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0.1 BACKGROUND AND PROJECT PLANNING

The Town of Bow, New Hampshire is exploring the feasibility and costs of expanding
municipal water and sewer systems to the South Bow Tax Increment Finance (TIF) District
and the Business Development District, and creating an interconnection with the Village of
Hooksett. The Hooksett Village Water Precinct owns and operates an existing water system
in the northern section of Hooksett. The Town of Hooksett owns and operates A sewer
system throughout the Town of Hooksett.

This study includes a review of the areas to be served by the municipal water and sewer
system expansion, including projections of water use over a 30-year planning period.
Alternatives and options for providing water and sewer service to these areas are briefly
summarized as follows:

1. Extending the existing Town of Bow municipal water system with alternative piping
routes.

2. Extension and interconnection with the Hooksett Village Water Precinct’s water
system, which currently terminates on Route 3A at the town line between Bow and
Hooksett.

3. Sewer collection and pumping along alternative alignments to the Town of Hooksett
for treatment.

1.0 GENERAL INFORMATION/EXTENT OF EXISTING WATER WORKS
SYSTEM AND SEWERAGE SYSTEM

The Bow Water System was constructed in July 2012 to provide municipal water for the residents
of Bow, New Hampshire. The system is made up of the following components.

1.1 Water Source and Treatment

The existing municipal water supply source is comprised of two gravel packed wells,
located in close proximity to each other, approximately 800 feet north of the Pump
Station/treatment plant building.  The pump station/treatment building is located off of
River Road behind several large commercial buildings. Each well contains a submersible
turbine pump with 30 HP motor and capability to deliver approximately 700 gallons per
minute (gpm) of water to the treatment plant building.

Well No. 1 is an 18 x 24-inch gravel packed well, with a total depth of approximately 131-
feet below ground surface (bgs). A 12-foot long 90-slot screen was installed from 118 to
130-feet. Well No. 2 is a 12 x 18-inch gravel packed well, with a total depth of
approximately 133.5-feet bgs. A 4-foot long 125-slot screen and a 10-foot long 85-slot
screen (total of 14.5 feet) well screen was installed from 119 to 133.5-feet bgs. Well details
are included in Table 1-1. Raw water pumps are capable of pumping up to 700 gpm from
the wells into the treatment plant.
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Table 1-1 River Road Well Details

An aeration system provides pretreatment of the raw water. Aeration is provided to remove
trace volatile organics that may be present in the groundwater supplies, to remove naturally
occurring radon, and to strip/remove carbon dioxide which is corrosive to piping and
plumbing materials. Aeration occurs through a process called deep bubble air stripping in
which fine bubbles are injected into the water stream within a tank. Dissolved radon and
carbon dioxide are volatized through aeration, and vented to the atmosphere through a
screened vent. The fine bubbles are created by a blower that pumps air through diffuser
pipes in the aeration tank.

Calcium Hypochlorite is injected into the raw water prior to aeration to disinfect and kill
bacteria. Potassium hydroxide is injected into the finished water to adjust pH for corrosion
control. The finished water is stored in a clear well at the treatment plant on River Road. It
is pumped into the distribution system by finished water pumps, and fills a one million
gallon concrete atmospheric storage tank. The wells and treatment plant have a design
capacity of one million gallons per day. The plant currently operates as needed to fill the
atmospheric storage tank. The well pumps are paced to match flow rates of the finished
water pumps.

Water quality of the wells has remained fairly consistent since the wells were first
developed. Both wells have elevated levels of sodium, chloride, radon, and manganese.
The Town’s Drinking Water Protection Committee has been monitoring sodium and
chloride levels and trying to identify the source of the contamination, but has not yet been
able to pinpoint a source. There are no maximum contamination levels (MCLs) for
sodium or chloride at this time.  Radon treatment is provided by the Town by aeration at
the treatment facility.

Manganese has been detected in the wells at levels ranging from 0.036 milligrams per
liter (mg/L) up to 0.183 mg/L. In the past, manganese has been regulated as a secondary
contaminant because of aesthetic impacts to the water quality. The New Hampshire

Description Well
No. 1

Well
No. 2

Final Grade at Well Head El. 266.75’ 266.75’
Top of Well Head El. 272.25’ 272.25’
Discharge El. 261.0’ 261.0’
Static Water Level El. 200.0’ 200.0’
Low Water level Cut-off El. 163.0’ 163.0”
Pressure Transducer El. 158.0’ 158.0’
Bottom of Pump Intake
Screen El. 153.0’ 153.0’
Top of Well Screen El. 148.0’ 148.0’
Bottom of Well El. 131.00’ 133.5’
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Department of Environmental Services (NHDES) has begun the process of developing a
primary MCL for manganese. The contaminant levels will be determined through the
rule-making process. However, initial indications are that levels over 0.30 mg/L will
require treatment action by the water system, and levels between 0.10-0.30 mg/L will
require systems to notify customers about elevated levels and health concerns.

Elevated sodium levels have been detected between 229-249 mg/L in finish water
samples over the last 5 years. Elevated chloride levels have been detected between 380-
420 mg/L in finish water samples. Road salting from nearby state and local roads has
been suspected, but has not been proven. Per- and polyfluoroalkyl substances (PFAS) are
a group of recently regulated chemicals that are very persistent in the environment –
meaning they don’t break down and they accumulate over time. There is evidence that
exposure to PFAS can lead to adverse human health effects. NH has adopted the
following MCLs for PFAS.

Bow sampled for PFAS in December 2019 and October 2020. Each sample detected
PFOS and PFOA at levels below the MCL, and did not detect PFHxS or PFNA.

1.2 Water Distribution and Storage

The finished water pumps have a design capacity of 700 gpm at 201 feet of total dynamic
head (TDH). The pumps are operated on a variable frequency drive (VFD) that reduces
the operating pumping rate, and the pumps are typically run at 400 gpm. The treatment
plant and finished water pumps are at an approximate elevation of 262 feet above sea level
(ASL).

The atmospheric storage tank is located at a high point between Route 3A and Interstate
93, and is a pre-stressed wire wound concrete tank. The tank has a storage capacity of one
million gallons. The base of the tank is at an approximate elevation of 415 feet ASL, and
the tank operates with a water level between 15 and 18-feet above the base of the tank
(operating elevations range from 430 feet to 433 feet ASL).

The existing distribution system consists of 12-inch diameter ductile iron water mains,
and smaller diameter water service pipes to individual customers. Fire hydrants are spread
throughout the distribution system along the mains. The system is located in the
southeastern General Industrial and Business Development zoning districts along Route
3A between Vaughn Road and River Road, along Dunklee Road, and along River Road
between Vaughn Road and Thibeault Road with approximately five miles of water mains.

PFAS Contaminant MCL (mg/L)
PFHxS 0.000018 (18 ng/L or parts per trillion (ppt))
PFNA 0.000011 (11 ng/L or ppt)
PFOS 0.000015 (15 ng/L or ppt)
PFOA 0.000012 (12 ng/L or ppt)
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The service area elevations range from approximately 205 feet to 320 feet ASL, and static
pressures range from approximately 48 to 100 pounds per square inch (PSI).

Figure 1-1 provides an aerial layout of the existing water distribution components.

Figure 1-1 Aerial View of the existing water distribution system.
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Figure 1-2 provides a simplified schematic diagram of the existing municipal water
system.

1.3 Hooksett Village Water System

The existing Hooksett Village municipal water supply source is comprised of four wells.
The North well is located on Pine Street and operates at 78 to 102 psi and 350 gpm. The
East well is located on Ardon Street and operates at 48 to 70 psi and 350 gpm. Two backup
wells are located on Pinnacle Street and both operate at 70 to 76 psi and 350 gpm on
alternating days. According to the Lewis Engineering assessment, the existing wells are
capable of providing a practical and safe “Supply Capacity” of approximately 1.248 MGD.

Figure 1-2 Existing water distribution system schematic diagram.
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The system pumps to two atmospheric storage tanks. The Thompson Corner Tank located
on Lot 14-25 on Hooksett Road has a 200,000-gallon capacity, a base elevation of 395, and
top elevation of 425 feet Above Sea Level. The West Quarry Tank located near the Pike
Industries Quarry off of Hackett Hill Road has a 1,000,000-gallon capacity, a base
elevation of 385, and a top elevation of 435 feet Above Sea Level.

The Hooksett Village system ends just north of the hydrant at Sullivan Tire on Route 3A.
The existing water main is 8-inch diameter ductile iron pipe. The last hydrant has a static
pressure of 82 psi and rated capacity of 1,318 gpm at 20 psi.

1.4 Existing Sewerage Facilities

Existing sewerage facilities in the Town of Bow are limited. The Town does not have a
treatment plant. Northern areas of the Town direct wastewater to the City of Concord’s
collection system and treatment plant. Within the existing water service area, a sewer
collection system has been designed and portions of the sewer have been installed with
the intention of constructing pumping stations and force mains to direct wastewater to the
North and the connection with the City of Concord.

The Town of Hooksett owns and operates a sewer collection system and treatment plant.
The collection system extends to the last property prior to the Bow Town line, serving the
I-93 Service Plaza. The sewer main is 8” diameter pipe and would require upgrades if
Bow were to connect at that location. This is discussed in more detail below.

2.0 EXTENT OF THE PROPOSED WORK

The purpose of this report is to explore the feasibility and costs of extending the existing
limits of the municipal water distribution system to provide potable water to the South Bow
TIF district in Bow and to provide a supplemental source of water to the Hooksett Village
Water Precinct. Sewer service is being evaluated for connection to the Town of Hooksett’s
existing collection system and treatment at the Town of Hooksett’s wastewater treatment
plan. Providing water and sewer service to the South Bow TIF District and the Business
Development District is intended to:

· Support existing businesses and spur new development;
· Provide an incentive for property owners and developers to convert current land

uses to help expand the Town’s tax base;
· Work cooperatively with the Town of Hooksett to interconnect the two towns’

respective water and sewer systems for the benefit of both towns;
· Improve safety and access to Route 3A and accommodate economic development

along the Route 3A Corridor; and
· Improve the operation of the municipal water system by adding to the customer

base and putting it on a path to self-sufficiency.
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Likewise, for the Town of Hooksett and the Hooksett Village Water Precinct, the project is
intended to provide a supplemental source of water to support growth within the Precinct’s
service area. The water interconnection provides resiliency to both systems in the event of
contamination or temporary loss of service of the existing water supplies in either
community. It also provides opportunities for growth for both systems without the time and
cost associated with development and permitting of a new water source.

2.1 Water Extension Alternatives

The Town identified two alternatives to connect the Bow and Hooksett Village municipal
water systems. These alternatives are briefly summarized as follows:

Alternative 1

The alignment for Alternative 1 follows the existing right-of-way along Route 3A and is
the most direct route for connecting the Bow municipal water system with the Hooksett
Village Water system. The route is along NHDOT controlled right of way. An existing gas
main is located within the corridor. The existing water main is located  off the travel lanes
on the eastern side of the right of way. It is assumed that the proposed waterline would
follow a similar alignment along the eastern edge of the right of way. The alignment
consists of 4,600 linear feet of 12” water main.

Figure 2-1 provides an aerial layout of the proposed water extension

Alternative 2

The alignment for Alternative 2 bisects town parcel 45-2-147, a 190 plus acre parcel that has
been identified by the Town of Bow as a candidate for redevelopment sometime in the future.
This alignment consists of 4,600 linear feet of 12” water main. This alternative would require
coordination with the property owner and would most likely be tied to the development of
the property.

Figure 2-2 provides an aerial layout of the proposed water extension

2.2 Wastewater Disposal Alternatives

Two alternatives to send wastewater to the Town of Hooksett were investigated. A third
alternative to send wastewater to Concord was also identified. After a brief review of this
third alternative, it was determined to be significantly more expensive because it would
require an additional pump station and long lengths of force main and gravity sewer to
connect to the existing system in the North, and further investigation was stopped. The two
alternatives that were investigated are briefly summarized as follows:
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Alternative 1 would collect wastewater by gravity sewer to a low point along River
Road. A pump station would send wastewater along the railroad corridor in a force main
for a distance of approximately 10,500 feet to the Lilac Bridge in Hooksett and
connection to the Hooksett sewer system.

Figure 2-3 provides an aerial layout of the proposed water extension

Alternative 2 would collect wastewater by gravity sewer to the same low point on River
Road. However, the forcemain would pump back to Route 3A

Figure 2-4 provides an aerial layout of the proposed water extension.

3.0 PROPOSED WATER IMPROVEMENTS

The Bow Public Water System serves a combination of residential and commercial users through
47 water service connections. Water use data was provided by the Town of Bow for the year 2020
in Weekly total usage readings for the water system, and in Monthly water flow readings for each
service connection. The data was analyzed as follows.

3.1 Town of Bow Instantaneous Peak Flow Determination

Weekly system flow data for the entire system from 2020 was used to calculate a Gallon
per Minute Flow for each of the weeks for which data was recorded. The weekly gpm peak
flows were reviewed and the highest value was determined. A peaking factor of 4 was then
applied, as recommended by the NH rule Env-DW405, to determine an Instantaneous Peak
Flow. A review of this data in comparison to Figure 4-3 of AWWA M22 serves as a reality
check and finds that the data appears to be an accurate estimation of peak flow for the
number of properties served. It is understood that the peaking factor provided is for smaller
system, but it is being used in this case as no peaking factor information exists in the rules
used by the State of NH for large systems, the Ten States Standards.

Maximum Weekly Flow: 853,895 gallons

Maximum Daily Flow: 121,985 gpd

Maximum Flow: 85 gpm

Instantaneous Peaking Factor: 4 (unitless)

Instantaneous Peak Flow for existing system (gpm): 340

See attached Table 3-1

Detailed data and calculations are provided in the “Bow Water System Expansion
to the Bow Junction/Bow Mills Area 30% Basis of Design Report, Section 4”
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3.2 Town of Bow Existing Average and Maximum Daily Flow Determination

Weekly system flow data for the entire system from 2020 was also used to calculate the
Average and Maximum Daily flow, and determine the system peaking factor to be used for
future flow projections as follows.

Average Daily Flow: 40,515 (gpd)

Maximum Daily Flow: 121,985 (gpd)

Peaking Factor 3

See attached Table 3-1

Detailed data and calculations are provided in the “Bow Water System Expansion
to the Bow Junction/Bow Mills Area 30% Basis of Design Report, Section 4”

3.3 Town of Bow Estimate of Existing and Proposed Water Demands

Monthly flow data for the existing 47 service connections from 2020 was used to back
calculate a number of Equivalent Residential Units (ERUs) per Service connection, based
on a flow rate of 300 gpd per ERU. It was determined the existing service connections
represent the equivalent of 138 ERUs If we assign a value of 300 gpd to each ERU this
equals 41,400 gallons per day.

Average Daily Flow Existing System (Recorded): 40,515 gpd

Average Daily Flow Existing System (Calculated using ERUs): 41,400 gpd

As the calculated and recorded Average Daily Flow are within 2 percent of each other, we
can feel confident that the value of 300 gallons per day per ERU is a good basis for the
design.

Future water uses have been projected for parcels that are within the existing municipal
water system service areaand for parcels that would be serviced by the water extension to
the South. The Town of Bow also has plans to expand the municipal water system to serve
areas in the northern portions of the Town, known as Bow Mills and Bow Junction. The
basis of design report for the expansion of the water system to the north identified 198
ERUs that could be connected, which represents a demand of 59,400 gpd.

Average Daily Flow Proposed Bow
Junction (Calculated using ERUs) 59,400 gpd

Future demands include parcels within the South Bow TIF which would be serviced by a
water extension to the Hooksett townline. These parcels represent an area of approximately
300 acres. The South Bow TIF is the South Bow Mixed Use District. Allowable uses and
minimum lot size are documented in Article 18 of the Bow Zoning Ordinance.
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Minimum lot size for the South Bow TIF is 3 acres. If we assume 10% of the 300 acres will
be used for future roads to provide access and road frontage, then the maximum number of
lots would be 90. Article 18 defines the development in this area as follows

A. To expand the Town’s tax base and allow high value development in the
southern part of the Town close to Route 3A and Interstate 89.

B. To permit the development of a walkable community with a mix of compatible
residential, commercial, and industrial uses to help meet the demands of the
current and future market.

C. To allow flexibility in development, and
D. To promote cooperation between the Town of Bow and Hooksett and encourage

the sharing of municipal resources when feasible.

Based on these goals for the South Bow TIF we can make an assumption of water and
wastewater use at each location. At this stage a conservative flow estimate for each
property would be 1 ERU per property. As noted in Section 3.3 above a flow of 300gpd
per ERU was established.

Average Daily Flow Proposed
South Bow TIF (Calculated using ERUs) 27,000 gpd.

3.4 Summary of Existing and Proposed Water Demands in Bow

138 Existing ERUs = 41,400 (gpd)

198 Proposed ERUs Bow Mills/Bow Junction Build out = 59,400 (gpd)

90 Proposed ERUs South Bow TIF Build-out = 27,500 (gpd)

Proposed Average Daily Flow: = 128,300 (gpd)

Maximum Daily Flow: = 384,900 (gpd)

3.5 Future Growth

In 2000, the population of Bow was 7,138 according to US Census, NH Office of Energy
and Planning. The population in Bow as of July 2018 is 7,938 with roughly 2,961 total
housing units, according to NH Home Town Locator. The Town of Bow population census
trends are summarized below in Table 3-2.
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Table 3-2 Town of Bow Population Trends

Year Population % Change Land Area

(sq. mi)

Pop. Density

(per sq. mi)

1990 5,500 - 28.03 196

2000 7,138 29.8% - 255

2010 7,519 5.3% - 268

2018 7,938 5.6% - 283

If 5% growth is assumed every 10 years for the next 30 years, then the projected future
flows are as follows.

2030
Proposed Average Daily Flow = 134,715 gpd

Maximum Daily Flow = 404,145 gpd

2040
Proposed Average Daily Flow = 141,451 gpd

Maximum Daily Flow = 424,352 gpd

2050
Proposed Average Daily Flow = 148,524 gpd

Maximum Daily Flow = 445,570 gpd

3.6 Summary of Existing and Proposed Water Demands in Hooksett

Existing and future water use within the Hooksett Village Precinct’s service area have been
reported by the Precinct’s consultant, Lewis Engineering. The report identifies a peak
month usage of 867,608 gallons per day (July 2016), and an average daily demand for 2019
of 318,370 gallons per day. Projected average daily demand for year 2030 was estimated at
383,200 gallons per day +/- 10%. Projected peak demands for 2030 are estimated to be
896,402 gallons per day +/- 16%. This represents a 20% growth in Average Daily Flow and
a 3% growth in Maximum Daily Flow. If this trend continues for the next 30 years future
flows will be as follows.
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2019
Proposed Average Daily Flow = 318,370 gpd

Maximum Daily Flow = 867,608 gpd

2030
Proposed Average Daily Flow = 382,200 gpd

Maximum Daily Flow = 896,402 gpd

2040
Proposed Average Daily Flow = 458,640 gpd

Maximum Daily Flow = 923,294 gpd

2050
Proposed Average Daily Flow = 550,368 gpd

Maximum Daily Flow = 950,993 gpd

3.7 Bow Water Source Yield

The water source for the Bow NH water system is a pair of gravel packed wells drilled near
the Merrimack River. Each well has a yield of 700 gpm. The treatment system on River
Road was designed to be flow matched to the well pumps.

As currently constructed, the system has the capability to pump 700 gpm, or approximately
1,000,800 gallons per day.

The projected Maximum Daily Flow for the Town of Bow in 2050 is still less than half of
the total capacity of the Bow Water System. As such, substantial remaining capacity exists
for sale of water to Hooksett through an interconnection.

Detailed information about the water source is provided in Section 1.1.

3.8 Hooksett Water Source Yield

The water source for the Hooksett Village Water Precinct is (4) large gravel pack wells,
drilled in the 1980s and 2000s The wells have an approximate yield of 1,248 gpm or
approximately 1,797,120 gallons per day.

The projected Maximum Daily Flow for the Town of Hooksett in 2050 is just over half of
the total capacity of the Hooksett Village Water Precinct. As such, substantial remaining
capacity exists for sale of water to Bow through an interconnection.

Detailed information about the water source is provided in Section 1.2 above
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3.9 Current Water Rates

The Town of Bow bills customers receive a monthly service charge based on the meter
size, and a monthly consumption charge based on metered water use. The consumption
charge is currently $5.65/1000 gallons.

The Hooksett Village Water Precinct also bills customers a flat service charge based on
meter size and a consumption charge based on metered water use. The consumption charge
is a sliding scale based on the total volume of water used each quarter. The first 10,000
gallons are charged at a rate of $4.35/1000 gallons, and the rate increases to as much as
$7.50/1000 gallons for water usage over 500,000 gallons per quarter.

3.10 Proposed interconnection between Bow and Hooksett Waster Systems

An interconnection to the Town of Hooksett would provide redundancy to both public
water systems. Water modeling of the Town of Bow water system shows a static water
pressure of 82 psi at the interconnection point, which closely matches the static pressure of
the Hooksett system at that point.

The interconnection should be constructed with parallel valves, water meters, and check
valves, so that water can only flow from one system to another based on which set of valves
is opened. In this way water will only flow in one direction at a time, Bow to Hooksett or
Hooksett to Bow. If it is desired to allow water to flow in both directions, both valves could
be opened at once, although this would not be the normal mode of operation.

If the Town of Bow chooses to pursue this interconnection, it is recommended that the
Town of Bow establish an interlocal agreement with the Town of Hooksett to establish
rates and capacity limits for water sales between the two entities. An interconnection will
be a positive for both communities, allowing each community to have a backup source for
water, allow Bow to have a new customer for their excess system capacity, and allow both
Bow and Hooksett to plan for future system expansions without having to develop a new
water source that would only be needed on peak days.

A draft interlocal agreement prepared for another water system is included as Appendix A

4.0 WATER FLOW REQUIREMENTS AND DESIGN CONCEPTS
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4.1 Demand and Fire Flow

The existing Bow water system and proposed expansion were modeled using WaterCAD,
with elevations determined using published LIDAR data for the Town of Bow. It was found
that the expansion to the North would include some locations at significantly higher
elevation than the existing system.

Base demands were estimated from historic data, as detailed in Sections 3.1 and 3.2 above.
As the number of ERUs in the existing and proposed water systems is similar, the same
base peak demand loading was applied to the proposed section. Using this data the Bow
system expanded to serve South Bow, was evaluated for pressures at peak demand, and for
available fire flow when maintaining a minimum of 20 psi at all points in the system.

Maximum Pressure in Proposed System: 101 psi

Minimum Pressure in Proposed System: 41 psi

Maximum Fire Flow Available in Proposed System 5,000 gpm

Minimum Fire Flow Available in Proposed System 1,474 gpm

WaterCAD results for demand pressures are provided in Table 4-1.

WaterCAD results for available fire flow are provided in Table 4-2.

A map of the WaterCAD model is included as Figure 4-1

5.0 PROPOSED SEWER IMPROVEMENTS

5.1 Estimate of Proposed Sewer Demand

Traditionally in municipalities served by both water and sewer, sewer use is billed as a
portion of metered water use, as metering individual sewer connections would be
cumbersome and cost prohibitive. In Section 3.3 above, an applicable number of ERUs
were established for each of the Town areas, both those currently served, and those
proposed to be served.
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Flow per ERU is determined from Metcalf and Eddy per the guidance of the State of New
Hampshire Wastewater Regulations. A typical residential unit family of four would have a
wastewater flow of 70gpd per person, or 280gpd for the family.

Future demands include parcels within the South Bow TIF which would be serviced by a
pump station and wastewater extension to the Hooksett town line. These parcels represent an
area of approximately 300 acres. The South Bow TIF is the South Bow Mixed Use District.
Allowable uses and minimum lot size are documented in Article 18 of the Bow Zoning
Ordinance.

Minimum lot size for the South Bow TIF is 3 acres in size. If an assumed 10% of the 300
acres will be used for future roads to provide access and road frontage, then the maximum
number of lots would be 90. Article 18 defines the development in this areas as follows:

A. To expand the Town’s tax base and allow high value development in the
southern part of the Town close to Route 3A and Interstate 89.

B. To permit the development of a walkable community with a mix of compatible
residential, commercial, and industrial uses to help meet the demands of the
current and future market.

C. To allow flexibility in development, and
D. To promote cooperation between the Town of Bow and Hooksett and encourage

the sharing of municipal resources when feasible.

Based on these goals for the South Bow TIF we can make an assumption of water and
wastewater use at each location. At this stage a conservative flow estimate for each
property would be 1 ERU per property. In the Bow Basis of Design, a flow of 280 gpd per
ERU was established.

Average Daily Flow Proposed
South Bow TIF (Calculated using ERU’s) 25,200 gpd.

Future demands include parcels within the Bow Business Development District  which
would be serviced by a pump station and wastewater extension to the Hooksett town line.
These parcels represent an area of approximately 260 acres. Allowable uses and minimum
lot size are documented in Article 15 of the Bow Zoning Ordinance.

Minimum lot size for the Business Development District is 3 acres if it borders Route 3A,
and 2 Acres if it borders a Town Road. If it is assumed that 10% of the land acres will be
used for future roads to provide access and road frontage, and one quarter of the new lots
will border Route 3A, then the maximum number of lots would be 110. Article 15 defines
the development in this areas as follows:

A. To support environmentally acceptable commercial, industrial, recreational,
and institutional uses in the district.

B. To encourage diversity in the community tax base through appropriate
flexibility in land use and land use development.
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C. To optimize financial return on public infrastructure investments and
expenditures, including municipal sewer, municipal water supply, and public
highways.

D. To minimize adverse traffic impacts on Route 3-A, future interstate highway
interchanges, and surrounding local streets and roadway; and

E. To preserve valuable historical, cultural, and natural features within the District
and to minimize adverse environmental impacts to water and air, while reducing
light and noise pollution, flooding, clear cutting of vegetation, and the blocking
of scenic views.

Based on these goals for the Business Development District we can make an
assumption of water and wastewater use at each location. At this stage a
conservative flow estimate for each property would be 1 ERU per property. A flow
of 280 gpd per ERU was established based on the guidance provide in the NH Env-
Wq 700.

Average Daily Flow Proposed
South Bow TIF (Calculated using ERUs) 30,800 gpd.

Summary

90 Proposed ERUs South Bow TIF Build-out = 25,500 (gpd)

110 Proposed ERUs Business Development District Build-out =30,800 (gpd)

Proposed Average Daily Flow: = 56,300 (gpd)

Maximum Daily Flow: = 168,900 (gpd)

5.2 Instantaneous Peak Flow Determination

Per the State of New Hampshire Wastewater Regulations a peaking factor of 6 shall be
used for the average daily flow to determine the peak instantaneous flow for sewer main
design:

Proposed Average Daily Flow: 56,300 gpd

Proposed Average  Flow: 39 gpm

Instantaneous Peaking Factor: 6 (unitless)

Instantaneous Peak Flow for existing system (gpm): 234
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5.3 Sewer Sizing

Env-Wq 704.03 © states that Seweage shall be designed to carry the peak hourly flow rate
at full pipe capacity. The existing sewer to the Hooksett Town line is an 8” pipe. Assuming
it is installed at a minimum slope of 0.004feet/foot per Env-Wq Table 704-1, Mannings
Formula shows that the pipe will carry up to 387gpm. Assuming a peaking factor of 6, this
equates to an Average Daily flow of 92,880 gpd.

Bows’ proposed sewer flow of 56,300 gpd would use more than ½ of the existing Hooksett
8” gravity sewer capacity. As such we would not recommend connection to this sewer, and
would instead recommend installing the new forcemain into Hookset and discharging into
the structure on the western side of the Lilac Pedestrian Bridge.

When the Lilac Pedestrian Bridge was reconstructed in 2018, a new 14” HDPE Gravity
Sewer was installed with a capacity of 1.37 MGD. At that time Hooksett’s future peak flow
was estimated at 0.865MGD. The projected future peak sewer flow from Bow is
0.169MGD, which would provide a remaining capacity of 1.20 MGD, or 0.335MGD more
than the projected future peak. This is a large factor of safety and provides for future
expansion of both Bow and Hooksett.

The forecemain shall be sized for a minimum velocity of 3 fps to keep solids entrained in
the stream. The pump station shall be designed to pump the Instantaneous Peak flow, so a
rate of 250gpm is assumed to overcome the peak flow calculated above of 234gpm. At that
flow rate a 6”DR9 HDPE pipe will have a velocity of 3.85fps. A 6” DR9 forcemain can
also be installed through directional boring, which will simplify install and reduce
construction impact.

Gravity collection sewers in the newly served areas will be 8” minimum, with Manhole
Structures placed every 300’, and at every junction or change in direction.

5.4 Pump Station Sizing

The pump station is proposed to be a dual pump sewage pumping station. The pumps will
be solids handling pumps capable of passing solids 3” or larger. Due to the volume of flow
proposed to be serviced by this station, the station should be on standby power, with a
dedicated generator and transfer switch. The pump station itself will be a precast pump
station with a holding capacity of at least 1000 gallons to allow for 4 minute run time when
the pumps operate.
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6.0 OPINIONS OF PROBABLE CONSTRUCTION COST (OPCC)

NOTE:  In providing opinions of probable construction costs, the Client understands that DuBois &
King, Inc. has no control over the cost or availability of labor, equipment or materials, or over market
conditions or the Contractor's methods of pricing, and that our Opinion of Probable Construction Costs
are made on the basis of our professional judgment and experience.  DuBois & King, Inc. makes no
warranty, expressed or implied, that the bids or the negotiated costs of the Work will not vary from the
Opinion of Probable Construction Cost provided  herein.

Early stage Opinions of Probable Construction cost were prepared based on the layouts and
pipeline layouts established in preparing this feasibility study. Costs are based on historical bid
tabulation data and past knowledge and experiences of DuBois and King staff.

Water Alternative #1: $1,638,000.00
Water Alternative #2 $1,045,800.00

Sewer Alternative #1 $5,442,885.00
Sewer Alternative #2 $3,016,160.00

Detailed OPCC data is provided in Tables 6-1, 6-2, 6-3, and 6-4

7.0 CONCLUSIONS

Based on a review of the above information, the following conclusions have been made.

1. The existing Bow Water Source and Treatment System are adequate to serve the proposed
expansion of the Bow Water System to Bow Junction and South Bow.

2. The existing Water Source and Treatment System has additional capacity beyond the
planned expansions in Bow, to serve the Village of Hooksett Water System.

3. The system hydraulics between the Town of Bow and Village of Hooksett water systems
are similar enough at the interconnection point to allow for an interconnection with no
pressure regulation at the connection point.

4. Expansion of Water and Sewer service to South Bow would be beneficial and help the area
meet the goals established when the districts were formed.

5. Interconnection of the Bow and Hooksett water systems would be mutually beneficial to
both systems, providing both an emergency water source, and the ability to expand without
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development of a new water source. The interconnection should be constructed such that
either party can sell to, or purchase water from, the other.

6. If Bow and Hooksett choose to pursue an interconnection, the first step should be
development of an interlocal agreement similar to the example provided in this study, to
establish the obligations of each party as they sell or purchase water from the other.

7. Sewer service for South Bow can be provided, but will be costly. The installation route
along Route 3A will be more affordable, due to the coordination issues and long term lease
issues present with installing the sewer main along the Railroad ROW.
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Date
Finish Water Meter Read

(Mgal)
Weekly Finish Water

Pumped (Mgal)
Daily Water Reading (gpd) Flow (gpm)

Peak Flow (gpm)
Using peaking factor

of 4
3/27/2020 75.34
4/3/2020 75.51 0.16 23057 16 64
4/9/2020 75.74 0.23 33100 23 92

4/16/2020 75.91 0.18 25357 18 70
4/23/2020 76.07 0.15 21471 15 60
5/1/2020 76.32 0.25 35829 25 100
5/8/2020 76.53 0.22 31243 22 87

5/14/2020 76.79 0.26 36729 26 102
5/23/2020 76.96 0.17 24271 17 67
5/27/2020 77.82 0.85 121986 85 339
6/5/2020 78.66 0.85 120857 84 336

6/12/2020 79.42 0.76 108286 75 301
6/19/2020 80.22 0.81 115029 80 320
6/26/2020 80.70 0.47 67786 47 188
7/2/2020 81.19 0.49 70100 49 195
7/9/2020 81.43 0.24 34857 24 97

7/17/2020 82.16 0.73 104043 72 289
7/24/2020 82.67 0.51 72971 51 203
7/31/2020 83.06 0.38 54814 38 152
8/6/2020 83.31 0.25 35629 25 99

8/14/2020 83.80 0.49 70686 49 196
8/21/2020 84.18 0.38 54000 38 150
8/28/2020 84.59 0.41 58343 41 162
9/4/2020 84.91 0.32 46171 32 128

9/10/2020 85.14 0.23 32886 23 91
9/18/2020 85.38 0.24 34729 24 96

Bow NH
Bow Hooksett Water/Sewer Extension Feasability Study
Project Number: 326184
Table 3-1 Total System Water Use Data
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Finish Water Meter Read

(Mgal)
Weekly Finish Water

Pumped (Mgal)
Daily Water Reading (gpd) Flow (gpm)

Peak Flow (gpm)
Using peaking factor

of 4

Bow NH
Bow Hooksett Water/Sewer Extension Feasability Study
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Table 3-1 Total System Water Use Data

9/25/2020 85.61 0.23 32543 23 90
10/2/2020 85.86 0.25 35943 25 100
10/9/2020 86.08 0.22 30914 21 86

10/16/2020 86.30 0.22 31171 22 87
10/23/2020 86.69 0.39 55343 38 154
10/29/2020 86.94 0.25 36214 25 101
11/6/2020 87.17 0.23 33257 23 92

11/13/2020 87.54 0.37 52386 36 146
11/20/2020 87.67 0.13 19129 13 53
11/27/2020 87.89 0.21 30614 21 85
12/4/2020 88.05 0.16 23143 16 64

12/11/2020 88.23 0.18 25486 18 71
12/18/2020 88.41 0.18 26157 18 73
12/23/2020 88.53 0.12 17486 12 49
12/29/2020 88.64 0.11 15229 11 42

1/7/2021 88.70 0.06 9257 6 26
1/15/2021 89.00 0.30 42200 29 117
1/22/2021 89.02 0.02 2400 2 7
1/29/2021 89.13 0.11 15700 11 44
2/5/2021 89.23 0.10 14771 10 41

2/12/2021 89.36 0.13 19043 13 53
2/19/2021 89.51 0.15 20871 14 58
2/26/2021 89.79 0.28 40657 28 113
3/5/2021 89.85 0.06 8714 6 24

3/12/2021 89.92 0.06 8714 6 24
3/18/2021 90.13 0.21 30586 21 85
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3/26/2021 90.26 0.14 19300 13 54
4/2/2021 90.49 0.22 31857 22 88
4/9/2021 90.70 0.21 30214 21 84

4/16/2021 90.94 0.24 34843 24 97

Average Daily Water Reading (gallons) 40,516
Peak Daily Water Reading (gallons) 121,986
Peak Demand (gpm) 85
Maximum Instantaneous Flow (gpm) 339
Existing Nodes in WaterCAD Model 14
Flow per Node In Existing WaterCAD Model (gpm) 24
Existing ERU's 138
Proposed Bow Junction ERU's 198
Proposed Bow Junction Nodes in WaterCAD Model 11
Flow per Node in Proposed WaterCAD Model (gpm) 44
Proposed South Bow ERU's 90
Proposed Bow Junction Nodes in WaterCAD Model 2
Flow per Node in Proposed WaterCAD Model (gpm) 110



Bow NH

ID Label Elevation (Feet) Demand (gpm)
Hydraulic Grade

(Feet)
Pressure (psi)

32 J-1 264 0 495.77 100
33 J-2 264 24 495.26 100
34 J-3 320 24 493.29 75
35 J-4 274 24 469.08 84
36 J-5 304 24 446.25 62
37 J-6 329 24 430.25 44
38 J-7 220 24 445.97 98
39 J-8 220 24 445.96 98
40 J-9 220 50 439.37 95
41 J-10 226 24 445.96 95
42 J-11 228 24 445.94 94
43 J-12 216 24 445.94 99
51 J-13 205 24 430.24 97
53 J-14 246 24 446.02 87
64 J-15 336 24 430.52 41
89 J-16 262.47 0 496.4 101

101 J-17 275 44 425.36 65
103 J-18 230 44 425.36 85
108 J-20 350 44 502.89 66
111 J-21 275 44 425.46 65
113 J-22 371.2 44 504.8 58
116 J-23 336 44 506.16 74
169 J-24 230 44 425.36 85
172 J-25 275 44 425.47 65
178 J-26 246 44 425.6 78
193 J-27 260 110 429.7 73
195 J-28 240 110 429.28 82
198 J-29 300 44 501.92 87
201 J-30 430 44 635.2 89

Maximum Pressure (psi) 101
Minimum Pressure (psi) 41

Table 4-1 WaterCAD Demand Data

Bow Hooksett Water/Sewer Extension Feasability Study
Project Number: 326184





Bow NH

Label
Fire Flow
Iterations

Satisfies Fire Flow
Constraints?

Fire Flow
(Available)

Pressure (Residual
Lower Limit)

Pressure
(Calculated
Residual)

Junction w/ Minimum
Pressure (Zone)

Is Fire Flow Run
Balanced?

J-1 3 TRUE 4,925 20 20 J-16 TRUE
J-2 3 TRUE 5,000 20 24 J-1 TRUE
J-3 3 TRUE 5,000 20 27 J-22 TRUE
J-4 3 TRUE 5,000 20 41 J-22 TRUE
J-5 3 TRUE 5,000 20 33 J-15 TRUE
J-6 4 TRUE 4,289 20 20 J-15 TRUE
J-7 4 TRUE 4,628 20 20 J-9 TRUE
J-8 6 TRUE 4,540 20 23 J-9 TRUE
J-10 6 TRUE 4,549 20 21 J-11 TRUE
J-11 4 TRUE 3,836 20 20 J-12 TRUE
J-12 4 TRUE 3,594 20 20 J-11 TRUE
J-13 13 TRUE 4,289 20 23 J-6 TRUE
J-14 4 TRUE 4,834 20 20 J-11 TRUE
J-15 2 TRUE 5,000 20 39 J-6 TRUE
J-16 4 TRUE 4,712 20 20 J-1 TRUE
J-17 4 TRUE 1,698 20 25 J-20 TRUE
J-18 7 TRUE 1,698 20 46 J-20 TRUE
J-20 4 TRUE 1,698 20 20 J-22 TRUE
J-21 4 TRUE 1,698 20 32 J-20 TRUE
J-22 4 TRUE 2,126 20 20 J-20 TRUE
J-23 2 TRUE 3,998 20 36 J-22 TRUE
J-24 7 TRUE 1,698 20 48 J-20 TRUE
J-25 6 TRUE 1,698 20 34 J-20 TRUE
J-26 8 TRUE 1,698 20 50 J-20 TRUE
J-27 12 TRUE 3,233 20 20 J-28 TRUE
J-28 2 TRUE 1,919 20 20 J-6 TRUE

Table 4-2 WaterCAD Fire Flow Data

Bow Hooksett Water/Sewer Extension Feasability Study
Project Number: 326184



Bow NH

Label
Fire Flow
Iterations

Satisfies Fire Flow
Constraints?

Fire Flow
(Available)

Pressure (Residual
Lower Limit)

Pressure
(Calculated
Residual)

Junction w/ Minimum
Pressure (Zone)

Is Fire Flow Run
Balanced?

Table 4-2 WaterCAD Fire Flow Data

Bow Hooksett Water/Sewer Extension Feasability Study
Project Number: 326184

J-29 6 TRUE 1,698 20 31 J-20 TRUE
J-30 18 FALSE 1,474 20 20 J-20 TRUE

Minimum Fire Flow (gpm) 1474
Maximum Fire Flow (gpm) 5000



TMV Date:

NJS Date:

DESCRIPTION UNIT QUANTITY UNIT PRICE AMOUNT
Mobilization LS 1 75,000.00$ 75,000.00$
Traffic Control LS 1 100,000.00$ 100,000.00$
12" Ductile Iron Water Main & Trench LF 4,700 150.00$ 705,000.00$
Service Connections EA 12 2,500.00$ 30,000.00$
12" Gate Valve EA 5 6,000.00$ 30,000.00$
Hydrant With Tee and Valve EA 10 6,000.00$ 60,000.00$
Pavement Restoration Tons 500 150.00$ 75,000.00$
Ledge Removal Allow 1 25,000.00$ 25,000.00$
Culvert Crossing EA 2 10,000.00$ 20,000.00$
Interconnection with Hooksett  (Building, Valves, Meters) LS 1 50,000.00$ 50,000.00$

1,170,000.00$
234,000.00$
234,000.00$

1,638,000.00$Alternative 1 Total:

Construction Subtotal
Construction Contingency (20%)

Engineering Costs (20%)

OPINION OF PROBABLE CONSTRUCTION COST

Bow NH
Bow Hooksett Water/Sewer Extension Feasability Study
Project Number: 326184
Table 6-1 Water Alternative 1 Costs

Project:

Bow - Hooksett Feasibility Study
Alternative 1

Probable Cost Estimate

Calculated By:

Checked By:

NOTE:  In providing opinions of probable construction costs, the Client understands that DuBois & King, Inc. has no control
over the cost or availability of labor, equipment or materials, or over market conditions or the Contractor's methods of
pricing, and that our Opinion of Probable Construction Costs are made on the basis of our professional judgment and

experience.  DuBois & King, Inc. makes no warranty, expressed or implied, that the bids or the negotiated costs of the Work
will not vary from the Opinion of Probable Construction Cost provided  herein.

1) Pavement replacement number based on early stage alignment. Quantity subject to change as design develops.
2) Quantities are based on measurments and takeoffs of the feasability level design design where availible.  In locations
where the design has not yet been developed, quantities are based on mapping taekoffs using Google Earth.
3) Minimal quantitiy of ledge assumed due to proximity to gravel pit.

Page 1 Table 6-1



TMV Date:

NJS Date:

DESCRIPTION UNIT QUANTITY UNIT PRICE AMOUNT
Mobilization LS 1 70,000.00$ 70,000.00$
Traffic Control LS 1 10,000.00$ 10,000.00$
12" Ductile Iron Water Main & Trench LF 4,700 100.00$ 470,000.00$
Service Connections EA 3 2,500.00$ 7,500.00$
12" Gate Valve EA 5 6,000.00$ 30,000.00$
Hydrant With Tee and Valve EA 12 6,000.00$ 72,000.00$
Pavement Restoration Tons 150 150.00$ 22,500.00$
Ledge Removal Allow 1 10,000.00$ 10,000.00$
Easement through lot 147 (Legal fees only) LS 1 5,000.00$ 5,000.00$
Interconnection with Hooksett  (Building, Valves, Meters) LS 1 50,000.00$ 50,000.00$

747,000.00$
149,400.00$
149,400.00$

1,045,800.00$

Bow NH
Bow Hooksett Water/Sewer Extension Feasability Study
Project Number: 326184
Table 6-2 Water Alternative 2 Costs

Alternative 2 Total:

Construction Subtotal
Construction Contingency (20%)

Engineering Costs (20%)

Project:

Bow - Hooksett Feasibility Study
Alternative 2

Probable Cost Estimate

Calculated By:

Checked By:

NOTE:  In providing opinions of probable construction costs, the Client understands that DuBois & King, Inc. has no
control over the cost or availability of labor, equipment or materials, or over market conditions or the Contractor's

methods of pricing, and that our Opinion of Probable Construction Costs are made on the basis of our professional
judgment and experience.  DuBois & King, Inc. makes no warranty, expressed or implied, that the bids or the negotiated

costs of the Work will not vary from the Opinion of Probable Construction Cost provided  herein.

OPINION OF PROBABLE CONSTRUCTION COST

1) Pavement replacement number based on early stage alignment. Quantity subject to change as design develops.
2) Quantities are based on measurments and takeoffs of the feasability level design design where availible.  In
locations where the design has not yet been developed, quantities are based on mapping taekoffs using Google
Earth.
3) Minimal quantitiy of ledge assumed due to proximity to gravel pit.

Page 1 Table 6-2



TMV Date:

NJS Date:

DESCRIPTION UNIT QUANTITY UNIT PRICE AMOUNT
Mobilization LS 1 150,000.00$ 150,000.00$
Traffic Control LS 1 50,000.00$ 50,000.00$
6" PVC Forcemain LF 10,545 75.00$ 790,875.00$
12" PVC Sewer Main & Trench LF 5,280 130.00$ 686,400.00$
Sewer Service Connections EA 5 3,000.00$ 15,000.00$
4" Cleanout EA 5 500.00$ 2,500.00$
4' Precast Sewer Manholes EA 18 6,000.00$ 108,000.00$
Connection to Existing Sewer System LS 1 5,000.00$ 5,000.00$
Pavement Restoration Tons 200 150.00$ 30,000.00$
Ledge Removal Allow 1 100,000.00$ 100,000.00$
Sewer Pump Station LS 1 450,000.00$ 450,000.00$
Forcemain Easment (Lease Fee for 30 Years) LS 1 1,500,000.00$ 1,500,000.00$
Pump Station Easement LS 1 -$ -$

3,887,775.00$
777,555.00$
777,555.00$

5,442,885.00$

Construction Contingency (20%)
Engineering Costs (20%)

Sewer 2 Total:

Project:

Bow - Hooksett Feasibility Study
Sewer Run 2

Probable Cost Estimate

Calculated By:

Checked By:

NOTE:  In providing opinions of probable construction costs, the Client understands that DuBois & King, Inc. has no
control over the cost or availability of labor, equipment or materials, or over market conditions or the Contractor's

methods of pricing, and that our Opinion of Probable Construction Costs are made on the basis of our professional
judgment and experience.  DuBois & King, Inc. makes no warranty, expressed or implied, that the bids or the
negotiated costs of the Work will not vary from the Opinion of Probable Construction Cost provided  herein.

OPINION OF PROBABLE CONSTRUCTION COST

Bow NH
Bow Hooksett Water/Sewer Extension Feasability Study
Project Number: 326184
Table 6-4 Sewer Alternative 1 Costs

Construction Subtotal

1) Pavement replacement number based on early stage alignment. Quantity subject to change as design develops.
2) Quantities are based on measurments and takeoffs of the feasability level design design where availible.  In
locations where the design has not yet been developed, quantities are based on mapping taekoffs using Google
Earth.
3) An assumed amount of gravity sewer is carried in the costs to accomodate extending service into the center of
the South Bow and Business Districts.

Page 1 Table 6-3



TMV Date:

NJS Date: 8/1/2019

DESCRIPTION UNIT QUANTITY UNIT PRICE AMOUNT
Mobilization LS 1 80,000.00$ 80,000.00$
Traffic Control LS 1 100,000.00$ 100,000.00$
6" PVC Forcemain LF 7,200 75.00$ 540,000.00$
12" PVC Sewer Main & Trench LF 5,280 130.00$ 686,400.00$
Sewer Service Connections EA 5 3,000.00$ 15,000.00$
4" Cleanout EA 5 500.00$ 2,500.00$
4' Precast Sewer Manholes EA 18 6,000.00$ 108,000.00$
Connection to Existing Sewer System LS 1 5,000.00$ 5,000.00$
Pavement Restoration Tons 750 150.00$ 112,500.00$
Ledge Removal Allow 1 55,000.00$ 55,000.00$
Sewer Pump Station LS 1 450,000.00$ 450,000.00$
Pump Station Easement LS 1 -$ -$

2,154,400.00$
430,880.00$
430,880.00$

3,016,160.00$

Construction Contingency (20%)
Engineering Costs (20%)

Sewer 2 Total:

Project:

Bow - Hooksett Feasibility Study
Sewer Run 2

Probable Cost Estimate

Calculated By:

Checked By:

NOTE:  In providing opinions of probable construction costs, the Client understands that DuBois & King, Inc. has no
control over the cost or availability of labor, equipment or materials, or over market conditions or the Contractor's

methods of pricing, and that our Opinion of Probable Construction Costs are made on the basis of our professional
judgment and experience.  DuBois & King, Inc. makes no warranty, expressed or implied, that the bids or the
negotiated costs of the Work will not vary from the Opinion of Probable Construction Cost provided  herein.

OPINION OF PROBABLE CONSTRUCTION COST

Bow NH
Bow Hooksett Water/Sewer Extension Feasability Study
Project Number: 326184
Table 6-4 Sewer Alternative 2 Costs

Construction Subtotal

1) Pavement replacement number based on early stage alignment. Quantity subject to change as design develops.
2) Quantities are based on measurments and takeoffs of the feasability level design design where availible.  In
locations where the design has not yet been developed, quantities are based on mapping taekoffs using Google
Earth.
3) An assumed amount of gravity sewer is carried in the costs to accomodate extending service into the center of
the South Bow and Business Districts.

Page 1 Table 6-4



Jeremy Rathbun
Text Box
Appendix A

Example Interlocal Agreement for Water System
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