLoam
Silt loamSilt loam

SiltySilty clay loamclay loam
Clay loamClay loam

LindboLindbo et al. et al. 
(2007)(2007)

SandSand
Loamy sandLoamy sand

Sandy loamSandy loam
LoamLoam

Silt loamSilt loam
Clay loamClay loam
Sandy clay loamSandy clay loam
SiltySilty clay loamclay loam
SiltSilt

Sandy claySandy clay
SiltySilty clayclay
ClayClay

Our analysisOur analysis SandSand
SiltSilt
Silt loamSilt loam
Loamy sandLoamy sand

Sandy loamSandy loam
SiltySilty clay loamclay loam
LoamLoam

Sandy clay loamSandy clay loam
Clay loamClay loam
ClayClay
SiltySilty clayclay

Sandy claySandy clay











ConclusionsConclusions

Modified Modified BoumaBouma equation can be used to develop HLRequation can be used to develop HLRDD
for for OWSsOWSs

Based entirely on soil and biomat hydraulic propertiesBased entirely on soil and biomat hydraulic properties

Not recommending a particular set of HLRNot recommending a particular set of HLRDD but rather a but rather a 
processprocess

Users can make many choices to tailor system to their needsUsers can make many choices to tailor system to their needs
PondingPonding depth, biomat thickness, biomat conductivity, safety depth, biomat thickness, biomat conductivity, safety 
factor, soil groupings, etc.factor, soil groupings, etc.

Unsaturated soil and biomat properties are importantUnsaturated soil and biomat properties are important
BoumaBouma Calculator spreadsheet available atCalculator spreadsheet available at

www. www. cropsoil.uga.edu/soilphysics/publications.htmlcropsoil.uga.edu/soilphysics/publications.html
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