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Executive Summary

Background

The Town of Needham owns, operates and maintains approximately 140 miles of sanitary sewers and 9
sewage pumping stations that discharge to the MWRA collection system. Due to the age and material of
many of its sewers, Needham’s collection system is susceptible to infiltration and inflow. Infiltration and
inflow (1/1) occurs when storm water enters the sanitary sewer resulting in diluted sewage flows and
reducing the sewer system’s capacity. Inflow is a result of surface runoff entering the sewer through
cracks in manhole covers or illegal drain connections. Infiltration is groundwater that enters the sewer
system from the surrounding soil through cracks and open joints in the sewer pipes. The Town retained
the services of BETA Group, Inc. to conduct a town-wide infiltration and inflow (1/1) investigation to
assess the location and extent in which infiltration/inflow conditions exists and to recommend a cost-
effective course of action. This executive summary and subsequent report describes the I/l investigation
and analysis including the flow monitoring program, methodologies used, data collected, results of the
data analysis and recommendations for future inspection and rehabilitation.

Scope of Work

The scope of work for this study was based on developing and conducting a town-wide flow monitoring
program, analyzing the results, and developing a strategy to address infiltration/inflow as follows:

First task, which laid the framework for the project, was flow metering planning and
development. A sewer sub-areas map was created by compiling a sewer system map from the
Town’s existing GIS and CAD information and adding recent sewer system upgrades. Based on
this map and consultation with the Town and previous /I investigation reports, a detailed table
listing of proposed flow metering sites was developed.

Second task was to purchase, install and maintain 25 flow meters (10 permanent, 2 portable and
13 temporary) at the locations identified in task one.

Task three was the flow monitoring program itself, which involved conducting flow monitoring
for a 12 week period, downloading data weekly, installation and weekly monitoring of rain and
groundwater gauges during the study period, and requesting flow metering data from MWRA
for their two flow meters on a weekly basis. During the flow monitoring period the meters were
visited, maintained and calibrated on a weekly basis to ensure accurate readings.

Task four was to compile a final report. Compiling the report involved flow meter data review
and reduction, preparing flow reports and hydrographs for each flow monitoring location and
studying nighttime dry and wet weather flow data to determine infiltration and inflow. Study
period flow data was compared to MWRA flow meter data collected from 2009-2013 in
Needham to analyze whether the study period flows were typical or unusual compared to the
previous five years. Analysis of this data was used to develop a plan for future TV inspection,
targeting a spring 2014 program. Analysis was also used to develop a strategy to address

BETA Group, Inc. | EXECUTIVE SUMMARY ES-1
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infiltration/inflow for the next 20-years including cost and prioritization and to determine a base
flow for future reporting.

Study Area and GIS Updates

The study area is comprised of 33 sewer subareas as identified in CDM’s 1985 I/l study. Since the initial
I/l Investigation in 1985, the Town has conducted planning studies and developed repair, rehabilitation
and replacement programs to reduce inflow and infiltration (I/1) which have made numerous changes to
the Town’s sewer system. Using TV inspection reports, previous I/l investigations, and previous sewer
construction designs, BETA updated the Town’s existing GIS database to include data such as inspection
date, rehabilitation dates and rehabilitation type. The GIS database was also modified to show the most
up-to-date known pipe alignments. Taking these changes into account, BETA updated sewer system
boundaries within the Town’s existing GIS database and adjusted boundary limits to better isolate flows
in each subarea. Changes were made to the boundaries of existing sewer subareas 25, 26, 27 and 29. A
sewer system map identifying these subareas is located in Appendix A. With the updated GIS, BETA
developed a comprehensive map identifying locations with the most recent TV inspection, manhole
inspection, and rehabilitation work that could be used for the flow monitoring program and in
developing a plan for future TV inspection and I/l investigation and rehabilitation programs.

Flow Monitoring Program

Tasks performed under this study were conducted in accordance with the Massachusetts Department of
Environmental Protection (DEP) “Guidelines for Performing Infiltration/Inflow Analyses and Sewer
Systems Evaluation Surveys” Revised January 1993. As a part of an Infiltration/Inflow program
completed between 1984 and 1985 by CDM, a total of 17 flow meters were installed for a period of two
weeks to monitor 17 of the Town’s sewer subareas. This data was used as a comparison to new data as
well as a guide for this program including placement of temporary flow meters. This investigation
included continuous local flow metering, nighttime flow isolation, groundwater monitoring, and rain
gauging. A summary of infiltration and inflow findings, from this investigation, compared to CDM’s 1985
findings is shown in Table ES-1.

The goal of continuous flow monitoring was to obtain infiltration information on specific tributary areas
flows during high groundwater periods and identify rainfall generated inflow during wet weather
periods. Flow monitoring was conducted utilized 10 permanent, 2 portable, and 13 temporary flow
meters between March 18 and June 27, 2013 at the locations depicted in the flow metering location
map in Appendix B. Meters were monitored and data was downloaded weekly by EST, Associates. Flow
isolation was completed between 11:45PM on 6/19/2013 and 1:25AM on 6/20/2013 in Subareas 3, 4, 6,
9, and 25.

Nighttime flow monitoring was performed in subareas 3, 4, 6, 9, 25, and 27. It was determined to be
more cost beneficial to take nighttime instantaneous flow measurement rather than flow metering in
these subareas due to their smaller size. EST Associates Inc. obtained measurements using portable
weirs during dry weather and high groundwater to eliminate influences from rain-related inflow.

BETA Group, Inc. | EXECUTIVE SUMMARY ES-2



Table ES-1: Comparison of Flow Meter Data

Summary of Infiltration/Inflow Rates

Current Study: Flow Gauging Period of March 18 - June 27, 2013 1985 Study: Flow Gauging Period of April 18 - June 15, 1984
Inflow Calculated from Storm of June 7-8, 2013 Inflow Calculated from Storm of May 3-4, 1984
Gaging | Inch Miles |Peak Infiltration| Infiltration Flow Peak Inflow . | Continuous | Gaging | Inch Miles _Peak_ Infiltration Flow Peak Inflow . | Continuous
Area of Pipe Flow (GPD) Rate (GPD/in-mi) Corrected for 1.7 Monitoring Area of Pipe Infiltration Rate (GPD/in-mi) Corrected for 1.7 Monitoring
Storm (GPD) Flow (GPD) Storm (GPD)
1 50.52 - - - No 1 - - - - No
2 15.27 - - - No 2 - - - - No
3 5.06 30,200 6,000 - No 3 0.91 20,600 22,700 - No
4 2.68 43,300 16,200 - No 4 3.14 10,000 3,200 - No
5% 11.12 3,300 300 19,800 Yes 5 3.11 1,100 400 - No
6 6.61 53,600 8,100 - No 6 4.49 33,900 7,600 - No
7 2.52 - - - No 7 2.08 25,800 12,400 - No
9 0.96 1,700 1,800 - No 9 0.68 1,100 1,600 - No
10 23.86 49,800 2,100 101,800 Yes 10 4.94 16,800 3,400 - No
11 69.19 557,000 8,100 333,200 Yes 11 67.24 777,300 11,600 778,600 Yes
12 44.02 113,100 2,600 34,200 Yes 12 41.42 72,000 1,700 97,400 Yes
13 35.25 57,400 1,600 40,100 Yes 13 34.40 104,600 3,000 218,000 Yes
14 66.82 571,100 8,500 288,600 Yes 14 55.98 2,159,500 38,600 309,000 Yes
15 51.65 63,500 1,200 128,800 Yes 15 42.39 279,100 6,600 0 Yes
16 81.21 |Included in Subarea 26 Yes 16 68.77 592,900 8,600 817,600 Yes
17 24.10 109,800 4,600 31,500 Yes 17 44.53 177,700 4,000 0 Yes
18 21.11  |Included in Subarea 32 No 18 - - - - No
19-1 54.07 297,200 5,500 263,900 Yes 19-1 54.42 298,100 5,500 973,300 Yes
19-2 11.88 3,300 300 0 Yes 19-2 10.35 9,300 900 0 Yes
20 49.75 326,500 6,600 299,000 Yes 20 45.43 59,700 1,300 71,400 Yes
21 108.04 548,700 5,100 654,200 Yes 21 104.08 35,200 300 0 Yes
22 106.49 664,700 6,200 431,800 Yes 22 104.65 480,900 4,600 253,100 Yes
23 29.80 84,300 2,800 54,500 Yes 23 25.85 110,500 4,300 373,700 Yes
24 37.53 83,200 2,200 166,600 Yes 24 36.15 77,000 2,100 103,800 Yes
25%* 20.51 14,200 700 - No 25 16.49 69,100 4,200 77,900 Yes
26 64.09 348,000 2,400 811,400 Yes 26 58.55 312,900 5,300 862,500 Yes
27 10.23 61,100 6,000 37,400 Yes 27 - - - - No
28 7.32 12,300 1,700 22,100 Yes 28 - - - - No
29 7.43 28,600 3,800 103,100 Yes 29 - - - - No
30 13.47 56,900 4,200 90,500 Yes 30 2.31 113,600 12,000 - No
31 9.63 34,900 3,600 51,800 Yes 31 1.78 40,300 4,900 - No
32 25.39 324,800 7,000 228,300 Yes 32 - - - - No
33 10.16 16,100 1,600 54,900 Yes 33 - - - - No
TOTALS | 1,077.74 4,558,600 120,800 4,247,500 834.14 For Comparison Only
Note: 1985 Gauging Data reference: “Town of Needham, Massachusetts, Infiltration/Inflow Investigation”, CDM, April 1985
Per DEP "Guidelines for Performing Infiltration/Inflow Analyses and Sewer Systems Evaluation Surveys" revised January 1993, infiltration flow rates
greater than 4,000 gpd/in-mi are considered to be excessive
*Installed 4/10/13, did not include high groundwater period ENGINEERING SUCCESS TOGETHER

**Removed 4/10/13 due to zero velocity readings. Results interpolated
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Average flow rate for nighttime monitoring, when sanitary flows are typically negligible, is considered to
be an estimation of infiltration rate for these subareas.

Groundwater gauges were installed in Subareas 12, 14, 21, and 23 for the entirety of the 12 week study
period. By measuring groundwater level in inches above the invert of the pipe, a correlation between
groundwater elevations and infiltration may be made. A rain gauge was installed at the Great Plain
Avenue Pump Station and data was collected during the 12 week study period in 15-minute intervals.
Rainfall gauging was conducted to correlate rainfall intensity to inflow volumes and facilitated projection
to a standard 1- storm year/6-hour event. Data from the permanent rain gauge at the Water Treatment
Plant was also recorded during the study period. Historical rain data from this rain gauge was taken to
help establish a baseline for flow. When comparing monthly rainfall amounts recorded in 2013 to the
previous 4 years (2009-2012) it was identified that rainfall amounts during the study period in March
and May were similar to previous years while April’s rainfall amounts in 2013 were less than previous
years and rainfall amounts in June 2013 were considerably higher than previous years.

MWRA Flow Meter Data

The Massachusetts Water Resources Authority (MWRA) owns and operates two continuous flow meters
in the Town of Needham used for billing purposes. BETA requested flow metering data from the MWRA
for both their meters during the 12 week study period in order to compare meter results and establish a
baseline for flow. MWRA average daily flows for the previous five year period (2009-2013) was obtained
and compared to the average flows recorded during the study period. Monthly average MWRA flow
meter data recorded in 2013 followed a similar trend to rainfall amounts when compared to data from
the previous 4 years (2009-2012). Average daily flow during the study period in March and May were
similar to previous years while April’s average daily flow in 2013 was less than previous years and
average daily flow in June 2013 was considerably higher than previous years.

Infiltration Analysis and Results

Infiltration is defined as water, other than wastewater, that enters a sewer system from the ground
through defective pipes, pipe joints, connections, and manholes. To determine infiltration rates, flow
monitoring data was examined to identify periods of dry weather during high and low groundwater
periods. Peak infiltration was quantified by taking the average of minimum nighttime flows during the
high groundwater period. Minimum infiltration was quantified by taking the average of minimum
nighttime flows during the low groundwater period. Annual average infiltration flow was estimated by
calculating a weighted average of peak infiltration and minimum infiltration. To determine infiltration
flow rates and compare subareas of varying sewer lengths and diameters, infiltration flows are divided
by the length of sewers in miles multiplied by the diameter of the pipes to get an infiltration flow rate in
gallons per day per inch-mile (gpd/in-mi).

Subarea 4 exhibited the highest infiltration rate, 16,200 gpd/in-mi. 14 subareas, including subarea 4, had
a peak infiltration greater than 4,000 gpd/in-mi. Based on DEP Guidelines, an infiltration rate greater
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than 4,000 gpd/idm is considered to be excessive and should be recommended for internal TV
inspection. Table ES-2 lists the subareas with a peak infiltration rate of greater than 4,000 gpd/in-mi.

Table ES-2: Subareas with Excessive Infiltration

Subarea Peak Infiltrati'on F!ow Inch-MiIe_s of
Rate (gpd/in-mi) Sewer Pipe
4 16,200 268
16 11,600 81.21
14 8,500 66.82
11 8,100 69.19
6 8,100 6.61
32&18 7,000 16.50
20 6,600 49.75
22 6,200 106.49
27 6,000 10.23
3 6,000 506
19-1 5,500 54.07
21 5,100 108.04
17 4,600 24.10
30 4,200 13.47

Inflow Analysis and Results

Inflow occurs when rainfall enters the sewer system through direct connections such as roof leaders,
yard drains, catch basins, sump pumps, manhole covers and frame seals. Inflow was estimated using
meter data in both dry weather and wet weather conditions to determine the volume and peak one
hour rate of inflow. The wet weather period analyzed was June 6 to June 10, 2013 and the dry weather
period was May 2 to May 6, 2013. Inflow rates were calculated by subtracting dry weather flow from
wet weather flow in each subarea. These inflow curves were also compared to rainfall amounts during
the storm event. Metered inflow was extrapolated to the 1-year design storm to be easily comparable to
the “quantified inflow” volume and rate from previous studies.

Inflow rates and total inflow volumes for all subareas with flow meters installed in the Town of
Needham, between the end of March and end of June 2013, are found in Table ES-3. Total Inflow
Volume corrected for the 1.7” storm for the combined subareas is estimated at 2.85 million gallons.
Total Peak Inflow corrected for the 1.7 storm for the combined subareas is estimated at 4.25 mgd.

BETA Group, Inc. | EXECUTIVE SUMMARY ES-4
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Table ES-3: Subarea Inflow Rates and Volumes

Peak One Hour Peak Inflow Total Inflow Total Inflow
" Volume as | Volume Corrected
Subarea Inflow as Corrected for 1.7 Calculated for 1.7” Storm
Calculated (GPD) Storm (GPD) '
(gal) (gal)
5 44,000 19,800 32,400 14,600
10 226,000 101,800 183,000 82,400
11 740,000 333,200 533,600 240,300
12 76,000 34,200 16,400 7,400
13 89,000 40,100 74,300 33,500
14 641,000 288,600 270,000 121,600
15 286,000 128,800 197,100 88,700
17 70,000 31,500 62,000 27,900
19-1 586,000 263,900 725,100 326,500
20 664,000 299,000 612,600 275,800
21 1,453,000 654,200 427,600 192,500
22 959,000 431,800 1,129,000 508,300
23 121,000 54,500 114,200 51,400
24 370,000 166,600 384,200 173,000
26 & 16 1,802,000 811,400 489,500 220,400
27 83,000 37,400 72,400 32,600
28 49,000 22,100 23,100 10,400
29 229,000 103,100 220,500 99,300
30 201,000 90,500 114,100 51,400
31 115,000 51,800 126,300 56,900
32&18 507,000 228,300 434,900 195,800
33 122,000 54,900 88,500 39,800

Monitored Storm Event occurred June 7-8, 2013: 3.83 inches

Recommendations

Based on results from the Phase | investigation, a plan was developed for TV inspections, recommended
sites to install permanent and portable flow meters, and devised a strategy to address
Infiltration/Inflow.

TV Inspections
BETA analyzed infiltration and inflow results to develop a strategy for TV inspections to be
completed in the near future. Recommendations were based primarily on infiltration values.
Taken into consideration, was location of the subareas, the year each subarea was last TV’d, and
whether the entire subarea or only part of the subarea was inspected. Table ES-4 lists subareas
recommended for TV inspection in order of priority. The map in Appendix K depicts sewer
reaches recommended for TV inspection.

BETA Group, Inc. | EXECUTIVE SUMMARY
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Table ES-4: Year One Priority Subareas Recommended for TV Inspection

Priority | Subarea | Total Length of Pipein | Length of Pipe to be
Subarea (feet) Inspected (feet)
1 4 1,991 1,991
2 14 41,276 38,313
3 11 40,852 38,841
4 6 3,537 1,414
5 32 13,918 13,177
6 20 31,154 30,854
7 Upper 22 42,799 39,704
8 3 3,366 3,366
9 27 7,155 7,155
10 19-1 34,525 34,525

Permanent and Portable Meter Locations

After analyzing flow data from spring 2013, the results were discussed with the Town and
recommended subareas for further metering including permanent and portable meters were
presented. Each meter location was determined based on magnitude of infiltration/inflow as
well as size of the sewer subarea. BETA also recommended additional initial locations to place
temporary meters once meters are no longer required at the original locations. Summary tables
and details regarding the permanent and portable meter locations can be found in Section 9.

Recommended I/1 Program

Based on results from the Phase | Investigation, BETA has developed a strategy for upcoming
CCTV investigations. Sewer lines recommended for TV inspection are those line segments
determined by the results of the flow monitoring and isolation gaging program to have excessive
infiltration and/or inflow. Approximately 209,000 feet of pipe is recommended to be CCTV
inspected in the first year of TV inspections based on the anticipated budget for this program.
This work is recommended in order of highest priority for the following subareas: 4, 14, 11, 6,
32, 20, Upper 22, 3, 27 & 19-1.

In addition to TV inspection, BETA recommends other methods for I/l investigation and removal
of inflow. Methods include dye testing, exterior house-to-house inspections, and sump pump
inspections. A recommended alternative to sump pump inspections is a sump pump amnesty
program which has been used successfully in other communities. Table ES-5 lists subareas
recommended for inflow investigation in order of initial priority.

BETA Group, Inc. | EXECUTIVE SUMMARY ES-6
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Table ES-5: Inflow Investigation Priorities by Subarea

Priority | Subarea Peak Inflow Corrected | Peak Inflow Corrected
for 1.7” Storm (GPD/ft) | for 1.7” Storm (GPD)
1 29 108,200 103,100
2 21 63,200 654,200
3 26 & 16 53,900 811,400
4 30 53,500 90,500
5 32&18 52,200 228,300
6 20 50,200 299,000
7 11 43,800 333,200
8 31 43,500 51,800
9 33 42,500 54,900
10 19-1 40,400 263,900
11 14 37,500 288,600
12 24 36,900 166,600
13 10 35,500 101,800
14 22 32,600 431,800
15 27 29,200 37,400
16 28 24,200 22,100
17 15 21,200 128,800
18 23 15,100 54,500
19 5 14,700 19,800
20 17 10,800 31,500
21 13 10,000 40,100
22 12 6,500 34,200

BETA recommends focus on removal of confirmed inflow sources. The quickest and most
inexpensive route to eliminate a significant amount of inflow is by having customers disconnect
downspouts going into the foundation and allowing those downspouts to discharge to the
ground or route the discharges to the storm drainage system using new or existing on-site
stormwater drainage systems. Needham should begin in sub-areas with the highest “rain as
inflow percentages” or in sub-areas with the largest inflow volumes relative to subarea size and
continue on throughout Town. It is recommended that a pilot dye testing program be conducted
in these areas where potential inflow sources were not previously confirmed by smoke testing
to determine the likelihood of success.

BETA recommends that the Town continue monitoring flows at the permanent and temporary
meter sites especially following infiltration rehabilitation or inflow disconnection work flow to
evaluate the effectiveness of removal and track seasonal and annual trends.

BETA Group, Inc. | EXECUTIVE SUMMARY ES-7
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Section 1
Introduction

11

12

Purpose of Report

This investigation is part of a continuing effort by the Town of Needham to reduce sources of
infiltration/inflow (I/1) in the wastewater collection system. The purpose of this study was to
assess the location and extent of infiltration/inflow conditions in the Town of Needham sewage
system and to recommend a cost-effective course of action. 30 of the 33 predefined subareas
were analyzed and assessed for potential I/1 sources as selected based on results of previous I/I
reports and through discussion with Town staff. Results of the investigation and analysis of flow
data were used to determine possible presence, quantity and type of I/l within Needham’s
sewer system. As part of this report, BETA also developed a 20-year Capital Improvement Plan
aimed at systematically addressing I/1.

Work for this investigation was to be conducted in accordance with guidance from the DEP
“Guidelines for Performing Infiltration/Inflow Analysis and Sewer System Evaluation Survey”,
revised January 1993.

Project Scope

The scope of work for this study was based on developing and conducting a town-wide flow
monitoring program, analyzing the results, and developing a strategy to address
infiltration/inflow. The first task, which laid the framework for the project, was flow monitoring
planning and development. This included inventory of existing conditions, review of previous /I
investigations, reports and rehabilitation and review of present and historical MWRA flow meter
data from the Town. A sewer sub-area map was created by compiling information from the
Town’s existing GIS and CAD, populating with previous TV inspection and rehabilitation
activities, and adding recent sewer system upgrades. Based on this map, the previous I/l data,
and discussion with the Town, proposed flow monitoring sites were identified.

The next step was to evaluate, purchase, install, and maintain flow meters. This involved
determining locations and installing 25 flow meters (10 permanent, 2 portable and 13
temporary) for a period of 12 weeks from March 18 through June 27, 2013. During the flow
metering period the meters were visited, maintained and calibrated on a weekly basis to ensure
accurate readings and data was downloaded weekly. Groundwater and rainfall gauging were
conducted during this period and flow metering data from MWRA'’s two flow meters was also
requested on a weekly basis.

Results of the flow metering program were compiled, evaluated and summarized in a report
format to identify locations and magnitude of inflow/infiltration. This included flow meter data
review and reduction, preparing flow reports and hydrographs for each flow monitoring sub-
area and studying nighttime dry and wet weather flow data to determine infiltration and inflow.
Flow meter data was obtained from the two MWRA meters in Town during the study period as
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well as monthly average daily flows from 2009-2013. The MWRA data was analyzed to
determine whether the flows recorded during the study period were typical or unusual
compared to average flows recorded over the past five years. The study period and MWRA
metering results were also used to determine a base flow for future evaluation of increases in
flow noted by permanent meters. A cost-effective analysis was completed to prioritize areas for
further investigation and to locate each source of infiltration. A plan for future TV inspection,
initially targeting a spring 2014 program, was developed as well as an I/l master plan strategy to
address and prioritize future infiltration/inflow maintenance and investigations for the next 20-
years.

Study Area

The study area encompasses the Town of Needham’s Sewer Subareas 3, 4, 5, 6, 9, 10, 11, 12,
13,14, 15, 16, 17, 18, 19-1, 19-2, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, and 33. A
sewer system map is located in Appendix A. The area is approximately 5,500 acres containing
approximately 127 miles of known, active sanitary sewer pipe locations and diameters. The
study area included 31 subareas with sanitary sewers range in size from 6” in diameter to 30” in
diameter.

System Background

1.4.1 General

The Town of Needham owns, operates and maintains a wastewater collection system servicing
the majority of the Town. According to the MWRA'’s Annual I/l reduction Report FY2013, the
current sewered population is 27,786. The existing collection system consists of approximately
127 miles of active gravity sewer pipe ranging in diameter from 6 to 30 inches. In addition,
there is approximately 18 miles of abandoned sewer pipe in the system and 18 miles of MWRA
sewer. Originally, smaller diameter pipe was primarily constructed of vitrified clay (VC) and
asbestos cement (AC), and larger pipe (18 to 30 inches) was constructed of reinforced concrete
(RC). As the collection system expanded, pipe materials changed with the introduction of new
materials. Vitrified clay pipes were predominately installed in the early 1900s, followed by
asbestos cement pipe in the 1950s and 1960s, and more recently beginning in 1977, polyvinyl
chloride (PVC). Manholes were first constructed of red brick, which was followed by cast in
place and precast concrete.

There are currently 9 wastewater pump stations operating. Two have been recently replaced:
West Street Station in 1999 and Reservoir Street Station B in 2013, both wet well/dry well type
stations. Two others have been recently upgraded: Great Plain Avenue Station in 2009 and
Kendrick Street Station in 2008. The Great Plain Avenue station is a built-in-place wet well/dry
well type and Kendrick Street station is a suction lift type. The Kendrick Street station received
controls upgrades in 2014. Reservoir Street Station A and Lake Drive Station are nearly identical
prefabricated steel can wet well/dry well type stations constructed in 1968. Reservoir Street
Station A had subsequent improvements converting it to a submersible style station. Warren
Street Station is a prepackaged steel submersible station, very small in size with an unknown
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construction date. Alden Road Station a built-in-place wet well/dry well type station was built in
the mid-1950s and Milo Street Station was originally built in 1969 and rebuilt in 1982 with
submersible pumps installed in the wet well utilizing the original discharge piping and valves.
Flows to the former Richardson Drive pump station were redirected by gravity down Farley
Pond Lane and the station was demolished in 2010. In 1999, CDM investigated and evaluated all
of the Town’s wastewater pump stations. Some recommendations for upgrades have been
applied in the recent station replacements and upgrades. Summaries of the Pump Station
Reports and other reports can be found in Section 3 of this report.

The Town of Needham does not operate wastewater treatment facilities. Sewage from the
Town is conveyed to the MWRA collection system and treated at the Deer Island Sewage
Treatment Plant. Flow from Needham is collected by the MWRA Wellesley Extension system
servicing Needham, Wellesley, and Dedham in addition to the Framingham Extension Sewer.
This system originally consisted of the Wellesley Extension Sewer (WES) constructed in the
1920s and the Wellesley Extension Relief Sewer (WERS) constructed in the 1960s. In the late
1980s, due to capacity issues causing surcharge and overflows, work began to improve the
Wellesley system by constructing the Wellesley Extension Sewer Replacement (WESR). Work
involved abandoning the existing WES, constructing the WESR, and rehabilitating the WERS, all
of which has been completed and is fully operational.

The Town’s system is divided into 33 subareas which originated from CDM’s 1985 I/l study. A
map of the sewer system can be found in Appendix A. Table 1-1 details approximate lengths of
pipe and inch-miles of pipe in each sewer subarea categorized by pipe diameter. Sewer pipes
owned by the MWRA are not included in Table 1-1.

1.4.2 Infiltration and Inflow

Infiltration is defined as groundwater entering the sewer system through pipe, manhole, and
pump station defects. Defects are a result of general aging of a sewer system including pipe
material design life, pipe and manhole failure, break-in connections, etc. Infiltration rates are
dependent on groundwater elevation as well as on rainfall permeation through soil. Infiltration
is a steady 24-hour flow that usually varies during the year in relation to the groundwater levels
above the sewer. The higher the groundwater table rises above the sewer, the more infiltration
will enter the system through defects. The sewage system is susceptible to infiltration due to
the age of many of its sewers especially given the number of joints associated with small lengths
of VC pipe. The Town has been actively investigating and rehabilitating its sewer system to
locate and remove infiltration.

The sewage collection system also experiences inflow defined as stormwater or groundwater
entering through direct connections. Inflow is water other than sanitary flow or infiltration that
enters a sewer system from direct sources such as roof leaders, sump pumps, cellar drains, yard
drains, area drains, manhole covers, cross connections between storm sewers and sanitary
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Table 1-1: Length of Sewer Pipe in Subareas

Total Linear .
Subarea . . . . . . . . . . . . . . Inch-Miles
Footage (ft) |5-inch |6-inch |8-inch |9-inch |10-inch |12-inch |14-inch |15-inch |18-inch [20-inch |21-inch |22-inch |24-inch |30-inch
1 18,217 401 6,094 568 1,225 1,762 | 4,003 819 1,668 761 914 50.52
2 6,923 4,195 1,230 393 1,105 15.27
3 3,340 3,340 5.06
4 1,768 1,768 2.68
5 7,104 6,167 937 11.12
6 3,520 385 784 935 1,416 6.61
7 1,666 1,666 2.52
9 1,016 1,016 0.96
10 15,140 12,706 2,434 23.86
11 40,183 680 | 31,042 4,344 774 3,342 69.19
12 27,673 23,725 2,366 | 1,582 44.02
13 21,108 18,158 222 2,728 35.25
14 40,670 403 475 | 32,374 | 295 3,071 | 1,724 2,328 66.82
15 32,068 758 | 26,672 430 4,208 51.65
16 45,277 114 | 2,669 @ 30,688 3,287 | 2,058 2,382 | 4,079 81.21
17 15,339 14,112 176 1,051 24.10
18 9,290 9,290 21.11
19-1 34,525 2,044 | 28,941 402 3,139 54.07
19-2 7,875 98 7,777 11.88
20 31,448 204 605 @ 24,174 6,466 49.75
21 54,696 246 350 | 38,722 5,373 215 5,462 3,671 658 108.04
22 69,844 949 | 3,885 | 61,204 560 3,246 106.49
23 19,054 17,514 635 905 29.80
24 23,861 21,967 166 1,729 37.53
25 13,014 398 82 11,146 1,389 20.51
26 34,183 193 | 2,330 25,467 815 1,804 410 1,152 586 440 987 64.09
27 6,753 6,753 10.23
28 4,829 4,829 7.32
29 5,033 518 4,515 7.43
30 8,925 146 | 8,779 13.47
31 6,293 265 5,840 188 9.63
32 13,782 330 @ 7,218 247 5,988 25.39
33 6,818 452 6,366 10.16
Total 631,236 4,288 115,708 494,701| 295 | 28,252 | 46,134 | 2,943 | 8,464 | 17,297 | 1,971 | 6,318 658 2,306 | 1,901 1,077.76

Note: Data compiled in December 2013
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sewer, and catch basins. The amount of inflow that enters a system is directly related to the
intensity and duration of a storm event. In addition, the elevation of the groundwater table may
affect the amount of inflow entering a system from sources such as sump pumps.

Inflow consists of two components: direct inflow and delayed inflow.

Direct inflow consists of extraneous flow from direct connections to the sewer system such as
catch basins, roof leaders, area drains and holes in manhole covers. Peak intensity flow in
sewers due to a rainfall event usually occurs during or immediately following the event. The
majority of inflow during this time period is of the “direct” type.

Delayed inflow consists of extraneous flow continuing for an extended period after a rainfall
event, and is typically caused by basement drains, foundation drains, and sump pumps
connected into the system. Delayed inflow is considered as such because rainfall must pass
through the ground before entering the sanitary sewers. Delayed inflow may appear as
“infiltration” during a rainstorm or as a high infiltration rate 24-hours to several days after the
rainstorm. The latter case is sometimes referred to as rainfall dependent infiltration.

The presence of excessive infiltration and inflow in a sewer system reduces the effective
capacity of the system and wastewater treatment facility by occupying volume that could
otherwise be used for transporting or treating wastewater. When the capacity of the system or
treatment plant is exceeded the surcharge of wastewater may back up into basements or may
be discharged through a sanitary sewer overflow (SSO) to local waterways. Reducing infiltration
and inflow can result in a significant reduction in hydraulic loading on sewer systems and
treatment facilities preventing basement back-ups and SSOs. Reduced hydraulic loading can
result in lower capital costs associated with extended pumping periods, constructing relief
sewers as well as lower operation and maintenance costs associated with larger facilities and
transporting larger flows. Capital costs are also incurred for transportation and treatment
provided by MWRA and assessed to the Town for each gallon received.

Since the initial I/I Investigation in 1985, the Town has conducted planning studies and
developed repair, rehabilitation and replacement programs to reduce inflow and infiltration
(I/1). The Town has continued to prioritize and complete repair and rehabilitation projects
including those in top priority Areas 1, 3, 4, 6, 7, 11, 14, 19-1, 22, 30 and 31 which were
identified in the Wastewater Master Plan.

Since 2008, based on I/l removal projects, the Town has removed an estimated 324,583 gallons
per day of peak inflow and infiltration from the system. See Table 1-2 below.
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Table 1-2: Summary of Inflow and Infiltration Removal

Project Name Estimated /1
Removed (gpd)

2008 BETA Areas 2, 24, Lower 21 47,282
2009 BETA Richardson Drive Sewer Project 5,429

2011 BETA Areas 16 & 22 Phase | 54,151
2011 BETA Areas 16 & 22 Phase Il 40,262
2011 BETA Areas 16 & 22 Phase Il 22,644
2012 CIPP Charles River Easement 41,855
2013 Sewer Rehabilitation 98,640
2014 Sewer Rehabilitation 14,320
Total 324,583

1.4.3 Historical SSOs

Sanitary sewer systems are designed to collect and transport sewage to a facility for treatment
prior to discharge to the environment. Unintentional discharges of raw sewage into the
environment occasionally occur in almost every municipal separate sanitary sewer system.
These types of discharges are called sanitary sewer overflows (S50s) and have a variety of
origins. SSOs may occur due to blockages, line breaks, sewer defects that allow stormwater and
groundwater to overload the system during large rain events, pump station failures, lapses in
sewer system operation and maintenance, power failures and many other reasons. The
untreated sewage from these overflows contaminates our waters causing water quality and
human health and safety concerns. The owner/operator of the wastewater collection system
must notify DEP with an immediate telephone call or email notification and submit a written
SSO Report Form within five days of occurrences.

In 2013 and 2014, the Town reported seven SSO incidents to DEP. The incidents are
summarized below:

4/4/2013 At the intersection of Kendrick Street and Third Avenue approximately 1,000
gallons of SSO was pumped from the sanitary sewer to a nearby catch basin tributary to
Cutler Lake in order to replace a 20 foot section of collapsed 8-inch gravity sewer main.
6/14/2013 & 6/20/2013 At the intersection of Oak Street and Henderson Street
approximately 20,000 gallons of SSO was pumped from the sanitary sewer manhole at
that location into a nearby catch basin tributary to Trout Pond in order to avoid sewer
back-up into nearby homes.

12/9/14 The Town experienced four SSO events: Lincoln Street, Oak Street, Plymouth
Street, and Highgate Street. At all locations, SSO was pumped from the sanitary sewer
manhole in order to avoid sewer back-up into nearby homes.
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1.4.4 MWRA Wastewater Flow Estimates

The MWRA currently has two continuous flow meters that record the majority of Needham's
wastewater flow. Each meter records depth and velocity of the wastewater in the pipes

to compute flow at each gauging station at 15 minute intervals. The meters are equipped

with telemetry and data is downloaded from the gauges each month. The first meter NH1C is
installed in the 33-inch by 36-inch Wellesley Extension Sewer (WES) immediately downstream of
the siphon at the Needham/Dedham town line. Average daily flow in 1997 for this meter was
3.40 mgd. The second meter NH2C is located off of Great Plain Avenue in a 24-inch circular
sewer. Average daily flow for this meter was 1.83 mgd in 1997. The MWRA computed the total
estimated wastewater flow for the Town of Needham in 1997 at 5.30 mgd. This MWRA
metered flow data was obtained from the Town’s Wastewater Master Plan dated March 1999.
BETA obtained flow meter data from the MWRA for both of their meters during the Spring 2013
Flow Metering Program as well as monthly average daily flows from 2009 — 2013. Average daily
flows for the years 2009-2013 were generally lower than those recorded in 1997 with the
average for the 5 year period being 2.55 mgd at meter NH1C and 1.21 mgd at meter NH2C.
MWRA flow meter data is discussed in more detail in Section 6 of this report.

Project Approach

BETA conducted a Phase | investigation of Sewer Subareas 3, 4,5, 6, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17,19-1, 19-2, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, and 33. Tasks included
development and implementation a temporary and permanent flow meter program,
instantaneous flow isolation, installing a temporary rain gage and conducting MWRA meter
analysis for data comparison. Following data collection, results were used to develop a cost-
effective analysis to prioritize areas for further investigation and create a detailed strategy for
Phase Il of the investigation including CCTV Investigations.

Definitions and Abbreviations Used in This Report

1.6.1 Definitions

a. Inch-Miles — A measurement of sewer pipelines computed by multiplying the inch diameter
or the equivalent diameter of the pipe by its length in miles.

b. Infiltration - Infiltration is defined as the water entering a sewer system, including building

sewers, from the ground, through such means as defective pipes, pipe joints, connections,
or manhole walls. Infiltration rates are dependent on groundwater elevation as well as
rainfall permeation through soil. Infiltration does not include inflow.

c. Inflow - Inflow is defined as water discharged into a sewer system, including service
connections, from such sources as roof leaders, cellar drains, foundation drains and storm
drains. Inflow consists of two components, direct and delayed inflow. Direct inflow consists
of flow from direct connections to the sewerage system such as cross connections from
storm

d. Rehabilitation — Repair work on pipelines, manholes and other sewer system appurtenances
which have been determined to contribute excessive I/ or are found to be structurally
deficient.
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e. Sanitary Flow - Sanitary flow is defined as sewer flow which includes residential,

commercial, industrial, and institutional flow. Sanitary flow excludes extraneous flow.
f. Sub-Area— An area within the sewer system whose flow is monitored by a flowmeter.
g. Storm Drains - conduit intended to carry only stormwater flow.
h. Extraneous Flow - quantity of water from both infiltration and inflow without distinguishing

the source.

i.  Infiltration/Inflow - Total quantity of water from both infiltration and inflow, also termed

extraneous flow.
J.  Sanitary Sewer - conduit intended to carry only sanitary wastewater from residences,
commercial buildings, industrial plants, and institutions.

1.6.2 Abbreviations

AC
BETA
CAD
CCTV
CDM
CIPP
DEP
DPW
ENR
EST
GASB
GIS
gpm
gpd
gpd/in-mi
I/l
MGD
MWRA
PVC
RC
SMH
SSO
USGS
VC
WERS
WES

asbestos cement

BETA Group, Inc.

Computer-aided design

Closed Circuit Television

Camp Dresser & McKee
Cured-in-place-pipe

Massachusetts Department of Environmental Protection
Needham Department of Public Works
Engineering News Record

EST Associates, Inc.

Governmental Accounting Standards Board
Geographic Information System

gallons per minute

gallons per day

gallons per day per inch diameter mile
Infiltration/Inflow

million gallons per day

Massachusetts Water Resources Authority
polyvinyl chloride

reinforced concrete

sewer manhole

sanitary sewer overflow

United States Geological Survey

vitrified clay

Wellesley Extension Relief Sewer
Wellesley Extension Sewer
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2.2

General

Numerous infiltration/inflow studies and rehabilitation work have been completed for the Town
of Needham since 1985. The 1985 I/I study conducted by CDM was the first significant step in
the Town’s ongoing I/1 program. Figure 2-1 identifies sewer that was smoke tested during
previous investigation work and is an example of one of many I/1 investigation methods used in
the numerous studies consulted for this report.

Previous I/1 Investigations

“Town of Needham, Massachusetts, Infiltration/Inflow Investigation”, CDM, April 1985

CDM conducted an Infiltration/Inflow investigation of the entire wastewater system within the
Town of Needham. The system was divided into 32 subareas where flow gaging was conducted
over a two month period between April and June 1984. In addition, approximately 500 sewer
manholes were visually inspected to document existing conditions. Infiltration and Inflow
volume was estimated in Subareas 3, 4, 5,6, 7,9, 10, 11, 12, 13, 14, 15, 16, 17, 19-1, 19-2, 20,
21,22, 23, 24, 25, 26, 30, and 31 using flow gaging in Phase I. Subareas 3, 4, 5, 6, 7, 9, 10, 11, 14,
30, and 31 were identified as having possible excessive I/l during this phase were subsequently
investigated under the Phase Il flow isolation program. As a result of the investigation, CDM
provided the Town with cost effective infiltration removal recommendations and recommended
TV inspections and smoke testing to determine possible sources of infiltration and inflow.
Subareas 3, 6, 11, 14, and 30 had excessive quantities of infiltration and inflow present in
Subareas 11, 16, 19-1, and 26.

Per a Massachusetts Department of Environmental Quality Engineering’s Administrative Order,
a house-to-house sump pump inspection program was required for the Town of Needham,
requiring the Town to remove all illegal sewer connections. CDM recommended this program be
implemented as the Town’s first priority as the investigation indicated the bulk of identified
inflow was primarily due to connections from private property.

“Phase Il Sewer System Evaluation Survey”, CDM, July 1987

CDM conducted a Sewer System Evaluation Survey on portions of the Town’s wastewater
collection system as recommended in their previous Infiltration/Inflow Investigation Report
dated April 1985. Closed-circuit television inspection was completed in Subareas 6, 7, 11, 12, 30
and 31. Following DEP I/I guidelines, a cost-effectiveness analysis was completed for infiltration
rehabilitation work and recommendations made for rehabilitation to reduce infiltration and
inflow in each subarea. Running concurrent to this report was the Town’s Private Source Inflow
(house-to-house) Inspection Program. It was recommended that the house-to-house inspection
and assessment program be completed prior to any additional recommendations being made to
address inflow removal and additional sources of rainfall dependent infiltration.
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Smoke Testing Completed
Under Previous I/l Investigation
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Private Source Inflow (house-to-house) Inspection Program, Town of Needham, 1980-1991

The Town’s Private Source Inflow (house-to-house) Inspection Program was mandated by an
administrative order by Mass DEP to identify and remove all illegal sewer connections
contributing inflow from private property. Through this inspection program a total of 147
houses were found to have a sump pump discharging to the sanitary sewer. Below is a table
providing total number of houses with illegal sump pump connections broken down by sub-area.
A detailed list with house addresses and inspection details is included in Appendix H. This list is
a compilation of inspections completed during this program and a subsequent program
completed in 2008-2009.

Table 2-1: 1980-1991 lllegal Sump Pump Connections by Subarea

No of Houses with
Sub-Area [llegal Sump Pump
Connections
1 1
2 4
3 1
4 2
6 1
7 1
11 11
12 7
13 2
14 4
15 8
16 20
19 13
20 7
21 4
22 20
23 9
24 4
25 1
26 12
27 5
28 1
30 1
Total 139
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“Town of Needham, Massachusetts, Volume 1 of Supplemental Infiltration/Inflow
Investigation”, CDM, February 1989

This report expands on the previous Infiltration/Inflow Investigation and evaluation reports
completed by CDM dated April 1985 and July 1987. This report is based on flow metering
conducted between March 20, 1988 and June 29, 1988. Flow isolation studies were conducted
in Subareas 22, 12, 13, 15, and 17 because of unique conditions in those subareas. Particularly
Subarea 22 with sewers passing through low swampy areas. As a result of this study five
recommendations were made as follows: TV Inspection of specific pipe segments in Subarea 22
and Subarea 23, concentrate efforts to identify sources of significant inflow originating in
Subareas 19, 25, 18 and 15, further study and correct the condition causing back-up at/adjacent
to the common receiving manholes for Subareas 17, 25 and 14 at the Reservoir B pump station,
further study and correct the condition causing back-up in Subarea 21 possibly adjacent to the
discharge from the Kendrick Street pump station, and installation of flow meters at all of the
pump stations to provide data for future analysis of the collection system.

“Town of Needham, Massachusetts, Volume 2 of Supplemental Infiltration/Inflow
Investigation”, CDM, February 1989

This report contains Appendix D: Manhole Inspection Reports and Appendix E: Photo Record of
Manhole Inspections of the previously described Supplemental Infiltration/Inflow Investigation
report completed by CDM.

“Town of Needham, Massachusetts, Automated I/l Management System: Needs Assessment
and Implementation Plan”, CDM, May 1994

This report discusses the need and potential implementation of an Automated
Infiltration/Inflow Management (AIM) system with the potential for expansion into a town-wide
GIS for the Needham Department of Public Works. A Cost/Benefit Analysis was conducted to
compare the cost of AIM development, implementation and maintenance to the cost of
maintaining existing manual operations. A secondary Cost/Benefit Analysis was performed for
expansion of AIM into a town-wide GIS. A pilot project was also conducted as part of the report.
Based on the results of the Cost/Benefit Analysis’ and the pilot project, it was recommended
that the DPW proceed with the development of the AIM system to address removal of I/1 and
once complete, migrate the AIM system into a town-wide GIS.

“Needham, Massachusetts. Report of Sewer System Evaluation Survey Field Work Smoke
Testing”, Utility Pipeline Services, November 1994

Utility Pipeline Services investigated sewer mains in the southern half of Subarea 15 of the
Town’s sewer system to identify areas of possible infiltration or inflow. Smoke testing was
performed on a total of 19,323 linear feet of sewer with smoke being forced into the manhole
with a high volume blower. Sewer lines upstream and downstream of each test segment were
restricted to concentrate the smoke. Areas with suspected inflow were recorded along with
areas of confirmed inflow. Smoke testing results did not indicate any direct connections
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contributing to inflow. Utility Pipeline Services did suspect inflow in numerous other locations,
and recommended these locations be considered for dyed water testing. The following locations
were suspected sources of inflow:

0 29 Meetinghouse Road, 159 Meetinghouse Circle, 172 Meetinghouse Circle, 166
Meetinghouse Circle, 146 Meetinghouse Circle, 77 Hancock Road, 68 Hancock Road, 64
Hancock Road, 58 Hancock Road, 77 Border Road, 61 Border Road, 99 Border Road, 16
Meredith Circle, 10 Elizabeth Circle, 11 Elizabeth Circle, 48 Meadowbrook Road, 55
Blacksmith Drive, 20 Meadow Lane, 61 Meadowbrook Road, 45 Meadowbrook Road, 1
Elizabeth Circle, 97 Meadowbrook Road, 93 Meadowbrook Road, 94 Meadowbrook
Road, 109 Meadowbrook Road, 108 Meadowbrook Road, 116 Meadowbrook Road, 122
Meadowbrook Road, 158 Meadowbrook Road, 65 Blacksmith Drive, 29 Blacksmith
Drive, 49 Blacksmith Drive, 283 Nehoiden Street, 280 Nehoiden Street, 249 Nehoiden
Street, 205 Nehoiden Street, 291 Nehoiden Street, 45 Lewis Street, 39 Lewis Street, 52
Oakknoll Terrace, 25 Prospect Street, 9 Prospect Street, 115 Newell Ave, 108 Newell
Ave, 103 Newell Ave, 93 Newell Ave, 104 Newell Ave, 46 Brentwood Circle, 51
Brentwood Circle, 37 Newell Ave, 17 Newell Ave, 24 Newell Ave, 52 Newell Ave, 326
Rosemary Street, 331 Rosemary Street, 286 Rosemary Street, 276 Rosemary Street, 267
Rosemary Street

“Town of Needham, Massachusetts, Wastewater Master Plan, Volume 17, CDM, March 1999
As part of the wastewater master plan for the Town of Needham, CDM estimated existing and
future population and wastewater flows, identified sewers that may be undersized, conducted a
wastewater collections system and sewer needs analysis, discussed wastewater treatment and
disposal alternatives, prioritized areas for implementation, created a plan for reducing
infiltration and inflow, and prepared cost estimates for implementing plans.

The existing collection system contained approximately 300,000 linear feet of sewer lines and
1,500 manholes. A Geographic Information System (GIS) was also developed for the existing
sewer system. Infiltration/Inflow was estimated at 3.48MGD. Subareas with peak infiltration
rates less than 4,000 gpd/in-mi were not considered for further inspection or rehabilitation.
CDM recommended TV inspection, manhole inspections, and rehabilitation in Subareas 3, 1, 18,
16, 15, 17, 29, 25, and 2. They also recommended a follow-up house-to-house inspection
program to further locate sources of inflow.

CDM also prepared a capital improvements program as a long-term program aimed at further
reducing I/1 flow. They recommended performing manhole inspections every 5 years, TV
inspections every 15 years, continuous flow gauging every 4 years, and flow isolation every 10
years.

CDM reviewed previous Infiltration/Inflow reports and summarized their findings within the
wastewater master plan report. The following investigations were performed prior CDM’s 1999
Wastewater Master Plan report.
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Cost-effective rehabilitation was previously performed in subareas 6, 7, 11, 14, 30, and
3L

TV inspection was performed in Areas 19-1 and 22.

Based on CDM'’s prior rehabilitation recommendations, the Town of Needham
conducted house-to-house inspections to identify sources of inflow. The Town was
granted entrance to 5,802 of 7,259 buildings. They found open cleanouts, direct or
indirect connection sump pumps, undetermined connection sump pumps, and sump
pumps discharging to the ground.

“Town of Needham, Massachusetts, Wastewater Master Plan, Volume Il, Appendix K — Pump
Station Reports”, CDM, March 1999

In Volume Il of the Wastewater Master Plan, CDM discussed the results of their 1995
investigation work of Needham’s wastewater pump stations. Since this investigation, many of
the stations have been upgraded, replaced or eliminated. The following is a list of the stations
inspected and evaluated in the Master Plan:

Great Plain Avenue Pump Station (Upgraded 2009)
Kendrick Street Pump Station (Upgraded 2008)

Reservoir Street Pump Station B (Replaced 2013)

Milo Circle Pump Station

Alden Road Pumping Station

Richardson Drive Station (Eliminated in 2010)

West Street Wastewater Pumping Station (Replaced 1999)
Reservoir Street Pump Station A

. Lake Drive Pumping Station

10. Warren Street Pumping Station

© oo N Ok WDNRE

“Town of Needham, Massachusetts, Route 128 Sewer Investigation”, BETA Group, Inc.,
September 2004
BETA Group, Inc. evaluated the existing sewer collection system within the right-of-way of Route
128 and provided recommendations for improvement. TV inspections were performed on 9,031
linear feet of sewer pipe with pipe diameters ranging from 8” to 24” in diameter. This project
was done in advance of the plans to widen Route 128. Of the 35 sewer reaches inspected, none
displayed signs of significant structural deficiencies. The most common defects observed were
pipe sags, roots in joints, and offset joints. No structural defects or infiltration in sewer
manholes was noted. BETA determined it was not feasible to relocate gravity sewers within
Route 128 right-of-way without adding pump stations. BETA made the following
recommendations:

All sewers within Route 128 right-of-way be rehabilitated using cured-in-place pipe

Replace 12-inch force mains for Reservoir Street Pump Station B with new layout

configuration: south west from pumping station directly toward Route 128, continuing
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across Hampton Avenue to Gould Street, from Gould Street under MBTA tracks past
Highland Avenue and down Hunting Road, finally discharging into gravity system near
Kendrick Street. The total length of proposed force main is approximately 6,900 feet.
Install new controls and pumps at Reservoir Street Pump Station B to accommodate
new force main layout.

Relocate Kendrick Street force main.

Realignment of gravity sewer.

“CY 2005 System Infiltration/Inflow Program Sewer and Manhole Inspection Program
Summary Letter Report” BETA Group, Inc., November 2005
BETA Group, Inc. conducted sewer inspections and cleaning between April and August 2005.
35,527 linear feet of sewer pipe ranging from 8” to 22” diameter were inspected using Closed
Circuit Television (CCTV) camera to investigate and evaluate areas of selected sewer collection
systems in Needham. The goal was to evaluate deficiencies within the sewer system and provide
recommendations and cost estimates to address the deficiencies. Deficiencies included
infiltration, inflow, and structural integrity. BETA Group, Inc. also performed surface inspections
of approximately 209 sewer manhole structures.
BETA inventoried the following sewer subareas:
Subarea 2
0 Pipe diameters ranging between 8-in and 12-in
0 12,539 linear feet of Asbestos Cement, Vitrified Clay pipe
Subarea 24
0 8-indiameter pipe
0 14,598 linear feet of Asbestos Cement, Vitrified Clay pipe
Lower Subarea 21
0 Pipe diameters ranging between 8-in and 21-in
0 8,737 linear feet of Asbestos Cement, Vitrified Clay, Reinforced Concrete,
Polyvinyl Chloride pipe

BETA observed a few segments where groundwater infiltrates through cracks in main line and
defective service taps. The most common defects were cracks in main line, and roots in joints
and service connections. BETA recommended additional repairs to prevent pipe collapse and

blockage and additional TV inspections in areas not previously inspected.

Types of rehabilitation BETA recommended included:
Cured-In-Place Pipe
Joint Testing and Sealing
Dig and Replace Sewer Main
Seal Service Wye
Seal and Coat Manholes
Point Repairs
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Chemical Root Treatment
Dig and Replace Service Connections
“T” Liner

“Inflow Education Program” BETA Group, Inc., 2006
BETA created an inflow education program for the Town particularly targeting sump pumps

illegally connected to the sewer. A scale replica interactive model of a “single family home” was
built to demonstrate legal and illegal sump pump connections by pumping water through these
two different discharge scenarios.

“Sewer Infiltration Investigation for Sewer Subareas 16 and Lower 22” BETA Group, Inc., 2009
BETA performed an infiltration investigation of subareas 16 and lower 22 based on priority. A 3-
Phase Investigation was performed and included; manhole inspections, groundwater
monitoring, and TV inspections. Inspections were done between February and April 2008 on
approximately 64,000 linear feet of sewer pipeline and 365 sewer manholes. BETA concluded
53,096 gpd of infiltration could be removed from subareas 16 and lower 22.

BETA made the following rehabilitation recommendations:
CIPP
Seal Service Laterals
Dig and Replace Sewer Main
Seal and Coat Manholes
Test and Seal
Point Repair
Cleaning
Chemical Root Treatment

“Sewer Investigation in Richardson Drive, Stonehurst Road & Aldridge Road” BETA Group,
Inc., October 2009

BETA investigated sources of infiltration and inflow in sewer systems located on Richardson
Drive, Stonehurst Road, and Aldridge Road. The investigation included TV inspections, manhole
inspections, and house-to-house sump pump inspections. On June 2008 and April 2009
approximately 2,700 linear feet of sewer pipe line was inspected using CCTV. In May 2008
manhole inspections were conducted and between June and August 2008 house-to-house
inspections occurred. 27 houses were inspected for sump pumps. BETA was unable to gain
access to 7 houses, and 2 houses had suspect connections. Dye testing was recommended for
the 2 houses with suspect connections

BETA suggested two recommendations to reduce infiltration and inflow. The first
recommendation was typical I/ rehabilitation including CIPP, cleaning, point repairs, dig and
replace, and chemical root treatment. This option had an upfront cost of $63,463 and would
remove 3,348 gpd of I/I. The second recommendation involved typical repairs and the removal
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of the Richardson Drive Pump Station and redirection the sewer main. This option had an
upfront cost of $1.1 million and removed 5,429 gpd of /1. The second recommendation also
eliminated future cost of repairs and maintenance for the pump station.

“Sewer Inflow Investigation for Subarea 19.1” BETA Group, Inc., February 2009
BETA conducted an inflow investigation of Subarea 19.1 to locate and identify inflow sources

such as sump pumps and roof leaders suspected to be connected to the sewer system. The
investigation included house-to-house inspection of each of to the 571 building in the Subarea,
smoke testing of the entire Subarea and dye testing of suspect inflow sources. BETA could not
gain access to 149 of the 571 households. The investigation found 11 sump pumpsin 8
residences connected to the sewer contribute which were estimate to contribute a total of
47,520 to 95,040 gallons per day of inflow to the Needham sewer system. Smoke testing of
Subarea 19.1 did not find any suspect inflow sources. BETA recommended disconnection of the
confirmed sump pump connections and that the Town take further action to perform inspection
on households where access could not be gained during this investigation.

When comparing the house-to-house inspection results from this 2008-2009 study to the
“Private Source Inflow (house-to-house) Inspection Program”, Town of Needham, 1980-1991 a
few things became apparent. The 8 residence with illegal connections in 2008-2009 did not
have illegal connections in 1985 when inspections were previously completed in Subarea 19-1.
This indicates that the illegal connections in 1985 in Subarea 19-1 were corrected and that new
sump pumps had been installed improperly since the 1985 inspections.

“Letter Report, 2012 Miscellaneous Infiltration/Inflow Sewer Rehabilitation Assessment
Project” Wright-Pierce, January 2013

Wright-Pierce conducted CCTV Inspections on approximately 12,600 linear feet of sewer pipe in
various subareas of Needham to determine conditions of the pipe and identify any potential
sources of I/1. Areas of inspection included: Norfolk Street - Subarea 1, Oxbow Road - Subarea 6,
Locus Lane - Subarea 7, North Hill Avenue, Gay Street and Smith Street - Subarea 11, Wildale
Circle - Subarea 13, Pine Grove - Subarea 14, Damon Road - Subarea 15, Emerson Street,
Carriage Lane and High Rock Street - Subarea 26 and High Rock Street - Subarea 30.
Approximately 15, 120 gpd of I/1 was observed during the course of inspections. 66 manholes
within the study area were also inspected.

Wright-Pierce made the following recommendations for pipe rehabilitation:
Pipe Cleaning and Lining
CIPP
Chemical Root Treatment
Pipe Replacement

Sewer manholes with significant defects or with I/l greater than 4 gpm were recommended for
complete replacement. 7 manholes were recommended for replacement.
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2.3

Rehabilitation
1994 Sewer System Rehabilitation

In 1994, CDM designed rehabilitation work for sewer subareas 11 and 14. Rehabilitation
included:

Remove and replace sections of gravity sewer (980 linear feet)

Point repair (200 linear feet)

Seal manhole (3)

1996 Sewer System Rehabilitation Washington Avenue Area
In 1996, CDM designed sewer rehabilitation work for subarea 22 which was completed by Utility
Pipeline services. Rehabilitation included:
Remove and replace sections of gravity sewer (4,180 linear feet)
Test and seal (13,260 linear feet)
Chemical root treatment (9,620 linear feet)
Point repair (40 linear feet)
Heavy cleaning (220 linear feet)
Cured-in-place-pipe (1,000 linear feet)
Pipe bursting (1,020 linear feet)
Seal manhole (1)
New manhole (8)

1997 Sewer System Rehabilitation Area 19-1
In 1997, CDM designed sewer rehabilitation work for subarea 19-1. Rehabilitation included:
Remove and replace sections of gravity sewer (5,580 linear feet)
Point repair (27)
Cured-in-place-pipe (3,000 linear feet)
Test and seal (15,000 linear feet)
Chemical root treatment (2,830 linear feet)
Heavy cleaning (210 linear feet)

2000 Carol Road and Frank Street
In 2000, CDM designed sewer rehabilitation work for Carol Road and Frank Street in subarea 11
and subarea 14, respectively. Rehabilitation included:

New gravity sewer (780 linear feet)

Remove and replace sections of gravity sewer (2,050 linear feet)

Cured-in-place-pipe (3,180 linear feet)

New manhole (18)

Manhole repair (14)
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2004 Areas 1, 3, and 4 — Phase Il
In 2004, CDM designed rehabilitation work for sewer subareas 1, 3, and 4. Rehabilitation
included:

Remove and replace sections of gravity sewer (1,160 linear feet)
Point Repair (40 linear feet)

2008 Route 128 Water and Sewer Rehabilitation Subareas 14, 17, 18, 21, 32
Based on the Route 128 Study done in 2004, BETA designed a sewer and water rehabilitation
project for the Town of Needham in the Route 128 area. The existing force main from Reservoir
B Pump Station was removed and realigned with the following configuration: southwest from
pump station, directly under Route 128, along Crawford Street, down Ellis Street, south down
Gould Street, to Hunting Road, where the force main discharges near the intersection of Hunting
Road and Kendrick Street. The existing force main from Kendrick Street Pump Station was also
realigned with the following configuration: southwest from pump station, under Route 128 and
discharging to a sewer manhole located in an easement between Route 128 and Greendale
Avenue. As part of this project, new gravity sewer was also installed in the following locations;
Crawford Street, Under Route 128, between First Avenue and Hunting Road, A Street, Hunting
Road, David Road and Sachem Road. Cured-in-place pipe rehabilitation was completed on the
sewer line connecting Reservoir Street and Crawford Street, under Route 128. Rehabilitation
included:

New sewer pipe (6,270 linear feet)

Cured-in-place-pipe (270 linear feet)

Seal Manhole (40 vertical feet)

2008 Infiltration/Inflow Rehabilitation Project 2, 24 and Lower 21
Based on the 2005 Sewer System Infiltration/Inflow Program Sewer and Manhole Inspection
Program, BETA designed a sewer rehabilitation project for the Town of Needham in Subareas 2,
24, and lower 21. The following rehabilitation work was completed

Chemical root treatment (1,990 linear feet)

Cured-in-place-pipe lining (730 linear feet)

Point repair (250 linear feet)

Remove and replace gravity sewer (125 linear feet)

This rehabilitation work was estimated to remove 47,282 GPD of I/] from subareas 2, 24, and
lower 21.

2009 Richardson Drive Sewer Installation and I/l Rehabilitation Subarea 33

Based on the 2009 Richardson Drive study, BETA demolished the existing pump station of
Richardson Drive, installed new gravity sewer, and completed some infiltration and inflow
rehabilitation. New gravity sewer was installed on Farley Pond Lane from the intersection with
South Street, continuing up Farley Pond Lane, and into an easement, connecting to a sewer
manhole on Richardson Drive. New gravity sewer was also installed on Richardson Drive,
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beginning near the location of the demolished pump station, continuing on Richardson Drive,
and ending near the intersection of new gravity main from Farley Pond Lane. New sewer
manholes were installed along the path of the new gravity main. The following rehabilitation
work was also completed as part of this project:

Test and seal gravity main (1,300 linear feet)

Seal and coat manholes along sewer lines that were tested and sealed (2)

Chemical root treatment on sections of Stonehurst Road (130 linear feet)

Remove and replace sections of gravity sewer (1,300 linear feet)

Heavy clean sections (1,300 linear feet)

This rehabilitation work was estimated to remove 5,429 GPD of I/] from subarea 33.

2011 Areas 16 & Lower 22 Infiltration/Inflow Rehabilitation
In 2011, BETA designed rehabilitation work for sewer subareas 16 and lower 22. Rehabilitation
included:
Test and seal gravity main (6,500 linear feet)
Point repair (16)
Remove and replace sections of gravity sewer (80 linear feet)
Cured-In-Place-Pipe lining (2,200 linear feet)
Grout Service Laterals (38)
Heavy cleaning (1,350 linear feet)
Chemical root treatment (9,550 linear feet)
Manhole replacement (20)
Seal and Coat Manholes (1)

Rehabilitation of sewer mains was estimated to remove 9,176 GPD of I/1 in lower 22 and 36,605
GPD of I/l in subarea 16. Manhole repairs were estimated to remove 1,170 GPD of I/l in subarea
16 and 1,800 GPD of I/l in lower 22. A manhole in subarea 19-1 was also repaired under this
design. Repair of that manhole was estimated to remove 5,400 GPD of /1.

2011 Phase Il Areas 16 & Lower 22 Infiltration/Inflow Rehabilitation
In 2011, BETA oversaw construction for Phase Il rehabilitation work for sewer subareas 16 and
Lower 22. Rehabilitation included:

Test and seal gravity main (3,700 linear feet)

Point repair (15)

Remove and replace sections of gravity sewer (80 linear feet)

Cured-In-Place-Pipe lining (1,940 linear feet)

Chemical root treatment (2,000 linear feet)
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2012 Phase |l Areas 16, 22, and Others Design
The design for this project was based off BETA’s report “Sewer Infiltration Investigation for
Subareas 16 and Lower 22" dated January 2009. The Town of Needham also located sewer
reaches in need of repair for this design. Infiltration and structural rehabilitation was proposed
in subareas 16 and 22 as well as other areas of the Town’s sewer system. Rehabilitation
included:

Chemical root treatment (650 linear feet)

Clean, test, and seal (800 linear feet)

Point repairs (20)

Remove and replace sections of gravity sewer (80 linear feet)

Cured-in-place gravity sewer (2,200 linear feet)

Replace manholes (14)

An estimated 22,000 gpd of the observed 45,000 gpd of infiltration was eliminated in this phase
of the design.

2012 Cured-in-Place Lining Charles River easement off of Reservoir St.

Kelly Engineering led the design and installation of CIPP work in order to remove infiltration to

mitigate the expansion of Wingate Healthcare. The CIPP work limits were within an easement

off of Reservoir St from the railroad tracks to the existing Reservoir B pump station. This

rehabilitation work was estimated to remove 41,855 GPD of /1. Rehabilitation included:
Cured-in-place gravity sewer (700 linear feet)

2013 Reservoir B Pumping Station Replacement

In 2012-2013 construction of the new Reservoir B pump station was performed. As part of the
construction, gravity pipe realignment was required. During construction it was noted that the
sewer north of the station was exhibiting infiltration during pipe realignment. This section was
removed and replaced as part of that project. (Approx 10 gpm)

2013 Sewer Rehabilitation in Various Areas Subareas 6, 11, 12, 14, 15, 26, 30
In 2013, Wright-Peirce designed sewer rehabilitation work in various subareas of Needham. An
estimated 98,640 gpd of infiltration was removed as part of that project. Rehabilitation work
included:

Pipe Lining (2,900 linear feet)

Later Liners (30)

Spot Repairs (3)

Root Removal (850 linear feet)

Rehabilitation of a drop manhole
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2014 Sewer Rehabilitation in Various Areas Subareas 11, 19-1, 20, 22, 26
In 2014, Wright-Peirce designed sewer rehabilitation work in various subareas of Needham. An
estimated 14,320 gpd of infiltration will be removed as part of that project. The design was
based off CCTV done under Phase Il of BETA’s Infiltration and Inflow Investigation. Rehabilitation
work included:

Pipe Lining (2,000 linear feet)

Later Liners (26)

Spot Repairs (4)

Root Removal (730 linear feet)
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Section 3
Geographic Information System (GIS) and AutoCAD Updates

3.1

3.2

General

Geographic Information System (GIS) provides the Town with the ability to collect, display, and
manage asset information throughout the community utilizing GIS software. BETA used TV
inspection reports, previous I/l investigations, and previous sewer construction designs to
updated the Town'’s existing GIS database. Updates include the inspection year, rehabilitation
year and type of rehabilitation most recently performed for each manhole and sewer main
reach. The GIS database was modified to adjust sewer manholes and pipes locations to their
most up-to-date pipe alignments. Existing sewer subareas were adjusted and new subareas
were created to reflect these sewer system updates.

Using the updated GIS, BETA developed a comprehensive map identifying locations with recent
TV inspection, manhole inspection, and rehabilitation years. The map assisted in developing a
strategy for the TV inspection program discussed in Section 10 of this report and can be used for
future planning. The GIS databases should be updated regularly so that it can continue to be
used as tool for future planning and investigation work.

TV Inspection and Rehabilitation Updates

As part of the GIS update effort, BETA reviewed TV inspection logs for sewer mains and
manholes inspected between 1994 and 2014. The following projects were included in the GIS
update:

1994 Sewer System Rehabilitation

1996 Sewer System Rehabilitation Washington Avenue Area

1997 Sewer System Rehabilitation Area 19-1

2000 Carol Road and Frank Street

2004 Areas 1,3, and 4 —Phase Il

2004 Route 128 Sewer Investigation

2005 Sewer System I/ Program Sewer and Manhole Inspection Program
2008 Route 128 Sewer Rehabilitation

2008 Infiltration/Inflow Rehabilitation Project 2,24, and Lower 21

2009 Sewer Infiltration Investigation for Sewer Subareas 16 and Lower 22
2009 Richardson Drive Investigation

2010 - 2011 Areas 16 & Lower 22 I/l Rehabilitation Phases 1, 2 and 3
2012 TV inspection and CIPP off of Reservoir St. Easement

2012 Miscellaneous I/1 Sewer Rehabilitation Assessment Project

2013 Reservoir B Sewage Pumping Station Construction

2013 Sewer Rehabilitation in Various Areas

2014 Sewer Rehabilitation in Various Areas (Design only)
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BETA updated the Town’s GIS database by incorporating new fields into the Town’s sewer main
and sewer manhole shapefiles. New fields include:

Sewer_Main_2014 Update

Shapefile Field Name Description
Year TV Year of latest known TV inspection prior to
- 2013
Year of latest known rehabilitation work
Year_Rehab
- completed

Rehab_Type | completed (TS, RS, HC, GR, CR, PR, CP, PB,

Type of latest known rehabilitation work

LL, DR, RW)

TV_Update

Year of latest known TV inspection
through 2014

Year_Inspect | Year of latest known manhole inspection

Year of latest known rehabilitation work

Sewer Manhole_2014 Update | Yéar_Rehab completed
Type of latest known rehabilitation work
Rehab_Type | - ompleted ( SC, RG, RI, GR, DR)
MWRA_Sewer_Main None No new fields added
MWRA_Sewer_Manhole None No new fields added

BETA abbreviated rehabilitation methods under Rehab_Type fields in both the sewer main and
sewer manhole update shapefiles. The following abbreviations were used:

Sewer_Main_2014_Update

TS —Test and Seal Sewer Main
RS — Replace Sewer Service
HC — Heavy Clean Sewer Main
GR — Grout Sewer Lateral

PR — Point Repair

CP — Cure-In-Place Pipe Repair
PB — Pipe Bursting

LL — Line Sewer Lateral

DR - Dig and Replace Sewer Main
RW — Replace Wye Connection

Sewer_Manhole_2014 Update

SC - Seal and Coat Manhole

RI - Rebuild Invert

GR - Grout and Patch Manhole
DR - Dig and Replace Manhole
RG — Raise Frame and Cover to
Grade

A town-wide comprehensive map identifying the most recent years of manhole and sewer
investigation as well those reaches ,which have been previously rehabilitated based on this

information, can be found in Appendix C.
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3.3 Sewer Mains and Manholes Updates

BETA updated the GIS database to include available new sewer construction or realignment
projects that were currently not included in the existing database. BETA populated fields to
include known installation year as well as pipe material and diameter. As a result of these
updates, BETA also created new shapefiles depicting abandoned force mains, gravity mains, and
sewer manholes. New sewer construction and abandoned sewer utilites added to the database

included:

Richardson Drive
Farley Pond Lane

Route 128 realignment project (including realignment from Reservoir B Pump Station)
Abandoned Force Main from Reservoir B Pump Station to Kendrick Street
Abandoned Force Main from Kendrick Street Pump Station to Route 128
Abandoned Force Main from Route 128 to Webster Street

Abandoned Gravity Sewer along Route 128 from Reservoir Street to Hunting Road

Abandoned Gravity Sewer on Highland Avenue from Sachem Road to Route 128

Carol Road realignment

Abandoned Force Main from Great Plain Avenue Pump Station to Oak Street
South Street (Farley Pond Lane to Stonecrest Drive)

Stonecrest Drive
Stonefield Drive
Southwood Drive
Marant Drive

Updated fields include:

Shapefile Field Name Description
Year_Insta Year sewer main was installed
US_SMH Upstream sewer manhole
DS_SMH Downstream sewer manhole
Sewer Main_2014_Update Material Pipe material
DIM1 Pipe diameter
Street Street main was installed on
Type De5|gn§tes pipe as force main
or gravity main
Sewer_Manhole_2014 Update Year_Insta Year sewer manhole was
installed
Abandoned_Sewer_Main_2014 Update None No new fields added
Abandoned_Sewer_Manhole_2014 Update | None No new fields added
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3.4

35

Temporary and Permanent Meter Locations

As part of the GIS update, BETA created shapefiles for past and present flow meter locations,
including meter locations utilized by CDM in 1985 as part of the I/ Investigation. A second
shapefile was created for BETA’s 2013 Sewer Flow Meter locations. Both the 1985 and 2013
meter locations are depicted on the map in Appendix B. No additional fields were added within
these shapefiles. A third shapefile was created for the flow meters installed as part of this Sewer
Rehabilitation Program, as discussed in Section 9 — Long-Term Flow Monitoring. This shapefile
includes a field that defines the meters as temporary or permanent whose locations are
depicted on the map in Appendix J.

Sewer Subarea Boundaries Updates

Existing sewer subarea boundaries were created during the 1985 I/1 Investigation for the
purposed of flow gauging. Since then, numerous changes have been made to the Town of
Needham’s sewer system. BETA has updated the sewer system subarea boundaries within the
Town’s existing GIS database to account for these changes. BETA has also adjusted boundary
limits to better isolate flows in each subarea. The following changes were made to the Town’s
existing sewer subareas boundaries:

Subarea 7
Based on sewer records, the boundaries of Subarea 7 were increased to include flow from Grove
Street and Charles River Street.

Subarea 25
The boundaries of Subarea 25 were increased to include southern flow leaving the original
boundaries of the subarea, ending prior to Reservoir B Pump Station.

Subarea 26
Boundary limits were adjusted to reflect sewer construction on Richardson Drive. Subarea 26
was reduced because the sewer from Richardson Drive no longer outlets in Subarea 26.

Subarea 27

Based on sewer records and direction of gravity flow, the boundaries of sewer subarea 27 were
reduced to only include sewer mains that flowed through the outlet of subarea 27. As a result,
this increased the boundaries of Subarea 15.

Subarea 29

Boundary limits of Subarea 29 were reduced to isolate flows in Subarea 29. Sewer mains on
Hasenfus Circle, Glen Cary Road, McCulloch Street, and Castle Place were removed from within
the boundary of Subarea 29. As a result, the boundaries of Subarea 13 were increased to include
these sewer mains.
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3.6

3.7

3.8

3.9

Subarea 30

Boundary limits were adjusted to reflect new sewer construction. The original subarea
boundaries included portions of sewer on Farley Pond Lane and Stonecrest Drive. BETA reduced
the size of the subarea because the sewer main on those roads does not outlet in Subarea 30

as currently mapped.

Subarea 33

Subarea 33 was created to account for new sewer construction. This subarea encompasses
sewer mains on Aldridge Road, Farley Pond Lane, Stonecrest Drive, Southwood Lane, and
Richardson Drive.

Using GIS Updates to Select TV Inspection Locations

As part of the second phase of the infiltration and inflow investigation, a Town-wide TV
inspection program was developed. 2013 flow meter data was used to identify suspect high
infiltration sewer subareas. BETA used the GIS database to look at the age of sewer mains as
well as the latest known rehab and TV inspection years to help narrow down areas to
investigate. Reaches that were installed, rehabilitated, or inspected after 2005 were eliminate
from the program. Reaches in suspected subareas and not installed, rehabilitated, or inspected
after 2005 were selected for TV inspection.

Ongoing GIS Updates

It is important the sewer databases be kept up-to-date with the latest sewer improvements.
The comprehensive collection of sewer information can be used to identify and prioritize
projects throughout the Town including future I/l investigation work.

AutoCAD Formatting

Updated sewer main, sewer manhole, and sewer subarea GIS shapefiles were exported from
ArcGIS into AutoCAD® 2014. All of the shapefiles’ fields, including existing and added fields,
were imported into AutoCAD format. This allows pipe and manhole GIS data to be viewed
under each line or block’s properties. The updated sewer AutoCAD® 2014 drawing file is
included on the DVD in Appendix M.

Deliverables
As part of this report, a DVD is included in Appendix M containing updated GIS shapefiles and
AutoCAD format. Files include:

GIS Shapefiles
Sewer_Main_2014 Update

Sewer_Manhole_2014 Update
Sewer_Subareas_2014_ Update
Abandoned_Sewer_Main_2014 Update
Abandoned_Sewer_Manhole_2014 Update
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AutoCAD 2014
Needham Sewer Map 2014.dwg (Contains sewer main, sewer manholes, and sewer subareas)
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Section 4
Rain Gauging and Groundwater Monitoring

4.1

Rain Gauging

4.1.1 General

Rain gauging was used to gather and measure rainfall during the spring 2013 flow monitoring
period. In this investigation, a temporary rain gauge was installed at the Great Plain Avenue
Pump Station. The gauge was monitored weekly over the 12 week study period and rainfall
amounts, recorded in inches, were taken every 15 minutes. Rainfall gauging was conducted to
correlate rainfall intensity to inflow volumes and facilitated projection to a standard 1- year/6-
hour storm event. The water treatment plant rainfall gauge was also used to correlate data
from 6/27/13 through the completion of this evaluation.

4.1.2 Results

During the 12 week study period, the Great Plain Avenue rain gauge measured a total of 15.8
inches. Daily rain gauge data recorded in 15-minute intervals is included in Appendix D. A
rainfall summary including total rain, peak hourly rain, and peak 15-minute rainfall for each day
is also located in Appendix D. Table 4-1 summarizes weekly rainfall amounts during the study
period.

Table 4-1: Weekly Rainfall Amounts

Rainfall Amount
Dates .
(inches)

3/18/2013 to 3/24/2013 0

3/25/2013 to 3/31/2013 0.01
4/01/2013 to 4/07/2013 0.15
4/08/2013 to 4/14/2013 0.98
4/15/2013 to 4/21/2013 0.59
4/22/2013 to 4/28/2013 0.23
4/29/2013 to 5/05/2013 0

5/06/2013 to 5/12/2013 0.90
5/13/2013 to 5/19/2013 0.12
5/20/2013 to 5/26/2013 1.75
5/27/2013 to 6/02/2013 1.06
6/03/2013 to 6/09/2013 4.40
6/10/2013 to 6/16/2013 4.09
6/17/2013 to 6/23/2013 151
6/24/2013 to 6/27/2013 0.06

A rainfall hyetograph for the entire study period is shown in Figure 4-1 below.
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Figure 4-1: Great Plain Ave Pump Station Rainfall Hyetograph

Great Plain Ave Pump Station Rainfall Hyetograph
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A total of 21 rain events were recorded during the 12 week study period. For purposes of this
analysis, a rain event was considered a continuous period of precipitation totaling a minimum of
0.1-inches. Three large rain events occurred in the month of June with rainfalls totals over 1.5-
inches. Figure 4-2 statistically breaks down the storm events and illustrates the distribution by
number of events per size category and contribution to rainfall totals per size category. The
distribution illustrated in these pie charts generally shows that while over 75 percent of the
storms recorded deposited less than 1.0-inches of rain, 50 percent of the total rainfall (and
hence runoff) came from the three large events that were an anomaly based on historical trends
as discussed in the follow section.

4.1.3 Historic Rain Gauging

Historic rain data from the permanent rain gauge at the Charles River Street Water Treatment
Plant was also analyzed during this investigation. This data was used to help determine a
baseline of rainfall amounts and flow rates within the past 5 years and provide a comparison to
average rainfall amounts over the past 10 years. Rainfall data from this gauge was recorded
once per day. Daily historic rain data from January 2009 to the end of this study period is
located in Appendix D. Monthly rainfall amounts during this time period are shown in Table 4-2
below.
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Table 4-2: Monthly Historic Rainfall Amounts

Rainfall Amount (inches)

Jan | Feb | Mar | Apr | May | June | July | Aug | Sept | Oct | Nov | Dec | Total

2009 | 4.25 | 1.79 | 3.20 | 4.22 | 2.79 | 425 | 7.37 | 2.36 | 3.04 | 5.52 | 4.48 | 5.19 | 48.46

2010 | 4.38 | 5.20 | 14.33 | 2.33 | 3.03 | 3.33 | 2.57 | 6.25 | 2.56 | 4.91 | 3.97 | 4.62 | 57.48

2011 | 458 | 521 | 2.85 | 499 | 3.23 | 5.44 | 1.56 | 12.06 | 6.75 | 7.71 | 4.58 | 4.30 | 63.26

2012 | 3.42 | 1.30 | 1.18 | 4.00 | 4.82 | 3.85 | 4.72 | 3.03 | 481 | 5.94 | 0.67 | 5.91 | 43.65

2013 | 1.60 | 5.29 | 3.44 | 142 | 3.73 | 9.70 | 408 | 1.79 | 4.08 | 1.00 | 3.26 | 4.82 | 44.21

2014 | 3.24 | 499 | 489 | 536|258 | 268 | 547 | 1.95 | 1.40 | 7.62 | 5.36 | 6.38 | 51.92

Avg | 3.58 | 3.96 | 498 | 3.72 | 3.36 | 488 | 4.30 | 457 | 3.77 | 545 | 3.72 | 5.20 | 51.50

Data Source: Rain Gauge at Charles River Water Treatment Plant

As seen in Table 4-2, rainfall amounts in May 2013 were similar to previous years. April’s rainfall
amounts in 2013 were fewer than previous years and rainfall amounts in June 2013 were
considerably higher than previous years. With the exception of 2010, the rainfall amounts for
March 2013 are similar to previous years.

Figure 4-3 presents a visual comparison of precipitation recorded each month in Needham and
where rainfall amounts gauged in 2013 compare to seasonal trends seen over the past 10 years.

Figure 4-4 below presents a visual comparison of precipitation totals recorded for the spring
(March-june) of each year over the past 10 years. As shown, the spring of 2013 was average
compared to previous years.

Figure 4-4: Needham Historic Spring Precipitation Trends

Needham Historical Spring Precipitation
Data Source: Rain Gauge at Charles River Water Treatment Plant

25.0 -

20.0 -

15.0 -

10.0 -

a1
o
1

Precipitation (Inches)

o
o
I

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Spring (March-June) totals by Year

BETA Group, Inc. |RAIN GAUGING AND GROUNDWATER MONITORING



Townwide Inflow & Infiltration Study Phase |
Needham, MA February 2015

4.2

4.1.4 Ongoing Rain Gauging

BETA continues to obtain rainfall data from the permanent rain gauge at the Charles River Street
Water Treatment Plant. Daily rainfall totals recorded at the Treatment Plant are provided to
BETA at the end of each month. This data can continue to be compared to ongoing flow data
from the 10 permanent and 2 portable flow meters and the MWRA meters for future 1/1
analysis.

Groundwater Monitoring

4.2.1 General

The purpose of groundwater monitoring was to obtain current groundwater data throughout
the studied sewer subareas. By measuring groundwater level in inches above the invert of the
pipe, a correlation between groundwater elevations and infiltration may be made.

Infiltration rates are dependent on groundwater table elevation as well as on rainfall
permeation through soil. Infiltration is a steady 24-hour flow that usually varies during the year
in relation to the groundwater levels above the sewer. Infiltration is a function of groundwater
head above the sewer pipe, therefore, most sources of infiltration are impacted by changes in
groundwater levels. The higher the groundwater table rises above the sewer, the more
infiltration will enter the system through defects. Storm-induced infiltration can occur following
wet weather when stormwater and/or snowmelt infiltrating into the ground either raises the
groundwater table or makes its way into the sewer while permeating the surrounding soil.

4.2.2 Groundwater Monitoring Locations

BETA utilized four groundwater gauges during the study period. Table 4-3 shows the location of
each. The groundwater gauges were installed and maintained by EST Associates, Inc. Locations
were chosen based on previous gauging locations where the 1989 I/1 Investigation report
identified that groundwater was successfully detected.

Table 4-3: Monitoring Locations

Subarea SMH Number Location Elevation (feet)
12 S15-060 276 West Street 89.10
14 S05-108 Crawford Street Easement 95.32
21 §52-111 215 Valley Road 96.68
23 S51-035 South Street and Dedham Avenue 97.23

Groundwater data was collected for twelve weeks from March 28 to June 27, 2013. Data
collected by each gauge was reported in inches. During the study period, the gauges were
checked weekly to ensure they were operating properly. At that time, measurements indicating
depth of groundwater above invert were taken.

Groundwater level was important for relating metered flow rates to infiltration and inflow.
Metered data during and immediately following a storm event should be compared to flow
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meter data during a selected dry weather period with a similar groundwater condition. Similar
groundwater conditions are assumed to contribute the same infiltration volume, therefore
allowing for the estimation of inflow.

4.2.3 Groundwater Depth Results
Table 4-4 shows the recorded groundwater elevations above the pipe inverts at each gauging
location.

Table 4-4: Groundwater Elevations

Date Monitored Groundwater Elevation Above Invert (in)
Subarea 12 Subarea 14 Subarea 21 Subarea 23
3/28/13 28.5 Dry Dry Dry
4/03/13 26.0 Dry Dry Dry
4/10/13 27.0 Dry Dry Dry
4/17/13 24.5 Dry Dry Dry
4/24/13 24.25 Dry Dry Dry
4/30/13 24.0 Dry Dry Dry
5/08/13 29.5 Dry Dry Dry
5/15/13 28.5 Dry Dry Dry
5/22/13 23.75 Dry Dry Dry
5/29/13 23.25 Dry Dry Dry
6/05/13 24.0 Dry Dry Dry
6/12/13 34.5 Dry Dry Dry
6/27/13 29.5 Dry Dry Dry

4.2 4 Findings

Lack of groundwater readings in Subareas 14, 21, and 23 indicates that groundwater levels may
have been relatively low during the entire study period in those subareas. Therefore, there was
no groundwater evidence to drive infiltration into the pipes at those points. Groundwater
gauge results did not provide adequate information to be used as a tool for further analysis of
inflow. As an alternative to the groundwater gauges, nearby USGS monitoring locations were
analyzed for comparison.

4.2.5 Historic Groundwater Elevations

Historically, spring (March-May) is the period of highest groundwater dues to peak seasonal
rainfall, which taper off in June. USGS takes monthly readings at wells in two neighboring
towns, Dover and Dedham. Figure 4-5 shows the USGS groundwater levels recorded in Dover
and Dedham each month over the past 10 years with corresponding monthly precipitation totals
to compare seasonal trends and to see how groundwater levels in 2013 compared to previous
years. This Figure shows the seasonal trend of highest groundwater readings in March tapering
off into May and June. In Dover, maximum groundwater level was 131.0" in March 2010 and
minimum level was 124.7° in November 2007 indicating a groundwater range of 6.3’ and
average groundwater level of 127.2’ over the past 10 years. In Dedham, maximum groundwater
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level was 61.5" in April 2004 and minimum level was 50.5" in October 2007 indicating a
groundwater level range of 11’ and average groundwater level of 57.0" over the past 10 years.
Figure 4-6 shows groundwater levels in Dover and Dedham in spring (March-June) of each year
over the past 10 years and Table 4-5 and 4-6 compare groundwater levels in spring of 2013 to
monthly averages over the past 10 years. As shown, March 2013 was average compared to
previous years, April and May groundwater levels were below average by as much as 2.3’ in
Dedham and June levels were above average by as much as 2.6’ in Dedham. When looking at
the 4-month combined spring average, spring 2013 average groundwater level was typical
compared to the past 10 year average.

Table 4-5: Spring 2013 vs. 10-yr Average Groundwater Level — Dover, MA

2013 Groundwater Average 2013 Variation

Level Groundwater Level from Average
March 60.0' 59.6' 0.4'
April 57.9' 59.5' -1.6'
May 56.3' 58.7" 2.3
June 59.7" 57.2' 2.6'
Spring 58.5' 58.7" 0.3

Average

Table 4-6: Spring 2013 vs. 10-yr Average Groundwater Level — Dedham, MA

2013 Groundwater Average 2013 Variation

Level Groundwater Level from Average
March 128.1' 128.1' -0.1'
April 127.9' 128.5' -0.6'
May 127.4' 128.0° -0.6'
June 128.5' 127.8' 0.7
Asvperr';‘ge 128.0 128.1" 0.2
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Section 5
Spring 2013 Flow Monitoring Program

5.1

Town of Needham Flow Monitoring Program

5.1.1 General

The goal of continuous flow monitoring is to obtain infiltration information on selected tributary
areas during high groundwater periods and identify groundwater elevation and rainfall
generated inflow during wet weather periods. The Department of Environmental Protection
(DEP) recommends continuous flow metering for a minimum of ten consecutive weeks between
March 1 and June 30. Typically this time period will capture wet and dry periods and periods of
high and low infiltration.

Between 1984 and 1985, a two phase flow gauging program was conducted as a part of an
Infiltration/Inflow program. At that time the Town’s sewer system was divided into 32 study
sub-areas. Fourteen of these areas were gauged continuously under Phase | of the program,
nine were flow isolated under Phase Il of the program and two were gauged under both Phases.
Gauging was performed from April 18 through June 15, 1984. This data was used as a
comparison to new data as well as a guide for this program, including placement of temporary
flow meters.

5.1.2 Metering Locations

Each sewer subarea was examined to determine the best location for meters to pinpoint
excessive I/1. BETA utilized 25 temporary flow meters during the 12 week study period from the
end of March to the end of June 2013. Table 5-1 shows the installation location of each meter.
Each meter recorded data every fifteen minutes for 24 hours a day during the study period.

Table 5-1: Flow Metering Locations

Flow Meter No. | SMH No. Location Subarea Installation Date
5 $55-010 176 Whitman Road 5 4/10/13
10 S64-002 19 Russel Road 10 3/18/13
11 §29-003 1394 Great Plain Avenue 11 3/20/13
12 $15-060 276 West Street 12 3/20/13
13 §15-092 Hillside Middle School 13 3/21/13
14 S05-108 Crawford Street Easement 14 3/21/13
15 S15-070 Tillotson Road Easement 15 3/20/13
16 S40-044 92 Lincoln Street 16 3/20/13
17 S11-028 A Street and First Avenue 17 3/20/13
19-1 §39-121 14 Maple Place 19-1 3/21/13
19-2 §$39-124 66 Maple Street 19-2 3/20/13
20 S40-113 266 Dedham Avenue 20 3/20/13
21 §52-111 215 Valley Road 21 3/21/13

BETA Group, Inc. |SPRING 2013 FLOW METERING PROGRAM 5-1




Townwide Inflow & Infiltration Study Phase |

Needham, MA April 2015
Flow Meter No. | SMH No. Location Subarea Installation Date
22 S41-054 | Prince Street and Cook Street 22 3/18/13
23 S$51-035 | South Street and Dedham Ave 23 3/20/13
24 S$52-086 146 Great Plain Avenue 24 3/20/13
. 3/21/13
25 S05-104 Reservoir Street Easement 25 (Removed 4/10/13)
26 At 22;’59 Southwood Lane 33 3/18/13
27 $29-008 16 Abbott Street 27 3/21/13
28 $29-007 1347 Great Plain Avenue 28 3/20/13
29 S15-074 245 West Street 29 3/20/13
30 $59-047 69 Wildwood Drive 30 3/18/13
31 $59-044 30 Wildwood Drive 31 3/18/13
32 S05-109 292 Reservoir Street 32 3/21/13
26 Howland 20” S50-098 30 Howland Street 26 3/18/13
26 Howland 30” S50-107 30 Howland Street 26 3/18/13

Flow meters were installed, maintained, and calibrated during the study period by EST
Associates, Inc. of Needham, MA. Meters were calibrated weekly during the study period to
ensure accurate information. Data including water level, velocity, and flow was downloaded at
that time.

In part, meter locations were chosen to isolate flow from each sewer subarea. However, this
was not possible for all subareas as some subareas received flow from other tributary subareas.
A sewer system flow chart diagramming subareas and their tributaries is shown in Figure 5-1.
Table 5-2 summarizes subareas with tributary flows.

Table 5-2: Tributary Subareas

Subarea Tributaries
32 17,18
21 14, 25,32, 17,18
2 24,21,14,25,32,17,18
16 12,13, 15,29
26 19-1,19-2,11, 27, 28, 16, 12, 13, 15, 29
1 20, 22, 23, 26, 19-1, 19-2, 11, 27, 28, 16, 12, 13, 15, 29

5.1.3 Metering Installation and Maintenance

All flow meters, except Meter 5, were installed at the locations specified in Table 5-1 on March
18™ 20™, and 21, Meter 25 on Reservoir Street was removed on April 10" due to manhole
surcharging leading to inaccurate readings. Upon removal, it was relocated to Whitman Road in
Subarea 5 and relabeled Meter 5. The following meters recorded problems during the study
period:
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Meter 5

For the first few weeks after installation on April 10, minor ragging was an issue. On April 24,
major ragging was removed from the meter’s sensor. Following this, water level decreased by
0.5inches.

Meter 13
Incidents of heavy ragging occurred and the sensor was cleaned on April 17, 24, and 30 as well
as May 29. After the sensor was cleaned, meter readings registered or increased.

Meter 17
During periods of low flow, velocity readings dropped out at night. Instances of heavy ragging
during maintenance checks also occurred.

Meter 19-1

Prior to meter installation, the manhole was surcharged above the top of the pipe. The line was
cleaned to allow installation however, after installation, the manhole continued to display
instances of surcharging. Weeks 2-4 had surcharging of 15 inches or more and on June 16 the
manhole exhibited surcharging of three feet.

Meter 19-2
Periods of minor ragging occurred on the sensor.

Meter 20
On April 3, the meter was reading water level at 3.48 inches and the actual level was 3.0 inches.
The sensor was cleaned and the level was calibrated accordingly on that date.

Meter 21

On March 27, the meter was reading water level at 9.43 inches and the actual level was 10.5
inches. The sensor was cleaned and the level was calibrated accordingly on that date. On May
29 minor ragging was removed from the sensor. This increased the level from 9.4 inches to
9.8 inches and velocity from 1.9 fps to 2.5 fps.

Meter 24
On April 24 the level was adjusted from 2.77 inches to 2.22 inches.

Meter 25

Meter 25 was installed on March 21. The manhole was consistently surcharged and the meter
was removed on April 10. The majority of velocity and level readings recorded during that time
frame were zero.
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Meter 27

A buildup of silt was observed around the sensor on May 15. The silt was cleared out and the
sensor was offset 0.5 inches to avoid future issues. Following offset, velocity increased from
0.44 fps to 0.9 fps.

Meter 29
On April 10, due to ragging buildup on the sensor, the level was adjusted from 1.57 inches to 2.2
inches.

Meter 32

The manhole was consistently surcharged throughout the study period. Extra maintenance was
performed during the first three weeks to insure the sensor was clear of heavy grease present in
the flow. Large level adjustments were made during the study period and a very inconsistent
velocity due to surcharging was recorded.

All flow meters, excluding Meter 25, were removed on June 26 and 27, 2013. As stated
previously, Meter 25 was removed on April 10, 2013 due to manhole surcharging.

5.1.4 Monitoring Results

Graphs of flow vs. time including rainfall amounts for the entire study period for each flow
meter can be found in Appendix E. Figure 5-2 below is an example of these graphs for Subarea
11.
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Figure 5-2: Example of Flow vs. Time Graphs
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A summary of daily flow information including minimum flow rate, peak flow rate, and total
daily flow for each meter is located on the DVD included with this report. All recorded flow data
is also included on the DVD.

I/1 analysis related to this flow data and comparison to the 1985 I/l investigation monitoring
results are discussed in Sections 7 and 8 of this report. Table 5-3 provides a summary of the
recorded flow over the entire study period at each flow metering location.

Some of the meters exhibited anomalies during the study period. Associated flow rates for any
anomalies were included in the overall meter data, but were not included in the analysis, so
that data was not skewed unnecessarily.
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Table 5-3: Summary of Observed Flow at Meter Locations
. Time of | Minimum | Time of Min. Flow