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EXECUTIVE SUMMARY 
 

A major challenge to confidence in the data generated by this study is that Hudson experienced a 
moderate drought during the evaluation period for this update of the Infiltration/Inflow (I/I) Study. Data 
shows a reduction of approximately 85,000 gallons per day of Infiltration and Inflow (615,000 vs. 
700,000 GPD) from the Town of Hudson sewer system since the 2002 Study, a drop of over 12 percent. 
(Upon closer examination of the 2002 data from the report’s Appendices, we noted that the interpretation 
of specific data did not match the current means of evaluation.  Recalculation of the I/I for the 2002 report 
resulted in an average I/I of nearly 700,000 gallons, versus the 662,000 cited.) Through the lining and 
replacement of old sewer mains and the repair of breaks in piping and manholes, we believe that the 
Town’s Sewer and Drain Division of the Hudson Highway Department has been able to achieve a 
significant reduction in I/I which has allowed capacity to accommodate all of the connections since 2002.  
  

However; as noted above, the Town of Hudson was experiencing drought-like conditions during much of 
the current study period. Rainfall totals from 2001 used in the 2002 Study totaled 36.88 inches. Total 
rainfall for 2015 was 29.29 inches, more than 20% less than in 2001. While the percentage reduction in 
rainfall likely makes up a portion of the percentage drop in calculated I/I, there are many other factors 
which have contributed to the apparent reduced I/I volumes. Therefore, with drought conditions 
continuing into the present, it would not be prudent to recommend the reallocation of the majority of the 
calculated I/I volume to new or expanded development until additional I/I evaluation and elimination has 
occurred.  
 

Aging Homes and Sewer System Piping  
Sewer service laterals, especially those for older homes, are a leading cause of sewer system I/I. This is 
not just inflow from foundation drains, sump pumps, etc., but also infiltration from damaged/cracked 
piping and poor quality installation. Clay service piping is especially susceptible to root damage. The 
majority of homes in the Town of Hudson are of older vintage, with many that have drains and sump 
pumps connected directly to their sewer service outlet piping. A house-by-house inspection program 
could be implemented to quantify the number of homes with these types of connections. Inspection of 
service piping to evaluate root damage or other infiltration sources would be more difficult, but is an 
option the Town should consider as it might uncover some individual sources of infiltration, especially in 
those subsystems located near the Merrimack River. 
 

Priority Evaluation  
Subsystem #5 (Bordered by Lowell Road/Belknap Road/past Hilindale Drive/Pelham Road/Melendy 
Road intersection) is recommended as a priority for further evaluation of potential infiltration sources as 
this subsystem has some of the highest sewer flows of any subsystem. Sources of inflow are not as easily 
identified, but given that a portion of Subsystem #5 is made up of older homes, it is likely that inflow is at 
least a partial cause of the increased sewer flows. Subsystem #5 is centered on the intersection of Belknap 
Road and Melendy Road.  
 

Continued efforts to remove Infiltration and Inflow from areas where high variations in flow remains will 
continue to result in capacity increases.  Challenges to be overcome will require innovative design 
technologies to move stormwater away from low areas of Town where residents are adversely impacted 
by surface water and groundwater.  
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SECTION 1:  PROJECT BACKGROUND AND OBJECTIVES 
 
1.1 Overview 
 

The Town of Hudson is located along the Merrimack River in the South Central area of New 
Hampshire as shown on Figure 1 in Appendix A-1.  Hudson is made up of mixed-use 
neighborhoods that include residential, industrial, commercial, and educational facilities.  
Municipal water and sewer serve the majority of the Town.  The wastewater generated in Hudson 
is collected via gravity sewers and a series of pump stations that discharge to a primary pump 
station located along the Merrimack River. Wastewater flows are also generated from the Pope 
Technical Park. However, these flows do not pass through the primary flume in the Town of 
Hudson. The storm drainage separation from the sanitary sewer in the Town of Hudson began in 
1976 and took several years to complete. 

 
Wastewater from the primary pump station in the Town of Hudson is pumped to the City of 
Nashua wastewater collection system and is ultimately treated at the City of Nashua Wastewater 
Treatment Facility (WWTF) under an Intermunicipal Agreement (Appendix A-2). Wastewater 
generated from the Pope Technical Park is discharged to the City of Nashua WWTF separately 
from the flows from the primary flume. The Town of Hudson has an allocation of 2 million 
gallons per day (mgd) based on an annual average from the City of Nashua. For purposes of this 
study, Pope Technical Park was not included as part of the infiltration/inflow analysis.  The 
Town of Hudson has not exceeded the 2-mgd allocation based on an annual average.  However, 
there have been isolated occasions when wastewater flows have exceeded the 2-mgd allocation 
during periods of rainfall and high groundwater.  

 
The Town of Hudson has worked on various levels of infiltration/inflow studies since 1987.  
Television inspection was initiated during the 1989-1991 time period. Since then the Town has 
purchased its own wastewater flow meters and television inspection equipment. These studies 
were updated in 1998 and 2002.  Based on the increased disparity between wastewater flows and 
water consumption, the Hudson Sewer and Drain Division and the Town Engineer recognized 
the need to continue previous work efforts with updated Infiltration/Inflow (I/I) documentation of 
the entire wastewater collection system to further refine prior I/I source evaluations. 

 
There are several objectives associated with this I/I Study update including: 

 Calculate an estimated volume of wastewater reduction to Nashua since the 2002 Study. 

 Identify areas of Town where excessive I/I remains. 

 Develop a plan of action to continue to eliminate non-wastewater discharges without creating 
hardships for the residents. 

 Increase overall theoretical capacity for future development in the Town of Hudson. 

 Develop a prioritization schedule for smoke testing; further television inspection; and 
correction of the problems identified. 
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1.2 Scope of Study   
 

To accomplish the objectives of the project, the following tasks were completed: 
 
Data Collection:  The data reviewed and collected during the I/I Study update includes the 
following: 
 
 Documents developed and used as part of the 2002 Study. 

 Historical rainfall data. 

 Historical flows for the flumes, which meter all wastewater to the Nashua Sewer System. 

 Updated Town of Hudson Master Parcel Plan that includes GIS Data, including an 
inventory of pipe sizes, slopes, type, age, manhole locations, and depths. 

 Electronic GIS data:  Town of Hudson recently updated GIS data. 

 List of projects completed by the Sewer and Drains Division of the Hudson Highway 
Department.  

 Sewer service connection location files. 

 Water consumption records from 2007 to present. 

 Well usage water meter data. 

 Water deduct meter data.  

 
The final analysis was performed using available water and wastewater data provided by the 
Town of Hudson for the years of 2015 and 2016. It is important to note that after the water, 
rainfall, meter and flume data was entered for the time period between January 2011 and 
January 2013, it became apparent that there was a calibration issue with the three flume 
monitoring locations. Upon recalibration, it is noted that the calibration affected the recorded 
flume data between 300,000 and 800,000 gallons per day. Therefore, the data during that time 
period was determined to be invalid to use for further evaluation. The calibration issue is 
documented in the Metered Flows of Merrill Park, Juniper, and Webster Flume graph as Figure 
1-1, below. Therefore, data prior to the calibration was not evaluated.  
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Figure 1-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This study period is from March 2013 to March 2016 and includes the following:  
 

Historical Wastewater Flow vs. Rainfall records were compared against wastewater 
flow records in attempts to draw parallels between periods of rainfall and periods of 
high I/I. 

 
Historical Water Consumption Data and Wastewater Flow:  Correlations were made 
between the water being consumed by the users in the Town and the wastewater being 
discharged to the sewer system. 

 
Installation of Temporary/Permanent Flow Meters: The wastewater flow meters for the 
entire sewer system were strategically placed by the Town of Hudson with guidance from 
CLD, so that smaller areas could be evaluated for I/I. 
 
This report summarizes findings and conclusions associated with the above-mentioned 
scope of work and are intended to assist the Town of Hudson in making informed 
decisions regarding improvements. 
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1.3  Definitions  
 

Infiltration: ”Water other than wastewater that enters a sewer system (including sewer service 
connections and foundation drains) from the ground through such means as defective pipes, pipe 
joints, connections, or manholes. Infiltration does not include, and is distinguished from, 
inflow” (40 CFR Section 35.905). 

 
Inflow: "Water other than wastewater that enters a sewer system (including sewer service 
connections) from sources such as, roof leaders, cellar drains, yard drains, area drains, drains 
from springs and swampy areas, manhole covers, cross connections between storm sewers, and 
sanitary sewers, catch basins, cooling towers, storm waters, surface runoff, street wash waters, 
or drainage. Inflow does not include and is distinguished from, infiltration. Inflow does not 
include, and is distinguished from, infiltration." (40 CFR, Section 35.905) 

 
Infiltration/Inflow (I/I): "The total quantity of water from both infiltration and inflow without 
distinguishing the source.” 

 
Excessive I/I: Excessive I/I is that I/I quantity for which it has been shown, through economic 
analysis, that elimination from the subject sewer section by rehabilitation or replacement of 
sewer lines will be more cost-effective than handling the quantity through the treatment process. 

 
Non-Excessive I/I: Non-excessive I/I is that quantity for which it has been shown, through 
economic analysis, that handling through the treatment process will be more cost-effective than 
elimination from the subject sewer section by rehabilitation or replacement of sewer lines. 
 
Subsystem: The combination of a number of sewer segments that together constitute one of 
several major contributing areas to the main pump station in Hudson in this case. 

 
1.4  Existing Wastewater Collection System  
 

Wastewater from the Town of Hudson is collected and discharged to a main pumping station 
located at the foot of Sycamore Street that pumps the wastewater to the Nashua WWTF.   The 
sewer collection system consists of various size pipes constructed of asbestos cement (AC), 
vitrified clay tile (VC), reinforced concrete pipe (RCP) and polyvinyl chloride (PVC).  (A 
breakdown of the pipe sizes and estimated lengths are shown in Figure 3-19 as part of the I/I 
evaluation calculation.) 

 
The majority of the existing wastewater collection system for the Town of Hudson was 
constructed prior to 1978.  The sewer materials prior to 1978 consisted primarily of VC and AC. 
After 1978, sewer materials primarily consisted of PVC with the exception of some AC pipe in 
industrial areas until 1984. The Town of Hudson also has some RCP in isolated instances.  All 
new construction requires that sewer piping be PVC material.   
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In addition, the municipal wastewater collection system also includes three other significant 
pump stations located at Sagamore Park Road, Industrial Drive, and Federal Street located along 
the Merrimack River and several other smaller pump stations that transport wastewater within a 
subsystem. 
 
As a result of meetings and discussions with Town personnel, CLD modified various aspects of 
our approach.  Two such meetings are documented in Appendices A-4 and A-5.  The detailed 
memo of documentation discussed during the April 2016 meeting is included in Appendix A-6.  
Information provided to CLD regarding new or replaced, or lined sewer pipes since 2002 is 
summarized in Figure 1-2. After 2002 many pipes have been replaced based on suggestions from 
the 2002 CLD I/I Study and many pipes have been added to accommodate new housing in 
Hudson.  

 
Figure 1-2: New or CIPP Sliplined Sewer Location Since 2002 

 
Temporary Flow Meters (ISCO meters) were installed in the spring 2015 at four locations to 
delineate individual subsystem flows from downstream combined flows. Location information 
on these flow meters is summarized in the following Figure 1-3. 

SUBSYSTEM STREET SUBSYSTEM NEIGHBORHOOD/ STREET 

Subsystem 1 Subsystem 5   

  Bradford Circle Overlook Estates (Overlook Circle) 
Subsystem 2 Oak Ridge Estates    

  Belknap Street Annie Court   
  Bond Street Brody Lane 
  Chatham Street Graham Court 
  Clifton Street Loren Court 
  Greentree Drive McEwen Court 
  Hurley Street Tiffany Circle 
  Melendy Road Charbonneau Drive   

  Short Street Gulf Street   

Subsystem 4 Subsystem 6   

  
Sparkling River 
Estates  Paula Circle   

  Scenic Lane Subsystem 7    

  Shoreline Drive Andrews Avenue, Chase Street 
  Vernon Street Edgar Court, Winnhaven Drive, 
       Wyeth Drive   
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Figure 1-3: Temporary ISCO Flow Meters 
 

Subsystem 1 Flow Meter Location:   
SMH TH-1, located on Route 111 between 
Greely Street (east) and Merrill Brook (west) 

Subsystem 2 
(Merrill Park) 

Flow Meter Location:   
SMH EXC-3 on Maple Avenue 

Subsystem 3 Flow Meter Location:   
SMH DE-26 on Derry Street, between Easy 
Street and Elm Avenue 

Subsystem 5 Flow Meter Location:   
SMH BI-1 on Birch Street, 1 SMH west of 
Lowell Road 

 
A detailed description of the various subsystems is provided in Section 3.4.  A graphical 
representation of the sewer flow through the system and the meters (or measuring devices) 
is provided in Appendix 3 (A-3). 
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SECTION 2:  DATA COLLECTION 
 
2.1 Overview 
 

Wastewater flow data and water consumption data during the I/I Study was provided by the 
Town of Hudson Sewer and Drain Division and the Hudson Sewer Utility, respectively.  CLD 
separated the data by subsystem, and determined the classification of each user, such as; 
whether they were on public water or a well, or whether the user was on a subsurface disposal 
system and had public water. 

 
The Sewer and Drain Division provided ongoing assistance to CLD throughout the course of the 
study. Their knowledge and understanding of the existing sewer collection system and the 
history of work performed was a very important part of accomplishing the goals of the study. 

 
2.2 Overview of Data 
 

The following data was obtained during the I/I Study and is summarized below:  
 

Wastewater Flow Meter Data: Subsystem flows were measured at three flumes (Webster, 
Merrill Park, and Juniper); three subsystem pump stations (Industrial Drive, Federal Street and 
Sagamore); and within the four sewer manholes noted in Figure 1-3 where temporary ISCO 
flow meters monitored flows. Flows were recorded on a continuous basis at five or fifteen-
minute intervals. This sewer base flow is labeled as “Subsystem Flow” on the Subsystem 
graphs.  
  
Meter Data: The Sewer and Drain Division provided ISCO flow meter data for Subsystems #1, 
#2, #3, and #5 to CLD to support our analysis. The additional ISCO meters began recording data 
in March of 2015.  
 
Partial Town of Hudson Geographic Information System (GIS) Electronic File:  A plan of Town 
sewer infrastructure data collated into an electronic format.   
 
Pump Station Flow Records: The Sewer and Drain Division provided flow records for all four 
pump stations located within the sewer collection system.  
 
Water Consumption: Monthly water bills were obtained from the Town and allocated into the 
corresponding Subsystem by address. The combined water quantity is shown as “Water 
Consumption” on each of the Subsystem graphs. 

 
Rainfall Data (daily) was supplied by the City of Nashua on a monthly basis. The rainfall is 
summarized monthly and shown on the Subsystem graphs. 
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2.3  Rainfall Data  
 

It is noted that overall rainfall totals for 2015 were lower than in previous years, and during 
various periods the Town of Hudson was considered to be experiencing abnormally dry 
conditions which can be defined as a moderate drought. These periods included: 
 
 May 5-19, 2015 – Abnormally Dry 
 May 19 – June 23, 2015 – Moderate Drought 
 August 4 – September 29, 2015 – Abnormally Dry 
 September 29, 2015 to present – Moderate Drought 
(US Drought Monitor at http://droughtmonitor.unl.edu/MapsAndData/mapArchive.aspx). 

 
Figure 2-1:  2012-2016 Rainfall Data 

 
For comparison purposes, the 
annual rainfall totals for recent 
years are 41.76 inches for 
2012, 41.15 inches for 2013, 
43.74 inches for 2014, and only 
29.29 inches for 2015. Despite 
this 25% drop in rainfall from 
previous years, there wasn’t a 
corresponding decrease in 
sewer flows in 2015 that could 
be easily correlated to the 
lower rainfall total. 
 
(Figure 2-2 summarizes the 
data.) 
 
 

 
Figure 2-2 

Year 
Total Sewer Flows 

at Main Flume 
(Gallons) 

Rainfall 
(Inches) 

 

Percent Change 
in Rainfall from 

Prior Year 

Percent Change in 
Sewer Flow from 

Prior Year 

2015 402,430,600 29.29 -33.0 -2.9 

2014 414,322,016 43.74 +6.2 +2.4 

2013 404,459,056 41.15 -0.01 N/A* 

*N/A Due to Meter Calibration Issue    
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There was a net increase of 16 sewer connections between 2014 and 2015 (5,355 vs 5,371) but 
the resultant new system flow from these connections does not offset a larger decrease in flow 
that could be attributed to rainfall related Infiltration/Inflow. The timing of rainfall when 
compared to groundwater elevations should be considered a leading indicator of the amount of 
Infiltration/Inflow experienced.   
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SECTION 3:  INFILTRATION/INFLOW UPDATED ANALYSIS 
 
3.1 Overview 
 

The most effective method of evaluating I/I in a municipal wastewater collection system is to 
divide the entire sewer system into subsystems and evaluate the flows in each subsystem.  For 
the 2002 evaluation, subsystems were established within the entire Hudson wastewater 
collection system on the basis of accessibility of gauging points and the ability to isolate distinct 
subsystems. Establishing these subsystems allowed for both the isolation of areas where 
excessive I/I may be occurring. The current I/I Study updated these same subsystems as a basis 
for study.  Based upon the new GIS data available modifications were made to the limits of 
Subsystem #10 (Sagamore Pump Station) and Subsystem #6 (JU-1, EXC-3). A much less 
significant adjustment of the delineation of the border between Subsystem #7 (Flume) and 
Subsystem #2 (Merrill Park) was incorporated.  
 

3.2  Infiltration/Inflow Evaluation Criteria  
 

The following State and Federal regulations were reviewed to establish criteria for determining 
if the I/I found in the Town of Hudson sewer collection system is considered to be excessive or 
not. 

 
The Environmental Protection Agency (EPA) considers I/I rates over 1,500 gallons per 
day per inch-diameter per mile (gpd/in-dia/mile) to be excessive. (USEPA, Quick Guide 
for Estimating Infiltration and Inflow, June 2014) EPA threshold was utilized in this 
evaluation to determine whether or not I/I found in the Town of Hudson sewer 
collection system is considered to be excessive. 
 
We also understand that the New Hampshire Department of Environmental Services, 
State of New Hampshire requires that new sewers be designed to provide an I/I 
allowance of 300 gpd/in-dia/miles. However, exceeding this limit in old sewers is not 
considered excessive. 

 
3.3 Method of Infiltration/Inflow Analysis 
 

The I/I analysis update was conducted in a series of steps.  The first step in updating the I/I 
information was to gather and manipulate available information on the existing sewer collection 
system.  The next step was to reevaluate the sewer service areas to better isolate and define 
areas with significant I/I. The streets within each subsystem were identified. In addition, the pipe 
sizes and lengths were used to calculate how many in-dia/miles were in each subsystem. 
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Once the subsystems were defined, wastewater flow meter data was manipulated and recorded 
from a time period from January 2011 and January 2013. As previously mentioned, it became 
apparent that there was a calibration issue with the three flume monitoring locations. Upon 
recalibration, it is noted that the calibration affected the recorded flume data between 300,000 
and 800,000 gallons per day. Therefore, the data prior to calibration was not valid to use for 
further evaluation. The flow data prior to recalibration of the flume which had been accumulated 
and graphed for evaluation was subsequently discounted and not used. The calibration issue is 
documented as part of the Metered Flows of Merrill Park, Juniper, and Webster Flume graph 
(Figure 1-1) on page 1-3.  

 
To determine the amount of I/I associated with each subsystem, water consumption data was 
compared to the wastewater flow data.   Metcalf and Eddy (Metcalf & Eddy, Wastewater 
Engineering, McGraw Hill, Inc., 1972, p.33) suggests that 60% to 80% of the water consumed 
becomes sewerage. However, a more conservative value of 90% was used for the determination 
of the I/I in the Town of Hudson sewer collection system during the 2002 evaluation.  For 
comparison purposes, this same 90% value was used in the current study. The amount of I/I in 
each subsystem was determined by subtracting 90% of the water consumed from the 
wastewater flow for each subsystem. 

 
3.4  Subsystems 
 

In an effort to better isolate and define areas with significant I/I, the entire sewer service area 
was divided into several subsystems. These subsystems and the areas they encompass are shown 
on Figure 1 in Appendix A-1. Based upon updated base plan data, some of the subsystem 
delineations were modified from the originally defined areas. The 2002 data was also updated so 
the comparison was representative of current conditions. A description of each subsystem is 
provided in the following text and summarized in Appendix A-3, Subsystem Layout and Flow 
Discrepancy Documentation. 

 
3.4.1  Subsystem #1 (Site 111) - Figure 2 in Appendix A-1 

Subsystem #1 is identified as Site 111.  This subsystem consists primarily of residential 
areas and is located on both sides of Route 111 (Central Street). It extends east to Lund 
Drive and extends west to approximately 600 feet beyond the Route 111/Greeley Street 
intersection.  The wastewater flow meter for Site 111 is located on Route 111. Since this 
subsystem has been defined, new sewer piping has been added on Bear Path Lane.  

 
3.4.2 Subsystem #2 (Merrill Park) – Figure 3 in Appendix A-1  

Subsystem #2 is identified as Merrill Park.  This subsystem consists of a combination of 
industrial and residential uses.  There are significantly large industries connected to this 
subsystem.  Subsystem #2 extends north along Route 111 to approximately 450 feet east 
of the Merrill Brook crossing.  It is bordered to the west by the Merrimack River, to the 
south by Belknap Road and the north by Highland Avenue.  The wastewater flow meter 
for this subsystem is located near Maple Avenue. Since the 2002 I/I, many sewer pipes 
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in this area have been replaced in order to minimize any infiltration in this subsystem. 
Replaced sewer systems include Belknap Street, Chatham Street, Bond Street, Clifton 
Street, Greentree Drive, Short Street, and Hurley Street.  

 
Figure 3-1: 

2013-2016 Combined Water, Rainfall and Sewer Meter Data 
That Includes Subsystem 2  

 
3.4.3 Subsystem #3 - Towhee/Greeley/Derry (Site 3) – Figure 4 in Appendix A-1 

Subsystem #3 is identified as Site 3.  Subsystem #3 is bordered to the north by Towhee 
Drive, located east of Subsystem #4 (Web-6) and extends south to the Public Service 
Company of NH right-of-way. This subsystem also extends east to Greeley Street/Marsh 
Road intersection and west to Derry Street.  The wastewater flow meter for Site 3 is 
located on Derry Street. No sewer pipes have been added or replaced in this subsystem 
since the 2002 CLD Study.  
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3.4.4 Subsystem #4 (Web-6) – Figure 5 in Appendix A-1 
Subsystem #4 is identified as Web-6 and is located in the northernmost portion of the 
Town bordered by the Merrimack River to the west, Adam Drive to the north, Ferry 
Street to the south and Derry Street to the east. This subsystem consists of a mixture of 
primarily residential use with some industrial uses. The wastewater flow meter for Web-
6 is located in a manhole located on Webster Avenue.  Three new sewer mains have 
been constructed and added onto this subsystem since the 2002 CLD Study, including 
Sparkling River Estates, Scenic Lane, and Shoreline Drive. Additionally, the piping on 
Vernon Street has been lined since the 2002 Study.  

 

3.4.5 Subsystem #5 (Site 2) – Figure 6 in Appendix A-1 
Subsystem #5 is identified as Site 2 and serves primarily residential areas.  It is bordered 
to the west by Lowell Road.  It extends to the north on Belknap Road approximately 
1,000 feet beyond the intersection with Hilindale Drive.  This subsystem extends east to 
the Pelham Road/Melendy Road intersection.  The wastewater flow meter for Site 2 is 
located on Birch Street. Many new housing developments have been added to this 
subsystem and new sewer pipes have been put in place in the following areas: Fox 
Hollow, Overlook Estates, Oakridge Estates, and Paula Circle. Additionally, a portion of 
Belknap Street (this street falls within both Subsystem #5 and Subsystem #2), and 
Charbonneau Drive have had their lining replaced. (Note that the data is not useful for 
evaluation due to the irregularity in flow meter reconciliation from flow surcharges in 
Subsystem #7.) 
 

Figure 3-2: 
2013-2016 Combined Water, Rainfall and Sewer Meter Data 

That Includes Subsystem 5  
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3.4.6 Subsystem #6 (Ju-1, Exc-3) – Figure 7 in Appendix A-1 

Subsystem #6 is identified as Site Ju-1, Exc-3 and is made up of a mixture of residential, 
commercial and industrial uses.  It is bordered to the west by the Merrimack River.  It 
extends to the east to the Shelly Drive/Burns Hill Road intersection south to the Lowell 
Road/Wason Road Intersection.  The wastewater flow meter for this subsystem is located 
on Juniper Street. No piping has been replaced or added since 2002 CLD Study.   

 

3.4.7 Subsystem #7 (Flume) – Figure 8 in Appendix A-1 
Subsystem #7 is identified as Flume.  This subsystem, bordered to the east by Lowell 
Road, is located in a densely populated area of Hudson, consisting of various uses 
including residential, commercial, and industrial. Subsystem #7 is located immediately 
adjacent to the Merrimack River, and encompasses a large portion of the center of Town. 
It extends south to Hickory Street and north to Ferry Street.  The wastewater flow meter 
for this subsystem is located upstream of the central pump station and measures all flows 
entering the central pump station and discharged to the Nashua WWTF. A portion of the 
subsystems sewer pipes have been lined since the 2002 Study. The replaced piping 
resides on the following streets:  Chase Street, Winnhaven Drive, Wyeth Drive, Andrew 
Avenue, and Edgar Court.  

 

3.4.8 Subsystem #8 (Industrial Drive Pump Station) – Figure 9 in Appendix A-1 
Subsystem #8 is identified as Industrial Drive Pump Station.  This subsystem consists of 
industrial and residential uses.  The Industrial Drive Pump Station collects wastewater 
from Industrial Drive, Lund Drive, Hedgerow Drive, Paget Drive and Park Avenue.  
Wastewater flow data for this subsystem was collected at the pump station located on 
Industrial Drive. New sewer has been installed at Bradford Circle. 

Figure 3-3 
2013-2016 Combined Water, Rainfall and Sewer Meter Data 

That Includes Subsystem 8  
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3.4.9 Subsystem #9 (Federal Street Pump Station) – Figure 9 in Appendix A-1 
Subsystem #9 is identified as the Federal Street Pump Station.  This subsystem consists 
of a combination of industrial and residential uses is bound by Subsystem #4 (Web-6) on 
the north, east and south and the west by the Merrimack River. This subsystem consists 
of primarily older houses. The Federal Street Pump Station collects wastewater from 
Federal Street, Merrimack Street, Kenyon Street, Gambia Street, Jones Street and Bank 
Street. Wastewater flow data for this subsystem is monitored at the pump station located 
on Federal Street.   

 
3 .4.10  Subsystem #10 (Sagamore Pump Station) – Figure 10 in Appendix A-1 

Subsystem #10 is identified as Sagamore Pump Station. The Sagamore Pump Station 
collects wastewater from a large industrial park located between Lowell Road and the 
Merrimack River.  Wastewater flow data for this subsystem was collected at the pump 
station located on Sagamore Park Road. 
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3.5 Sewer Flow vs. Rainfall  

The received flow meter data and rainfall data was compared in order to determine if periods of 
high rainfall correlated to periods of high flow. The daily rainfall and sewer flows were compared 
for each subsystem. Out of the ten subsystems, Subsystems with different characteristics (#3 and 
#5) were chosen to analyze more thoroughly.  This approach better depicts the influence that 
rainfall has on sewer flows.  

Daily comparisons of sewer flow vs. rainfall in Subsystems #3 and #5 show an increase in flow 
lagging several days behind rainfall during periods of assumed high groundwater levels (see April 
2015 graphs below). During periods of lower groundwater levels (June 2015 graphs), the sewer 
flow spikes the same day as rainfall. These results, while not unexpected, are typical across all 
Subsystems and show the influence of infiltration and inflow on the sewer system.  

Figure 3-4 

     
Note that the first two rain events in Subsystem #3 cause some correlation with I/I; however, the third 

   event does not. 
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Figure 3-5 

 
Note that the effect of I/I from rain events is relatively muted in June 2015.  (Low groundwater 
situation.) 
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Figure 3-6 
 

 
 

Subsystem #5 shows pronounced I/I correction in April and June (especially when the ground is 
saturated with groundwater).   
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Figure 3-7 

 
 

Subsystem #5 shows pronounced I/I correlation in April and June (especially when the ground is 
saturated with groundwater).   

 
As noted above 2015 was a relatively dry year for rainfall, even after the year’s heavy winter 
snow accumulation. Enough variability exists across all subsystems when rainfall is evaluated 
against recorded flows that a direct correlation cannot be made (i.e. the most rain does not 
necessarily result in the highest system flows). When evaluated on a daily basis, it is evident that 
flows increase whenever there is a rainfall.  
 
Basement sump pumps, foundation drains and roof drains (gutter systems) connected to a house’s 
sewer service are a likely cause of inflow into the sewer system during a rain event. But the 
extent of any flow increase is tempered by the groundwater elevation at that time. For example, in 
May of 2015 Hudson received only 0.84 inches of rain, yet the total monthly flows measured at 
the Merrill Park, Juniper, and Webster flumes were all higher than the flows at the same locations 
measured in June of 2015 when there was 5.90 inches of rain. This variability reinforces the 
conclusion that groundwater elevations are the most critical element in inflow and infiltration into 
the sewer system. Data shows consistently higher flows in the spring months when groundwater 
elevations lie above many gravity sewers and when sump pumps and foundation drains contribute 
inflow into the public sewer mains. Contributions from inflow and infiltration are evident on the 
graphs for each subsystem.  
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3.6 Sewer Flow vs. Water Consumption  
 

The flows for all subsystems were evaluated against the sewer account data received from the 
Town for the evaluation period. Several subsystems recorded flow amounts significantly greater 
than the water consumption for the same time period, which is a leading indication of inflow and 
infiltration. Even in summer months when water usage typically increases and groundwater 
elevations are lowest, several subsystems exhibited higher flow amounts than water consumed.  

The following graphs depict the Subsystems flows compared against the water consumption data 
and rainfall data for a specific time period.  

Figure 3-8 

Note that in Subsystem #1 – Significantly higher sewer flow in March/April and October/ 
November. 
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Figure 3-9  
 

 
Subsystem #2 – Sewer flows are higher than water usage throughout the year. 
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Figure 3-10  

 

Subsystems #3 (and #6 and #10) exhibited some seasonally elevated sewer flows in spring and 
fall, most likely due to higher groundwater elevations. Sewer flows during the summer and winter 
months were below water usage amounts.  
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Figure 3-11 

 

Subsystem #4 – Significantly higher sewer flow in March/April and November/ December. 
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Figure 3-12 

 

 
Subsystem #5 – Sewer flows are significantly higher than water usage throughout the year.  
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Figure 3-13 

 
Subsystem #6 (and #3 and #10) exhibited some seasonally elevated sewer flows in spring and 
fall, most likely due to higher groundwater elevations. Sewer flows during the summer and winter 
months were below water usage amounts.  
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Figure 3-14 

 
 
 
Subsystem #7 receives flows from all the other subsystems before conveying the flow to Nashua.  As 
noted in Section 3.7.2, Subsystem #7 flow data was calculated by subtracting the flow data from all other 
subsystems from the total flow in the Main Flume crossing to the Nashua Wastewater Treatment Facility, 
as all other subsystems discharge into Subsystem #7 and there is no flow meter installed just for 
Subsystem #7. This resultant data shows multiple negative monthly flows for Subsystem #7, plus other 
very low positive flows that do not appear to be representative of the sanitary flows from the large 
number of homes within this subsystem. Therefore, this data was not used in the final analysis. 
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resulting in mostly negative flow values. As such these are not considered reliable for evaluation.
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Figure 3-15  

 
Subsystem #8 sewer flows were consistently above reported water usage. 

Figure 3-16 

 
Subsystem #9 sewer flows were consistently above reported water usage. 

0

0.5

1

1.5

2

2.5

0

0.02

0.04

0.06

0.08

0.1

0.12

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr

In
ch

es
 o

f 
R

ai
n

fa
ll

M
G

D

Subsystem 8
(2015/2016)  

Subarea Flow Water Consumption Rainfall

0

0.5

1

1.5

2

2.5

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr

In
ch

es
 o

f 
R

ai
n

fa
ll

M
G

D

Subsystem 9
(2015/2016)  

Subarea Flow Water Consumption Rainfall



 

 3 - 19 CLD Ref. No. 15-0116 

 

Figure 3-17  

 
Subsystems #10 (and #3 and #6) exhibited some seasonally elevated sewer flows in spring and 
fall, most likely due to higher groundwater elevations. Sewer flows during the summer and winter 
months were below water usage amounts.  
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3.7 I/I Calculations 
 

Infiltration and Inflow was calculated for each subsystem for the one-year period of April 2015 to 
March 2016. Although data was processed for the entire period beginning in 2012, this period 
was used because there was complete sewer flow data and water usage data available for each 
individual subsystem. Monthly average I/I values were calculated by subtracting 90% of the 
water usage data from the sewer flows, the same method used in the 2002 I/I Study.  
 
Note that because the available sewer flow data for Subsystem #7 was determined to be 
unreliable (see 3.7.2 ), the I/I values for Subsystem #7 were estimated by adjusting the flow data 
from Subsystem #2 for the number of houses in Subsystem #7, then subtracting 90% of the 
Subsystem #7 water usage data from those values. Subsystem #2 was chosen for estimating 
purposes because it has a similar number of homes (668 vs. 671), both subsystems are made up of 
mostly older homes, and portions of both subsystems border on the Merrimack River so 
groundwater conditions could be assumed to be similar for both subsystems.  
 

Figure 3-18: 
Average Daily I/I Based Upon Water Usage and Metered Sewer 

 

 
Average Daily I/I (MGD) based upon Water Usage and Metered Sewer 

 Subsystem 
1 

Subsystem 
2 

Subsystem 
3 

Subsystem 
4 

Subsystem 
5 

Subsystem 
6 

Subsystem 
7 

Subsystem 
8 

Subsystem 
9 

Subsystem 
10 

April 0.3781 0.1180 0.0597 0.2227 0.1927 0.0866 0.1162 0.0838 0.0295 0.0731 
May 0.0275 0.1208 0.0245 0.1212 0.1200 0.0461 0.11901 0.0307 0.0102 0.0378 
June 0.0275 0.0361 -0.0318 0.0058 0.0710 0.0080 0.0356 0.0314 0.0087 -0.0057 
July 0.0198 0.0706 0.0088 0.0623 0.1280 0.0280 0.0702 0.0344 0.0087 0.0065 
August -0.0982 0.1256 -0.0090 0.0035 0.1403 0.0161 0.1249 0.0325 0.0070 0.0014 
September -0.0090 0.0148 -0.0506 -0.0438 0.1140 0.0029 0.0147 0.0191 0.0068 -0.0175 
October 0.0854 0.0544 0.0147 0.0627 0.1724 0.0312 0.0540 0.0373 0.0088 0.0145 
November 0.1020 0.1031 0.0058 0.1133 0.0961 0.0377 0.1025 0.0396 0.0102 0.0333 
December 0.0608 0.1386 -0.0026 0.0949 0.0428 0.0386 0.1377 0.0417 0.0096 0.0360 
January 0.1251 0.1234 0.0119 0.1287 0.0609 0.0490 0.1223 0.0691 0.0143 0.0440 
February 0.1045 0.1536 0.0055 0.1104 0.1015 0.0498 0.15221 0.0488 0.0131 0.0440 
March 0.1594 0.1663 0.0205 0.1681 0.1405 0.0665 0.16482 0.0574 0.0146 0.0577 
           
Average 
Daily I/I 
per 
subsystem 
(MGD) 

0.0819 0.1021 0.0048 0.0877 0.1150 0.0384 0.1011 0.0438 0.0118 0.0271 

GPD 81,909 102,113 4,791 87,748 115,012 38,386 101,193 43,803 11,788 27,086 

 

Alternatively as a means to coordinate the data gathered, CLD evaluated I/I based upon the Infiltration 
and Inflow as a measurement of in-dia/miles of sewer. That data is summarized below in Figure 3-19. 
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Figure 3-19: 
Infiltration in GPD per Inch-Diameter-Mile by Subsystem 

 

 
Estimated 

Feet of 

Sewer 

8” 

Diameter

10” 

Diameter

12” 

Diameter

15” 

Diameter

18” 

Diameter

Calculated 

Average 

Diameter 

(Inches) 

Infiltration 

Gallons per 

Inch 

Diameter 

Mile per 

Day 

Subsystem 
1 

77,000 85% 0% 0% 15% 0% 9.05 632 

Subsystem 
2 

55,000 80% 0% 10% 10% 0% 9.1 1,076 

Subsystem 
3 

30,500 100% 0% 0% 0% 0% 8 104 

Subsystem 
4 

83,500 90% 10% 0% 0% 0% 8.2 677 

Subsystem 
5 

54,500 85% 10% 5% 0% 0% 8.4 1,325 

Subsystem 
6 

33,000 85% 0% 0% 0% 15% 9.5 644 

Subsystem 
7 

66,500 90% 0% 0% 10% 0% 8.7 923 

Subsystem 
8 

18,000 100% 0% 0% 0% 0% 8 1,603 

Subsystem 
9 

4,500 100% 0% 0% 0% 0% 8 1,761 

Subsystem 
10 

20,000 80% 10% 0% 10% 0% 8.9 796 

 
3.8 Overall System Evaluation 
 

The overall sewer system has varying degrees of infiltration and inflow. Some areas have been 
improved through work performed by Town forces, some areas are influenced by groundwater 
infiltration to a greater extent than others, and some areas with more older neighborhoods are 
believed to have more inflow from sources such as foundation drains, sump pumps, and roof 
drains connected to sewer service piping. I/I have been reduced since the previous study, and the 
Town is committed to eliminating as many sources of I/I as can be determined.   
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Aside from review of infiltration and inflow values generated for each subsystem, there were 
several additional factors that were considered during the evaluation. They include: 

 Age and pipe material characteristics were another factor. The relatively new PVC plastic 
sewers should contribute only nominal infiltration if installed correctly and if found to be 
undamaged during future CCTV events.    

 Review of graphical data identified some subsystems to have a more direct correlation 
between rainfall events and spikes in the flow data than others.  If the peaks appeared 
close, this would suggest predominately inflow contributions (vs. infiltration).   

 Relative flow quantity contributions of the subsystems were also considered. 

 Lastly, I/I rates relative to the 1,500 GPD/in-dia/mile threshold established by the EPA 
were compared.  

 
After looking at all collected and analyzed data, it was evident that specific evaluations needed to 
be done for both Subsystems #9 and #7 in order to further assess the ongoing inflow and 
infiltration in Hudson.  

 
 3.8.1 Subsystem #9 Evaluation  

As noted above, Subsystem #9 (Federal Pump Station) sewer flows are consistently 
above water usage data. However, when compared against rainfall, sewer flows show 
significant correlations between precipitation and base sewer flow increases during spring 
and fall peaks.  Further review of Subsystem #9 would be warranted based on these 
comparisons between sewer flow data and rainfall graphing. Subsystem #9 is located in a 
neighborhood of homes immediately adjacent to the Merrimack River where a high 
groundwater table is assumed to be present and a likely cause of both infiltration when 
groundwater levels are elevated and inflow during rain events. Sewer pipe in this 
subsystem is generally composed of asbestos cement pipe (ACP) that is generally more 
susceptible to joint leakage than modern SDR-35 PVC sewer pipe.  

These flow/rainfall correlations suggest that Subsystem #9 should also be the focus of 
videotaping during the wet spring months when groundwater might be witnessed entering 
the sewer system. We know that conditions in this Subsystem have been evaluated before 
by the Town of Hudson, and we recommend that the Town perform video inspection of 
the sewer mains within this subsystem to review the condition of the existing system and 
locate any evident infiltration conditions (separated or damaged pipe joints, cracks in 
sewer piping, cracks in sewer manholes, etc.). It is noted that during this particular spring 
2016, no stored precipitation is available from snowmelt to help raise the groundwater 
table and thus help to identify leaking pipe joints or other infiltration conditions. 
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3.8.2 Subsystem #7 Evaluation  
Subsystem #7 receives upstream flows from all other subsystems, so a separate and 
distinct flow assessment is difficult to perform for Subsystem #7 internal flows only.  
Subsystem #7 flow data was calculated by subtracting the flow data from all other 
subsystems from the total flow in the Main Flume crossing to the Nashua Wastewater 
Treatment Facility, as all other subsystems discharge into Subsystem #7 and there is no 
flow meter installed just for Subsystem #7. This resultant data shows multiple negative 
monthly flows for Subsystem #7, plus other very low positive flows that don’t appear to 
be representative of the sanitary flows from the large number of homes within this 
subsystem. The Town has noted that there are no areas within this subsystem where 
sewer flow is overflowing out of the system or being lost to runoff, and that during 
periods of heavy rain the sewer system at the Main Flume backs up, rendering flow data 
questionable. Therefore, we believe this data to be unreliable and have discounted it from 
our evaluation. A summary of the data is provided in Appendix A-3. 

Subsystem #7 is made up of mostly older homes which could be the source of significant 
Infiltration/Inflow. The Town has lined sewer mains within this subsystem recently 
which helps reduce infiltration. In the absence of reliable flow data, we recommend the 
Town perform more video inspections of the remainder of the old sewer system to assess 
the condition of the piping and evaluate for potential infiltration. These video inspections 
would ideally be performed during the spring when infiltration through 
damaged/separated pipe joints or manhole deficiencies could be observed.    
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SECTION 4:  FINDINGS AND RECOMMENDATIONS 
 
4.1 Impacts of Infiltration/Inflow  
 

The Town of Hudson has an allocation of 2 MGD from the City of Nashua Wastewater 
Treatment Facility based on an annualized average. This allocation is based upon 12.58% of the 
wastewater treatment facility capacity. This capacity was reduced from 2.7 MGD to 2 MGD in 
the early 1990's when the City of Nashua upgraded its treatment facility. The wastewater 
treatment facility was originally designed for 21 MGD.  The upgrade added secondary treatment 
facilities with a capacity of 16 MGD.  The lower design capacity was the controlling factor in 
determining the Town of Hudson's allocation per the Town’s Intermunicipal Agreement with the 
City of Nashua for sewer treatment, the Town’s share shall be in relation to the design capacity 
of the treatment plant, (originally 2.7 MGD for 21.45 MGD proportion), or a current total of 
2.014 MGD (based upon 16 MGD capacity).   
 
 
In Section 3 Infiltration/Inflow Updated Analysis, the overall system average I/I for the one year 
period between April 2015 and March 2016 was calculated to be approximately 615,000 gallons 
per day.  The average daily wastewater flow for the same time period is approximately 1.1 
MGD, demonstrating that a continued large portion of the flow to the NWWTF continues to be 
as a result of I/I. Although this conclusion is disheartening since the data closely resembles the 
data developed as part of the 2002 Study, it is important to note that the sewer collection system 
has continued to age, enlarge and for many reasons, including increased attention to water 
conservation by residents and industries, the water usage has decreased at a different rate than 
the infiltration.  

 
Infiltration/inflow can cause several problems.  In the Town of Hudson it takes away allocation 
that would otherwise be utilized for growth, congestion of the sanitation system, cause system 
overflows, and it results in higher treatment costs for treating essentially "clean" water. 
 

4.2 Summary of Subsystems with Excessive I/I  
 

Only two areas in Hudson meet the EPA-designated definition of excessive I/I (Subsystem #8 and 
Subsystem #9), since Subsystem’s #9 neighborhood is the smallest contributor of I/I in gallons 
per day, it does not appear to be a good choice for the next phase of I/I reduction efforts.  The 
second location, Subsystem #8, demonstrates that the area contributes an average total volume of 
I/I, so it should be considered.   

In order to most effectively address the largest contributors of I/I, we will deviate off the 
prescribed standards used in evaluating areas to address first. 

As illustrated in Figure 3-18, Subsystem #5 contributes the largest flow of I/I and appears to 
serve one of the older neighborhoods (with older sewers) in Hudson.  Although the rate of I/I 
remains slightly less than the EPA threshold for increased scrutiny, mitigation measures here can 
offer an effective use of both evaluation and repair resources to find and reduce net sewer flows.  
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Merrill Park, Subsystem #2 also serves an older part of Town, but with a lower rate of I/I 
contributing to the sewer flows than Subsystem #5.  It was noted that some lengths of the 15” 
ACP trunk sewer of Subsystem #2 likely lie below local groundwater tables.  This trunk sewer 
conveys flows from the upstream Subsystems #8 and #1, as well. 

Industrial Park Pump Station, Subsystem #8 has received Cured-In-Place-Pipe Lining repairs 
indicating additional sewers may benefit from these lining efforts.  A portion of the sewer profile 
likely lies below the stream bisecting Park Avenue, which may contribute infiltration to nearby 
sewers.  Also, this system serves predominantly industrial and light commercial businesses.  

 
4.3  Recommendations 
 

4.3.1 Video Inspection, Smoke Testing, and Inspection 
Based on the evaluation of sewer flow vs. water usage, we recommend additional video 
inspection of Subsystems #1, #2, #4, #5, #8 and #9 to try to determine sources of 
infiltration into the system. Video inspections would ideally be performed during the 
spring when active infiltration through damaged/separated pipe joints or manhole 
deficiencies could be observed. Smoke testing and individual home inspection could be 
performed any time.  

 
4.3.2 Flow Monitoring   

It is recommended that wastewater flow monitoring continue so that each subsystem can 
be periodically evaluated. This data will be useful in establishing a history for each 
subsystem. In addition, it will be helpful to compare results as repair work continues.  

 
4.3.3 Public Education and Outreach 

In addition to measures to identify and correct I/I within individual subsystems, we 
recommend that the Town conduct a public outreach campaign to make all Town 
residents aware of the costs associated with I/I and detail specific steps homeowners can 
make to help reduce I/I. These steps include the disconnection of roof drains and gutters 
from a home’s sewer service, homeowner identification of potential root growth into 
sewer service piping, and the relocation of sump pump discharges out of a home’s sewer 
service and into an outdoor sheet flow area. CLD can assist the Town in preparing public 
outreach documents for Town-wide distribution.   

 
4.3.4 Inflow Determination/Questionnaire 

Another option that the Town could consider in the attempt to quantify inflow into the 
overall sewer system is by mailing a questionnaire to all Town residences and businesses 
that are connected to the sewer system. Questions that can be included in the mailing 
include: 

 Does your dwelling/building currently have a sump pump? 

 If yes, is the sump pump discharge connected to the sewer system service lateral?  
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 How often does your sump pump operate (every time it rains, only during the 
heaviest rains, nearly all the time during the spring, etc.)?  

 Is your dwelling/building foundation drain connected to the sewer system service 
lateral? 

 Does your dwelling/building have gutters or other roof drains? Are they connected to 
the dwelling/building foundation drain? 

Sewer service laterals, especially those for older homes, are a leading cause of sewer 
system I/I. This is not just inflow from foundation drains, sump pumps, etc., but also 
infiltration from damaged/cracked piping and poor quality installation. Clay service 
piping is especially susceptible to root damage. The Town could include in the 
questionnaire a space for the homeowner/building owner to sketch the location of the 
sewer service where it leaves their building. This location could be compared to Town as-
built records as well as to aboveground conditions including trees, plantings, or other 
items that could possibly create breaches in the service piping.  
 
Responding to such a questionnaire would be voluntary and because connection of any 
drain water system to a sanitary sewer is prohibited by the Town of Hudson’s Sewer Use 
Regulations, respondents may not be willing to divulge this information. However, those 
responses received would provide valuable data to help identify some of the causes and 
locations of inflow and infiltration into the sewer system. CLD would be happy to assist 
the Town in developing this questionnaire.  

 
4.3.5 Priority of Subsystems for Further Evaluation   

Of these subsystems, we recommend Subsystem #5 as the priority for further evaluation 
of potential infiltration sources as this subsystem has some of the highest sewer flows of 
any subsystem. Sources of inflow are not as easily identified, but given that a portion of 
Subsystem #5 is made up of older homes, it is likely that inflow is at least a partial cause 
of the increased sewer flows. Also, there are only a small number of well users within 
Subsystem #5 that are connected to the sewer (11 sewer-only vs. 926 sewer/water 
customers) so their contribution to overall sewer flow does not appear substantial enough 
to  explain the variance between sewer flow and water usage. Subsystem #5 has 
approximately 19 auxiliary (sprinkler) meters in use, which contributes to the water usage 
data but also may contribute to sewer flow through infiltration/inflow. 

 
Subsystem #2 would be the second priority for further review/inspection (16 sewer-only 
vs. 674 sewer/water customers, and 19 auxiliary (sprinkler) meters in use), followed by 
Subsystems #8 (which has a much smaller sewer flow compared to other Subsystems), 
#9, #4, and #1.   
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 The list below shows the priority of subsystems for further evaluation:  

1. Subsystem #5 

2. Subsystem #2 

3. Subsystem #8 

4. Subsystem #9 

5. Subsystem #4 

6. Subsystem #1 

7. Subsystem #7.  
 
Subsystems #3, #6, #10 were not considered for further evaluation because it was found 
that the I/I in these areas was minimal (either by total volume or by in-dia/mile 
assessment) compared to the other subsystems.  

 
These evaluations could include additional video inspection, smoke testing at sewer 
manholes, individual home inspections, and analysis of drainage systems in the 
subsystems to determine if stormwater flows and outfalls are impacting the sewer system 
in any capacity. These methods would be tailored for the particular subsystems 
depending on such factors as the age of the homes, the volume of I/I calculated, the age 
and condition of existing sewer infrastructure if known, and the general working 
knowledge of the various areas that Town personnel possess and can contribute to the 
evaluation. 

Estimated costs for additional evaluation efforts if not performed by Town personnel are 
as follows: 

 Video Inspection of Sewer Mains - $2.50 per foot  

 Smoke Testing at Sewer Manholes - $1,200 per day 

 Individual Lot/Basement Inspections - $1,200 per day 

These evaluation activities would likely cost less if performed by Town personnel, but we 
recognize the demands on Town personnel time.  

If the evaluations confirm suspicions laid by this update, costs for improvements may be 
estimated as follows: 

Subsystem #5 

We believe that due to the large volume of I/I that could potentially be eliminated from 
this subsystem, the most reduction of I/I will be found by improvements to Subsystem #5.   

Subsystem #5 is a large subsystem, but the Town has already performed some video 
inspection of sewer mains. If an outside vendor performed the remainder of investigative 
efforts for Subsystem #5, the costs would likely be in the $25,000 range based on the 
estimated values above. 



 

 4 - 5 CLD Ref. No. 15-0116 
 

If the continued evaluation demonstrates that I/I reduction and elimination efforts for this 
subsystem would be best achieved by cured-in-place pipe lining of older sewer mains, 
estimated costs for this work could potentially be up to $525,000 ($70/linear foot of CIPP 
lining @ 7,500 linear feet of suspected problem areas). 

Subsystem #2 

We believe that there is also some merit to continuing the investigation in Subsystem #2.   

The Town has already video-inspected and lined the worst of the sewer mains within 
Subsystem #2. A portion of Subsystem #2 is located along the Merrimack River which 
likely contributes more groundwater-caused I/I than to other subsystems located further 
east. Video inspection, smoke and dye testing, and home inspections would all be 
recommended for this subsystem. Costs for these continued investigation activities would 
likely be in the $25,000 vicinity.  

In addition to these efforts and the associated costs noted above, we would recommend a 
drainage study be performed to analyze flows, elevations, and groundwater impacts to the 
existing system. This study could identify streets within the Subsystem which could 
benefit from the installation of new drainage systems to convey stormwater away from 
areas where there may be a higher groundwater table and also provide for outfalls further 
downstream that may help prevent system maximization during rain events. Costs for this 
drainage analysis would likely be approximately $10,000. Costs for drainage upgrades as 
a result of the drainage analysis would be approximately $285 per linear foot, a cost 
which includes among other things new structures, traffic control, trench patch, design 
and survey, and minor easement work. For 500 feet of new drain, permitting, and some 
minimal treatment measures, we would budget approximately $175,000.    

If the continued evaluation demonstrates that I/I reduction and elimination efforts for this 
subsystem would be best achieved by cast-in-place pipe lining of older sewer mains, 
estimated costs for this work could potentially be up to $434,000 ($70/linear foot of CIPP 
lining @ 6,200 linear feet of suspected problem areas). 

Subsystem #8 

Once Subsystems #5 and #2 have been evaluated and methods of I/I reduction identified 
and/or implemented, then continuing investigations in Subsystem #8 may prove to be 
worthwhile.   

We believe that video inspection, smoke and dye testing, and home inspections would 
provide the information needed to determine potential I/I sources and 
reduction/elimination efforts. This is a smaller subsystem area-wise but includes a large 
amount of suspect sewer piping, so costs for an outside vendor to perform these 
evaluation efforts would likely be in the $30,000 range.  

If the continued evaluation demonstrates that I/I reduction and elimination efforts for this 
subsystem would be best achieved by cured-in-place pipe lining of older sewer mains, 
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estimated costs for this work could potentially be up to $539,000 ($70/linear foot of CIPP 
lining @ 7,700 linear feet of suspected problem areas). 
 

Subsystems #9, #4, #1 and #7 

Due to the fact that the Town has limited resources, we believe that the Town is best 
positioned to attack Subsystems #5, #2 and #8 before moving on to Subsystems #9, #4 
#1, or #7.  Therefore, since technology and permitting requirements are changing at a 
rapid rate, we recommend that additional follow-up be performed in several years (or as 
efforts in Subsystems #5, #2, and #8 near completion) to determine the next step for 
reductions in Subsystems #9, #4, #1 and #7. 
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A-1:  HUDSON GIS SEWER DATA (FIGURES 1 THROUGH 10)
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A-2:  INTERMUNICIPAL AGREEMENT
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A-3:  SUBSYSTEM LAYOUT AND FLOW DISCREPANCY 
DOCUMENTATION
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A-4:  DOCUMENTATION OF GUIDANCE/DISCUSSIONS 

 (MARCH 2015)
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A-5:  PRE-INTERIM MEMO REPORT SUMMARY MEETING 
MEMORANDUM (APRIL 2016)
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A-6:  INTERIM MEMO REPORT (APRIL 2016)
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