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Proportion of homes on septic

systems

Portion of homes relying on a septic system or cesspool by state,1990.
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Share of new homes built with septic systems by region, 2013.
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Georgia- All counties are currently permitting septic systems.



1/2 of Georgians

US EPA 2012 US Census Bureau 20719




Growth in the
Southeastern US

. Urbanization _
Probability Largely in suburban areas
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~15-20% new single-family homes
(US Census Bureau 2020)
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Legacy issues

* Brief History of Regulation

« Septic systems first started appearing in the U.S. in 1883 and became more
popular post WWII in the 1940s.

« 1970's — many cities began regulating their design, installation.
« 1990's — Statewide regulation began to be considered.
« Sewers will not replace septic systems everywhere.

Source: , DPH, EPA

* Legacy Issues

* Undersized and old systems as a result of little to no regulation for old
systemes.

e Systems permitted under different rules due to lack of structure in permitting.

* Old systems in low-income communities that may not have access to
resources to maintain them.


https://www.vdwws.com/2015/01/a-short-history-of-the-septic-system/#:~:text=1860%20(estimated)%20%E2%80%93%20John%20Mouras,his%20home%20into%20the%20tank.
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National Onsite Wastewater Recycling Association

NOWRA is the largest organization in the U.S. dedicated to representing the onsite and
decentralized wastewater industry. We work to protect water resources and promote the
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Decentralized infrastructure is

infrastructure

NP
Drain Field
Perforated Pipes &
Gravel Trenches

Main Line qﬁ_ﬁ:ﬂ_- e
——

From Home
Septic Tank Filtration

SoillAbsorption & Purification
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Ground Water

 Weather

* Distance to water table

» Slope and distance to stream

* Physical and biological
characteristics of the leach field

» Soil characteristics

« Home water use

« Septic system condition

Weather

Average distance to water table
Average slope and distance to stream
Soil characteristics

Land use

Age and condition of tank clusters

Weather & climate

Density and length of river networks
Land use

Soil characteristics

Age and condition of infrastructure
Septage disposal capabilities

Water infrastructure investment




Evidence of septic effluent in streams
and impact of climate variability

* Case study from Rural Southern (i | /
Ontario (2008-2015) = =
- Artificial sweeteners found in 91% ——
streams. [ :
« Water derived from septic system ___ Spoelstra et al., 2020
effluent constituted upto 0.5% of
streamflow.

What would happen in a

— p
« About 13% of all septic effluent drought year:

reached stream via groundwater.



https://www.sciencedirect.com/science/article/pii/S2589915520300018
https://www.sciencedirect.com/science/article/pii/S2589915520300018

Today

* Blue-green-grey attributes of DWWTI at different spatial scales
* Assessing larger scale patterns in system failure
e Leach field function and failure

* Moving forward: partnerships to support clean water for healthy
communities



Parce! Septicshed Municipality & State
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Characteristics and (potential) resilience at multiple spatial scales



Treating septage is costly



SEPTAGE AFFECTS ALL
ASPECTS OF WASTEWATER
PLANT OPERATIONS

* Preliminary Treatment
* Primary Treatment

* Secondary Treatment
 Solids Handling

* Disposal Costs

* Chemical Costs

* Electrical Costs

* Odor Control

* Public Relations
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infrastructure
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Access Platforms Solids/Sludge Removal

Safely access and service equipment Bulk loading and safety solutions
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Chemical Handling Facility Pipes Crossover Stairs

SafeRack

Spill Containment, Fluid Prefabricated pipe racks and Get up and over pipes and other
transfer and access solutions valve access stairs obsticles



State-level production of septage
vs. demand for treatment



Septage Disposal Capacity

Protected River
Major Lakes
Septage Disposal Capacity

[ ] upto 1,000 GPD
1,000 to 2,500 GPD
I 2,500 to 4,000 GPD
I 4.000 to 6000 GPD
I s.000 to 20,000 GPD

" I 20.000 to 75,000 GPD

Each of the 322 NPDES permitted facilities in
Georgia and the one private LAS permitted
operation were contacted by postal mail and
telephone to learn each facility's policies
surrounding septage acceptance.

Information on septage acceptance was
collected from 281 (86.5%) of the N=322
NPDES permitted facilities.

Average limit of 7,108.4 GPD

Private septage facility in White County
was capable of accepting 150,000 gallons
a day



Protected River
Major Lakes
Septage Disposal Capacity

[ Jupto1.000 6PD
[ 1.000 10 2,500 GPD
I 2,500 to 4,000 GPD
I <000 10 6000 GPD
6,000 10 20,000 GPD
I 20,000 to 75,000 GPD

Septage Disposal Needs .
Demand estimates were

based on the

Protected River

Major Lakes recommended septage
Disposal Needed in Gallons removal schedule Of

Up 102,500 GPD every five years and a
——promiyiehel typical septic tank
I 7:500 10 10,000 GPD capacity of 1000 gallons.

I 10.000 to 15.000 GPD
I 15.000 to 360,000 GPD

wen | e The inventories of OWTS of all 159

‘w:. )

s ‘ Georgia counties included in this
study were compiled by the

mum

Taitot 1 UAM:G T
k wogs

Msscogee Lo

“?“*mf‘”"“_‘ 3'""" combination of the 2007 inventory of
e m&’s’m oo | system counts from each county
T = conducted by EPD, with the sum of

T A | R T | the new OWTS installations as

: reported to DPH by county health

departments from 2007 through
2014.



Septage Disparities
B > 15.000 Gal. Deficit
I 2,000 to 15,000 Gal. Deficit
|| 5,000 to 8000 Gal. Deficit
| 3,000 to 5,000 Gal. Deficit
EEER Ugmla'loo:ﬁaliogﬂclnlllllll
Up to 1,000 Gal. Surplus
1,000 to 4,000 Gal. Surplus
P 4,000 to 10,000 Gal. Surplus
I 10.000 to 25,000 Gal. Surplus

I > 25.000 Gal. Surplus

Protected River
Major Lakes
Septage Disposal Capacity

[_Jupto1.000GPD
[ 1.000 10 2,500 GPD
I 2500 10 4,000 GPD
I <000 10 6000 GPD
I 6.000 0 20,000 GPD
" I 20.000 to 75,000 GPD

Protected River

Major Lakes
Disposal Needed in Gallons

Up to 2,500 GPD
| 1250010 4.500 GPD
[ ] 4500 t0 7,500 GPD
I 7.500 to 10,000 GPD

% I 10.000to 15,000 GPD

Additional capacity to
dispose of 76,969
gallons of septage per

day, >28 million
gallons per year
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Decentralized infrastructure

o Primary Sedimentation

K=

BRER
Access Platforms Solids/Sludge Removal

Safely access and service equipment Bulk loading and safety solutions

SafeRack

Chemical Handling Crossover Stairs

Spill Containment, Fluid Get up and over pipes and other
transfer and access solutions valve access stairs obsticles



Septicshed

Characteristics and (potential) resilience at multiple spatial scales



What could a watershed with only septic

systems look like? (a septicshed)

Sept.ic S)/'stem Age  Unsuitable Are.us ——— Sewer Lines Fa i I i n g S.e pt i C SySte m S a re a
e non-point source of
¢ Bax B sueam ;\P (L4 pOI | Ut lon.

States and water
management agencies are
tasked with ‘fixing” this
problem.

But what systems really are
the problem? Or could all
systems be problems under
certain conditions?

‘@10 0.5

Capps et al., 2020



https://pubs.acs.org/doi/full/10.1021/acs.est.0c03909

Decentralized infrastructure is

Weather
Average distance to water table

Average slope and distance to stream
Soil characteristics
Land use

Age and condition of tank clusters




0 15 30 60 90
s seesssmw ) Kilometers

Septic system density
(septics/km?)

B High: 675
- Low: O
B WWTP serviced areas

First Nation Reserves

Too many systems

Baseflow and specific conductance
(Landers and Ankcorn 2008)

Nitrate concentrations
(Oliver et al. 2074)

Fecal indicator bacteria
(Ahmed et al. 2005)



Few “bad” systems?

Phosphorous concentrations
(Macintosh et al 2077)

[nd/ca tor bacte(/a In surface waters and nitrate
in surficial aquifers

(Geary and Lucas 20179)

Median housing age in US. 37 years
(ASCE 20217)

Lifespan of septic systems. 15-40 years
(US EPA 2017)



Types of failure

Acute
« System damage




Types of failure

Treatment
e Porous soils
e High water table




Types of failure

Hydraulic
* Low percolation rate
« Soll clogging

« System overuse
« Lack of maintenance




Today

* Blue-green-grey attributes of DWWTI at different spatial scales
* Assessing larger scale patterns in system failure
e Leach field function and failure

* Moving forward: partnerships to support clean water for healthy
communities



What environmental variables may predict septic system
repairs or pumping?

) |
- X e W

Pump Anomalous




Pumping records
* Frequency
* >] pump
* Typically once every 3-5 years I
(US EPA 2020)

* Volume
 Pumped volume > tank capacity

Q0™ 0

Anomalous



32,000
residents

9000
septic
systems




 Systems with repair
records

Systems with pumping records




Pumping records:
* Frequency
* >] pump

* Typically once every 3-5 years
(US EPA 2020)

* Volume
 Pumped volume > tank capacity




Soils ey Age
- Depth to water table p s e =
- Depth to restrictive layer

Distance to |
Stream




Summary

« 7.9% of systems repaired; median age of 65 years
« 1605 pumping records from 1076 septic systems
* 12% of systems pumped; median age of 33 years

* 638 systems with anomalous pumping
576 with volume exceedance
* 218 were pumped more than once



System Age Volume Exceedance

® 2-20 o 0-18
® 21-31 o 19-110 "
O 32-39 O 111-287

40 - 49 O 288-553

® 50-67 O 554-1641

| Athens-Clarke County

—— Streams

¥ 'ﬁ ‘
Connelly, K. N., Wenger, S. J., Gaur, N., McDonald, J. M. B., Occhipinti, M., & Capps, K. A. (2023). Assessing relationships between onsite

wastewater treatment system maintenance patterns and system-level variables. Science of The Total Environment, 870, 161851.



Today

* Blue-green-grey attributes of DWWTI at different spatial scales
* Assessing larger scale patterns in system failure
* Leach field function and failure

* Moving forward: partnerships to support clean water for healthy
communities



Decentralized infrastructure is infrastructure

Parcel

Weather

Distance to water table

Slope and distance to stream
Physical and biological
characteristics of the leach field
Soil characteristics

Home water use MainiLine
Septic system condition From H°me

Drain Field
Perforated Pipes &
Gravel Trenches

Septic Tank Filtration

Soil Absorption & Purification

Ground Water :



System Risk

* Home water use

e System condition
e Condition/Maintenance
* Types of leach field

* Soils, and landscape location

* Weather and groundwater
levels

How do these

factors combine to
create risk?

zone of
intermittent
saturation

___________




Home water use

Residential Indoor Water Use

Showerheads

Clothes Washers 179

22%

Faucets
16%

14%
Dishwashers Other

1% Baths 2%
2%

Greensboro, NC

* Leaks can add upto 14% more
Into the system.



Types of leach fields

Chamber
Septic System

Conventional
Septic System

Different rates of

Groundwater
r  Well

failure?

Drinking Water
To House

Drinking Water

o Hous0 Wastewater Septic

Wastewater Septic From House “ Tank

From House T Tank
Distribution.
Distribution —{Box
C B Wastewater
Wastewater Flow

Fl
W, Drainfield

i C h a m b e r
Conventional

Bedrock

Wastewater
Treatment in Soil

Groundwater

Bedrock
Please note: The ends of the chamber system lines are open for illustrative purposes only. In reality, and when properly
installed, these lines are closed at the end. Septic systems vary. Diagram is not to scale.

Please note: Septic systems vary. Diagram s not to scale.

Groundwater
/ Well R waite

Dnnkmg Water
To House

Image credits: https.//web.uri.edufowtlhomeawners/understanding-septic-systems/ Image credits:Btps luww.septicplus.com/GravitySystem.htm



Soil variation with landscape

location
A

intermittent unsaturated zone

saturation
winter water table

Summit \

vl ] :‘.-’ LT
Shoulder
N

Backslope
AVARTR R LA
f 9”1 N 9“‘,‘ oL} \“'. N

Footslope

Variable soils, sub-surface conditions and
landscape locations within a leach field
make leach field failure a potential space-
time process

Clarion s R
Well- drained Nicollet
oxidized soils

Glencoe .
Poorly drained reduced soils

Swanson, H., 2003.



Ground water profiles along
hillslopes in different seasons

Higher potential
for flooding

~ zone of
intermittent iratedizane
saturation SEEEE e

Wikipedia

Learning geology
Saturation excess flow alters flooding

potential across landscape locations




Research Approach

* Lots of variability in factors creating risk.

* Monitor effluent levels at a high spatial and temporal resolution.
* Correlate with environmental conditions.

* Case study of three houses
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Soil (SSURGO) & landscape location

=
"
=
Drainlines E Sharp increase in clay
® content
Tank e §
* = i ° * Very deep, well
o LB drained, moderately
© S

permeable soils that
formed in materials
weathered from dark
colored rocks high in
ferromagnesian
minerals.
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SepticSitter™
Sensors

Effluent Levels in
1. Tank
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Level below surface (cm)

TemForaI variation in septic

1/4/2021
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Effluent Level Below Surface
4/14/2021 7/23/2021 10/31/2021 2/8/2022 5/19/2022 8/27/2022

Tank

Near-failing conditions in drain lines

Line 1l Line2 —Line3 —Line4 —Line5
that are downslope



Water Use (gallons)
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Water Leak
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Unlike variation in line 4, line 2

maybe responding to water use in
the home.
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Water Leak

—
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Evidence of high water table
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Variation in line 4 is responding to weather events.
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encircled data rainfall is likely not representative of our site since
Athens often has highly localized rainfall events.
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Temporal variation in septic efflue|nt

"N .

levels- House 2 0

Terrace in backyard and leach
field lies both within and outside
the terrace

107 cm

127 cm
Header Pipe

Note: Points are not georeferenced in this

image



Temporal variation in septic effluent
levels- House 2

Effluent Level Below Surface
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i Should the header pipe be
header pipe
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Near-failing conditions in drain lines
that are downslope




* Not all drainlines are being used equally.

* Downslope drainlines for a well functioning system can
also fail in response to high water table coupled with
high rainfall but will not pollute the watersheds unless
water use is sufficient to fill entire drainfield.

* Combining disparate data sources including

groundwater levels, home water use and to
the leach field may help identify conditions

certain systems may fail or an entire waters
fail

nography of
when

ned is set to



SMART SEPTIC - Bringing septic
systems into the 215t century

/ DWWI Dashboard \

Click for more info

Click for more info
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(leff) Smart Septic dashboard (Homeowner interface).
(right) Homeowner can click on water use and drill down further
into water use per hour and appliance.

* Homeowner Is
empowered to manage
water use and assess
threat to home

* Similar interface for
counties can aid resource
allocation to prevent large
scale pollution due to
septic systems
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National Onsite Wastewater Recycling Association

NOWRA is the largest organization in the U.S. dedicated to representing the onsite and
decentralized wastewater industry. We work to protect water resources and promote the
economic, environmental, and public health benefits of septic systems.

Learn More Become a Member
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