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Session 1

Overview of Decentralized 

Wastewater Treatment

Barry Tonning, Tetra Tech 
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Overview of Decentralized 

Wastewater Management Issues

• Summary of wastewater 

management issues

• Treatment approaches

• Management 

considerations

• Water resource 

management context
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Wastewater 

Management Issues
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Condition of U.S. surface waters

• Pollutant-impaired waters 
include :
– 45% of assessed rivers and 

streams

– 47% of assessed lake acres

– 32% of assessed bay and 
estuarine square miles

• Polluted (nonpoint) runoff is 
mostly to blame

• Chief causes are nutrients, 
pathogens, and sediment
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Wastewater pollutants of concern

• Pathogens – bacteria & viruses 
mainly; plus protozoa, worm eggs

• Nitrogen – causes algal growth in 
nitrogen-limited (mostly coastal) 
waters; nitrate can cause “blue 
baby” syndrome

• Phosphorus – causes algal 
growth in P-limited (mostly inland 
fresh) waters

• Others – pharmaceuticals, 
cleaners, solvents, & other toxics 
(most of which affect treatment 
processes)
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Wastewater treatment

• What are the options?

– Individual onsite (“septic”) or advanced 

wastewater treatment systems

– Clustered systems 

with soil infiltration

or effluent re-use

– “Package” plants with

ditch/stream discharge

– Centralized plant with

lake/river/ocean discharge
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Centralized treatment plants

• Most discharge to rivers, lakes, streams, 
ocean, & need state/federal NPDES permit

• Centralized treatment can

result in better operator

attention and mgmt

• Good option for high-

density development

• Efficiencies related to 

economy-of-scale
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Centralized treatment plants

• Some older plants

have CSOs or SSOs

• Collection systems have

infiltration/inflow & leaks

• New regulations forcing

higher treatment levels

• Upgrades & expanded

collection systems are costly

• Local opposition to siting some new plants
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dispersal

dispersal

dispersal
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Decentralized soil-

discharging systems

• Good for high or low density areas
– Need space for soil dispersal field

• Excellent treatment performance

• Individual systems
– Septic tank with gravity flow

– Tank with pressure dosing

– Advanced systems with dosing

• Clustered systems
– Each home usually has a tank

– Effluent collected via gravity or pumped

– Multiple options for treatment facilities

– Dosed or gravity flow dispersal to the soil
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Advantages of decentralized 

wastewater treatment

• Extent of sewers limited

• Multiple, small discharges 
for enhanced assimilation

• Conserves water within 
watershed through 
groundwater recharge

• Avoids large mass loadings 
at outfalls

• Risks from malfunctions 
small and easier to manage

• Can match implementation 
with capacity needs
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Decentralized treatment technologies

Treatment process units

• Conventional systems

– Septic tank

– Trenches, chambers, or other 

dispersal

• Advanced systems

– Tank or treatment unit

– Fixed film or suspended 

growth unit(s)

– Gravity, pumped, pressure 

drip (dosed) effluent dispersal
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Overview of treatment processes

• Bacteria & other pathogens
– Biological death, predation, & 

decomposition outside host (i.e., 
in soil)

• Phosphorus
– Some retention in tank, soil 

adsorption

• Nitrogen
– Ammonia nitrified in treatment 

unit or soil; poor denitrification of 
nitrate w/o anaerobic step

• Suspended solids
– Settling out in tank & in treatment 

unit sludge; filtration by soil

• Other pollutants
– Soil treatment removes a variety 

of pollutants by chemical, 
physical, & biological processes
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Conventional gravity-flow “septic” system
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Soil dispersal options
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Questions?
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Advanced Wastewater 

Treatment 

Technologies
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Beyond the “box & rocks” systems

• Package & site-built units provide additional 
treatment for septic tank effluent
– Usually requires tank 

– Can discharge to soil or surface waters

• Treatment processes include:
– Suspended growth biological treatment, followed by settling tank 

& disinfection 

– Fixed film biological treatment,  followed by filtration & drip 
irrigation to soil

– Includes use of various media

• All treatment systems require professional management!
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Effluent Pumping

Intermittent Sand Filter Recirculating Sand Filter

Textile Filter

Advanced treatment options . . .
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Some other treatment approaches
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Source: University of Minnesota Extension

• Drip lines high in 
the soil profile 
enhance treatment

• Good for sites with 
high water tables

• Can be used on 
sloping sites with 
trees, etc.

• Excellent dosed 
dispersal approach

Drip irrigation: new technology 

from the agricultural sector
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Clustered treatment systems
• Existing development

– Can economically serve

dense areas with small lots*

– Improves treatment levels

over septic system units

– Increases groundwater

recharge & reuse options

• New development
– Facilitates development that fits local landscapes and 

meets wastewater treatment requirements*

– Very friendly to smart growth, green infrastructure, and 
low-impact development approaches 

– Promotes clustering of homes & businesses, 
preservation of woodlands & open space

* Need space for soil dispersal area
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Cluster system 

basic layout

(OPTIONAL)



Treatment system effectiveness
Pollutant 

Parameter

Septic 

Tank 

Effluent

(mg/L)

Aerobic 

Treatment 

Unit (FIXED 

OR SUSP)

(mg/L)

Media 

Filter 

Treatment 

(SINGLE-

PASS)

(mg/L)

Coarse 

Media, 

Foam or 

Textile Unit 

(RECIRC 

FILTER)

(mg/L)

Removal 

Rate (%): 

~3’ of Soil

BOD 

(mg/l)

100-150 30-50 2-15 5-15 >90%

TN 

(mg/l)

40-70 30-50 30-50 20-30 15-20%

TP (mg/l) 5-10 4-8 4-8 4-8 90-100%

Bacteria 106-108 104-106 101-102 102-103 >99.99%
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Average costs of decentralized treatment systems



Rocky Mountain 

Institute 

Cost/Benefit 

Analysis of 

Centralized and 

Decentralized 

Wastewater 

Options

www.rmi.org
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Questions?
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Individual/Cluster 

System Management
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Example from 

Folly Beach, SC
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General management approach

• Management intensity is tied to risk

– Sensitivity of receiving water, local setting

– Complexity & density of treatment systems

• Public or private mgmt entity is necessary!

– Sanitation districts

– Public utility

– Special district

– Profit/nonprofit corporation

• Public agencies provide

regulatory oversight



Managing onsite/clustered systems

• Management for existing systems

– Assess surface & groundwater quality

– Assess treatment systems & related risks

– Find & fix problems

• New system mgmt

– Planning & design

– Construction 

– O&M

• System inventories

are needed!
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Elements of a Comprehensive 

Management Program

• Public
Involvement

• Planning

• Performance 
Requirements

• Training &
Certification/
Licensing

• Site 
Evaluation

• Design

• Construction 

• O&M

• Residuals 
Management

• Inspections/
Monitoring

• Corrective 
Actions

• Record-
Keeping/

Reporting

• Financing
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Questions?
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Wastewater Treatment 

in Context: 

Watershed Management, 

Stormwater Permits, 

and TMDLs



Where is wastewater headed?

• Watershed management plans are 
integrating wastewater, stormwater, nonpoint 
source (runoff) pollution control etc.

• Decentralized wastewater facilities are 
generating more interest and attention

– Subsurface soil discharge systems

– Water re-use systems

• Stormwater infiltration and wastewater 
dispersal is driving site planning

– Avoidance of new/expanded NPDES discharges

– Greater emphasis on green space use

– Lower energy requirements



Low Impact 

Development / 

Green Infrastructure

Fit the project to the site

Work with site soils & 

slopes as much as possible

Preserve the natural 

drainage system 

Keep green space and 

large trees 



TMDLs with Wastewater Loads

• Centralized WWTPs are part of 

the wasteload allocation

• Subsurface discharging systems 

get a load allocation (nonpoint 

source)

• Individual/cluster impacts vary:

– Older, densely installed, poorly 

managed, near water = 

high impact

43But as scale increases, relative impacts from onsite systems diminish



Ches Bay Federal Facilities Guide

• 100 ft setback from surface 

waters, open channel MS4s

• 5 mg/L TN from 100 – 200 ft

• 10 mg/L from 200 – 1000 ft

• 20 mg/L bay-wide for 

subdivisions, commercial 

development

• Inventories, inspections, 

repairs
44

http://www.epa.gov/owow_keep/

NPS/chesbay502/index.html
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Federal antideg reg @ CFR 131.12

• States must have an “antidegradation policy” & 
“methods for implementing” the policy

• Tier I: Existing uses and water quality necessary to 
protect them shall be maintained and protected

• Tier II: Where water quality exceeds that necessary 
to support propagation of fish, shellfish, and wildlife 
and recreation in and on the water, that quality shall 
be maintained and protected unless the State finds 
. . . that allowing lower water quality is necessary
to accommodate important economic or social 
development

• Tier III: No degradation of ONRWs allowed



What does all that mean?

• Proposed new and 

expanded point source 

discharges must analyze 

(and use) cost-effective 

alternatives, if surface water 

quality will be degraded

• Some states explicitly 

require that soil discharge 

options be examined



Decentralized

system drivers

• TMDL-driven WWTP upgrades

• New effluent limits on 

phosphorus (~ 0.1 mg/L) and 

nitrogen (3 mg/L)

• Antidegradation lawsuits

• Aging, complex infrastructure

• Infiltration/inflow challenges

• Higher collection and 

treatment costs

• Interest in water re-use



Summary and final perspectives

• Soil-discharging systems fit well with LID
– Deters sprawl while accommodating growth

• Individual and clustered soil-discharging 
systems are not a big problem in most places
– Agriculture, CSO/SSOs, old/underperforming treatment 

systems, construction/development, urban runoff, are greater

– Exceptions exist, with high attention & interest in solutions

• Decentralized systems are dependable & 
performing well, for the most part
– Greater acceptance of new technologies in more places

– Greater willingness to pay to protect water resources

• Combined sewer overflow and sanitary sewer 
overflow problems are increasing interest in 
other approaches
– Soil-discharging systems are becoming more popular



US EPA resources at 

www.epa.gov/owm/septic

• Design guidance

• Management guidelines

• Case studies

• Technology fact sheets

• State and local examples

• Research, demonstration 

projects, and other tools



Other Resources on the Web

• Water Environment Research Foundation (WERF.org)

• Consortium of Institutes for Decentralized Wastewater 

Treatment (CIDWT – OnsiteConsortium.org)

• National Decentralized Water Resources Capacity 

Development Project (DecentralizedWater.org)

National Onsite Wastewater Recycling Assn (NOWRA.org)

• National Assn of Wastewater Transporters (NAWT.org)

• National Environmental Health Assn (NEHA.org)

• Coalition of Alternative Wastewater Treatment 

(CAWT – SustainableWaterForum.org)

• National Rural Electric Cooperation Assn (NRECA.org)

• Electric Power Research Institute (EPRI.com)
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Upcoming webinar sessions

Tuesdays at Noon Eastern til December 14th
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