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APPENDIX B 

INFORMATION ON WASTEWATER MANAGEMENT SYSTEMS 

 
B.1 OPTIONS FOR REDUCING WASTEWATER FLOWS AND LOADS 
 
 
The Needs Assessment report documents the number of parcels and wastewater flows associated 
with five categories of wastewater management needs.  As the Town identifies feasible means to 
address those needs, it is appropriate to ask: could the costs for satisfying these needs be reduced 
is the quantities of wastewater or the associated pollutant loads were reduced at the source?   
 
DEFINITIONS OF "FLOWS", "LOADS" AND "CONCENTRATIONS"  
 
It is important to understand how three terms related to one another: "flow", "concentration" and 
"load".   
 
The wastewater flow is defined as the quantity of wastewater generated in a given time period.  
In this project, wastewater flows have been expressed primarily in terms of gallons per day. 
  
The load of a given pollutant (say nitrogen) is the mass of that pollutant generated in a certain 
time  period.   The  TMDLs  for  Pleasant  Bay  have  been  expressed  as  kilograms  per  day  and  as  
pounds per year, as examples. 
 
The concentration of  a  pollutant  is  the  ratio  of  its  load  to  the  flow  that  is  transporting  it.   A  
nitrogen concentration in septic tank effluent of 35 milligrams per liter (mg/l) means 35 
milligrams of nitrogen (mass) contained in one liter of septic tank effluent, for example. 
 
These terms are inter-related.  For example, untreated wastewater may have a nitrogen 
concentration of 45 mg/l.  If the wastewater flow is 100,000 gpd, then the load is 13,700 lb/yr 
(See Case A below).  If the flow is reduced by 10%, with no change in concentration, the load is 
also reduced by 10% (Case B).  If the load is the same, and the flow is reduced by 10%, the 
concentration increases by 10% (Case C). 

 
A. 100,000 gpd  45 mg/l  13,700 lb/yr 
B.  90,000 gpd  45 mg/l  12,300 lb/yr 
C.  90,000 gpd  50 mg/l  13,700 lb/yr 

 
This interrelationship is important in understanding nitrogen control strategies.  For example, 
reducing wastewater generation rates (by reducing water consumption) is a desirable goal, but 
has no effect on the nitrogen load (compare Case A with Case C).  Only by reducing the mass of 
nitrogen in the waste stream does the nitrogen load go down. 
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BENEFITS OF FLOW AND LOAD REDUCTION 
 
Collection, treatment, and disposal are the three major structural components of a wastewater 
management  system.   The  cost  of  a  system is  directly  tied  to  the  size  and  complexity  of  each  
component.  Measures to reduce the flow or load from system users can result in reductions in 
system size, which can translate to a reduction in capital costs or operation and maintenance 
costs.  Each component is affected differently by reductions in wastewater flows and loads. 
 
Collection 
 
In traditional wastewater collection systems, there is a moderate reduction in cost associated with 
a reduction in wastewater flow.  Within the upper reaches of the sewer system, savings are quite 
small, due to the fact that minimum pipe sizes are needed for maintenance purposes, and smaller 
volumes  of  wastewater  do  not  translate  to  smaller  pipes.   Further,  the  cost  of  the  pipe  itself  is  
only a very small percentage of the total construction cost.   As you proceed downstream in the 
collection system, capital savings are more direct because pumps and pumping stations can be 
smaller with reduced wastewater volumes.  Once the system is built, the operation and 
maintenance (O&M) costs piping system are largely unrelated to flow, while the energy portion 
of the O&M costs of pumping stations is directly related to flow. 
 
In traditional collection systems, a reduction in pollutant load has no impact on collection system 
costs.  However, in situations such as exist on Cape Cod, where nitrogen control governs, 
nitrogen load reductions can be significant.  If a given embayment requires a certain nitrogen 
load reduction, the number of homes connected to the sewer system is directly related to the 
degree of nitrogen load reduction that can be accomplished at the source. A 10% reduction in 
nitrogen load, at the source, would translate to a 10% reduction in the number of homes to be 
served, resulting in a geographically less extensive sewer system and significantly reduced costs. 
 
Treatment 
 
The capital and O&M costs of wastewater treatment systems vary with both the flow and the 
pollutant loads.  Some plant components could be made smaller as a result of flow reductions, 
and others are not impacted at all.  The same can be said for reductions in pollutant loads.  For 
the technologies likely to be employed in Orleans, a reduction in nitrogen load may be slightly 
more advantageous than a comparable percentage reduction in flow. The best case for treatment 
plant cost reduction is a reduction in both flow and load.  
 
Disposal 
 
The wastewater treatment facilities will reduce the pollutant loads to the point that they will have 
no impact on effluent disposal costs, either capital or O&M.  Most effluent disposal technologies 
are sized volumetrically, that is, their size and cost is directly related to wastewater flows.  
Therefore, flow reduction can result in fewer or smaller effluent disposal sites. 
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On-Site Systems 
 
Individual systems (typically less than 10,000 gpd) are designed and constructed based on Title 5 
regulations.  The size of a residential system is determined based on the number of bedrooms in a 
residence.  There are no "credits" available for implementing flow or load reduction measures, 
and consequently such practices do not affect the size or nature of the standard Title 5 
wastewater system design requirements.  (Note that Title 5 requires a larger system if the home it 
serves has a garbage grinder.)  However, flow and load reduction can increase the longevity of 
an individual system.  Maximizing the period between the installation of a new system and the 
replacement  of  that  system  at  the  end  of  its  life,  minimizes  the  annualized  capital  cost  of  the  
system.  This is beneficial for failing systems, and can also reduce the frequency of emergency 
pumping.  Certainly flow and load reduction at the individual level conserves water supplies and 
reduces nutrient loading to groundwater which reduces environmental impacts and should be 
considered as part of the comprehensive plan. 
 
OPTIONS FOR FLOW REDUCTION 
 
Overall water use includes that portion that becomes wastewater and the consumptive use (the 
portion that does not0. Reductions in consumptive use are not relevant to this discussion, but are 
important to town-wide water supply management.  Pertinent options for wastewater flow 
reduction include: 
 
Low-flow plumbing fixtures 
 
Low-flow sinks, showers, and washing machines are available and can reduce water 
consumption by 10% over older devices.  Reducing water consumption with modern fixtures will 
reduce the wastewater production. 
 
Outside showers 
 
Already  common to  most  homes  on  the  Cape  outdoor  showers  are  widely  used  in  the  summer  
time.  This current practice provides a significant reduction in wastewater generation by 
removing this otherwise indoor activity from the wastewater stream.  When many more residents 
are at their homes in the summer, this practice can be very beneficial.  Peak wastewater flow in 
the summer is largely related to the surge in population.  If the majority of residents take an 
outdoor shower after a trip to the beach, instead of an indoor shower, the opportunity exists to 
reduce peak flows by this practice. 
 
Progressive water pricing 
 
Water service pricing is among the top actions to promote conservation as stated by the MA 
Water Conservation Standards, and an effective tool for promoting flow reduction.  Contrary to 
the pricing structure for most services where the more you buy, the less it costs; effective water 
use pricing fees increase incrementally.  A progressive pricing structure charges fees based on 
the size of the service and quantity of water used.  The larger the service connection, the higher 
the quarterly fee. The quantity of water used is charged incrementally.  Generally, the first fee 
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bracket covers the majority of the water used in a single family residence.  Subsequent brackets 
are  associated  with  higher  fees.   Water  pricing  can  also  change  with  season.   It  is  possible  to  
increase rates in the summer when demand is the highest.  All of these practices can further the 
economic incentive to reduce water consumption and reduce wastewater generation. 
 
Alternative toilets 
 
The components of domestic wastewater are often referred to as black water (that generated from 
flushing toilets), yellow water (separated urine, if applicable) and gray water (the composite of 
all remaining sources).  Utilizing an alternative toilet is one method for removing black water or 
yellow water from the wastewater stream.  Black wastewater is treated most commonly in a 
composting (or incinerating) toilet.  Yellow wastewater would be collected in a concentrated and 
sent to a treatment or nutrient recovery facility.  In either case, the wastewater that would have 
gone to the sewer is eliminated. The remaining waste that otherwise would have entered the 
wastewater system must be incorporated in a different waste stream. Alternatives include waste 
from composting toilets ending up at in a landfill or at a septage treatment facility, or incinerated 
waste going to a landfill.  Subsequently, these locations must be able adequately handle the 
additional waste. 
 
OPTIONS FOR LOAD REDUCTION 
 
Alternative toilets 
 
Alternative toilets are also an effective method of load reduction.  The same technologies 
described above are effective means of reducing the wastewater load.  The solids and nitrogen 
that would have gone to the sewer instead become compost (or ash) or concentrated urine, and 
enter a different waste stream. 
 
Elimination of Garbage Grinders 
 
A common convenience in most kitchens is the garbage grinder.  Disposing of food waste in this 
method can be a significant contributor to the load of the wastewater stream.  Changing this 
practice would reduce the concentration of the wastewater stream.  Many communities ban the 
use of garbage grinders in homes served by on-site systems.  Removing food waste from the 
wastewater stream means that it must be incorporated into an alternative waste stream.  The final 
destination should be weighed with the traditional practice.  Many avid gardeners compost their 
food waste with other yard products and use the cured product as a soil amendment, and much of 
the nutrients are taken up by plants.  Food waste can also end up in the trash.  The final 
destination may be an incineration facility or landfill, where by-products like leachate must be 
treated and disposed. 
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BASIS FOR PLANNING 
 
By the end of the comprehensive planning process, the Town must decide on the flows and loads 
that will form the design basis for wastewater facilities that will be constructed.  A key question 
will be: To what extent can the favorable flow and load reduction techniques listed above be 
counted on to reduce project costs? 
 
In large part, the success of these techniques depends on public acceptability.  While a town-
wide ban on garbage grinders may allow a firm basis for load reduction, the benefits of all of the 
other techniques is difficult to quantify in advance.  Therefore, the town should proceed with 
implementation of these options and closely monitor flows and load through the first few phases 
of the program, and use the results in fine-tuning later phases. 
 
B.2 WASTEWATER COLLECTION SYSTEM ALTERNATIVES 
 
The collection system is a major structural component of a municipality's wastewater 
management system.  The best type of collection system for a given community is determined by 
comparing use, capacity, costs, operation and maintenance requirements, and benefits to the 
specific environment and landscape.   
 
OVERVIEW 
 
The principal components of a traditional wastewater system are: 
 

 Collection 
 Treatment 
 Disposal 

 
In some cases, there also may be significant transport facilities between the collection system 
and  the  treatment  plant,  and  between  the  treatment  plant  and  the  effluent  disposal  site.   This  
evaluation covers the collection system options open to Orleans, and includes all components 
from the source of the wastewater (typically the internal building plumbing) to the treatment 
plant.  The pipe from the home or business to the public system in the street is called the "service 
connection" and it is usually the responsibility of the property owner. With some collection 
system options, the publicly-owned system may include components on the property to be 
served. This letter includes a description of conventional, low pressure (STEP and grinder 
pump), vacuum, and small diameter systems. 
 

CONVENTIONAL COLLECTION AND PUMPING SYSTEMS 

 
In traditional gravity systems, wastewater flows by gravity from the house source through the 
service connection and through a piping network to a common collection point. At this location, 
a central pumping station is usually installed to lift the wastewater to another downstream stretch 
of gravity sewer or to transport the wastewater to its final destination for treatment and disposal.  
Conventional  gravity  systems  are  prevalent  throughout  New  England.   For  example,  the  Cape  
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Cod towns of Falmouth, Barnstable and Chatham have gravity sewers in downtown areas and 
other areas of town.     
 
Gravity sewers are normally constructed of polyvinyl chloride (PVC), ductile iron, or concrete 
pipe  materials.   Extremely  flat  or  hilly  terrain  and  areas  with  high  groundwater  may  pose  
problems to gravity sewer installation.  These conditions often result in increasingly deep 
excavations or the need for intermediate pump stations.   
 
Wastewater pumping stations are typically located at low points in the system to collect and 
pump the wastewater to the next high point in the collection system or to the wastewater 
treatment facility. Both the deep excavations and the pump stations are expensive, and the latter 
represents a considerable operation and maintenance (O&M) expense. 
 
These systems are often preferred over grinder pump of STEP systems because the municipality 
is in control of all the mechanical system components and has the ability to maintain the system 
at its own schedule.  The systems are relatively simple and thus fairly reliable.   
 

LOW PRESSURE SEWERS  

 
In a low pressure sewer system, an individual pumping system conveys the wastewater generated 
from the house or business into the low pressure piping network where it is transported to a 
central location for re-pumping or treatment.  The piping network is comprised of small-diameter 
pipe, buried just below the frost line (typically 3 to 4 feet deep on Cape Cod), and generally 
following the profile of the ground. The piping system requires smaller open cuts during 
installation than a conventional gravity system due to the shallower depth of burial.  Typical pipe 
diameters are 2 to 6 inches for the mains and 1.25 to 1.5 inches for the services.  Each home or 
source uses either an effluent pump in a septic tank or a grinder pump to discharge to the main.  
The pressure main and service pipe are generally manufactured from PVC or high density 
polyethylene (HDPE). 
 
Low pressure systems have proven to be viable alternatives especially in low-lying areas with 
high groundwater.  Low pressure sewer systems also work well in extremely hilly areas and 
waterfront areas where deep excavations and extensive dewatering could cause environmental 
harm.  Additionally, low pressure systems are well suited to installation in coastal areas subject 
to periodic flooding, areas with narrow streets and areas with shallow depth to bedrock. 
 
To effectively manage a low pressure system, the Town must consider ownership of the 
components located on private property, the potential need for easements, limitations on system 
expansion, pumping system compatibility and delineation of operation and maintenance 
responsibilities.  If the Town wishes to own the pumping system, easements will be required to 
permit system installation and to enable periodic and emergency maintenance to be performed.  
Alternately, each user could own the pumping system and schedule maintenance as needed.  In 
this case, the Town would adopt regulations prohibiting users from modifying the system.  The 
maintenance may be more difficult in areas of seasonal housing where residents are often not at 
home. 
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Low  pressure  sewers  work  well  in  some  areas  of  the  Cape  and  Islands  because  they  are  well  
suited for the relatively flat terrain, areas with perched groundwater, areas with narrow streets 
and properties close to surface waters.  Low pressure sewers are used in Oak Bluffs, Edgartown, 
Tisbury, areas of Nantucket and at the Bailey's Path development in Chatham.  

Septic Tank and Effluent Pump (STEP) Type - Low Pressure Systems 

 
STEP systems are a variation of the low pressure collection system that includes septic tank 
pretreatment.  On each sewered property, there is a septic tank and septic tank effluent pump.  
Depending on the site layout, the septic tank can be the existing one or it may be entirely new.  
The septic tank of a STEP system captures the solids, grit, grease, and stringy material that could 
cause problems in pumping and conveyance through the small diameter piping.  STEP systems 
can be used to convey wastewater to a treatment facility or to a common subsurface leaching 
system.  Periodic removal of the sludge and grease collected within the septic tank by a licensed 
septage hauler is essential to the long term performance of the system.  STEP pumps require only 
fractional horsepower.  The City of Gloucester has 1,200 STEP systems in the North Gloucester 
collection system. 
 
While standby power is easily provided to a single pump station in a treatment system, it is more 
difficult to keep individual grinder pumps going during an extended power outage.  Some towns 
have used small portable generators that are moved through the neighborhood served by grinder 
pumps.  In other cases, homeowners are on their own to provide back-up power. 

Grinder Pump Type - Low Pressure Systems 

 
A grinder pump system is another variation of the low pressure collection system which utilizes 
a grinder pump to grind the solids present in the waste to a slurry in a similar manner as a kitchen 
garbage grinder. The grinder pump macerates the solids present in the raw wastewater and 
discharges to the low pressure piping system.  Although the grinder pumps can be installed 
indoors, they are generally located outside, close to the user's existing septic tank or cesspool so 
that the service connection can be easily made with minimal alterations to the indoor plumbing.  
Grinder pumps which serve individual homes are usually 1 horsepower in size, but 2-horsepower 
units are also used. Some installations require 3- to 5-horsepower motors, and these are usually 
used when serving several units with one pumping unit.  

VACUUM SYSTEMS 

 
Like the low pressure sewer system, a vacuum sewer system can be used where conventional 
sewer systems are impractical and not economically feasible. Vacuum sewers employ a central 
vacuum source.  Vacuum sewers are limited by the available lift and are therefore most suited to 
flat terrain.  Although not prevalent in New England, vacuum systems are in place in 
Provincetown, a limited area of Barnstable and on Plum Island in Newbury/Newburyport. 
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The collection mains in vacuum systems are typically constructed of PVC or HDPE ranging in 
size from 4 to 10 inches in diameter.  Vacuum systems can be buried at shallow depths as the 
high velocities (15 to 18 feet per second) attained by the system keeps the lines from freezing.  
The collection mains can follow the profile of the ground provided that modest elevation changes 
are maintained.   
 
The vacuum collection system consists of three main components: (1) services, (2) wastewater 
collection mains, and (3) the vacuum station. After a preset time interval, the vacuum valve 
located on each property closes and a slug of wastewater is propelled into the collection main.  
Numerous cycles eventually propel the wastewater to a collection tank located at a central 
vacuum station.  Buffer tanks are also used as holding tanks to collect and regulate large flows 
such as those flows from apartment buildings, schools and other large users.   
 
This technology is the newest of the options presented.  It may be subject to a greater number of 
problems than systems that have been in use for a longer period of time. 
 

SMALL DIAMETER GRAVITY SEWERS 

 
Small  diameter  gravity  collection  systems  include  a  septic  tank  on  the  building  service  
connection prior to discharge to the sewer main.  The septic tank eliminates grit, grease and other 
troublesome solids which might cause obstructions allowing the collection system to be 
constructed with smaller pipe sizes.  Other than pipe size, these systems are configured similar to 
conventional gravity systems requiring straight runs between manholes to convey wastewater to 
a low point where a pumping station is typically sited.  Solids settlement is not as significant of a 
concern in a conventional gravity system, but periodic pumping of the individual septic tanks is 
required to remove sludge, scum and grease. 
 
Construction costs are often reduced because the sewers may be laid to follow the topography 
more closely than with conventional gravity sewers. Designers must still be cognizant of 
infiltration and inflow and ultimate growth in sizing these systems.  The Town of Westford 
operates a small diameter gravity system for one of its schools.    
 

SUMMARY 

 
Table B-1 is a summary of the advantages and disadvantages of the collection system options 
described above. 
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TABLE B-1 
SUMMARY OF ADVANTAGES AND DISADVANTAGES OF COLLECTION SYSTEM OPTIONS 

 
Technology Advantage Disadvantage 

 
Conventional 
Gravity Sewer 

System 
 

 
 Ease of long-term maintenance 
 Power outages handled with centralized backup 

power at pump station 
 Provides excess capacity for future connections 
 Centralized solids management 
 Lowest energy use 
 Limited need for service connection easements 

 

 
 Deep excavations disrupt traffic and private property 
 Not all properties can easily be served by gravity 

connections 
 Stream and road crossings more expensive 
 Not amenable to narrow streets 
 Flat areas require multiple intermediate pump stations 
 Higher capital costs 
 Interior plumbing modifications may be required 

 
Low Pressure 
Sewer System 

 

 
 Potential for lower capital cost 
 Easier construction due to shallow excavation 
 Environmental disruption reduced 
 Duration of construction reduced 
 Suitable for challenging terrain 
 Reduces stream and road crossing effort 
 Amenable to narrow streets 
 Less sensitivity to I/I 

 
 Increased service call effort 
 Pumps located on each lot 
 Alarm panels mounted on buildings 
 Electrical costs paid by property owner 
 Ownership and O&M responsibility are shared by 

many entities 
 Easements may be required 
 Must provide decentralized standby power system 
 Interior plumbing modifications may be required 

 
 

Vacuum 
Sewer System 

 

 
 Lower O&M costs 
 Easier construction due to shallow excavation 

 
 Limited number of vendors and service providers 
 Limited to flat terrain 
 Maintenance concerns with valves 
 Construction and design costs higher than low pressure 

systems 
 Modification to interior plumbing is required 
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B.3 WASTEWATER TREATMENT SYSTEM ALTERNATIVES 
 
 
Of all the wastewater management issues identified in the Needs Assessment, protecting the 
health of surface waters from nutrient enrichment is the largest single concern.  Wastewater 
effluent is the largest source of nutrients entering embayments.  After addressing ways to reduce 
other  nutrient  sources  such  as  stormwater  and  fertilizer,  the  remainder  of  the  nutrient  removal  
must be addressed by providing more advanced wastewater treatment.  Identifying the best 
wastewater treatment technologies is one of the most important aspects of the CWMP.   
 
INTRODUCTION 
 
In most cases, smaller wastewater systems cost more per user and are less reliable.  To balance 
cost-effectiveness and reliability, This evaluation focuses on systems that are feasible at flows 
greater than 50,000 gallons per day. Therefore individual and cluster systems have limited 
applicability to this evaluation.  However, this analysis will consider such systems in cases where 
properties  with  a  wastewater  need  are  in  a  cost-prohibitive  location  to  reach  with  a  sewer  
extension or are surrounded by other properties that adequately meet their wastewater needs. 
 
The capital investment in a collection system is a significant portion of the overall wastewater 
system cost.  In reducing the nitrogen load to an embayment the extent of the wastewater 
collection system is directly tied to the nitrogen removal capabilities of the treatment facility.  
Therefore, the focus will be identifying and evaluating technologies that can meet effluent 
concentrations less than 10 ppm. 
 
In some cases, phosphorus control is the primary concern with respect to surface water 
protection.  Phosphorus removal is easily achieved by chemical addition to the  secondary or 
tertiary treatment process.  Once a nitrogen removal technology is selected, an "add-on" for 
phosphorus removal is easily incorporated into the treatment design for those systems that serve 
areas tributary to ponds and lakes that require phosphorus load reduction.  For this reason, this 
evaluation includes a detailed evaluation of nitrogen-removing technologies. 
 
HIGH NITROGEN REMOVAL TECHNOLOGIES 
 
All the treatment systems identified herein are capable of meeting effluent nitrogen limits less 
than 10 ppm.  The basic issues in determining which of these systems is the most appropriate 
include: 1) the volume of wastewater requiring treatment; 2) the relative ease of permitting the 
technology; 3) the projected capital and operation and maintenance expenses associated with 
each system; and, 4) the public acceptability of the proposed facility housing the treatment 
technology. 
 

The technologies identified as part of this evaluation include: rotating biological contactors, 
Amphidrome, sequencing batch reactors, membrane bioreactors, biological aerated filters and 
oxidation ditches.  A description of each technology is provided below. 
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There are two fundamental types of biological treatment.  The bacterial mass that is the vehicle 
for treating the wastewater is encouraged to form either as a "suspended growth" or as a "fixed 
film".  Activated sludge is another term for suspended growth systems in which the wastewater 
is mixed and aerated to provide constant contact between the bacteria and wastewater in the 
presence of oxygen.  Sequencing batch reactors, membrane bioreactors and oxidation ditches 
utilize this technique.  Fixed film treatment provides a surface for the bacteria to grow on that 
comes in contact with the wastewater.  This technique is utilized by rotating biological 
contactors, biological aerated filters and the Amphidrome system. 
 
Rotating Biological Contactors (RBC) 
 
Rotating biological contactors employ a series of polyethylene discs, mounted on a steel shaft.  
These contactors are partially submerged in the wastewater.  Bacteria adhere to the discs forming 
a  biological  layer  and  utilize  the  soluble  organic  compounds  in  the  wastewater  as  a  source  of  
energy and as a supply of the basic elements necessary to produce new cell material.  Rotation of 
the media alternately exposes the organisms to organic-rich wastewater, and to the atmosphere 
which provides the oxygen needed for respiration.  Second-stage RBCs are fully submerged in 
wastewater in covered tanks to create a low-oxygen environment  where nitrogen removal 
occurs. 
 
RBC's  are  capable  of  producing  a  fairly  uniform  effluent  while  operating  over  a  range  of  
hydraulic and organic loading.  The biological colony will wax and wane in response to the 
strength and volume of the influent wastewater. This flexibility is applicable to systems that 
serve schools where flows significantly drop off over vacation.  This technology was selected at 
the Dennis-Yarmouth High School for that reason.  Another advantage of this fixed film process 
is reduced sludge production compared with suspended growth systems. 
 
Although the majority of rotating biological contactor treatment systems in Massachusetts are  
constructed within a building, exterior installations using fiberglass covers have proven effective 
and  are  the  norm  in  other  areas  of  the  country.   Installing  RBC’s  inside  a  building  have  the  
advantage of ready access to view and assess the condition of the equipment.  Year-round 
temperature regulation is also possible with indoor installations.  However, extra consideration is 
needed in selecting moisture-resistant building material that will withstand the humid 
environment.  All installations must be above-grade. 
 
Exterior installations may require larger RBC units to compensate for reduced bacterial treatment 
levels during winter months due to decreased biological activity at lower temperatures.  
However, the potential for lower capital costs may make this an attractive option.  
 
RBC's have a long history of use as a biological treatment process for private and small public 
wastewater treatment facilities.  The Community of Jesus is one local example of a small 
enclosed RBC treatment facility.  This facility is located on privately owned land and is in a 
residential setting.  The architectural features of the treatment facility building are suited to its 
surroundings. RBC's are also used at the Tri-Town Septage Treatment Facility and are located 
outside along with other treatment process units.  The RBC's are protected by unheated fiberglass 
enclosures.   
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There are almost 100 RBC facilities with groundwater discharge permits with flows as high as 
300,000 gpd in the Commonwealth.  One large facility is located at New Seabury in Mashpee. 
 
Sequencing Batch Reactors (SBR) 
 
The SBR process is a modification to traditional activated sludge treatment process, which 
utilizes a batch treatment system to perform the required steps of wastewater treatment.  SBR 
systems operate on a very simple concept of introducing a quantity of waste to a reactor and 
providing several process steps in a sequence that would traditionally require a single tank for 
each step.  That sequence includes filling the reactor with wastewater, providing a period of 
aerobic treatment, settling, and anaerobic treatment. Then the effluent can be decanted and a 
portion of the sludge removed before the process is repeated. 
 
SBR’s are capable of producing a uniformly high quality effluent while operating over a wide 
range of hydraulic and organic loadings.  During periods of low hydraulic or organic loading, the 
biological growth can be concentrated and maintained within the reactor by reducing the 
frequency of sludge wasting.  As the flow (or organic load) is increased, the organisms begin to 
proliferate and a larger percent can be removed from the system for disposal by increasing 
sludge wasting, while maintaining the same level of treatment.  Thus, the system is quickly able 
to adjust to the strength and volume of the influent wastewater stream. 
 
One  of  the  primary  attributes  of  the  SBR  system  is  that  this  variation  of  the  activated  sludge  
process provides considerable flexibility to meet the requirements of specific waste treatment 
applications.  Due to process flexibility, SBRs are being employed in a variety of process design 
variations with increased frequency in both municipal and industrial wastewater treatment 
applications. 
 
A batch treatment approach reduces the number of treatment units commonly required in 
traditional biological treatment facility designs.  Limiting the number of process units may 
decrease capital costs, minimize facility footprint, and reduce treatment complexity.  SBR's can 
be located above or below grade. 
 
SBR's operated by municipalities on the Cape are located in Falmouth and Provincetown.  Both 
of these installations are located in a traditional centralized treatment facility, but this technology 
is effective on a smaller scale as well. 
 
Amphidrome 
 
The Amphidrome system is a fixed film sequencing batch reactor.  The treatment process 
consists of an anoxic equalization tank, sand filters and clear well.  Effluent from the anoxic tank 
flows downward through the sand filter, providing contact with the bacterial population adhering 
to the sand particles, and then flow into a clear well.  From the clear well the wastewater is 
mixed with a supplemental carbon source and pumped through a second sand filter where the 
nitrogen removal process is completed.  Liquid from the clear well is pumped back through the 
sand filter to backwash the filter and return liquid to the anoxic tank. 
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Amphidrome systems have been used for design flows up to 150,000 gpd.  There are about 20 
systems with groundwater discharge permits in the state.  Amphidrome system components can 
be located largely below grade.  The Amphidrome system at Chatham Bars Inn is a good 
example of a facility with minimum above-grade structures.  Process tanks are located below 
grade in a guest parking lot, which is a good dual use of space.   
 
Membrane Bioreactor (MBR) 
 
Membrane Biological Reactors (MBRs) includes a semi-permeable membrane barrier system 
either submerged in or following an activated sludge process. This technology ensures removal 
of virtually all suspended and some dissolved pollutants.   
 
The membrane technology is relatively new and applicable to small and large flows.  The track 
record of systems installed in the past few years is promising with results indicating very high 
effluent quality is achievable.  Membranes are expensive and require regular cleaning and 
periodic replacement.  The cost of the membrane is partially offset by the smaller building 
needed to house the system, compared to other technologies. 
 
This treatment process requires a relatively small footprint.  Above- and below-grade installation 
of the treatment process is possible.  A good example of a combination of below and above grade 
components is the system that serves the Cotuit Stop N Shop.  Several tanks are located below 
grade and a small treatment building houses the process tanks, pumps and controls.  This facility 
has very high nitrogen removal. 
 
Biological Aerated Filter (BAF) 
 
The  biological  aerated  filter  process  consists  of  one  or  more  units  in  series,  depending  on  the  
level of nitrogen removal required. The BAF will require an upstream settling tank to remove the 
large particulate material. Each BAF unit consists of a flooded tank filled with polystyrene beads 
which provide the required surface area for biological growth and filter the wastewater as it 
passes through. The BAF unit acts is a fixed film process resulting in reduced sludge production, 
roughly 60%, in comparison to SBR and MBR suspended growth processes. 
 
The BAF unit can be housed inside or outside and either above or below grade. The overall 
footprint of this process can be very small relative to other alternatives. This process can be 
intensive in terms of process controls, piping and valving requirements. Examples of this 
technology include the Binghamton/Johnson City Joint Wastewater Treatment Plant in New 
York.  
 
Oxidation Ditch 
 
An oxidation ditch is a suspended growth system that can maintain aerobic and anaerobic 
treatment zones.  This technology has been utilized for wastewater treatment for longer than any 
of the other technologies evaluated and can provide a highly "polished" effluent.  Wastewater is 
treated as it flows around a long oval-shaped channel.  Instead of providing several process tanks 
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like other technologies, the length of the channels allows for different types of treatment to occur 
as the wastewater moves around the ditch.  Wastewater alternately passes through aerobic and 
anoxic zones allowing a mixed culture of bacteria to remove nitrogen. 
 
This technology requires a large footprint to accommodate the ditch.  Unlike other technologies 
the oxidation ditch is always located outside.  Proper design of visual buffers and setbacks are 
critical in avoiding significant negative impacts on abutting properties.  An oxidation ditch is 
used at the Yarmouth Septage Treatment Facility to treat septage.  This technology has been 
selected for use in Chatham.  Oxidation ditches are widely used in the Chesapeake Bay area. 
 
SMALL-SCALE NITROGEN REMOVING SYSTEMS 
 
There is a wide variety of systems available to provide enhanced treatment for individual and 
cluster  applications.   In  general,  these  systems are  not  capable  of  the  highest  nitrogen  removal  
requirements.  This lower efficiency is attributable to several factors, including widely ranging 
flows and load, less attention to operation and maintenance, and start-up time after seasonal shut-
downs.  In addition, these systems are relatively expensive on a per-user basis; that is, they do 
not enjoy the economies-of-scale that benefit larger systems.  The lower efficiency and higher 
per-user costs translate to a higher cost per pound of nitrogen removed compared with larger 
systems. Where significant nitrogen control is required to protect embayments, as faced by 
Orleans, the focus should be on systems larger than 50,000 gpd. The applicability of small-scale 
systems  is  limited  to  properties,  or  clusters  of  properties,  where  a  higher  level  of  treatment  is  
warranted to reduce impacts of significant Title 5 variances, and where the remoteness of the 
property makes the transport costs to a larger system uneconomical. 
 
Among the most common small-scale nitrogen removing systems are: 1) Bioclere which uses a 
fixed-film trickling filter process; 2) Cromaglass provides treatment in a sequencing batch 
reactor sludge system; 3) Nitrex uses a nitrate-reactive media to convert nitrate to nitrogen gas, 
following  a  nitrification  step  to  convert  other  nitrogen  forms to  nitrate;  4)  MBRs as  described  
above; and 5) FAST utilizes both fixed and suspended growth nitrogen removal methods. 
 
SUMMARY 
 
Table 2-3 of the draft Alternatives Screening Report outlines the range of effluent limitations that 
may apply to Orleans.  The five categories of effluent limits include two levels of nitrogen 
removal,  two  levels  of  phosphorus  removal  and  a  set  of  limits  related  to  effluent  reuse.   This  
evaluation focuses on the technologies needed to meet the high level of nitrogen removal.  As 
noted above, both levels of phosphorus removal can be achieved by adding chemical feed 
equipment to any of these technologies.  The extra filtration provided by membrane systems 
yields the most reliable phosphorus removal to the lowest levels.  For effluent reuse, the focus 
must be bacterial and viral removals and the higher suspended solids removals needed to ensure 
proper disinfection.  Effluent reuse standards can be achieved by adding separate membrane 
components and efficient disinfection to any of the above-described systems, but is inherently 
provided by the MBR system. 
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The technologies identified and evaluated herein provide high levels of nitrogen removal and are 
most efficient when sized to treat 50,000 gpd or more.  Included in Table B-2 is a summary of 
technologies which lists their applicability to treatment size, and the most local example of each.  
This table includes common small-scale systems as well. 
 

TABLE B-2 

TREATMENT TECHNOLOGIES 

Applicability to Treatment System Size 

Technology Examples Less than 

50,000 gpd 

50,000 to 

200,000 gpd 

Greater 

than 200,000 

gpd 

     

RBC Community of Jesus X X X 

Amphidrome Chatham Bars Inn X X  

SBR Provincetown X X X 

MBR Cotuit Stop N Shop X X X 

BAF Prominent in NY  X X 

     and the mid-Atlantic    

Ox. Ditch Yarmouth (septage)   X 

FAST Wrentham High School X   

Bioclere Wise Living X   

Chromaglass Carriage Crossing in X   

      East Bridgewater    

Nitrex Currently Piloting X   

      at MA test center    

 

While all of the treatment technologies described in detail are capable of meeting the more 
stringent nitrogen limits, there are a number of subtle differences in sizing and performance that 
will be addressed when composite systems are evaluated for overall cost-effectiveness.  
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B.4  OPTIONS FOR EFFLUENT REUSE AND DISPOSAL 
 
 
INTRODUCTION 
 
Historically, effluent from wastewater treatment facilities has been discharged to a surface water 
body, be it a river, lake or ocean.  In southeastern Massachusetts, the Ocean Sanctuaries Act 
prohibits new or expanded surface water discharges, so effluent disposal to the groundwater is 
the only viable option. 
 
Groundwater effluent disposal systems fall into one of two major categories.  One type applies 
the effluent at the ground surface, the other disperses the effluent below the surface.  The goal of 
both is to get the effluent to percolate down to the groundwater and be carried away by the 
regional groundwater flow. 
 
Surface application options include spray irrigation and rapid infiltration.  Subsurface systems 
include leaching facilities (trenches, beds or chambers), wicks, and drip irrigation.   
 
The relative weighting of advantages and disadvantages for a given disposal technology is best 
determined by considering the features of the specific site.  Once potential effluent disposal sites 
are identified, the best pairing of sites and technologies will be addressed as composite 
wastewater plans are developed.  The pairing depends on both the site and the disposal 
technology. 
 
With respect to the physical characteristics of a site, size, topography, permeability of the soils 
and depth groundwater all determine suitability.  Technology attributes include the opportunity 
for additional nitrogen removal, dual-use potential, and the effluent loading rate (volume that can 
be applied per square foot of area). 
 
DISPOSAL TECHNOLOGIES 
 
From well-established technologies to those at the forefront of new designs, the technologies 
identified in this report were selected because they provide a wide range of capabilities, such that 
very different types (size, location, soils) of disposal sites can be considered. 
 
Subsurface Leaching 
 
By far the most common example  of  this  type  is  the  soil  adsorption  system  in  the  typical  
backyard.  A soil adsorption system includes of a networking of rigid perforated piping buried 
below grade that distributes effluent into surrounding gravel trenches or beds that provide 
dispersal of effluent over a large area at a low dosing rate.  If well maintained they last for at 
least  20  years  or  more.   Land  must  be  available  for  the  active  disposal  area  as  well  as  an  
equivalent area of land earmarked as reserve, which can be developed in the event of a failure. 
 
These systems are designed to operate year-round and work best with regular dosing of effluent.  
The entire disposal system is buried which eliminates the chance of human contact, and can be 
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located under public parks or sports fields, and under parking lots with proper design.  Systems 
can be very small like those that serve businesses in downtown Orleans, many of whom have 
their systems located under parking lots.  The entire sewered portion of Oak Bluffs is served by a 
system of 28 leaching fields of 360,000 gpd capacity located under Ocean Park. 
 
Drip Irrigation 
 
Drip irrigation is a subsurface installation of flexible small-diameter plastic piping that provides 
pressure dosing of effluent to the soil.  Loading rates are comparable to subsurface leaching 
fields because the concepts are similar.  This is a relatively new technology that has been tested 
at the Massachusetts Alternative Septic System Test Center and just received "general use" 
approval in 2006.  These systems can be buried at very shallow depths if desired; however, 
shallow depths can preclude year-round operation.  These systems require a pressurized 
application; usually a pump station is located near the disposal system and require effluent 
filtration to avoid plugging. 
 
These systems can be sited under parks, sports fields, or parking lots.  The flexible hosing can 
follow surface contours and run around trees or landscaping, and can be installed in some 
wooded settings.  The drip tubing can be installed in the soil through narrow trenching or single 
blade plow.  It is possible to install a system in a matter of days and avoid tearing up turf.  The 
low-cost materials and easy installation translate into a relatively low capital cost.  Due to the 
lack of long-term experience with the technology, DEP will probably require 100% back-up with 
conventional technology elsewhere.  DEP may also require reuse-quality effluent when drip 
irrigation is used. 
 
Rapid Infiltration 
 
Also referred to as open sand beds, these systems can operate at high loading rates on sites with 
good permeability and significant depth to groundwater.  Year-round application is routine, but 
there is little opportunity for dual use of a site.  The significantly reduced footprint compared 
with other technologies often outweighs the benefit of dual use.  A smaller disposal footprint also 
broadens the number of parcels that could be viable disposal sites.  The reduced footprint 
sometimes allows a single site to provide both treatment and disposal, which is less likely for 
other  systems.   Locating  the  treatment  and  disposal  processes  on  the  same  site  minimizes  the  
transport costs.   
 
The Tri-Town Septage Treatment Facility utilizes rapid infiltration basins for effluent disposal, 
as so does the 4-million-gallon-per-day municipal facility in Hyannis.  Rapid infiltration systems 
require fencing around the perimeter to keep out wildlife or people.  The maintenance of the 
system includes periodic solids removal from the application surface, and infrequent weeding. 
 
Spray Irrigation 
 
Landscape irrigation is another example of technology that can be used on a site with another 
use.  Effluent can be applied to parks, sports fields, golf courses, or landscaping.  All of these 
activities are associated with human interaction and require meeting the effluent reuse 
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guidelines, which adds to the cost of wastewater treatment.  Irrigation is certainly restricted to 
seasonal operation which requires either winter storage or a complementary effluent disposal 
system. This technique uses moderate application rates.   
 
Yarmouth uses spray irrigation to dispose of effluent from its septage treatment facility.  A 
portion  of  Yarmouth's  effluent  goes  to  a  dedicated  spray  irrigation  site  with  closely  controlled  
access.  The remainder of the effluent is subject to further treatment and used to irrigate the 
Bayberry Hills golf course. 
 
Wicks 
 
The fundamental goal of effluent disposal is to effectively introduce effluent into the 
groundwater.  The type of soil and the depth to groundwater affect how fast surface-applied 
effluent reaches the water table.  Wicks are the most space-efficient method of disposal because 
they disperse effluent both horizontally and vertically.  A wick is a vertical cylinder of highly 
permeable material that provides an efficient path for effluent to travel from the surface point of 
discharge to the groundwater.  This allows for very high loading rates on a very small footprint.  
Another advantage to wicks is the ability to bypass less permeable material.  In limited areas of 
Orleans,  layers  of  clay  exist  that  impede  the  ability  of  water  to  percolate  through  the  soil.   A  
wick provides a conduit through impervious soil at the surface to more pervious soil below. 
 
This  technology  is  relatively  new  and  therefore  DEP  has  stringent  permitting  requirements.   
First, the design must include standby wicks to provide more than 100% disposal capacity, so 
that if a wick were to fail or be overloaded, another wick can be brought on-line immediately.  
Second, there must be another permitted disposal location that could be developed with a 
traditional system if the wicks fail prematurely.  Extensive hydrogeologic evaluations are 
required to determine the suitability of the soil for wicks. 
 
While other technologies need 3 to 5 acres to distribute 100,000 gpd of effluent, the same 
volume could be handled by wicks on a site as small as one tenth of an acre. Wicks are not very 
intrusive.  The only above-grade components include an access vault and cover.  Wicks are best 
considered after an unsuccessful search for sites large enough for more traditional technologies.   
 
Wicks are used on West Island in Buzzard's Bay and were sited on conservation land where very 
tight near-surface soils overlay highly permeable soil with a significant depth to groundwater.  
Three wicks were installed to handle 100,000 gpd.  Wicks are also used for effluent disposal 
from a senior housing complex in Hingham. They are installed in the rough of an adjacent golf 
course and sized for 300,000 gpd.  Both of these installations have experienced some operational 
problems. 
 
COMBINING TECHNOLOGIES 
 
It is possible to combine technologies, such as year-round subsurface application below golf 
course fairways, and seasonal spray irrigation of the remainder on the course.  It is also possible 
to install wicks within rapid infiltration basins to maximize the application area.   
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EFFLUENT DISPOSAL AS PART OF THE TREATMENT PROCESS 
 
Utilizing  the  disposal  system as  part  of  the  treatment  process  is  worth  consideration.   Specific  
rapid infiltration bed loading cycles can provide additional nitrogen removal.  Spray irrigation of 
effluent removes additional nitrogen, phosphorus and most other parameters, providing effective 
effluent "polishing".  While such polishing is well documented, DEP may not give credit for the 
additional pollutant removal because it is difficult to monitor and quantify. 
 
YEAR-ROUND VERSUS SEASONAL APPLICATION 
 
Some of the technologies presented herein are limited to seasonal application.  Providing storage 
of wastewater in cold weather would be required if spray irrigation were the only selected 
technology.   Instead,  some  combination  of  technologies  is  a  viable  option.   Pairing,  say  year-
round rapid infiltration with seasonal spray irrigation could match the typical Cape Cod 
fluctuation in population and associated flow, and thus avoid winter storage. 
 
REUSE:  DEFINITIONS AND BACKGROUND 
 
DEP uses the term "reclaimed water", which it defines as "wastewater that has been treated at a 
wastewater treatment plant to an advanced degree and used again for various purposes." 
 
The fundamental premise behind any reuse program is recognition of the value of water and the 
nutrients it may carry, tempered by the public health aspects of public contact with wastewater-
derived material.  The allowable effluent disposal methods following traditional wastewater 
treatment (rapid infiltration, subsurface disposal, etc.) are in large part aimed at getting the 
effluent into the ground, and keeping it there, thus protecting the public from contact with a 
liquid that retains some undesirable characteristics even after tertiary treatment.  The DEP reuse 
program stipulates higher levels of treatment that address those undesirable characteristics so that 
certain levels of human exposure are tolerable. 
 
A  good  way  to  contrast  "effluent  disposal"  and  "use  of  reclaimed  water"  is  to  consider  spray  
irrigation.  A spray irrigation site that receives typical treatment plant effluent must include 
fencing or other means of preventing public access, as well as significant vegetated buffers to 
control  spray  drift.   If  a  higher  level  of  treatment  is  provided,  the  DEP  program  allows  spray  
irrigation on golf courses where the public has access.  The first example of spray irrigation is 
best termed "effluent disposal"; the second is "use of reclaimed water". 
 
NATIONAL REUSE EXPERIENCE  
 
In many water-short regions of the country, effluent reuse has been widely employed to counter 
low stream flow conditions, dropping waters tables, and inadequate potable water supplies that 
are taxed by non-potable uses, such as irrigation.  There are hundreds of examples of effluent 
reuse  in  states  such  as  California,  Texas  and  Florida.   One  of  the  most  extensive  examples  of  
effluent reuse is in St. Petersburg Florida, where reclaimed water is pumped through an irrigation 
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water supply system to residential neighborhoods where it is used, with some restrictions, for 
private lawn watering. 
 
REUSE EXPERIENCE IN MASSACHUSETTS 
 
Reclaimed water is used for toilet flushing at Gillette Stadium in Foxborough, at a car wash in 
Westford,  for  golf  course  irrigation  in  Yarmouth,  for  cooling  water  at  a  power  plant,  and  for  
toilet flushing at the Wrentham outlet mall. 
 
MASSACHUSETTS REGULATORY PROGRAM 
 
Massachusetts  DEP  has  established  a  program  to  guide  the  reuse  of  wastewater  effluents.   Its  
publication "Interim Guidelines on Reclaimed Water" was issued in January 2000, and is about 
to  be  updated.   Alan  Slater  leads  the  DEP  program,  and  he  met  with  the  Wastewater  
Management Steering Committee on September 20, 2007 to discuss the current and upcoming 
guidelines. 
 
The current guidelines allow four types of reuse: 
 

 Spray irrigation of golf courses 
 Reuse at landscape nurseries 
 Artificial aquifer recharge, and 
 Toilet flushing 

More uses may be allowed under the new guidelines, perhaps including include private lawn 
irrigation. 
 
For artificial aquifer recharge, DEP divides projects into two categories: 
 

 The effluent is discharged at a point where the groundwater travel time to the nearest 
water supply well is more than 2 years, or  

 The groundwater travel time is less than 2 years.  
 
LEVEL OF WASTEWATER TREATMENT PRIOR TO REUSE 
 
Wastewater reuse requires a higher quality effluent compared to traditional effluent disposal, and 
it is important to understand the effluent limits that DEP will apply to the plant producing the 
reclaimed water.  Table 2-3 in Section 3 of this report summarizes the likely effluent limits for a 
range of scenarios including reuse.  Consider the key regulated parameters of BOD, suspended 
solids, nitrogen and fecal coliform: 
 

 BOD, or Biochemical Oxygen Demand, is a broad measure of organic material in the 
wastewater that consumes oxygen as it decays.  The traditional limit on BOD is 30 mg/l.  
For golf courses and nurseries, and for aquifer recharge with less than 2-year travel time, 
the BOD must be reduced to 10 mg/l. 
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 TSS, or total suspended solids, is a measure of the solid material that would remain if the 
effluent were passed through a fine laboratory filter.  The traditional limit on TSS is 30 
mg/l.  For reuse applications, the TSS must be reduced to either 5 mg/l (landscape 
irrigation and less-than-2-year-travel-time aquifer recharge) or 10 mg/l (toilet flushing or 
more-than-2-year-travel-time aquifer recharge).  The primary reason to reduce TSS is to 
improve the effectiveness of downstream disinfection processes.  The most common 
disinfection process, exposure of the effluent to intense ultraviolet light, is very sensitive 
to  the  TSS  level.   Turbidity  is  another  measure  of  suspended  matter,  that  is  easily  
detected with an in-line device that can continuously measure and record the degree to 
which light is prevented from passing through the effluent by suspended material.  DEP 
requires that turbidity be continuously below 5 turbidity units (NTUs) for all reuse 
applications, and that the average of all readings be below 2 NTU for landscape irrigation 
and aquifer recharge with less than 2-year travel time. 

 Nitrogen comes in many forms, the principal of which are organic nitrogen, ammonia 
and nitrate.  The typical discharge permit limits the sum of these nitrogen forms to 10 
mg/l and also limits the nitrate form to 10 mg/l (which is also the drinking water limit).  
For effluent reuse, no further nitrogen removal is needed; indeed for landscape irrigation, 
the presence of nitrogen is a good thing. 

 Pathogenic material is present in wastewater, and includes such things as bacteria, 
parasites and viruses that are difficult to measure individually.  Fecal coliform bacteria 
are used as an indicator of the likely presence of pathogens, and are measured as the 
number of colonies that will grow in a Petri dish under controlled conditions from 100 
milliliters (ml) of sample.  Although groundwater discharge permits have historically not 
explicitly required disinfection, DEP is increasingly imposing a limit of 200 fecal 
coliform colonies per 100 ml, as an average, on new discharges.  In the reuse setting, that 
200 col/100ml standard applies to more-than-2-year-travel-time aquifer recharge, as the 
maximum for any one sample.  The maximum fecal coliform count is only 100 
col/100ml for toilet flushing and only 14 col/100ml for landscape irrigation and less-than-
2-yr-travel-time aquifer recharge. For aquifer recharge and for landscape irrigation, DEP 
also requires that the median fecal coliform count be "zero".  That is, more than half of 
the effluent fecal coliform counts in a given week must be zero. 

 
AVAILABLE TREATMENT TECHNOLOGY  
 
Given the effluent limits discussed above, wastewater treatment systems that produce effluent 
suitable for reuse must provide a higher-than-normal removal of BOD and TSS, normal levels of 
nitrogen,  and very-high-quality disinfection.  Many of the local reuse applications have 
employed membrane bioreactors (MBRs), such as the WMSC visited in 2006 at the Cotuit Stop 
n Shop.  Another applicable technology uses chemical precipitation to enhance TSS removal.  In 
both cases, a high-intensity ultraviolet disinfection system would be included, although 
disinfection with ozone is also a possibility. 
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High quality effluent is required for reuse, and that high quality must be consistently achieved.  
Treatment plants must be designed for a higher-than-usual level of reliability, and extra 
monitoring is needed.  
 
The demand for reclaimed water may vary seasonally and would be impacted by the weather.  
Therefore, DEP requires that a conventional effluent disposal system be provided as a back-up 
for all effluent reuse programs that involve landscape irrigation (golf courses and landscape 
nurseries). 
 
ASSURANCES AND OPERATIONAL CONSIDERATIONS 
 
A enforceable contract is necessary between the supplier of reclaimed water and the user, and its 
principal terms are stipulated by DEP.  The user must agree to implement Best Management 
Practices (BMPs) to avoid or mitigate undesirable impacts.  Through the groundwater discharge 
permit, the supplier of reclaimed water, in this case the Town, is ultimately responsible for the 
user's failure to use BMPs. 
 
Signs  must  be  posted  at  key  locations  where  reclaimed water  is  used,  to  alert  the  public  to  its  
non-potable character. Use of reclaimed water must be limited to hours when the public is not 
present at golf courses and nurseries.  Reclaimed water cannot be used inside greenhouses. 
 
POSSIBLE REUSE APPLICATIONS IN ORLEANS 
 
Reclaimed water could be produced for a single large user, connected to the treatment plant by a 
dedicated pipeline.  Alternatively, a high quality effluent would be produced at, say, the Tri-
Town  site,  and  a  reclaimed  water  distribution  system  could  be  installed  to  serve  a  number  of  
possible customers in the westerly portion of town.  Those customers would be allowed to tap 
into the distribution system and their connection piping would include a meter that would allow 
the Town to document the volume used and, if appropriate, issue a bill for that water. 
 
The following list of potential customers and uses was discussed with Alan Slater of DEP at the 
WMSC meeting on September 20, 2007: 
  

1. Toilet Flushing in Public Buildings.  Reclaimed water could be used to flush toilets at 
the Town Hall, the fire station, the police station, the highway garage, the pubic toilets on 
Main Street, the Snow Library, and similar facilities.  Administrative issues would be 
reduced (compared to private reuse) because of Town ownership.  Internal plumbing 
changes would be needed.  Presumably, all of these buildings would be connected to the 
public sewer, so the reused water would return to the treatment plant. 

2. Lawn Irrigation at Public Sites.  The Town could use reclaimed water to irrigate lawns 
and vegetation at all of the sites listed above.  To the extent that irrigation systems have 
already been installed, they could merely be disconnected from the potable water supply 
(or from on-site irrigation wells) and re-connected to the reclaimed water distribution 
system.  The reused water would infiltrate to the groundwater.  Best Management 
Practices would govern the application rates (to avoid runoff, for example) and other 
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operational issues, but presumably groundwater discharge permits would not be required 
at each individual site. 

3. Toilet Flushing at High-Water-Consumption Commercial Establishments.  
Compared  with  Item  1  above,  providing  reclaimed  water  to  restaurants  and  motels  
increases the administrative burden, but it significantly increases the volume of reused 
water.  Most of the high water users would be connected to the public sewer, so the 
reused water would be returned to the treatment plant.  

4. Irrigation of the Natural Areas within the Route 6/Route 6A Interchange.  Above-
ground irrigation piping could be used to apply reclaimed water in these wooded areas.  
No vegetation removal would occur.  An agreement would be struck between the Town 
and Mass Highway to control the application operation.   

5. Irrigation of NStar Rights-of-Way.  The Town should expect that NStar will not be in 
favor of permanent wastewater disposal facilities under and near its power lines.  
Irrigation through above-ground, removable distribution equipment might be a more 
acceptable alternative.  Control of vandalism would be an issue, unless sites were fenced 
off, something that NStar might support. With irrigation of NStar rights-of-way, it would 
be important to address the pruning of excessive vegetation, a regular concern of NStar. 

6. Irrigation of Cemeteries.  Town Counsel has expressed concern about effluent disposal 
at cemeteries because of the likely difficulty in gaining all necessary approvals and sign-
offs from individual plot owners.  These concerns might be addressed by the Town 
selling irrigation water (effluent meeting the Reclaimed Water Guidelines) to the 
cemetery association or other controlling entity.  Presumably, the extra treatment and 
monitoring provided to produce reclaimed water would change the character of the liquid 
from "a waste material requiring disposal" to "valuable alternative irrigation water", and 
eliminate some of the legal concerns.   

7. Irrigation of Golf Courses with Reclaimed Water.  This option is already addressed in 
the current DEP guidelines.  Given the fact that there are no golf courses in Orleans, this 
option  would  require  approval  and  close  cooperation  with  Brewster  where  several  golf  
courses are located.  

8. Irrigation of Golf Courses with Effluent-Impacted Groundwater.  At the Pinehills in 
Plymouth,  golf  course  irrigation  wells  intercept  a  significant  portion  of  the  plume from 
the development's effluent disposal system, thus recycling some of the wastewater 
nitrogen entering the groundwater.  If Orleans and Brewster developed a rapid infiltration 
site upgradient of one of the Brewster golf courses, and used capture wells to produce 
irrigation water, the Reclaimed Water Guidelines might not apply, avoiding the higher 
level of treatment. 

9. Irrigation of Ball Fields. The Elementary and Middle School playing fields have been 
identified as potential sites of subsurface leaching facilities for effluent disposal.  Instead, 
reclaimed water might be used to irrigate those fields, eliminating the demand on the 
potable water system (or local irrigation wells) and providing additional nutrient uptake.  
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The new Reclaimed Water Guidelines are expected to address this option.  The Town 
should consider a dual system, involving both warm-weather irrigation of reclaimed 
water and cold-weather subsurface disposal of effluent. 

10. Irrigation of the Bike Path.   A permanent irrigation system could be installed along the 
Bike Path, enabling seasonal irrigation of the vegetation along the old railroad right-of-
way. Presumably this option would be akin to irrigation of playing fields, since it presents 
some of the same risks such as exposure of children. 

11. Irrigation of Land Surrounding the Radio Tower.  This open land near the Tri-Town 
plant was initially identified as a potential effluent disposal site, before realizing it has 
relatively shallow groundwater.  If the Town were to build a subsurface leaching system 
there, surrounding the tower, could it apply reclaimed water there to offset the lack of the 
usual 4 feet of groundwater separation? 

12. Irrigation of Capped Landfill.  The closed landfill could be considered as a site for a 
dedicated spray irrigation facility, where the application rates would be controlled to limit 
runoff, and a hay crop could be grown to remove nitrogen and phosphorus.  The landfill 
is  near the potential  route of a reclaimed water distribution system.  DEP might require 
the use of reclaimed water instead of the traditional 30/30/10 effluent. 

13. Irrigation of Private Lawns.  If the proposed distribution system passes through 
residential neighborhoods, reclaimed water could be sold to individual homeowners.  
There would be more administrative costs here than with a single public or quasi-public 
landowner, but much more potential for widespread use and public acceptance.  This 
reuse option could be associated with a "reuse loop" from a centralized facility at Tri-
Town, but it could also allow reuse near any decentralized plant that might be built, 
provided the appropriate level of treatment is assured. 

14. Irrigation at Private Nurseries.  Private landscape nurseries could be provided with 
reclaimed water from the distribution system.  This use is covered in the existing 
Reclaimed Water Guidelines.   

15. Irrigation of Private Tree Farms.  There is at least one private tree farm in the region 
(off Route 39 in Brewster).  The use of reclaimed water here would presumably be 
similar to the private nursery situation. 

16. Use  at  Car  Washes.  There are two car washes that could easily be served by the 
proposed reclaimed water distribution system; one at the Underground Mall (open to the 
public) and one at the Toyota dealership near the landfill.  DEP has previously approved 
reuse at a commercial car wash on an experimental basis, so there is some precedent for 
this application.   

17. Irrigation of Wellfields Outside of Zone 2.  Some  of  the  Town  wellfield  property  is  
located outside the mapped Zone 2 boundaries.  If convenient to the proposed distribution 
system, might such land be irrigated with reclaimed water?  If not prohibited by the Town 
Meeting language through which the land was acquired, this reuse opportunity would not 
be covered by the current DEP guidelines. 
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18. Use in Concrete Production.    Cape Cod Ready Mix in Brewster near the Orleans line 
uses  water  for  a  number  of  purposes  in  its  business.   Might  reclaimed  water  be  an  
appropriate substitute? 

 
This list of potential reuse opportunities was developed to provoke some innovative thinking and 
to elicit input from DEP on regulatory issues.  DEP was generally supportive of these concepts 
and offered to work with the WMSC to develop a specific plan. 
 
 
B.5 NON-TRADITIONAL NITROGEN CONTROL OPTIONS 
 
In the needs assessment phase of the CWMP, it was demonstrated that the control of nitrogen is 
the largest driving force toward improved wastewater management in Orleans.  Nitrogen reaches 
the embayments from various sources and through multiple pathways.  The "traditional" 
approach to controlling nitrogen is to replace septic systems with public wastewater facilities that 
remove large amounts of nitrogen, and discharge the effluent either at appropriate locations 
within the watershed, or in the watershed of a less sensitive embayment.  While public sewerage 
is a readily permitted and predictable method for nitrogen control, it is also very expensive.  
There are a number of "non-traditional" methods for nitrogen control that offer significant cost 
savings.   
 
INTRODUCTION 
 
In broad terms, non-traditional controls fall into the following categories: 
 

 Options that prevent future nitrogen loads; 
 Options that reduce current nitrogen loads before they reach the groundwater; 
 Options that take advantage of natural processes that impact groundwater quality as it 

moves toward the embayments; 
 Options that improve the ability of the embayments to assimilate nitrogen loads; and  
 Options  that  remove  nitrogen  from  the  water  column  or  sediments  within  the  

embayments. 
 
Within that context, the following nitrogen control methods were considered: 
 

 Density controls through municipal bylaws or regulations 
 Control of fertilization 
 Stormwater management 
 Natural attenuation 
 Permeable treatment barriers 
 Flushing enhancements 
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 Aquaculture 
 Removal or modification of sediments 

 
DESCRIPTION OF OPTIONS 
 
Density Controls through Municipal Bylaws and Regulations 
 
The  Needs  Assessment  documents  how  current  wastewater  generation  rates  in  Orleans  are  
expected to increase by 22% over the planning period ending in 2030.  Considering a somewhat 
lower rate of increase in non-wastewater nitrogen sources (such as lawn fertilization), the town-
wide nitrogen load may increase by about 20% as a result of growth in the community.  Town-
wide, the current nitrogen load must be reduced by perhaps 20% to 25% (depending on the 
findings  of  the  MEP  studies  for  the  Nauset  system).   The  growth in nitrogen load is 
approximately the same as the amount of the current load that must be removed.  Any steps the 
Town can  take  to  slow the  growth  in  nitrogen  load  will  directly  impact  the  extent  and  cost  of  
structural solutions. 
 
Possible land use controls were discussed in detail at a September 21, 2006 joint meeting of the 
Board of Health, the Planning Board and the WMSC.  The most promising options include: 
 

 Reducing minimum lot sizes for new residential development or reducing the allowable 
development intensity on commercial properties; 

 Instituting nitrogen-based performance standards for expansions and redevelopment, such 
as the "no net nitrogen increase" approach or a maximum pound-per-acre load (the "fair 
share" approach); 

 Accelerating land purchases or conservation easements; and 

 Instituting a "checkerboard" sewer system with limitations on increased flows from 
properties not  served. 

  
These and other programs will be further developed as part of the non-structural plan that will be 
part of the final CWMP. 
 
Control of Fertilization 
 
When lawn and garden fertilizer is applied, some portion of the nitrogen nourishes the plants, 
another portion is converted to harmless nitrogen gas by soil organisms, and the excess nitrogen 
leaches to the groundwater.  The MEP technical report for Pleasant Bay estimated that 30% of 
the un-attenuated nitrogen load from the watershed comes from fertilizer and stormwater runoff, 
with most of that from fertilizer.  Therefore, after septic nitrogen, fertilizer nitrogen is the next 
largest source.  In the Pleasant Bay sub-watershed (one portion of the overall watershed), nearly 
one-half of the watershed nitrogen load comes from lawn fertilization, principally from three golf 
courses within that watershed. 
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There are many steps that can be taken to reduce fertilizer nitrogen load to the groundwater.  
First, fertilized lawn area can be reduced.  Second, where fertilizer is used, the application rate 
can be reduced, and the timing of applications can be spread out.  Third, fertilizers with organic 
slow-release nitrogen can be substituted for traditional inorganic forms.  These steps can be 
taken by all fertilizer users, but the greatest potential for reduction is where large fertilizer use 
occurs, which includes golf courses, town parks, and school district ballfields. 
 
The MEP technical report for Pleasant Bay assumed that the typical lawn in Orleans leaches 1.08 
pounds of nitrogen per year.  That report also refers to a separate SMAST study of lawn care in 
Orleans which found significantly higher fertilizer use (and presumably nitrogen leaching) on 
those homes that use private lawn services.  One might conclude that private lawn care should be 
curtailed, but an alternate approach might be to work with the private lawn care companies to 
seek modified application procedures and materials that might allow green lawns at substantially 
lower risk of nitrogen leaching. 
 
Education of the public on the need to modify lawn care practices should occur regardless of 
other steps.  In addition, the Town should institute changes in its own practices and should work 
with the school district in a similar fashion.  Other possible steps include restriction on lawn area 
in new development, working with local lawn and garden retailers to stock only more 
appropriate fertilizer products, and working with the County to institute a fertilizer ban.  While 
not  within  the  direct  control  of  Orleans,  every  effort  should  be  made  to  reduce  the  very  large  
fertilizer use in the Pleasant Bay sub-watershed at golf courses in Brewster, Harwich and 
Chatham.  Controls on fertilizer use on cranberry bogs should also be considered as appropriate. 
 
Stormwater Management 
 
Precipitation that falls on impervious surfaces runs off and takes with it a variety of pollutants, 
including nitrogen.  If stormwater is discharged directly to a pond or embayment (or to a pipe or 
channel leading directly there) it is considered a "point source".  If runoff infiltrates into the 
ground and transports pollutants to the groundwater it is considered a "nonpoint source".  In 
either case, actions are warranted to reduce the pollutant load from stormwater.  For all of 
Pleasant Bay, runoff from impervious surfaces is estimated to produce 9,000 pounds of nitrogen 
per year, or 9% of the total un-attenuated load from all watershed sources. 
 
In general, the Town should try to remove all point sources by infiltrating stormwater instead of 
discharging it to surface waters.  Where this is not possible, some "end-of-pipe" treatment may 
be warranted, such as exists at Lonnies Pond.  While infiltration is most efficient through bare 
soil, vegetated surfaces provide considerable pollutant removal.  Pollutants in runoff can also be 
addressed at the source, through such programs as regular street sweeping, owner control of pet 
wastes, requirements for nutrient management plans for large developments, etc.  In some 
communities, surface wasters have been significantly impacted by runoff from failed septic 
systems.  The investigation of sewer needs in Orleans have found this problem to be non-
existent. 
 
There are many reasons why stormwater management should occur in Orleans independent of 
nitrogen control.  Phosphorus transport to ponds is an important issue, as is bacterial 
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contamination at beaches and shellfishing areas from road runoff.  These reasons for stormwater 
management are important enough on their own to warrant a town-wide plan.  Implementation of 
that plan will also reduce nitrogen loads to embayments. 
 
Natural Attenuation 
 
As groundwater moves toward and into embayments, it may pass through freshwater ponds and 
bogs and through salt marshes.  In these environments, there may be some removal of nitrogen 
by natural means that lessens the impact on the embayment.  These processes are called "natural 
attenuation". Natural attenuation has been included in the modeling of embayments on Cape Cod 
as part of the Massachusetts Estuaries Program.  For Pleasant Bay as a whole, natural attenuation 
is estimated to reduce the raw watershed nitrogen load by 4%.  
 
Natural attenuation can be part of Orleans' overall plan in several ways.  First, the selection of 
properties to be connected to traditional wastewater systems should focus on those properties 
that are not subject to natural attenuation; that is, once pond protection needs are addressed by 
sewering in areas immediately upgradient of ponds, wastewater collection should focus first on 
those properties that are downgradient from the ponds and wetlands that provide natural 
attenuation.   
 
Second, effluent disposal sites can be located upgradient from these natural attenuation resources 
to allow further pollutant removals as the effluent-impacted groundwater moves toward the 
embayment.  Great care must be taken to avoid secondary impacts, however, such as overloading 
the nitrogen attenuation capacity or introducing more phosphorus than is appropriate.  Some 
studies have shown that salt marshes may have significant nitrogen removal capability with less 
potential for overloading than freshwater systems.  In Orleans, where pond protection has high 
priority, salt marshes represent the best opportunity for natural attenuation and should be 
considered in effluent disposal siting. The Tri-Town site in Orleans is upgradient from 
Namskaket Marsh, and the marsh that may now be providing renovation of the Tri-Town plume 
and might provide attenuation of nitrogen from wastewater effluent infiltrated at the Tri-Town 
site.  Similarly, the salt marshes separating Pochet Neck from Pochet Creek might provide a 
similar benefit for effluent disposed of in areas that are immediately upgradient. 
 
The third opportunity for taking advantage of natural attenuation is in the restoration of damaged 
wetlands or the conversion of abandoned cranberry bogs.  Some natural attenuation may be 
occurring at these locations, and restoring them to their original state may allow additional 
attenuation.  In cranberry bogs, deepening the bog or increasing the water surface may increase 
the detention time of groundwater passing through these systems and allow for greater natural 
attenuation.  
 
Permeable Treatment Barriers 
 
Permeable treatment barriers are narrow, deep trenches excavated along the shoreline and filled 
with a medium such as wood chips.  The wood chips provide the substrate for bacteria that 
remove nitrogen from the groundwater passing through the trench.  This option, in concept, 
partially replicates some of the features of  riparian wetlands that provide natural attenuation.  
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This method of nitrogen control is very focused in that it intercepts whatever nitrogen has 
previously reached the groundwater in the watershed upgradient of the barrier.  In order for the 
barrier to remove significant percentages of the nitrogen reaching the embayment, it must cover 
a large portion of the shoreline and must be deep enough to intercept most of the vertical depth 
of the nitrogen-impacted groundwater.  This approach has been pilot tested at locations in Rhode 
Island and on Cape Cod.  Drawbacks include the need to obtain property rights along the shore, 
the potential for construction impacts, and the uncertain frequency of media replacement. 
 
Flushing Enhancement 
 
The residence time of nitrogen in an embayment in part determines the susceptibility of that 
embayment to water quality degradation.  Enhancing the flushing rate of the embayment can 
improve water quality and lessen the impacts of a given nitrogen load.  Dredging channels, 
widening inlets and replacing constricting culverts are all ways to enhance tidal flushing.  A 
number of sub-embayments in the Pleasant Bay system (for example Lonnie's Pond and Areys 
Pond) and perhaps the Nauset system could potentially benefit from dredging to deepen their 
inlets.  It is expected that less nitrogen control would be needed in the watersheds of these sub-
embayments after dredging of their inlets, although additional modeling of the hydrodynamics 
and water quality would be needed to quantify the impact.  (It is important to note that enhanced 
flushing in these "headwaters' sub-embayments does not reduce the overall load to the Pleasant 
Bay system, but merely moves the load downstream more quickly.  In that these sub-
embayments are influenced by the quality of the downstream waters that flush them, this 
technique is less attractive than similar actions in embayments that discharge directly to the 
Atlantic Ocean or Cape Cod Bay.) 
 
The MEP technical report for Pleasant Bay predicts that a significantly higher level of nitrogen 
control will be needed if the current breach off Chatham reverts to its prior, more southerly 
location.  The principal behind this conclusion is the same as discussed above.  The towns 
around Pleasant Bay should formulate a plan to deal with this possible "flushing diminishment". 
 
Flushing enhancement options have many advantages and disadvantages.  Any modifications to 
the coastal environment require significant permitting.  Dredging is only permittable in the 
ACECs if that location has been previously dredged.  (Historical dredging has occurred in Areys 
Pond, Lonnies Pond and Paw Wah Pond, and perhaps others.)  The nitrogen control needs 
documented in the MEP technical report are intended to restore eelgrass and habitat for benthic 
organisms.  Dredging would certainly destroy, at least temporarily, some of the habitat that the 
nitrogen control is intended to benefit.  Dredging, if permittable, would not be a one-time event, 
but would need to be repeated over time to maintain the flushing enhancement.   
 
Aquaculture 
 
Shellfish are filter-feeders; they filter water to capture organic matter, and in so doing take up 
nitrogen.   By  harvesting  the  shellfish,  the  nitrogen  is  removed  from  the  water  column.   Some  
studies have been conducted on Cape Cod to assess the viability of aquaculture systems as part 
of a planned nitrogen removal program.  This nitrogen control option is attractive because it 
might actually generate revenue in excess of its costs.  However, it has not been studied 
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sufficiently for it to be included in a formal program.  Nonetheless, it is sufficiently attractive to 
warrant the close review of any ongoing studies to document its effectiveness and economics. 
 
Sediment Removal or Modification 
 
The release of nitrogen from sediments in the embayments represents a large percentage of the 
total nitrogen load.  MEP studies have categorized this nitrogen source as not "controllable" due 
to the difficulties in removing the sediments or effecting changes in their geochemistry to reduce 
nitrogen release.  While the details of this option and its feasibility need to be better determined, 
the Town should support investigations and stay abreast of progress on this front.  To put this 
issue in perspective, the nitrogen removal predicted by the MEP technical report for Pleasant 
Bay is about 37,000 lb/yr, while the current benthal demand is 187,000 lb/yr.   
 

APPLICABILITY OF OPTIONS TO ORLEANS' CWMP 
 
As one reviews the options described above, it is important to keep in mind several factors.   
 

 First, these options hold considerable promise as low-cost substitutes or supplements to 
traditional systems.   

 Second, there are significant permitting and approval hurdles for some options that may 
make them impractical over the near term.   

 Third, there is the need to develop a mechanism to demonstrate the effectiveness of any 
of  the  options  that  is  implemented.   That  is,  it  is  not  sufficient  to  merely  estimate the 
degree of nitrogen removal that may occur.  It is also necessary to document the extent 
to which nitrogen loads are being reduced.  While this is easily done with the discharge 
from a wastewater treatment plant (by monitoring the effluent), how would it occur with 
a fertilizer control program, or the restoration of an abandoned cranberry bog?   

 Fourth, DEP must concur with the nitrogen control capabilities of any of these options.  
When the CWMP is approved, DEP must concur in the capabilities of each aspect of a 
multi-pronged approach.  If DEP is not convinced that one of these non-traditional 
options  will  be  effective,  the  Town  might  have  to  modify  the  CWMP  to  include  more  
extensive traditional controls. 

 
None of these issues constitutes a "fatal flaw", but they are very important considerations as 
these options receive further review and are incorporated into composite plans later in this phase 
of the project. 
   
 


