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EXECUTIVE SUMMARY

Overview

The Tewksbury Water Treatment Plant (TWTP) is a 7 MGD facility located on the Merrimack
River. Originally constructed in 1988, the plant capacity was doubled with a plant expansion in
2000. A dewatering building was added in 2005. The treatment train consists of conventional

rapid mix, flocculation, and sedimentation basins, followed by automatic backwash filters.

Source water obtained from the Merrimack River can be variable due to the confluence of the
Merrimack and Concord Rivers immediately upstream of the facility. Water quality is also
impacted by the upstream Lowell Wastewater Treatment Plant, which can lead to the presence of

ammonia and a correspondingly higher chlorine demand.

The TWTP is a well operated and maintained facility. However, it is now over 20 years old and
requires refurbishment and improvements. This Water Treatment Plant Evaluation had four

primary goals:

e Assess the existing TWTP capacity and the plant’s ability to meet future demands,

¢ Evaluate the effectiveness of the existing chemical treatment processes,

¢ Complete a facility condition assessment to determine what is required to extend the life
of the plant another 20 years, and

¢ Develop a capital plan for recommended improvements.

Future Demands and Water Treatment Plant Capacity

The TWTP has sufficient capacity to meet projected flow demands through the 20-year planning
period without expansion. Current Town population per the U.S. Census is approximately 29,000
with a projected build-out population of 34,000. Build-out was assumed to occur over the next 20

years.

Average daily demands (ADD) have been trending downwards over the last decade. The ADD in
2011 was 2.23 MGD, build-out ADD is projected to be 2.5 MGD, and build-out maximum day
demand (MDD) is projected to be 5.3 MGD. The treatment plant’s firm capacity, based on one
filter out of service, was determined to be approximately 6.2 MGD. This treatment capacity is
adequate to meet the build-out MDD.
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Evaluation of Treatment Processes

Existing treatment processes and chemicals are providing excellent treated water quality.
However, there are enhancements that could further optimize treatment. Findings with respect to

the chemical treatment processes include:

¢ Disinfection byproduct (DBP) formation is the primary treatment concern,

e Although a number of alternatives were evaluated, the existing combination of chlorine
dioxide and sodium hypochlorite is effective and should continue to be used,

e Potential process enhancements include air stripping, chlorine dosing control, as well as
the optimization of coagulation and powdered activated carbon (PAC) addition,

e Pilot testing is recommended for air stripping DBPs in the chlorine contact basin or
clearwell, and

e Laboratory bench testing is recommended for coagulation and PAC optimization.

Water Treatment Plant Condition Assessment

Treatment plant structures and equipment are between 7 and 24 years old. Treatment
infrastructure was found to generally be in adequate condition, but many of the pumps, venturi
flow meters, and chemical tanks are nearing the end of their useful service life. Further,
maintenance of precast concrete, topping slabs, and architectural finishes are required. Lastly,
the existing laboratory is inefficiently designed and requires upgrading. Findings are summarized
below.

Civil
The east side of the TWTP drains towards the building, resulting in flooding during periods of high

rainfall. An interceptor swale should be installed at the base of the steep slope to the east of the
building to divert runoff and prevent water from entering rear of the building.

Structural

Structural components were found to be in good condition, although interior inspections of
process tanks could not be conducted. Spalling and thin linear cracking on most exterior topping
slabs require repair, as does spalling on exterior stairs.

Architectural

Although much of the architectural items are in relatively good condition, there are issues that
require attention. Integral copper gutters on both the pump station and main water treatment

ES-2
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building are leaking in places, some windows require replacement, and a number of doors require
refurbishment. Joint sealant around all precast elements has reached the end of its life and

requires replacement. Most of the interior walls and floors require cleaning and/or refurbishment.

The laboratory layout is inefficient, there is no dedicated space for the chemist, and cabinetry and
flooring require replacement. Rather than simply refurbishing the existing laboratory space, it is
recommended to move the outside building wall of the laboratory and break room to the east and

renovate the larger spaces.

Chemical Systems

Most of the chemical systems, including metering pumps, transfer pumps, and storage tanks, are
reaching the end of their service life and should be replaced. The current sodium hypochlorite
tank is undersized and should be replaced with a larger tank. Currently, most of the chemical
systems do not have day tanks, which should be installed as part of upgrades to comply with
current state standards. The chemical fill station has no spill protection, and requires upgraded

locking and labeling.

Unit Processes and General Treatment Iltems

Major unit processes, including the filters and the pretreatment trains, are in good condition,
although the mechanical equipment within the sedimentation basins were not inspected. Regular

maintenance on the filters has been effective and should be continued.

Treated flow is currently measured by a Badger magnetic flow meter. However, all other flow
measurement uses venturi meters. Venturi meters should be replaced with magnetic flow meters

and flow metering capability should be added to the original pretreatment train.

An equalization tank should be constructed to store and equalize spent washwater, water from
the sampling table, and dewatering filtrate that are currently conveyed to the site pump stations
and recycled back to the front of pretreatment. An equalization tank will improve chemical dosing,
reduce loading on the facility during filter backwashes, and provide a location for carbon lost in

backwash to settle out.

Large Water Pumps

Two of the original large raw water and distribution pumps have been replaced, and the
remaining pumps should now also be replaced. At least one new 3.6 MGD raw water pump and
one new 3.5 MGD distribution pump, both with variable frequency drives (VFDs), should replace

the smaller pairs of raw water and distribution pumps. Replacing both raw water and distribution
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pumps with the recommended 3.6 MGD and 3.5 MGD pumps (for a total of four new pumps)
would provide more capacity than is required, but will provide the Town with significant pumping
flexibility.

HVAC

With the exception of the new filter building extension, the entire HVAC system is at the end of its
life and requires replacement. The existing air conditioning system cannon handle hot summer
days. The new system should have simple control, use split ductless cooling in the administration
areas, and use a new natural gas fired boiler. The HVAC system in the pump station is in good
condition.

Electrical, Instrumentation & Controls

The electrical systems were found to be in good condition with a few areas of concern. The main
switchgear is located outside within an enclosure that is rusting and allowing moisture to enter.
This should be refurbished and a walk-in enclosure should be installed over the existing

equipment. The automatic transfer switch also requires replacement.

The existing generator does not have sufficient capacity to run the entire facility and should be
replaced with a 750 KW diesel generator set that is installed outside in a walk-in enclosure. It
should be purchased with a ‘belly’ tank and the existing buried storage tank should be removed.

Surge protection is required for the main switchgear and all of the MCCs.

The instrumentation and controls system is in good condition, but lacks some control flexibility.
Individual RTUs and/or PLCs should be installed at various locations within the plant for start/stop
and signal operation of equipment. Lastly, the fire alarm system in the dewatering building should

be migrated to the main plant system.

Opinion of Cost

A concept level opinion of cost was prepared for the recommended improvements assuming that
all of the work would occur in one phase. Costs reflect the current ENR construction cost index as
of the fourth quarter of 2012. An average wage rate of $85.45 was calculated from 2012 RS
Means Labor rates (ENR of 9398) based on costs in the Boston area. The estimate includes
contractor overhead and profit, a 30% allowance for final design elements, and an additional 40%

for engineering and contingency.
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The total cost of the recommended improvements was estimated to be $7.5 million. A summary

of the cost estimate is provided in Table ES-1.

Table ES-1: TWTP Capital Cost Estimate

Item Area Cost

1.0 | Site Work $ 40,000
2.0 Structural 280,000
3.0 Architectural 255,000
4.0 Laboratory and Break room Expansion 275,000
5.0 Process and Mechanical 1,365,000
6.0 Equalization Tank 375,000
7.0 Chemical System 295,000
8.0 Heating, Ventilation, and Air Conditioning 250,000
9.0 Electrical and SCADA 960,000
Sub-Total $ 4,095,000
Allowance for Final Design Elements (30%) 1,229,000
Estimated Construction Cost $ 5,324,000
Engineering and Contingency (40%) 2,130,000
PROJECT TOTAL (2012) $ 7,454,000

Use $7.5 million

Along with the proposed upgrades, the Town should consider an annual maintenance budget to
maintain equipment and plant structures. Regular maintenance will improve day to day operation

and extend the life of facility.
In addition to the plant upgrades summarized in Table ES-1, there are costs associated with the
recommended chlorine dioxide byproduct testing and air stripping pilot testing. These total

approximately $200 thousand and are summarized in Table ES-2.

Table ES-2: TWTP Cost Estimate for Chlorine Dioxide Byproduct and Pilot Testing

‘ Item  Description Cost
10.0 | Chlorine Dioxide Byproduct Sampling $ 17,600
11.0 | Air Stripping Pilot Testing 175,000
TOTAL (2012) $ 192,600

Use $200 thousand
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1 INTRODUCTION

AECOM was retained by the Town of Tewksbury, MA (Town) to complete an evaluation of the
Tewksbury Water Treatment Plant (TWTP). This evaluation offers opinions on upgrades
necessary to meet projected future water treatment needs, and includes an assessment of
existing process chemistry, infrastructure, chemical systems, pumps and piping, HVAC, electrical
systems, SCADA system, and architectural components. It also assesses the existing laboratory

and offers an opinion on future water demands.

1.1 Background

1.1.1 Area Served

The Town of Tewksbury is bordered by Andover to the northeast, Wilmington to the east and
south, Billerica to the southwest, Lowell to the west and northwest, and Dracut to the north. The
water treatment plant is located in the extreme north of the Town adjacent to the Merrimack River
and serves the residential and commercial needs of approximately 30,000 residents.
Interconnections between the Andover and Lowell water distribution systems allow the TWTP to
extend its service area if required or receive water from the adjacent systems.

1.1.2 Source Water

The Merrimack River is a Class B river (MassDEP, 2000), originating at the confluence of the
Winnipesaukee and Pemigewasset rivers. It flows through New Hampshire and Massachusetts
before emptying into the Atlantic Ocean at Newburyport, MA. The Merrimack River watershed is
impacted by agricultural runoff, storm drains, combined sewer overflows, industrial discharges,
and wastewater treatment plant (WWTP) discharges. Major cities located upstream of Tewksbury
include Concord, Manchester and Nashua, NH, as well as Lowell, MA.

While upstream discharges influence the overall water quality of the river, the TWTP is more
immediately impacted by the Lowell WWTP and inflow from the adjoining Concord River.
Discharges from the Lowell WWTP and Concord River are located approximately 2 miles and
2.75 miles upstream, respectively. The Concord River flow makes up approximately 10% of the
downstream Merrimack River flow. An aerial view showing the Lowell WWTP, TWTP, and

Concord River is shown in Figure 1.
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Figure 1: Aerial View of the Merrimack River

Water quality of the Merrimack River is typical for a river passing through populated and
agricultural areas. The river experiences wide turbidity swings associated with run-off in the
spring. Between 2010 and 2011, turbidity was below 10 Nephelometric Turbidity Units (NTU) 80%
of the time, but was measured as high as 1,540 NTU. Raw water typically contains moderate
levels of total organic carbon (TOC) and low alkalinity. Between 2005 and 2009, TOC was
measured between 2.9 mg/L and 8.2 mg/L. Alkalinity is typically below 20 mg/L as CaCO; and
averaged approximately 12 mg/L as CaCOj in 2010 and 2011. Raw water quality at the TWTP
compiled from a number of raw water data sources is detailed in Table 1.

Table 1: TWTP Raw Water Quality

Parameter Units Average ‘ Range
Turbidity® NTU 15.4 2 — 1,540
pH? S.U. 6.9 46-7.2
Alkalinity® mg/L CaCO; 12.3 4-29
Apparent Color” TCU 30 10— 180
Total Organic Carbon® mg/L 4.6 29-82
Temperature®® °C - 2-30
Notes

a) Daily raw water data from January 2010 to December 2011

b) Raw water data measured every four hours between January 2009 and June 2010 (See Appendix D)
¢) Monthly raw water TOC samples between January 2005 and July 2009

d) Temperature measured at Filter influent
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The proximity of the Lowell WWTP and the confluence of the Concord River presents a
challenging source water. These factors result in the presence of organics and ammonia
throughout the year, both of which can change rapidly thus requiring TWTP process adjustments.
Although ammonia levels are typically below 0.05 mg/L, they can increase during a bypass event
in the WWTP, and have been found to be generally higher during the winter. Water treatment
facilities further downstream, including those at Methuen and Lawrence do not face the same
challenges, as outflows from the Concord River and Lowell WWTP have greater time to

attenuate.

Also a concern are the presence of ‘microconstituents’, including personal care products,
pharmaceuticals, and endocrine disrupting chemicals that are introduced from the upstream

WWTPs. These are also referred to as contaminants of emerging concern (CECs).

1.1.3 Water Treatment Plant

The TWTP is a 7 million gallons per day (MGD) facility consisting of conventional rapid mix,
flocculation, and sedimentation basins, followed by automatic backwash (ABW) filters. The
facility, originally constructed in 1988, was expanded in 2000 with the addition of two
pretreatment trains (rapid mix, flocculation, and sedimentation) and two ABW filters. Vacuum
filters were added as part of a dewatering addition in 2005. An aerial view of the facility is shown
in Figure 2. Note that the powdered activated carbon (PAC) building had not yet been built at the

time of this aerial photo. A process schematic is provided in Appendix A.

Raw water is withdrawn through a pump station located north of the TWTP on the southern bank
of the Merrimack River. The intake system consists of two 1/8 inch (3 mm) mesh Johnson
Screens located approximately 5 feet above the river bottom. Screens are connected to a 24 inch
diameter intake pipe installed below the river bed. Compressed air is periodically blown out
through the screen for cleaning. Four vacuum primed, raw water pumps are located in the raw
water pump station, two with a capacity of 3.5 MGD and two with a capacity of 1.8 MGD. Chlorine

dioxide is dosed at the raw water pump station.

Raw water is pumped through a raw water meter vault (Meter Vault No. 1) where flow is metered
and sodium hydroxide (caustic soda) and sodium hypochlorite (hypochlorite) can be added.
Aluminum sulfate (alum) is subsequently dosed in the rapid mix basins. PAC is added just

downstream of alum injection.
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Figure 2: Aerial View of the Tewksbury Water Treatment Plant

Spent backwash water from the filters and filtrate from dewatering are returned upstream of Raw
Meter Vault No. 1 through the Filtered Backwash Recycle Meter Vault. All water going to the new
pretreatment basins (No. 3 & 4) passes through Raw Water Meter Vault No. 2. Flow going to the
existing pretreatment basins (No. 1 & 2) is not metered separately.

Each pretreatment train consists of two rapid mixing basins that can be operated in series or in
parallel. These are followed by two, two-stage flocculation basins and two sedimentation basins
in each pretreatment train. Sedimentation basins were designed with two levels to maximize the
settling area. Flow enters into the bottom of each basin, travelling to the end of the lower floor
before changing direction and passing along the upper floor. Settled water is discharged into a
collection channel on the upper level, above where the water enters the sedimentation basin, and
is conveyed to the filters.

There are two trains of ABW filters, each with two cells for a total of four filter cells. Each cell
contains 36 inches of granulated activated carbon (GAC) over 12 inches of sand. Cells are
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divided into 32 distinct segments that are backwashed individually by a travelling bridge
mechanism. This allows the filter to remain in service during backwashing. Filtered water is
collected and conveyed through the Filtered Water Meter Vault where sodium hypochlorite and
hydrofluorosilicic acid (fluoride) are added. Water then passes through the Chlorine Contact
Chamber and into the clearwell.

There are four distribution pumps, two 3.5 MGD pumps and two 1.8 MGD pumps. A surge tank is
located on the discharge header. Finished water is pumped through the Finished Water Meter
Vault to the distribution system. Sodium hydroxide is added between the Chlorine Contact

Chamber and the clearwell. Zinc orthophosphate is added in the Finished Water Meter Vault.

Settled sludge from the sedimentation basins is transferred to sludge hoppers at the bottom of
each sedimentation basin through chain and flight mechanisms. Collected sludge is then
transferred to sludge storage through telescoping valves. There are three sludge storage tanks,
two to the north of the sedimentation basin and one additional tank that has been converted from
the original PAC system. Stored sludge is periodically dewatered with a diatomaceous earth (DE)

vacuum filtration system.

1.1.4 Distribution System

The Tewksbury distribution system consists of approximately 150 mi