
Performance & Cost of  
Decentralized Unit Processes 

                                     DECENTRALIZED WASTEWATER SYSTEMS 

WASTEWATER BASICS  
FOR  

SMALL COMMUNITY LEADERS AND PLANNERS W
as

te
w

at
er

 B
as

ic
s 

                     
Project Background 

The materials presented here were developed in response to a Request for Proposals (RFP) to 
address the topic of Decentralized System Selection: Unit Processes, Costs, and Non-monetary Factors.  
The RFP was issued by the Water Environment Research Foundation (WERF), a nonprofit organization that 
operates with funding from subscribers and the federal government.  This project was supported by funding 
from the US Environmental Protection Agency (US EPA) and administered by WERF as part of the National 
Decentralized Water Resources Capacity Development Project (NWRCDP). 

The 19 Fact Sheets and electronic cost estimation tool included in this package were developed by 
members of the Consortium of Institutes for Decentralized Wastewater Treatment (CIDWT).  The CIDWT is a 
group of Educational Institutions cooperating on decentralized wastewater training and research efforts. 
CIDWT members participating in the development process include: 
 
 Principle Investigator:  John R. Buchanan, Ph.D., P. E., University of Tennessee 
                      Cooperators: Nancy E. Deal, M.S., RS,  North Carolina State University  

 David L. Lindbo, Ph.D., North Carolina State University 
 Adrian T. Hanson, Ph.D.  New Mexico State University 
  David Gustafson, P. E., University of Minnesota 
 Randall J. Miles, Ph.D., University of Missouri 
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Supplemental Fact Sheets 
 
Additional Fact Sheets that discuss specific Dispersal, Collection and Treatment Technologies are 

included with these materials. Each Fact Sheet provides a more detailed description of the technology, 
including use, installation, general maintenance needs and how it might fit into the community vision.  Also 
included is a general estimate of the costs associated with installation and long-term operation and 
maintenance.  The costs provided in the documents are for comparison purposes only.  The actual cost for 
system components will vary significantly depending on site conditions and local economics.  For localized cost 
investigations, consult the Cost Estimation Tool associated with these materials. 

Category Fact Sheet Technology 
Dispersal D1 Gravity Distribution 

 D2 Low Pressure Distribution (LPD) 

 D3 Drip Distribution 

 D4 Spray Distribution 

 D5 Evapotranspiration 

 D6 Surface Water Discharge 

 D7 Wastewater Reuse 

   

Treatment T1 Liquid-solid Separation 

 T2 Suspended Growth Aerobic Treatment 

 T3 Fixed Growth Aerobic Treatment 

 T4 Constructed Wetland Systems 

 T5 Lagoons 

 T6 Nutrient Reduction 

 T7 Disinfection 

 T8 Residuals Management 

   

Collection C1 Gravity Sewer Systems 

 C2 Pressure Sewer Systems 

 C3 Effluent Sewer Systems 

 C4 Vacuum Sewer Systems 
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Introduction 
The purpose of this guide is to provide small community leaders and planners with the basic 

information needed to make good decisions concerning local wastewater management.  Whether the plan is to 

establish a new infrastructure or retrofit an existing situation, decentralized wastewater treatment technologies 

offer multiple solutions for collection, treatment and dispersal. Included with this guide are fact sheets that 

discuss various wastewater collection, treatment and dispersal technologies, and spreadsheets that help to 

estimate localized costs. The Fact Sheets provide basic information on the full range of technologies currently 

available for wastewater management and how they may be used individually or in combination. Community 

leaders and planners can use these documents to evaluate the various technologies and decide which are the 

most appropriate for their particular needs. 

In these materials, a small community is defined as 200 connections or approximately 50,000 gallons 

of wastewater per day.  This document is not a design manual.  Rather, it is intended to provide decision-

makers with the information necessary to work with engineers, soils professionals, construction managers and 

financial personnel to get the best wastewater solution for their community. 

In many small communities, each home and business has an individual onsite septic system consisting 

of a septic tank and a soil treatment area or drainfield.  When properly sited, designed, installed, and 

maintained individual septic systems are very effective at renovating domestic wastewater and protecting 

public health.  Each septic system has land dedicated to the treatment and dispersal of wastewater.  As 

communities grow (both in population and commerce), land often becomes too valuable to be dedicated to 

wastewater.  When land near the wastewater source is no longer available, engineered wastewater 

management systems may need to be considered.  Another common reason to upgrade local wastewater 
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infrastructure is that approximately 50% of the individual onsite wastewater systems in the United States were 

built before most jurisdictions adopted modern standards for acceptable installation.  This is not to say that 

50% of the individual onsite wastewater systems are malfunctioning, but many older communities have a 

higher percentage of malfunctioning septic systems.  Older systems were often intended for temporary use 

(until a centralized sewer connection was available) or were not constructed to handle the increased volume 

and/or strength of wastewater generated today.  Older individual systems are often located on small lots.  

There may not be sufficient suitable soil available to increase the capacity of the existing system or to install an 

upgraded system.  This can result in wastewater on the surface, which is a public health hazard.  If a 

significant number of individual onsite wastewater systems are malfunctioning, a community-scale wastewater 

solution may be warranted.  Decentralized technologies offer a range of options for consideration.  They also 

provide the flexibility of combining individual, residential/commercial clusters and community-scale options to 

tailor a solution that fits the particular need. 

Designing, constructing and maintaining a community-scale 

wastewater management system is an expensive undertaking.  

Before design work can begin, local leaders and planners must 

establish a vision for the future of the community.  This vision must 

include estimations for expanding or shifting population as well as 

commercial and industrial development.  Community wastewater 

management must anticipate future needs to ensure that growth is 

not hampered.  This guide is based upon the assumption that the 

community has already either 

established a vision for its 

future or is in the process of 

doing so.  With a vision, the 

community can design and 

construct the wastewater 

infrastructure that protects 

w a t e r  q u a l i t y  w h i l e 

encouraging growth, increasing community pride, and fostering 

economic development in a sustainable manner. Communication tools 

for bringing ideas to the community, building partnerships with 

stakeholders, and strategies for success are available on the Livable 

Communities website administered by WERF at www.werf.org/

livablecommunities/tool_comm.htm.   

 

 



 

 

 

 

 Page  

6 
WASTEWATER BASICS FOR SMALL COMMUNITY LEADERS AND PLANNERS 

1.   Wastewater Management 
 

The Big Picture 
The primary goal of all wastewater management systems is to remove 

waste products from water and to safely return the water back into the 

environment.  Every day, society generates a significant volume of wastewater 

because we depend on water to transport wastes away from our bodies, our 

clothes, and our homes.  Once water comes in contact with waste products, the 

water becomes wastewater, despite the fact that it is still 99.9% water!  The 

natural environment has a tremendous potential to renovate wastewater back 

into water.  However, society generates wastewater in amounts that typically 

exceed nature’s capacity for renovation.  Thus, we manage wastewater by 

optimizing and supplementing the natural processes that remove wastes from 

water. 

Wastewater management involves: 

• Collection and transport of wastewater from the source to a treatment process, 

• Removal of all or most of the waste products that are suspended and/or dissolved in the 

water, 

• Returning the water back to the environment, and 

• Management of these processes to ensure that a wastewater system is fully functional. 

All wastewater systems include a collection component, a treatment component, a dispersal 

component, and a management component.  Individual septic systems have traditionally collected wastewater 

from the home or business, removed (treated) waste products using a septic tank and soil absorption field, and 

returned (dispersed) the treated water to the groundwater.  Local officials manage individual systems by 
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overseeing the installation of septic tanks and soil absorption fields.  This style of management tends to be 

more prescriptive – there are specific rules that must be followed based upon predictions of wastewater 

volume and strength.  The system owner is typically responsible for operation and maintenance.  This includes 

removal of accumulated solids from the septic tank as needed.  It also includes NOT flushing “system killers,” 

or materials that hinder the wastewater treatment process.  Prescriptive management is often insufficient, 

particularly because system owners are either not aware, do not follow the rules and/or enforcement is  

inconsistent.   

At the other end of the spectrum, large population 

centers tend to have a community-wide collection system that 

conveys wastewater to a centralized treatment facility where the 

waste products are removed from the water.  Once treated, the 

water is then returned back to the environment via a surface 

water discharge.  Management is provided in accordance with 

regulations that limit the mass of waste constituents that can be 

discharged.  Larger wastewater systems are thus subject to 

performance requirements in the form of specific measurable 

and enforceable pollutant effluent limits.  System management 

is provided by a public or private utility that ensure that the 

system is financially secure and environmentally sound. 

Recently, individual and residential/cluster systems in 

some areas are becoming subject to performance requirements 

similar to those used for larger systems because of the increased use of components that can provide 

secondary treatment on a smaller scale.  But this approach is not yet universal.  Certainly, when systems must 

meet performance requirements, an increased level of management is essential to ensure that systems are in 

compliance.       

 
Centralized and Decentralized Management Philosophies 

It is easy to describe a centralized approach to wastewater management – all the community’s 

wastewater drains to a common collection network and is transferred to a centralized treatment and disposal 

facility.  It is more difficult to describe a decentralized approach.  In order to ‘decentralize’ wastewater 

management, the wastewater treatment infrastructure is distributed across a community.  This may be 

accomplished by building individual onsite systems, having small residential clusters of homes on common 

systems, and/or by some combination of both to serve multiple wastewater management zones.  Decentralized 

Quick Definitions 
 

Prescriptive requirements:  
Minimum specific physical 

standards or specifications for 
design, siting, and 

construction of system 
components.  

 
Performance-based 

requirements:  Minimum 
performance criteria 

established by the regulatory 
or proprietary authority to 
ensure compliance with the 

public health and 
environmental goals of the 

state or community.    
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wastewater management is often a recognition that, for some communities, the installation and maintenance of 

a purely centralized infrastructure is too expensive and unnecessary.   It also validates the concept that a 

creative mix of available technologies can establish, preserve and/or enhance community identity and charm. 

 

Wastewater as a Resource 
Water is essential to all life.  Making sure that citizens have clean water is a basic responsibility of 

government.  Domestic wastewater is 99.9% water – it is the remaining 0.1% that causes problems.  

Tremendous effort goes into removing the waste constituents from water so that it can be returned to the 

environment.  This water has value and should be used for productive purposes.  Unfortunately, many 

planners, regulators, and engineers still think in terms of wastewater “disposal.”  This is a short-sighted 

mentality.  Water is never disposed of, it is only recycled.  Treated wastewater ‘disposed of’ in a river becomes 

the next community’s source of raw water destined for conveyance to a water treatment plant to become 

potable water.  Wastewater that is dispersed to the soil eventually rejoins groundwater that is often used as a 

potable water source.   

When planning for a new wastewater management infrastructure, a community should consider 

installing components for the reuse of treated wastewater on the local level.  Reuse is the planned direct use of 

reclaimed wastewater.  Using a combination of conventional and advanced treatment processes that return 

wastewater to a very high quality, reclaimed wastewater can be made available for beneficial applications. 

Irrigation of golf courses, grassed traffic medians, and urban landscaping can be accomplished using 

 

Wastewater is never 
‘disposed of’.   

We simply recycle it. 
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reclaimed water.  Toilet flushing is another potential use.  A reclaimed water distribution system can be 

installed at the same time as a wastewater collection system and reduce the initial cost of the infrastructure.  It 

must, however, be understood that wastewater reuse must be done with appropriate management controls in 

place to protect public health.   
 

2. Wastewater Characterization 
 

What’s in Wastewater? 
It is important to understand what is in wastewater so that treatment systems have the appropriate 

processes needed to reduce or remove the particular constituents of concern.   The constituents described 

below will be present in all wastewater in varying amounts. 

 
Solids  

Water is heavy, with a typical density of just over eight pounds per 

gallon.  This density allows easy transport of many materials in moving water.  

Fecal matter and toilet paper are two obvious types of wastewater solids.  Other 

solids are also present and can originate from the laundry (lint, detergent 

powders and soil), the bathroom (soil, soap, toothpaste, and personal hygiene 

products), and the kitchen (food scraps, fats, oils, and greases).  Solids and 

‘non-aqueous’ liquids that have a density different from water will either settle 

(sedimentation) or rise to the surface (floatation).  Solids removal is typically the 

first treatment process and liquid-solid separation is often called preliminary or 

primary treatment.  Once preliminary or primary treatment is achieved, some 

amount of solids will still be present.  These must be reduced through additional treatment processes.   

 

Fats, Oils and Grease (FOGs) 
Non-aqueous liquids include fats (animal source), oils (vegetable 

source), and grease (petroleum source) which are collectively known as 

FOGs.  These constituents are very difficult to treat because they degrade 

very slowly.  Some will congeal during primary treatment and be removed 

with other solids.  Because these FOGs can congeal in the collection 

system, most community wastewater systems will require food preparation 

businesses to install grease interceptors on site. This management 

practice lessens the demand for collection system maintenance. 

 

 
Quick Definitions 

 
Primary Treatment:  
Physical treatment 
processes involving 

removal of 
particles, typically 

by settling and 
flotation. 
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Organic Compounds 
Many of the waste products in wastewater are organic in nature.  Fecal matter, food scraps, fats, oils, 

cotton fibers, and paper products are major sources of organic compounds.  However, medications and 

personal care products are also included in this category.  Many organic compounds are in a solid form and 

are removed during liquid-solid separation.  Organic compounds that are too small to be captured as solids or 

are dissolved in the wastewater can be removed using biological treatment provided by naturally-occurring 

microorganisms.  Microorganisms use many dissolved organic compounds as a food source, and thus remove 

these compounds from the wastewater.   

 
Nutrients 

Nitrogen and phosphorus are essential nutrients for all plants and 

animals.  These nutrients are excreted as part of human bodily wastes.  As 

excreted, much of the nitrogen and phosphorus is bound in an organic form.  As 

these organic compounds are broken down through microbial activity, nitrogen 

and phosphorus are converted into inorganic forms.  Dispersing a high 

concentration of these nutrients to the environment may adversely affect human 

health and water quality.  Treatment systems can include processes specifically 

designed to reduce nutrients to protect water quality. 

 
Odors and Vectors 

Before humans understood the health implications of not managing our bodily wastes, we understood 

the negative implications of the smell.  Odors come from volatile compounds released as microorganisms 

break down organic materials.  The compounds that cause odors are ammonia, hydrogen sulfide, and other 

sulfur compounds.  Aside from the aesthetic implications, odors also attract vectors (insects and vermin) which 

can spread diseases.  Properly managed and operated wastewater systems have little or no associated odors. 

 
Pathogens 

Pathogens are disease-causing organisms.  Pathogens can be 

single-cell microorganisms such as bacteria and viruses, or more 

complicated parasites such as protozoa and helminths (worms).  Disease-

causing organisms tend to be shed with the bowel movements of infected 

persons.  The primary public health concern in wastewater management is 

to substantially reduce the risk of transferring pathogens into the 

environment and minimize negative impacts on public health.  Some 
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pathogens are removed during liquid-solid separation and other treatment processes.  

Others die off naturally in the soil or are preyed upon by other microbes.  Under certain 

circumstances, additional unit processes (disinfection) must be added to inactivate 

them or prevent their reproduction. 

 
Sources of Wastewater within the Community 

Different sources within the community are expected to generate a certain volume of wastewater.  

Likewise, the constituents in wastewater from similar sources will generally be uniform.  By identifying and/or 

projecting the sources of wastewater expected to be connected to the system, leaders and planners can select 

the appropriate wastewater management technologies.  While it is sometimes difficult to predict the quantity 

and quality of wastewater from various sources, two broad categories include Domestic and Non-domestic 

sources.   

Domestic Wastewater 
The primary focus of this guide is domestic wastewater – 

water used to transport human bodily wastes (feces and urine), 

water used for personal hygiene, laundry water, and water used for 

cooking and cleaning.  Homes, apartments and other residential 

units are the primary sources of domestic wastewater in a small 

community.   

  
Non-Domestic Wastewater 

Small community wastewater management systems must be 

capable of handing wastewater from other sources aside of residential units 

since these will also be part of the flow. Some sources may generate 

wastewater that is similar in composition to domestic wastewater, while 

others may have one or more constituents present in levels that exceed 

typical domestic ranges.  The labels institutional, commercial, recreational or 

industrial often reflect the nature of the source (public or private) instead of  

specific wastewater characteristics, but it is helpful to group the sources to 

ensure that all are considered.  Many sources may actually be included in 

more than one category. 
Institutional sources would typically include schools, day care 

centers, churches, hospitals, clinics, rest homes and prison facilities. 

 

Hepatitis A 
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Commercial sources include businesses.  Food service facilities such as 
restaurants, cafeterias, bars and cocktail lounges fall into this category.  
Hotels, motels, boarding houses and similar entities are also included and 
these establishments often also include a food-service component.  Office 
buildings, shopping centers, grocery 
stores, self-service laundries, 
theatres, as well as beauty and 
barber shops can also be included.  
Recreational sources may be 
public or private entities and include 
tent or RV campgrounds, picnic and 
amusement parks as well as 
highway rest areas. Industrial 
sources may produce process 
wastewater with constituents that 
are more difficult to treat than 

others.  This category not only includes some manufacturing facilities, 
but also service facilities such as automobile repair shops, car wash 
facilities, dry cleaning establishments and funeral homes.   

 

High-strength Wastewater 
Any of the sources mentioned above might generate wastewater that requires more treatment as a 

result of high levels of one or more constituents.  This is often expected of some commercial or industrial 
sources.  For example, food and beverage production facilities use water to flush pipes and tanks, clean and 

separate raw foodstuffs, as well as to sanitize food preparation and packaging areas.  These facilities thus 

generate wastewater with high levels of food ingredients (both solids and organic matter) that may need 

additional treatment. Recreational sources such as campgrounds with pump-out facilities generate wastewater 

with high amounts of chemicals from RV holding tanks.  Institutional sources like schools and day care centers 

may generate wastewater with high nitrogen while those associated with health care may generate wastewater 

with high levels of pharmaceuticals.  Commercial food-service establishments often generate wastewater with 

high levels of FOGs that are difficult to degrade.  Even wastewater from residential sources may be considered 

high strength under some circumstances.  Homeowners that engage in hobbies such as brewing beer produce 

effluent that requires a higher level of treatment.  If a family member must use antibiotics or cancer treatment 
drugs for an extended period of time this can also result in high-strength wastewater.  The point is that the 

community wastewater management system must be designed and constructed with consideration of both 

wastewater volume and wastewater strength.   
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3. Processes for Wastewater Management 
Overview of Processes 

As stated previously, wastewater management involves four activities: 

• Collection and transport of wastewater from the source to a treatment process, 

• Removal of all or most of the waste products that are suspended and/or dissolved in the 

water, 

• Returning the water back to the environment, and 

• Management of these processes to ensure that a wastewater system is fully functional. 

The limitations of the receiving environment often determine which processes are needed for 

wastewater treatment.  Most single-family wastewater systems use the soil as a means of both treatment and 

dispersal after liquid-solid separation has occurred in a septic tank.  A site with deep, well-drained soil can 

provide all the treatment necessary (including disinfection of pathogens) prior to dispersal of effluent.  But if 

soils are shallow or poorly-drained, additional processes are needed to remove constituents before dispersal 

occurs.  Ultimately, some sites are simply unsuitable for dispersal due to economic and/or engineering 

constraints. If a receiving stream already has too much nitrogen, then the treatment components must remove 

most of the nitrogen compounds before effluent can be discharged. Thus, when planning a new wastewater 

management system or modifying an existing one, the natural resources available for dispersal must be the 

first consideration since they often determine what treatment is required.  Both the dispersal and treatment 

components may drive the choice of a collection option.  This section provides broad overviews of topics that 

are described in more detail in the Fact Sheets that accompany this guide (see page 3).  Technologies 

appropriate for dispersal are discussed first, then those for treatment, followed by those for collection.  The 

concluding section discusses the critical topic of management to ensure that the wastewater system remains 

fully functional.  It is important that decision-makers understand that many of the technologies described under 

a particular category here may be used for multiple purposes.  The flexibility offered by the decentralized 

approach allows consideration of a mix of technologies.  

Choosing among the available decentralized options is sometimes driven by the volume of wastewater 

that will be generated. Table 1 includes a listing of Dispersal, Treatment and Collection technologies with an 

indication of the range of daily flows for which they are most appropriate.   If a community is faced with a 

particular issue such as nutrient sensitive waters or shallow soils, it is helpful to consider the particular 

technologies that can address the problem. Table 2 can be used to guide this part of the process.   

Tables 1 and 2 on the succeeding pages should be used only as a general guide to evaluate options relative 

to wastewater volume, population density, land use and other issues.  Communities should carefully 

investigate wastewater management options through consultation with qualified industry professionals.   
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Table 1. Applicability of Unit Process by Daily Wastewater Volume 

Process Category 

Daily Wastewater Volume in gallons per day (gpd) 

Single Family  Community  

150 to       
1000 gpd 

1,000 to  
5,000 gpd 

5,000 to 
10,000 gpd 

10,000 to 
50,000 gpd 

50,000 gpd 
and greater 

Soil Subsurface Dispersal               

Gravity Trenches ***** ***** ***** **** *** 
Low Pressure Distribution ***** ***** ***** **** *** 

Drip Distribution ***** ***** ***** ***** ***** 
Soil Surface Dispersal               

Spray Distribution * *** **** **** ***** 
Evapotranspiration Systems *** *** *** ** ** 

Water Surface Discharge               

Surface Water Discharge 
n/a * ** *** **** 

Wastewater Reuse               

Irrigation Reuse ** ** *** **** ***** 
Urban Reuse ** ** *** *** *** 

Industrial Reuse n/a n/a n/a ** *** 
Environmental/Recreational Reuse n/a n/a n/a n/a ** 

Primary Treatment               

Septic Tanks (Precast) ***** ***** *** * * 
Primary Tanks (Built in place) * ** ***** ***** ***** 

***** Good application of technology 

**** Application may have some limitations due to siting 

*** Limited application either due to economic or siting constraints 

** Very limited application due to economic or siting constraints 

* Generally not a recommended use of the technology 

n/a Technology has no or very little applicability to the situation 
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Table 1.  Applicability of Unit Process by Daily Wastewater Volume (cont.) 

Process Category 

Daily Wastewater Volume in gallons per day (gpd) 

Single Family  Community  

150 to       
1000 gpd 

1,000 to 
5,000 gpd 

5,000 to 
10,000 gpd 

10,000 to 
50,000 gpd 

50,000 gpd 
and greater 

Secondary Treatment           
Suspended Growth Aerobic Treatment (Built in place) * * ** ***** ***** 

Suspended Growth Aerobic Treatment (Modular)  ***** ***** ***** **** **** 
Single-Pass Fixed Growth Aerobic Treatment ***** ***** **** *** *** 

Recirculating Fixed Growth Aerobic Treatment ***** ***** ***** ***** ***** 
Constructed Wetland Systems * ** *** *** *** 

Lagoons * ** *** **** ***** 
Tertiary Treatment           

Nutrient Reduction * ** *** **** ***** 
Chlorine Disinfection ** ** *** *** *** 

Ultraviolet Light Disinfection ***** ***** ***** ***** ***** 
Residuals Management           

Co-treatment at WWTP ***** ***** ***** ***** ***** 
Local Land Application ***** ***** ***** ***** ***** 

Solids Stabilization/ Liquid Dispersal  ***** ***** ***** ***** ***** 
Collection Systems           

Gravity Sewers n/a *** **** ***** ***** 
Low Pressure Sewers n/a ***** ***** ***** ***** 

Effluent sewers (STEP/STEG)  n/a ***** ***** ***** ***** 
Vacuum System n/a n/a  n/a ** ***** 

***** Good application of technology 

**** Application may have some limitations due to siting 

*** Limited application either due to economic or siting constraints 

** Very limited application due to economic or siting constraints 

* Generally not a recommended use of the technology 

n/a Technology has no or very little applicability to the situation 
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Dispersal  
D1 Gravity Distribution 

D2 LP Distribution 

D3 Drip Distribution 

D4 Spray Distribution 

D5  Evapotranspiration 

D6 Surface Water Discharge 
D7 Wastewater Reuse 

Treatment  
T1 Liquid Solid Separation 

T2 Suspended Growth Aerobic Treatment 

T3 Fixed Growth Aerobic Treatment 

T4 Constructed Wetland Systems 

T5 Lagoons 

T6 Nutrient Reduction 

T7 Disinfection 
T8 Residuals Management 

Collection  
C1 Gravity Sewer Systems 

C2 Pressure Sewer Systems 

C3 Effluent Sewer Systems 
C4 Vacuum Sewer Systems 

Table 2.   Applicability of Wastewater Technology by Issue 

Issue Collection Treatment* Dispersal/Disposal* 

Low population density Pressurized collection 
system (C3)     

Less than 24 inches 
(depth) of suitable soils   

Oxygen demand removal (T2, 
T3, T4, T5), nutrient reduction 

(T6), disinfection (T7) 

Pressurized soil-based distribution 
(D2, D3, D4) or surface water dis-

charge (D6) 

Small land parcels Install Collection system 
(C1, C2, C3, C4) 

Provide treatment as appropri-
ate for selected dispersal  

Clustered dispersal areas (D2, D3, 
D4, D5) 

Rugged, rocky terrain Pressurized collection 
system (C2, C3, C4)   

Pressurized soil-based distribution 
(D2, D3) or surface water discharge 

(D6) 

Steep terrain Pressurized collection 
system (C2, C3)     

Arctic Conditions All components must be below the frost depth and/or must completely drain between usages 

Arid Conditions   Consider processes that take advantage of evapotranspiration   
(D5, T5), consider reuse possibilities (D7) 

Nutrients   

For nitrogen, consider treat-
ment processes that recircu-

late (T2, T3).  For phosphorus, 
consider chemical precipita-

tion. 

Pressurized soil-based distribution 
(D2, D3, D4)  

Pathogens   Oxygen demand removal (T2, 
T3, T4) and disinfection (T7) 

Pressurized soil-based distribution 
(D2, D3, D4)  

*Note that regardless of issues, all systems will include Liquid-solid Separation (T1) and Residuals Management (T8). 
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Dispersal:  Returning Treated Water to the Environment 
In the United States more than 70% of treated wastewater is discharged to surface water.  Securing 

the permits to discharge effluent is a rigorous process and the wastewater must be renovated to a very high 

degree.  In contrast, soil-based dispersal accomplishes additional treatment (prior to returning effluent to the 

environment) through infiltration to groundwater and by evaporation to the atmosphere and transpiration 

through plants.  Detailed Fact Sheets are referenced for each of the dispersal options discussed below.   

 

Soil-Based Dispersal 
Although this section addresses dispersal options, the 

soil also has a large capacity for wastewater treatment because 

of its physical, chemical, and biological properties.  The potential 

to provide both dispersal and a certain amount of treatment 

means that less pre-treatment may be required prior to soil-

based dispersal.  This will depend upon the particular 

characteristics of the available soil.  A professional with soils 

training and expertise must evaluate soil  properties as well as 

site characteristics.  From this evaluation, an effluent loading 

rate is determined, which is used to calculate the area required 

to safely disperse the anticipated volume of effluent.  However, 

adjustment of the loading rate may be required on the basis of 

wastewater characteristics.  If effluent has a high organic 

strength, aerobic degradation of organic compounds will require 

additional infiltrative surface area.   
Most individual wastewater systems use a series of trenches to apply septic tank effluent to the 

subsurface soil.   Trenches are shallow excavations placed on contour across the landscape.  They are up to 

three feet wide and are partially backfilled with an inert media that provides void space.  The void space 

provides short-term storage during high-flow events when more effluent is applied than can be immediately 

absorbed by the soil.  The remainder of the backfill is the native soil 

that was originally removed.  Effluent can be applied to trenches using 

either Gravity or Low-pressure distribution.  See Fact Sheets D1 and 

D2 for detailed discussions of these technologies and possible 

variations. 

Irrigation technologies may be used to apply effluent to the soil.  These include Drip dispersal and 

Spray irrigation.  The primary goal of these technologies is for the effluent to infiltrate into the soil, evaporate or 

 
For more information, see: 

D1:  Gravity Distribution 
D2:  Low-pressure Distribution 
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AND dispersal of effluent. 
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be taken up by vegetation on the site.  Effluent is applied either on or 

just beneath the soil surface where oxygen levels and biological 

activity are optimum for treatment.  Fact Sheets D3 and D4 provide 

additional details. 

Any soil-based dispersal system that has the capacity to serve 20 or more persons per day (either 

residential or non-residential) or receives any amount of industrial or commercial wastes is considered a Class 

V Injection Well.  Such systems must meet the requirements of the U.S. EPA Underground Injection Control 

(UIC) program, which is a component of the Safe Drinking Water Act 

(SDWA).  The core mission of the SDWA is the non-endangerment 

of underground sources of drinking water.  Non-endangerment 

means that system operators prevent fluids containing contaminants 

to move into underground sources of drinking water where their 

presence may violate primary drinking water regulations or adversely 

affect public health (40 CFR, vol. 64, section 234, Dec. 7, 1999).  

Gravity, low-pressure, drip and spray systems that accommodate 

flows in excess of the threshold limit for a given regulatory 

jurisdiction will be designated as a Class V Injection Well and be 

subjected to pertinent regulatory oversight. 

In Evapotranspiration (ET) systems (details in Factsheet 
D5), primary-treated effluent evaporates from on or near the soil 

surface and/or is transpired through the vegetation growing on the 

site.  In each case, water vaporizes to the atmosphere.  ET systems 

can be viable alternative for effluent dispersal in arid climates that 

have significantly more annual evapotranspiration than precipitation. 

 

Surface Water Discharge 
As previously mentioned, many larger communities depend on surface water to receive treated 

effluent.  A National Pollutant Discharge Elimination System (NPDES) permit is required for surface water 

discharges which are often referred to as point source discharges.  Because of their direct affect on the 

receiving stream, these discharges are highly regulated.  Prior to permit issuance, investigations are performed 

to determine the relative ability of the receiving water body to 

assimilate waste constituents present in effluent.  System 

performance is then regulated through specific permit limits on 

what is discharged. See Fact Sheet D6 for further information. 

 

For more information, see: 
D5: Evapotranspiration Systems 

 

 

For more information, see: 
D3:  Drip Distribution 

D4:  Spray Distribution 

 

 
What’s it mean??? 

Acronyms 
 

EPA UIC: EPA Underground  
 Injection Control Program 

 
 SDWA:  Safe Drinking Water  Act 

 
 CFR:  Code of Federal Register 

 
 NPDES:  National Pollutant   
   Discharge Elimination System 

For more information, see: 
D6: Surface Water Discharge 
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Reuse and Reclamation 
Obviously, we continuously reuse water; 

this is the basis of the hydrologic cycle.  However, 

we can shorten the cycle size by reusing treated 

water rather than pulling more water out of the 

cycle.  Reuse is a means of dispersing high-quality 

effluent back into the environment while 

simultaneously doing something productive with the 

water.  Treating wastewater to the appropriate level 

for the particular reuse is of obvious importance. 

Irrigation is the most common method of reuse, and 

refers to a system specifically designed for reuse of 

treated wastewater for a ‘value-added’ purpose 

such as growing grasses, crops and/or trees.  The 

second common use of reclaimed water is 

industrial reuse for cooling system make-up water, 

boiler-feed water, process water, and general wash 

down. 

Wastewater reuse for other purposes has increased in the relatively recent past.  Urban reuse systems 

provide reclaimed water for a wide variety of non-potable purposes including irrigation for ornamental 

landscapes, use in decorative water features, dust control, concrete production for construction projects, fire 

protection through reclaimed water fire hydrants, as well as toilet and urinal flushing in commercial and 

industrial buildings. In environmental reuse, reclaimed water is used to create manmade wetlands, enhance 

natural wetlands and sustain or augment stream flows.  

Recreational reuse allows reclaimed water to be used in 

impoundments for fishing, boating and (in some cases), body-

contact water recreational activities.  Fact Sheet D7 describes 

methods use for Reuse and Reclamation of wastewater.  
 

Treatment:  Removing Waste Constituents from Wastewater 
Water scientists and regulators like to ask the rhetorical question: “At what point in the treatment 

process does wastewater become water?”  After all, wastewater is 99.9% water and 0.1% waste products.  

The practical answer is that wastewater becomes water when the treated effluent does not negatively affect 

the quality of the receiving environment.  Using this philosophy, treatment components are selected on the 

For more information, see: 
D7: Wastewater Reuse 

 

 

 

Reuse is the basis of the hydrologic cycle.   
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basis of producing effluent that can meet the appropriate standard for the selected dispersal option.  Detailed 

Fact Sheets are referenced for the eight treatment processes discussed below.   

 
Liquid-Solid Separation (Preliminary & Primary Treatment) 

Separating the solids fraction out of wastewater is the first level of treatment.  Solids consist of fecal 

matter, residual foodstuff, fats, oils, grease, and a large variety of garbage.  Solids removal is often divided into 

two categories – preliminary and primary 

treatment.  Preliminary treatment separates 

out the coarse solids and is generally 

associated with collection systems that 

transport both solids and liquids to a central 

location.  Wastewater flows through screens 

or grates where larger materials are 

physically separated out of the stream.  

Primary treatment allows for separation 

based on particle density.  This can be 

accomplished in septic tanks or larger, built-

in-place primary tanks.  Solids and ‘non-

aqueous’ liquids that have a density different 

from water will either settle (sedimentation) or 

rise to the surface (floatation).  Non-aqueous 

liquids include fats (animal source), oils (vegetable source), and greases (petroleum source) which are 

collectively known as FOGs.   Once preliminary or primary treatment is achieved, some amount of solids will 

remain suspended in the effluent.  These are known as Total Suspended Solids or TSS.  Along with 

Biochemical Oxygen Demand (BOD), TSS is commonly used 

to express the strength of wastewater.  These solids must be 

reduced through additional treatment processes.  Fact Sheet 
T1 provides information on options for liquid-solid separation. 

 

Oxygen Demand Removal (Secondary Treatment) 
After liquid-solid separation, dissolved and suspended organic matter is still present in effluent.  If this 

organic matter is not removed before the effluent is dispersed, microorganisms in the receiving environment 

will begin to process it.  As they consume the organic matter, they also consume oxygen or create an oxygen 

demand.  The resulting low oxygen or hypoxic conditions negatively affect the receiving environment.  In many 

For more information, see: 
T1: Liquid-Solid Separation 
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cases hypoxic waters do not have enough oxygen to support fish and other aquatic animals. In situations 

where  hypoxic conditions develop abruptly, massive fish kills can occur. In other situations where it happens 

gradually, fish populations will shift.  Game fish, such as trout, may need as much as 4 milligrams per Liter 

(mg/L) of dissolved oxygen to thrive.  Less desirable species of fish, such as carp, may thrive on oxygen levels 

of less than 2 mg/L.   

The function of secondary treatment systems is to create 

an aerobic environment to provide oxygen for naturally-occurring 

microorganisms present in the wastewater so that they will 

consume the organic matter before it is dispersed into the 

environment.  Biochemical oxygen demand (BOD) is a measure 

of how much oxygen microorganisms use up as they consume 

organic matter.  BOD is thus another common indicator (along 

with TSS) of how strong wastewater is and how much treatment it 

needs.  There are several different treatment components that 

can provide the necessary aerobic conditions for BOD removal.  

The basic difference among these components is how the 

dissolved oxygen is provided.  If mechanical methods are used to 

transfer oxygen, high rates of BOD removal can be achieved.  

Examples of high-rate systems are suspended growth and fixed 

growth aerobic treatment systems (Fact Sheets T2 and T3, 

respectively).  In suspended growth systems microorganism and 

wastewater are continuously mixed in a well-aerated tank.  

Aeration is often provided mechanically by compressors or 

blowers that introduce air into the water.  In fixed growth systems, 

wastewater is applied to a fixed surface (typically using a pump) 

and microorganisms become established and break down the 

constituents.  This action provides tremendous surface area for 

oxygen transfer.  There are many variations of suspended and 

fixed growth systems, most of which are proprietary. The main 

objective with all these options is to provide the proper 

(aerobic) environment for beneficial microorganisms to 

become established so that they can process the 

carbon in organic matter.  In contrast to these high-

rate systems, simple, passive, natural systems such 

 
For more information, see: 

T2: Suspended Growth Aerobic Treatment 
T3: Fixed Growth Aerobic Treatment 

 

 

Quick Definitions 
 
 

Secondary Treatment:  
Biological and chemical 

treatment processes designed 
to remove organic matter; a 

typical standard for secondary 
effluent is BOD and TSS less 

than or equal to 20 mg/L each 
on a 30-day average basis.  

 
Biochemical Oxygen Demand 

(BOD):  
Amount of oxygen required by 

bacteria while stabilizing, 
digesting, or treating 

wastewater under aerobic 
conditions; an indirect measure 

of the amount of organic 
matter in wastewater; a 
measure of the relative 
strength of wastewater 

expressed in mg/L.  
 

Total Suspended Solids (TSS):  
Measure of all suspended solids 
in a liquid, typically expressed 

in mg/L.  
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as constructed wetlands (Fact Sheet T4) and lagoons (Fact 
Sheet T5) remove BOD at a slow rate.  Oxygen moves into 

the water at the interface between the water and the 

atmosphere.   

Additional oxygen demand is exerted by other constituents in wastewater.  The breakdown of 

discarded proteins releases nitrogen, phosphorus, and other compounds.  As nitrogen is released, it is 

converted to the ammonium form (NH4
+).  Like organic matter, ammonium nitrogen creates a demand for 

oxygen as microorganisms convert ammonium to nitrate nitrogen (NO3
-).  The aerobic (oxygen-rich) conditions 

provided in secondary treatment components facilitate this conversion.   

 
Nutrient Reduction (Tertiary Treatment) 

The breakdown of organic compounds releases 

nitrogen and phosphorus.  These two compounds are 

considered nutrients (fertilizers).  When excessive 

amounts of nutrients are discharged into a surface 

water body, excessive growth of algae and other 

photosynthetic organisms can occur and degrade water 

quality.  Further, the nitrate (NO3
-) form of nitrogen is 

considered a human toxin if excessive levels are 

present in drinking water supplies.    

Both nitrogen and phosphorus are essential elements for microorganisms.  During treatment, some 
nitrogen and phosphorus is incorporated into new cells.  When these cells are removed with other solids some 
nitrogen and phosphorus is also removed.  If additional nitrogen reduction is required, other processes can be 
incorporated into treatment systems.  Additional phosphorus can be removed through chemical precipitation 
using metals (such as aluminum or iron) which react with soluble phosphate to create an insoluble form that 

can be removed as part of the sludge.  Many soils have the capacity 
to sequester (tie-up) phosphorous.  The relative capacity for this is 
dependent upon the soil mineralogy.  Processes for Nutrient 
Reduction are discussed in Fact Sheet T6. 

 
Pathogen Reduction (Tertiary Treatment) 

Large populations of (non-pathogenic) coliform bacteria live in the human intestinal tract, a portion of 
which are regularly discharged from the body during a bowel movement.  Since it is impractical (if not 
impossible) to measure for the presence of all disease-causing organisms, water samples are often tested for 

 

Quick Definitions 
 
 

Tertiary Treatment:  
Advanced treatment of wastewater for 

enhanced organic matter removal, pathogen 
reduction, and nutrient removal; typical 

standards for tertiary effluent vary according to 
regulatory requirements. 

 For more information, see: 
T4: Constructed Wetland Systems 

T5: Lagoons 

For more information, see: 
T6: Nutrient Reduction 
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fecal coliform bacteria to determine whether water 
has been contaminated with sewage.  If coliform 
bacteria are detected in a water sample, it is an 
indication that pathogens (from sewage) are likely to 
be present.   

Disinfection (discussed in detail in Fact 
Sheet T7) reduces the number of pathogenic 
organisms such that the probability of disease 
transmission is very low.  If low numbers of indicator 
coliform bacteria are found after disinfection, the 
water is assumed to be safe.  Note that disinfection 
does not mean that water is sterile.  It simply means 
that the number of pathogens are below a certain 
level and considered safe. Disinfection is generally 
the last treatment process before effluent dispersal.  
Chlorine and ultraviolet light are two common agents 
used for disinfection. Chlorine is very strong oxidizer 
and breaks down the cellular structure of 
microorganisms.  Ultraviolet light is used to irradiate 
microorganisms and damage the DNA and RNA 
such that they are unable to reproduce.   

Residual organic compounds and solids can interfere with the 
disinfection process.  Since chlorine will also oxidize residual organic 
compounds, these compounds must be reduced to a reasonably low level 
through prior treatment so that the chlorine can act primarily upon the 
pathogens.  Likewise, in order for UV disinfection to be effective, the influent 
must have low turbidity (be relatively clear) to allow the transmission of UV 
rays into the water.  Chlorine and UV Disinfection are thus only effective if 
effluent has received both primary and secondary treatment.   
 
Residuals Management 

Solids removed from wastewater must still be managed.  This includes solids retained in septic tanks 

through settling (sludge) and floatation (scum) as well as the bacterial cells and waste products that 

accumulate during clarification in suspended growth unit processes.  When solids are periodically removed 

from these components, they are known as residuals. Residuals are frequently placed in approved landfills or 

on permitted land application sites.  Alternately, they may be subject to co-treatment at municipal wastewater 

For more information, see:  T7:  Disinfection 
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treatment plants or treated at a plant dedicated to their stabilization.  Fact Sheet T8 describes various options 

for residuals management.  

 

Collection:  Moving it All to One Place 
Designing and installing a wastewater collection system is the most expensive component of 

developing a community wastewater infrastructure.  Unless treatment and dispersal components are located at 

every site, each wastewater-generating structure must be connected to a common collection system so that 

wastewater can be transferred to a location where treatment can be accomplished.  The process of installing a 

collection system results in considerable disruption as right-of-ways and easements become construction 

zones.  It is a logistical challenge to plan the construction in such a manner that minimizes the impact to the 

citizens and to private property.  The community must be aware of the cost and disruption in light of their 

resources and vision.   

Sewers can be designed to convey all the wastewater (both solid and liquid) or they may convey only 

the liquid portion (effluent).  They may be designed to operate by gravity, pressure or vacuum.  Each option 

has its advantages relative to installation cost, long-term operation and maintenance as well as the space that 

each occupies.  Some methods can be used in combination. The following is a general description of broad 

categories of Collection options.  Detailed Fact Sheets are referenced for each of the four options discussed 

below.   

 

Gravity Sewer Systems 
Gravity sewers (Fact Sheet C1) can be 

used when the treatment facility is at an overall 

lower elevation than most of the homes and 

businesses being serviced by the system.  Each 

building sewer is connected to the main sewer.  

Some sections of the main system may require lift 

stations to collect and pump wastewater over a hill.  

Manholes are necessary for system maintenance, 

and are typically placed every 300 feet and at each 

change of direction. If a building sewer is at an 

elevation that does not allow gravity flow to the 

For more information, see:  T8: Residuals Management 
 

 



 

 

www.werf.org 

 Page  

25 
WASTEWATER BASICS FOR SMALL COMMUNITY LEADERS AND PLANNERS 

sewer main, it can be connected to a basin fitted with a 

grinder pump.  The pump is fitted with blades that grind the 

solids as wastewater is sent to the gravity main.  Overall, 

gravity sewers use large diameter pipes and can require 

relatively deep excavations to maintain the required slope. 

 
 
 
 

 
Pressure Sewer Systems 

With Pressure sewer systems (Fact Sheet C2), each residence or business is connected to a basin 

fitted with either a grinder pump or a sewage pump that moves the wastewater into the main sewer.  Grinder 

pumps are fitted with blades that grind the solids, while sewage pumps are capable of pumping solids up to 3 

inches in diameter.  In either case, the mainline is pressurized as each pump activates.  Pressure sewers have 

smaller diameter pipe than gravity sewers.  Because the pipes can be located at a shallow elevation, they can 

be installed in areas with irregular terrain, rocky conditions, or high 

groundwater where gravity sewers might not be practical.  The 

pumps and controls used at each connection must be maintained.   

 

Effluent Sewer Systems 
Primary treatment (liquid-solid separation) may be integrated into a collection system by installing a 

septic tank fitted with an effluent screen at each site.  The tank receives the wastewater and retains solids The 

effluent is then conveyed by either gravity or pressure to the 

main transmission line.  These configurations are known as 

effluent sewers and are described in Fact Sheet C3.  There are 

two basic types of effluent sewers:  Septic Tank Effluent Pump 

(STEP) and Septic Tank Effluent Gravity (STEG).  In STEP 

systems, an effluent pump installed in the outlet of the septic 

tank sends the effluent to the main sewer line.  In STEG 

systems, effluent flows by gravity from the septic tank to a 

gravity mainline. STEG systems are very similar to conventional 

gravity sewer systems except that the system hydraulics do not 

have to account for solids in the wastewater.  This allows use of 

For more information, see: 
C2: Pressure Sewer Systems 

 

For more information, see: 
C1: Gravity Sewer Systems 

 

 

Gravity sewers require large diameter pipe. 

 

Effluent sewer systems include a septic 
tank with an effluent screen at each site. 
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smaller diameter pipes and shallower installation. However, maintenance is still needed.  The pumps and 

controls used with STEP systems must be maintained.  Because effluent sewers depend on primary tanks and 

screening on each lot, the accumulated solids must be periodically 

removed from septic tanks and effluent screens must be maintained.  

This means that each source must be inspected on a regular basis. 

 

Vacuum Sewers 
In a vacuum sewer system (Fact Sheet C4), 

pumps located at a central vacuum station are used to 

create negative pressure in sewer lines.  A basin or pit 

fitted with a vacuum valve collects wastewater from one to 

several wastewater sources.  After a predetermined 

volume of wastewater enters the pit, the vacuum valve 

opens. The pressure difference between the valve pit and 

the main vacuum line pulls the wastewater through the 

service line and into the main vacuum line.  Like pressure 

and effluent sewers, vacuum sewers use small diameter 

piping installed at a shallow elevation.  The vacuum 

pumps and vacuum valves require regular inspection and 

maintenance.     

 
Management Programs:  Creating a Sustainable Infrastructure 
 

Things to Consider 
Every community must include a management component as it considers wastewater infrastructure 

options.  Regardless of the dispersal, treatment and collection system components chosen, a management 

program should be designed in accordance with the community’s resources and implemented with 

consideration of the vision of its future.  However, a management program must include the entire range of 
activities associated with decentralized systems including proper design, siting, and installation in addition to 

effective and ongoing operation and maintenance.   All of these elements must be implemented with conscious 

consideration of risk to public health and the environment and the complexity of the technologies used.  

Increased risk and complexity necessitate higher level of diligence.  However, all systems require some level 
of management.  The community should begin by assessing the existing regulatory framework since it will 
influence the approach to management.  Next, it must consider the skills required to provide the appropriate 

For more information, see: 
C4: Vacuum Sewer Systems 

 

 

For more information, see: 
C3: Effluent Sewer Systems 
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level of management needed for the components selected.  The basic O&M requirements for each unit 

process are discussed in the Supplemental Fact Sheets in this series.  Finally, the community must also 

evaluate the financial environment to determine whether it should take on all aspects of management or offer 

opportunities to private sector entities.  Fiscal sustainability must be the foundation for whatever approach is 

used.   
The U.S. EPA’s Voluntary National Guidelines for Management of Onsite and Clustered Wastewater 

Treatment Systems describes a range of management options. Detailed, practical information on 

implementation of various approaches can be found in a series of Fact Sheets on Establishing Successful 
Responsible Management Entities (RME) published by the Water Environment Research Foundation 
(WERF) and available on line at http://www.werf.org/rme.  The following discussion provides basic information 

on the types of management programs communities might consider and a brief discussion of the costs 

associated with each. Leaders and Planners must remember that Management includes all aspects from 

source through collection and treatment to dispersal. 

 

Levels of Management 
 
The Bare Minimum:  Owner Education and Practitioner Training 
 Typically, all systems are subject to some level of public health regulatory oversight.  Often, 

prescriptive codes dictate the size and nature of individual systems and the required maintenance.  Codes may 

even require certification of professionals to ensure proper and timely site and soil evaluation, design, 

installation and maintenance.  In low-risk contexts (simple technology and few serious consequences from 

malfunction), the system owner may be capable of providing the long-term maintenance.  Historically, this has 

not been the case as system owners tend to adopt an ‘out-of-sight/out-of-mind’ mentality or are unaware of 

their role.  Educating the public on the proper use (and avoiding misuse) of systems with relatively simple 
technologies can be accomplished through public service announcements, factsheets on system care, public 

workshops and regular notices to perform maintenance at appropriate intervals.  This level of management 

requires trained professionals to disseminate information to the public, 

answer questions and provide guidance.  It also requires that skilled private 

sector professionals be available to  provide inspection and maintenance 

services on this level, including tank pumpers with appropriate training in 

residuals management.  Communities may employ public resource officers to 

provide guidance, track systems and notify system owners.  Public education 

and professional training can effectively be accomplished through local 
Cooperative Extension personnel associated with Land Grant Universities. 

Local, state and national wastewater professional associations may be a 
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resource as well. A wide range of materials for outreach education and training for both citizens and service 

providers is available.  In addition to the U.S. EPA, the Consortium of Institutes for Decentralized Wastewater 

Treatment (CIDWT) offers links to educational brochures for the public and website links to training resources 

and opportunities (www.onsiteconsortium.org).  The National Environmental Health Association (NEHA -

www.neha.org) and the National Onsite Wastewater Recycling Association (NOWRA - www.nowra.org) are 
professional organizations with additional resources.  Costs to the community associated with management on 

this level are relatively low, consisting of system tracking and information dissemination unless the latter is left 

to others.  Service providers would compete in the private sector to offer necessary maintenance at 

appropriate prices, offering an economic opportunity.   

 

Maintenance Contracts 
 The public health regulatory authority may require that system 

owners secure maintenance contracts for systems with greater complexity.  

This would include collection, advanced treatment and dispersal options. 

The nature and frequency of maintenance activities may be codified and 

certification or licensure of a service provider may be required.  In this 

case, the costs to the community include supporting the activities of public 

health officials to track contract execution and required certifications.  If 

failure to contract has an associated penalty, enforcement costs must be 

included as well.  Another economic opportunity is created as certified 

service professionals compete in the private sector.  Costs to system 

owners include maintenance contracts, removal of solids from collection 

and treatment components, and the cost of replacement parts as they are 

needed.  This management approach might be enhanced by the addition 

of an operating permit requirement discussed in the next paragraph. 

 

Operating Permits 
When performance-based codes are implemented to encourage or facilitate use of more advanced 

collection, treatment and dispersal technologies, the local regulatory authority may issue operating permits for 

systems.  Permit renewal is based upon meeting conditions for proper maintenance at the designated 

frequency and achieving reasonable system performance.  Certified or licensed service providers may be part 

of the equation and act as a Responsible Management Entity or RME.  The permitting authority monitors 

system performance, and carries out enforcement in cases of non-compliance.  They may even act as the 

service provider.  If the permitting authority services systems, additional costs might include travel, time spent 
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on the site, lab analysis of collected samples and overhead associated with employees.  The community must 

bear the cost of logistical and administrative support for the permitting authority. These costs might be offset by 

renewal fees for operating permits.  Costs to the system owners would typically include permits, maintenance 

contracts, solids removal and disposal as well as the cost of replacement parts as they are needed. 

 

RME Operation and Maintenance 
Where public health and environmental risk increase, a community might consider requiring system 

management on behalf of the property owners.  A qualified organization with certified or licensed personnel 

maintain all collection, treatment and dispersal components in exchange for a fee paid by the owners.  This is 

known as “contract operation” since the RME makes sure that the system is in compliance, but does not own 

the infrastructure.   

 

RME Ownership 
Alternately, the RME might actually own the entire infrastructure in addition to providing maintenance 

to ensure compliance.  The RME might be one of several types of organizations depending upon their 
structure, the services they provide and their legal status.  Options include: a government-owned public utility; 

a privately owned, publicly regulated utility; a limited liability, for profit entity, or; a private not-for-profit 

organization such as a cooperative.    

 

Applicability of Management Approaches 
An existing community might conclude that the 

status of their existing infrastructure dictates the 

implementation of a program of maintenance contracts or 

operating permits.   Development of new systems lends itself 
well to using management via RME operation and 

maintenance or even RME ownership because oversight can 

be provided at the very beginning.   The ability to combine 

management of individual systems with residential/

commercial clusters should be considered by using a 

combination of the management options.  Regardless of the 

management option chosen, public education, practitioner 

certification, system tracking and appropriate handling of 

residuals (by either the public or private sector) are an 

essential part of ALL management programs.   

 

 

 

 

 

 

 
 
 
 
 
 

Educating the public and training  
service providers are essential compo-
nents of ALL management programs.   
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