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SECTION 1 - INTRODUCTION
The purpose of the evaluation is to identify potential deficiencies in the treatment processes at the
Manchester-by-the-Sea (Town) WWTP. The WWTP was originally constructed in 1998 and
includes: influent pumping, influent sewage grinding with a manual bar rack, grit removal
equipment, aeration tanks and blowers, clarifiers, chlorine disinfection, and sludge thickening.
The treated effluent is pumped and discharged into the ocean. Refer to Figure No. 1-1 for a
schematic diagram of the current treatment process.
1.1 Plant Influent Flows and Loading
The plant is designed to treat an average daily flow (ADF) of 1.20 million gallons per day (MGD)
and a peak hour flow of 5.2 MGD. However, in accordance with the Ocean Sanctuaries Act Limit,
the annual average ADF must be less than 0.67 MGD. The plant has experienced issues regarding
low flows and oversized process equipment, leading to operational challenges and potential
inefficiencies in plant operations. Table No. 1-1 depicts the constituent design criteria and actual
flows of the plant. Table No. 1-2 depicts the flow, ADF, and maximum daily flow (MDF) from
2010 through 2017.
Table No. 1-1
WWTP Constituent Design Criteria and Actual Flow
Time of Year
Parameter

Flow (MGD)

Influent
BOD

Dry Months
(May – November)
Wet Months
(December – April)
Dry Months
(May – November)
Wet Months
(December – April)

Effluent
BOD

All year

Influent
TSS

Dry Months
(May – November)
Wet Months
(December – April)

Effluent
TSS

All year

Design
ADF

Design
Daily Peak

2017 ADF

2017 MDF

0.3 MGD

1.0 MGD

1.2 MGD

0.7 MGD

2.2 MGD

419.6 mg/L

201.5 mg/L

235.7 mg/L

103.6 mg/L

146 mg/L

5.4 mg/L

9.6 mg/L

194.8 mg/L

223.7 mg/L

103.3 mg/L

149.1 mg/L

8.2 mg/L

15.1 mg/L

0.55 MGD
5.2 MGD

739.4 mg/L
147.3 mg/L
30 mg/L

-

980 mg/L
1,480 mg/L
820 mg/L
30 mg/L

-
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Table No. 1-2
2010 to 2017 WWTP Flows

ADF
(MGD)

ADF Wet
Months
Nov-May
(MGD)

ADF Dry
Months
Jun - Oct
(MGD)

MDF
(MGD)

MDF Wet
Months
Nov-May
(MGD)

MDF Dry
Months
Jun - Oct
(MGD)

2010

0.53

0.72

0.34

3.74

3.74

1.44

2011

0.55

0.65

0.45

1.85

1.85

1.52

2012

0.35

0.42

0.28

1.47

1.47

0.67

2013

0.42

0.51

0.33

2.25

2.25

1.43

2014

0.49

0.63

0.35

2.62

2.50

2.62

2015

0.39

0.53

0.25

1.71

1.71

0.76

2016

0.41

0.54

0.29

1.23

1.23

0.68

2017

0.48

0.65

0.31

0.89

1.30

0.61

Average

0.45

0.58

0.33

2.13

2.12

1.27

Year

.
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SECTION 2 - WWTP Existing Conditions Evaluation
The Manchester-by-the-Sea WWTP evaluation consists of several components to determine and
prioritize deficiencies, inefficiencies and risks both in the present and in the future. The primary
components of the evaluation include: a process by process review of the existing condition of the
facilities and equipment, a review of the effectiveness and efficiency of each process, and system
wide planning evaluations such as energy use, plant hardening, plant staffing, and long-term solids
management.
The operators at the plant have indicated that the system operates well as a whole; however, aging
equipment, oversized equipment, and loading scenarios that differ from the original design of the
plant have led to operational challenges, inefficiencies, and in some cases, pose risks of failure. A
review of plant influent loading data, and effluent discharge levels indicate the current processes
are capable of treating to the plant’s design criteria and meeting NPDES permit limits. As a result,
the focus of the process evaluation is not to change the overall treatment process, but to identify
risks and opportunities for each process.
The evaluation was kicked off when a multidisciplinary team of engineers with expertise in
wastewater treatment, electrical, pumping, instrumentation, mechanical, and SCADA processes
spent a day touring the plant and speaking with operators. Through observation, conversation with
operators, a review of historical flow records, operation and maintenance manuals, record
drawings, contract plans and specifications, the team developed a preliminary assessment memo
highlighting an itemized list of findings. The preliminary assessment memo was presented to the
operators of the plant and reviewed in depth during a meeting. The feedback from the meeting
along with further plant study in regard to energy usage, and sea level rise preparedness, assisted
the team in producing a final list of recommendations and improvements. With the help of
manufacturers, approximate costs and equipment layouts were determined as well. A copy of the
memo is included in Appendix A.
2.1 Existing Condition Assessment
To evaluate the existing condition of the WWTP, T&H visited the WWTP on May 10, 2017. All
of the equipment and processes installed were evaluated to determine if the standards set forth by
TR-16 Guides for the Design of Wastewater Treatment Works (TR-16 Guides) and Recommended
Standards for Wastewater Facilities (10 State Standards) are met for the actual flows experienced
by the plant now. Based on observations during the site visit and review of historical design and
operational data, as well as TR-16 Guides and 10 State Standards, a summary of the current
condition of the WWTP was prepared and is presented herein.
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2.1.1 Headworks and Influent Pumping
Process Description and Design
Wastewater enters the plant by gravity from the Manchesterby-the-Sea collection system. The wastewater is channeled
beneath the lower level of the Headworks Building. A Muffin
Monster channel sewage grinder processes the large debris.
Per TR-16 Guides, the grinder capacity is sufficient for the
peak flow of the plant and a bar rack is available as a backup
screen for when the grinder is offline.
A mechanical vortex grit chamber separates grit from the
wastewater and a grit pump transfers the grit to a grit classifier
located on the second floor of the Headworks Building. The
classifier separates the excess water and organic materials
from the grit. The operators have not observed any issues with the grit chamber, and grit is not
known to accumulate downstream. Per TR-16 Guides, the grit chamber is adequately sized and
the inlet velocity is sufficient to prevent solids settling in the channel prior to the chamber.
Following grit removal, the wastewater travels into two wet wells adjacent to the Pretreatment
Room. The two wet wells are adequately sized for the plant. Three self-priming, centrifugal,
Gorman-Rupp influent pumps, located on an intermediate floor of the Headworks Building, pump
wastewater through a 12-inch force main into a flow splitter box located at the head of the aeration
tanks.
Condition
The headworks room is in generally good condition however, some signs of corrosion and a few
safety issues were observed. The unit heaters and associated piping show signs of moderate
corrosion, and plant staff indicated that the heaters in this space leak. The gas meter was
inoperable, and it was not clear that the equipment and electrical systems were explosion proof.
Under current code provisions, the space should in accordance with Class 1 Division 1 standards
per NFPA 820. In addition, the channel opening at the comminutor and bar racks are not fully
covered and the comminutor cable runs over the floor, which could lead to a tripping hazard.
Overall, the influent piping and channel are in good working order without any observable issues.
The existing Muffin Monster grinder was replaced approximately four years ago and is due for an
upgrade this year as part of a maintenance plan the Town has with the manufacturer. Although
the operators have not observed any issues with the grinder itself, as discussed in detail later in
this section, ragging is an issue downstream and causes maintenance issues at the sludge pumps.
Replacing the comminutor with a mechanical screen would improve the overall solids handling
performance at the plant and would protect downstream process equipment.
The grit classifier room has signs of corrosion similar to the headworks room. Although, the
process piping is coated and in good condition, the classifier itself exhibits moderate to severe
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corrosion, and the heating system in this room exhibits significant corrosion as well. Both the unit
heaters, and the heating coil for the ventilation system have failed and are inoperable.
The grit classifier, pictured right, is 20 years old, and while the
screw mechanism is operational, the unit has reached the end of
its expected useful life. The walls surrounding the grit screw
have worn thin, and there is visible rust and corrosion on the
unit. The condition of the unit requires replacement, and the
unit is at risk of failure. The unit can be replaced with a new grit
classifier, or alternatively a grit washer may be used. A grit
washer will improve the organic material retention, which may
save solid’s handling costs, and may reduce odors. Grit washers
are typically more expensive, so a cost benefit analysis should
be conducted during design prior to selecting the new unit.

The influent pumps, pictured left, are original to the WWTP
and exhibit signs of corrosion. Through conversations with the
plant operators, the Gorman-Rupp influent pumps have
experienced continuous issues with impeller damage because
they are oversized. Each pump is designed for 2.6 MGD;
however, the dry weather ADF is only 0.3 MGD. Centrifugal
pumps with VFDs typically have a minimum flowrate of 25%
to 30% of the design flow, which is equivalent to a flow of
approximately 0.65 MGD. The issues the operators describe
are consistent with cavitation, which can occur when pumps
operate at flows lower than the design point causing areas of
low pressure at the impeller of the pump. Cavitation can cause
accelerated wearing of impellers, bearing and seals. In
addition, since the pumps are typically operating well below
the design point, the pumps are likely operating at an efficiency
of 30% to 40% rather than the design efficiency of 63%.
In the short term, modifications should be made to the pump operation to avoid cavitation, such as
setting the minimum speed of the pumps above the flow rate where cavitation is anticipated. Long
term, there is an opportunity to improve efficiency by replacing one or two of the larger pumps
with two pumps each with half of the design capacity of the original pumps.
Finally, plant staff have indicated that the influent wet well is prone to build up of Fats, Oils and
Grease (FOG) and scum which becomes an operation nuisance. The staff recommend installation
of mixers in the wet well to mitigate the effects of the buildup.
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2.1.2 Aeration Tanks
Process Description and Design
The 12-inch sewer force main from the influent pumps
dispenses into a splitter box located in-between the two aeration
tanks, which evenly splits the flow between the two tanks. The
splitter box contains two 3-foot-wide weirs and stop gates for
tank isolation. The splitter box also contains a return activated
sludge (RAS) pipe to reintroduce sludge at this point in the
WWTP.
The two aeration tanks, divided into four reactors, have a total
capacity of approximately 300,000 gallons. The influent
reactor tanks are approximately 33.5 feet x 25 feet, while the
smaller effluent reactor tanks are 16.5feet x 25 feet. Flow passes
from the first to second reactor through a 2 foot square port,
located at the corner of the reactor on the bottom of the tank
within the dividing wall. The water level remains at 15 feet with approximately 1 foot 8 inches of
freeboard. Three positive displacement, UAI Universal, rotary lobe blowers, located in the
Operations Building, provide air to the aeration tanks. Following the aeration tanks, the flow
travels by gravity to two circular clarifiers.
Review of the aeration basin design criteria, utilizing TR-16 Guides as well as 10 State Standards,
indicate the tanks are adequately sized for the solids loading rates at the plant. Additionally, the
dimensions are consistent with standard design practices related to air transfer. The aeration system
utilizes high efficiency blowers and fine bubble diffusers which provide higher oxygen transfer
rates compared to coarse bubble systems. The aeration system is run manually, and current
operation includes running the blowers at 65% speed with a timer set to 40 minutes on and 20
minutes off.
Condition
Overall, there have been few issues with the aeration tanks. All pipe connections, weirs, and
tankage are original to the plant; however, they remain in acceptable working condition. There
were no signs of corrosion, spalling, or damage to the tanks or air piping. The only issue noted by
the operators is occasional foam buildup. Foam has been known to develop on the water surface
and occasionally the foam will be blown off the surface to the ground below due to limited
available freeboard. To manage the surface foam, staff at the plant have installed hoses, plastic
pipe, and nozzles which serve as a foam spray system. The system helps, but a more robust and
permanent system may be beneficial. The system as currently installed does not provide full
coverage and foam can build up in the corners of the tanks.
Overall, there have been very few issues with the blowers and aeration system. All pipes, and
blowers are original to the plant and remain in acceptable working condition. Automation of the
aeration system; however, has the potential to improve performance and efficiency of the system.
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The plant occasionally experiences tidal influenced I/I to the plant. The tidal events typically occur
at astronomical high tides, or weather-related tides above 9.5 feet. Due to the salinity of the I/I,
operators must carry elevated solids inventory in the aeration basin and clarifiers in anticipation of
these events; otherwise, the biology is impacted resulting in reduced effectiveness of the biological
treatment process. The plant has not failed to meet permit limits during these events, but effluent
can experience higher than average TSS and BOD levels. Unfortunately, the issue is best resolved
in the collections system, rather than at the facility. The Town is proactive in their I/I investigations
and improvements, and continued priority should be placed on areas of the collections system
suspected to contribute to the tidal influenced I/I.
2.1.3 Clarification
Process Description and Design
Two 48-foot diameter, each approximately 175,000 gallon, center feed secondary clarifiers are
located at the back of the WWTP site. Sludge is collected utilizing a differential head type
collection mechanism. The collection mechanism has sludge withdrawal lines mounted on a
revolving scraper arm. Floating scum is collected by a full length radial skimmer and trough that
discharge into a scum well. Moderate scum and algae buildup was observed within the clarifiers.
Return activated sludge (RAS) is periodically collected from the sludge wells located at the
clarifier and recycled back to the aeration tanks. The RAS pumps are located within the Operations
Building Pump Gallery. The clarifier effluent flows into flash mix, disinfecting tanks.
The clarifiers’ solids loading rate, surface overflow and weir overflow rate design criteria were
evaluated utilizing TR-16 Guides and 10 State Standards. The clarifiers are sized to accommodate
the 95% percentile flow. As a result, the clarifiers may experience upsets when flows exceed 4.7
MGD. The solids loading rate was deemed to be adequate.
Condition
The clarifiers appear in good working order; however, there are
signs of light corrosion on the center wells. In, addition, the level
probes and trees are no longer installed, and the draft tubes are
no longer working. The motor and gear box on Clarifier 1 have
been recently replaced, but both the mechanical components for
Clarifier 2 are original. Despite the minor issues mention above,
the operators have not experienced any issues with the
clarification process. Occasionally, small aquatic life like fish
and shellfish have been known to appear in the clarifiers’
launders. Their presence was attributed to a tidal inflow issue
within the collection system which has planned repairs scheduled
for this year.
The Town continues to make progress in removing I/I from the
collection system and a recent repair along the harbor has
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reduced flows to the plant. The I/I removal program in place should be sufficient for mitigating
the potential effects of the clarifier sizing. If the plant begins to experience frequent clarifier upsets
due to flows exceeding the design flow, baffles may be used to improve TSS removal without the
need to expand clarifier capacities.
2.1.4 Disinfection & Effluent Pump Station
Process Description and Design
The wastewater flows from the clarifiers by gravity into the approximately 1,500 gallon flash mix
tank where sodium hypochlorite is dosed at a concentration up to 25 mg/l to maintain a residual of
1.0 mg/l. The dose of 25 mg/l sodium hypochlorite was deemed to be an adequate design criteria
per TR-16 Guides and 10 State Standards. The flash mix tank uses a turbine to achieve mixing.
A 1,000 gallon sodium hypochlorite tank is located within a separate explosion proof shed next to
the flash mix tank. Two MasterFlex chemical pumps pump sodium hypochlorite into the flash
mix tank at a rate dependent on the flow and chlorine residual. Following disinfection, the effluent
is pumped with a submersible Flygt pump to an outfall 8,900 feet away in the Manchester Harbor
next to Misery Island. The variable drives for the final effluent pumps were replaced in 2014.
Condition
The equipment in the chlorine feed room appeared in
good condition and the plant staff have not observed any
issues with the system. The original diaphragm
metering pumps were recently replaced with new
MasterFlex peristaltic pumps. The 1,000 gallon tank can
provide seven days of storage for 10% sodium
hypochlorite at the average wet weather flow and a dose
of 25 mg/l. The tankage and mixing systems, all original
to the plant, as a whole currently have very few issues.
The existing chlorine analyzer is original to the WWTP
and is unreliable; therefore, it should be replaced.
Through conversations with the plant operators, it was
concluded that the Flygt effluent pumps are oversized
and experience constant cycling. The pumping system
is designed to maintain a constant level in the effluent
wet well using a VFD to pace the pumps; however, the
pumps exceed the flow rate into the tank even on the
lowest speeds. Therefore, the pumps regularly start and
stop. Similar to the influent pumps, a review of flows at the plant confirm the pumps are oversized.
The Flygt pumps are submersible pumps which typically have lower efficiencies than other style
centrifugal pumps; therefore, replacing the large pumps with multiple smaller pumps may not
result in a significant reduction in energy costs. The pumps may experience accelerated wearing
due to being oversized, but since the pumps are only two years old, replacement may not be a costeffective solution.
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2.1.5 Sludge Handling and Septage Disposal
Process Description and Design
The RAS pumps are semi-open impeller, centrifugal pumps with a range of flow of 200-1,000
gallons per minute (gpm). There are three RAS pumps including one stand-by that is currently
used for waste activated sludge (WAS). The combined capacity of two pumps is approximately
1,300 gpm (1.8 MGD). This will provide 150% recirculation at design flow (1.2 MGD). The one
pump low flow of 200 gpm (0.29 MGD) equals approximately 100% recirculation at present dry
weather flows (0.3 MGD). The pumps are properly sized for the range of flows and operating
modes anticipated.
Wasted sludge is pumped into the approximately 120,000
gallon waste sludge tank, which has an approximate
detention time of 30 days at current loads, and a minimum
of 13 days for the design peak organic month. The plant
was designed with dedicated waste pumps; however, the
staff indicated they are undersized and instead use one of
the RAS pumps as a WAS pump. From the waste tank,
two un-thickened sludge pumps pump the un-thickened
sludge to a rotary drum thickener (RDT).
The RDT has a design capacity of 75 gpm at 0.5-1.5%
solids, which is considered adequate per TR-16 Guides
and 10 State Standards. The WAS concentrations ranged
from 1.25-1.68% solids for the January 2016-April 2017
study period. Thickened WAS (TWAS) output is the
range of 4.46-5.82%. Based on these results, the unit is operating well and has an estimated
runtime of four hours per week at maximum speed. Operating at less than 75 gpm could improve
unit performance, although a solids concentration of more than 7% may cause problems for the
liquid disposal contractor. An automated polymer system prepares and feeds coagulant chemical
to the thickener. The thickener feed pumps have a capacity of 138 gpm, which exceeds the design
capacity of the thickener; therefore, they are adequately sized.
The thickened sludge is then pumped by the thickened sludge pump, into two thickened sludge
tanks with a combined capacity of approximately 111,500 gallons. The thickened sludge tanks
provide an approximate detention time of 100 days at current loads, and a minimum of 27 days for
the design peak organic month. The waste sludge and thickened sludge tanks are aerated using
positive displacement blowers. The thickened sludge tank is emptied weekly and is brought to the
Upper Blackstone Water Pollution Abatement District for disposal. All sludge pumps are original
to the plant and have also experienced extensive degradation due to age.
From a strict sludge handling standpoint, the WAS tanks are the limiting unit process with a total
capacity of 16,900 gallons per day (gpd). This yields 7,900 gpd in reserve capacity during peak
organic month at a seven-day minimum detention time in the WAS tanks. In other months the
average sludge production of 4,500 gpd yields 12,400 gpd of septage handling capacity. This
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analysis is for direct transfer of septage to sludge processing and ignores the impact of process
side-streams on the WWTP treatment train. Also, a separate analysis of processing the septage
through the WWTP treatment train will likely identify a greater capacity to treat septage (at higher
cost), if the biological treatment capacity exists. The stated septage capacities of the WWTP in
the design criteria are 1,440 gpd summer and 430 gpd winter. The septage receiving facility has a
stated peak capacity of 10,000 gallons per day. It is noted that the septage facility does not include
grit removal and screening which would make direct transfer of septage to sludge processing
problematic. If this mode of operation is of interest, correcting this condition should be considered.
Condition
The existing sludge pumps require frequent cleaning and rag removal. The existing sludge valves
also no longer hold. To facilitate O&M of the pumps, the operator would prefer the 4-inch diameter
pumps be replaced with 6-inch diameter pumps. In addition, the valves are all recommended for
replacement.
To further improve the performance and maintenance of the sludge pump, it is recommended that
the ragging issue be addressed. Inline grinders could be installed at the suction end of the new
sludge pumps, or alternatively, additional screening in the headworks could prevent comminutor
grindings from reforming into rags downstream. By
addressing the ragging issues at headworks, all
downstream processes would benefit from the
improvement.
The Parkson RDT is operational; however, the polymer
feed system and thickened sludge pump at the unit are
both in poor condition and require replacement. The
thickener system does not include redundancy; however,
the process is considered non-critical to the overall
performance of the plant since it does not impact the
plant’s ability to meet permit. Further, the RDT currently
operates once per week, so maintenance can be scheduled
during the period between thickening days. Plant staff
indicates they currently haul three 9,000-gallon trucks of
thickened sludge per month. As discussed above, the
thickened sludge tanks have excess storage capacity
providing additional flexibility should the RDT require
shut down.
Sludge removal from the plant into the hauling truck, has caused issues for plant operators. This
is because the automatic shut off/on for the waste sludge pumps is no longer operational from the
outside of the building. Currently, someone needs to manually turn off/on the pumps and also
valves. Furthermore, the sludge truck itself must connect directly to the opening within the wall of
the building for hauling. The recommendation is to install a permanent sludge discharge hose with
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swing arm on the outside of the building and to install provisions for pump control at the point of
discharge. This new hose will assist in hauling efforts as well as reduce the risk for spills.
2.1.6 Odor Control
Process Description and Design
A biofilter odor control unit is located at the back
of the WWTP. The odor control unit utilizes
organic media that is approximately five feet in
depth, which is sufficient per TR-16 Guides and
10 State Standards. The media is scheduled to be
replaced every three to five years. One half of the
odor control media was replaced in the spring of
2017, while the other half was replaced this past
summer. Air from the Headworks Building, and
sludge holding tanks contribute to the unit. The
odor control equipment is housed in a small room
located half below grade and accessed by means of a bulk head.
Condition
The operators are currently adding a malodor absorption chemical called Odor Sponge to improve
performance. The chemical feed system was constructed by plant staff and is operated manually.
The equipment and room are in good condition and plant staff have not observed any issues with
system performance. In addition, the plant has not received any recent odor complaints.
2.1.7 SCADA (Control) Systems
Process Description and Design
The follow is a summary of SCADA and control related equipment at the WWTP.
• Panel P-1 PLC is located in the Headworks Building, and is the main PLC panel
• Panel P-7 PLC is located in the Blower Room
• Panel P-10 PLC is located in the Sludge Thickener Room
• Panel P-12 PLC is located in the Sludge Pump Room
• An alarm panel PLC is located in the WWTP office
• Operator work station (OWS) is located in the WWTP office
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All of the original PLCs were GE and the
equipment appears to still receive power. The
PLCs located in P-1 and P-12 were changed
over to Allen Bradley CompactLogix (A-B)
models in 2013 and 2014, respectively. See
the photo to the left for an example of an Allen
Bradley Compact Logix panel at the
WWTP. The remaining GE PLCs, located in
the existing cabinets, are currently used as
junction boxes for extending signal wires to
the new A-B PLCs. Panels P-7 and P-10 are
slated to be converted over to A-B in the near
future. The panel in the office contains an AB PLC that simply receives alarms from other
A-B PLCs and outputs alarms to an autodialer.
A telephone conversation with Scott Drapeau of System Integrator, confirms that the OWS runs
Windows 7 and has the most recent update of iFix MMI software. Mr. Drapeau believes that
operators have sufficient monitoring and control capabilities from the OWS.
Condition
Although a SCADA system appears to be installed, the majority of the plant processes, however,
are run, maintained, and recorded manually by the operators. Some of the SCADA processes
appear to be working, but the majority of the system is not interconnected, meaning the main
computer is only controlling a small amount of operations, if any at all. This produces issues for
the operators especially under low staff conditions.
2.1.8 Ancillary System General Observations
The exterior of the Headworks Building, aeration tanks, clarifiers, odor control unit, sodium
hypochlorite shed, and Operations Building appear to be in good condition. The floor of the pump
chamber; however, continuously experiences extensive leakage dependent on the height of the
water table. Due to this constant leaking, the floor is cracked, patched, and re-patched in many
locations. Operators indicate that the plant has leaked since going online in 1999.
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The electrical rooms within the Operations and
Headworks Buildings do not have adequate HVAC
systems. Temperatures frequently reach above
100°F during the summer months, and operators
resort to opening the doors and utilizing portable fans
to regulate temperature.
Operators have also experienced issues with the
plant’s heating system. This winter, leaking heaters
have rendered the system inoperable, as
demonstrated by the emerald green colored pipe in
the photo of the HVAC duct to the left. Inspection of
the heating system in February 2018 concluded that the gas-fired boiler appears to be in good
condition and operational and the unit heaters and hot water coils are in poor condition.
Replacement of the heating system is a top priority at the plant and should be addressed as soon
as possible. It is recommended that the heating system be replaced.
The original design of the plant included a plant water system; however, the system experienced
continued issues and was ultimately demolished. The plant currently uses approximately 30,000
to 35,000 gallons per day of potable water from the Town’s water distribution system. Due to the
large volume of water used at the plant combined with the focus on water conservation and water
supply and treatment costs, there is a large potential for added efficiency by installing a new plant
water system at the plant. Although the existing system has been largely demolished, a connection
to the effluent wetwell still exists and could be used for a new plant water system.
2.1.9 Miscellaneous Electrical Items
In addition to the various electric items discussed in the evaluation above, the following items,
listed in Table No. 2-1 were identified for necessary improvement:
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Table No. 2-1
Electrical Equipment Concerns
Name
Electrical manholes and
conduits
Main switch gear
All gear, MCCs, panels,
etc.
All gear, MCCs, panels,
etc.
Conduits and electrical
device supports
Motors in classified area
Main switch gear
Outdoor 500KW standby
generator
Security system
Electrical room with
electrical gear/MCC
Yard lighting
Lighting

Concern
Site flood during some high tides and water leaks into admin/control
building through electrical manholes and conduits.
New surge protection devices recommended.
New lightning protection system recommended.
New grounding connections/systems recommended.
(Unistrut) in lower sludge pump room needs to be replaced. Most are
deteriorating from the wet atmosphere of the area.
Verify that they are rated for such classification. Chemical feed room
looked tight, some issues with clearances in front of electrical cabinets.
Recommend cleaning, testing and tightening of bussing.
Recommend field test to verify the actual serviceability. Need to
review copies of the preventive maintenance reports (if exist).
Needs update. The system is not working in a few locations.
In fair mechanical condition, 20 year old equipment. Consider
cleaning, testing and tightening of bussing, grounding etc.
Consider adding in some areas around secondary clarifiers and on
walkways and stairways of clarifiers.
Buildings appear to have been updated recently to LED type fixtures.
Some areas still could use an update.

2.2 Plant Design Criteria Review
The original design criteria and plans for the WWTP were developed by Wright-Pierce in 1996.
Plant equipment was designed and selected for an expected wet weather average daily flow of 1.2
MGD, and peak hour flow of 5.2 MGD. On average, the plant sees a flow of approximately 0.5
MGD, meaning some equipment is oversized. As previously mentioned, all of the equipment and
processes installed were evaluated to determine if the standards set forth by TR-16 Guides for the
Design of Wastewater Treatment Works (TR-16 Guides) and Recommended Standards for
Wastewater Facilities (10 State Standards) are met for the actual flows experienced by the plant
now. The design criteria evaluation is summarized in Table No. 2-2 below.

Page 17

Wastewater Treatment Plant Evaluation
Manchester-by-the-Sea

Table No. 2-2
Summary of Process Capacity
Process

Plant Flow

Influent Sewage
Screens/Grinder
Grit Chamber
Diameter: 8 ft.
Depth: 5 ft.
Influent Pumps
Influent Wet Well A
(14 ft. x 8 ft. x 10 ft.)
Influent Wet Well B
(14 ft. x 19 ft. x 10 ft.)

Aeration Tanks
Volume: 291,700 gal.
(33 ft. x 25 ft. x 24 ft.)

Criteria

Provided

Recommended

Result
Oversized:
Potential for
Inefficiency
Adequate

Average Daily design
flow

0.3 MGD Dry Season
0.7 MGD Wet Season

1.2 MGD

Maximum daily
design flow

4.9 MGD

5.2 MGD

Grinder Capacity

5.2 MGD (with full
redundancy/bypass)

5.2 MGD with bypass
bar screen
Mechanical Vortex

Adequate

2.0-4.2 MGD
2-3 ft./s at ADF
0.5-1.0 ft./s at Min. Day
5.2 MGD with largest unit
out of service

5.2 MGD
3.9 ft./s at ADF
3.0 ft./s at Min. Month
5.2 MGD with 1 unit out
of service

Adequate

Type
Capacity
Inlet Velocity
Capacity
Liquid Volume

-

5,800 gal.

Liquid Volume

-

13,900 gal.

Air Required

Mixing: 380 cfm
Dry weather AFD: 206 cfm
Wet Weather MDF: 484 cfm

Solids Loading
(lbs/day per 1,000
cuft)

15-50 lbs./day per 1,000
cuft.

Liquid depth

10-25 ft.

Adequate
Adequate

Oversized:
Potential for
Inefficiency
Adequate

1,150 cfm per blower
(2 duty, 1 standby)
15 lbs./day per 1,000
cuft. at ADF
149 lbs./day per 1,000
cuft. at MDF
15 ft.

Adequate

Surface Overflow
Rate

1,000-1,200 gpd/sqft

1,360 gpd/sqft at MDF

Solids Loading Rate

35 lb/day/sqft

83 lb/day/sqft Peak Flow

Adequate,
Some
Potential of
Upset at PHF
Adequate

Weir Loading Rate

20,000 to 30,000 gpd/ft

16,250 gpd/ft at MDF

Adequate

Side water depth

12-14 ft.

13 ft.

Adequate

150% Design Flow

625 gpm per pump

625 gpm per pump

Minimum Flow Rate

25% Design Flow: 80 gpm

138 gpm

Adequate

Disinfection

Minimum Dose
Capacity

25 mg/L
5.2 MGD with largest
unit out of service

Adequate

Effluent Pumps

25 mg/L
5.2 MGD with largest unit
out of service

Secondary Clarifier
Volume: 175,000 gal
Diameter: 48 ft.

Return Activated
Sludge Pumps
Waste Sludge Pumps

Adequate

Adequate
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Process
Effluent Wet Well
(10.5 ft. x 15.5 ft. x
17.5 ft.)

Odor Control

Criteria

Provided

Recommended

Liquid Volume

-

19,400 gal.

Biofilter media

Wood chips, hog-wood,
bark nuggets

Wood chips

30-120 seconds

46 seconds

2-6 ft.

5 ft.

Empty bed retention
time
Media depth

Result

Adequate
Adequate

2.3 Existing Condition Assessment Summarized
The existing conditions assessment and design criteria review identified several system
components that must be rehabilitated or replaced. Due to the age and condition of the plant, the
list of improvements include a large number of items which require a significant investment to
address all. To aid in the planning, funding, and execution of the improvements, each improvement
was assigned a priority rating of high, medium, or low. Items with a high priority should be the
first addressed and, in most cases, present improvements that impact the plants ability to perform
as designed or improve health and safety at the plant. Medium priority items are still recommended
for completion but may be less critical to daily operation of the plant, and low priority items may
be completed in the future as funding allows. Table No. 2-3, Prioritized Conditions Assessment,
presents a summary of the items identified and the proposed priority rating of each.
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Table No. 2-3
Prioritized Conditions Assessment

No.
1

2
3
4

5

Concern

9

Category

Heating system
Influent pump cavitation
adjustments

Limit pump speed above occurrence of cavitation

Wiring in Headworks
Building
Wiring in sludge thickening
room

Original to plant (19 years old), pump motor keeps burning out
and the plastic mounting is broken
All rotating elements replaced 2007, valves no longer hold, would
like 6" impellers, current pumps require cleaning/rag removal
frequently
Rusting/rotting through, original to plant (19 years old), housing
is worn inside, feed supports may fail from rust
Four main SCADA PLCs, use 1 computer with Windows 7 and
Intellution. System limited and due for upgrade. Two main PLC
panels were upgraded, other two were not. PLC controls in
thickening room do not work with the PLC in the Pump Gallery
Is a Class 1, Division 1 Group D area. All wiring system must be
upgraded to meet code (NEC Art 501) for classified area
Is a Class 1, Division 1 Group D area. All wiring system must be
upgraded to meet code (NEC Art 501) for classified area

Gas detection

Needs to be replaced, not working

Chlorine analyzer
Sludge pump and valve
replacement
Grit screw housing
SCADA and control panels
upgrade

8

Priority

High Proposed maintenance
Heating system is currently not working within the buildings, very Immediate program
bad antifreeze leaks the winter of 2017
Action

6

7

Description

High

Capital improvement

High

Proposed maintenance
program
Proposed maintenance
program

High

High
High

Proposed maintenance
program
Capital improvement

High

Capital improvement

High

Capital improvement

High

Proposed maintenance
program
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No.
10
11

Concern
Electrical manholes and
conduits
Aeration blower
replacement

Description
Behind building gets flooded out during some high tides and
water leaks into admin/control building
Original to the plant (20 years old), and are oversized

Priority
High

Category

High

Proposed maintenance
program
Capital improvement

Verify that they are rated for such classification. Chemical feed
room looked tight, some issues with clearances in front of
electrical cabinets

High

Capital improvement

Motors in classified area
13

New plant water

Existing system does not work

Medium

Capital improvement

14

Necessary to pump sludge into tanker for removal, will improve
sludge operations and limit spills
Currently does not exist

Medium

Capital improvement

Medium

Existing sludge pumps experience ragging

Medium

Proposed maintenance
program
Capital improvement

Very damp, and understructure badly deteriorated and rusted

Medium

18

Sludge disposal
improvements
Float trees & level sensors
in the clarifiers
New mechanically cleaned
screen
RAS pump room to exit
door stairwell
Influent wet well mixers

Medium

19

All electrical rooms HVAC

Experience continuous FOG buildup that has to be periodically
pumped out
No AC system and the drive and panels overheat in the summer

20

Refrigerated samplers

Currently keep samples in coolers with ice

Medium

21

Rotary drum thickener

Polymer system and thickened sludge pumps require replacement

Medium

22

Main switch gear

New surge protection devices

Medium

23

All gear, MCCs, panels, etc.

New lightning protection system

Medium

12

15
16
17

Medium

Proposed maintenance
program
Proposed maintenance
program
Proposed maintenance
program
Proposed maintenance
program
Proposed maintenance
program
Proposed maintenance
program
Proposed maintenance
program
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No.
24

Concern
All gear, MCCs, panels, etc.

Description
New grounding connections/systems

Priority
Medium

Category
Proposed maintenance
program

25

VFDs in electrical room

Medium

Proposed maintenance
program

26

Upgrade froth spray and
chlorine pumping system
Drain in WAS and TS tanks
to storm drain
Pipe gallery floor concrete
condition
Float trees in TS and WAS
tanks

Have overheated during operation – Verify the VFD’s actual
connected load power consumption (not to overloading VFDs)
and the space ventilation requirements
Needed for filamentous bacteria. A system was built by the
operators, but cannot achieve full coverage
If foam builds up in tanks, it may drain into harbor, could tie drain
back into plant
Floor in poor condition, some areas have been repaired, but still
experience groundwater intrusion through floor

Low

Capital improvement

Low

Proposed maintenance
program
Proposed maintenance
program
Proposed maintenance
program
Proposed maintenance
program
Proposed maintenance
program
Capital improvement

27
28
29
30
31
32
33

Exists but inoperable

Gate between TS tank sides

Exists but inoperable, leakage between tanks, want ability to use
one tank

Soda ash motor and second
pump

Motor continuously burns out

Septage upgrades

Currently not receiving septage, upgrades recommended prior to
receiving septage in the future

Security system

Needs update. The system is not working in a few locations

Low
Low
Low
Low
Low
Low

Proposed maintenance
program
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No.
Concern

Low

Proposed maintenance
program

Buildings appear to have been updated recently to LED type
fixtures. Some areas still could use an update

Low

Lighting

Proposed maintenance
program

(Unistrut) in lower pump room needs to be replaced. Most are
deteriorating from the wet atmosphere of the area
1200 amp, hosing main breaker, ATS and feeder breakers is in
fair physical condition, 20 year old equipment. Consideration to
be taken for cleaning, testing and tightening of bussing
Is original, 20 years old, appears to be in fair mechanical
condition. Will require field test to verify the actual serviceability
In fair mechanical condition, 20 year old equipment. Consider
cleaning, testing and tightening of bussing, grounding etc.
Both pumps original to plant (19 years old), variable drives
replaced 08/2014, low flow cycling issues

Low

Proposed maintenance
program
Proposed maintenance
program

Conduits and electrical
device supports

37
Main switch gear

39
40

Category

Consider adding in some areas around secondary clarifiers and on
walkways and stairways of clarifiers

35

38

Priority

Yard lighting

34

36

Description

Outdoor 500KW standby
generator
Electrical room with
electrical gear/MCC
Effluent pump replacement

Low

Low
Low
Low

Proposed maintenance
program
Proposed maintenance
program
Capital improvement
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SECTION 3 – Process Improvement and Optimization
Based on the plant assessments included in Section 2, we have identified a few processes which
should be evaluated for process improvements and optimization including: influent pumping,
activated sludge, solids handling, plant water, plant hardening and flood protection, and energy
use. In this section, the processes will be evaluated for opportunities to improve effectiveness
and/or efficiency.
3.1 Influent Pumping
As discussed in Section 2, the influent pumps are oversized. Each pump is designed for 2.6 MGD;
however, the dry weather ADF is only 0.3 MGD. The oversized pumps have observed issues
symptomatic of cavitation and operate inefficiently. Correcting influent pumping issues is
considered high priority due to the risk of failure of the pumps due to cavitation. Section 2
recommends immediate measures to eliminate cavitation such as limiting the turndown of the
speed of the pumps to prevent operation at the low end of the pump curve. In addition to the shortterm solutions discussed previously, it is recommended to use smaller pumps to increase
operational flexibility and efficiency. The improvement would also align with the facility’s goal
of reducing energy use through efficient design.
There may be other solutions to accommodating low flow such as adding a recirculation loop or
diverting recycled sludge to the influent wetwells; however, the pumps are original to the plant
and will require refurbishing or replacement in the future. The pump replacement strategy
described above could be implemented in phases as pumps are scheduled to be rehabilitated.
The most cost effective and energy efficient solution will be determined during design; however,
one example of a revised pumping system would include replacing an existing 2.6 MGD pump
with two new pumps each with a capacity of 1.3 MGD. Therefore, with any one pump out of
service, the system can meet the design peak flow of 5.2 MGD, and a larger portion of the plant’s
flow range will be within the high efficiency range of the pumping system. This change will also
result in less start and stop cycles for the pumps. Although the system is designed to maintain a
constant level in the wetwell, if incoming flow is less than the minimum flow rate of the pump for
an extended period of time, the pumps will turn off.
Gorman-Rupp is the manufacturer of the existing influent pump systems. They were contacted to
determine the most favorable approach to the potential pump replacement project. Following
conversations with a Gorman-Rupp representative, it is recommended that one of the existing
1,800 gpm, 40 hp, Gorman-Rupp Pumps be replaced with two 900 gpm, 20 hp, Gorman-Rupp
Pumps. By replacing the larger pump with two smaller pumps, the same overall pump capacity is
available and the ability to control the flow and pumping rate is improved. This improvement will
result in improved pump performance, energy savings, and more flow control. The estimated
pump efficiency of the smaller pumps is approximately 60% which is an improvement over the
current efficiency of 30-40% experienced during current ADF conditions. Evaluating the hydraulic
horsepower of the existing system versus the proposed smaller pump indicates a potential annual
savings of approximately 30-40%.
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The evaluation is based on the following assumptions:

Capacity
TDH
Run Time (hours per year)
Hydraulic Shaft Power
Pump Efficiency
Annual Cost*

Existing
Pumps
1,800 gpm
49 feet
1,521 hours
41.59 kW
40%
~$9,500

Proposed
Pumps
900 gpm
45 feet
3,042 hours
12.73 kW
60%
~$5,800

Assumes $0.15/kW*Hr

Figure No. 3-1 depicts one possible layout for the pump replacement project. This layout could
be further improved by replacing an existing pump from each wetwell (two total) with four smaller
pumps. This option would create a more symmetrical solution, but would increase the capital costs.
The timing of this improvement will depend on how effective the operational changes are at
eliminating cavitation. Based on the annual cost savings presented above, the payback period for
the pumps will be approximately 24 years, which is similar to the 25-year design life span of the
pumps. If the influent pumps cavitation issues cannot be resolved through operational adjustments,
replacing the oversized pumps with smaller pumps should be a high priority, otherwise the pump
replacement can be completed when the pumps are due to be rehabilitated or replaced.
3.2 Activated Sludge Process
The activated sludge process is able to produce effluent which meets permit limits and the
operators have indicated the process works well; therefore, the process evaluation will focus on
opportunities to improve efficiency. The system was evaluated for aeration efficiency and
activated sludge operation alternatives.
3.2.1 Aeration Evaluation
As mentioned in Section 2, the aeration system consists of two aeration tanks divided into four
reaction tanks (two influent reaction tanks and two effluent reaction tanks). The aeration system
includes Sanitaire round, neoprene, fine bubble diffusers mounted in a fixed grid of PVC pipe in
the bottom of the aeration tanks. The blowers are housed in the Operations Building. The control
system was designed for the blowers to be paced to maintain a preset dissolved oxygen (DO) level
in the aeration tanks. This function is not presently available due to failure of the DO probes.
Instead, current operations run the blowers on a timer with settings of 40 minutes on and 20
minutes off every hour, at 65% speed.
A review of the oxygen required for Biological Oxygen Demand (BOD) removal based on current
solids loading to the plant indicates an opportunity to operate the aeration system more efficiently.
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The air requirements are as follows:
• Blower output at 65% speed: 1,150 scfm
• Blower output at current settings (40 minutes on, 20 minutes off): 766 scfm
• Minimum air requirement for mixing: 300 scfm
• Average dry weather air requirements for organic loads: 318scfm
• Average wet weather air requirements for organic loads: 360 scfm
• Max day dry weather air requirements for organic loads: 428 scfm
• Max day wet weather air requirements for organic loads: 629 scfm
• Annual electrical cost of the blower at $0.15/kwhr: $38,000 per year
As presented above, the blowers are designed to operate at higher discharge rates than are
necessary under current flows and loadings at the plant. Installing DO probes within the aeration
basin and pacing blower speed based on DO levels in real time should reduce the energy required
by as much as 30-40%. Once DO pacing is utilized at the plant, the blower operation can be
reevaluated for efficiency. The performance curves indicated a minimum blower discharge of 300
standard cubic feet per minute (scfm) at 34% speed. If the blowers still produce more air than
required at minimum blower speed, one current blower could be replaced with two smaller blowers
to further improve efficiency at low loading conditions.
3.2.2 Activated Sludge Operation Alternatives
The facilities are designed for operation in three different activated sludge modes:
• Extended aeration (EA)
• Conventional (CAS)
• Contact stabilization (CS)
Splitter boxes at the process inlet receive wastewater and return activated sludge (RAS). Each of
the flows is delivered via separate pumps and have discrete discharge points in the splitter boxes.
In EA and CAS modes, the RAS and wastewater are mixed, and flow from the large to small cell
of either or both aeration tanks. In CS mode, only the RAS is discharged to the large cell and the
wastewater bypasses the large cell (stabilization) and is discharged and mixed with stabilized RAS
in the small cell (contact) of either or both aeration tanks.
The typical operating parameters of the three activated sludge operating modes are presented in
Table No. 3-1 below. The actual parameters for one wet month (February 2017) and one dry month
(July 2016) were used to calculate a range of values for this analysis.
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Table No. 3-1
Parameters of Activated Sludge Operating Modes

Mode

Hydraulic
Retention
Time (hrs.)

Solids
Retention
Time
(days)

F:M
Ratio

lb. BOD/
1000 cf

Recirculation
Rate

18-36

20-30

0.05-0.15

10-25

0.5-1.5

4-8

5-15

0.25-0.75

20-40

0.25-0.75

1.5-3

5-15

0.2-0.6

60-75

0.5-1.5

7-27

30-40

0.04-0.08

13-26

0.5-1.0

Extended
Aeration (EA)
Conventional
(CAS)
Contact
Stabilization
Actual (Feb 2017
& Jul 2016)

The facility is currently operated with the two aeration tanks (all four inner tanks) in EA mode.
Based on a review of the current loading at the plant, the facility could be operated with one
aeration tank (one influent reactor tank and one effluent reactor tank) in either CAS or CS mode.
Although the calculated air demands for organic demand would not change (318-629 scfm), the
aeration requirements for mixing would be reduced by one half, or approximately 150 scfm.
Therefore, under low loading conditions (where organic demand is less than 380 scfm), additional
energy savings can be realized.
3.3 Solids Handling
3.3.1 Sludge Pump Ragging
As discussed briefly in Section 2, to further improve the performance and maintenance of the
sludge pump, it is recommended that the ragging issue be addressed. Operation staff have indicated
that at a minimum, the 4-inch pumps be upgraded to 6-inch pumps. Inline grinders could be
installed at the suction end of the new sludge pumps, or alternatively, additional screening in the
headworks could prevent comminutor grindings from reforming into rags downstream. By
addressing the ragging issues at headworks, all downstream processes would benefit from the
improvement. The most cost effective screen alternative will be evaluated during design; however,
discussions with representatives of a few screen manufacturers indicated that a climbing rake style
screen could be installed in the existing channel at the location of the existing comminutor, and
convey the screening through to floor for collection above.
3.3.2 Sludge Processing
The facility currently employs a rotary drum thickener to thicken sludge at the plant. In some cases,
it is cost effective to further thicken, or to dewater sludge prior to disposal. The Town pays
approximately $0.185 per gallon for approximately 400,000 gallons per year of TWAS and has a
total budget of approximately $72,000. The disposal price is competitive with similar liquid
disposal options. The thickened sludge is disposed of at Upper Blackstone Water Pollution
Abatement District; however, the Town does not have a contract with the receiving facility, and
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on occasion, Upper Blackstone has been unable to accommodate the plant’s sludge. During these
times, the plant has utilized the excess storage available.
A preliminary evaluation of costs for upgrading to sludge dewatering was conducted for planning
purposes. The evaluation considered upgrading the sludge handling facilities from producing
thickened sludge (approximately 5.5% solids) to dewatered sludge (approximately 20% solids).
This upgrade would change the form of the sludge as it leaves the WWTP from liquid to cake and
greatly reduce the volume of sludge to be disposed of.
The estimated cost of replacing the thickening system to a dewatering system and adding a truck
bay for dewatered sludge loading is approximately $1.2M. Labor costs are not anticipated to
change significantly. The current processing costs are $0.09/gallon of WAS, which is predicted
to stay the same at design loadings. The initial cost of operation with the dewatering upgrade
(including capital payments) would rise to $0.15/gallon of WAS. At design loadings, this would
reduce to $0.08/gallon of WAS.
Therefore, there is no opportunity for significant savings by converting to dewatered sludge
without receiving septage. Another cost driver is final disposal cost, which is 75% of the total cost
for thickened sludge processing and 35% for dewatered sludge. These analyses have assumed
$100/wet ton for cake transport/disposal. If services could be procured at a lower cost, the benefits
of changing to dewatering would be greater.
3.4 Plant Water System
The facility currently uses up to 35,000 gpd of potable water at the plant. It is recommended that
a new plant water system be installed in lieu of using potable water for cleaning and process water.
The original design of the plant included a plant water system with a hydropneumatic tank, which
the plant operators found troublesome. An alternative system common in plant water systems
would be a duplex or triplex skid mounted pumping system with VFDs, a pressure switch and an
onboard PLC. The system operates by drawing water from the effluent wetwell and charging the
plant water line to an operator specified pressure, typically 60 to 150 psi. As the flow demand
increases, the line pressure decreases and the pressure switch and PLC ramp up the speed on the
pumps to maintain the pressure. Where there are large ranges in flow conditions, the triplex pump
system may be preferred with the third pump on the skid serving as a jockey pump to handle low
flow conditions.
3.5 Energy Use Review
The 2013 EPA Energy Efficiency in Water and Wastewater Facilities: A Guide to Developing and
Implementing Greenhouse Gas Reduction Programs states that the three basic categories to
improve energy efficiency are equipment upgrades, operational modifications, and building and
general facility modifications.
This section presents several energy saving improvements that fall into each of the EPA’s three
categories. While all energy saving improvements provide a benefit, not all improvements will be
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cost effective. To determine the improvements most beneficial to the plant, the payback periods
for the energy efficiency improvements were evaluated. The payback period was considered along
with the operational and process benefits to determine the prioritization of the recommended
improvements.
Table No. 3-2 provides a list of recommended efficiency related improvements with associated
energy and cost savings and payback period. The payback period on the aeration blower
replacement is high, but the units are original to the plant and will eventually need replacing.
Smaller blowers will increase the energy efficiency of the plant. Although not considered an
energy savings, installing a plant water system will save the Department up to 12.7 million gallons
of potable water use annually.

Table No. 3-2
Estimated Energy Efficiency Improvements Payback Periods
Improvement

Influent Pump Replacement
Aeration Blower Automation
Activated Sludge Operational
Changes
Aeration Blower
Replacement/Resizing

Estimated
Energy Savings
(kw hr)

Estimated
Annual Cost
Savings

Estimated
Payback
Period

25,534
45,333
88,667

$ 3,680
$ 6,800
$ 13,300

24 years
18 months
9 months

69,333

$ 10,400

6 years
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SECTION 4 - Recommendations and Implementation
This section will summarize the improvements recommended through the various evaluations in
Sections 2 and 3 of the report and will develop implementation strategies to facilitate execution of
the improvements. This section also includes the development of estimated construction costs,
proposed project phasing, and impacts to plant staffing.
4.1 Summary of Improvement Recommendations
The existing conditions assessment in Section 2, and process assessment in Section 3 identified
many recommended improvements. Due to the number of recommended improvements and the
capital investment required to complete them, each recommendation has been categorized and
prioritized to facilitate phasing of the work. By phasing the work, the capital costs can be
distributed over multiple years of funding.
Recommended improvements were assigned a High, Medium, or Low priority through a
collaborative workshop between Tata & Howard and plant staff. The priority of each improvement
was determined based on the risk of failure as well as the consequences of failure. Importance was
also placed on items that reduce O&M costs such as reducing electrical usage or reducing labor
hours.
WWTP staff have been resourceful in the past, often completing repairs and equipment
replacement themselves. To reduce the cost impact of the capital improvements, and to take
advantage of the skills at the plant, work that can be completed by plant staff as part of an annual
operation and maintenance program have been identified. Work that requires engineering design,
or an experienced contractor will be included as capital improvements. The capital improvements
were split into Phase 1 and Phase 2 to distribute the cost impact. The phases were developed to
complete the high priority items and include some medium priority items to achieve an
approximately even cost between the two phases.
Tables No. 4-1 through 4-3 include the observed concerns, recommended improvements and
associated costs. Table No. 4-1 includes the Phase 1 improvements. Table No. 4-2 includes the
Phase 2 improvements. Table No. 4-3 includes the items included in the proposed annual
maintenance program. Additional conceptual information is provided for the Phase 1 capital
improvements to provide examples of the types of projects that may be included in the first phase
of capital improvements.
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Table No. 4-1
Phase I: Recommended Improvements

Concern

Category

Priority

Heating system

Capital improvement

Immediate*

Influent pump
cavitation adjustments
Chlorine analyzer
Sludge pump and
valve replacement
Grit screw housing
SCADA and control
panels upgrade
Motors in classified
area
Wiring in Headworks
Building
Wiring in sludge
thickening room

Capital improvement

Gas detection
Electrical manholes
and conduits
Aeration blower
automation
Aeration Operation
New plant water
system
Sludge disposal
improvements

High

Capital improvement
Capital improvement

High

Capital improvement
Capital improvement

High

Capital improvement

High

Capital improvement
Capital improvement
Capital improvement
Capital improvement
Capital improvement
Capital improvement
Capital improvement
Capital improvement

High

High

High
High
High

Recommended Improvement
Comprehensive heating upgrades for
all buildings
Adjust SCADA to limit speed to reduce
potential for cavitation
Replace chlorine analyzer
Replace sludge pumps with larger
impellers. Replace all sludge valves.
Replace unit.
Comprehensive SCADA and control
upgrade
Upgrade wiring and equipment for Class
1 Division 1 Area
Upgrade wiring and equipment for Class
1 Division 1 Area
Upgrade wiring and equipment for Class
1 Division 1 Area
Inspect and replace all gas detection
devices

Estimated
Cost
$ 30,000
$ 5,000
$ 7,000
$ 76,000
$ 156,000
$ 200,000
$ 50,000
$ 36,000
$ 36,000
$ 16,000

High

Inspect, and repair as needed

$ 20,000

High

Automate blower operation with DO
probe

$ 10,000

Medium

$1,000

Medium

Install new plant water system

$ 44,000

Medium

Install equipment for storage and
handling of sludge discharge hose

$ 10,000

Page 32

Wastewater Treatment Plant Evaluation
Manchester-by-the-Sea

Table No. 4-1
Phase I: Recommended Improvement (continued)
Concern
Float trees & level
sensors in the
clarifiers
RAS pump room to
exit door stairwell
Influent wet well
mixers
All electrical rooms
HVAC
Rotary drum thickener
Main switch gear
New mechanical
screens at Headworks
All gear, MCCs,
panels, etc.
All gear, MCCs,
panels, etc.
VFDs in electrical
room
Subtotal
Contingency
Engineering
Total

Category

Priority

Recommended Improvement

Capital improvement

Medium

Replace level measurement devices and
mounting hardware

Capital improvement

Medium

Repair and/or replace stairs, install
dehumidifier

Capital improvement

Medium

Install wet well mixers.

Capital improvement

Medium

Capital improvement

Medium

Capital improvement

Medium

Capital improvement

Medium

Install new mechanical screens

Capital improvement

Medium

Install new lightning protection system

Capital improvement

Medium

Capital improvement

Medium

HVAC upgrades including A/C units for
all buildings
Replace TS pump and polymer feed
system
Inspect and replace all surge protection
devices as needed

Install new grounding
connections/systems
Install new grounding
connections/systems

Cost
$ 10,000

$ 30,000
$ 60,000
$ 100,000
$ 100,000
$ 10,000
$ 200,000
$ 20,000
$ 16,000
$ 100,000
$ 1,343,000
$ 336,000
$ 202,000
$ 1,881,000

*As discussed in Section 4.3, the HVAC improvements require immediate attention, and if possible should be addressed prior to design and construction
of the Phase 1 improvements.
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Table No. 4-2
Phase II: Recommended Improvements

Concern
Activated sludge
process
Aeration blower
replacement/resizing
Upgrade froth spray
and chlorine pumping
system
Drain in WAS and TS
tanks to storm drain
Septage Upgrades

Category

Priority

Capital improvement

Medium

Capital improvement

Low

Recommended Improvement
Test and implement activated sludge
operational adjustments
Replace one existing unit with two
smaller units

Capital improvement

Low

Install froth spray system with chlorine
injection

Capital improvement

Low

Reroute drains

Capital improvement

Low

Security system

Capital improvement

Low

Yard lighting
Lighting
Effluent pump
replacement
Subtotal
Contingency
Engineering
Total

Capital improvement
Capital improvement

Low
Low

Capital improvement

Low

Update WWTP to accept septage
Replace non functioning elements of
security system
Install exterior lighting
Replace remaining interior light fixtures
Replace one existing unit with two
smaller units

Estimated
Cost
$5,000
$ 60,000
$50,000

$50,000
$ 1,000,000
$10,000
$16,000
$50,000
$ 66,000
$1,307,000
$327,000
$196,000
$1,830,000
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Table No. 4-3
Maintenance Program

Concern
Refrigerated samplers
Pipe gallery floor
concrete condition
Float trees in TS and
WAS tanks
Gate between TS tank
sides
Soda ash motor and
second pump
Channel monster

Category
Included in proposed
maintenance program
Included in proposed
maintenance program
Included in proposed
maintenance program
Included in proposed
maintenance program
Included in proposed
maintenance program
Included in proposed
maintenance program

Priority

Recommended Improvement

Medium

Furnish new refrigerated autosamplers

Low
Low

$10,000
$15,000

Install new gate

Low

Install new duplex chemical dosing
pumps

Low

Replace as needed
Inspect and replace panel support systems
as needed

$10,000

Take 1200amp, hosing main breaker,
ATS and feeder breakers for cleaning,
testing and tightening of bussing
Complete planned field testing

$ 50,000

Complete cleaning, testing and tightening
of bussing of MCC

$ 25,000

Included in proposed
maintenance program

Low

Main switch gear

Included in proposed
maintenance program

Low

Included in proposed
maintenance program
Included in proposed
maintenance program

$12,000

Low

Conduits and
electrical device
supports

Outdoor 500KW
standby generator
Electrical room with
electrical gear/MCC
Total

Repair cracks as needed and install floor
coating system
Replace level measurement devices and
mounting hardware

Estimated
Cost
$ 5,000

Low
Low

$5,000
$23,000

$ 10,000

$ 165,000
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4.1.1 WWTP Heating System
The majority of the existing heating system is out of order and is exhibiting signs of extreme
corrosion. The temporary portable heaters that are currently in use, are inefficient and pose a
safety risk. A heating system is critical, not only for the comfort and safety of the operators, but
also to protect equipment and process equipment from low temperatures and potential freezing.
Recommended improvements include:
• Remove and replace a total of 14 unit heaters with new corrosion resistance and explosion
proof (headworks) including shut-off, balancing valves and thermostats.
• Remove and replace induct hot water coils HC-1 (in AHU-1) and HC-2 (in headworks
room) including shut-off valves, balancing, control valves and strainers. Replace wall
mounted thermostats. Provide new ceiling/wall mounting brackets for the unit heaters.
• Service the existing gas-fired boiler.
• Service the hot water pumps. Remove and clean strainers.
• Pressure test all hot water supply and return piping for 24 hours. Replace piping as needed.
• Install new fiberglass insulation on hot water supply and return piping that is missing
insulation.
• Flush out both piping loops and re-charge both hot water piping loops with glycol
(minimum 30%).
Due to the urgent need for system replacement, it is recommended that the heating system project
be conducted as a standalone project separate from the phased improvements included herein. This
project should be designed and funded as soon as possible.
4.2 Phase 1 Capital Improvement Project
This section summarizes the major conceptual improvement projects proposed for the Phase 1
capital improvements project to provide examples of the types of projects that may be included in
the first phase of capital improvements.
4.2.1 Influent Pump Cavitation Prevention
To eliminate cavitation at the pumps, an iterative process of adjusting the pump set point in the
SCADA system will be conducted. Working with a system integrator and the plant operators,
adjustments will be made to the VFD speed setting to limit the pump turndown. Through trial and
error, the intent is to establish the lowest speed the pumps should operate to avoid cavitation. The
operational adjustment will also include changing the level setpoints to increase the depth of water
over the pump suction lines to prevent potential wet well vortexing. If the adjustments are
ineffective, pump replacement may need to be accelerated.
Finally, although not related to pump cavitation, the project will include installation of mixers in
the influent wet well to mitigate FOG and scum buildup.
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4.2.2 Aeration Improvements
Evaluation of the aeration system and activated sludge process indicated three potential methods
for improving efficiency of the aeration system. The improvement with the greatest impact was
automation of the system based on real-time DO measurements. The project includes installation
of DO probes, a DO analyzer, and system integrator services to update the PLC for control.
At the plant staff’s discretion, making the suggested operational changes including running the
activated sludge process in contact stabilization mode with only one train in service could further
improve energy efficiency. These improvements would consist mostly of plant staff time with a
few days of consulting from Tata & Howard and a day of system integrator services to update
process control through the PLC.
The final method for improving efficiency is blower replacement, which included in a later phase
of improvements.
4.2.3 Sludge Pump, Valve Replacement, and New Mechanical Screens
To facilitate O&M of the pumps, the project would include replacing the 4-inch diameter pumps
with 6-inch diameter pumps, or installation of mechanically cleaned screen in the headworks
building. In addition, all sludge valves in the basement of the operations building would be
replaced.
4.2.4 Grit Screw
The existing grit screw is original to the plant and exhibiting signs of extensive wear and tear. The
project includes replacement of the grit classifier in kind; however, during design, alternate
technologies including grit washers will be considered.
4.2.5 Chlorine Analyzer
The existing chlorine analyzer is unreliable and original to the plant. The project includes
replacement of the existing unit in kind.
4.2.6 Sludge Disposal Improvements
The project includes installation of a permanent sludge discharge hose and swing arm on the
outside of the building, and to install provisions for pump control at the point of discharge.
4.2.7 SCADA Upgrades
The project includes comprehensive upgrades the entire instrumentation, control and SCADA
systems to improve operations and efficiency at the facility.
4.2.8 Sludge Thickening
The Parkson Rotary Drum Thickener is operational, but the polymer system and thickened sludge
pump require replacements. The project includes replacing in kind the thickened sludge pump and
polymer system.
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4.2.9 Motors in Classified 1 Division 1 Areas
All equipment within Class 1 Division 1 areas are required by NFPA 820 to be explosion proof.
During the construction of the Phase 1 improvements, all Class 1 Division 1 areas will be brought
up to code.
4.2.10 Plant Water System
The recommended project includes installing a new a duplex or triplex skid mounted pumping
system with VFDs, a pressure switch and an onboard PLC. The system will operate by drawing
water from the effluent wetwell and charging the plant water line to an operator specified pressure,
typically 60 to 150 psi.
4.3 Implementation: Improvement Schedule
As discussed in Section 4.1, the improvements recommended in this evaluation were categorized
as capital improvements, or O&M program improvements and were given a priority of high,
medium, or low. It is recommended that the capital improvement be addressed through a process
that include engineering design, and public bid for construction of the improvements by a general
Contractor. The capital improvement projects may be funded through appropriation at Town
meeting.
The items under the O&M program are recommended to be funded through an annual O&M
budget for the plant, the work will be largely completed by plant staff or by hiring local skilled
professionals.
The total cost of all capital improvements is approximately $3,750,000. It is recommended that
the work be split into two separate construction projects: WWTP Upgrades Phase 1 and WWTP
Upgrades Phase 2. The work will be split between the two phases to balance the capital costs, with
the highest priority items being included in Phase 1 and the remaining items being addressed in
Phase 2. Since each construction project will include a design phase and a construction phase, the
total cost of the projects would be spread over four to six years.
The total cost of all recommended O&M program items is $165,000. It is recommended this work
be funded over a five year duration with an average annual cost of $50,000.
Table No. 4-4 presents an example of an implantation schedule of the approach described above.
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Table No. 4-4
Estimated Cost of Capital Improvements and Annual Maintenance

Project
Phase 1: Capital Improvements Design
Phase 1: Capital Improvements Construction
Phase 2: Capital Improvements Design
Phase 2: Capital Improvements Construction
Annual Maintenance

Year
Funded
2018
2019
2022
2023

Year
Completed
2019
2021
2023
2025

2019

Ongoing*

Estimated
Cost
$ 202,000
$ 1,679,000
$ 196,000
$ 1,634,000
$50,000 per
year

*Projected to complete items currently identified in the 1 st 5 years of the program. Annual program budget may be
reduced in subsequent years.

4.4 Implementation: WWTP Staff Plan Review
As part of the evaluation, an updated staffing plan was generated for the Manchester-by-the-Sea’s
WWTP utilizing the Northeast Guide For Estimating Staffing at Publicly and Privately Owned
Wastewater Treatment Plants, prepared by New England Interstate Water Pollution Control
Commission (Nov. 2008) as well as operator interviews at the facility.
The Manchester Wastewater Plant currently operates with three total licensed full-time operators,
the Chief Plant Operator (Grade VI License), the Assistant Chief Plant Operator (Grade IV
License), and an additional operator (Grade III License). There is currently an advertised open
position due to a recent retirement. The plant intends to hire a new operator required to have or
obtain a minimum Grade II license.
The work of the treatment plant is led by the Chief Plant Operator with support from the Assistant
Chief Plant Operator and additional operators skilled in operating and maintaining the sewage
treatment machinery and equipment. The Director of Public Works performs general supervision
of the plant operation in accordance with the standard operating and maintenance procedures.
When interviewed, the Chief Plant Operator indicated that due to vacation time and other incurred
time off, the plant has had some occasional issues ensuring that two people are at the plant at the
same time, and that overtime is occasionally required.
The New England Interstate Water Pollution Control Commission (NEIWPCC) guide provides
information that is used to estimate the staffing needs of publicly and privately-owned wastewater
treatment plants in the northeast United States. Formulated charts are used to estimate the amount
of staff necessary to operate and maintain a particular wastewater treatment facility based upon
size and operations.
Utilizing the NEIWPCC interactive excel program as a guide, it was determined that the plant
should be operated with four licensed operators without considering any of the additional
circumstances provided in operator interviews. The results of this procedure can be viewed in the
Appendix B.
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After using the NEIWPCC guide and evaluating current conditions at the plant, Tata & Howard
recommends adding an additional part time employee (in addition to the open position) to the
treatment plant facility staff. The part-time employee will be available to back up the current four
full time operators and fill in whenever necessary. This will ensure that the plant has at least two
operators at the plant at all times.
The part-time operator could be a full-time employee that works at the facility for half of the day
and may work elsewhere for the remainder of the day unless the Chief Operator requires the
employee to continue for the remainder of the day depending on needs of the treatment facility.
The part-time employee’s primary responsibility will be to back up the full-time plant operators
whenever necessary. Instances when this may be required are when the two of the full-time
operators are out of work due to illness, injury, vacation or resignation.
The improvements recommended in this report do not include any new processes, and many of the
improvements, such as upgraded instrumentation, control and SCADA should reduce the amount
of manual process control currently required. The increased O&M efficiency will likely not reduce
the number recommended full-time operators; however, it should reduce the impact of staff off
time and may reduce the frequency of overtime.
4.5 Long Term Planning: Plant Hardening and Flood Protection
In addition to reviewing current and short term needs at the plant, the Town would like to evaluate
the long-term planning measures that may result from projected climate change, sea level rise and
storm impacts. Understanding the long-term impacts may influence how the Town elects to plan
and fund the short-term improvements. For example, if the long-term plan includes relocating the
plant, improvements impacting immediate needs and performance may take priority over
efficiency and longer payback type improvements. To evaluate the long-term coastal impacts, Tata
& Howard, reviewed the Climate Resilience Evaluation and Awareness Tool (CREAT) study the
Town completed in concert with the U.S. Environmental Protection Agency’s (EPA), and
identified the future plant improvements and replacement alternatives.
From November 2014 to June 2015, Manchester-by-the-Sea engaged in a series of webinars and
an in-person meeting to conduct a climate risk assessment using the U.S. Environmental Protection
Agency’s (EPA) Climate Resilience Evaluation and Awareness Tool (CREAT). The risk
assessment considered the impact of intense precipitation events and coastal storm surge in 2035
and sea level rise in 2060 at the WWTP. Based on the study, through use of mitigating measures
including constructing sea walls and asset relocation, it was determined that the Town could reduce
the potential consequences of future coastal storm surge events and intense precipitation events to
‘Low’, while the consequences from sea level rise itself in the 2060 time period were ‘Low.’
The mitigation measure recommended in the CREAT study include: Construction of a sea wall or
relocating assets.
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4.5.1 Sea Wall
More data is needed to determine the height of a proposed sea wall, but the CREAT study
encouraged the plant to use the 100-year flood level plus 2 feet of freeboard, with an additional
safety factor incorporated to account for projected sea level rise. Additional considerations may
be necessary to accommodate king tides and storm surges.
To evaluate the cost implications, we used the following assumptions from the CREAT study and
FEMA Firm Mapping:
• Design Year: 2035
• Sea level rise: 7 inches (20 inches by 2060)
• 100-year Flood elevation of 10.0’
• Increase in 100-year Flood elevation of 7 inches
• Elevation of future flood waters: 10.6 feet
• Require Sea Wall Freeboard: 2 feet
• Required Sea Wall elevation: 12.6 feet (13.7 feet in 2060)
A sea wall must extend to adjacent properties, because pedestrian and vehicular access to the plant
are via paved roads prone to flooding at hightides. Figure No. 4-1 shows the potential limits of a
sea wall that would be required to protect the site.
4.5.2 Asset Relocation
Asset relocation mitigates flooding impacts by moving vulnerable equipment and infrastructure
out of or above the flood waters. A holistic approach involves moving the WWTP to a new site
not within the flood zone or eliminating the plant and conveying wastewater to a neighboring
community. Alternatively, the plant can be evaluated on a structure by structure basis to determine
if improvements can be made to keep the plant in place.
Plant relocation would be challenging. In addition to the typical challenges encountered in siting
a new plant, MBTS may have challenges with permitting a new disposal location for the plant’s
effluent. New surface water discharges are exceedingly challenging to permit and are uncommon
to obtain. A groundwater discharge permit would require a large area for effluent disposal. A new
subsurface disposal system could exceed 30 acres for a conventional system for a design flow of
5.0 MGD. In addition, since the existing WWTP is the low point in the collection system, a pump
station will need to be constructed at the existing WWTP site to convey wastewater to the new
facility. Since a pump station would remain on the existing site, redevelopment of the site may be
limited.
Alternatively, to reduce upfront capital costs, MBTS could investigate conveying flow to a
neighboring community with excess capacity. An in-depth cost benefit analysis would be required
to determine the long-term financial impacts. In general, MBTS may be able to reduce the capital
investment required by eliminating the need for a new WWTP. The cost savings will be offset
partially, or in full by the costs to convey wastewater through the neighboring communities’
collection system (wheeling fee) and the cost for treatment at the receiving facility. In addition,
the receiving collection system may require upgrades to accommodate the added flow. Under this
scenario a new pump station and force main at the existing WWTP site will still be required to
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transport the Town’s wastewater to the receiving community. Costs for this alternative are
included in Table 4-5 for comparison.

Table No. 4-5
CREAT Study Recommended Improvement Costs
Project
Sea wall
New WWTP
New pump station
Upgrades to neighbor’s
collection system
and/or WWTP

Approximate Cost
$500,000 to $2,000,000
$15,000,000
$5,000,000
$2,000,000 to $5,000,000
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4.6 Plant Hardening
Due to anticipated high capital costs required to build a new plant, and the high annual and longterm costs of conveying wastewater out of town, it is anticipated that plant hardening at the existing
plant, may be the most cost-effective solution.
Table No. 4-6 below provides a summary of the structure elevation for the WWTP to identify the
impacts of future 100-year storm events.
Table No. 4-6
CREAT Report Flood Summary Table

Structure/Building

Existing
Elevation*
(feet)

Facility Grounds (access
drive, walkways, etc.)

8 - 11

Operations Building – 1st
Floor

11.0

Headworks Building– 1st
Floor

11.0

Aeration Tanks (Top of
Wall)
Clarifiers (Top of Wall)
Flash Mix Tank – 1st
Floor
Chlorine Feed/Storage

Impact
Grounds currently flood during extreme flood
conditions
Operations building above current 100-year flood
elevation and does not flood. Basement may flood at
future 100-year flood elevations
Headworks building above current 100-year flood
elevation and does not flood. Lower levels may flood
at future 100-year flood elevations

19.67

No potential for flooding

17.10

No potential for flooding

11.0

Likely to flood at future 100-year flood elevations

11.0

Potential to flood at future 100-year flood elevation
Currently floods during high tides. Likely to flood at
future 100-year flood elevations
Potential to flood at future 100-year flood elevation

Odor Control

10.0

Generator

11.0

*Elevations taken from as-built drawings with unconfirmed vertical datum. Vertical survey required prior to future
evaluation.

The processes most likely to be compromised due to flooding are the Headworks Building, the
Operations Building, and the odor control system. Currently, the odor control system is the only
process impacted by flooding. During very high tides, the adjacent parking lot will begin to flood
and the flood water enters the WWTP grounds and migrate to an area of low elevation along the
east boundary of the property. This area is where the odor control system is located. Access to the
odor control room is through a bulkhead below grade. Flood waters have the potential to enter the
underdrain which drains back to headworks causing the plant to treat considerable inflow. A berm
wall and ramp constructed around the existing bulkhead could mitigate current and future flood
impacts.
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The influent pumps are located within the Headworks Building, below sea level, and are not
submersible. In the event of a flooding event, the influent pump motors and controls, would be
susceptible to damage. Replacing the influent pumps with dry-pit submersible pumps and/or
relocating the controls above flood elevations would be necessary for the system to remain
operational in flood conditions. Similarly, the effluent pumps, while submersible, have controls
located below the flood elevation. The headworks comminutor, grit system and associated pumps,
controls and appurtenances are also located in the lower levels. If it is not feasible to move all
controls above the flood elevation, a berm wall could be installed at all entrances to the building.
The hypochlorite contact flash mix tanks are located below sea level and the top of the tank
includes grating exposed about 6 inches off the ground making the tanks susceptible to flooding.
A higher wall surrounding the open-air grating of the flash mix tanks could mitigate the problem.
Furthermore, the hypochlorite holding tank is located next to the flash mix tank within a small
wooden shed. In the event of a flood the contact tank, if not properly secured, the system may be
damaged or destroyed by the flood waters. The shed and its contents should be secured.
There is also equipment located below sea level in the Operations Building such as: the RAS
pumps, WAS pumps, sludge transfer pumps, etc. that would be damaged should the building flood.
Due to the amount of equipment at risk of damage, a holistic approach to flood management at the
Operations Building, such as a berm wall and new ramp at all entrances, is likely the most cost
effective approach.
There is no easy solution to plant hardening against future flood events. Due to the high costs of a
sea wall, new WWTP, and eliminating the WWTP, it is recommended that structure by structure
hardening be incorporated during the design process of future improvements at the plant.
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July 18, 2017
Mr. John Sibbalds
Chief Wastewater Plant Operator
Public Works
10 Central Street
Manchester-by-the-Sea, MA 01944
Subject: Manchester-by-the-Sea WWTF Evaluation
Manchester-by-the-Sea, MA
T&H No. 05163
Dear Mr. Sibbalds:
This letter provides an initial assessment and list of concerns for the Manchester-by-theSea Wastewater Treatment Facility (WWTF) as observed at our site visit on May 10, 2017
and discussed with facility staff. The site visit was attended by process and instrumentation
engineers from Tata & Howard, and Jim Condry of SMR Engineering who is serving as
the electrical engineering sub consultant for this project.
The attached table summarizes our observations. Please review and provide feedback
regarding the prioritization of the issues noted, and add/delete comments as you see fit.
Upon receiving feedback on this preliminary list, the next steps is to prepare
recommendations and prepare a report. The report will also will incorporate energy usage,
storm hardening and a staffing analysis.
For our next steps, we will require the MBTS WWTF energy use information for the past
two years. If you would like to meet to go over any of the information mentioned herein
please let us know. We would be happy to meet to go over the contents of this memo and
discuss the next steps.
Sincerely,
TATA & HOWARD, INC.

James V. Hoyt IV, P.E.
Senior Project Engineer
Tata & Howard
67 Forest Street | Marlborough, MA 01752
T: 508-303-9400 | F: 508-449-9400
www.tataandhoward.com
Other Offices
MA | NH | CT | ME | VT | AZ | TX

Table No. 1 Process and Control Issues
No.
1
2

3

4

5

6

7
8
9
10
11
12

13

14
15

16
17
18
19

Process and Control Issue

Description

Original to plant (19 years old), and are
Aeration blower replacement/resizing
oversized
Original to plant (19 years old), pump
Chlorine analyzer
motor keeps burning out and the plastic
mounting is broken
Rusting/rotting through, original to plant
Grit screw housing
(19 years old), housing is worn inside,
feed supports may fail from rust as well
All rotating elements replaced 2007,
valves no longer hold, would like 6"
Sludge pump replacement
impellers, current pumps require
cleaning/rag removal frequently
Both pumps original to plant (19 years
Influent Pump Replacement
old), 3 oversized pumps, new impellers 2
years ago, run at 50% speed avg. day
Both pumps original to plant (19 years
old), variable drives replaced 08/2014, low
Effluent pump replacement
flow cycling issues
Neccesary to pump sludge into tanker for
Gantry for sludge pumping
removal, will improve sludge operations
and limit spills
Experience continous grease buildup that
Influent wet well mixers
has to be periodically pumped out
If foam builds up in tanks it may drain into
Drain in WAS and TS tanks to storm drain
harbor, could tie drain back into plant
Refridgerated samplers
Currently keep samples in coolers with ice
No AC system and the drive and panels
overheat in the summer
All Electrical Rooms HVAC
Floor in poor condition and experience
Pipe gallery floor concrete condition
groundwater intrusion through floor
Existing system does not work, in 2006
they hooked into City water, water
New plant water system
impacts thickening and polymer process,
use 32-34k GPD
Needed for filamentous bacteria. A system
Upgrade froth spray and chlorine pumping
was built by the operators, but can not
system
achieve full coverage
Gets clogged periodically, unit due to be
Channel monster
exchanged next year
Media lifespan is 2 years, 1 side was
replaced spring 2017, other side is
Biofilter media
overdue, convertion to different media
may improve performance
Float trees in TS and WAS tanks
Currently do not exist
Grate between TS tank sides
Currently do not exist
Are original to plant (19 years old), and
RAS Pumps & valves
oversized

20

Soda ash motor and second pump

21

Sludge filter press

22

Heating system

Motor continuously burns out
At this time the facility does not dewater
sludge, truck sludge to UBWAD, who
doesn't always accept it
Heating system is currently not working
within the buildings

Category

Location

Priority

Process improvement/ Energy efficiency

Blower room, Main Building

High

Mechanical replacement/ End of life

Chlorine Contact Tank

High

Mechanical replacement/ End of life

Grit room, Main Building

High

Process improvement/ Maintenance issue

Influent Wet Well Room

High

Process improvement/ Maintenance issue

Influent Pump Room

High

Process improvement/ Maintenance issue

Effluent Pump Room

High

Maintenance issue

Exterior (Near Clarifiers)

Medium

Maintenance issue

Influent Wet Well Room

Medium

Process improvement/ Maintenance issue

TS and WAS tanks

Medium

Process improvement/ Resource savings

Misc. Locations at WWTF
Electrical Rooms, Main Building and Chlorine
Feed Room

Medium
Medium

First Floor, Process Room

Medium

Misc. Locations at WWTF

Medium

Mechanical replacement/ End of life

Aeration Tanks

Low

Mechanical replacement/ Maintenance issue

Influent Wet Well Room

Low

Process improvement/ End of life

Outside, odor control unit

Low

Mechanical replacement/ Plant upgrade
Mechanical replacement/ Plant upgrade

TS and WAS tanks
TS Tanks

Low
Low

Mechanical replacement/ End of life

RAS Pump Room

Low

Mechanical replacement/ End of life

Process Room, Floor 2 (Chem Feed
Room/Workshop)

Low

Mechanical replacement/ End of life

Does Not Exist

Low

Mechanical replacement/ Maintenance Issue

Misc. Locations at WWTF

Low

Mechanical replacement/ Maintenance Issue
Structural replacement/ Maintenance issue

Structural replacement/ Maintenance issue

No.

Electrical Issue

23

SCADA and control panels upgrade

24

Wiring in sludge thickening room

25

Gas detection

26

Electrical Manhole

27
28
29

Main switch gear
All gear, MCCs, panels, etc.
All gear, MCCs, panels, etc.

30

VFDs in electrical room

31

Conduits and electrical device supports

32

Motors in classified area

33

Main switch gear

34

Outdoor 500KW standby generator

35

Lighting

36

Security system

37

Electrical room with electrical gear/MCC

38

Yard lighting

Description

Table No. 2 Electrical Issues
Category

4 main SCADA PLCs, use 1 computer
with Windows 7 and Intellution. System
limited and due for upgrade
Might be a Class 1, Div 1 Group D area
(T&H to verify). If it is then all wiring
system must be upgraded to meet code
(NEC Art 501) for classified area.
Needs to be replaced, not working
Behind building gets flooded out during
some high tides and water leaks into
admin/control building.
New surge protection devices
New lightning protection system
New
Havegrounding
overheatedconnections/systems
during operation –
Verify the VFD’s actual connected load
power consumption (not to overloading
VFDs) and the space ventilation
requirements.
(Unistrut) in lower pump room need to be
replaced. Most are deteriorating from the
wet atmosphere of the area.
Verify that they are rated for such
classification. Chemical feed room looked
tight some issues with clearances in front
of electrical cabinets.
1200amp, hosing main breaker, ATS and
feeder breakers is in fair physical
condition, 20 year old equipment.
Consideration to be taken for cleaning,
testing and tightening of bussing.
Is original (19 years old), appears to be in
fair mechanical condition. Will require
field test to verify the actual serviceability.
Need to review copies of the preventive
maintenance reports (if exist).
Mostly throughout building appears to
have been updated recently to LED type
fixtures. Some areas could use an update
Needs update. Most locations the system
is not working.
In fair mechanical condition, 20 year old
equipment. Consider cleaning, testing and
tightening of bussing, grounding etc.
Consider adding in some areas around
secondary clarifiers and on walkways and
stairways of clarifiers.

Location

Priority

Control replacement/ End of life

Misc. Locations at WWTF

High

Mechanical replacement / Maintenance issue

Admin/Control Building

High

Mechanical replacement / Maintenance issue

All Buildings

High

Structural replacement/Maintanence issue

Exterior (Near Clarifiers)

High

Control replacement/ End of life
Mechanical replacement / Maintenance issue
Control replacement/ End of life

Admin/Control Building
All Buildings
All Buildings

Medium
Medium
Medium

Mechanical replacement / Maintenance issue

Admin/Control Building

Medium

Mechanical replacement / End of life

Admin/Control Building

Medium

Mechanical replacement / Maintenance issue

Headworks Building

Medium

Mechanical replacement / Maintenance issue

Admin/Control Building
Low

Mechanical replacement / Maintenance issue

Admin/Control Building

Low

Mechanical replacement / Maintenance issue

All Buildings

Low

Mechanical replacement / Maintenance issue

All Buildings

Low

Mechanical replacement / Maintenance issue

Headworks Building

Low

Mechanical replacement / Maintenance issue

Exterior

Low

APPENDIX B

Appendix B

THE NORTHEAST GUIDE FOR ESTIMATING STAFFING AT PUBLICLY AND PRIVATELY OWNED WASTEWATER
TREATMENT PLANTS (One Plus Shift)

Plant Name: Manchester-by-the-Sea WTP
Design Flow: 1.0-5.0 mgd

FINAL ESTIMATES
Chart #
Chart 1 – Basic and Advanced Operations and Processes
Chart 2 – Maintenance
Chart 3 – Laboratory Operations
Chart 4 – Biosolids/Sludge Handling
Chart 5 – Yardwork
Estimated Operation and Maintenance Hours
Estimated Operation and Maintenance Staff
Estimated Additional Staff from Chart 7

Actual Flow:

Annual Hours
3360.00
1962.00
0.00
160.00
0.00
5482.00
3.65

TOTAL STAFFING ESTIMATE

3.65

Note: The Total Staff estimate from Charts 1-5 will not be the final amount of staff necessary to run the facility. Please
review Chart 7 for additional staffing needs.

Chart 6 - Automation/SCADA
Automatic Call Director (ACD)
E-mail
Chart 7 - Considerations for Additional Plant Staffing
Plant operators responsible for machining parts on-site
Age of plant and equipment (over 15 years of age)
Note: The user should attach supporting information to justify additional staffing needs from Chart 7.

Final Comments:

THE NORTHEAST GUIDE FOR ESTIMATING STAFFING AT PUBLICLY AND PRIVATELY OWNED WASTEWATER TREATMENT PLANTS

Choose Staffing Shifts
Enter Plant Design Flow

Total Staffing Hours:
Data Notes

# of Units

Process/Activity/Flow

5482.00
Hours

Calculated

Subtotal

Hours
1.00
0.50
6.00
8.00
6.00
1.00
8.00
10.00
X
X
2.00
8.00
10.00
1.50
1.00
X
0.50
0.50
0.50
1.00
0.50
0.50
1.00
0.50
0.10
1.00
1.00
1.00
1.00
0.50
1.00

Calculated
320.00
0.00
1920.00
0.00
0.00
0.00
0.00
0.00

Subtotal

Begin Chart 1 – Basic and Advanced Operations and
Processes
Data Notes
# of units

# of Units
1
0
1

Choose Range
# of tanks

1

1

# of units
# of units

1
0

Process
Preliminary Treatment
Primary Clarification
Activated Sludge
Activated Sludge w/BNR
Rotating Biological Contactor
Sequencing Batch Reactor
Extended Aeration (w/o primary)
Extended Aeration w/BNR
Pure Oxygen Facility
Pure Oxygen Facility w/BNR
Trickling Filter
Oxidation Ditch (w/o primary)
Oxidation Ditch w/BNR
Aeration Lagoon
Stabilization Pond
Innovative Alternative Technologies
Nitrification
Denitrification
Phosphorus Removal (Biological)
Phosphorus Removal (Chemical/Physical)
Membrane Processes
Cloth Filtration
Granular Media Filters (Carbon, sand, anthracite, garnet)
Water Reuse
Plant Reuse Water
Chlorination
Dechlorination
Ultraviolet Disinfection
Wet Odor Control
Dry Odor Control
Septage Handling
End of Chart 1 – Basic and Advanced Operations and
Processes SUBTOTAL:

0.00
0.00
0.00
480.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
320.00
0.00
0.00
320.00
0.00
0.00
3360.00

* Secondary Clarification has been built into basic operations processes.
* Activated Sludge process includes RAS and WAS pumping.
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3/30/2018

Begin Chart 2 – Maintenance
Unit Descriptons # of Units
1
# of screens
# of screens
# of screens
# of units
# of chambers
# of units
# of units
# of tanks
# of chemicals
added for
processes
# of clarifiers
# of clarifiers
# of clarifiers
# of clarifiers
X
# of trains
# of TFs
# of tanks
# of mixers
# of blowers
# of cartridges
# of systems
X
# of digesters
# of digesters
# of basins
# of belts
# of presses
# of units
# of units
X
X
X
X
# of racks
# of units
# of units
# of units
# of screens
# of units
# of units
# of different types
of probes

1
0
1
4

1
2

1

1
7

1

1

1

Activity/Flow
Manually Cleaned Screens
Mechanically Cleaned Screens
Mechanically Cleaned Screens with grinders/washer/
compactors
Comminutor/Macerator
Aerated Grit Chambers
Vortex Grit Removal
Gravity Grit Removal
Additional Process Tanks

Hours
0.25
0.25

Calculated
80.00
0.00

1.00

320.00

0.25
0.25
0.25
0.15
0.10

0.00
0.00
80.00
0.00
128.00

Chemical Addition (varying dependent upon degree of
treatment)
Circular Clarifiers
Chain and Flight Clarifiers
Traveling Bridge Clarifiers
Squircle Clarifiers
Pumps
Rotating Biological Contactor
Trickling Filters
Sequencing Batch Reactor
Mechanical Mixers
Aeration Blowers
Membrane Bioreactor
Subsurface Disposal System
Groundwater Discharge
Aerobic Digestion
Anaerobic Digestion
Gravity Thickening
Gravity Belt Thickening
Belt Filter Press
Mechanical Dewatering (Plate Frame and Centrifuges)
Dissolved Air Floatation
Chlorination (gas)
Chlorination (liq.)
Dechlorination (gas)
Dechlorination (liq.)
Ultraviolet
Biofilter
Activated Carbon
Wet Scrubbers
Microscreens
Pure Oxygen
Final Sand Filters

0.10

32.00

0.50
0.50
X
0.50
250.00
0.25
0.15
0.15
0.10
0.20
0.10
0.10
0.10
0.10
0.20
0.10
0.15
0.15
0.15
0.10
0.10
0.20
0.10
0.20
0.10
0.50
0.50
X
0.10
X
0.20

320.00
0.00

Probes/Instrumentation/Calibration

End of Chart 2 – Maintenance SUBTOTAL:
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0.10

Subtotal

0.00
250.00
0.00
0.00
0.00
32.00
448.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
48.00
0.00
0.00
64.00
0.00
0.00
0.00
160.00
0.00
0.00
0.00
0.00

1962.00

3/30/2018

Begin Chart 3 – Laboratory Operations

Frequency of test

# of times
test is run for
selected time
frame

Tests
Acidity
Alkalinity, total
Biochemical Oxygen Demand (BOD)
Chemical Oxygen Demand (COD)
Chloride
Chlorine, Total Residual
Coliform, Total, Fecal, E.Coli
Dissolved Oxygen (DO)
Hydrogen Ion (pH)
Metals
Toxicity
Ammonia
Total Nitrogen
Oil and Grease
Total and Dissolved Phosphorus
Solids, Total, Dissolved, and Suspended
Specific Conductance
Sulfate
Surfactants
Temperature
Total Organic Carbon (TOC)
Turbidity
Bacteriological Enterococci
Lab QA/QC Program
Process Control Testing
Sampling for Contracted Lab Services
Sampling for Monitoring Groundwater wells

End of Chart 3 – Laboratory Operations SUBTOTAL:

Hours

Calculated

0.75
0.75
2.50
2.50
0.50
0.25
1.00
0.25
0.25
3.00
2.00
2.00
2.00
3.00
2.00
3.00
0.25
1.00
1.00
0.25
0.25
0.25
1.00
1.00
3.00
0.25
0.50

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Subtotal

0.00

*Sampling time is built into testing time estimates.
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Begin Chart 4 – Biosolids/Sludge Handling
Unit Descriptons # of Units

1

0

Process
Belt Filter Press
Plate & Frame Press
Gravity Thickening
Gravity Belt Thickening
Rotary Press
Dissolved Air Floatation
Alkaline Stabilization
Aerobic Digestion
Anaerobic Digestion
Centrifuges
Composting
Incineration
Air Drying – Sand Beds
Land Application
Transported Off-Site for Disposal
Static Dewatering

End of Chart 4 – Biosolids/Sludge Handling SUBTOTAL:
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Hours
6.00
3.00
0.50
0.50
0.50
0.50
0.25
0.50
0.50
3.00
4.00
X
X
0.50
4.00
X

Calculated
0.00
0.00
0.00
0.00
160.00
0.00
0.00
0.00
0.00
0.00
0.00

Subtotal

0.00
0.00

160.00

3/30/2018

Begin Chart 5 – Yardwork
Unit Descriptons # of Units

# of vechicles

Process
Janitorial/Custodial Staff
Snow removal
Mowing
Vehicle Maintenance
Facility Painting
Rust removal

End of Chart 5 – Yardwork SUBTOTAL:

Page 5

Hours
200
120
120
25
80
80

Calculated
0.00
0.00
0.00
0.00
0.00
0.00

Subtotal

0.00

3/30/2018

Begin Chart 6 – Automation/SCADA
Automation/SCADA
Automated attendant or Interactive voice recognition (IVR)
equipment
Automated Meter Reading (AMR), Touchpad meters or other
automated metering technology
Automatic Call Director (ACD)
Billing system
Computerized Facilities Management (FM) System
Computerized preventative maintenance
Computerized recordkeeping
E-mail
Geographical Information System (GIS)
Integrated purchasing and inventory
Internet website
Laboratory Information Management System (LIMS)
Local Area Network (LAN)
Supervisory Control and Data Acquisition (SCADA)
Telemetry
Utility customer information system (CIS) package

Yes/No
No
No
Yes
No
No
No
No
Yes
No
No
No
No
No
No
No
No

End of Chart 6 – Automation/SCADA
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Begin Chart 7 – Considerations for Additional Plant
Staffing
Activities
Management responsibilities (i.e., human resources,
budgeting, outreach, training, town/city meetings, scheduling,
etc.) and responsibility for clerical duties (i.e., billing, reports,
correspondence, phones, time sheets, mailings, etc.)
Plant staff responsible for collection system operation and
maintenance, pump station inspections, and/or combined
sewer overflows
Plant operators responsible for snow plowing, road/sidewalk
repair, or other municipal project
Plant staff involved in generating additional energy
Plant receives an extra high septage and/or grease load
(higher than designed organic and grease loadings) or plant
takes in sludge from other treatment plants
Plant is producing a Class A Biosolid product
Plant operators responsible for operating generators and
emergency power
Plant responsible for industrial pre-treatment program
Plant staff responsible for plant upgrades and large projects
done both on-site and off-site (i.e., collection systems,
manholes, etc.)
Plant operators responsible for machining parts on-site
Age of plant and equipment (over 15 years of age)
End of Chart 7 – Considerations for Additional Plant
Staffing
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Yes/No

No

No
No
No

No
No
No
No

No
Yes
Yes

3/30/2018

OFFICE LOCATIONS:
MA | NH | CT | ME | VT | AZ |TX

800-366-5760
www.tataandhoward.com

