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15.000, effective March 31, 1995 (last updated in April 2006), which provides the standard 

requirements for basic treatment and the subsurface disposal of sanitary wastewater as deemed 

necessary for the minimum state requirements for the protection of public health, safety, welfare 

and the environment.  They do not provide substantial or reliable nutrient (i.e., nitrogen or 

phosphorous), bacteria, or viral removal.  Title 5 systems are reasonably self-sufficient but 

require routine maintenance to operate effectively.  Conventional systems are also a relatively 

inexpensive alternative for small residential flows on a dollar per gallon basis.   

 

The standard components of an on-site Title 5 system are a building sewer, septic tank, 

distribution box, leachfield, and reserve area.  Wastewater exits the building through its building 

sewer service piping and enters a septic tank where solids, scum and sludge are separated from 

the liquid and retained.  Septic tanks often utilize baffling or multi-compartment tanks to 

increase the detention times and improve scum and sludge retention.  The tank effluent flows 

through the distribution box and to the leachfield where it is distributed to discharge to 

appropriate subsurface soils. The liquid effluent typically percolates through a gravel layer into 

the surrounding soil which provides the treatment.   

 

FIGURE C-1 

TYPICAL TITLE 5 ON-SITE SYSTEM 
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The effectiveness of conventional on-site systems in their ability to treat domestic wastewater 

relies heavily on their design, construction, and environment.  Many design, construction, and 

environmental variables are regulated by Title 5 to ensure effective wastewater treatment and 

disposal, such as: 

¶ Minimal vertical separation from the bottom of the leachfield to the top of the seasonally 

high groundwater table, typically 4 or 5 ft; 

¶ Depth of naturally occurring pervious soil below the leachfield, typically 4 ft; 

¶ Minimum horizontal separation distance between the components of the conventional on-site 

system and specified points of potential concern such as property lines, surface waters, 

wetlands, tributaries to and surface water supplies and public and private wells; 

¶ Minimum depth to bedrock; 

¶ Allowable soil percolation rates, typically less than 60 minutes per inch is acceptable; 

¶ Lot size limitations in nutrient sensitive areas; and 

¶ Additional local Board of Health regulations. 

 

As with any wastewater treatment system, improper operation of Title 5 systems can lead to 

system damage and failures.  Pumping is necessary to remove the excessive buildup of solids 

within the septic tank.  Regular pumping should occur every 2 to 4 years, dependent on use and 

intensity.  If not, solids can accumulate to the level of the septic tank outlet and then pass into the 

leachfield causing clogging of the leachfield, and system failure.  For systems with a garbage 

grinder, pumping is typically recommended on an annual basis as the system will see more solids 

loading than systems without a garbage grinder.  Similarly, larger systems and systems serving 

non-residential properties may require more frequent pumping.  Flushing non-sanitary wastes 

into the septic system should be strictly prohibited.  Since microorganisms in the septic tank and 

leachfield are responsible of providing treatment, items as harsh chemicals, grease cutters, 

cleaners and disinfectants that can harm or kill those beneficial organisms causing the system to 

fail.  Commercial Title 5 systems need to include specialized additional components, such as 

grease traps.   
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C.1.2 Innovative/Alternative (I/A) Systems 

An Innovative/ Alternative Title 5 wastewater treatment system refers to a system that provides 

more advanced treatment than a traditional Title 5 system.  Most systems utilize the basic 

components of a conventional on-site system with a septic tank and some form of a leachfield.  

The septic tank is sometimes referred to as a pretreatment tank.  The Title 5 regulations allow for 

the use of I/A technologies that have been approved by MA DEP.  Periodically, DEP will issue a 

memorandum providing an updated list of approved I/A technologies with a description of each 

and current status of the stage of approved use.      

 

I/A systems are recommended for use in areas where conventional Title 5 systems cannot be 

sited or where nitrogen removal is required.  For the purposes of this report, the focus is only on 

systems that provide nitrogen removal.  I/A Title 5 systems typically utilize one of two 

fundamental types of biological treatment (or a hybrid or combination of the two).  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.  Fixed film treatment provides a surface for the bacteria to 

grow on that comes in contact with the wastewater.  When properly designed, constructed, 

operated and maintained, I/A Title 5 systems can provide enhanced protection of public health, 

safety, welfare and the environment.  Drawbacks to I/A systems are typically considered to be 

the cost, both initial capital and on-going operation and maintenance.     

 

There are over 1,500 I/A Title 5 systems in use in Barnstable County.  The most commonly used 

systems for nitrogen removal include Amphidrome, Bioclere, FAST and RUCK.  In order to 

provide some background context, a brief summary of these four systems is presented on the 

following pages.  There are several other DEP-approved I/A systems including Nitrex and 

Chromaglass.  The alternatives analysis will not recommend a particular brand or type of system, 

but rather, will selected a category of system and a particular performance requirement. 
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C.1.2.1 Amphidrome® Process 

The Amphidrome® system is a submerged attached-growth sequencing bioreactor approved for 

general, provisional, and remedial use.  The treatment processes consists of an anoxic 

equalization tank, the Amphidrome® reactor/sand filter, 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 flows into a clear well.  From the clear well the 

wastewater can be mixed with a supplemental carbon source and pumped through a second sand 

filter (included in the Amphidrome® Plus process) for increased nitrogen removal.  Liquid from 

the clear well is pumped back through the Amphidrome® reactor/sand filter to backwash the 

filter and return liquid to the anoxic tank.  The effluent is sent to a leachfield, just as with 

conventional Title 5 systems.   

 
FIGURE C-2  

AMPHIDROME SYSTEM SCHEMATIC 

 
 
 

 

Equalization 
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Backwash Filter 
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C.1.2.2 Bioclere™ System 

The Bioclere™ system is a fixed film, modified trickling filter over a clarifier approved for 

general, provisional, and remedial use.  The treatment process consists of a traditional septic tank 

and the Bioclere™ unit.  Effluent from the septic tank flows by gravity into a baffled chamber in 

the clarifier portion of the Bioclere™ unit.  The wastewater is distributed over the trickling filter 

media, where a biological film develops and provides the treatment, by dosing pumps located in 

the baffled chamber.  This process is a continuous cycle.  A recirculation line allows for the 

return of nitrified effluent to the primary tank for denitrification.  The effluent is sent to a 

leachfield, just as with a conventional (traditional) system. 

FIGURE C-3 

BIOCLERE SYSTEM SCHEMATIC 

 
 
 
The Bioclere™ unit typically has a five-foot diameter footprint and is installed partially above-

grade.  As with many I/A systems, periodic maintenance and monitoring is required.  This can, 

along with proper maintenance, result in significantly higher operating costs to the homeowner 

as compared with conventional Title 5 systems.  The majority of problems with the Bioclere™ 

system relate to the biology of the wastewater and the habits of the property owner, for example 

excessive oil and grease may impact the performance.   
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C.1.2.3 FAST® System 

The Single Home Fixed Activated Sludge Treatment (FAST) system is a fixed film, aerated 

system utilizing a combination of attached and suspended growth that is approved for general, 

provisional, and remedial use.  The FAST® treatment process consists of the FAST® unit 

installed within a two-compartment conventional septic tank.  The first compartment is a primary 

settling zone and the second is an aerobic biological zone.  A recirculation line allows for the 

return of nitrified effluent to the primary tank for denitrification.   

 

The FAST® unit is virtually maintenance free following installation with the exception of 

recommended pumping.  The system is odorless and located entirely below-grade with the 

exception of a blower that can be housed up to 100 feet away from the system.  This blower must 

operate continuously, and some homeowners do not like the noise created by the blower, or the 

increased electricity usage to power the blower.  Only annual maintenance is required for this 

system.   

FIGURE C-4 

FAST SYSTEM INSTALLATION 
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C.1.2.4 RUCK® System 

The RUCK® system is a passive nitrogen removal system approved for general use.  The 

RUCK® treatment process consists of two parallel septic tanks and the RUCK® filter.  The 

influent wastewater is separated into blackwater and graywater by dual plumbing systems within 

the residential unit.  Blackwater consists of the wastewater from toilets and kitchen sink drains 

equipped with garbage grinders.  Graywater, also referred to as washwater, consists of the 

wastewater from showers, washing machines, dishwashers, and other sinks.  The blackwater 

flows into the blackwater septic tank where primary settling occurs.  Effluent from the 

blackwater septic tank flows through the RUCK® sand filter and into the graywater septic tank 

where it is mixed with the graywater.  The effluent from the graywater tank flows to a 

conventional leachfield.   

 

FIGURE C-5 

RUCK SYSTEM SCHEMATIC 

 

 

 

 

 

 

 

 

 

 

C.1.2.5 Advantages/Disadvantages of On-site Systems 
 
A summary of the advantages and disadvantages of on-site (conventional Title 5 and I/A) 

systems are summarized in Table C-1 . 

 
 
 



12
21

7A
  

C
 - 

9 
 

 
 

 
 

W
rig

ht
-P

ie
rc

e 
 

T
A

B
L

E
 C

-1
 

A
D

V
A

N
T

A
G

E
S/

D
IS

A
D

V
A

N
T

A
G

E
S 

O
F 

O
N

-S
IT

E
 W

A
ST

E
W

A
T

E
R

 T
R

E
A

T
M

E
N

T
 S

Y
ST

E
M

S 

 
M

et
ho

d 
of

 T
re

at
m

en
t 

A
dv

an
ta

ge
s 

D
is

ad
va

nt
ag

es
 

C
on

ve
nt

io
na

l T
itl

e 
5 

Sy
st

em
s 

¶ 
C

os
t-e

ff
ec

tiv
e 

fo
r s

m
al

l f
lo

w
s 

¶ 
Lo

ca
l g

ro
un

dw
at

er
 re

ch
ar

ge
 

¶ 
B

as
ic

 a
nd

 e
ffe

ct
iv

e 
tre

at
m

en
t o

f w
as

te
w

at
er

 

¶ 
A

cc
ep

ta
bl

e 
le

ve
l o

f t
re

at
m

en
t a

nd
 p

ro
te

ct
io

n 
of

 
pu

bl
ic

 h
ea

lth
 a

nd
 w

el
fa

re
 o

f t
he

 e
nv

iro
nm

en
t o

nl
y 

w
he

n 
pr

op
er

ly
 si

te
d 

¶ 
M

ay
 n

ot
 b

e 
ad

eq
ua

te
 m

et
ho

d 
fo

r p
ro

te
ct

io
n 

of
 

pu
bl

ic
/p

riv
at

e 
w

at
er

 su
pp

lie
s a

nd
 su

rf
ac

e 
w

at
er

s 
fr

om
 n

ut
rie

nt
s (

ni
tro

ge
n 

an
d 

ph
os

ph
or

ou
s)

 

¶ 
D

iff
ic

ul
t t

o 
si

te
 o

n 
sm

al
l p

ro
pe

rti
es

 w
ith

 p
oo

r s
oi

ls
 

an
d/

or
 sh

al
lo

w
 d

ep
th

 to
 le

dg
e 

an
d/

or
 g

ro
un

dw
at

er
 

¶ 
N

ot
 c

ap
ab

le
 o

f r
el

ia
bl

e 
ba

ct
er

ia
 o

r v
iru

s r
em

ov
al

 

¶ 
N

ot
 c

ap
ab

le
 o

f a
pp

re
ci

ab
le

 n
ut

rie
nt

 re
m

ov
al

 

I/A
 S

ys
te

m
s 

¶ 
Pr

ov
id

es
 lo

ca
l g

ro
un

dw
at

er
 re

ch
ar

ge
 

¶ 
A

dv
an

ce
d 

tre
at

m
en

t a
nd

 b
ac

te
ria

, v
iru

s, 
an

d 
nu

tri
en

t 
re

m
ov

al
 

¶ 
Le

ss
 st

rin
ge

nt
 d

is
po

sa
l s

et
ba

ck
s, 

ea
si

er
 to

 si
te

 

¶ 
R

ed
uc

tio
n 

in
 th

e 
si

ze
 o

f l
ea

ch
 fi

el
d,

 d
ep

th
 to

 h
ig

h 
gr

ou
nd

w
at

er
 a

nd
 re

qu
ire

d 
de

pt
h 

of
 p

er
vi

ou
s s

oi
ls

 

¶ 
M

uc
h 

m
or

e 
ex

pe
ns

iv
e 

th
an

 c
on

ve
nt

io
na

l T
itl

e 
5 

sy
st

em
s 

¶ 
M

uc
h 

hi
gh

er
 o

pe
ra

tio
n 

an
d 

m
ai

nt
en

an
ce

 c
os

ts
 th

an
 

co
nv

en
tio

na
l T

itl
e 

5 
sy

st
em

s 

¶ 
Le

ss
 e

ff
ec

tiv
e 

w
he

n 
se

rv
in

g 
a 

se
as

on
al

 p
ro

pe
rty

 

 



12217A  C - 10  Wright-Pierce 
 

C.2 SMALL SCALE WASTEWATER TREATMENT SYSTEMS 

Small scale (or decentralized) wastewater treatment systems are generally just larger scale 

versions of on-site treatment systems and can be divided into three categories: 

1. Shared Title 5 systems; 

2. Shared I/A systems; 

3. Small public or private treatment facilities designed to serve larger individual sites or 
small areas of a community (i.e., specific neighborhoods). 

These systems require a small collection system to collect and transfer the wastewater from a 

specific area (e.g., a "needs area") to the treatment and disposal site.  Decentralized facilities that 

treat flows less than 10,000 gpd are designed, permitted and constructed under Title 5 

regulations.  Facilities that treat flow over 10,000 gpd require a Groundwater Discharge Permit 

(GWDP) and are regulated under the DEP "Small Treatment Facility Guidelines". 

C.2.1 Shared Title 5 Systems 

Shared or cluster on-site treatment systems utilize similar septic tanks and leaching fields as 

compared to conventional systems, but on a larger scale.  A shared system typically combines 

the wastewater from two or more properties into one single treatment system located within these 

properties or on a neutral site.  Shared systems are allowed by Title 5 for upgrades of existing 

systems, new construction, and for increased flow to an existing system. 

 

C.2.2 Shared Innovative/Alternative Systems 

Any of the previously discussed I/A technologies, with the exception of the RUCK® system, are 

suitable for use with shared systems.  The RUCK® system is not recommended for use as a 

shared system due to its requirement for separate plumbing (separate black water and gray water) 

within each residence (system is considered cost prohibitive to the individual property/building 

owners due to plumbing separation needs). 

 

Shared I/A systems can provide a more cost-effective treatment solution for properties or 

neighborhoods, which cannot support conventional Title 5 systems by dividing the increased cost 

of an I/A system among several users. 
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C.2.3 Small Wastewater Treatment Facilities 

For the purposes of this report, small wastewater treatment facilities (WWTFs) are considered to 

be facilities with flows in excess of 10,000 gpd and/or which require a DEP Groundwater 

Discharge Permit (GWDP).  There may be some applications, especially in nutrient sensitive 

areas, where a GWDP could be required by DEP for small WWTF's that discharges less than 

10,000 gpd.  These facilities are regulated jointly by the DEP and the local Health Department.  

The majority of technical standards and design guidance can be found in the "Guidelines for the 

Design, Construction, Operation, and Maintenance of Small Wastewater Treatment Facilities 

with Land Disposal." (also known as the Small Treatment Facility Guidelines).  The regulations 

that govern small WWTFs are primarily the Massachusetts Groundwater Discharge Permit 

Program (314 CMR 5.00) and the Massachusetts Groundwater Quality Standards (314 CMR 

6.00). 

 

At the lower end of the flow range, the previously described I/A systems can be expanded to 

serve as small wastewater treatment facilities.  At the higher end of the flow range, the 

technologies used are more similar to large scale nitrogen removing treatment facilities.  These 

technologies, including rotating biological contactors, sequencing batch reactors, and membrane 

bioreactors, are described in C.3.   

 

Regardless of the technology selected, in accordance with "Operation and Maintenance and 

Pretreatment Standards for Wastewater Treatment Works and Indirect Discharges" (314 CMR 

12.00), the permittee bears the ultimate responsibility of providing for the proper operation and 

maintenance of the permitted WWTF.  The permittee, whether public or private, must have a 

WWTF Operator who is certified in accordance with the "Rules and Regulations for Certification 

of Operators of Wastewater Treatment Facilities." (275 CMR 2.00)  The licensed operator may 

be part-time or full-time depending on the size of the system and its chosen technology. 

 

The operator is required to perform routine system maintenance, to record the daily influent and 

effluent flow, and to collect samples to determine if the facility is in compliance with its GWDP.  

A monthly inspection report including the results of the sampling and daily flow analysis must 

be submitted to the DEP and local Health Department. 
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Small WWTFs are required to include an emergency generator that is adequate to power the 

entire facility in the event of a power failure as well as an automatic transfer switch.  The 

operator is also on call, typically through an electronic auto-dial telephone or paging system, for 

any alarm that goes off within the system. 

 

C.2.4 Small Scale (Decentralized) System Advantages/Disadvantages 

There are several advantages and disadvantages to a decentralized wastewater treatment system 

as listed in Table C-2.  In general, decentralized systems can provide relief for areas with urgent, 

or highly localized, wastewater needs.  I/A systems and small WWTF's can be designed to 

provide an enhanced level of treatment, particularly for nutrients, and are useful if a bigger 

facility is unneeded/unwanted, or located too far away to be practical.  The negative aspects of 

decentralized systems include the potential difficulty in siting the systems or facilities due to the 

need for a local site with adequate site conditions for the WWTF and effluent disposal.  These 

systems may also have high capital and operation and maintenance costs.  In constructing 

decentralized facilities, they often are not large enough to develop an "economy of scale" for the 

equipment.  Therefore, the cost per gallon is higher than for a larger centralized facility. 
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C.3 LARGE SCALE WASTEWATER TREATMENT SYSTEMS  

For the purposes of this report, large scale wastewater treatment facilities are considered to be 

facilities with flows in excess of 50,000 gpd and which require a DEP Groundwater Discharge 

Permit.  Large scale wastewater treatment systems may be considered decentralized (if serving a 

localized area) or centralized (if serving the municipality more broadly).  Large scale wastewater 

treatment system often include more processes than small scale systems, including preliminary 

treatment, primary treatment, disinfection, solids handling facilities, septage receiving and 

treatment facilties, and odor control systems. 

 

The technologies available to large scale wastewater treatment systems include rotating 

biological contactors, sequencing batch reactors, membrane bioreactors and oxidation ditches.  

These systems are described below.. 

 

C.3.1 Rotating Biological Contactors 

Rotating biological contactors (RBCs) 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 equipment is shown in Figure C-6. 

 

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. Another advantage of this fixed 

film process is reduced sludge production compared with suspended growth systems. 
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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.  In Sandwich, RBCs are used at the Oak Ridge and Forestdale 

Schools WWTFs.   

 

FIGURE C-6 

RBC SYSTEM 
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C.3.2 Sequencing Batch Reactors 

The sequencing batch reactor (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.  The sequence of 

operation at an SBR facility is depicted in Figure C-7. 

 

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. 

 

SBRs operated by municipalities on Cape Cod include 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. 
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FIGURE C-7 

SBR TREATMENT SEQUENCE 

 

 
 

C.3.3 Membrane Bioreactors 
 

Membrane bioreactor (MBR) wastewater treatment systems utilize a combination of the 

conventional activated sludge treatment process and advanced filtration of the membrane units.  

MBRs are a newer but proven technology that are being used with more frequency for small 

wastewater treatment facilities.  When operated correctly, MBRs are capable of producing a very 

high quality effluent that can be used for reuse applications. 

 

MBR systems utilize a bioreactor and a membrane unit as shown in Figure C-8.  MBRs are 

typically preceded by pretreatment, screening, and flow equalization and may be supplemented 

with disinfection.    The bioreactor consists of several baffled zones or even separate tanks that 

make up the activated sludge process, which typically uses aerobic suspended growth to separate 

treated wastewater from the suspended solids (active biomass).  The treated effluent is drawn 

through the membrane by a vacuum, filtering out the suspended solids.  The membranes are 

essentially microfilters that come in two main designs, flat-plate and hollow-fiber, which is 
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shown in Figure C-9.  The membrane microfiltration units can be immersed within the bioreactor 

or located in a separate unit.  When they are located in a separate unit, the separated suspended 

solids are recirculated into the bioreactor.  The membrane units are continuously scoured with air 

bubbles to prevent membrane clogging and fouling. 

 

MBR systems have the advantage of producing a very high quality effluent without the need for 

several additional processes.  This allows them to have a relatively small facility footprint that 

can be a combination of above and below grade components.  The effluent quality is such that it 

can, and has been used for wastewater reuse applications.  MBRs can also be installed as a 

phased process where additional membrane modules can be added to the process as flows and 

loads dictate.  However, MBRs typically include higher capital costs, potential high cost of 

membrane replacement (there is limited data on membrane life), and higher energy costs. 

 

FIGURE C-8 

MBR SYSTEM SCHEMATIC 
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FIGURE C-9 

HOLLOW-FIBER MEMBRANE UNITS 

 

 
 

C.3.4 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 

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.  An example can be seen in Figure C-10. 
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FIGURE C-10 

OXIDATION DITCH 

 
 

C.3.5 Conventional Four-Stage Bardenpho 

The four-stage Bardenpho process is a suspended growth, activated sludge process that has been 

used extensively for the removal of nitrogen to very low levels (i.e. 4 to 6 mg/l effluent total 

nitrogen).  This process configuration is similar to that which would be used for an SBR, MBR 

or oxidation ditch system for nitrogen removal but it would not be as closely tied to specific 

equipment system manufacturers.   

C.3.6 Large Scale System Advantages/Disadvantages 

Advantages of large scale wastewater treatment is primarily the ability to produce cleaner 

effluent and to take advantage of the economy of scale associated with building and operating 

the infrastructure.  A recent study published by the Cape Cod Commission indicated that the cost 

for large scale treatment system is less than small scale treatment systems when considered on a 

"per-gallon treated" or "per-pound of nitrogen treated" basis.  Disadvantages of these systems 

include that they require larger collection systems to transport wastewater from where it is 

generated to where it is treated, high initial capital cost, and challenges associated with site 

location and odors.  



 
 

12217A  C - 21 Wright-Pierce 
 

 

C.4 COLLECTION SYSTEM ALTERNATIVES 

A wastewater collection system is a network of pipes, pump stations, and appurtenances that 

convey wastewater from its points of origin (generally a home or business) to a point of 

treatment and disposal.  Regardless if this treatment facility is a shared Title 5 system, a small 

decentralized system, or a centralized wastewater treatment facility, a collection system is 

required to transport the wastewater from where it is generated to where it is treated.  The 

collection system is a major structural component and generally represents two-thirds of the total 

capital construction costs for the wastewater management system.  A discussion of the possible 

collection system alternatives follows. 

 

C.4.1 Conventional Gravity Sewers  

In traditional gravity systems, wastewater flows by gravity from the house through the service 

connection and through a piping network to a common collection point (typically a topographic 

low point).  It can be treated at this location, or a pump station can be used to pump the 

wastewater to another downstream stretch of gravity pipe, or possibly the WWTF.  Gravity 

sewers are normally constructed of polyvinyl chloride (PVC), ductile iron, or concrete pipe 

materials, and are considered to have a design life of 50 years.  To prevent sedimentation they 

are installed with a minimum slope to ensure the wastewater maintains an adequate velocity and 

does not pool in the pipe.  Because of the need to maintain these slopes, extremely flat or hilly 

terrain or areas with high groundwater and/or ledge may pose obstacles to gravity sewer 

installation.  These conditions often result in increasingly deep excavations, increased cost, or the 

need for intermediate pump stations.   In general, conventional gravity sewers are relatively 

simple to maintain, reliable, and can be sized to provide for future capacity. 

 

C.4.2 Pump Station Alternatives  

 
Wastewater pump stations are typically used with gravity sewers.  Located at the low elevations 

in the gravity collection system they collect and pump the wastewater to the next high point in 
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the collection system or to a WWTF.  Pump stations come in a variety of types and sizes the 

most common of which are discussed below. 

 

¶ Submersible Pump Stations - Generally used for flow rates between 50 gpm to 500 gpm, a 

submersible non-clog pump station includes two or three submersible pumps mounted inside 

a precast concrete wet well (which collects the wastewater from the gravity sewer). 

¶ Suction Lift Pump Stations - Generally used for flow rates between 150 gpm and 750 gpm, a 

suction lift pump station include either self-priming pumps or vacuum-assisted suction lift 

pumps that are mounted at or near ground level and draw wastewater up from the wet well. 

¶ Custom Built Wetwell/Drywell Pump Stations - Generally used for higher flow rates or in 

settings where special conditions govern, custom built wetwell/drywell pump stations include 

a divided wetwell on one side of the building and a physically separated pump room on the 

other side of the building.  These pump stations are generally multiple stories below grade. 

 

C.4.3 Low Pressure Sewers 

 

With a low pressure sewer system, wastewater is conveyed from the home by pressure, vs. by 

gravity.  Each home, business, etc will have an individual pumping system similar to seen in 

Figures C-11 and C-12.  A low pressure sewer system includes an individual pumping system, 

which conveys wastewater generated from a household 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 typically, buried just below the frost line (generally 4-6 feet 

deep).  Typical pipe diameters are 1.5 to 6 inches for the mains and 1.25 to 1.5 inches for 

individual house services.  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, or shallow depth to bedrock.  Low pressure sewer systems have also proven 

reliable in extremely hilly areas or waterfront areas where deep excavations and extensive 

dewatering could be problematic.  Issues for this type of system is ownership of the components 

located on private property, the potential need for easements, limitations on future expansion, 



 
 

12217A  C - 23 Wright-Pierce 
 

pumping system compatibility, and delineation of O&M responsibilities.  Typically, each user 

would own and operate the pumping system (schedule maintenance as needed). 

FIGURE C-11 

LOW PRESSURE SEWER SYSTEM HOME PUMP STATION 

 

 
 

FIGURE C-12 

LOW PRESSURE SEWER SYSTEM ALTERNATIVE PUMP CONFIGURATION 
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C.4.3.1 Septic Tank and Effluent Pump (STEP) Type 

STEP systems are a variation of the low pressure collection system that includes septic tank 

pretreatment.  On each property, there is a septic tank and septic tank effluent pump.  Depending 

on the site layout, the septic tank can be the existing structure 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 this type of system.  Some property 

owners install their own backup power system to provide uninterrupted service during a power 

outage.  Some municipalities use small portable generators that are transported through a 

neighborhood served by the STEP system. 

 

C.4.3.2 Grinder Pump Type 

A grinder pump system, as shown in Figure C-12, is another variation of the low pressure 

collection system which utilizes a grinder pump.  The grinder pump macerates the solids present 

in the raw wastewater and discharges the wastewater to a low pressure piping system.  Although 

the grinder pumps can be installed indoors, they are generally located outside 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.  While standby power is easily 

provided to a single common pumping station in a treatment system, it is more difficult to keep 

individual pumps operating during an extended power outage.  In most cases, property owners 

are on their own to provide back-up power. 

 

C.4.4 Vacuum Sewers 

 

Like the low pressure system, a vacuum system can be used where conventional sewer systems 

are impractical and/or not economically feasible.  Vacuum sewers are limited by the available lift 
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and are therefore, most suited to flat terrain.  Although not prevalent in New England, vacuum 

systems are currently being used in Provincetown. 

 
Vacuum sewers employ a central vacuum source.  The collection mains 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 (2 - 4 feet) as the high velocities (15 to 18 feet per second) attained by 

the system typically keep 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 as shown in Figure C-13 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. 

 
FIGURE C-13 

TYPICAL VACUUM SYSTEM SCHEMATIC 

 
 
C.4.5 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 
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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 

directly to a treatment facility or to a low point where a pump station is typically sited.  Solids 

settlement is less of a concern as compared to a conventional gravity system, but periodic 

pumping of the individual septic tanks is required to remove sludge, scum and grease. 

 

Small diameter gravity collection systems rely on gravity to transport the effluent, but they are 

often designed to be laid at variable grades throughout the system.  The variable grade of the 

pipe creates low points in the system.  The effluent backs up at these low points until pressure is 

created and the effluent is then forced through the pipe.  This can be beneficial in extremely flat 

areas where the excavation would need to be particularly deep if the pipe was laid at a 

continuous downward slope.  Therefore, construction costs are often reduced, because 

excavation can be minimized due to the fact that the sewer 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, since these systems are not 

amenable to future connections.   

 

C.4.6 Collection System Advantages/Disadvantages 

 

A summary of the advantages and disadvantages of the collection system alternatives are 

presented in Table C-3.     

 

  



12
21

7A
 

C
 - 

27
 

W
rig

ht
-P

ie
rc

e 
 

T
A

B
L

E
 C

-3
 

SU
M

M
A

R
Y

 O
F 

A
D

V
A

N
T

A
G

E
S 

A
N

D
 D

IS
A

D
V

A
N

T
A

G
E

S 
O

F 
C

O
L

L
E

C
T

IO
N

 S
Y

ST
E

M
 A

L
T

E
R

N
A

T
IV

E
S 

 
T

ec
hn

ol
og

y 
A

dv
an

ta
ge

 
D

is
ad

va
nt

ag
e 

C
on

ve
nt

io
na

l 
G

ra
vi

ty
 

C
ol

le
ct

io
n 

Sy
st

em
 

¶ 
Ea

se
 o

f l
on

g-
te

rm
 m

ai
nt

en
an

ce
 

¶ 
Po

w
er

 o
ut

ag
es

 h
an

dl
ed

 w
ith

 b
ac

ku
p 

po
w

er
 a

t 
pu

m
p 

st
at

io
n 

¶ 
Pr

ov
id

es
 e

xc
es

s c
ap

ac
ity

 fo
r f

ut
ur

e 
co

nn
ec

tio
ns

 
¶ 

C
en

tra
liz

ed
 so

lid
s m

an
ag

em
en

t 
¶ 

Lo
w

es
t e

ne
rg

y 
us

e 
¶ 

Li
m

ite
d 

ne
ed

 fo
r s

er
vi

ce
 c

on
ne

ct
io

n 
ea

se
m

en
ts

 
 

¶ 
D

ee
p 

ex
ca

va
tio

ns
 d

is
ru

pt
 tr

af
fic

 a
nd

 p
riv

at
e 

pr
op

er
ty

 
¶ 

N
ot

 a
ll 

pr
op

er
tie

s c
an

 e
as

ily
 b

e 
se

rv
ed

 b
y 

gr
av

ity
 

co
nn

ec
tio

ns
 

¶ 
St

re
am

, r
oa

d 
an

d 
ra

ilr
oa

d 
cr

os
si

ng
s m

or
e 

ex
pe

ns
iv

e 
¶ 

Le
ss

 a
m

en
ab

le
 to

 n
ar

ro
w

 st
re

et
s 

¶ 
Fl

at
 a

re
as

 re
qu

ire
 m

ul
tip

le
 in

te
rm

ed
ia

te
 p

um
p 

st
at

io
ns

 
¶ 

H
ig

he
r c

ap
ita

l c
os

ts
 

Lo
w

 P
re

ss
ur

e 
Se

w
er

 S
ys

te
m

 
(G

rin
de

r a
nd

 
ST

EP
) 

¶ 
Po

te
nt

ia
l f

or
 lo

w
er

 c
ap

ita
l c

os
t 

¶ 
Ea

si
er

 c
on

st
ru

ct
io

n 
du

e 
to

 sh
al

lo
w

er
 e

xc
av

at
io

n 
¶ 

En
vi

ro
nm

en
ta

l d
is

ru
pt

io
n 

re
du

ce
d 

¶ 
D

ur
at

io
n 

of
 c

on
st

ru
ct

io
n 

re
du

ce
d 

¶ 
Su

ita
bl

e 
fo

r c
ha

lle
ng

in
g 

te
rr

ai
n 

¶ 
R

ed
uc

es
 st

re
am

, r
oa

d 
an

d 
ra

ilr
oa

d 
cr

os
si

ng
 

ef
fo

rt 
¶ 

M
or

e 
am

en
ab

le
 to

 n
ar

ro
w

 st
re

et
s 

¶ 
Le

ss
 se

ns
iti

vi
ty

 to
 I/

I 

¶ 
Pu

m
ps

 lo
ca

te
d 

on
 e

ac
h 

lo
t 

¶ 
A

la
rm

 p
an

el
s m

ou
nt

ed
 o

n 
pr

iv
at

e 
bu

ild
in

gs
 

¶ 
El

ec
tri

ca
l c

os
ts

 p
ai

d 
by

 p
ro

pe
rty

 o
w

ne
r 

¶ 
O

w
ne

rs
hi

p 
an

d 
O

&
M

 re
sp

on
si

bi
lit

y 
ar

e 
sh

ar
ed

 b
y 

m
an

y 
en

tit
ie

s 
¶ 

Ea
se

m
en

ts
/A

cc
es

s a
gr

ee
m

en
ts

 m
ay

 b
e 

re
qu

ire
d 

¶ 
M

us
t p

ro
vi

de
 d

ec
en

tra
liz

ed
 st

an
db

y 
po

w
er

 sy
st

em
 

¶ 
In

te
rio

r p
lu

m
bi

ng
 m

od
ifi

ca
tio

ns
 m

ay
 b

e 
re

qu
ire

d 
¶ 

Li
m

ite
d 

ca
pa

ci
ty

, n
ot

 e
as

ily
 e

xp
an

da
bl

e 
V

ac
uu

m
 

Se
w

er
 S

ys
te

m
 

¶ 
Lo

w
er

 O
&

M
 c

os
ts

 
¶ 

Ea
si

er
 c

on
st

ru
ct

io
n 

du
e 

to
 sh

al
lo

w
 e

xc
av

at
io

n 
¶ 

En
vi

ro
nm

en
ta

l d
is

ru
pt

io
n 

re
du

ce
d 

¶ 
D

ur
at

io
n 

of
 c

on
st

ru
ct

io
n 

re
du

ce
d 

¶ 
Li

m
ite

d 
nu

m
be

r o
f v

en
do

rs
 a

nd
 se

rv
ic

e 
pr

ov
id

er
s 

¶ 
Li

m
ite

d 
to

 fl
at

 te
rr

ai
n 

¶ 
M

ai
nt

en
an

ce
 c

on
ce

rn
s w

ith
 v

al
ve

s 
¶ 

C
on

st
ru

ct
io

n 
an

d 
de

si
gn

 c
os

ts
 h

ig
he

r t
ha

n 
lo

w
 

pr
es

su
re

 sy
st

em
s 

¶ 
M

od
ifi

ca
tio

n 
to

 in
te

rio
r p

lu
m

bi
ng

 is
 re

qu
ire

d 



 
 

 
12217A  C - 28 Wright-Pierce 

C.5  EFFLUENT DISPOSAL ALTERNATIVES 

Effluent from wastewater treatment facilities is typically discharged to a surface water body, be 

it a river, lake or ocean.  However, in Massachusetts, the Ocean Sanctuaries Act prohibits new or 

expanded surface water discharges.  As a result, this section will focus on the other alternative 

groundwater effluent disposal.  

 

Groundwater effluent disposal systems typically discharge treated wastewater either at the 

ground surface or below the surface.  The goal of both disposal systems is to get the effluent to 

percolate down through the soil to the groundwater below eventually being carried away by the 

regional groundwater flow.  Surface disposal systems include spray irrigation and rapid 

infiltration basins.  Subsurface disposal systems include leaching facilities (trenches, beds or 

chambers), wicks, and drip irrigation.  Descriptions of each of these types of effluent disposal 

systems are presented in the following sections.  

 

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 can be addressed in the analysis of 

alternatives if necessary.  The pairing depends on both the site and the disposal technology. 

 

The physical characteristics of a site, which need to be evaluated to determine its suitability, 

include size, topography, permeability of the soils, and depth to groundwater.  All effluent 

disposal sites require proper separation distance (setbacks) from buildings, property boundaries, 

water supplies and other sensitive environmental receptors.  Technology attributes include the 

potential for additional nutrient removal and the effluent loading rate or the volume that can be 

applied per square foot of area.  

 

There are many alternatives for groundwater disposal, from well-established technologies to 

those at the forefront of new designs.  These technologies identified for groundwater disposal 

were selected because they provide a wide range of capabilities and allow for consideration of  

different types (size, location, soils) of disposal sites. 
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C.5.1 Subsurface Leaching  

By far, the most common example of this type is the leachfield soil adsorption system in the 

typical Title 5 system.  A soil adsorption system typically includes a networking of rigid solid 

and perforated piping buried below grade, which distributes treated effluent into surrounding 

gravel trenches or beds that provide dispersal of effluent over an area at a specific dosing rate.  If 

well operated and maintained, the leaching system can last for 20 years or longer.  Land must be 

available for the active or "primary" disposal area as well as an equivalent area of land 

earmarked as "reserve", which can be developed as an effluent disposal leach field in the event of 

a failure to the primary disposal area.  These systems are designed to operate year-round and 

work best with regular dosing of treated effluent.  The entire disposal system is buried, which 

eliminates the chance of human contact, and can be located under public parks, sports fields, or 

under parking lots with proper design and site conditions.  An example of a larger scale 

subsurface disposal system is in Oak Bluffs, shown in Figure C-14.   

 

FIGURE C-14 

SUBSURFACE LEACHING  

 
 

 

 

































APPENDIX D 

WQAC Working Documents for Alternatives Analysis (2012) 









































































































































































APPENDIX F 

Habitat Assessment 
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APPENDIX I 

Guidance for Project Delivery Methods 





























































































































































 
APPENDIX J 

Public Presentations 
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