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Chapter 1 Introduction
For the last few decades, professionals throughout 
the country have been working on solutions to 
the problem of suburban sprawl.  Their methods 
have introduced better community designs, often 
combined with planning that promotes protection 
of open space and revitalization of traditional 
town centers.  In fact, the jargon of “neotraditional 
town planning,” “sustainable design,” and “smart 
growth” have become common in planning and 
design journals.  

A less common topic of discussion is how 
wastewater can be treated and managed onsite 
to make these more compact community 
designs a practical and environmentally 
sound option for unsewered areas.  The 
design scenarios and case studies presented 
in this manual reveal how the problem of 
sprawl could be addressed with architectural 
and site-planning solutions that reflect local 
traditions, and also illustrate how small scale 
wastewater treatment systems can be used to 
achieve these designs.

Who Should Read This Manual?

This manual is intended primarily for planners, 
local officials who make land use decisions, 
and site designers. It examines alternative 
development options for five different sites – actual 
locations within southern Rhode Island - that 
represent a wide range of landscape types and 
typical planning situations encountered by rural 
and suburban towns.  Each of the hypothetical 
case studies shows how the actual site most 
likely would be developed in today’s market, given 
current zoning and other regulations.  A more 
creative development alternative for each site 
is then presented to demonstrate how the same 
amount of development could be accommodated 
with future growth while preserving distinctive 
scenic and environmental resources.

What is the Wastewater Connection?

In order to show how wastewater management 
technologies can support sustainable community 

design, the five design scenarios also present 
alternative ways to treat wastewater using more 
flexible siting of conventional systems, advanced 
treatment technologies, and cluster systems.  In 
each case, standard sewer systems are simply not 
an option, either due to lack of a municipal sewage 
treatment facility in rural communities, the cost 
of extending lines, the desire to control growth in 
historic or environmentally sensitive areas, or the 
need to reserve sewers for a central service area.  
To link these hypothetical projects with real-world 
innovation, each of the wastewater scenarios is 
followed by several actual projects that illustrate 
implementation of the technologies and design 
concepts.Case Study #1: Revitalizing Main Street

Case Study #5: Creating a New Rural Neighborhood
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Because proper siting, design and management 
are essential to ensure that onsite wastewater 
treatment systems remain a permanent and 
environmentally sound treatment option for the 
long term, this manual begins with a brief overview 
of onsite wastewater treatment and management 
issues. The five land use design scenarios, each 
with alternative wastewater treatment options 
and real-world case studies, follow. The final 

Glossary

To minimize confusion, the following definitions 
are offered for the terms used in this introduction 
and throughout the manual. 

Biochemical Oxygen Demand (BOD) – a com-
monly used gross measurement of the concen-
tration of biodegradable organic impurities in 
wastewater.  The amount of oxygen, expressed 
in milligrams per liter (mg/L), required by bacte-
ria while stabilizing, digesting, or treating organic 
matter under aerobic conditions is determined 
by the availability of material in the wastewater 
to be used as biological food and the amount 
of oxygen used by the microorganisms during 
oxidation.

Cluster Wastewater Treatment System- an 
onsite wastewater collection and treatment 
system that serves two or more homes. Cluster 
systems serving a small number of homes may 
also be referred to as “shared” systems.

Drainfield - part of the septic system; the area 
of ground and system of subsurface pipes or 
chambers into which partially treated wastewa-
ter from the septic tank or alternative system is 
discharged for final treatment and absorption 
by soil. Also called a leachfield or absorption 
field.

Footprint – the area of disturbance created by 
a system

Holding Tank or “Tight Tank” - a closed, water-
tight structure designed and used to receive and 
store wastewater. A holding tank does not dis-
charge wastewater to surface or ground water or 
onto the surface of the ground. Holding tanks are 

designed and constructed to transfer wastewater 
to another site for treatment. 

Large Flow Systems- industrial or commercial 
onsite wastewater treatment systems, or systems 
that serve more than a few residences, that 
handle larger volumes of wastewater compared 
with individual onsite systems (but whose vol-
umes are small relative to most municipal sewer 
systems). May include systems with a design flow 
of 2,000 – 5,000 gallons per day or greater, with 
lower flows included in environmentally sensitive 
areas. Systems with flows in excess of 10,000 
gallons per day are regulated by the EPA as Class 
V Injection Wells. 

Onsite Wastewater Treatment System- a 
system that relies on natural processes and/or 
mechanical components that are used to collect, 
treat, and disperse or discharge wastewater 
from a single dwelling or building; may include 
systems that range in complexity from a septic 
tank and drainfield to a variety of alternative 
technologies.

Organic Material – carbon-based waste con-
tained in plant or animal matter and originating 
from residential or industrial sources.

Slurry – A thin, watery mud or any substance 
resembling it.

Total Suspended Solids (TSS) - the amount 
of insoluble solids floating and in suspension in 
wastewater. Also referred to as total nonfilterable 
residue.

chapter summarizes issues to consider in 
selecting treatment options to support more 
creative community growth and redevelopment. 
This manual is the third manual in the series 
Wastewater Treatment Alternatives. The other 
two manuals in this series include Choosing a 
Wastewater Treatment System and Alternative 
Wastewater Treatment for Individual Lots.

Case Study #4: Building a Rural Economic Center
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Making a decision about the type of wastewater 
treatment technology to use on a particular site 
can be a daunting process. Ultimately, the decision 
needs to ensure that the technology being used 
is affordable, protects homeowner investments, 
and safeguards public and environmental health. 
In the case studies that follow, factors considered 
in selecting a particular technology are described.  
But these examples often focus on site specific 
features without fully addressing broader issues 
such as community planning goals, growth 
policies and wastewater management capability. 
These town and watershed-level factors, 
which form the basic foundation for making 
decisions about use of wastewater treatment 
technologies to meet community needs, are 
summarized in this section.  

Planning – The best wastewater 
management practice

Local planning and wastewater management 
are interdependent, forming the basis for 
environmentally sound land use and wastewater 
treatment decisions. Community plans guide 
future land use and set priorities for protecting 
critical resources. Ideally this planning process 
incorporates natural resource information that 
considers land use impacts within watershed 
and aquifer boundaries.  Although the community 
plan is a policy document, it forms the legal 
foundation for powerful land use controls such 
as zoning and land development regulations, 
including wastewater management ordinances 
and treatment standards.  

Wastewater management plans – often adopted 
as an element of the comprehensive plan – carry 
town planning a step further to evaluate wastewater 
treatment needs from the perspective of broader 
land use goals, identify treatment options, and set 
strategies for managing the collection of septic 

systems, alternative treatment systems and 
cluster systems.  These are collectively known 
as decentralized systems. 

Selecting the right treatment technology therefore 
begins with solid community planning.  At the site 
level, this includes good site design, followed by 
use of appropriate management practices to 
further control remaining development impacts.  
No wastewater treatment technology, however 
advanced, can be expected to compensate 
for inappropriate land use, poor site design, 
or inadequate stormwater management or 
wetlands protection.

Pollution risks

Wastewater treatment requirements exist, in 
part, because of the threat that septic systems 
can pose to wells and surface waters.  This 
threat is especially relevant in densely developed 
historical villages, in areas where septic systems 
are located on problem soils, and where homes 
are clustered together along shorelines. In 
the past, making decisions about the type of 
wastewater treatment system to protect public 
health and prevent pollution was often dictated by 
conditions of the individual site and its immediate 
area, rather than the larger aquifer or watershed 
setting. Suitability for onsite wastewater treatment 
focused on the amount of wastewater that could 
be safely discharged to a particular site given 
its permeability and land area available for a 
leachfield. If horizontal setbacks from wells and 
surface waters and vertical separation distances 
to groundwater or bedrock could be maintained, 
then water quality was considered adequately 
protected.  

These siting factors are still valid, but current 
research shows that pollution risks are highly site-
specific. They depend on both watershed-level 

Important Notes About This Manual

The land use alternatives presented in this 
manual were originally prepared for the 
Rhode Island Department of Environmental 
Management, under the South County 
Watersheds Technical Planning Assistance 
Project, and they were published as part of the 
South County Design Manual (Flinker, 2001), 
republished in 2004 as The Rhode Island Rural 
Design Manual.  A second guide, Conservation 
Development  (Flinker and Millar, 2003) carries 
this further by describing the steps in designing 
a land development project to preserve open 
space and minimize environmental impacts. This 
manual is a companion to these publications, 
both of which are available online at  http:
//www.state.ri.us/dem/programs/bpoladm/
suswshed/index.htm

Rhode Island Rural Design Manual

A Ten-Step Process for Planning and Design of Creative Development Projects

The Rhode Island Conservation Development Manual

Chapter 2 Local Planning and Wastewater Treatment: The Connection
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and parcel level conditions, including the range 
of pollution sources, the type of water resources 
affected, and the sensitivity of those resources.  
Minimum standards are not always adequate 
under all situations.  As a result, updated national 
guidelines for onsite wastewater management 
emphasize a watershed-based approach that 
takes a broader view of resource protection 
needs considering the potential impacts of existing 
wastewater discharges, future development and 
other pollution sources  (USEPA, 2002). 

Advanced wastewater treatment systems: 
Tool for growth management 
or Pandora’s Box?

For most unsewered communities, conventional 
septic systems are still the most economical, 
low-maintenance and environmentally sound 
option for low density development where soils 
and other site conditions are good. With proper 
maintenance and use, standard septic systems 
provide a permanent treatment solution while also 
recharging groundwater. However, for difficult 
sites or densely developed areas, advanced 
wastewater treatment systems may be the only 
feasible option to repair failing or substandard 
systems. They may also be the only alternative 
available to implement many of the more compact 
designs described in this manual. 

But for many planners, anti-sprawl advocates 
and environmentalists, allowing use of alternative 
systems is often viewed as opening the Pandora’s 
Box of development on sites now considered 
unbuildable and therefore, to some degree, 
protected from development.  For these groups, 
the benefits of using advanced wastewater 
treatment systems are more than outweighed by 
the impacts of opening tracts of marginal land to 
new development. Using conventional septic 
system design criteria, individual properties 
unable to meet required water table depth, soil 
permeability and other standards would be 
considered unsuitable for onsite wastewater 
treatment, and therefore unbuildable. 

In the most rapidly growing communities, however, 
the reality is that minimum onsite wastewater 
siting standards are no longer a reliable gauge 
of development suitability. Fueled by steady 
demand for new houses and dwindling supply of 
available land, construction on highly marginal lots 
becomes cost effective, even when factoring in the 

Alternative onsite wastewater treatment may be the only practical way to fix pollution from inadequate waste-
water treatment in older summer communities adjacent to sensitive natural areas.

In Rhode Island’s dense, unsewered areas, 
septic systems are estimated to contribute up to 
85 percent of the nitrogen inputs to groundwater 
(Hickey and Joubert, 2003).  Some of the 
state’s south shore coastal ponds are closed to 
shellfishing due to high bacteria levels, and all 
are considered in declining health due to excess 
nitrogen.  

Because substandard septic systems may 
allow bacteria from improperly treated 
wastewater to contaminate groundwater, and 
properly functioning conventional systems 
do not remove nitrogen, onsite wastewater 
treatment systems are considered a major 
threat to coastal water quality and groundwater 
supplies.  In other suburbanizing areas, even 
large-lot zoning may not be sufficient to protect 
local water quality as impervious surfaces and 
runoff are likely to increase.  In these areas the 

shift from agricultural fertilizers to septic systems 
as the dominant nutrient sources underscores 
the need for proper siting and maintenance of 
these systems.  Because wetland and shoreline 
areas have been identified as important zones 
for reducing pollutant inputs, including natural 
denitrification of nitrogen in shallow groundwater, 
protecting riparian areas is critical.
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additional costs of overcoming site constraints, 
environmental permits, variances from onsite 
system siting and zoning standards, and impact 
mitigation requirements.  As a result of these 
growth pressures and development economics, 
lands once considered unbuildable are being 
developed using conventional fill or mound 
systems, even where alternative technologies 
are not allowed.  Because of the land disturbance 
required for conventional fill systems, and lack of 
treatment, the resulting impacts are likely to be 
greater than if advanced technologies are used.

For communities facing these demands, the 
alternative is to strengthen local land use controls 
with clear findings and justification for the type 
and density of land use required.  Development 
standards should be directly linked to local land 
use objectives and environmental protection 
needs. In addition, development standards must go 
beyond suitability for onsite wastewater treatment 
to address the range of impacts associated with 
development, to include stormwater treatment and 
infiltration, water supply quantity and availability, 
wetlands and shoreline protection, and scenic and 
aeshetic impacts.  

Finally, the capability of small local governments 
to oversee maintenance of onsite wastewater 
treatment systems should be considered. Without 
proper maintenance, failed systems located on 
marginal high water table sites or within wetland 
buffers will result in a greater risk of pollutant 
movement to shallow water tables.  Local 
governments could establish siting standards 
that prevent new construction or expansion 
of existing uses until such time that effective 
municipal wastewater management oversight 
is established.

Regulatory Requirements 

Siting, design and treatment requirements man-
dated at the town, county, or state level often help 
define what type of treatment process is needed.  
For instance, not all technologies are capable of 
nitrogen removal, so if a specific level of nitrogen 
treatment is required by a state or local agency, 
the list of approved technologies may narrow the 
choice to only three or four systems.  In addi-
tion, many regulatory agencies rely on a techni-
cal review process to consider and accept new 
technologies for use within their jurisdiction. The 
manufacturer of the advanced treatment process 
must submit an application to the review board 
with supporting information on system design, 

function and documented performance of the 
technology. The number of systems available for 
use within a jurisdiction will depend on whether 
owners of proprietary technologies have submit-
ted applications for system review, and whether 
or not those systems have received a favorable 
review and been approved for use either as an 
experimental system or for general use.

Management and Cost Issues  

For property owners and land developers, the cost 
effectiveness of using advanced technologies can 
be demonstrated by their increasingly widespread 
use in both new construction and redevelopment 
projects. This is especially true on marginal sites 

Communities unhappy with the location and character of residential development must look beyond waste-
water regulations as a de facto growth management tool.  Recent increases in property values mean that the 
cost of conventional fill or mound systems is no longer a deterrent to development.   
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where advanced treatment systems may be used 
to avoid the cost and disturbance associated with 
fill or mound systems.  However, one of the costs 
that can’t be overlooked is the expense of 
developing management structures that will 
ensure that advanced treatment systems are 
properly maintained.  Whether local management 
is town-wide for all onsite systems or focused on a 
small number of land development projects using 
innovative technologies, it is essential that local 
or county governments have a means to ensure 
that systems are properly maintained.  Having 
maintenance programs and other supporting 
programs, such as training and certification 
for designers and installers, and appropriate 
regulations specifying treatment standards, 
will ensure that community and homeowner 
investments are protected along with public and 
environmental health.

Rhode Island Management

In the design scenarios presented, state 
government sets minimum standards and 
regulates the siting, design, and installation of 
onsite wastewater treatment systems.  Local 
governments are responsible for ensuring proper 
maintenance of onsite wastewater treatment 
systems.  Several towns have adopted mandatory 
septic system inspection and maintenance 
ordinances that require regular septic system 
inspection, maintenance, repair as necessary, 
and the phase-out of cesspools.  In addition, 
some towns have established more stringent siting 
standards and treatment levels to protect local 
water resources. Establishing local wastewater 
management programs can be a lengthy process, 
however, and most of the smaller communities are 
still developing wastewater management plans as 
a first step.

In addition, new discharges to surface waters are 
prohibited by state regulations, so onsite dispersal 
using either conventional or alternative drainfields 
on suitable soil is required.  Advanced treatment 
systems are permitted by state regulation, using 
technologies reviewed and approved by a State 

Technical Review Committee.  Applicants are 
required to show proof of a maintenance contract 
with a qualified system maintenance provider.  
However, tracking renewals of such contracts and 
overseeing maintenance work is considered the 
responsibility of municipal governments.  Under 
the EPA voluntary guidelines for the management 
of decentralized systems (EPA, 2003), cluster 
systems serving one or more buildings would 
ideally be managed using management models 
4 or 5. Using this approach, a responsible 
management entity (RME) would be designated 
to operate and maintain the system. Operating 
permits would be issued to the management entity 
to provide needed assurance that the appropriate 
maintenance is performed. 

Proper management can protect water resources 
for community enjoyment
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The  Main Street of this historic village 
contains a remarkable collection of historic 
homes, commercial buildings, brick mills, 
and churches.  There is a delightful 
visual variety in the size, shape, and 
architectural styles that exist there, and 
it is still a functional 19th century village, 
with home, school, church, commercial 
and government uses in close proximity.  
This creates a walkable community, with 
a high degree of livability and a strong 
sense of place.  Shops and businesses 
tend to be small and locally-owned, relying 
on personal service rather than prices to 
attract customers.  The scale of these 
businesses is ideal for the Main Street 
location, where they have the flexibility 
to fit into existing storefronts or to reuse 
historic structures.

In spite of the attractions of village centers such as this one, small lots, lack 
of parking, and aging infrastructure can stifle community growth.  The village 
is too small to support a municipal wastewater treatment plant, so the homes 
and businesses are dependent upon individual onsite septic systems, many of 
which cannot support the increased flows that would result from the growth of a 
thriving town center.  As a result, investment is often diverted from Main Street 
communities to other areas of the town, often on the highway strip outside of 
the village, or in new industrial parks near the interstate.

Chapter 3:   Revitalizing Main Street

Main Street Storefront

Existing Conditions

Hypothetical Design Scenarios

Main Street’s buildings provide a museum of 200 years of Rhode Island history.
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Conventional Development

Conventional Development Scenario

The conventional development scenario illustrated on the right is the product 
of multiple influences.  Zoning requirements for minimum lot size, frontage, 
and setbacks make it difficult to expand on existing lots.  Requirements for 
off-street parking and limits on building coverage can make it even harder to 
build without tearing down existing structures and consolidating lots.  When 
a municipal wastewater system is not present, any change of use can require 
expensive upgrades to individual systems.  Some uses, such as restaurants, 
may be driven out of the village, if the lot is too small to install a suitable 
wastewater treatment system.

The explosion in construction of self-storage units over the last ten years illustrates 
the unpredictable nature of market demand in small towns.  They often win local 
approval more easily than active uses, such as shops and restaurants, that pro-
duce more wastewater.

Zoning regulations often 
make it difficult to fit new 
uses into old buildings, 
favoring national chains with 
the wherewithal to purchase 
multiple lots, tear down exist-
ing structures, and build 
structures that vary little 
from one part of the country 
to another.
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Creative Development Scenario

In the creative development scenario, the village is revitalized with new homes 
and businesses that are carefully designed to blend with the historic character 
and pedestrian scale of the village.  Rather than tearing down existing buildings, 
additions are placed to the rear in compatible architectural styles.  Larger uses 
are accommodated by connecting existing buildings together.  Meanwhile, 
careful planning provides the convenient vehicular access and ample parking 
demanded by growing businesses.  Shared curb cuts between parcels reduce 
conflicts between cars and pedestrians and improve the appearance of the 
streetscape.  Driveway connections cross lot lines, minimizing curb cuts and 
allowing customers to drive to adjacent businesses without pulling back onto 
Main Street.  Placing drive-through windows at the rear of the buildings allows a 
function necessary for the success of many modern businesses, while keeping 
the streetside pedestrian-friendly.

Creative Main Street Development

Adaptive reuse of historic structures is the first 
step in preserving Main Street.  With careful plan-
ning, even fast food restaurants (right) can blend 
into the historic architecture of Main Street.

Parking is distributed throughout the village in small lots at the side and rear 
of structures.  This is convenient for customers, and helps to reduce the 
apparent amount of asphalt.  Cooperative agreements between landown-
ers provide for connections across lot lines.  Sharing of parking lots is also 
encouraged, with residents using lots at night that serve neighboring busi-
nesses during the day.  This comprehensive approach to providing parking 
and vehicular access results in a much more efficient use of space, allowing 
Main Street to be renovated for the comfort of pedestrians.  A “streetscape 
masterplan” includes improvements to sidewalks, the addition of benches and 
trash receptacles, and the inclusion of pedestrian-scale street lights.  Wires 
are buried, and a comprehensive landscape maintenance plan ensures the 
care and replacement of street trees.  This public investment inspires private 
investment in storefronts, sidewalk cafes, and events that take advantage of 
a revitalized Main Street environment.
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Village Needs and Goals 

Typical of older village centers, most homes 
and businesses along this Main Street were 
built before adoption of State onsite wastewater 
treatment standards in 1970, and are likely to 
have cesspools or other substandard systems.  
Clusters of small lots, proximity to surface waters 
and wetlands, and the presence of shallow water 
tables in some areas complicates system repair 
and replacement.  However, soils are generally 
favorable for onsite treatment and many parcels 
have adequate space for conventional leachfields. 
Public water supply is available, with wellhead 
protection areas located beyond the village 
center. 

Water quality concerns center on a recreational 
river and the old mill pond, which empties into 
the river downstream of the village, as shown 
in the map at right.  Although the river segment 
through the village is impaired for swimming due 
to elevated bacteria, a public access is located 
just downstream, so maintaining water quality 
is vital. Water quality in the watershed of this 
river system is generally very good and pollution 
risks are expected to remain low.  Consequently, 
conventional wastewater treatment systems are 
considered generally suitable for this watershed 
except for site specific situations. 

In this setting, wastewater treatment objectives 
focus on three issues:  
1) keeping systems functioning to protect 
homeowner investment and protect public 
health;
2) protecting groundwater quality for homes not 
connected to the public water system; and 
3) maintaining surface water quality for swimming 
and healthy aquatic life in the nearby river. 

Treatment Options Evaluated
 
As a first step in determining whether this 
unsewered village can support the future 
creative development envisioned, we identified 
the following wastewater treatment options:
1. No action – allow landowners to make their 

own wastewater treatment decisions, with 
voluntary system maintenance.

2. Onsite systems for each lot, using either 
managed conventional or alternative 
technologies,

3. Combination of managed onsite and small 
cluster systems.

4. Central collection and treatment at a large 
cluster system serving much of the village. 

Creative Future 
Development Scenario

Plan View with 
Property Lines

Area shown 
in illustrations 
on previous 
pages.

Creative Future Development Scenario with property lines. Lots that are currently developed are shown in red 
Parcels that may be developed more intensively based on the future scenario are shown in green.

A Wastewater Treatment Scenario for Revitalizing Main Street
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Evaluating these options requires a lot-by-lot 
assessment to determine if onsite systems can 
accommodate future use.  Assuming all existing 
systems will eventually fail and need to be 
replaced, the objective is to identify whether 
a conventional septic system or alternative 
technology would best meet long term 
treatment needs. Because only limited growth 
is planned, our approach in evaluating each lot 
would be to use the simplest option wherever 
possible, based on the following principles:

Principles for Evaluation
§ Rely on conventional onsite systems for small 

residential flows wherever possible.
§ Selectively use advanced treatment to overcome 

site constraints, protect nearby wells and surface 
waters, and avoid excessive site alteration.
§ Avoid use of alternative systems for new 

construction or expansion on sites otherwise 
unsuitable for conventional wastewater 
treatment unless all development impacts are 
controlled or reduced from existing conditions.
§ Consider use of cluster systems to provide 

suitable drainfield locations for two or more 
lots and potentially reduce construction and 
maintenance costs.
§ Keep wastewater flows small and provide 

treatment and dispersal close to the source.

This selective approach keeps the total volume 
of wastewater requiring off-site treatment low, 
which simplifies drainfield siting.  Limited use of 
advanced treatment systems minimizes costs 
for system owners and for local governments 
responsible for overseeing maintenance.  Central 
collection to a large cluster option generally would 
become more cost effective where wastewater 
flows are large and cannot be handled through 
onsite systems and small clusters.  

To begin this investigation, a low-cost, screening 
level review can be conducted using readily 
available mapping from a State geographic 
information system (GIS).  Initial assessment 
results for this area, as show above, suggest 
that the creative development scenario is realistic 
and can be supported using primarily conventional 
onsite wastewater treatment systems.  

As shown on the map (above), potential sites for 
use of advanced wastewater treatment systems 
include:  

Creative Future 
Development Scenario

Preliminary 
Wastewater 

Treatment Options

1

2

3

(1)    high-flow systems such as a public school, 
(2)  small lots with difficult soils and/or 

environmental constraints. 
(3)    Advanced treatment using cluster systems 

may be more cost effective in some areas, 
especially with redevelopment incorporating 
a full service restaurant.  

Inspection results collected under a local 
wastewater management program would provide 
data to verify existing conditions. In addition, 

Preliminary Wastewater 
Treatment Options: 
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follow-up field investigations will be needed 
to further evaluate site conditions and refine 
treatment options. 

To implement this option, a town wastewater 
management program would be established to 
oversee inspection, maintenance and repair of all 
systems. This is especially critical for alternative 
technologies, which are certain to fail without 
regular maintenance.  Where advanced treatment 
systems are recommended to protect local water 
resources or avoid extensive site alteration, local 
standards would be needed to guide system siting 
and treatment levels. 

This lot-level approach to wastewater assessment 
parallels the creative development design 
process, where careful attention is given to the 
layout of individual building sites using a few basic 
principles, such as reducing frontage and locating 
parking at the rear. When collectively applied, both 
design principles and onsite options applied at the 
lot level have the power to revitalize and enhance 
traditional character of this historic main street.

Design Recommendations 
for an Important Main Street Site

This scenario focuses upon a portion of the 
creative Main Street revitalization that includes 
a 5,000 to 6,000 gallon-per-day shared system 
serving a 75-seat restaurant, a branch bank 
office, and four small business offices all located 
in one large building complex (identified as 
potential cluster location #3 on the previous 
page).   As with so many existing villages, space 
at this site is at a premium.  However, the pres-
ence of public water is a tremendous benefit and 
makes the project feasible.  Additionally, enough 
land is available to support the components nec-
essary for an alternative wastewater treatment 
system.  A conventional technology approach 

would have been limited to concrete leaching 
chambers located under the parking lots to 
achieve maximum drainfield sizing, which is not 
recommended due to poor treatment potential.

The Goals  

The wastewater treatment issues for this scenario 
center upon protection of a nearby river, which 
flows 400 feet behind the bank and restaurant, 
roughly parallel to Main Street.  In this setting, 
alternative treatment is considered preferable for 
improved treatment of bacteria and phosphorus.  
Alternative treatment reduces the risk of system 

failure by delivering a much higher-quality 
effluent to the drainfield and reducing the risk of 
clogging.  Alternative treatment also minimizes 
site disturbance, and because of the flexibility 
in siting system components, an alternative 
system is the only option that would fit on the 
space available.  Advanced treatment systems 
using shallow drainfields provide the flexibility 
needed to accommodate wastewater flows from 
this creative scenario restaurant/office complex, 
while also improving phosphorus removal in upper 
soil layers.  The first priority for all high flow, high 
strength waste is to ensure good pre-treatment. 

Detail of the Creative Development Scenario illustrating the layout of proposed system components.
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2000 gallon grease trap being installed at a restaurant in Chepachet, Rhode Island (see page 16).

The System

Using a typical treatment train for restaurant 
waste, wastewater from the restaurant kitchen 
in this scenario would flow through three two-
compartment, 3,000-gallon grease traps (A) 
and then flow into a septic tank (B1), serving 
the bathrooms in the restaurant.  This combined 
flow from the grease traps and bathroom septic 
tank would flow by gravity into a 2,000-gallon flow 
equalization tank (C).  This equalization tank 
would help store peaks flows of wastewater, would 
provide a fairly even flow, and would eliminate 
the risk of peak and low flow upsets on treatment 
processes in the treatment unit (D).  

The selected treatment unit would have to be 
a small footprint system capable of handling 
large flows while also producing high quality 
wastewater.  In this scenario, a sequencing batch 
reactor was chosen (D).  The septic tank (B2) for 
the bank and office portion of the building would 
flow directly into the sequencing batch reactor.  
Final treated effluent would flow to a 2,000-gallon 
drainfield pump tank (E).  Final effluent would be 
split by a sequencing valve and pressure dosed 
to a shallow narrow drainfield (F), a raised 
bottomless sand filter (G), and an at-grade 
bottomless sand filter(H).

Full Service Restaurants: 
A Wastewater Challenge

One of the most difficult challenges facing 
traditional village centers is accommodating 
high wastewater flows from mixed commercial 
and multi-family development, characteristic 
of older business districts.  Local diners and 
restaurants are a vital part of any village, yet 
they present a particular wastewater treatment 
challenge.  Fast food chains typically rely on 
take-out, throw-away packaging, and pre-
processed foods that keep water use low.  
Thus, they are able to compete in areas with 
limited wastewater treatment capacity.        

Sit-down restaurants require much more water 
for cooking and dishwashing.  Wastewater 
flows are typically estimated to be 75 gallons 
per seat each day compared to 35 gallons per 
seat for a fast food restaurant.  In addition, 
restaurant waste is high in biochemical oxygen 
demand (BOD), total suspended solids (TSS), 
and grease.  Special design is needed to deal 
with this high strength waste, especially when 
space is limited.
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A Cluster System Supporting 
Main Street Businesses

The following case study focuses upon an 
alternative wastewater system that helped retain 
the charm of an historic mill village within the 
Blackstone River National Heritage Corridor.  
A landowner in Chepachet Village, in the town 
of Glocester, Rhode Island, was experiencing 
wastewater problems associated with several 
Main Street buildings.  Flow to this system 
comes from a small restaurant, a five-shop 
strip mall, a duplex apartment with four 

Description of the Cluster System

The system first routes restaurant kitchen 
wastewater through a 3-compartment 2,000 
gallon grease trap (B), then combines this flow 
with wastewater from the restaurant bathroom 
facilities.  

This combined effluent then flows to a large 
septic tank (A2).  Wastewater exiting the strip 
mall, duplex apartment, and doctor’s office all flow 
into their own separate septic tanks (A), and then 
directly into a recirculation tank (C).  

A pump recirculates wastewater from the 
recirculation tank to a recirculating media filter 
(D), which rests on top of the large septic tank and 
recirculating tank.  

Final wastewater is pressure dosed to a shallow 
narrow drainfield (E). 

Restaurants and other intensive uses are often driven 
out of village centers by a lack of space for conven-
tional wastewater systems.

Real-World Case Studies for Revitalizing Main Street

Detailed layout of the cluster system designed for Main Street businesses.

bedrooms, and a small doctor’s office.  The 
flows from the mall, duplex, and doctor’s office are 
moderate residential quality wastewater.  The flow 
from the restaurant is high strength wastewater 
despite efforts in the kitchen to reduce fats, oils, 
and grease.  Design flow to this system is 2,700 
gallons per day, with 90% originating from the 
restaurant.  The main challenge for this system 
and any system involving a restaurant is managing 
inputs of fat, oil, and grease so that it does not 
get transferred to the treatment unit or drainfield 
and cause failure.
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Three views of the Chepachet Village Commercial 
Site.  The shared system utilizes the small spaces 
in between the structures for tanks and filters (top, 
middle).  Final wastewater is dosed to a drainfield in 
the center of the parking lot (bottom).

Alternative Treatment for a 
Harborside Main Street

Wickford Harbor is a 400-acre, sheltered cove 
of Narragansett Bay in North Kingstown, Rhode 
Island.  The harbor has been a working port since 
the 17th Century, and surrounding Wickford Village 
is a thriving waterfront area with historic homes, 
gardens, and shops.  Recreational paddling, 
boating, and shellfishing are popular in Wickford 
Harbor’s numerous coves.  The harbor provides 
a valuable nursery for fish, wading birds, and 
shellfish and supports one of the few remaining 
eelgrass beds in Narragansett Bay.

  
A Main Street Focal Point

Substandard septic systems in the densely settled 
village have long been a concern.  Town officials 
had explored the possibility of a sewer connection 
to a nearby wastewater treatment facility servicing 
an industrial park, but decided against it due to 
the costs and the potential for greatly expanded 
growth.  The town chose to promote the repair 
and upgrading of onsite systems, using advanced, 
alternative treatment where necessary to 
overcome difficult site conditions. 

One of the focal points of the village is the corner 
block multi-use building shown above.  The 
building is home to a bookstore and other shops 
on the first floor and six one-bedroom apartments 
above.  The back of the building is about 30 feet 
from harbor waters.  An outdated septic system 
provided very little treatment before discharging 
to the subsurface near the shore.  The main 
treatment objective was to reduce nitrogen to 
restore eelgrass habitat.  Pathogen removal in 
the treatment unit was considered less critical 
given the opportunity for additional treatment in 
a bottomless sand filter.
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Repairs in the Wickford village center presented 
challenges, especially because space is limited 
and new solutions must blend in with historical 
architecture.  The creative solutions designed 
to site a new system with a design flow of 900 
gallons per day included:

• Locating the tank and treatment unit in the 
building basement;    

• Pouring a concrete tank in place because it 
would not have fit through the door;

• Using a recirculating media filter because of 
its small footprint and low operational cost;  

• Doing most of the basement installation work 
by hand;

• Fitting the drainfield in a wedge-shaped alley 
alongside the building, using a 90 square 
foot bottomless sand filter.

 
Lot line

A view of the bottomless sand filter used as a drainfield, and located in a narrow alleyway between buildings.  Under construction, left, showing layout of pipes, and com-
pleted sytem, right.  The filter is about 90 square feet.  The other system components are located in the building basement.

A Unique Installation

This type of repair represents an extreme 
situation that is more costly than a typical 
alternative system installation.  In fact, in 
a village with many difficult repair sites, 
clustering homes together in small groups of 
cluster systems, or collecting flow to a larger 
treatment unit, may be more economical.  This 
type of community solution requires a great 
deal of effort on the part of town officials and 
landowners.  In addition, reaching community 
consensus on the preferred solution can be a 
long process.  Allowing individual landowners 
to find their own solutions, perhaps in voluntary 
cooperative agreements with neighbors, may 
not be the most cost effective solution, but it 
can be the simplest to implement.

Tanks and treatment units are in the basement of the 
building.
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Chapter 4:   Rebuilding an Historic Village
This historic community straddles a river that 
once supplied power for the mills that employed 
its residents.  Now the village is quieter, the 
mills are no longer in operation, and residents 
go elsewhere to work.  The community has 
maintained its rich legacy of buildings, and it’s 
surrounded by hundreds of acres of undeveloped 
open space.  However, that open space is zoned 
for residential development.

Like many mill villages, this one is split between 
two towns, and it is further bisected by both the 
river and a rail line.  While this complicates efforts 
to prepare a unified plan for the area, it creates 
a situation where many groups are interested in 
working cooperatively to help improve the area.  
As shown in the photographs (right and below), the 
village is comprised of a narrow Main Street with 
houses close to the road.  Small lots and nearby 
water often complicate efforts to adapt old villages 
to new uses, and many of the properties are 
dependent upon individual wastewater systems.  
The units are typically below modern standards, 
and businesses struggle with a perceived lack of 
parking.  A restaurant recently moved out of the 
village when a suitable wastewater system could 
not be designed for the small lot.

Conventional Development Scenario

Zoning requirements for half-acre lots and 
constraints on septic systems and parking make 
it difficult to develop new homes and businesses 
in the village center.  Development tends to 
progress in the countryside, where large parcels 
with good soils and easy access are subdivided 
first.  Most businesses abandon the village center 
for the commercial zone on nearby highways.  
Small local shops have trouble competing with 
the larger regional chain stores, and the cycle of 
disinvestment in the village center grows worse 
as people have fewer reasons to be there.  

The development that replaces historic 
buildings tends to follow a few simple models.  
Residential cul-de-sacs reach out across the 

forested hills surrounding the village with one or 
two acre house lots.  Commercial development, 
whether at the scale of a convenience store or 
supermarket, follows the basic strip mall model, 
with a large paved area in front for parking, 
beyond which is a simple slab-like building.  
Zoning ordinances that require roads, lots, 
and buildings to be spread out, often with 
the purpose of preserving open space on 
each lot, ironically result in all existing open 
space being irrevocably changed into sterile 
suburban lawns and remnant patches of forest.  
Standards for individual wastewater systems 
designed to mitigate problems by lowering density, 
rather than improving treatment, exacerbate the 
problem.

Existing conditions: an historic mill village in need of revitalization.

The small lots and narrow streets that give the village 
its charm can hamper redevelopment efforts.

Hypothetical Design Scenarios
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Creative Development Scenario

A creative development scenario preserves 
existing homes, streets, and businesses as the 
heart of a revitalized village center.  Development 
is kept off the surrounding hills and instead 
channeled into carefully-designed extensions of 
the village and along existing streets.  A mixture of 
residential, small-scale industrial, commercial, and 
office development is encouraged within existing 
buildings, as well as in new structures that fit the 
scale and character of the historic village.

A permanent greenbelt of protected open space 
is preserved around the village; trails provide 
physical access to this surrounding open space, 
and sidewalks connect different parts of the 
village.  Thus, while individual lots may be small, 
quality of life remains high.  Outside the village 
center, a new commercial node is created where 
Main Street intersects the state highway.  Here, 
a masterplan with design guidelines directs the 
development of each lot so that attractive buildings 
front the road and screen out rear parking lots.  
Unified landscaping, pedestrian connections 
between buildings, and preservation of a key open 
meadow, make this new commercial cluster an 
asset rather than an eyesore.Conventional development scenario of an historic village, showing strip commercial development along the 

state highway in the right foreground, and low-density residential subdivisions on the surrounding landscape.  
Neither type of development (examples, below) fits into the pedestrian friendly pattern of the original village. A Wastewater Treatment Scenario for 

Rebuilding an Historic Village

Historic villages that promote development may 
face wastewater treatment challenges due to small 
lots, nearby water, and the general reliance upon 
onsite systems. As in the previous village revital-
ization example, using alternative onsite systems 
and cluster systems opens new possibilities to 
achieve the future development scenario. Central 
collection to a large cluster system serving much of 
the village may be feasible if a large area is avail-
able for final wastewater treatment and dispersal. 
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Creative development of an 
historic village (above), showing 
redevelopment of a compact mixed 
use center along the highway in 
the foreground, and new homes 
clustered around the edge of the 
existing village in the distance.  In 
the detailed view of the village (right), 
new streets are shown as extensions 
of the existing grid of streets.  Lot 
sizes, setbacks, and the mix of 
uses follow the patterns, densities, 
and design standards embodied in 
the original village.

However, this option also requires the greatest 
investment of local resources. The central collec-
tion option can be difficult to implement because 
of the need for large-scale feasibility studies, 
uncertainties in projecting costs-benefits of public 
investment, limited staff available to oversee a 
project, and most importantly, the need to reach 
agreement among existing system owners to fund 
and tie-into a central facility.  These challenges are 
generally very difficult to overcome except where 
urgent public health or environmental needs call 
for an immediate wastewater solution and where 
substantial public funds or private investment is 
available to offset costs. In this case study, a 
combination of onsite systems and small scale 
cluster systems would be easier to locate and 
fund as substandard systems are gradually 
replaced or upgraded with new investment.

As in the village revitalization example, a site-
specific analysis is needed to identify lots where 
low-cost, low-maintenance conventional systems 
can be used versus alternative technologies for 
individual lots or cluster systems. In this case  the 
village is built at a greater density, and the oppor-
tunity for expansion and new investment  opens 
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new wastewater treatment pos-
sibilities.  A small-scale cluster 
system may become an attrac-
tive repair option when homes 
are grouped closely together 
with limited land for new leach 
fi elds. Larger-scale cluster sys-
tems or pre-fabricated “pack-
age” plants generally become 
cost effective for new develop-
ment projects where design 
and financing decisions are 
made by one land developer, 
not multiple landowners each 
facing high costs, financing 
decisions and legal agree-
ments. 

Where a large scale cluster is 
planned for new development, 
a little fl exibility in wastewater 
treatment design may open 
new possibilities. For example, 
homeowners with substandard 
systems where advanced treat-
ment is the only option could 
be allowed to tie into a cluster 
system serving a new neigh-
borhood or commercial center, 
potentially reducing costs for all 
involved.  Although a lot-by-lot analysis would be 
needed to fully evaluate these options, a prelimi-
nary screening can center on small neighborhoods 
and groups of businesses within the village.

Preliminary Wastewater Treatment Options

The plan view map above shows the potential 
creative development alternative with existing 
buildings highlighted by the red overlay.  This new 
development alternative was designed to account 
for property ownership boundaries, soils, topog-

raphy, and undeveloped shoreline buffers, but is 
still a concept plan that would be refi ned using site 
specifi c information and fi eld data as each piece of 
the development proceeds.   The following over-
view describes wastewater treatment possibilities 
for different segments of the village.

j Protecting public water supplies. 

Many homes and businesses are served by a 
community well located within the village. Avail-
ability of public water greatly enhances fl exibility in 

siting onsite wastewater treatment systems, how-
ever, protection of this wellhead area is essential.  
Ideally, no development would be allowed within 
a 400 foot radius of the well.  Within the wellhead 
area, forest or low-intensity use is preferred. New 
construction and onsite wastewater treatment sys-
tems should be located as far away from the well 
as possible.  Advanced treatment may be required 
depending on the density of development and total 
wastewater fl ow.  This area would be off-limits to 
large cluster systems serving other sections of 
the village.

2

5

1

3

4

A Wastewater Treatment Scenario for Rebuilding an Historic Village
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k Renovating historical structures.  

In this village center, abandoned mills, once the 
center of village life, could be restored and reno-
vated for small businesses or apartments.  An 
advanced wastewater treatment system using 
textile media filters, recirculating media filters, 
or pre-fabricated treatment unit would be suited 
for a small area.  Use of an alternative shallow 
drainfield would enhance phosphorus removal to 
protect nearby water and provide greater flexibil-
ity in drainfield siting compared to a conventional 
leachfield.  This system could be designed to 
accommodate additional flow from nearby exist-
ing homes where repairs are limited by suitable 
soils.  Regular maintenance of the system would 
be conducted by a qualified maintenance pro-
vider with maintenance reports periodically sent 
to the town. The system could also be owned and 
operated by a responsible entity such as a water 
or wastewater utility company for more secure 
management.  

l Selective use of advanced technology 
      for existing development. 

As in the village revitalization scenario, a lot-by-
lot investigation would be needed to determine 
if onsite wastewater treatment systems can 
meet future needs, assuming existing systems 
will eventually have to be replaced. To minimize 
costs and total wastewater volume requiring 
off-site treatment, conventional systems would 
be preferred wherever soils and site conditions 
are suitable. This investigation would identify lots 
where advanced treatment is necessary to avoid a 
large fill system, where these technologies provide 
the only repair option, and where off- site treatment 
is needed using a cluster system. Through map-
ping and field investigations, potential locations 
for shared drainfields would be identified.  Choos-
ing between using a small shared cluster system 

serving two or more existing homes versus con-
necting to a larger system designed for renovated 
mills or other new development would require an 
in-depth cost analysis.  The final decision may 
depend on whether individual homeowners are 
ready to abandon an existing system and reach 
agreements on drainfield locations, access ease-
ments and maintenance contracts. Obtaining 
homeowner commitment is important since cost 
efficiency will vary depending on the number of 
homes connected.

m Cluster systems 
       for new village development. 

The choice to install an advanced system makes 
development at high density possible, while mini-
mizing sprawl, preserving outlying open space 
and valuable farmland, and maintaining historic 
village appeal. Innovative land use controls such 

as Transfer of Development Rights can be used 
to protect open space beyond the village borders 
while directing investment to infill and redevelop-
ment within. These new neighborhoods would 
have the option of using advanced cluster waste-
water treatment systems. Again, these could be 
designed with additional capacity to serve sur-
rounding homes where connection to a central 
system is more cost effective than alternative 
system repairs on individual lots. Management 
of one cluster system is also more efficient than 
individual systems from both the homeowner’s and 
municipal perspective.

n  Designing septic tank effluent 
       collection and treatment systems. 

Looking more closely at one portion of the future 
development scenario illustrates how a wastewa-
ter treatment system can be designed to expand 

The opportunity to redevelop old mills is often lost unless a solution for wastewater treatment is available that 
can handle the higher density of homes and/or businesses.
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an existing village center.  In this example, small 
cluster systems would be designed to serve about 
30 new homes and a few existing buildings that 
may need to repair or expand an onsite system. 
These units are located in a portion of the village 
where surface topography enables gravity collec-
tion of wastewater from septic tanks.  This tech-
nique helps lower the costs by approximately 35 
percent, and it eliminates the need for pumps.  

The new homes are divided into four roughly equal 
districts, with each district having its own collec-
tion, treatment, and dispersal system.  The main 
advantage of splitting the flow into several smaller 
systems is that the risk of a failure affecting all of 
the homes is lowered, yet the homeowners still 
realize the cost savings associated with a shared 
system.  In addition, the smaller drainfields can 
fit into tighter available space. Clustering homes 
in small groups allows greater flexibility to design 
according to topography changes and so allow 
gravity flow from the septic tank to the treatment 
unit without additional pumps.

The conceptual design for this case study, as 
shown to the right, depicts the district layout, the 
collection network, and the treatment trains for 
each district.  The individual septic tanks (A) at 
each home achieve solids retention and settling; 
the recirculation tank (B) and recirculating 
media filter (C) lower wastewater strength, and 
treated wastewater is dosed to a shallow narrow 
drainfield (D) located in the commonly-owned 
open space.

Septic 
Tank

Treatment 
Unit
Drain 
Field

Pipes
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Historic Village Growth 

The Donovan’s Farm project is a real-world 
example that illustrates how creative development 
principles and an alternative collection and 
treatment system can be used to expand an 
historic village while preserving large amounts 
of open space.  The Donovan’s Farm project 
began when the town of Norwell, Massachusetts 
decided to buy a 175-acre estate to preserve an 
historic farmstead and the surrounding meadows.  
A wooded portion of the property was slated for 
development to recover some of the public 
investment and to provide needed housing for 
seniors.  Guided by a masterplan, a 40-acre 
parcel was sold to a developer, of which only 1/3 
was cleared to build the new village of 40 homes.  
Houses are detached, with shared driveways.  
They are close together but surrounded by 
protected open space, through which trails will 
connect to a town-wide recreational system. 

A consistent architectural theme can pull a project together visually, which is especially important when houses are arranged 
as a traditional village.  Despite small lots and setbacks, privacy is assured with traditional elements such as fences, hedges, 
and stratigically-located plantings.  Each house also has a small private backyard with views of protected open space.

Community
Building

Layout of the Donovan’s Farm 
Conservation Development.

Over 150 acres of open space was protected through 
the project.
 
As a result of a favorable housing market, the town 
was able to keep over 150 acres in permanent 
conservation and provide some needed diversity 
in its housing stock.  Waste from all of the homes 

Real-World Case Studies for Rebuilding an Historic Village

Wastewater 
Treatment 
Unit

Drainfield
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is pumped to a cluster treatment system that uses 
a pre-fabricated fixed film, sequencing batch 
reactor.  The wastewater is first collected in a dual-
chamber septic tank, from which it cycles through 
a separate pump chamber and two treatment unit 
reactors.  Once a batch of effluent has received the 
necessary amount of treatment, it is discharged 
to a drainfield.

A New Cluster Subdivision

The Littles Hills subdivision in Georgetown, 
Massachusetts, demonstrates how advanced 
treatment systems can support the expansion of 
an existing town growth center.  This subdivision 
is a relatively large project, containing 45 four-
bedroom homes, producing a total of 19,800 
gallons per day.  The subdivision has clustered 
one-acre lots, with a two-acre average density, 
and public water.  Fifty percent of the parcel was 
reserved as open space.  The design allowed 
for the houses to be constructed with less land 
clearing and tree removal, reducing erosion 
potential from some of the steeper slopes.  With 
public water available here, greater flexibility in 
local zoning may have allowed more compact 
siting on 1⁄2 acre lots or smaller.

With wastewater flows greater than 10,000 
gallons per day, more complex treatment units 
may become highly feasible due to factors such 
as cost effectiveness, treatment efficiency, system 
reliability, space requirements for treatment 
units, and maintenance needs.  The cluster 
system selected for this site is a pre-fabricated 
unit.  All wastewater flow is collected in a septic 
tank followed by a flow equalization tank.  The 
treatment unit is an aerobic rotating biological 
contactor followed by a secondary clarifier and a 
deep bed sand filter.  Ultraviolet light disinfection 
for pathogen removal occurs before discharge to 
a subsurface leaching field of plastic chambers.

Layout of the alternative wastewater treatment system 
for Donovan’s Farm Project.

Drainfield

Treatment
Unit

The treatment unit is located in a barn at one end of the 
central open space, while the drainfield area serves as 
a town green with gazebo.

The structure containing the Littles Hill rotating biologi-
cal contactor treatment unit looks like any other country 
barn and fits into the wooded landscape.  Fifty percent 
of the parcel was preserved as open space (below). 
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Hypothetical Design ScenariosChapter 5: Creating a New Town Center
The site of this proposed new town center is a sparsely settled area.  
It is wooded, except for a truck stop and gravel pit.  Like many areas 
near the interstate, it is zoned for a mixture of strip commercial, 
residential, and industrial uses, each separated according to proximity 
to the highway.  The illustration to the left depicts a portion of this area 
along the state highway.  Existing development is scattered along the 
roadside adjacent to the site; it includes several small commercial 
and industrial buildings and a large truck stop, which caters to traffic 
on the interstate.   

The town’s compre-
hensive plan identified 
this area as a good 
location for a town 
center, and preliminary 
plans have described 
an office park opposite 
the truck stop.  A town 
center could combine 
town government offices 
and emergency services 
with other municipal uses such as schools.  These uses are currently 
scattered across the town, which lost its original village center to a 
state reservoir project.

Issues of water supply and wastewater treatment weigh heavily on 
plans to develop the area.  While full build-out of the district could 
support a municipal wastewater system, it will likely take decades 
before there are enough users to make such a system financially 
feasible.  In the meantime, users will continue to build individual 
systems, which will force structures further apart and make it difficult 
to build at densities appropriate for village centers.

Existing conditions of the proposed town center area.A truck stop dominates existing uses on the site.

The site is adjacent to Interstate 95.
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Conventional Development Scenario

Conventional zoning would suggest a narrow strip of commercial and 
industrial development along the highway, with residential districts 
behind it, causing development to occur in a haphazard fashion as 
lots become available.  With nowhere else in town to go, a variety of 
uses find their way here, with small-scale industrial and warehouse 
buildings placed next to commercial, office, and retail structures.  The 
result is a chaotic pattern of development with no focus of activity other 
than highway traffic.  With one or two curb cuts from each lot, drivers 
must dodge cars pulling in and out from all directions.  Eventually the 
situation becomes so dangerous that the highway needs to be widened 
for extra turning lanes.

The result of this conventional development pattern is an environment 
that is increasingly dangerous for pedestrians.  Walking between 
adjacent businesses is difficult, and crossing the highway on foot is 
impossible.  People living in surrounding neighborhoods cannot walk to 
businesses on the highway, so they must drive to each stop.  Ultimately, 
all of the businesses along the strip have a hard time competing 
against those who build a more functional and attractive strip mall or 
supermarket nearby.  The result is a continuation of the boom-and-
bust cycle typical of commercial strips.  From the town’s perspective, 
one of the gateways to the community is lined with a chaotic gauntlet 
of parking lots, signs, and flimsy commercial structures.

The strip commercial zoning that applies to the site would likely lead to 
development of the typical automobile-dependent uses such as small strip 
malls (above), gas stations, and self-storage facilities. Conventional development scenario.
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Creative Development Scenario
In the creative development scenario, traditional village planning 
principles are used to create a mixed-use village.  The town center 
is organized around a town green, extending on both sides of the 
state highway.  By bringing buildings closer together, open land 
around the outside of the village can be permanently preserved 
as a greenbelt.  Residential, commercial, and civic uses formerly 
separated by zoning are brought together into a walkable, mixed-
use center.  Shops, restaurants, and small office buildings line the 
town green, with apartments on the upper floors.  Single and multi-
family dwellings line side streets. 

Within the village, some of the most visible building sites are 
set aside for community buildings, which could include a library, 
emergency services, school, youth or senior center, or government 
uses.  Other lots could be reserved for religious buildings. Flexible 
guidelines for building size, proportions, rooflines, fenestration, 
and materials establish a common vocabulary for the entire 
development. In keeping with the rural character of the town, the 
size and scale of buildings would be kept within limits.  

The public space along the street is the center of activity, and is 
a physically comfortable and visually appealing experience for 
pedestrians.  Traditional village landscaping is anchored by plantings 
of large shade trees in the central park and along the streets.  Low 
shrub plantings soften lines of buildings and help screen parking 
lots.  Open space areas also contain a comprehensive stormwater 
management system, where a series of ponds and constructed 
wetlands hold and treat runoff before discharging it back into the 
ground.

Circulation is organized by a simple loop road around the central 
green connected to an irregular grid of side streets.  Many possible 
routes reduce congestion, allowing roads to be narrower.  Parking 
is distributed around the village.  On-street spaces provide short-
term parking for patrons of shops and restaurants, while additional 
parking hidden around the sides of the buildings is shared by 
different uses: office workers during the day, residents and visitors 
at night and on weekends.

Creative development scenario.
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Wastewater options for new community growth 
centers can be numerous.  This hypothetical 
scenario is an ambitious, highly intensive use 
in a rural area that has limited drinking water 
availability.  Although such a project would be 
possible in a geologic setting with high-yield 
sand and gravel aquifers, this site has glacial 
till soils, where the typical drilled bedrock wells 
produce lower groundwater yields.  The merit of 
this scenario is that it helps show some of the 
challenges that a community would face with 
water and wastewater infrastructure issues, 
while trying to preserve open space.  Several 
wastewater options were selected to depict what 
could be used for this town center project.  The 
common goal for each option, however, is to 
conserve water and to use treated wastewater 
for landscape irrigation in order to help ease 
the community’s water quantity problem.  
Consequently, the following section addresses 
decisions regarding water supply and wastewater 
treatment.   
  
Water Supply

The town center blend of housing, shops, 
restaurants, and small offices with upper-floor 
apartments would all need to be serviced by a 
community water supply system.  The following 
two water supply options exist:

• Significantly extend municipal water from 
the existing service district through a rural 
area zoned for low-density development.  
This would provide sufficient water, but at 
a high construction cost.  The availability 
of public water is also likely to create great 
demand to allow more intense development 
through the rural greenbelt surrounding this 
site.  Without very strong controls, this could 
easily generate linear sprawl-type growth 
along the water line.

• Construct a public water supply onsite at 
a sufficient distance from critical portions of 
the wellhead, or off-site where aquifers may 
be higher yielding.  In each case, a water 
storage tower will be needed to accommodate 
peak needs, especially with low yield wells.  
Provisions must be made for alternate backup 
sources when the system is shut down for 
maintenance.  Construction of a new public 
supply is a major undertaking, with permanent 
responsibilities for routine 
system maintenance, repair, 
replacement of major system 
components over time, 
source water protection, 
water treatment, monitoring, 
and reporting.  In recent 
years, with detection of 
water-borne pathogens 
causing disease outbreaks 
in some areas, the trend has 
been toward more frequent 
monitoring requirements 
with increasingly stringent 
standards.  Whether the new 
supply is a small well serving 
a block of retails shops or a 
new community well serving 
an apartment complex and 
office park, the water supplier must be able 
to demonstrate the financial and managerial 
capacity to manage the supply over the long 
term.

The Treatment System

In this type of intensive development, where 
buildings have large footprints and are clustered 
closer together, individual treatment systems 
become more difficult to site.  Consequently, 
sharing treatment units can become more cost 
effective.  The options would typically range from 

constructing one large pre-fabricated treatment 
unit capable of handling all future development, to 
multiple, smaller cluster systems serving different 
segments of the project.  

Conventional treatment is considered adequate 
for low-density development and small-scale 
commercial development.  However, this is an 
intensely developed site, with large flow systems 
clustered together, so advanced treatment is 

A Wastewater Treatment Scenario for Creating a New Town Center

considered essential to protect groundwater 
for public and private wells.  Under these 
circumstances, performance standards should 
be established requiring significant nitrogen and 
pathogen removal.  Technologies are available 
to reduce nitrogen concentration as low as 3 
mg/l.  With this level of nitrogen treatment and 
disinfection through the use of ultraviolet light, 
water re-use is possible for flushing.  This reduces 
total water use by at least 50 percent and reduces 
the size of drainfields needed.

The new center borrows design ideas from historic communities to create 
a pedestrian-friendly community.
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A possible hypothetical wastewater scenario for the 
new town center is shown to the right.  In this scenario, 
each building in the seven different wastewater zones 
(or districts) would have its own septic tank(s). This 
is depicted as A in zone 1.  Technologies depicted 
in treatment zones 1 through 4 and zone 7 use 
recirculating media filters for advanced treatment.  
These recirculating systems, selected for areas with 
more available space, are less energy intensive 
than several other treatment options.  They also are 
usually a simpler technology with lower operation and 
maintenance requirements.  

Systems 5 and 6 use pre-fabricated treatment units 
such as sequencing batch reactors and fixed activated 
sludge technologies.  These two technologies have 
fairly small footprints and fit more efficiently in locations 
that have limited available space.

In the case of the recirculating media filter systems, 
effluent from the septic tanks would flow to recirculation 
tanks (component B in zone 1) and recirculate to the 
media filter surface (C).  The final treated wastewater 
would be dosed to either a shallow narrow drainfield 
(D) or to a drip irrigation field (E), where further 
reduction of nutrients (nitrogen and phosphorus) 
would likely occur.  The wastewater dispersed in these 
drainfields would eventually recharge groundwater in 
the same watershed where water removals occur.

Wastewater from the septic tanks in systems 5 and 
6 would flow by gravity to a flow equalization tank, 
designed to store and meter out wastewater on a 
uniform basis.  Effluent from the equalization tanks 
would flow to their respective systems for advanced 
treatment.  In this example, the sequencing batch 
reactor (zone 5) and the fixed activated sludge 
system (zone 6) are the advanced treatment units.  
Final wastewater would be pressure dosed to either a 
shallow narrow drainfield (D) if space is limited, or to 
a drip irrigation field (E) if more space is available.

Septic 
Tank

Treatment 
Unit
Drain 
Field

Pipes

Treatment Zone 
Boundaries

1
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A New Town Center Built from 
a Strip Commercial Zone

Located in the unsewered community of 
Mashpee, Massachusetts, Mashpee Commons 
is a renovated strip shopping center that was 
designed to look like a traditional New England 
town center with mixed commercial and residential 
uses.  This real world example illustrates how 
alternative wastewater treatment technology can 
promote the redevelopment and revitalization of 
a community.
  
The project is located near the Mashpee River 
and estuaries, water resources that are sensitive 
to nitrogen inputs.  The design had to address 
both nitrogen reduction to the Mashpee Estuary 
and the expected 80,000 gallon-per-day use.  In 
a further effort to reduce environmental impact, 
the Commons was also designed to reduce 
dependency on cars.  It is possible to walk or 
bike almost anywhere in the village, and there is 
easy access to mass transportation systems.  The 
roads are narrow and the parking areas small in 
order to reduce impervious surface runoff.  The 
buildings are constructed with energy saving, 
“green” technology, and approximately 65 percent 
of the land is open space.  

The system designed for this project consisted of a 
pre-fabricated cluster system.  The treatment train 
includes septic tanks and flow equalizer tanks, 
rotating biological contactors followed by clarifiers, 
denitrifying units, ultraviolet light disinfection, and 
open sand infiltration beds for dispersal of final 
effluent.

Two views of the pedestrian-friendly center of Mashpee Commons.

A bird’s eye view of Mashpee Commons.

Real-World Case Studies for Creating a New Town Center
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A Mixed-Use Town Center

The town of Portsmouth, Rhode Island has 
proposed a revitalization project known as the 
“Town Center” district, in order to transform a 
linear, heavily traveled transportation corridor 
with conventional strip commercial zones into 
a more pedestrian-friendly business district with 
mixed residential, institutional, and government 
buildings.

Since this community is completely unsewered, 
the use of advanced treatment technologies is 
necessary to support the compact village-style 
design.  Aquidneck Place, an independent 
and assisted living facility located in the Town 
Center district, represents the first phase of the 
project, and an onsite system is operational.  The 
second phase of the project involves commercial 
development on an adjoining lot.  This project 
efficiently uses advanced technologies to support 
institutional and commercial uses.

A modular pre-fabricated treatment unit was 
selected based upon initial and life cycle costs.  
This trickling filter was designed to treat institutional 
wastes, which can be high in nitrogen, solids, and 
grease from kitchen facilities, and is characterized 
by erratic high flows.  The system consists of a 
grease trap, a septic tank, two recirculating trickling 
filter units, followed by a deep sand filter.  Final 
treated effluent is dispersed to drainfield trenches 
(concrete chambers).  The system occupies a very 
small footprint, with most of the components being 
self-contained, underground units with lids visible 
at the surface.  The drainfield, which will be shared 
with the commercial buildings, is located in an area 
that will become a parking area for the commercial 
center.  Additional modular treatment units will be 
added to accommodate the second phase.

 

The current travel corridor through the town center is shown on the left.  The proposed redesign has a more 
village-like network of roads, bikeways, and village-scale development with buildings set close to sidewalks and 
roads.

The front view of Aquidneck Place is shown on the left.  The only components of the Aquidneck Place treatment 
system visible from the surface are the lids shown on the right. 
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The area under consideration as a potential rural 
economic center is an important gateway to two 
communities, one rural and one more suburban.  
Currently zoned for half-acre to three-acre house 
lots, the site is now used primarily for agriculture.  
For the rural town, the site has the best access 
to major roads and represents a logical develop-
ment area.  For the more suburban community, 
the site is considered part of an agricultural 
greenbelt that should be protected from devel-
opment.  There is an obvious conflict between 
potential uses. 

Chapter 6: Building a Rural Economic Center

View of the site from the state highway.

Existing Agricultural Area Proposed for Development

Two state highways that intersect in one corner 
of the study area provide access to potential 
development sites. The land is largely open and 
easily developed, with the largest portion in use as 
a wholesale nursery for trees and shrubs.  Across 
the road, cornfields and woodlots retain some of 
the historic appearance of the small farms that 
once characterized the region.  Residents of both 
towns enjoy the views of fields and woods, but 
there is little funding available for public purchase 
of open space.  Additionally, many landowners rely 
upon the anticipated future sale of their parcels to 
support their retirement plans.

Hypothetical Design Scenarios
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With a mixture of cornfield, nursery crops and woodlands, the site represents 
the rural border of two towns.

The site is zoned for large-lot residential subdivisions.  As shown in this example 
from New Jersey, the result has little to do with the traditional agricultural landscape 
of most rural towns.

Large lot zoning raises the price of land and forces developers to build the biggest 
house they can sell.  The result is often a monoculture of large homes.
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Conventional Development Scenario

Farmers planning to retire have few options 
here, since zoning allows only for residential 
development.  With a half-acre minimum lot size 
in one town, and three-acre lots in the other, the 
farmland is quickly converted to subdivisions.  
Usually the frontage lots are sold first, lining 
once-scenic rural roads with houses.  Large lot 
zoning, especially over 3 acres, can slow the 
subdivision process if values don’t support the 
expense of road construction.  However, once 

Conventional Development Scenario

lot prices reach a threshold, a major road is built 
and the farmland is lost forever.  Faced with this 
situation, landowners advocate wholesale zoning 
changes, often to permit large-scale commercial 
development.  This can be politically popular, 
as towns realize the fiscal impact of residential 
development on their tax base and look to 
commercial growth to support the cost of local 
schools and services.  Continued farming is rarely 
part of the equation. 

As in many areas on the suburban/rural fringe, the 
potential sales value of development lots is not 
high enough to support a very high level of design 
or construction quality.  Commercial centers tend 
to be cheaply-constructed, with little landscaping.  
House lots are usually sold to individual builders 
or future homeowners, so style and quality varies 
widely.
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 Creative Development Scenario

The overall goal of this scenario is to provide a 
vibrant rural economic center, while preserving 
large amounts of agricultural open space and 
maintaining a sense of rural charm.  With at 
least 75 percent of the farmland in the study area 
permanently protected, growth is channeled 
into a new mixed-use village centered on the 
intersection of the two state highways.  Office 
and commercial buildings comprise the quadrant 
that is now part of the nursery.  These buildings 
would be marketed to firms with a connection 
to the existing farm economy: small-scale food 

Creative Development Scenario

processing, direct marketing of fresh produce to 
consumers, and various farm management and 
support services.  One possibility would be a 
farmer’s market structure, which would serve as 
a place where local farmers could come together 
to sell their products with low overhead and flexible 
rates.  This facility could also contain the large 
kitchen, storage, and refrigeration equipment 
needed for local farmers to experiment with 
value-added goods such as gourmet cheeses, 
pies, and preserves.  

Across the street, business development is 
consolidated into a commercial core, with new 

residential streets rounding out the village on 
the outside.  A clear edge is established between 
village and countryside, which can never be further 
developed.  While the character of the area 
would certainly change, the essential rural 
pattern of open space surrounding a compact, 
walkable village would be retained. Expanding 
traditional agricultural land uses to include this 
type of rural mixed-use, allows a commercial zone 
to add income to farm families faced with falling 
crop prices, rising taxes, increasing land values, 
and development pressure.  This helps farmers 
keep their land in agriculture, while preserving the 
rural character that residents enjoy.
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Wastewater infrastructure associated with this 
agricultural center does not have to be complicated 
or expensive.  It does need to protect public and 
environmental health, and the system must be 
appropriate for the types of enterprises that will 
bring economic sustainability to this agricultural 
center.  

In this scenario, several different types of 
businesses are likely to occupy the site such as 
office space, gift and retail shops, a sandwich 
shop, and a small bakery and coffee shop.  Several 
farmers share a cooperative facility to make value-
added farm products such as cider, jelly, honey, 
and other specialty canned fruit and vegetables.  
This diverse mix of uses generates three types of 
waste that could be handled separately to better 
manage the different waste characteristics and 
variations in flow.  The offices primarily generate 
sanitary waste; the sandwich shop and bakery 
generate high strength wastewater that requires 
special grease handling, while the cooperative 
food processing facility generates larger volumes 
high in BOD and suspended solids. 
 
Deep, well-drained soils on this site are 
favorable for onsite treatment, with plenty 
of available space for conventional septic 
systems.  However, advanced treatment is 
considered preferable to avoid additional loss 
of active farmland and to protect groundwater.  
A small community well located in an adjacent 
woodlot supplies water to this site, located partially 
within an upper watershed, draining to a river with 
sensitive aquatic habitat downstream.  Reducing 
stormwater runoff, maintaining natural hydrology 
with high infiltration, and providing maximum 
protection of wetland and stream buffers are 
priorities.  Using advanced treatment systems will 
reduce space needs to maintain wide undisturbed 
riparian buffers and provide flexibility in siting 
bioretention areas.

A Wastewater Treatment Scenario for Building a Rural Economic Center

Wastewater treatment options for the site are 
illustrated above, using three different systems.  
Treatment zone 1 in the northwest corner of the 
site, which contains retail shops, a bakery and 
coffee shop, and office space is served by one 
system.  The treatment train here includes septic 
tanks (A) at each of the four main buildings in 
this area; the bakery also has a grease trap.  
Wastewater from these tanks will flow by gravity 
to a dosing tank (B) that will dose septic tank 
effluent into a low-pressure, small diameter pipe 

drainfield (C) that is placed within 18 inches of 
the ground surface.  As flows and uses begin 
to increase, and retail and office space usage 
becomes more intensive, modular single-pass 
media filters (located at D) will be placed before 
the drainfield, taking advantage of buffers between 
the tilled farmland and the new development.  This 
effluent will be dosed to the original drainfield.  This 
phasing scenario allows for an easy expansion 
of the system as the income from the property 
increases.

Wastewater treatment system components for a rural economic center.
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An Agricultural Business Helps a Rural Eco-
nomic Center

Sakonnet Vineyards is located on 100 picturesque 
rolling acres in the Sakonnet River watershed of 
Little Compton, Rhode Island.  The dense, silt 
loam soils of the vineyard are far better suited 
for grape production than for development 
or wastewater treatment.  Consequently, this 
vineyard provides a real world example of how 
innovative wastewater treatment technology can 
expand an agricultural business, while creating 
a sense of community and rural charm for local 
residents and visitors alike.  

The vineyard produces over 30,000 cases of wine 
per year, and tours of their facility are a popular 
attraction helping to support local tourism.  At this 
production level, approximately 230,000 gallons 
of process water is generated.  The vineyard had 
an existing farm pond that was too small for the 
winery’s load of wastewater, and subsequently 
the lagoon became anaerobic and odorous.  The 
overflow from this lagoon had drained to a ditch 
that flows to a wetland and then to a drinking water 
reservoir.  Providing maximum settling of solids to 

reduce BOD and phosphorus inputs to the wetland 
was critical.

A new, one-third acre aerobic lagoon was designed 
with an increased surface area and mechanical 
aerator.  The storage depth is between two and 
five feet, and it has a total capacity of 320,000 
gallons.  This enlargement is sufficient to handle 
wastewater generated during harvest season 
and the subsequent three months.  At capacity, 
the lagoon water level can be lowered by means 
of an irrigation system, which sprays water over 
approximately three acres of recreational fields 
and woodland for fifty-five days.  The crops are not 
irrigated with wastewater because of the potential 
for disease.  Since the lagoon site is located near 
a wetland complex that drains to a public drinking 
water supply reservoir, this wastewater treatment 
upgrade is helping to protect drinking water 
quality for Newport County residents, recycling 
limited water supplies, and sustaining productive 
agricultural open space.  When designing a 
storage lagoon, it is critical that the lagoon is able 
to accommodate wastewater flows combined with 
precipitation to ensure that the lagoon does not 
overflow and does not require draining outside of 
the proposed schedule.

A View of the Vineyards Wastewater lagoon.

The retail, flower, antique, gift, and sandwich 
shops located in the four buildings in the northeast 
corner of the site (treatment zone 2) will use a 
recirculating media filter.  This technology was 
selected because space is limited in this area, 
and the media filter will consistently produce 
high quality wastewater that can be dispersed in 
a relatively small footprint.  Each building will have 
its own septic tank (A) for solids settling.  Effluent 
from these tanks will flow to a recirculation tank 
(B), which will recirculate wastewater to the surface 
of a media filter (C).  A grease trap (D) handles 
flow from the sandwich shop.  Final effluent will 
be dosed to an at-grade bottomless sand filter 
drainfield (E) located in the landscaped area 
between the development and the road. 

The east central portion of the rural economic 
site contains the cider, jelly, honey, fruit and 
vegetable canning cooperative facility (treatment 
zone 3).  A small amount of sanitary flow from the 
two buildings would be handled by conventional 
septic tanks and drainfields.  All process water, 
which consists primarily of rinse water used in the 
cooperative’s production process, would flow out 
of the two facilities, into separate septic tanks (A) 
for solids removal.  Wastewater would then flow by 
gravity to a lined process water storage lagoon 
(B) at the field edge.  A pump house (C) at the 
south end of the lagoon would contain the pumps 
and equipment needed to irrigate horticultural 
plants, flowers, orchards, and vines (D) using 
drip irrigation emitters.  Irrigation needs in the 
cold months would be low which coincides with 
the exact time when production in the facility is 
lowest.

Real-World Case Studies for Building a Rural Economic Center
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Since 1995, the town of Jamestown, Rhode 
Island has been using a portion of its municipal 
wastewater treatment plant effluent to irrigate 
a town-owned golf course.  Although spray 
irrigation of treated wastewater is used in more 
arid regions, it is not widely practiced in the 
humid northeast.  This represents an interesting 
real world example for areas that are generally 
considered water rich, and it emphasizes one 
community’s goal to reach more sustainable 
development, build on local traditions, and 
maintain a respect for existing conditions.

There is often pressure to locate golf courses 
in rural fringe areas, and although they are not 
farmland, they do keep open views and are a low-
intensity use.  Some careful considerations need 
to be paid when irrigating treated wastewater 
to assure public health protection.  Treatment 
levels of nutrients and pathogens need to be 
closely monitored, and disinfection technology 
needs to operate effectively.  

In this case, town wastewater treatment facility 
staff check contaminant levels in effluent 
and work with golf course groundskeepers to 
irrigate only at night, no later than five hours 
before opening tee off, and not during high wind 
periods.  The nutrients in the treated effluent 
replace some of the traditional fertilizer inputs on 
this sustainable site.

Jamestown is an island community, entirely 
dependent on rainfall to recharge very limited 
groundwater supplies and small reservoirs.  
This wastewater irrigation system minimizes 
demand for pure water, reduces direct 
discharge of treated effluent to coastal waters, 
replenishes groundwater to supply local 
wells, and prevents salt water intrusion.

This golf course is irrigated with treated and disinfected wastewater.

Landscape Irrigating Fosters A Community Golf Course
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Open meadows, large forested parcels, and a 
series of historic mill villages lining an old state 
highway provide the setting for this study area.  
There is no dominant element that generates this 
area’s rural character.  Rather, it results from a 
great variety of natural and cultural landscapes 
within close proximity.  In this scenario, natural 
resources include streams, ponds, wetlands, and 
several large tracts of undeveloped woodland.  
Cultural resources include village centers, 
agricultural landscapes, and historic mill sites.

These resources are linked by several types 
of corridors: streams connect wetlands and 
waterbodies into an ecological system supporting 
diverse communities of plants and animals; 
rural roads link farmsteads and meadows into 
a continuous agricultural corridor; and old farm 
and logging roads make an informal network of 
recreational trails that link existing protected lands 
with village centers.

Current zoning for the area requires a two-acre 
minimum lot size.  Historic lot sizes are either 
much larger or much smaller than two acres.  
Like many rural areas, the diversity of uses and 
development densities has created a rich visual 
environment.  Much of the land has remained open 
and in active management for timber harvesting 
or agriculture, and there is room for both wildlife 
and people.

Chapter 7: Making New Rural Neighborhoods

Rural agricultural landscapes are important both as natural and cultural resources.

Existing conditions in a rural neighborhood.

Hypothetical Design Scenarios
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Conventional Development Scenario

Under current zoning, most of the study area 
would be developed at a density of two acres 
per unit.  Areas with poor soils, steep slopes, 
and difficult access have not been shown as 
developed.  In spite of this, the uncoordinated, 
large-lot development pattern pollutes water 
bodies, fragments wildlife habitat, and destroys 
scenic vistas and rural character.  

The rigid standards of conventional zoning make 
little sense in such a varied landscape, where 
suitability for construction varies widely from 

parcel to parcel.  Relatively few large lots are 
available close to village centers, which ironically 
have the best infrastructure, road access, and 
services.  Instead, large countryside farms are 
developed, in part because these have the room 
and free-draining soils necessary for individual 
septic systems.  In order to make money at these 
densities, developers tend to favor construction of 
large single-family houses on cul-de-sacs, which 
are more likely to produce a profit that offsets high 
per-unit construction costs.

The result of this process is a monoculture of 
suburban house lots, which blend neither with the 
rural landscape nor with the traditional streetscape 
of the villages.  The character and sense of place 
of both environments is lost.  Just as problematic, 
this narrow range of products no longer meets 
the needs of many existing residents and caters 
to an increasingly small segment of the larger 
marketplace, especially as the regional population 
continues to age and household size shrinks.

Conventional Development of a Rural Neighborhood

In the conventional development scenario, sensi-
tive natural areas, farmland and roadside views are 
impacted by large lot development.
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Creative Development Scenario

The creative development scenario uses 
the idea of “conservation development” to 
accommodate the number of units allowed 
by current zoning while preserving 50 to 75 
percent of the land available for development 
on each parcel.  By siting new development in the 
most suitable areas, site disturbance is minimized, 
wetland buffers are enhanced, and permeable 
areas are retained to recharge groundwater.  
Protected farmland and other open spaces 
connect, creating continuous greenways that form 
meaningful expanses of protected habitat. Flexible 
zoning rules make creative design possible by 

keeping overall density at 2 acres per unit, while 
allowing smaller or narrower building lots.  This 
design process exceeds typical engineering by 
addressing the visual character and surrounding 
context of the proposed development.  The 
process starts with a detailed analysis of natural 
and cultural resources, so that the development is 
designed around open space.    These techniques 
are described in The Rhode Island Conservation 
Development Manual, which offers a 10-step 
process for planners, developers, and local 
officials (Flinker and Millar, 2002).

If each subdivision project follows this “conservation 
design” approach, then the development process 
itself gradually creates a permanent, town-wide 
open space network.  Many towns and counties 
are beginning to provide guidance for these efforts 
with detailed open space plans.  By following these 
plans, a developer can avoid sensitive resources, 
contribute to town goals for open space, and 
enhance the value of building lots.  While individual 
house lots may be smaller than two acres, each 
homeowner shares in the views, character, and 
recreational potential of the protected open space 
that surrounds his or her property.

Creative Development of a Rural Neighborhood

In the creative development scenario, sensitive natural 
areas, farmland and roadside views are protected by 
building new villages on the most developable sites.
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The different types of landscapes present in a 
large rural district make a variety of development 
and wastewater treatment options possible.  
The choices are shaped by site conditions, 
environmental sensitivity, the amount of land to 
be preserved as open space, and how closely 
houses are sited together.  Because the type 
of subdivision suggested in the creative rural 
neighborhood scenario can vary widely, three 
different wastewater treatment options are 
described below. These range from the lowest 
development intensity and lowest level of 
management to the highest development intensity 
and management.   
 

1.  Managed Conventional Systems That Pro-
tect Open Space and Individual Wells 
  
The simplest and most widely used strategy for 
new, unsewered development is to site buildings 
in the most suitable locations for wastewater 
treatment using the conservation design methods 
described above.  Careful site analysis is needed 
to identify conservation areas and suitable areas 
for siting homes, drainfields, roads, and other 
improvements.  At an average density of two 
acres per dwelling unit, lot sizes can be safely 
reduced to one acre while still protecting individual 
wells, provided that soils and site conditions are 
favorable and that good site design practices are 
used.  This approach can save 50 percent of the 
parcel as permanently protected open space 
while also reducing site disturbance. Ideally, a 
local wastewater management program would 
be implemented to ensure that these systems 
are regularly inspected and maintained.

Conservation development includes a collection 
of methods  to promote good design, resulting in 
the reduction of pollutant loads, conservation of 
natural areas, financial savings, and increased 
property values. According to the Center for 
Watershed Protection (Schueler and Holland, 
2000), better design seeks to accomplish 
three goals at every development site: reduce 
impervious cover, increase natural lands set 
aside for conservation, and use pervious areas 
for more effective, low-impact stormwater 
management.  A thorough site analysis may 
include: reserving permeable soils for groundwater 
recharge, micro-managing runoff near the point 
generated, disconnecting rooftop runoff from 
drainage systems, diverting runoff to vegetated 
areas for storage and infiltration, and using small 
bio-infiltration areas and swales throughout the 
site. The goal is to mimic the predevelopment 
hydrology of the site, keeping similar patterns in 

the volume of stormwater runoff. 

2. Individual Wastewater Treatment System 
Drainfields Located in Common Open Space

Using a different site within the same rural 
neighborhood, this scenario illustrates a range of 
wastewater treatment alternatives for a slightly 
more compact subdivision.  In this scenario, 
new homes are clustered at the edge of an 
agricultural field. Using a circular road pattern, 
homes are centered around common open space, 
providing views from most homes and space for 
recreation. 

Conventional Systems with Drainfields in 
Common Open Space: Assuming soil condi-
tions are good for onsite wastewater treatment, 
a conventional system for each home would be 
the simplest approach.  The septic tank would 
be located on each individual lot, but drainfields 
would be positioned in the open space shared by 
all members of the development’s homeowner 
association.
 
Advanced Systems with Drainfields in 
Common Open Space: To allow more compact 
placement of new homes, drainfields can be 
located in the common open space but advanced 
treatment systems can be used to further reduce 
lot sizes to approximately half-acre size.  It is 
important to note, though, that the overall density 
remains two acres per dwelling unit.  A variety 
of time-dosed, packed-bed, media filters, config-
ured in either a single pass or recirculation mode 
could be used for these lots to achieve nutri-
ent and pathogen treatment. Where permitted, 
this technology would also allow the maximum 
reduction in system and drainfield footprint size.  
Use of shallow pressure dosed drainfields would 
enhance nutrient and pathogen removal in upper 
soil and safeguard water quality.
 

Wastewater Treatment Scenarios for a Rural Neighborhood

2

1

3

Three subdivisions shown in the creative development 
scenario illustrate where the following wastewater 
treatment approaches might best be applied.
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The picture on the left illustrates a conservation development project where fields and stone walls were preserved 
by siting houses in the forested area at the back of the parcel.  Conventional septic systems were used, and the 
stormwater drainage system was placed unobtrusively in the open field.  More than 50 percent of the property 
was preserved, including the farmhouse shown in the photo on the right.

A wastewater management program enforced 
by a homeowner association would ensure that 
components of the advanced onsite wastewater 
treatment systems are maintained as needed.  
Local oversight would still be needed to ensure 
that system maintenance is done properly and 
that contracts are renewed annually.  For a higher 
level of management, systems would be owned 
and maintained by a responsible management 
entity.

Advanced Systems with Drainfields in 
Common Open Space and a Public Well: 
To overcome individual well setback issues, 
another variation for this site would be to estab-
lish a small community well in place of individual 
wells.  The public well could be located in the 
adjacent wooded buffer area and would maintain 
the 400-foot setback from drainfields to public 
wells. 

This option significantly expands operation 
and maintenance needs for the homeowner’s 
association or any other owners of the public 
well.  The system owners would be required to 
demonstrate financial and managerial capacity 
to operate and maintain the well for the long 
term. These obligations would include complying 
with water supply monitoring and reporting 
requirements. Funds are typically held in escrow 
for future water supply system repairs and 
upgrading.

Area #2, showing septic tanks (yellow) on private lots and drainfields (green) in common open space.
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3.  Cluster Wastewater Treatment System 

An alternative small community system, or cluster 
system, is another wastewater treatment option. 
Each home would have its own septic tank (A) 
where solids would settle out, and relatively clear 
wastewater would flow to a recirculation tank 
(B).  A pump located in the recirculation tank 
would dose small amounts of wastewater to a 
recirculating media filter (C).  Wastewater 
would recirculate between the media filter and 
the recirculation tank before final dispersal and 
treatment in the pressure dosed shallow narrow 
drainfield (D) located in the commonly owned 
open space. Other treatment technologies, such 
as fixed activated sludge, can also be used for 
this location as a substitute for a media filter. 

This alternative may allow more intense use of 
the property, supporting more compact siting 
within the new subdivision, and consequently 
preserving more farmland. A centralized treatment 
unit further removes operation and maintenance 
concerns from the homeowner to a designated 
management entity.  For some homeowners this 
treatment option begins to match the convenience 
and water use capacity of conventional sewers.  
However, public awareness is still needed to 
promote water conservation and proper system 
use at each home.

With proper design and landscaping, the treatment 
unit and drainfield could also be located in 
the central common space area, provided 
setbacks are maintained and there is access for 
maintenance.  Public use of the treatment area 
would also mandate a high level of maintenance 
oversight to guarantee proper system operation 
at all times.  The homeowner association would 
be responsible for contracting with a qualified 
maintenance provider; or preferably, the system 
could be owned and operated by a responsible 

management entity. In each case, the local 
government would maintain oversight to ensure 
routine maintenance is conducted properly, ideally 
through issuance of annual operating permits.

Area #3, showing cluster wastewater treatment system components.
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A New Rural Neighborhood 
Minimizes Land Disturbance

The Shannock Woods Cluster Subdivision, 
located in southern Rhode Island, illustrates 
how a 7,200 gallon-per-day alternative treatment 
system can be used on a cluster development to 
minimize land disturbance while achieving a high 
level of wastewater treatment.  The benefits of 
this alternative system include reduced hillside 
clearing, minimized soil erosion, maintenance of 
scenic views, and protection of drinking water in 
a highly permeable aquifer recharge area.  

This 16-lot cluster subdivision, resting on 24 
acres, contains 20,000 square foot lots in a one-
acre zoning district.  The designer and landowner 
selected the cluster subdivision option in order to 
avoid steep slopes and minimize site disturbance. 
Fifty percent of the site is preserved as open 
space, and each lot has a private well.  Soils on 
this site tend to be excessively permeable sands 
and gravel, and water tables are generally deeper 
than six feet.  Drinking water well contamination 
was a concern due to these permeable soils.  
Steep slopes also posed a particular challenge 

Wooded Hills in the Vicinity of the Shannock Woods 
Cluster Subdivision

To reduce site disturbance and avoid erosion in the 
sloping terrain, building envelopes were designated 
for individual home sites.  The width of the entrance 
roadway was also reduced to avoid loss of trees.

Each home has an individual septic tank that transfers 
effluent to recirculation tanks (A) which recirculate 
effluent to the media filter (B).  Final effluent is dis-
persed in a shallow narrow drainfield (C).

to septic system design, and excessive erosion 
and scenic impacts were other major concerns 
due to hillside clearing.

Centralizing the treatment components and 
drainfield area drastically reduced the minimum 
land area needed for the individual lots.  The 
treatment objective in this groundwater recharge 
area was to protect nearby wells from pathogens 
and high nitrogen concentrations.  As a result, 
a recirculating media filter was selected as it 
removes at least 50 percent of the nitrogen.  

The treatment train for this site consists of 
septic tanks located on individual lots.  Effluent 
flows from these tanks by gravity to two 5,000-
gallon recirculation tanks.  Wastewater is 
recirculated between the recirculation tanks and 
the recirculating media filter designed for 7,200 
gallons per day.  Each recirculation tank doses 
two of the zones in the filter.  Final treated effluent 
from the media filter is dispersed in a shallow 
narrow drainfield, where additional pathogens 
and nitrogen removal can be expected through 
natural processes.

Real-World Case Studies for a Rural Neighborhood
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Unit
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Shared Drainfields Used in a 
Rural Development

This creative development plan dates back to 
1980, but it is still a good example of using separate 
conventional onsite wastewater treatment systems 
to preserve open space by locating the drainfields 
in common areas adjacent to each lot.  This ten-
acre development plan preserved historically 
significant agricultural fields in a beautiful coastal 
watershed, and provided an aesthetically pleasing 
cluster subdivision of ten single-family homes.

The site is located adjacent to Trims Pond on Block 
Island, located off the coast of Rhode Island.  The 
homes were arranged in pairs with shared double-
bay garages at the lot line, and lot sizes were 
reduced from one acre to 1⁄4  acre.  The selected 
wastewater treatment method over twenty 
years ago for this site was conventional septic 
systems.  Although this conventional technology 
does not address nitrogen removal, the innovative 
placement of septic systems and homes allows 
more compact and more flexible design.  

This design preserves an impressive 75 percent 
of the site as open space.  A central well located 
in the common open space supplies all units.  The 
original network of stone walls crisscrossing the 
site is mostly intact, and all units have a water 
view.  A gravel road, consistent with others in the 
area, minimizes stormwater runoff and maintains 
rural character.  All of the homes are buffered 
by native species plantings.  A broad naturally 
occurring buffer to Trims Pond was maintained, 
and the cluster residents share a single boat 
dock.

An aerial view of the project shows the farmland along the roadside that was protected by clustering the homes 
at the top of the ridge overlooking Trims Pond.

The view from the road.  Individual septic drain fields extend into the common open space adjacent to each of 
the private house lots.
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Environmental Concerns with 
Increasing Density

A fundamental principle of the smart growth 
movement is that concentrating development 
can reduce environmental impacts, compared 
to spreading the same amount of development 
throughout a larger area. This assumes that 
sound planning is used to select growth centers, 
that those centers have or will have appropriate 
infrastructure, and that the increased density is 
part of a larger town or regional plan balanced 
with protection of open space reserves.  

Compact development sites should not be located 
in environmentally sensitive areas, but if such 
development becomes unavoidable, development 
standards that go beyond minimum measures 
must be used to control pollution risks.  Addressing 
environmental concerns is paramount for 
unsewered areas, especially where local wells or 
other critical environmental resources are present.  
When using advanced treatment systems 
to meet wastewater needs, special care is 
needed to ensure other development impacts 
are addressed.  Stormwater management must 
be sound, and protection of wetlands and riparian 
buffers for their habitat value and water quality 
function is essential.

Factors to consider for the protection of local water supplies and 
other critical water resources:
¨ Will the onsite or cluster system 

be located within an existing or 
newwellhead protection area? 

Ø Siting a new public well may result in the 
creation of a new wellhead area that may 
also encompass wastewater treatment 
systems.  

¨ Is the minimum setback distance to 
a public well achieved?

Ø This is commonly 200 to 400 feet from 
a wastewater treatment system, rather 
than the 75 to100 feet used for private 
wells. This inner radius should be fully 
protected.

¨ Have the greater horizontal setbacks 
and vertical separation distances to 
groundwater been addressed in the 
site design of a cluster system?

Ø More stringent standards may apply, either 
to meet regulatory standards or to further 
reduce risk pollution risks. Horizontal 
setbacks from a large cluster system to a 
public well may be three times greater. 

¨ Where onsite systems and wells are 
used, will local water resources be 
better protected by use of individual 
private wells or a single community 
well?   

Ø The safe choices include private wells 
with required setbacks or properly sited 
public well where long term operation 
and maintenance is assured.  Installing 

private wells to be shared by two or three 
homes increases pollution risks and is not 
recommended.

Ø Are several small cluster systems more 
appropriate than a  single large flow 
system for an environmentally sensitive 
area?

Ø Assuming proper system siting and 
maintenance in all cases, small cluster 
systems have the advantage of dispersing 
wastes, which may improve attenuation 
by natural processes. On the other hand a 
single leachfield may be sited in the most 
suitable soils and further from sensitive 
areas.  At larger flows membrane filtration 
systems may become cost effective, 
which can provide a very high level of 
treatment for water reuse, with total 
nitrogen concentrations of 5 mg/l or less.

Ø Large flow systems are defined as those 
exceeding a certain design flow, such as 
2,000 gallons per day.  In critical areas, 
local governments may wish to include 
smaller systems, for example, those with 
a flow of 1,000 gallons per day. under 
their review for system siting and level of 
wastewater treatment.

¨ Are additional hydro-geologic 
investigations required to ensure 
proper system function and 
adequate protection of local water 
resources? 

Ø These investigations may include: Deter-
mining groundwater flow direction, mound-

Chapter 8: A Final Comment
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index.htm

University of Rhode Island Cooperative 
Extension Water Quality Program
http://www.uri.edu/ce/wq
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ing analysis, and water table monitor-
ing;

Ø Modeling wastewater plumes to track flow 
pathways and estimate the concentration 
of pollutants reaching a property bound-
ary, well, surface waterbody or other 
sensitive receptor; and 

Ø Hydrologic and nutrient loading analysis 
to evaluate potential cumulative impacts 
of wastewater discharges, fertilizer inputs, 
increased runoff, and loss of groundwater 
recharge within a groundwater recharge 
area or subwatershed.  

¨ Have long-term provisions 
for system operation and 
maintenance been established ?

Ø At a minimum, maintenance con-
tracts with qualified maintenance 
providers should be established for 
all advanced treatment systems, with 
oversight under a local wastewater 
management program.  EPA recom-
mends a  higher level of maintenance 
for large-flow systems, with systems 
maintained and owned by a respon-
sible management entity with proven 
financial and managerial capacity.
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