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Davio Danielson
RE: Lagoon Ridge Development
Dear Davio,
We are pleased to present the preliminary design information for an Amphidrome® Wastewater
Treatment System and EONE collection system for the Lagoon Ridge Project.
The Design Parameters we have used for the facility are summarized below
Table 1
Design Summary
Constituent
Flow
BOD
TSS
TKN
Ammonia
TN

Influent
6050 gpd
250 mg/L
250mg/L
60 mg/L
45 mg/L

Effluent Requirements
≤30 mg/L
≤30 mg/L
≤13 mg/L

The Amphidrome® system has been used successfully for over 15 years in over 125 applications,
from single family installations to small systems with flows in excess of 360,000 gallons per day
and can be customized to fit site requirements.
.

System Benefits
Low Visual Site Impact
• System below grade
Low Audible Site Impact
• Kaeser premium sound enclosed blowers
Easy To Operate
• Touch screen with SCADA like equipment screens, data trending and built in
troubleshooting guide
• Remote access provided for BOTH control and monitoring
Energy Efficient
• Intermittent aeration - Process air runs 3-5 hours per day at 20-30 Hz
• Backwash blowers run 10 min per day
• Primary and waste solids are digested in anoxic tank – no aeration required
Low Chemical Costs
• Anoxic environment created to denitrify and reclaim alkalinity required for nitrification
• Intermittent aeration provides simultaneous nitrification-denitrification
Consistent Treatment
• Fixed film reactor with high biomass responds well to low and shock loads
• Anoxic tank equalizes mixes and dilutes incoming shock loads of chemicals dumped into
the system
• Demonstrated ability to perform with high levels of Oil & Grease (See Chili’s Data
Appendix A)
Filtered Effluent
• Effluent is filtered through our deep media bed filter
Upgradable
• Easily upgraded for phosphorus reduction without adding additional filtration
• Easily upgraded for UV disinfection by adding an enclosed UV and using the discharge
pumps to pump through it.
The process utilizes a biologically active filter (BAF) operating as a sequencing batch reactor. It
may also be categorized as a submerged attached growth bioreactor (SAGB) because the media
is always submerged in the process flow. The two primary advantages of SAGBs are the high
biomass concentrations equivalent to 7,000 – 18,000 mg-VS/l that may be achieved and the short
hydraulic retention time (HRT), which result when media with a high specific surface area is
used. The short HRTs result in compact reactors, which are advantageous when land area is
limited. The media also provides physical filtration and therefore, the need for solids separation
after the biological treatment process is eliminated.

The system operates as a sequencing batch reactor in which the waste water is cycled back and
forth through the filter. The biofilter is intermittently aerated to achieve both the aerobic
environment required for the oxidation of organics and nitrification and the anoxic environment
required for denitrification.
The system includes an anoxic/equalization tank, one clear well, and a BAF. The Amphidrome
system is typically installed underground. The only structure required is a small building for the
blowers and control panel.

Figure 1. Section View of Amphidrome® System
The reactor consists of: 1) an underdrain, 2) support gravel, 3) filter media, and 4) a backwash
trough. The underdrain, located at the bottom of the reactor, can be constructed of concrete
blocks encased with high-density polyethylene and stainless steel piping or entirely out of
stainless steel. It provides support for the media and even distribution of air and water into the
reactor. The underdrain includes a manifold and laterals to distribute the air evenly over the
entire filter bottom. The design allows for both the air and water to be delivered simultaneously-or separately--via individual pathways to the bottom of the reactor.

Concrete Block Underdrain

Stainless Steel Underdrain

On top of the underdrain is 0.46 m (five layers) of four different sizes of gravel. Above the
gravel is a deep bed of coarse, round silica sand media. The media functions as a filter, reducing

suspended solids while providing the surface area on which an attached growth biomass can be
maintained. The media specific surface area of 250 ft.2/ft.3 (820 m2/m3) results in a high
concentration of biomass within the reactor, which means that the hydraulic retention time
(HRT) is short; therefore the reactor requires a significantly smaller volume to treat a given
waste strength than would be required by some other reactors.

Reactor Quiescent Flow

Reactor During Aeration

The influent wastewater enters the system through the anoxic/equalization tank, which has an
equalization zone, a settling zone, and a sludge storage zone and serves as a primary clarifier for the
SAGB. The wastewater then flows by gravity into the reactor. The driving force of the forward flow
is the hydrostatic pressure created by the differential liquid levels within the tanks. Operation of the
SAGB alternates between down-flow (forward flow) and up-flow (reverse flow) modes. The up-flow
is accomplished by pumping from the clear well back up through the filter. To achieve the required
aerobic and anoxic conditions within the biofilm, process air to the reactor is supplied intermittentlyvia the underdrain at the bottom of the reactor and is independent of the return flow cycles. During a
return, water from the clear well is pumped back through the filter, following the exact same path
through the reactor as it did in the forward flow cycle. However, a check valve in the influent line of
the reactor prevents the flow from returning to the anoxic/equalization tank via the same route.
Instead, the flow fills the reactor until it overflows into the return flow/backwash trough and flows
back to the front of the anoxic/equalization tank by gravity. The recycled flow, which contains
nitrates, mixes with the incoming raw influent, which contains organic carbon, and starts to flow
forward again when the pump shuts off. The cyclical forward and reverse flow of the waste stream
and the intermittent aeration of the filter achieve the required hydraulic retention time and create the
necessary aerobic and anoxic conditions to achieve the required level of biological nitrogen removal.

Controls:
The control system is PLC based with a user friendly operator touch screen interface

Wireless Process Control Access (WPCA)
Amphidrome systems are now provided with one year of online and phone technical support.
The system will be supplied with a WPCA module that will allow the operator and FRMA to log
into the system. This allows real time control and observation of the system remotely via the
internet. Remote access to stored system trending data, alarm history etc. provides valuable
insight on system operation and any adjustments that may need to be made to optimize
performance. These adjustments can be made remotely in real time.

Alarms will be processed by a High Tide Technologies model HTT 1100 Collector. The system
operator can be notified by phone, text and or email of an alarm condition. The operator will be
able to log in and see the alarm and equipment status.
Collection System Monitoring
A low pressure sewer collection system using Environment One Grinder pump technology is
proposed.
The collection system can be monitored using the same HTT 1100 Collector and a High Tide
Technologies GRINDER PUMP GUARDIAN system.

The Grinder Pump Guardian is a cost effective solution to wirelessly monitor the health or
status of individual grinder pumps. The GPG System consists of compact wireless modules for
each grinder control panel. The system uses a neighborhood collector (in this case the collector is
installed on the treatment system) to transmit alarm data via satellite or cellular service to a
central server and a web based application to view current status and historical information.
When any pump is in Alarm, the GPG System automatically notifies maintenance staff of the
street address via voice or text message.
Utility personnel or service providers can view the status of every pump in their system from any
Internet-connected computer, thus eliminating drive-by expenses and time.
·
·
·

Mapping Component
Provides a map view of Guardian locations and unit status.
Locate stations with GPS.
See the status of all pumps at a glance.

·

Reports
System reports can be downloaded in excel format to provide
o Equipment run-times.
o Equipment starts/stops.
o Time-Stamped Alarm events to eliminate doubt when an alarm came in.
o Store and view alarm history reports.
o Store and view service history records.

Treatment System Design
Amphidrome™ Reactor
The most cost effective design for this facility is one (1) 6 ft. dia.reactor. The reactor will have
a 6ft. bed depth and an overall height of 14 feet. Additional carbon will be feed to the aprocess
to achieve a TN of 13.
It is understood that this will have seasonal flow variation. We have many systems installed
with seasonal flows. The process has a history of performing well at reduced flow and loading.
The graph below of date from the Wequasset Inn demonstrates this.

See Tables 1 For Design Information And Tank Capacities.

Process Flow Schematic

Table 1
Tank and Reactor Sizing
Tank

Anoxic/Equalization
Amphidrome Reactor
Amphidrome Clear Well

Capacity/Size
10,000 gallons

6 ft. D with 4ft. media
(Overall height 12 ft.)
4000gallons
(working volume of 3000 needed above off float)

Table 2
Scope of Supply
MAJOR COMPONENTS
Amphidrome® Reactor Internals
Stilling Well for Anoxic Tank
Amphidrome® feed pumps
Return Flow and Backwash Pumps
Final Discharge Pumps
Base elbows and guide brackets for all pumps
50 foot cord length for pumps and floats
Required Float witches and stainless brackets
Kaeser Sound attenuated blowers for outside
installation with butterfly valves
Variable Frequency Drives for blowers
Control Panel with Touch screen
And Remote Wireless Access
Disconnect junction boxes for all pumps and
floats
Alkalinity Feed Pump with Tank & Agitator
Carbon Feed equipment
Flow Meter and flow computer
UV Unit

QUANTITY
One (1)
One (1)
Two (2)
Two (2)
Two (2)

Two (2)

MANUFACTURER
STS
FRMA
HOMA
HOMA
HOMA
HOMA
HOMA
Anchor
Kaeser

One (1)

AC TECH
FRMA
FRMA

One (1)
One (1)
Optional
Optional

LMI
LMI
Seametrics
Aqua Azul

The tanks, control building, external piping, and installation are to be provided by others.
FRMA will provide assistance with the design and review the contract drawings and
provide assistance during installation and start-up to ensure that a complete system is
provided.

tel. 781.982.9300
fax. 781.982.1056
info@frmahony.com
www.frmahony.com

E/ONE Pressure System
Conceptual Design
Lagoon Ridge
Oak Bluffs, MA
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Davio Danielson
ddanielson40@gmail.com
413-320-2395

November 19, 2015

RE: Lagoon Ridge
Dear Davio:
I did preliminary analysis examining the use of a low pressure sewer system using
Environment One Grinder Pumps for the Lagoon Ridge Development. The low
pressure sewer approach provides not only a technical solution, but also an
economic advantage to be realized with low up front and O&M costs.
The preliminary design analysis examines the use of the E/One Pressure Sewer
System for your project. E/One has over 40 years of installation and O&M
experience along with considerable research and development leading to continuous
product and system improvements. E/One remains the worldwide industry standard
and industry leader in the pressure sewer technology. The unique characteristics of
the E/One Pressure Sewer approach provides not only a technical solution, but also
an economic advantage to be realized with low up front and O&M costs.
System Analysis
This project proposes to collect wastewater from 21 individual residential units and
discharge to an Amphidrome® treatment system as shown in your preliminary
layout.
Using the information you provided, we ran the enclosed preliminary pressure sewer
pipe sizing analysis. We have used the surface topography provided to make our
analyses.
Layout
Using your site plan we envision the low pressure main in the street to be 2 inch
We estimate the highest Total Dynamic Head generated to be less than 65 feet. This
is well below our pump’s continuous-run rating of 185 ft, and well within its
intermittent, i.e., normal, operating range. Flow velocity throughout the system would
meets or exceeds 2 fps. These characteristics and low retention time indicate that
this will be a reliable, low-maintenance system.
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Design Flows & System Velocity
We normally use average daily flows for system designs rather than the peak design
flows commonly used for gravity sewer sizing. We do this because the system is
sealed and void of inflow and infiltration commonly allowed for in gravity sewer
designs. We size the pipelines for the proper scouring velocity based on the
pump’s output which has a consistent flow rate over a wide range of head
conditions. We then look at the pipeline retention time to optimize the line size for
the lowest retention that will pass wastewater in a short period of time to reduce
sediment in the lines and prevent odor issues. This makes for a very reliable and
maintenance free wastewater collection system.
Appurtenances
Our normal recommendations for valve placement are as follows: flushing
connections at 1,000’ to 1,500’ intervals and at branch ends and junctions; isolation
valves at branch junctions; and air release valves at peaks of 25 ft or more and/or at
intervals of 2,000 to 2,500 ft.
Your project will require terminal flushing manhole at the ends of Zone 1. We do not
see the need for the noted air/vacuum release valves at the terminal end or at
station 8+50. We have made note in the Notes page of the design report as well.
Common practice in pressure sewers requires the ability to isolate each lot with a
corporation stop off the main and service lateral kit to the lot line. E/One has
developed a true wastewater rated check valve which is built in to our stainless steel
lateral kit shown in this report. These components are rated to 235 psi and with
standard connection fittings rated to 150 psi. These items are included in the budget
analyses and shown in this report.
We strongly advise against the use of waterworks check valves as they are not rated
for sewage environments. We have also seen PVC body check valves with pressure
rating to 150 psi that do not have the same rating for back pressure on the check
valve. This can result in damage to the check valve and pumping issues as the
check valve disc can become dislodged under pressure.
Connections to the main pressure line do not require WYE type fittings. We
commonly use a TEE or saddle connection. We isolate each connection to the main
line with a stainless steel corporation valve in the same manner used for other
utilities such as gas and water services.
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Please contact me if you have any questions or require additional information.
Best regards,
Ed Quann
F.R. Mahony & Associates

Enclosures
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This image shows the typical layout of an outdoor pump unit for single-family
home use. The pump unit is furnished complete, ready for installation. The
installer needs to confirm the power cord length and discharge and inlet
configuration. Standard products are supplied with 32 foot power supply cable.
Standard inlets are 4-inch Schedule 40 Grommets (@ zero degrees) with 1-1/4
inch discharge (@ 180 degrees). Other configurations are available.
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Standard alarm panels are the Sentry® panel mounted outside of the home as
shown in the drawing (above).
Options include emergency generator connection
(see photo) and Redundant alarm Remote Sentry®
panel shown. Other panel configurations are
available. See the partial listing of panel options
below.

•

Basic Panels include circuit breaker for the pump and separate breaker for
the alarm. These panels include alarm light, alarm buzzer and alarm silence
button. All F. R. Mahony panels are equipped with dry contacts to
enable the connection of the Remote Sentry® (battery powered
redundant alarm panel option)

•

Standard options include auto transfer generator connection shown above.
This panel provides automatic power transfer without having to open the
alarm panel or having to operate any manual transfer switching. This feature
can be added to the basic panel or the panels offered below.

•

Popular options include the “Protection Package” which monitors and
protects the system from:
o Pump Run Dry Condition (Pump running out of water)
o Pump Overpressure Condition (Closed valve)
o Brownout Condition (Main voltage under 12% of nameplate)
o High Liquid Level

•

The “Protect Plus” panel features offer the same items in the “Protection
Package” plus the following:
o High & Low Amperage draw by the pump
o High & Low voltage to the pump
o Extended Runtime by the pump (indicating wear or excessive flow)
(field adjustable settings)
o Monitoring of:
 Real-time Pump Voltage and Current
 Cycles & Hours (can be reset)
 Minimum & Maximum Amperage (can be reset)
 Minimum, Maximum, Average, and Last Run Cycle (in minutes, can
be reset)
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Emergency Generator Transfer Options.
The indoor pump units may be furnished with a receptacle for
connection of emergency power supplies. The image to the
right shows the connection receptacle on the right side of our
Sentry panels. This connection may be connected by your
electrician to a remote connection port outside of the home.
Wiring must be performed by a licensed electrician and
conforming to NEC and local electrical codes.

The pump may be operated under emergency power provided the automatic transfer
option is selected with the Sentry® panel. Normal pump run times are short and
should not require the continuous connection of a generator. A single portable
generator may be used to service several homes effectively.
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Pump models may be the DH071-93 (standard height) for outdoor use or the Model
IH091 indoor unit. Both products are UL listed NSF and CSA certified.

Model DH071-93 Outdoor Pump With Bal-Last™
The outdoor model is complete - ready for installation and connection to exterior
plumbing and power supply. This unit is fully tested for operation and factory leak
tested. No assembly is required and there are no floats to adjust. The pump is
furnished complete with the alarm panel and direct bury power supply cable.
Standard cable length is 32 feet with 50, 75, and 100 and up to 150 foot cables
available. (See Alarm Panel options above)

Other station configurations are available for higher flow requirements. Please
contact us for more information. Additional information may be found at
www.eone.com
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Operation Conditions
60 Feet is estimated as
the highest TDH at
simultaneous operating
conditions with the
expected number of
pumps operating in
each zone, or the head
of an individual pump
operating in a single
zone condition.
Operating range of
E/One pumps from 0185 feet TDH and from
0 to -60 feet TDH.
Anti-siphon valves in
E/One cores provide for
negative head pumping.
In common systems
with negative heads of
25-30 feet or more we
recommend the use of
combination air/vacuum
release valves as
described below.
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Typical Cleanout Detail
(Optional Air/Vacuum Valve shown –right)

Cleanout detail can be modified to match typical installation needs. Inline shut offs
may be added to isolate flow direction. Image shown is flow through cleanout.
These structures can be terminal end of line cleanouts, or junction cleanouts as may
be required. Optional air and vacuum relief valves may be added when required.
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Please let me know how we can serve you further on this project.

Very truly yours,
Ed Quann
President

www.amphidrome.com www.frmahony.com

Cc: FRMA engineering

