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LOWELL REGIONAL WASTEWATER UTILITY
CITY OF LOWELL, MA

INFILTRATION AND INFLOW STUDY

1 EXECUTIVE SUMMARY

The City of Lowell (City) is implementing an ongoing Infiltration/Inflow (I/1) Identification

and Removal Program compliant with Massachusetts Department of Environmental Protection
(MassDEP’s) regulations at 314 CMR 12.04(2). This I/I Analysis Report provides a summary of the 2023
City-wide flow metering program, identifies prioritized areas of the wastewater collection system with
excessive I/l, and provides a schedule and estimated costs for subsequent phases of Sewer System
Evaluation Surveys (SSES). These recommendations serve as a road map for the Utility to implement an

ongoing plan to execute I/l investigations and reduction efforts.

Infiltration is water other than sanitary flow that enters a sewer system (including sewer service
connections and foundation drains) from the ground through means which include, but are not limited
to, defective pipes, pipe joints, connections, or manholes. Infiltration is influenced by groundwater
levels and is expected to fluctuate, with typically larger volumes anticipated in the spring. Inflow is
water other than sanitary flow that enters a sewer system (including sewer service connections) from
sources which include but are not limited to, sump pumps, roof leaders, cellar/foundation drains,
surface/yard drains, drains from springs and swampy areas, manhole covers, catch basins, cross
connections between storm sewers and sanitary sewers, or other drainage. Inflow differs from
infiltration in that it is a result of direct connections of extraneous flow sources into the collection

system and is largely the results of wet weather influence on the sewer system.

Background

As the Lowell Regional Wastewater Utility (Utility) holds a National Pollution Discharge Elimination
System (NPDES) permit enforced by the United States Environmental Protection Agency (USEPA) and
MassDEP, the City is required to identify sources of I/1 in their system. 314 CMR 12.04(2) requires
phased I/l evaluations of sewer systems consistent with MassDEP’s Guidelines for Performing

Infiltration/Inflow Analyses and Sanitary Sewer Evaluation Surveys, May 2017 (MassDEP Guidelines).

In December 2022, Kleinfelder developed the City’s Infiltration and Inflow (I/1) Abatement Plan
summarizing the City’s I/1 efforts to date. A City-wide flow metering program was one of the

recommendations of the I/1 Abatement Plan to develop a comprehensive approach and schedule, to
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identify and investigate locations of excessive I/l within the collection system. The City's last system-
wide flow monitoring program was conducted in 1990 in support of the Phase 1 Infiltration/Inflow
Report (CDM Smith).

In 2023 the USEPA and MassDEP, along with the U.S. Department of Justice and the Commonwealth of
Massachusetts Department of Justice finalized a Consent Decree with the City. The 2023 Consent Decree

will be submitted to Federal Court for approval in 2024.

Based on the 2023 Draft Consent Decree, under Section VI. Remedial Measures, Paragraph 18:

The City shall develop and implement an ongoing program to identify and remove
infiltration and inflow from the sewer system in accordance with 314 C.M.R. §12.04(2) and shall
provide annual flow information for those communities serviced by the Lowell Regional

Wastewater Utility (“LRWU”). To meet this requirement, the City shall:

a. By January 31, 2024, submit to MassDEP for review and approval an I/| Analysis Report.
The I/ Analysis Report shall be consistent with the provisions of 314 C.M.R. § 12.04(2)
and, as referenced therein, the MassDEP’s 2017 Guidelines for Performing
Infiltration/Inflow Analyses and Sewer System Evaluation Surveys, and shall include a
detailed assessment of flow data gathered from the 2023 sewer metering program. The
I/ Analysis Report shall also include an implementation schedule, based on assessment
of the flow data, for proceeding with sewer system evaluation surveys, and actions to

address sources of Infiltration and Inflow.

This I/l Analysis Report is prepared in accordance with the requirements of the 2023 Draft Consent

Decree.

2023 Flow Monitoring Program
In March 2023, Kleinfelder subcontracted with ADS Environmental Services (ADS) to conduct a City-wide
flow monitoring program through temporary wastewater flow metering, groundwater depth

monitoring, and precipitation monitoring to quantify the magnitude to of I/l entering the sewer system.

ADS installed sixty-three (63) temporary gravity sewer flow meters for a period of ten (10) weeks from
March 24, 2023 to June 2, 2023. The 63 sewer-meter areas were designed to capture the majority of the
City’s sewer flows and to target no more than 20,000 linear feet of sanitary/combined sewer in each
area. Consideration was given to hydraulically favorable locations from the City’s prior metering
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programs. Key locations were identified for meters in collaboration with the City’s ongoing CSO planning

efforts to support sewer system model calibration.

Upon review of the final metering data for all sites, Kleinfelder excluded data from eleven (11) meter
areas from the I/l analysis due to poor quality of data. These meters, which accounted for 17% of the
total system metered, were located upstream of the Utility’s Barasford and Warren CSO Stations. Ten of
these meter areas will be re-metered by ADS in Spring 2024 to determine infiltration and inflow
volumes. The remaining meter area is small in size and inspections of the area sewers will be included

within the future field investigation program to identify sources of I/I.

Kleinfelder completed an I/l analysis for fifty-two (52) metered areas in accordance with the MassDEP
Guidelines. An infiltration rate of 4,000 gallons per day per inch-diameter mile (gpd/idm) is the
threshold, defined by MassDEP, for which further field investigations such as manhole inspections, flow
isolation, and CCTV should be prioritized to identify infiltration sources. Table ES-1 details the results of
the infiltration analysis with twenty-four (24) of 52 metered areas exceeded the 4,000 gpd/idm

threshold, requiring further investigation to identify infiltration sources per the MassDEP designation.

The flow monitoring program included the installation of three (3) rain gauges evenly distributed
throughout the City. Precipitation is recorded to illustrate the impact of rainfall on groundwater levels
and to determine inflow rates during different storm events for conversion to designated standard
design storms. Three storm events were selected for inflow analysis and normalized to yield inflow
volumes for the MassDEP’s 1 year, 6-hour design storm. Table ES-2 summarizes the result of the inflow
analysis. MassDEP Guidelines propose further investigations to identify inflow sources for the metered
areas accounting for 80% of the total inflow of the system. Within the 52 metered areas, nineteen (19)
metered areas account for 80% total of the inflow. Sixteen (16) of these areas are identified through the
City’s Geographical Information System (GIS) mapping as fully or mostly combined sewer catchments.
The remaining three areas are identified as fully or partially separated sewer catchments and are

recommended for further investigation to identify extraneous inflow sources.

314 CMR12.04 requires all sewer system authorities to assess the risk of sanitary sewer overflows (SSOs)
from a five-year, 24-hour storm event. The City is in the process of updating and calibrating their
existing sewer system model in support of CSO planning efforts. Meter areas that experience wet-
weather SSO events should also be investigated for inflow sources to determine if peak inflow rates are

contributing to the SSO events in the system by reducing the capacity of the local sewers.
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SSES Implementation Program

As detailed in the MassDEP I/ Guidelines, upon conclusion of the flow monitoring program a Sanitary
System Evaluation Survey (SSES) is performed as a follow-up to the I/ analysis to locate and identify
specific I/l sources in the sewer system. By identifying the type of each I/l source, appropriate
rehabilitation and repair methods can be determined. The data collected during the SSES may also be

used to confirm the findings of the I/1 Analysis and the extent of system improvements required.

Meter areas where infiltration or inflow was found to be excessive during the I/l analysis are to be
included in an SSES Implementation Plan. Four of the meter areas (13, 14, 15, and 60) identified with
excessive I/l are included in the scope of the Utility’s December 2023 Centralville Sewer Separation
Preliminary Design Report (Humphrey’s Brook PDR), which will reduce infiltration and inflow sources for
these areas. Two additional areas identified with excessive I/l (meter Areas 35 and 36) are within the
Tilden CSO area included in the Utility’s Phase 3 CSO Preliminary Design Report and Sewer Separation
Implementation Schedule, to be completed by December 31, 2024 in accordance with the 2023 Draft
Consent Decree. I/ sources in the Centralville and Tilden areas will be investigated through these CSO

planning efforts and are excluded from the SSES Implementation Plan.

To address the remaining areas identified with excessive infiltration and inflow, Kleinfelder recommends
an eight-phase SSES Implementation Plan, detailed below in Table ES-3. Table ES-3 lists each SSES phase
including the affected meter areas, proposed infiltration investigations (manhole and CCTV inspections)
and proposed inflow investigations (smoke testing, building inspections, dye testing) to identify sources
of I/l and determine rehabilitation and repair methods to reduce I/l contributions to the sewer

collection system. Figure ES-1 shows the meter areas identified for each SSES phase.

In accordance with the 2023 Draft Consent Decree, the Utility shall complete an Updated Long-Term
CSO Control Plan (Updated LTCP) by September 2034. The 8-phase SSES Implementation Plan proposes
SSES investigations through 2032. At that time, an overall system assessment is anticipated to begin in
support of the Updated LTCP and future I/l identification and removal efforts will be developed in
coordination with the Updated LTCP.

Phase 1 of the SSES Implementation Plan focuses on completion of CCTV and manhole investigations of
some of the Utility’s oldest infrastructure in the downtown area of the City (meter areas 51, 38, 37). In
Spring 2023, the Utility completed CCTV of 31,500 feet of 8-inch to 36-inch diameter sewer and 220
manhole inspections in meter areas 51, 38, and 37. SSES Phase 1 incudes CCTV inspection of
approximately 24,000 feet of sewer and fifty manhole inspections within these 3 subareas. In addition to
CCTV and manhole inspections within the downtown area, Phase 1 of the SSES Implementation Plan

Project #20220166.003A Page 9 of 65 January 2024

© 2024 Kleinfelder www.kleinfelder.com



ZEEN
KLEINFELDER

\—/ Bright People. Right Solutions.

includes multi-sensor inspection (digital CCTV and sonar) of the Utility’s river-front interceptor pipe,
approximately 47,000 LF of sewer ranging in size from 36 to 120-inch in diameter as shown in Figure ES-
1. These critical assets are located within ten of the meter areas identified with either high infiltration,
high inflow, or both. This includes meter areas that exhibited some of the highest inflow volumes,
possibly indicating the presence of system defects that allow extraneous flow to enter the system with
elevated groundwater and river levels. The Utility has historically observed the increase in flows at the
Duck Island Wastewater Treatment Facility (DIWWTF or Duck Island) with the increase in the Merrimack

River level.

The Utility will also prioritize inspections of the collection system’s siphons and inspect one per SSES
phase, beginning in Phase 4. It is recommended that the Walker Siphon be inspected first in Phase 4 as it
crosses the Merrimack River and is located within meter area 21, which exhibited both high 1/I
contributions. In Spring 2023 the Utility completed cleaning and inspection of the East Merrimack

siphon, where no infiltration or structural defects were observed.

Table ES-4 presents planning-level cost estimates for the 8-phase SSES Implementation Plan. In addition
to the I/l field investigations, cost estimates include engineering, a 10% contingency, and a 4%

escalation rate each year.

The SSES report for each phase will include a summary of field investigations completed and
recommendations for sewer system rehabilitation and repair. The implementation schedule shown in
Figure ES-2 includes an overall timeline for each proposed SSES phase, along with continuous design and
construction efforts to cost-effectively address sources of I/I. The Utility has allocated $2 Million per
year for design and construction of system repair/rehabilitation to reduce I/l. System improvements will
be prioritized based on cost effectiveness on reducing I/1, along with the critical nature of system defects
and the potential detriment to collection system operations, and public and environmental health. It is
anticipated that multiple design and construction contracts will be required to address system
deficiencies identified through SSES Phase 1 investigations in meter areas 51, 38, and 37 and the
inspections of the river-front interceptors. Therefore, field investigations in support of SSES Phase 2 are
scheduled to begin in FY26.

As noted previously, a supplemental memorandum to this I/l Analysis Report will be prepared to
summarize the I/l analysis of 10 meter areas where meters will be re-installed in Spring 2024. The
supplemental memorandum will also include an assessment of SSO risk utilizing the City’s updated
sewer system model, and a reassessment of this SSES Implementation Plan based on the findings of the
I/l and SSO analyses, along with the results of the Phase 1 SSES river-front interceptor inspections. These
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additional system evaluations and field investigations may shift the priority areas for future SSES phases
as currently planned for the Utility to identify and remove excessive volumes of I/l within the collection

system.
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Table ES-1: Infiltration Summary
) Estimate Estimate Infiltration )
Meter Type Pipe Length (LF) | IDM ’ R Rain Gauge DW Day Used
Infiltration (gpm) Rate (gpd/IDM)

60 Mostly Combined 754 | 3.43 56 23,444 Warren 4/10 to 4/12
17* Mostly Combined 111,229 | 483.58 4871 14,504 Warren 4/10 to 4/12
6 Mostly Combined 24,370 | 65.87 603 13,192 Walker 4/10 to 4/12

42 Mostly Combined 20,148 | 98.26 876 12,832 Warren 4/10to 4/12 +5/10to 5/12
20 Both 26,326 | 70.77 518 10,539 Walker 4/11to 4/13
35 Mostly Combined 23,003 | 68.64 366 7,678 Warren 4/10 to 4/12
63 Fully Separated 53,607 | 100.76 518 7,405 Warren 4/10to 4/12
61 Fully Combined 11,084 | 23.73 116 7,052 Warren 4/10 to 4/12
13 Fully Combined 28,672 | 84.73 411 6,986 Warren 4/10 to 4/12
1 Fully Separated 20,625 | 44.88 217 6,970 Walker 4/10 to 4/12
3 Mostly Separated 23,234 | 38.15 176 6,662 Walker 4/10 to 4/12
48 Mostly Combined 26,090 | 119.99 552 6,631 Warren 4/10 to 4/12
15 Fully Combined 11,190 | 28.37 128 6,520 Warren 4/10 to 4/12
39 Mostly Combined 10,163 | 37.80 163 6,223 Warren 5/10to 5/12
21* Both 67,815 | 201.95 858 6,116 Walker 4/11 to 4/13
4 Fully Separated 21,863 | 47.22 195 5,944 Walker 4/10 to 4/12
19 Mostly Separated 34,194 | 60.29 220 5,251 Walker 4/10 to 4/12
56 Mostly Combined 18,203 | 39.76 135 4,899 Warren 4/10 to 4/12
36 Fully Combined 21,532 | 65.29 219 4,821 Warren 4/10 to 4/12
46 Fully Separated 17,165 | 31.12 104 4,793 River's Edge 4/10 to 4/12
7 Mostly Combined 17,076 | 49.26 151 4,424 Walker 4/10 to 4/12
14 Fully Combined 13,905 | 55.35 167 4,352 Warren 4/10 to 4/12
37 Both 23,360 | 100.40 297 4,259 Warren 5/10to 5/12
28 Both 25,490 | 71.42 202 4,071 Walker 4/10to 4/12
59 Fully Combined 9,507 | 24.58 60 3,514 Warren 4/10 to 4/12
23 Mostly Combined 16,116 | 36.51 86 3,378 Walker 4/10 to 4/12
45 Both 20,367 | 76.23 177 3,338 Warren 4/10to 4/12
24 Fully Separated 21,933 | 36.02 83 3,321 Walker 4/10 to 4/12
a4 Mostly Separated 18,806 | 51.04 113 3,190 River's Edge 5/10to 5/12
12 Fully Combined 21,915 | 63.08 135 3,093 Warren 4/10 to 4/12
18 Fully Combined 12,216 | 29.51 63 3,088 Warren 5/10to 5/12
9 Mostly Separated 20,943 | 49.47 102 2,967 Walker 5/10to 5/12
8 Mostly Combined 24,940 | 93.45 186 2,865 Walker 4/10 to 4/12
50 Mostly Combined 20,654 | 54.95 107 2,811 Warren 4/10 to 4/12
11 Mostly Combined 17,039 | 90.13 144 2,306 Warren 4/10 to 4/12
57 Fully Combined 13,685 | 34.30 49 2,061 Warren 4/10 to 4/12
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. Estimate Estimate Infiltration .
Meter Type Pipe Length (LF) IDM . ) Rain Gauge DW Day Used
Infiltration (gpm) Rate (gpd/IDM)
32 Mostly Combined 18,028 | 59.86 80 1,922 Walker 5/10to 5/12
34 Fully Combined 11,989 | 39.97 51 1,841 Warren 4/10to 4/12
25 Mostly Separated 20,172 | 47.37 54 1,648 Warren 4/13 14:00 to 4/15 13:55
43 Fully Separated 20,902 | 57.04 62 1,571 River's Edge 5/10to 5/12
47* Both 42,485 | 87.91 88 1,434 River's Edge 4/10to 4/12
2 Mostly Separated 22,790 | 38.93 38 1,412 Walker 5/10to 5/12
First St - 111,107 | 208.87 169 1,165 Warren 4/14 to 4/16
40 Mostly Combined 14,472 | 51.48 41 1,147 Warren 4/10to 4/12
33 Mostly Combined 19,708 | 63.38 47 1,077 Warren 4/10to 4/12
5 Fully Separated 13,693 | 26.80 20 1,059 Walker 4/10to 4/12
16 Fully Combined 8,915 | 22.02 16 1,039 Warren 4/10to 4/12
Burnham Rd - 824,213 (1600.01 796 716 Warren 4/10to 4/12
38 Mostly Combined 22,148 | 87.67 41 672 Warren 4/10to 4/12
26 Both 20,550 [ 52.60 22 594 Warren 4/13 14:00 to 4/15 13:55
49 Mostly Combined 9,632 | 35.02 10 411 Warren 5/10to 5/12
31 Mostly Combined 17,549 | 49.22 10 302 Walker 4/10to 4/12
10 Fully Separated 17,707 | 92.73 13 207 Walker 4/10to 4/12
62 Both 240,601 | 411.05 20 70 Walker 4/10to 4/12
52 Mostly Combined 24,794 | 51.33 River's Edge
55 Fully Combined 21,531 | 62.71 Warren
30* Both 57,888 | 183.43 Warren/Walker
27 Mostly Separated 24,076 | 64.53 Warren
54 Fully Combined 22,349 | 69.59 Warren
53 Both 24,932 | 68.04 Warren
41 Fully Separated 643,810 |1101.29 Warren
51 Mostly Combined 24,514 | 138.59 Warren
22 Fully Combined 1,757 | 5.51 Warren
29 Mostly Combined 22,654 | 69.86 Walker
58 Fully Combined 8,041 | 22.64 Warren

*Combined Meter Area for analysis based on flow relationships (number of users affecting volume differences, negative flows based on close proximity of meters)

Grayed out meters are values not analyzed
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Table ES-2: Inflow Summary
Storm Event Volume (MG) Design Storm
Meter Type 23-Apr | 20-May | 24-May !Design Storm | D/l Ratio | Delayed |Direct Inflow| Percent c:f:':;:i:’e
Inflow (gal) (avg) Inflow (gal) (gal) Inflow
Inflow

17* Mostly Combined 19.161 12.375 2.057 15,202,908 2.88 | 3,918,275 | 11,284,633 26.76% 26.76%
13 Fully Combined 7.284 3.604 0.484 5,325,120 1.53 | 2,100,984 3,224,136 9.37% 36.14%
21* Mostly Combined 3.386 2.514 0.429 2,852,620 9.77 264,828 2,587,792 5.02% 41.16%
37 Both 4.101 0.444 0.121 2,368,440 9.02 236,337 2,132,103 4.17% 45.33%
49 Mostly Combined 4.125 0.069 0.003 2,225,680 5.51 341,886 1,883,794 3.92% 49.25%
11 Mostly Combined 2.900 1.322 0.334 2,088,596 0.65 | 1,266,499 822,097 3.68% 52.92%
38 Mostly Combined 1.605 2.401 0.393 1,823,200 167.90 10,795 1,812,405 3.21% 56.13%
36 Fully Combined N/A 1.509 0.253 1,697,640 16.04 99,645 1,597,995 2.99% 59.12%
12 Fully Combined 1.956 1.553 0.282 1,670,808 144.14 11,512 1,659,296 2.94% 62.06%
45 Both 1.572 1.071 0.170 1,269,360 4.33 237,941 1,031,419 2.23% 64.30%
60 Mostly Combined 1.608 0.827 0.094 1,186,800 1.34 506,975 679,825 2.09% 66.39%
34 Fully Combined 1.390 1.004 0.193 1,147,240 16.14 66,919 1,080,321 2.02% 68.41%
42 Mostly Combined 1.696 0.537 0.126 1,123,160 8.54 117,793 1,005,367 1.98% 70.38%
40 Mostly Combined 1.317 1.019 0.166 1,112,324 19.75 53,606 1,058,718 1.96% 72.34%
10 Fully Separated 1.110 1.047 0.030 1,020,476 3.50 226,388 793,588 1.80% 74.14%
33 Mostly Combined 1.198 0.943 0.176 1,019,960 95.49 10,571 1,009,389 1.80% 75.93%
15 Fully Combined 1.031 0.720 0.118 839,876 30.47 26,687 813,189 1.48% 77.41%
48 Mostly Combined 0.602 1.051 0.253 751,640 10.38 66,039 685,601 1.32% 78.74%
57 Fully Combined 1.298 0.144 0.008 748,200 259.95 2,867 745,333 1.32% 80.05%
14 Fully Combined 0.716 0.886 0.185 742,352 2.40 218,034 524,318 1.31% 81.36%
7 Mostly Combined 0.916 0.591 0.097 733,580 382.94 1,911 731,669 1.29% 82.65%
6 Mostly Combined 0.816 0.676 0.114 717,584 7.28 86,677 630,907 1.26% 83.91%
Mostly Combined 0.710 0.789 0.136 710,876 23.34 29,210 681,666 1.25% 85.17%

35 Mostly Combined 0.839 0.605 0.088 689,720 26.41 25,164 664,556 1.21% 86.38%
50 Mostly Combined 0.850 0.548 0.095 674,240 13.77 45,657 628,583 1.19% 87.57%
28 Both 0.780 0.513 0.103 629,864 113.71 5,491 624,373 1.11% 88.68%
56 Mostly Combined 0.791 0.506 0.089 626,080 294.90 2,116 623,964 1.10% 89.78%
32 Mostly Combined 0.626 0.536 0.100 560,720 304.71 1,834 558,886 0.99% 90.76%
39 Mostly Combined 0.482 0.672 0.091 526,320 1.83 186,018 340,302 0.93% 91.69%
59 Fully Combined 0.550 0.385 0.096 450,640 40.57 10,839 439,801 0.79% 92.48%
9 Mostly Separated 0.635 0.205 0.040 422,776 130.88 3,206 419,570 0.74% 93.23%
62 Both 0.487 0.361 0.068 411,080 16.78 23,125 387,955 0.72% 93.95%
23 Mostly Combined 0.454 0.336 0.059 381,840 246.81 1,541 380,299 0.67% 94.62%
47* Both 0.381 0.248 0.025 330,240 3.31 76,642 253,598 0.58% 95.21%
16 Fully Combined 0.370 0.279 0.067 311,320 | 39,234.87 8 311,312 0.55% 95.75%
19 Mostly Separated 0.349 0.163 0.030 252,840 5.06 41,689 211,151 0.45% 96.20%
44 Mostly Separated 0.278 0.203 0.034 251,120 | 18,577.27 14 251,106 0.44% 96.64%
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‘Design Storm | D/I Ratio | Delayed |Direct Inflow| Percent Percen-t
Meter Type 23-Apr | 20-May | 24-May Cumulative
Inflow (gal) (avg) Inflow (gal) (gal) Inflow
Inflow
61 Fully Combined 0.311 0.197 0.000 245,960 2.43 71,807 174,153 0.43% 97.07%
20 Both 0.335 0.156 0.028 242,348 2.26 74,338 168,010 0.43% 97.50%
18 Fully Combined 2N/A 0.203 0.038 229,276 15.76 13,677 215,599 0.40% 97.90%
26 Both 0.256 0.229 0.034 228,416 | 17,097.67 13 228,403 0.40% 98.31%
31 Mostly Combined 0.288 0.161 0.025 220,848 70.05 3,109 217,739 0.39% 98.70%
63 Fully Separated 0.206 0.085 0.031 146,200 9.02 14,590 131,610 0.26% 98.95%
2 Mostly Separated 0.162 0.128 0.040 141,556 4.97 23,699 117,857 0.25% 99.20%
46 Fully Separated 0.122 0.084 0.014 108,360 | 8,161.33 13 108,347 0.19% 99.39%
3 Mostly Separated 0.157 0.014 0.003 88,752 0.63 54,542 34,210 0.16% 99.55%
25 Mostly Separated 0.093 0.086 0.013 84,280 6,225.43 14 84,266 0.15% 99.70%
5 Fully Separated 0.074 0.048 0.006 59,168 | 8,531.60 7 59,161 0.10% 99.80%
24 Fully Separated 0.051 0.066 0.002 54,180 0.72 31,591 22,589 0.10% 99.90%
Fully Separated 0.058 0.013 0.047 38,872 0.43 27,140 11,732 0.07% 99.97%
1 Fully Separated 0.015 0.008 0.004 11,180 8.46 1,182 9,998 0.02% 99.98%
43 Fully Separated 0.009 0.006 0.002 8,600 38.92 215 8,385 0.02% 100.00%
First St 0.096 0.042 0.008 68,800 1.89 23,806 44,994
Burnham Rd 0.454 1.111 0.143 686,280 0.87 366,995 319,285
22 Fully Combined
27 Mostly Separated
29 Mostly Combined
30* Fully Separated
41 Fully Separated
51 Mostly Combined
52 Mostly Combined
53 Both
54 Fully Combined
55 Fully Combined
58 Fully Combined

1Using Assumed Design Storm of 1.72
2N/A = storm was not used for various reasons including but not limited to sensor malfunction during wet weather, sensor location change, etc.
*Combined Meter Area for analysis based on flow relationships (number of users affecting volume differences, negative flows based on close proximity of meters)

Grayed out meters are values not analyzed or are not within the City's jurisdiction (First St, Burnahm Rd)
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Table ES-3: Proposed SSES Implementation Plan

MH Inspections Siphon Flow Smoke Buildin Dye Testin
Meter Area ECERULEE) (EpA) Inspecr:ion (EA) Isolation (LF)  Testing (LF) Inspectionsg(EA) ! (EA) :
2023 0* M38, M51 31,500 220 East Merrimack - - - -
2024 1 M38, M51, M37 24,000 50 - - - - -
2024 1 Interceptor 47,000 150 - - - = =
M6, M39, M22,

2026 2 M37? 36,300 150 - 36,300 23,400 40 20
2027 3 M42, M48, M10* 46,300 280 - 46,300 17,800 220 40
2028 4 M45 20,400 130 Walker 20,400 20,400 300 50
2029 5 M20, M21 51,700 250 Beaver Brook 51,700 - - -
2030 6 M63, M19 34,000 170 Merrimack River 34,000 - - -
2031 7 M1, M3 43,900 250 Warren 43,900 - - -
2032 8 M4, M7, M61 50,100 270 Concord River 50,100 - - -

TOTAL 385,200 1,920 6 282,700 61,600 560 110

*Phase 0 field inspections completed in 2023.
Iinflow investigations only (smoke testing, building inspections, dye testing).

2Fiscal year begins on July 15t and ends on June 30t the following year.
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Table ES-4: Cost Estimate for Proposed SSES Implementation Plan
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Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 Phase 6 Phase 7 Phase 8
Item (2024) (2026) (2027) (2028) (2029) (2030) (2031) (2032)
SSES Meter Area M3|§/'|3|,\251I I\I>I/|262,,|\I<|/I3;397'1 M4|5|’1|g|148' M45 M20, M21 M63, M19 M1, M3 M4, M7, M61
CCTV Inspections $62,000 $200,000 $250,000 $110,000 $280,000 $180,000 $240,000 $270,000
MH Inspections $6,000 $13,000 $23,000 $12,000 $21,000 $15,000 $21,000 $22,000
Interceptor Inspections | $383,000 o) S0 S0 SO SO SO S0
Siphon Inspections SO SO SO $104,000 $41,000 $113,000 $68,000 $41,000
Flow Isolation S0 $17,000 $21,000 $10,000 $23,000 $16,000 $20,000 $22,000
Smoke testing SO $12,000 $9,000 $10,000 SO SO SO SO
Building Inspections SO $14,000 $55,000 $75,000 SO SO S0 SO
Dye Testing SO $6,000 $11,000 $14,000 SO SO SO SO
Engineering | $150,000 $100,000 $150,000 $100,000 $150,000 $100,000 $150,000 $150,000
Subtotal | $601,000 $362,000 $519,000 435,000 $515,000 $424,000 $499,000 $505,000
Contingency 10% 561,000 537,000 552,000 544,000 552,000 543,000 550,000 551,000
Escalation 4% SO 533,000 S$72,000 582,000 $123,000 5$124,000 S$174,000 $205,000
TOTAL | $662,000 $432,000 $643,000 $561,000 $690,000 $591,000 $723,000 $761,000
LInflow investigations only (smoke testing, building inspections, dye testing).
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Priority

Phase 1 (M38, M51, M37)
SSES ($662,000)
Interceptor Inspections
Phase 2 (M6, M39, M22, M37%)
SSES ($432,000)
Phase 3 (M42, M48, M10")
SSES (5643,000)
Phase 4 (M45)
SSES ($561,000)
Siphon Clean/Inspect
Phase 5 (M20, M21)
SSES ($690,000)
Siphon Clean/Inspect
Phase 6 (M63, M19)
SSES ($591,000)
Siphon Clean/Inspect
Phase 7 (M1, M3)
SSES ($723,000)
Siphon Clean/Inspect
Phase 8 (M4, M7, M61)
SSES ($761,000)
Siphon Clean/Inspect
Ongoing I/I Reduction Efforts
Design

Construction (S2M per year) 2

FY24

FY25 FY26 FY27 FY28 FY29 FY30

FY31

FY32

FY33 FY34

Ql Q2 Q3 Q4

Q1 Q2 Q3 Q4|Q1 Q2 Q3 Q4|Q1 G2 Q3 Q4|Q1 Q2 Q3 Q4|Q1 Q2 Q3 Q4|Q1 Q2 Q3 Q4

Ql Q2 Q3 Q4

Ql Q2 3 Q4

Ql Q2 Q3 Q4|Q1 Q2 Q3 Q4

Figure ES-2: Infiltration/Inflow Implementation Schedule

Fiscal years begin July 1t and end June 30 the following year.

Priority meter areas included in SSES Phases 2 through 8 to be re-evaluated with results of Spring 2024 metering, SSO risk analysis, and results of interceptor inspections.

LInflow investigations only (smoke testing, building inspections, dye testing).

2Includes post-construction flow monitoring.
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2 INTRODUCTION

The City of Lowell (City) is implementing an ongoing Infiltration/Inflow (I/1) Identification

and Removal Program compliant with Massachusetts Department of Environmental Protection
(MassDEP’s) regulations at 314 CMR 12.04(2). As the Lowell Regional Wastewater Utility (Utility) holds a
National Pollution Discharge Elimination System (NPDES) permit enforced by the United States
Environmental Protection Agency (USEPA) and MassDEP, the City is required to identify sources of I/l in

their system.

Infiltration is water other than sanitary flow that enters a sewer system (including sewer service
connections and foundation drains) from the ground through means which include, but are not limited
to, defective pipes, pipe joints, connections, or manholes. Infiltration is influenced by groundwater
levels and is expected to fluctuate, with typically larger volumes anticipated in the spring. Inflow is
water other than sanitary flow that enters a sewer system (including sewer service connections) from
sources which include, but are not limited to, sump pumps, roof leaders, cellar/foundation drains,
surface/yard drains, drains from springs and swampy areas, manhole covers, catch basins, cross
connections between storm sewers and sanitary sewers, or other drainage. Inflow differs from
infiltration in that it is a result of direct connections of extraneous flow sources into the collection

system and is largely the results of wet weather influence on the sewer system.

In April 2014, MassDEP implemented regulations requiring all sewer authorities to develop and
implement an ongoing program to control extraneous flow entering sewer systems. 314 CMR 12.04(2)
requires phased I/ evaluations of sewer systems consistent with MassDEP’s Guidelines for Performing
Infiltration/Inflow Analyses and Sanitary Sewer Evaluation Surveys, May 2017. In December 2022,
Kleinfelder developed the City’s Infiltration and Inflow (I/1) Abatement Plan summarizing the City’s I/l
efforts to date. Kleinfelder performed a review of the Utility’s available data, past reports, and existing
conditions to develop a comprehensive approach and schedule to identify and investigate locations of

excessive I/l within the collection system.

Through comprehensive review, the Utility experiences significant I/l in several areas and the I/l
Abatement Plan included the following recommendations:
1. Conduct a City-wide flow metering program and summarize findings and recommendations in

an I/ Analysis Report in accordance with MassDEP Guidelines.
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2. Conduct closed-circuit television (CCTV) and manhole inspections during high groundwater
periods in subareas 7, 9, 19, 20 (as defined in the City’s 1990 Phase 1 Infiltration/Inflow Study).
Includes approximately 60,100 feet (5% of system) of sewer inspections and 330 manhole
inspections (5% of system).

CCTV inspections of River-front interceptors (up to 10,000 feet) and siphon (up to 1 location).

4. Repair of Kearney Square sewer.

Following the recommendations of the I/I Abatement Plan, the Utility conducted a City-wide Flow
Metering Program in Spring 2023 consisting of sixty-three (63) flow meters, one hundred and ten (110)

groundwater gauges, and three (3) rain gauges.

In 2023 USEPA and MassDEP, along with the U.S. Department of Justice and the Commonwealth of
Massachusetts Department of Justice finalized a Consent Decree with the City. The 2023 Consent Decree

will be submitted to Federal Court for approval in 2024.
Based on the 2023 Draft Consent Decree, under Section VI. Remedial Measures, Paragraph 18:

The City shall develop and implement an ongoing program to identify and remove
infiltration and inflow from the sewer system in accordance with 314 C.M.R. §12.04(2) and shall
provide annual flow information for those communities serviced by the Lowell Regional

Wastewater Utility (“LRWU”). To meet this requirement, the City shall:

b. By January 31, 2024, submit to MassDEP for review and approval an I/| Analysis Report.
The I/ Analysis Report shall be consistent with the provisions of 314 C.M.R. § 12.04(2)
and, as referenced therein, the MassDEP’s 2017 Guidelines for Performing
Infiltration/Inflow Analyses and Sewer System Evaluation Surveys, and shall include a
detailed assessment of flow data gathered from the 2023 sewer metering program. The
I/ Analysis Report shall also include an implementation schedule, based on assessment
of the flow data, for proceeding with sewer system evaluation surveys, and actions to

address sources of Infiltration and Inflow.

This I/l Analysis Report provides a summary of the 2023 flow metering program, identifies prioritized
areas of the wastewater collection system with excessive /1, and provides a schedule and estimated

costs for subsequent phases of Sewer System Evaluation Surveys (SSES) as required by the 2023 Draft
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Consent Decree. These recommendations serve as a road map for Utility to implement an ongoing plan

to execute I/l investigations and reduction efforts.

2.1 SEWER COLLECTION AND CONVEYANCE SYSTEM

The Utility’s sewer system is 226 miles of sewer pipe comprised of portions of combined (approximately
52%) and separated (approximately 48%) sewers by linear foot dating back to the 1830s and largely
developed from 1870s to the 1970s. The pipes range from 8-inch to 120-inch in diameter,

with the majority of 36-inch in size or smaller. The sewer system is predominantly Vitrified Clay (VC),
Concrete, Brick, and Asbestos Cement (AC) with the remaining materials including Cast Iron (Cl), Ductile
Iron (DI), and Polyvinyl Chloride (PVC). The system also includes six siphons (double or triple barrel), 5
miles of force main, 14 pump stations, 9 diversion structures, 1 siphon station, 5 intermunicipal meter
stations, 1 flow control station, 3 permanent rain gauges (located at Duck Island Wastewater Treatment
Facility, Warren CSO Station, Rivers Edge Pump Station) and the Duck Island Wastewater Treatment
Facility (Duck Island). There are 6 six metering stations bordering the City that are not owned or
operation by the Utility. The Utility collects and treats flows from Chelmsford, Dracut, Tewksbury, and
Tyngsborough (Member Communities) under an established Inter-Municipal Agreement (IMA). Figure 1

illustrates the Utility’s sewer system.
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2.2 MEMBER COMMUNITIES

The Member Communities respective I/l statuses have been summarized in the aforementioned
Infiltration and Inflow Abatement Plan and yearly flow data information is detailed in the Utility’s annual
report. Refer to Table 1 and Figure 2 to review their sewer system characteristics and configurations.
Note that in Figure 2 Tyngsborough did not provide their sewer system geodatabase as their direct

contribution to Lowell is one small catchment and the majority of their flow discharges to Dracut.

Table 1: Member Community Sewer System Characteristics

Member Community Miles Material Age
Chelmsford 167 PVC, DI 40 years old or newer
Dracut 125 PVC, DI, RC, AC 50 years old or newer
Tewksbury 158 PVC, RC 40 years old or newer
Tyngsborough 22 AC, DI 50 years old or newer

In April 2023, Kleinfelder developed the “Flow Data Reporting Memo” which summarized Member
Community sewer system characteristics based on the available flow data provided by the Member
Communities for the 2022 calendar year. Chelmsford, Dracut, and Tewksbury were found to contribute
average daily flows of 2.38 MGD, 2.37 MGD, and 1.95 MGD, respectively. A small tributary area of

Tyngsborough contributed 0.02 MGD to their direct connection to Lowell along Pawtucket Boulevard.

Of the 6.7 MGD average daily flows conveyed to Duck Island from the Member Communities, at least 2.5
MGD are estimated to be I/l contributions from Dracut and Tewksbury. Chelmsford and Tyngsborough

provided flows as semi-weekly totals, and therefore I/l contributions could not be determined.
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2.3 PAST STUDIES

Kleinfelder reviewed various past reports and available data provided by the Utility to better understand
the history of sewer system evaluations and investigations under previous sewer system studies, and
the sewer system improvements completed with I/l reduction benefits. A review of the following

reports was performed:

Phase 1 I/I Report (CDM Smith, 1990),

2004 Warren Street CSO Separation PDR,

CSO Phase 2 Long Term Control Plan (LTCP) (CDM Smith, 2014),

I/l Control Plans, Capacity, Management, Operation, and Maintenance (CMOM)

e

Reports, and NPDES Reports, and

5. Conductance Surveys.

2.3.1 1990 Phase 1 I/I Report

The 1990 Phase 1 I/l program included a comprehensive City-wide flow metering program, dividing the
City into 48 sewer catchments to identify those areas with excessive amounts of I/I. Sewer catchments
ranged in size from 4,560 feet to 44,740 feet of sewer pipe. The 1990 Phase 1 I/1 Report followed the
1989 Sanitary Sewer Evaluation Survey (SSES) guidelines where MassDEP classifies “high” infiltration
rates as equal to, or higher than, 5,000 gallons per day per inch-diameter-mile (gpd/idm). Thirty out of
the 48-meter areas were identified as high-infiltration contributors and recommended for further
investigations including flow isolation, closed-circuit television (CCTV) inspections, and manhole

inspections.

2.3.2 2004 Warren Street CSO Separation PDR

The 2004 Warren Street CSO Separation PDR focused on the Warren Street CSO area and identified 11
out of 12 metered areas as high infiltration contributors (greater than 5,000 gpd/idm). This PDR included
the design of 12 key sewer separation projects to reduce CSO volumes and sewer surcharging and to
mitigate I/l contributions including: Industrial-Wellman, Weed Street, Plain Street, Bolt Street, Newhall
Street South, Lincoln Street West, Middlesex Street East, Crosby Avenue, Newhall Street North, Sanders

Avenue, Gorham Street South, and Boston Road.
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2.3.3 2014 CSO Long-Term Control Plan (LTCP)

The 2014 CSO LTCP summarized six (6) completed sewer separation projects in the Warren CSO area
totaling approximately 950 acres, over 46,000 feet of new/rehabilitated sewer, and approximately
81,000 feet of new storm drain. Through these sewer separation efforts, the LRWWU carried out an
aggressive sump pump identification and removal program, disconnecting approximately 331 sump

pumps to further reduce inflow into the sanitary sewer system.

In addition to these projects in the Warren CSO area, the Utility completed the University Crossing

Sewer Separation Project in the Tilden CSO Area.

2.3.4 1/l Control Plans, CMOM Reports, and NPDES Reports

Kleinfelder reviewed LRWWU'’s available I/l Control Plans, CMOM Reports, and NPDES Reports to better
understand the LRWWU'’s operation and maintenance activities, reported sanitary sewer overflows
(5S0s), and additional system investigations efforts. In addition to the sewer separation work noted in
Section 2.3.3, the Utility has completed CCTV inspections, manhole inspections, lining projects, and sewer
repairs and replacements in recent years. The LRWWU purchased a CCTV truck in 2012 with an equipment
upgrade in 2022 allowing for sewer pipeline inspections to be conducted in-house. The LRWWU, and its
subcontractors, has inspected roughly 49% of their pipelines from 2007 through 2022. Lowell
rehabilitated approximately 46,000 feet of sewer pipe with Cured-in-Place Pipe (CIPP) lining and installed

53,300 feet of new sewer pipe since 2000.

2.3.5 Conductance Surveys

In an effort to identify potential inflow sources, the City performs conductance surveys through a field
program. Conductance is a measure of electrical conductivity (or dissolved ions) in water. Typically,
sewage has a high specific conductivity in the range of 1,000 micro-Siemens per centimeter (uS/cm).
Sections of the collection system with high I/ tend to dilute the sewage and lower the conductance,
offering a low-effort screening tool to identify areas of the system in need of further inspection and
repair. Figure 3 illustrates the results of the conductance surveys performed from 2021 to 2023. Areas
identified as high priority yielded the lowest conductivity values, suggesting a significant source of 1/I

contributing to the wastewater flow and are flagged for further investigation.
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3 FLOW MONITORING PROGRAM

In March 2023, Kleinfelder subcontracted with ADS Environmental Services (ADS) to conduct a City-wide
flow monitoring program through temporary wastewater flow metering, groundwater depth

monitoring, and precipitation monitoring to quantify the magnitude to of I/l entering the sewer system.

3.1 FLOW METERING PROGRAM

ADS installed sixty-three (63) temporary gravity sewer flow meters for a period of ten (10) weeks from
March 24, 2023 to June 2, 2023. As recommended in MassDEP’s Guidelines, the metering period was
conducted in the spring to coincide with anticipated high groundwater. ADS utilized continuous
monitoring with ADS model Triton+ flow meters, which include both velocity and depth sensors to
record data every five minutes. The 63 sewer-meter areas were designed to capture the majority of the
City’s sewer flows and to target no more than 20,000 linear feet of sanitary sewer in each area.
Consideration was given to hydraulically favorable locations from the City’s prior metering programs.
Key locations were identified for meters in collaboration with the City’s ongoing CSO planning efforts to
support sewer system model calibration. Table 2 summarizes the meter installation locations and total
sewer length in each meter area. Meter installation reports are included in Appendix D. The locations of
the flow meters are indicated in Figure 4 with stars and their respective relationships are depicted in the
schematic displayed in Figure 5. Meter Area 63 (Tanner Street) exhibited explosive levels of gas during
meter installations and is recommend for further investigation to assess pipe condition given the

potential impacts of high gas levels on the structural integrity of the concrete portions of pipe.

Upon review of the final metering data for all sites, Kleinfelder excluded data from eleven (11) meter
areas from the I/ analysis due to poor quality of data and flow balancing issues between sites. These
meters, which accounted for 17% of the total system metered, were located upstream of the Utility’s
Barasford and Warren CSO Stations and are noted in gray in Figure 5. Ten of these meter areas will be
re-metered by ADS in Spring 2024 to determine infiltration and inflow volumes. The remaining meter
area (22) is small in size and inspections of the area sewers will be included within the future field
investigation program to identify sources of I/I. Figure 5 depicts the fifty-two meters (52) analyzed for I/I

contributions through the City-wide flow monitoring program.
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Table 2: Meter Locations

LF (Lowell . ADS Measured Sensor
) Location ) ) )

o. Pipe Only) Pipe Size (IN.) Location
1 SMH-006372 20,625 Clyde St and Pawtucket Blvd 18 DS
2 SMH-006907 22,790 821 Varnum Ave 14 DS
3 SMH-006982 23,234 Varnum Ave and Laurie Ln 15 DS
4 SMH-000435 21,863 360 Varnum Ave (Varnum Ave & Delaware Ave) 17.5 DS
5 SMH-000432 13,693 391 Varnum Ave 17.5 DS
6 SMH-000559 24,370 15 Woodward Ave 50x34.5 DS
7 SMH-000799 17,076  |Mt Grove St and 4™ Ave 48 DS
8 SMH-007882 24,940 Off of VFW Highway 84 DS
9 SMH-004482 20,943 Riverside St and Sparks St 49.5x45.75 DS
10 STA-000025 17,707 911 Martin St 96 us
11 SMH-002522 17,039 Merrimack Walking Path 95.5x96 DS
12 SMH-008640 21,915 427 Lakeview Ave 55x47 DS
13 SMH-003089 24,138 Barker Ave and Sutherland St 48 DS
14 SMH-002536 13,905 54 West St 60 DS
15 SMH-002494 11,190 Coburn St and Lakeview Ave 41x27.5 DS
16 SMH-007791 8,915 Bridge St and W 5t st 32.5x29.25 us
17 SMH-005078 27,180 Merrimack Walking Path (near 333 First St Blvd) 95.75x96.25 DS
18 SMH-007913 12,216 Duck Island 18 us
19 SMH-001593 20,372 115 Hadley St 18 DS
20 SMH-000229 26,326 915 Pawtucket St 47.5 DS
21 SMH-007874 25,373 Varnum Ave Southwest of Mammoth Rd 36 us
22% SMH-002436 1,757 Williams St 30x21 DS
23 SMH-000998 16,116 34-24 Foster St 18 DS
24 SMH-007328 21,933 W Albert St and Baltimore Ave 9.1 us
25 SMH-001766 20,172 Chelmsford St and Jenness St 36 DS
26 SMH-001769 20,550 Chelmsford St and Maitland St 36 us
27* SMH-001714 24,076 480 Chelmsford St 56x52 DS
28 SMH-004651 25,490 144 Shaw St 51.5x36.8 DS
29* SMH-001720 22,654 38 Nottingham St 50x49 DS
30* SMH-002212 11,159 Lowell Connector (near Leverett St) 72x73 DS
31 SMH-004763 17,549 Branch St and Queen St 34x24.25 DS
32 SMH-007465 18,028 101 Pevey St 42.5x28.5 DS
33 SMH-003554 19,708 355 Jackson St 48 DS
34 SMH-002346 11,989 116 Suffolk St 40x30.5 DS
35 SMH-002371 23,003 432 Suffolk St 52x37.5 usS
36 SMH-003850 21,532 Cabot St (grass near turf fields) 40.5 DS
37 SMH-002480 23,360 1 River Pl Building C 36 usS
38 SMH-004149 22,148 50 Stackpole St 96 us
39 SMH-002442 10,163 34 Hurd St 54x37 DS
40 SMH-004178 14,472 219 Church St 54.6x36.6 us
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LF (Lowell . ADS Measured Sensor
) Location " :
Pipe Only) Pipe Size (IN.) Location
41* SMH-002839 16,986 549 Lawrence St 86 DS
42 SMH-007216 20,148 Olive St 92 DS
43 SMH-002906 20,902 76 Maple St 47.6x34 DS
44 SMH-002884 18,806 Gorham St and Olive St 55x46.5 us
45 SMH-002868 20,367 978 Gorham St 74x50 us
46 SMH-005717 17,165 Woburn St and Carmine St 12 DS
47 SMH-005252 25,320 Lawrence St 36 DS
48 SMH-004183 26,090 174 Warren Ct 84 DS
49 SMH-004159 9,632 132 Warren St 90 DS
50 SMH-006378 20,654 68 Rogers St 46 usS
51* SMH-005081 24,514 Stackpole St at Corrigan Ave 120 UsS
52* SMH-006051 24,794 651 Rogers St 30.75 DS
53* SMH-004936 24,932 306 Douglas Rd 48 DS
54* SMH-005456 22,349 Andover St and Guild St 48x49 DS
55* SMH-007049 21,531 20 Barasford Ave 60 DS
56 SMH-006171 18,203 188 River Rd 36 us
57 SMH-006667 13,685 230 Burnham Rd 30 DS
58* SMH-007928 8,041 678 E Merrimack St 82 DS
59 SMH-003141 9,507 85 Hildreth St 38x26 DS
60 SMH-007770 754 George Ave 24 DS
61 SMH-006585 11,084 38 Myrtle St 37.5x25.25 DS
62 SMH-000222 4,594 Middlesex St and Baldwin St 48 DS
63 SMH-002193 13,605 Tanner St and Canada St 41x28.5 us

*Meter Area excluded from I/l analysis
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3.2 GROUNDWATER MONITORING

As part of this flow monitoring program, ADS installed a total of one hundred and ten (110) groundwater
gauges. Of which, sixty-one (61) automatic groundwater monitoring devices and forty-nine (49) manual
groundwater monitoring devices (piezometers) were installed inside sewer manholes. This yielded
approximately two (2) groundwater gauges per meter area, with the exception for locations in close
proximity, eliminating the need for multiple groundwater gauges. Although this minor reduction in
ground water gauges is a deviation from the guidelines, the Utility did not need the redundancy given
the large groundwater gauge program which accurately would capture trends in each meter area as
intended. The automatic gauge shared a manhole with the temporary flow meter, while the manual
gauge was chosen for its proximity to surface water and ability to capture areas with measurable
groundwater, considering the area’s topography. The automatic gauges used were CS-4 flow sensors
with pressure turned to measure the groundwater and are connected to the Triton+ flow meters. In
general, groundwater gauges were installed twelve to fifteen inches above the manhole shelf.
Inspection and maintenance occurred as needed when crews would perform site visits to corresponding

flow meters or otherwise directed by ADS’s data analyst.

Figure 6 depicts some of the groundwater gauges with the highest average groundwater depths,
measured in inches above the gauge install location, that also display peak responses to the wettest
portion of the program or remain consistently at a high level throughout the duration of the program. A
summary of average depths for all groundwater gauges is included in Appendix A. Figure 7 includes the
automatic groundwater gauge locations and displays the average value throughout the metering period
associated with its meter area to show relative saturation. These groundwater gauge readings confirm
the metering program was conducted during a high groundwater period which, in turn, accurately
represents infiltration results from the analysis. This also validates the higher groundwater portions of
the City are near waterbodies and validates inspection of pipe adjacent waterbodies or cross-country
easement pipe as part of future inspections. During the metering period, the highest groundwater was
observed from April 23, 2023 to May 10, 2023. Figure 8 shows the United States Geological Survey’s
(USGS) “Merrimack River B: Concord River at Lowell, MA —01100000” river gauge levels from
September 2021 to December 2023, with some of the highest river levels recorded in a similar period of
late April/early May 2023. Historically higher levels of the Merrimack River have corresponded to higher
treatment flows recorded at Duck Island. Figure 8 also includes the comparison of Merrimack River

levels with Duck Island effluent flow and illustrates the trends in WWTF flows with river levels.
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Ground Water Gauges: High Avg Height Locations
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Figure 6: Highest Average Groundwater Gauge Readings (inches above gauge location)
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USGS Merrimack River Level vs. DIWWTF
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Figure 8: USGS Merrimack River Levels vs. DIWWTF Trends
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3.3 RAINFALL MONITORING

The flow meter program included the installation of three (3) rain gauges evenly distributed throughout
the City. The MassDEP Guidelines call for a minimum of 2 rain gauges within the study area as well as
preferably one gauge located every 3 to 4 square miles. The City consists of 14.5 square miles and the
flow monitoring program was designed to utilize 3 temporary rain gauges and the City’s Duck Island
permanent rain gauge. The gauges were installed on March 29, 2023, at the Warren Diversion Structure,
Walker Diversion Structure, and River’s Edge Pump Station, shown in Figure 4 in Section 3.1. The gauges
were Rain Alert Il with TB-6 tipping bucket and were placed on flat surfaces clear of encroaching trees
or building structures. Precipitation readings were recorded in 5-minute intervals. The Utility’s rain
gauge at Duck Island had minor maintenance issues during a portion of the metering period and
therefore was not used for the analysis due to loss of data. Since then, the gauge has had maintenance
performed to restore its typical functionality. Precipitation is recorded to illustrate the impact of rainfall
on groundwater levels and to determine inflow rates during different storm events for conversion to
designated standard design storms. Figure 9 presents the cumulative precipitation recorded during the
flow metering period for all three (3) rain gauges. During this time, frequent short duration storms were
recorded digitally in 5-minute intervals and monitored weekly. Three (3) rain events that exceeded one
inch of precipitation were identified during the monitoring period. Of the three storm events that
exceeded one inch of precipitation, April 23 and May 20" were selected for inflow analysis. The
remaining storm selected is the May 24" storm event. Dry weather and wet weather distinctions from

the average of all three rain gauges are displayed in Table 3.

Rain Gauge Precipitation (Inches)
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Figure 9: Rain Gauge Precipitation

Project #20220166.003A Page 38 of 65 January 2024

© 2024 Kleinfelder www.kleinfelder.com




N

Project #20220166.003A
© 2024 Kleinfelder

Page 39 of 65

KLEINFELDER
\—/ g/ Pl g/
Table 3: Dry and Wet Weather Periods
Average Peak
No. Duration Rain Event Intensity [ Intensity [Sum (in)
(in/hr) (in/hr)

~2.8days |3/30@ 10:30-3/31 @ 17:00 DRY

1 32hr 3/31 @ 18:00-4/01 @ 21:00 0.02 013 0.69
~21days |4/0 @ 22:00 - 4/04 @ 04:00 DRY

2 3hr 4/04 @ 05:00 - 4/04 @ 07:00 0.01 0.02 0.04
~128days |4/04 @ 08:00 - 4/17 @ 02:00 DRY

3 18 hr 4/17 @ 03:00 - 4/17 @ 20:00 0.01 0.06 013
~51days |4/17 @ 21:00 - 4/22 @ 23:00 DRY

4 24 hr 4/23 @ 00:00 - 4/23 @ 23:00 0.08 0.32 198
~1.8days |4/24 @ 00:00 - 4/25 @ 17:00 DRY

5 3hr 4/25 @ 18:00 - 4/25 @ 20:00 0.02 0.05 0.06
~39days |4/25@ 21:00-4/29 @ 17:00 DRY

6 34 hr (14 days)[4/29 @ 18:00 - 5/01 @ 03:00 0.06 0.27 211
~1.1days |5/01 @ 04:00 - 5/02 @ 06:00 DRY

7 12 hr 5/02 @ 07:00 - 5/02 @ 18:00 0.04 0.26 047
~09days |5/02@ 19:00 - 5/03 @ 16:00 DRY

8 44 hr (1.8 days)|5/03 @ 17:00 - 5/05 @ 09:00 0.00 0.03 0.06
~150days |5/05@ 10:00-5/20 @ 11:00 DRY

9 17 hr 5/20 @ 12:00 - 5/21 @ 04:00 0.09 0.37 150
~35days |5/21 @ 05:00 - 5/24 @ 16:00 DRY

10 3hr 5/24 @ 17:00 - 5/24 @ 19:00 0.10 0.20 0.30
~88days |5/24 @ 20:00-6/02 @ 15:00 DRY

11 7hr 6/02 @ 16:00 - 6/02 @ 22:00 0.07 050 050
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4  INFILTRATION AND INFLOW ANALYSIS

This section details Kleinfelder’s analysis completed to estimate I/l within the wastewater collection

system, conducted in accordance with MassDEP’s Guidelines.

4.1 INFILTRATION ANALYSIS

Infiltration is extraneous water that enters the sanitary or combined sewer system from leaks in the
system due to defective pipes, pipe joints, broken service connections, or manholes. Groundwater
infiltration occurs where components of the sewer system lie at or beneath the groundwater table
elevation. Infiltration typically appears as a nearly constant source of flow in the collection system that
fluctuates slowly to mirror the natural levels of the groundwater. Larger volumes of infiltration are
anticipated in the spring when groundwater levels are high and smaller volumes are anticipated during
the summer when groundwater levels are low. Rainfall-Induced Infiltration (RIl) is a short-term increase
in infiltration which is the direct result of storm events and enters the collection system through the
same infrastructure defects as groundwater infiltration. Since RIl occurs with storm events, it is difficult

to differentiate this type of infiltration from inflow and is categorized as a portion of delayed inflow.

4.1.1 Infiltration and Sanitary Flow

Developing a synthetic diurnal curve (noted “avg dry weather flow” in Figure 10) representative of
typical dry weather conditions is the first step in determining the infiltration rates for each metered
area. For the synthetic diurnal curve to be most representative of a typical dry weather day, without
significant influence from rain events or Rll, Kleinfelder identified a three-day period of dry weather that
had 7 antecedent dry weather. The dry weather period primarily utilized for this analysis was April 10,
2023 through April 12, 2023. In instances where the dry weather synthetic day misrepresented the
overall sanitary baseflow relative to the metering period or there was poor quality data, a dry weather
period of May 10, 2023, through May 12, 2023 was utilized as noted in Table 4. Infiltration rates were
then estimated from overnight low flow data during each metered area of these dry-weather days
during the hours of 01:00 to 02:00 multiplied by an infiltration factor that is determined based on
zoning. Infiltration factors were assigned as 70% for industrial zones, 80% for commercial zones, and
90% for residential zones, calculating a range in reduction of infiltration from 30% to 10% respectively to

account for minimum nighttime sanitary flow.
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institutional, and industrial sewage, and specifically excludes infiltration and inflow. For each metered

area, nighttime minimum flows were analyzed to determine the infiltration rate as described above.

Sanitary flow is estimated by subtracting the base infiltration rate from metered wastewater flow during

dry weather. Figure 10 illustrates the diurnal sanitary flow curve and the baseflow attributed to
infiltration, during dry weather conditions, taken from Meter 1. The corresponding dry weather

hydrograph for each metered area is included in Appendix B.

Sample Dry Weather Hydrograph
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Figure 10: Sample Dry Weather Hydrograph
4.1.2 Infiltration Rates

The relative quantity of sewer pipeline within each metered area is an important consideration when

comparing infiltration rates between metered areas. To make this comparison, infiltration rates

are

normalized by dividing the infiltration flow rate (gallons per day, gpd) by the number of “inch-diameter

per mile” (idm) of sewer pipe quantity. To calculate idm for each meter area, a detailed inventory of the

pipe sizes and pipe lengths for each subarea was tabulated.
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An infiltration rate of 4,000 gpd/idm is the threshold, defined by MassDEP, for which further field
investigations such as manhole inspections, flow isolation, and CCTV should be prioritized to identify
infiltration sources. Per Table 4 and Figure 11, twenty-four (24) of 52 metered areas analyzed exceeded
the 4,000 gpd/idm threshold and require further investigation to identify infiltration sources per the
MassDEP designation.

Note that Meter 42 likely displays a somewhat artificially higher infiltration than what is experienced.
This is due to poor upstream data from Meter 41, however when analyzed including Meter 41 it likely
underrepresents the infiltration rate given the additional pipe footage from Chelmsford’s Katrina Pump
Station. Meter 42 will be revisited upon further re-metering of meter area 41 in Spring 2024.
Additionally, for Meter 13 where the Humphrey’s and Billing’s Brook contribute, the flow meter data
(from LRWWU’s Hach Meter Website) of the brook at Humphrey Street observed flows of 0.8 MGD
during the dry weather period analyzed. This contribution would reduce the calculated infiltration rate if
accounted for and likely remove Meter 13 from the above 4,000 gpd/idm threshold. Similarly, Meter 60
receives flow from the Hovey Field wetlands. I/l contributions in meter areas 13 and 60 will be

addressed via the Utility’s Centralville Sewer Separation Project.

Due to flow balance issues, three (3) meter areas were analyzed compositely and require the inclusion
of immediate upstream tributary meter areas due to their interrelationships of flows. As noted in
Section 3.1, eleven (11) meter areas were not included in the I/ analysis due to poor quality of data and

are shaded in gray in Table 4 and Figure 11.
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Table 4: Estimated Infiltration Rates
) Estimate Estimate Infiltration )

Meter Type Pipe Length (LF) | IDM Infiltration (gpm) Rate (gpd/IDM) Rain Gauge DW Day Used
60 Mostly Combined 754 | 3.43 56 23,444 Warren 4/10 to 4/12
17* Mostly Combined 111,229 | 483.58 4,871 14,504 Warren 4/10 to 4/12

6 Mostly Combined 24,370 | 65.87 603 13,192 Walker 4/10to 4/12
42 Mostly Combined 20,148 | 98.26 876 12,832 Warren 4/10to 4/12 + 5/10to 5/12
20 Both 26,326 | 70.77 518 10,539 Walker 4/11 to 4/13
35 Mostly Combined 23,003 | 68.64 366 7,678 Warren 4/10 to 4/12
63 Fully Separated 53,607 | 100.76 518 7,405 Warren 4/10 to 4/12
61 Fully Combined 11,084 | 23.73 116 7,052 Warren 4/10 to 4/12
13 Fully Combined 28,672 | 84.73 411 6,986 Warren 4/10 to 4/12

Fully Separated 20,625 | 44.88 217 6,970 Walker 4/10 to 4/12
Mostly Separated 23,234 | 38.15 176 6,662 Walker 4/10to 4/12
438 Mostly Combined 26,090 | 119.99 552 6,631 Warren 4/10 to 4/12
15 Fully Combined 11,190 | 28.37 128 6,520 Warren 4/10 to 4/12
39 Mostly Combined 10,163 | 37.80 163 6,223 Warren 5/10to 5/12
21* Both 67,815 | 201.95 858 6,116 Walker 4/11to 4/13

4 Fully Separated 21,863 | 47.22 195 5,944 Walker 4/10 to 4/12
19 Mostly Separated 34,194 | 60.29 220 5,251 Walker 4/10 to 4/12
56 Mostly Combined 18,203 | 39.76 135 4,899 Warren 4/10to 4/12
36 Fully Combined 21,532 | 65.29 219 4,821 Warren 4/10 to 4/12
46 Fully Separated 17,165 | 31.12 104 4,793 River's Edge 4/10 to 4/12

7 Mostly Combined 17,076 | 49.26 151 4,424 Walker 4/10 to 4/12
14 Fully Combined 13,905 | 55.35 167 4,352 Warren 4/10to 4/12
37 Both 23,360 | 100.40 297 4,259 Warren 5/10to 5/12
28 Both 25,490 | 71.42 202 4,071 Walker 4/10to 4/12
59 Fully Combined 9,507 | 24.58 60 3,514 Warren 4/10 to 4/12
23 Mostly Combined 16,116 | 36.51 86 3,378 Walker 4/10 to 4/12
45 Both 20,367 | 76.23 177 3,338 Warren 4/10to 4/12
24 Fully Separated 21,933 | 36.02 83 3,321 Walker 4/10 to 4/12
a4 Mostly Separated 18,806 | 51.04 113 3,190 River's Edge 5/10to 5/12
12 Fully Combined 21,915 | 63.08 135 3,093 Warren 4/10 to 4/12
18 Fully Combined 12,216 | 29.51 63 3,088 Warren 5/10to 5/12

9 Mostly Separated 20,943 | 49.47 102 2,967 Walker 5/10to 5/12

8 Mostly Combined 24,940 | 93.45 186 2,865 Walker 4/10 to 4/12
50 Mostly Combined 20,654 | 54.95 107 2,811 Warren 4/10 to 4/12
11 Mostly Combined 17,039 | 90.13 144 2,306 Warren 4/10 to 4/12
57 Fully Combined 13,685 | 34.30 49 2,061 Warren 4/10 to 4/12
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. Estimate Estimate Infiltration .
Meter Type Pipe Length (LF) IDM . ) Rain Gauge DW Day Used
Infiltration (gpm) Rate (gpd/IDM)
32 Mostly Combined 18,028 | 59.86 80 1,922 Walker 5/10to 5/12
34 Fully Combined 11,989 | 39.97 51 1,841 Warren 4/10to 4/12
25 Mostly Separated 20,172 | 47.37 54 1,648 Warren 4/13 14:00 to 4/15 13:55
43 Fully Separated 20,902 | 57.04 62 1,571 River's Edge 5/10to 5/12
47* Both 42,485 | 87.91 88 1,434 River's Edge 4/10to 4/12
2 Mostly Separated 22,790 | 38.93 38 1,412 Walker 5/10to 5/12
First St - 111,107 | 208.87 169 1,165 Warren 4/14 to 4/16
40 Mostly Combined 14,472 | 51.48 41 1,147 Warren 4/10to 4/12
33 Mostly Combined 19,708 | 63.38 47 1,077 Warren 4/10to 4/12
5 Fully Separated 13,693 | 26.80 20 1,059 Walker 4/10to 4/12
16 Fully Combined 8,915 | 22.02 16 1,039 Warren 4/10to 4/12
Burnham Rd - 824,213 (1600.01 796 716 Warren 4/10to 4/12
38 Mostly Combined 22,148 | 87.67 41 672 Warren 4/10to 4/12
26 Both 20,550 [ 52.60 22 594 Warren 4/13 14:00 to 4/15 13:55
49 Mostly Combined 9,632 | 35.02 10 411 Warren 5/10to 5/12
31 Mostly Combined 17,549 | 49.22 10 302 Walker 4/10to 4/12
10 Fully Separated 17,707 | 92.73 13 207 Walker 4/10to 4/12
62 Both 240,601 | 411.05 20 70 Walker 4/10to 4/12
52 Mostly Combined 24,794 | 51.33 River's Edge
55 Fully Combined 21,531 | 62.71 Warren
30* Both 57,888 | 183.43 Warren/Walker
27 Mostly Separated 24,076 | 64.53 Warren
54 Fully Combined 22,349 | 69.59 Warren
53 Both 24,932 | 68.04 Warren
41 Fully Separated 643,810 |1101.29 Warren
51 Mostly Combined 24,514 | 138.59 Warren
22 Fully Combined 1,757 | 5.51 Warren
29 Mostly Combined 22,654 | 69.86 Walker
58 Fully Combined 8,041 | 22.64 Warren

*Combined Meter Area for analysis based on flow relationships (number of users affecting volume differences, negative flows based on close proximity of meters)

Greyed values were not analyzed
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4.2 INFLOW ANALYSIS

Inflow is an element of wastewater flow largely influenced by precipitation. Inflow stems from sources
such as sump pumps, roof leaders, foundation and surface drains, and direct connection from catch
basins as well as cross connections with the storm-sewer system. Inflow is the area between the storm
event hydrograph and the synthetic dry weather diurnal curve. Since inflow is derived from storm
events, it is not present during prolonged dry weather. Inflow is characterized by two different
components, direct and delayed (indirect) inflow. Direct inflow quickly influences the flow in the sewer
system, and it is therefore evident in the hydrograph. Direct inflow sources are typically direct
connections from stormwater structures such as catch basins, drainpipe cross connections, as well as
roof leaders and yard drains. Significant direct connections can quickly increase wastewater flow causing
a spike during storm events and put increased stress on the sewer system. Delayed inflow is the portion
of the total inflow volume generated from indirect connections to the collection system or connections
which produce inflow after a significant time delay from the beginning of a storm. Delayed inflow
sources include sump pumps, foundation drains, indirect sewer/drain cross-connections, etc. Through
the analysis of metering data, rainfall-induced infiltration cannot be distinguished from delayed inflow.
Therefore, by definition, it is included as part of delayed inflow. Delayed inflow is shown in the
hydrograph which decreases gradually upon conclusion of the rainfall event and after the peak inflow
caused by direct connections. It is common for delayed inflow to persist in a wastewater system for a

week or longer after the end of the wet weather event.

4.2.1 Wet Weather Events

During the ten (10) week flow metering analysis, there were a variety of storms and dry weather periods
that occurred, as shown in Table 3 in Section 3.3. Per MassDEP Guidelines, inflow shall be established
for all storm events with an average rainfall of approximately 0.2 inches per hour and for any other
storms for which an inflow response is readily observable. During the metering analysis, the three
selected storms met these criteria for their peak intensities but not their average intensities. Storms
selected for inflow evaluation in this study are summarized in Table 5 which summarizes average
intensity, peak intensity, and total rainfall for each event. Although there were other qualifying storm
events, they were not selected for analysis due to their timing occurring close together, making it

difficult to analyze the system responses from each individual rainfall event.
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Table 5: Selected Storm Events

Storm | Duration Avg Intensity | Peak Intensity Sum
Rain Event (Start — Finish)
No. (hrs) (in/hr) (in/hr) (inches)
1 24 4/23 @ 00:00-4/23 @ 23:00 0.08 0.32 1.98
2 17 5/20 @ 12:00-5/21 @ 04:00 0.09 0.37 1.50
3 3 5/24 @ 17:00-5/24 @ 19:00 0.10 0.20 0.30

Direct and delayed inflow volumes were calculated for each of the metered areas. Inflow volumes were
calculated by subtracting the synthetic dry weather diurnal curve from the storm event hydrograph.
Inflow is observed when the storm event hydrograph diverges from the synthetic dry weather diurnal
curve, both at the beginning of the storm event and after the storm has passed. Where dry weather
conditions had increased baseflows in May, a dry weather period of May 10, 2023 to May 12, 2023 was
utilized rather than April data to remain proportional to the timeframe as not to exaggerate the wet

weather volumes experienced during the storm.

The hydrograph depicted in Figure 12 was taken from Meter 6 and was selected to illustrate the sanitary
curve and the system’s response to the storm event. The wet weather hydrographs for each metered
area are included in Appendix C. Design Storm inflows are estimated from a “best fit” curve line that is
derived from the inflow data obtained by analyzing the varied rain events observed during the metering
period. The Design Storm is defined in the MassDEP Guidelines as a 1-yr, 6-hour rain event of 1.72
inches total rainfall (peak intensity of 0.87 inches per hour, average intensity of 0.29 inches per hour). By
plotting the “best fit” line between the storm events for each Meter Area, the resulting equation is used
to calculate the inflow volume corresponding to the Design Storm. Table 6 reports the inflow volume for
each of the three storm events analyzed and the corresponding inflow volume for the Design Storm.
Table 6 also breaks down the Design storm inflow volume by direct and delayed (or indirect)

contributions.

The “D/I ratio” compares the direct inflow volume versus the delayed (and indirect) volume. For a
combined system, it is expected to see a high D/I ratio as the direct inflow will most likely be
significantly higher than the delayed inflow. Meter area 11, has a D/I ration less than 1.0, indicating a
higher delayed inflow volume versus the direct inflow volume. Given the proximity of Meter area 11 to
the Merrimack River and Beaver Brook, it is possible that there are defects in the pipes and manholes
that contribute significant RIl with the increase in both groundwater and river/brook levels. Following
the MassDEP Guidelines, metered areas that account for 80% of the total inflow of the system should be

further investigated. Nineteen meter areas (17, 13, 21, 37, 49, 11, 38, 36, 12, 45, 60, 34, 42, 40, 10, 33,

Project #20220166.003A Page 47 of 65 January 2024

© 2024 Kleinfelder www.kleinfelder.com



Bright People. Right Solutions.
0.12

\_/

CI:EINFELDER

eleven (11) meter areas were not included in the I/l analysis due to poor quality of data and are shaded
Sample Wet Weather Hydrograph

depicted in Table 6 and Figure 13. Meter areas ranked by volume of direct inflow can be found in Table

15, 48, and 57) account for 80% total of the inflow identified within the 52 metered areas analyzed,
7. Meter areas ranked by volume of delayed inflow are included in Table 8. As noted in Section 3.1,

in gray in Tables 6, 7, and 8 and Figure 13.
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Table 6: Inflow Summary

Storm Event Volume (MG) Design Storm
'Design Storm | D/I Ratio Delayed |Direct Inflow| Percent Percen_t
Meter Type 23-Apr | 20-May | 24-May Cumulative
Inflow (gal) (avg) Inflow (gal) (gal) Inflow
Inflow
17* Mostly Combined 19.161 12.375 2.057 15,202,908 2.88 | 3,918,275 | 11,284,633 26.76% 26.76%
13 Fully Combined 7.284 3.604 0.484 5,325,120 1.53 | 2,100,984 3,224,136 9.37% 36.14%
21%* Mostly Combined 3.386 2.514 0.429 2,852,620 9.77 264,828 2,587,792 5.02% 41.16%
37 Both 4.101 0.444 0.121 2,368,440 9.02 236,337 2,132,103 4.17% 45.33%
49 Mostly Combined 4.125 0.069 0.003 2,225,680 5.51 341,886 1,883,794 3.92% 49.25%
11 Mostly Combined 2.900 1.322 0.334 2,088,596 0.65 | 1,266,499 822,097 3.68% 52.92%
38 Mostly Combined 1.605 2.401 0.393 1,823,200 167.90 10,795 1,812,405 3.21% 56.13%
36 Fully Combined 2N/A 1.509 0.253 1,697,640 16.04 99,645 1,597,995 2.99% 59.12%
12 Fully Combined 1.956 1.553 0.282 1,670,808 144.14 11,512 1,659,296 2.94% 62.06%
45 Both 1.572 1.071 0.170 1,269,360 4.33 237,941 1,031,419 2.23% 64.30%
60 Mostly Combined 1.608 0.827 0.094 1,186,800 1.34 506,975 679,825 2.09% 66.39%
34 Fully Combined 1.390 1.004 0.193 1,147,240 16.14 66,919 1,080,321 2.02% 68.41%
42 Mostly Combined 1.696 0.537 0.126 1,123,160 8.54 117,793 1,005,367 1.98% 70.38%
40 Mostly Combined 1.317 1.019 0.166 1,112,324 19.75 53,606 1,058,718 1.96% 72.34%
10 Fully Separated 1.110 1.047 0.030 1,020,476 3.50 226,888 793,588 1.80% 74.14%
33 Mostly Combined 1.198 0.943 0.176 1,019,960 95.49 10,571 1,009,389 1.80% 75.93%
15 Fully Combined 1.031 0.720 0.118 839,876 30.47 26,687 813,189 1.48% 77.41%
48 Mostly Combined 0.602 1.051 0.253 751,640 10.38 66,039 685,601 1.32% 78.74%
57 Fully Combined 1.298 0.144 0.008 748,200 259.95 2,867 745,333 1.32% 80.05%
14 Fully Combined 0.716 0.886 0.185 742,352 2.40 218,034 524,318 1.31% 81.36%
7 Mostly Combined 0.916 0.591 0.097 733,580 382.94 1,911 731,669 1.29% 82.65%
6 Mostly Combined 0.816 0.676 0.114 717,584 7.28 86,677 630,907 1.26% 83.91%
8 Mostly Combined 0.710 0.789 0.136 710,876 23.34 29,210 681,666 1.25% 85.17%
35 Mostly Combined 0.839 0.605 0.088 689,720 26.41 25,164 664,556 1.21% 86.38%
50 Mostly Combined 0.850 0.548 0.095 674,240 13.77 45,657 628,583 1.19% 87.57%
28 Both 0.780 0.513 0.103 629,864 113.71 5,491 624,373 1.11% 88.68%
56 Mostly Combined 0.791 0.506 0.089 626,080 294.90 2,116 623,964 1.10% 89.78%
32 Mostly Combined 0.626 0.536 0.100 560,720 304.71 1,834 558,886 0.99% 90.76%
39 Mostly Combined 0.482 0.672 0.091 526,320 1.83 186,018 340,302 0.93% 91.69%
59 Fully Combined 0.550 0.385 0.096 450,640 40.57 10,839 439,801 0.79% 92.48%
9 Mostly Separated 0.635 0.205 0.040 422,776 130.88 3,206 419,570 0.74% 93.23%
62 Both 0.487 0.361 0.068 411,080 16.78 23,125 387,955 0.72% 93.95%
23 Mostly Combined 0.454 0.336 0.059 381,840 246.81 1,541 380,299 0.67% 94.62%
47* Both 0.381 0.248 0.025 330,240 3.31 76,642 253,598 0.58% 95.21%
16 Fully Combined 0.370 0.279 0.067 311,320 | 39,234.87 8 311,312 0.55% 95.75%
19 Mostly Separated 0.349 0.163 0.030 252,840 5.06 41,689 211,151 0.45% 96.20%
44 Mostly Separated 0.278 0.203 0.034 251,120 | 18,577.27 14 251,106 0.44% 96.64%
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‘Design Storm | D/I Ratio | Delayed |Direct Inflow| Percent Percen-t
Meter Type 23-Apr | 20-May | 24-May Cumulative
Inflow (gal) (avg) Inflow (gal) (gal) Inflow
Inflow
61 Fully Combined 0.311 0.197 0.000 245,960 2.43 71,807 174,153 0.43% 97.07%
20 Both 0.335 0.156 0.028 242,348 2.26 74,338 168,010 0.43% 97.50%
18 Fully Combined 2N/A 0.203 0.038 229,276 15.76 13,677 215,599 0.40% 97.90%
26 Both 0.256 0.229 0.034 228,416 | 17,097.67 13 228,403 0.40% 98.31%
31 Mostly Combined 0.288 0.161 0.025 220,848 70.05 3,109 217,739 0.39% 98.70%
63 Fully Separated 0.206 0.085 0.031 146,200 9.02 14,590 131,610 0.26% 98.95%
2 Mostly Separated 0.162 0.128 0.040 141,556 4.97 23,699 117,857 0.25% 99.20%
46 Fully Separated 0.122 0.084 0.014 108,360 | 8,161.33 13 108,347 0.19% 99.39%
3 Mostly Separated 0.157 0.014 0.003 88,752 0.63 54,542 34,210 0.16% 99.55%
25 Mostly Separated 0.093 0.086 0.013 84,280 6,225.43 14 84,266 0.15% 99.70%
5 Fully Separated 0.074 0.048 0.006 59,168 | 8,531.60 7 59,161 0.10% 99.80%
24 Fully Separated 0.051 0.066 0.002 54,180 0.72 31,591 22,589 0.10% 99.90%
Fully Separated 0.058 0.013 0.047 38,872 0.43 27,140 11,732 0.07% 99.97%
1 Fully Separated 0.015 0.008 0.004 11,180 8.46 1,182 9,998 0.02% 99.98%
43 Fully Separated 0.009 0.006 0.002 8,600 38.92 215 8,385 0.02% 100.00%
First St 0.096 0.042 0.008 68,800 1.89 23,806 44,994
Burnham Rd 0.454 1.111 0.143 686,280 0.87 366,995 319,285
22 Fully Combined
27 Mostly Separated
29 Mostly Combined
30* Fully Separated
41 Fully Separated
51 Mostly Combined
52 Mostly Combined
53 Both
54 Fully Combined
55 Fully Combined
58 Fully Combined

1Using Assumed Design Storm of 1.72
2N/A = storm was not used for various reasons including but not limited to sensor malfunction during wet weather, sensor location change, etc.
*Combined Meter Area for analysis based on flow relationships (number of users affecting volume differences, negative flows based on close proximity of meters)

Grayed out meters are values not analyzed or are not within the City's jurisdiction (First St, Burnahm Rd)
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Table 7: Direct Inflow Ranking

Storm Event Volume (MG)

Design Storm

Meter Type 23-Apr | 20-May | 24-May !Design Storm | D/IRatio | Delayed |Direct Inflow
Inflow (gal) (avg) Inflow (gal) (gal)

17* Mostly Combined 19.161 12.375 2.057 15,202,908 2.88 | 3,918,275 | 11,284,633
13 Fully Combined 7.284 3.604 0.484 5,325,120 1.53 | 2,100,984 3,224,136
21%* Mostly Combined 3.386 2.514 0.429 2,852,620 9.77 264,828 2,587,792
37 Both 4.101 0.444 0.121 2,368,440 9.02 236,337 2,132,103
49 Mostly Combined 4.125 0.069 0.003 2,225,680 5.51 341,886 1,883,794
38 Mostly Combined 1.605 2.401 0.393 1,823,200 167.90 10,795 1,812,405
12 Fully Combined 1.956 1.553 0.282 1,670,808 144.14 11,512 1,659,296
36 Fully Combined N/A 1.509 0.253 1,697,640 16.04 99,645 1,597,995
34 Fully Combined 1.390 1.004 0.193 1,147,240 16.14 66,919 1,080,321
40 Mostly Combined 1.317 1.019 0.166 1,112,324 19.75 53,606 1,058,718
45 Both 1.572 1.071 0.170 1,269,360 4.33 237,941 1,031,419
33 Mostly Combined 1.198 0.943 0.176 1,019,960 95.49 10,571 1,009,389
42 Mostly Combined 1.696 0.537 0.126 1,123,160 8.54 117,793 1,005,367
11 Mostly Combined 2.900 1.322 0.334 2,088,596 0.65| 1,266,499 822,097
15 Fully Combined 1.031 0.720 0.118 839,876 30.47 26,687 813,189
10 Fully Separated 1.110 1.047 0.030 1,020,476 3.50 226,888 793,588
57 Fully Combined 1.298 0.144 0.008 748,200 259.95 2,867 745,333
7 Mostly Combined 0.916 0.591 0.097 733,580 382.94 1,911 731,669
48 Mostly Combined 0.602 1.051 0.253 751,640 10.38 66,039 685,601
8 Mostly Combined 0.710 0.789 0.136 710,876 23.34 29,210 681,666
60 Mostly Combined 1.608 0.827 0.094 1,186,800 1.34 506,975 679,825
35 Mostly Combined 0.839 0.605 0.088 689,720 26.41 25,164 664,556
6 Mostly Combined 0.816 0.676 0.114 717,584 7.28 86,677 630,907
50 Mostly Combined 0.850 0.548 0.095 674,240 13.77 45,657 628,583
28 Both 0.780 0.513 0.103 629,864 113.71 5,491 624,373
56 Mostly Combined 0.791 0.506 0.089 626,080 294.90 2,116 623,964
32 Mostly Combined 0.626 0.536 0.100 560,720 304.71 1,834 558,886
14 Fully Combined 0.716 0.886 0.185 742,352 2.40 218,034 524,318
59 Fully Combined 0.550 0.385 0.096 450,640 40.57 10,839 439,801
9 Mostly Separated 0.635 0.205 0.040 422,776 130.88 3,206 419,570
62 Both 0.487 0.361 0.068 411,080 16.78 23,125 387,955
23 Mostly Combined 0.454 0.336 0.059 381,840 246.81 1,541 380,299
39 Mostly Combined 0.482 0.672 0.091 526,320 1.83 186,018 340,302
16 Fully Combined 0.370 0.279 0.067 311,320 | 39,234.87 8 311,312
47* Both 0.381 0.248 0.025 330,240 3.31 76,642 253,598
44 Mostly Separated 0.278 0.203 0.034 251,120 | 18,577.27 14 251,106
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Meter e 23-Apr | 20-May | 24-May !Design Storm | D/I Ratio | Delayed |Direct Inflow
Inflow (gal) (avg) Inflow (gal) (gal)
26 Both 0.256 0.229 0.034 228,416 | 17,097.67 13 228,403
31 Mostly Combined 0.288 0.161 0.025 220,848 70.05 3,109 217,739
18 Fully Combined 2N/A 0.203 0.038 229,276 15.76 13,677 215,599
19 Mostly Separated 0.349 0.163 0.030 252,840 5.06 41,689 211,151
61 Fully Combined 0.311 0.197 0.000 245,960 2.43 71,807 174,153
20 Both 0.335 0.156 0.028 242,348 2.26 74,338 168,010
63 Fully Separated 0.206 0.085 0.031 146,200 9.02 14,590 131,610
2 Mostly Separated 0.162 0.128 0.040 141,556 4.97 23,699 117,857
46 Fully Separated 0.122 0.084 0.014 108,360 8,161.33 13 108,347
25 Mostly Separated 0.093 0.086 0.013 84,280 6,225.43 14 84,266
5 Fully Separated 0.074 0.048 0.006 59,168 | 8,531.60 7 59,161
3 Mostly Separated 0.157 0.014 0.003 88,752 0.63 54,542 34,210
24 Fully Separated 0.051 0.066 0.002 54,180 0.72 31,591 22,589
Fully Separated 0.058 0.013 0.047 38,872 0.43 27,140 11,732
1 Fully Separated 0.015 0.008 0.004 11,180 8.46 1,182 9,998
43 Fully Separated 0.009 0.006 0.002 8,600 38.92 215 8,385
First St 0.096 0.042 0.008 68,800 1.89 23,806 44,994
Burnham Rd 0.454 1.111 0.143 686,280 0.87 366,995 319,285
22 Fully Combined
27 Mostly Separated
29 Mostly Combined
30* Fully Separated
41 Fully Separated
51 Mostly Combined
52 Mostly Combined
53 Both
54 Fully Combined
55 Fully Combined
58 Fully Combined

1Using Assumed Design Storm of 1.72

2N/A = storm was not used for various reasons including but not limited to sensor malfunction during wet weather, sensor location change, etc.

*Combined Meter Area for analysis based on flow relationships (number of users affecting volume differences, negative flows based on close proximity of meters)

Grayed out meters are values not analyzed or are not within the City's jurisdiction (First St, Burnahm Rd)
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Table 8: Delayed Inflow Ranking

Storm Event Volume (MG)

Design Storm

Meter Type 23-Apr | 20-May | 24-May 'Design Storm | D/I Ratio Delayed |Direct Inflow
Inflow (gal) (avg) | Inflow (gal) (gal)

17* Mostly Combined 19.161 12.375 2.057 15,202,908 2.88 | 3,918,275 | 11,284,633
13 Fully Combined 7.284 3.604 0.484 5,325,120 1.53 | 2,100,984 3,224,136
11 Mostly Combined 2.900 1.322 0.334 2,088,596 0.65 1,266,499 822,097
60 Mostly Combined 1.608 0.827 0.094 1,186,800 1.34 506,975 679,825
49 Mostly Combined 4,125 0.069 0.003 2,225,680 5.51 341,886 1,883,794
21* Mostly Combined 3.386 2.514 0.429 2,852,620 9.77 264,828 2,587,792
45 Both 1.572 1.071 0.170 1,269,360 4.33 237,941 1,031,419
37 Both 4.101 0.444 0.121 2,368,440 9.02 236,337 2,132,103
10 Fully Separated 1.110 1.047 0.030 1,020,476 3.50 226,888 793,588
14 Fully Combined 0.716 0.886 0.185 742,352 2.40 218,034 524,318
39 Mostly Combined 0.482 0.672 0.091 526,320 1.83 186,018 340,302
42 Mostly Combined 1.696 0.537 0.126 1,123,160 8.54 117,793 1,005,367
36 Fully Combined IN/A 1.509 0.253 1,697,640 16.04 99,645 1,597,995
6 Mostly Combined 0.816 0.676 0.114 717,584 7.28 86,677 630,907
47* Both 0.381 0.248 0.025 330,240 3.31 76,642 253,598
20 Both 0.335 0.156 0.028 242,348 2.26 74,338 168,010
61 Fully Combined 0.311 0.197 0.000 245,960 2.43 71,807 174,153
34 Fully Combined 1.390 1.004 0.193 1,147,240 16.14 66,919 1,080,321
48 Mostly Combined 0.602 1.051 0.253 751,640 10.38 66,039 685,601
3 Mostly Separated 0.157 0.014 0.003 88,752 0.63 54,542 34,210
40 Mostly Combined 1.317 1.019 0.166 1,112,324 19.75 53,606 1,058,718
50 Mostly Combined 0.850 0.548 0.095 674,240 13.77 45,657 628,583
19 Mostly Separated 0.349 0.163 0.030 252,840 5.06 41,689 211,151
24 Fully Separated 0.051 0.066 0.002 54,180 0.72 31,591 22,589
8 Mostly Combined 0.710 0.789 0.136 710,876 23.34 29,210 681,666
4 Fully Separated 0.058 0.013 0.047 38,872 0.43 27,140 11,732
15 Fully Combined 1.031 0.720 0.118 839,876 30.47 26,687 813,189
35 Mostly Combined 0.839 0.605 0.088 689,720 26.41 25,164 664,556
2 Mostly Separated 0.162 0.128 0.040 141,556 4.97 23,699 117,857
62 Both 0.487 0.361 0.068 411,080 16.78 23,125 387,955
63 Fully Separated 0.206 0.085 0.031 146,200 9.02 14,590 131,610
18 Fully Combined 2N/A 0.203 0.038 229,276 15.76 13,677 215,599
12 Fully Combined 1.956 1.553 0.282 1,670,808 144.14 11,512 1,659,296
59 Fully Combined 0.550 0.385 0.096 450,640 40.57 10,839 439,801
38 Mostly Combined 1.605 2.401 0.393 1,823,200 167.90 10,795 1,812,405
33 Mostly Combined 1.198 0.943 0.176 1,019,960 95.49 10,571 1,009,389
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Meter e 23-Apr | 20-May | 24-May !Design Storm | D/I Ratio | Delayed |Direct Inflow
Inflow (gal) (avg) Inflow (gal) (gal)
28 Both 0.780 0.513 0.103 629,864 113.71 5,491 624,373
9 Mostly Separated 0.635 0.205 0.040 422,776 130.88 3,206 419,570
31 Mostly Combined 0.288 0.161 0.025 220,848 70.05 3,109 217,739
57 Fully Combined 1.298 0.144 0.008 748,200 259.95 2,867 745,333
56 Mostly Combined 0.791 0.506 0.089 626,080 294.90 2,116 623,964
7 Mostly Combined 0.916 0.591 0.097 733,580 382.94 1,911 731,669
32 Mostly Combined 0.626 0.536 0.100 560,720 304.71 1,834 558,886
23 Mostly Combined 0.454 0.336 0.059 381,840 246.81 1,541 380,299
1 Fully Separated 0.015 0.008 0.004 11,180 8.46 1,182 9,998
43 Fully Separated 0.009 0.006 0.002 8,600 38.92 215 8,385
25 Mostly Separated 0.093 0.086 0.013 84,280 6,225.43 14 84,266
44 Mostly Separated 0.278 0.203 0.034 251,120 | 18,577.27 14 251,106
26 Both 0.256 0.229 0.034 228,416 | 17,097.67 13 228,403
46 Fully Separated 0.122 0.084 0.014 108,360 | 8,161.33 13 108,347
16 Fully Combined 0.370 0.279 0.067 311,320 | 39,234.87 8 311,312
5 Fully Separated 0.074 0.048 0.006 59,168 | 8,531.60 7 59,161
First St 0.096 0.042 0.008 68,800 1.89 23,806 44,994
Burnham Rd 0.454 1.111 0.143 686,280 0.87 366,995 319,285
22 Fully Combined
27 Mostly Separated
29 Mostly Combined
30* Fully Separated
41 Fully Separated
51 Mostly Combined
52 Mostly Combined
53 Both
54 Fully Combined
55 Fully Combined
58 Fully Combined

1Using Assumed Design Storm of 1.72

2N/A = storm was not used for various reasons including but not limited to sensor malfunction during wet weather, sensor location change, etc.

*Combined Meter Area for analysis based on flow relationships (number of users affecting volume differences, negative flows based on close proximity of meters)

Grayed out meters are values not analyzed or are not within the City's jurisdiction (First St, Burnahm Rd)
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4.3 ASSESSMENT OF SSO RISK

314 CMR12.04 requires all sewer system authorities to assess the risk of sanitary sewer overflows (SSOs)
from a five-year, 24-hour storm event, defined with a total depth of 4.61 inches, a peak intensity of 0.73
inch/hour, and an average intensity of 0.19 inches/hour. The 2022 I/| Abatement Plan identified 17 SSOs
at 6 locations between 2016 to 2021. The Kleinfelder 2023 lllicit Discharge Detection and Elimination
(IDDE) Program outlines 2020 to 2023 SSOs and inventories 50 SSOs in 2023, shown in Appendix F.

CDM provided a GIS shape file of 27 unique SSO locations that occurred in 2023, as displayed and
categorized by root cause in Figure 14. These 25 locations that were caused by rain events are majority
located in areas that are incorporated into the SSES Plan, Interceptor Inspections, ADS Re-Meter Areas,

or addressed through Centralville or Tilden Sewer Separation Areas.

CDM Smith is currently working with the City to update and calibrate the City’s existing sewer system
model based on the 2023 metering data in support of CSO planning efforts. Once the model calibration
is finalized, it will be used to predict areas at risk of SSOs events under the five-year storm event. These

results will be reported as a supplemental memorandum to the I/l Analysis Report.
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5 CONCLUSIONS AND RECOMMENDATIONS

The following sections summarize the conclusions and recommendations from the 2023 City-wide flow

monitoring program.

5.1 SANITARY SEWER EVALUATION SURVEYS (SSES)

As detailed in the MassDEP Guidelines, upon conclusion of the flow monitoring program a Sanitary
System Evaluation Survey (SSES) is performed as a follow-up to the I/ analysis to locate and identify
specific I/l sources in the sewer system. By identifying the type of each I/l source, appropriate
rehabilitation and repair methods can be determined. The data collected during the SSES may also be

used to confirm the findings of the I/l Analysis and the extent of system improvements required.

Meter areas where infiltration or inflow was found to be excessive during the I/l analysis are to be
included in the SSES implementation plan. Infiltration investigations such as manhole inspections, flow
isolation, and CCTV inspections should be prioritized for all meter areas with an infiltration rate equal or
greater than 4,000 gpd/idm. Twenty-four (24) of 52 metered areas analyzed exceeded the 4,000
gpd/idm threshold and require further investigation to identify infiltration sources per the MassDEP

designation as detailed in Table 4 and Figure 11 in Section 4.1.2.

Four of the 24 meter areas identified for further infiltration investigations (13, 14, 15, and 60) are
included in the scope of the Utility’s December 2023 Centralville Sewer Separation Preliminary Design
Report (Humphrey’s Brook PDR), which will reduce infiltration sources for these areas. Two additional
high-infiltration meter areas (35 and 36) are within the Tilden CSO area included in the Utility’s Phase 3
CSO Preliminary Design Report and Sewer Separation Implementation Schedule, to be completed by
December 31, 2024 in accordance with the 2023 Draft Consent Decree. |/ sources in the Centralville
and Tilden areas will be investigated through these CSO planning efforts and are excluded from the SSES
Implementation Plan. The SSES Implementation Plan will include field investigations to identify sources

of infiltration for the remaining eighteen meter areas.

Inflow investigations such as smoke testing, building inspections, and dye testing should be prioritized
for the meter areas which account for not less than 80% of the total system inflow volume. Nineteen
(19) metered areas account for 80% of the total inflow identified within the 52 metered areas analyzed

as depicted in Table 6 and Figure 13 in Section 4.2.1. Volumes of direct and delayed inflow should be
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examined for each meter. Smoke testing, building inspections, and dye tests are successful tools for
investigating direct public and private direct inflow sources in separated sewer areas. Building
inspections may also identify sump pumps discharging to the sanitary sewer, a significant source of
delayed inflow along with RIIl. Potential sources of Rll are best identified through manhole and CCTV

inspections as they are typically structural in nature.

The majority of the nineteen (19) meter areas that contribute 80% of the inflow are combined sewer
catchments, with exception of meter area 10 which is assumed to be fully separated and meter areas 37
and 45 which are partially separated. Of the 19 high-inflow meter areas, three areas (13, 15, 60) are
located within the scope of the Utility’s December 2023 Centralville Sewer Separation Preliminary
Design Report (Humphrey’s Brook PDR), which will reduce inflow sources for these areas. It is
anticipated that several of the high-inflow areas may be included within the Phase 3 CSO report and
inflow sources will be addressed through those efforts. To that end, inflow investigations for only the 3
separated/partially-separated meter areas will be included in the SSES Implementation Plan at this time.
Infiltration investigations are included for 8 of the 19 high-inflow meter areas under the SSES
Implementation Plan. Manhole inspections will identify potential inflow sources from manhole covers
and frames and both manhole and CCTV inspections will identify structural defects that may also
contribute to RIl during high groundwater and rainfall periods. It is recommended that the Kleinfelder
and CDM Smith consultant teams continue to collaborate on the City’s sewer system improvement

efforts to address the various CSO, I/l, and CMOM goals.

Meter areas that experience wet-weather SSO events should also be investigated for inflow sources to
determine if peak inflow rates are contributing to the SSO events in the system by reducing the capacity
of the local sewers. The majority of 2023 SSOs caused by rain events, shown in Figure 14, are located in
areas slated for future inspection of sewer separation, as noted in Section 4.3. Similarly, the
conductance survey results mentioned in Section 2.3.5 will continue to be used as a tool throughout the

SSES phases to refine our approach of field investigations.

In review of the areas identified with excessive infiltration and inflow, Kleinfelder recommends an eight-
phase SSES Implementation Plan, detailed below in Table 9. Table 9 lists each SSES phase including the
affected meter areas, proposed infiltration investigations (manhole and CCTV inspections) and proposed
inflow investigations (smoke testing, building inspections, dye testing) to identify sources of I/l and
determine rehabilitation and repair methods to reduce I/l contributions to the sewer collection system.
The associated costs for the SSES implementation plan are detailed in Table 10. Figure 15 shows the
meter areas identified for each SSES phase. The Centralville and Tilden future sewer separation areas

referenced above are also identified in Figure 15.
Project #20220166.003A Page 59 of 65 January 2024

© 2024 Kleinfelder www.kleinfelder.com



ZEEN
KLEINFELDER

\—/ Bright People. Right Solutions.

In accordance with the 2023 Draft Consent Decree, the Utility shall complete an Updated Long-Term
CSO Control Plan (Updated LTCP) by September 2034. The 8-phase SSES Implementation Plan proposes
SSES investigations through 2032 and construction through 2034. At that time, an overall system
assessment is anticipated to begin in support of the Updated LTCP and future I/1 identification and

removal efforts will be developed in coordination with the Updated LTCP.

Phase 1 of the SSES Implementation Plan focuses on completion of CCTV and manhole investigations of
some of the Utility’s oldest infrastructure in the downtown area of the City (meter areas 51, 38, 37). In
Spring 2023, the Utility completed CCTV of 31,500 feet of 8-inch to 36-inch diameter sewer and 220
manhole inspections in meter areas 51, 38, and 37, along with cleaning and inspection of the East
Merrimack siphon. Appendix E includes a summary of the sewer, manhole, and siphon inspections,
documents structural condition and operation and maintenance issues, and provides recommendations
for rehabilitation. SSES Phase 1 incudes CCTV inspection of approximately 24,000 feet of sewer and fifty

manhole inspections within these 3 subareas.

In addition to CCTV and manhole inspections within the downtown area, SSES Phase 1 also includes
multi-sensor inspection (Digital CCTV and Sonar) of the Utility’s river-front interceptor pipe,
approximately 47,000 LF of sewer ranging in size from 36 to 120-inch in diameter as shown in Figure 15.
These critical assets are located within ten of the meter areas identified with either high infiltration, high
inflow, or both. This includes meter areas 17 and 11, which as noted in Section 4 and shown in Figure
13, exhibited some of the highest delayed inflow volumes, possibly indicating the presence of system
defects that allow for Rll to enter the system with elevated groundwater and river levels. Historically
the Utility has also observed the increase in flows at the WWTF with the increase in the Merrimack River

level.

The Utility will also prioritize inspections of the remaining 5 siphons and inspect one per SSES phase,
beginning in Phase 4. It is recommended that the Walker Siphon be inspected first in Phase 4 as it
crosses the Merrimack River and is located within Meter Area 21, which exhibited both high infiltration

and inflow through this I/l analysis.
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Table 9: Proposed SSES Implementation Plan

MH Inspections Siphon Flow Smoke Buildin Dye Testin
Meter Area ECERULEE) (EpA) Inspecrzion (EA) Isolation (LF)  Testing (LF) Inspectionsg(EA) ! (EA) :
2023 0* M38, M51 31,500 220 East Merrimack - - - -
2024 1 M38, M51, M37 24,000 50 - - - - -
2024 1 Interceptor 47,000 150 - - - = =
M6, M39, M22,

2026 2 M37? 36,300 150 - 36,300 23,400 40 20
2027 3 M42, M48, M10? 46,300 280 - 46,300 17,800 220 40
2028 4 M45 20,400 130 Walker 20,400 20,400 300 50
2029 5 M20, M21 51,700 250 Beaver Brook 51,700 - - -
2030 6 M63, M19 34,000 170 Merrimack River 34,000 - - -
2031 7 M1, M3 43,900 250 Warren 43,900 - - -
2032 8 M4, M7, M61 50,100 270 Concord River 50,100 - - -

TOTAL 385,200 1,920 6 282,700 61,600 560 110

*Phase 0 field inspections completed in 2023
I Inflow investigations only (smoke testing, building inspections, dye testing)

2Fiscal year begins on July 15t and ends on June 30t of the following year.
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Table 10: Cost Estimate for Proposed SSES Implementation Plan

Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 Phase 6 Phase 7 Phase 8
(2024) (2026) (2027) (2028) (2029) (2030) (2031) (2032)
SSES M3§/'I?I’\;51' I\?I/|262,,|\|\/1|3;397'1 M4|5|'1|\(;|148' M45 M20, M21 M63, M19 M1, M3 M4, M7, M61
CCTV Inspections $62,000 $200,000 $250,000 $110,000 $280,000 $180,000 $240,000 $270,000
MH Inspections $6,000 $13,000 $23,000 $12,000 $21,000 $15,000 $21,000 $22,000
Interceptor Inspections | $383,000 SO SO SO S0 SO SO SO
Siphon Inspections SO SO SO $104,000 $41,000 $113,000 $68,000 $41,000
Flow Isolation SO $17,000 $21,000 $10,000 $23,000 $16,000 $20,000 $22,000
Smoke testing SO $12,000 $9,000 $10,000 SO SO SO SO
Building Inspections SO $14,000 $55,000 $75,000 SO SO S0 SO
Dye Testing SO $6,000 $11,000 $14,000 SO SO SO SO
Engineering | $150,000 $100,000 $150,000 $100,000 $150,000 $100,000 $150,000 $150,000
Subtotal | $601,000 $362,000 $519,000 $435,000 $515,000 $424,000 $499,000 $505,000
Contingency 10% 561,000 537,000 $52,000 544,000 $52,000 543,000 $50,000 $51,000
Escalation 4% SO 533,000 S$72,000 582,000 $123,000 5$124,000 $174,000 $205,000
TOTAL | $662,000 $432,000 $643,000 $561,000 $690,000 $591,000 $723,000 $761,000
L Inflow investigations only (smoke testing, building inspections, dye testing)
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The SSES report for each phase will include a summary of field investigations completed and
recommendations for sewer system rehabilitation and repair. Design and construction costs and
associated schedule for implementation of SSES recommendations will be provided. Per MassDEP
Guidelines, recommendations shall also include a post-construction flow monitoring program to
document the effectiveness of the I/l removal work. The implementation schedule shown in Figure 16
includes an overall timeline for each proposed SSES phase, along with continuous design and
construction efforts to cost-effectively address sources of I/l. The Utility has allocated $2 Million per
year for design and construction of system repair/rehabilitation to reduce I/l. System improvements will
be prioritized based on cost effectiveness on reducing I/1, along with the critical nature of system defects
and the potential detriment to collection system operations, and public and environmental health. It is
anticipated that multiple design and construction contracts will be required to address system
deficiencies identified through SSES Phase 1 investigations in meter areas 51, 38, and 37 and the
inspections of the river-front interceptors. Therefore, field investigations in support of SSES Phase 2 are

currently scheduled to begin in FY26.

As noted in Section 3, a supplemental memorandum to this I/l Analysis Report will be prepared to
summarize the I/l analysis of 10 meter areas where meters will be re-installed in Spring 2024. Eleven
(11) meter areas were not included in the I/l analysis due to poor quality of data. Meter Areas 27, 29,
30,41, 51, 52, 53, 54, 55, and 58 shown in Figure 15 will be re-metered in Spring 2024 by ADS to
determine infiltration and inflow volumes within these meter areas. Meter Area 22, containing 1,800 LF
of sewer will be included within Phase 2 of the SSES Implementation Plan shown in Table 9 and Figure
15. Itis important to note that meter areas 27, 29, 30, 41, 52 and 53 are also partially or fully separated.
Excessive inflow volumes in these areas will warrant additional inflow investigations to identify and

remove inflow sources in these fully/partially separated areas.

As discussed in Section 4.3, the assessment of SSO risk in the sewer system will be evaluated using the
City’s hydraulic model once the model calibration efforts have been completed. These results will also

be included in the supplemental memorandum noted above.

Based on the findings of the additional I/I and SSO analyses, along with the results of the Phase 1 SSES
river-front interceptor inspections, the future 1/l Analysis Supplemental Memorandum will reassess the
proposed I/l Implementation Plan provided in Figure 16. These additional system evaluations and field
investigations may shift the priority areas for future SSES phases as currently planned for the Utility to

identify and remove excessive volumes of |/l within the collection system.
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\_/ Bright People. Right Solutions.

Priority

Phase 1 (M38, M51, M37)
SSES ($662,000)
Interceptor Inspections
Phase 2 (M6, M39, M22, M37%)
SSES ($432,000)
Phase 3 (M42, M48, M10")
SSES (5643,000)
Phase 4 (M45)
SSES ($561,000)
Siphon Clean/Inspect
Phase 5 (M20, M21)
SSES ($690,000)
Siphon Clean/Inspect
Phase 6 (M63, M19)
SSES ($591,000)
Siphon Clean/Inspect
Phase 7 (M1, M3)
SSES ($723,000)
Siphon Clean/Inspect
Phase 8 (M4, M7, M61)
SSES ($761,000)
Siphon Clean/Inspect
Ongoing I/I Reduction Efforts
Design

Construction (S2M per year) 2

FY24

FY25 FY26 FY27 FY28 FY29 FY30

FY31

FY32

FY33 FY34

Ql Q2 Q3 Q4

Q1 Q2 Q3 Q4|Q1 Q2 Q3 Q4|Q1 G2 Q3 Q4|Q1 Q2 Q3 Q4|Q1 Q2 Q3 Q4|Q1 Q2 Q3 Q4

Ql Q2 Q3 Q4

Ql Q2 3 Q4

Ql Q2 Q3 Q4|Q1 Q2 Q3 Q4

Figure 16: Infiltration/Inflow Implementation Schedule

Fiscal years begin on July 15t and end on June 30™ the following year.

Priority meter areas included in SSES Phases 2 through 8 to be re-evaluated with results of Spring 2024 metering, SSO risk analysis, and results of interceptor inspections.

Iinflow investigations only (smoke testing, building inspections, dye testing).

2 Includes post-construction flow monitoring.
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APPENDIX A - GROUNDWATER
GAUGE HYDROGRAPHS



2023 1/1 Study: Groundwater Gauges
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Meter 1 Hydrograph - Dry Weather
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Meter 3 Hydrograph - Dry Weather
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Meter 4 Hydrograph - Dry Weather
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Meter 5 Hydrograph - Dry Weather
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OL9EZOE/ETAY
SOPSEZOE/ET Y
00 EZOE/ETA Y
ST ECOE/ET/Y
05T EE0E/ZTHY
SFOEZOET Y
OFET EZOE/TTAY
SETT ECOETLAY
0ETZ EZ0E/TTAY
SCI0E ETOE/TTA Y
02 6T EZ0E/TT/Y
SLEL EZ0E/TTAY
OT:LT EZOE/TTA Y
S0°9T EZOE/TTA Y
00¢ST EZ0E/TTAY
SSET EZOE/TTY
05ZT EZOE/TTA Y
SPTTEZE/TY
OF: 0T EZ0E/TT/Y
SERECOESTTS Y
OEBEZOE/TT/Y
i ECET Y
09 EZOESTTA Y
STSECOE/TTSY
0Lk EZOE/TT/ Y
SOE EZOESTTA Y
00 EZOESTTA Y
SSOEZOE/TT/Y
0SE7 E20E/0T/b
SWEE BT 02Ok
OFTZ B2 0L/ DT/ ¥
SN EZ0E/OT /Y
€} BT EZ 02./0T. /¥
SCET EZ 0T/ 0L
2L EZ0E/OTY
SLi9T EZ0E/OT/b
OT:ST. E20E/ 0%
SOPT E2CE/ DT ¥
O0ET EZ0E/OT/b
SGTT E20E/0T/t
05 0T £2 020 ¥
SiGEECOE/OT Y
0O B EZOE/OT/ Y
S EZOESOTAY
0E 9 EZOE/0T/ Y
STISETO/OT Y
0C:F EZOE/OT /Y
SUE EZOE/OT/Y
0T EZ0E/0T/Y
SO°T EZOE/OT
000 EZ0E /DT

Meter 20 Hydrograph - Dry Weather

1200

Flow Metering Data45 Min Rolling Avg

Avg Dry Weather Flow

Santary Flow

Infiltration

=
2
&

8OO

400

200

O0EE EECE/ET
O0ZZ EZCE/ET
00T EZOE/ET
00/0E EECE/ET
O06T EECE/ET /Y
D01 EZ0E/ET/Y
00T EZOE/ET
00/9T EZCE/ET
O0/ST EECE/ET /Y
00T EZCE/ETSY
O0ET EZOE/ET
00ZT EECE/ET
00T EECE/ETSH
0001 EZ0E/ET/Y
006 EZOEETIY
008 EZOEET/Y
00 EEMEAETY
00'9 ECOE/E T/
00/5 EZOE/ETIY
00 EZOEET/Y
00 EZMEAET/Y
00C ECOEE LY
00T EZOE/ETY
000 EZOEET/Y
ODEE EELE/ET/¥
O0CE EZ0E/ZTIY
00TE EEZ0E/ZT
00i0E EZ0E/ET /Y
OD'6T EELE/ET/¥
D081 EZ0E/ZT/Y
00T EEZ0E/ZT I
00/9T EZCE/ETH
O0'ST EECE/ET/¥
00T EZ0E/ZTIY
O0ET EZ02/ZTH
O0TT EZCE/ET /N
00T EECE/ET/¥
00:0T EZ0E/ZT/Y
006 EZOE/ZTIY
008 EZOEZTIY
00 EEMEETIY
00'9 ECOEfZ T/
00/5 EZOE/ZTY
00y EZOEAZTIY
00 EEMEZT/Y
00C ECOESZ LY
00T EEMEZTIY
D00 ECCER TSy
O0EZ EZOE/TT/
00ZE EECE/TT
O0TE EECE/TT/H
D008 EE0E/TLY
00/6T EZ0E/TT/
O0'8T EZCE/TT/E
00T EECESTT/Y
0091 EZ0E/TTL/Y
00/ST EZ0E/TT/
O0YT EZCE/TTE
ODET EEE/TT/H
O0CT EZ0E/ T/
00TT EZ0E/TT/
0007 EZCE/TT/E
006 EEMEATTY
008 ECOEST LY
002 EZOEATTIY
009 EZOETT/Y
005 EENETTY
00 ECOESTL/ Y
00 EZOEATTIY
00Z EZOETTY
00T EE0ETTY
000 ECOEST LY

Meter 21 (20423) Hydrograph - Dry Weather

2500

Fiow Metering Data45 Min Roling Avg

Avg Dry Weather Fiow

Santary Flow

Infiftration

2000

1500

Wdo

1000

500

ODEZ EZOC/ETIY
00 EEME/ETIY
0012 EZOE/ETIY
00/(F EZO/ETIY
O0EL ECOE/ETA Y
00'8T EZOC/ETSY
0041 EEME/ETSY
00:9T EZOE/ETIY
00'ST EZ0E/ETSY
00T EZOZ/ETIY
ODET EZM/ETIY
00ZT ECOE/ETS Y
00°TT EZOE/ETSY
0001 EE0E/ETSY
00'6 EZ0E/ET /Y
00'8 ETOE/ET /Y
00 EZ0E/ET/Y
009 ETOE/ET S
00'5 ECOEET /Y
00 EZ0E/ETSY
00 ETOE/ET /Y
00T EZ0E/ET/Y
00T EZ0E/ETSY
000 ECOEET /Y
O0EZ EZM/ZTIY
00ZE ECOE/ETdr
00TZ EZOC/ZTIY
00K EE0E/ET/Y
00'6T EZOE/ZTIY
00'8T EZO/ETIY
00T ECOE/ETd
00:9T EZOE/ZTHY
00'ST EZ0E/ETIY
00T EZOE/ZTIY
O0ET EEME/ETIY
00T EZOE/ZTIY
00T EZOE/ETIY
000T ECOE/ET4
00'6 EZ0E/ZT /Y
00'8 ECOEAZT/Y
004 EZ0E/ZT /Y
009 ETOE/ZT /e
005 EZ0EfC T/
00 EZ0E/ZT /Y
00 ECOEAZT/Y
00 EZ0E/ZT /Y
00T ETOE/ZT /Y
000 EZ0EfC T/
ODEZ EZOC/TTIY
00 EZ0E/TLY
0012 EZOE/TTIY
00/(F EZOE/TT/Y
ODEL ECOES/ LAY
00'8T EZOE/TTIY
0041 EE0E/TLY
00'9T EZ/TTIY
00'ST ECOES/ LAY
00T EZOE/TTIY
O0ET EZ0E/TLY
00T EZOE/TTIY
0071 EZ0E/TLY
00:0T EZ0E/TT/Y
006 EZ0E/TT /Y
008 EZ0ESTTAY
004 EZ0E/TTSY
009 ECOEATS Y
00'S EZ0E/TT /Y
00 ET0E/TT /Y
00 EZ0ESTT/Y
00 EZ0E/TT /Y
00T ECOEATT/Y
00'0 EZ0E/TT /Y




Meter 23 Hydrograph - Dry Weather

180

e F 0w Metering Data 45 Min Rolling Avg

Avg Dry Weather Flow

Saniary Flow

Infiltration

WdD

60

40

20

O0EZ EZ0E/ET/Y
0022 E202/ZTY
00'TZ EZ0E/ETY
00 € E202/ZT4Y
00 6L EZ0E/ZTAY
O0:EL EZ0C/2T
00LT EZ0E/ZTY
09T E20E/ZT4Y
00T E202/2T4Y
00T EZ0E/ET/Y
ODET EZ02/ZTY
00ZT EZ0E/ZTY
00°TT EZ0E/ETY
0001 E20E/ZTY
00'6EZ0E/Z LAY
00'BEZOE /2T
004 EZOT/ETHE
00/ 9ETOT/ET /Y
00'SECOE 2T/
00 ECOZ /2 1o Y
0DE EZO /2T H
007 EZ0T /2T /Y
00T EE0E /2T
00'0EZ0E/ZTHY
O0EZ EZ0E/TTY
002 EZ0E/TTY
00TE EZ0C/ LAY
000 E202/ T
00 6T EZ0E/TTY
00T E202/TTY
004 T EZ0E/TTY
009T £202/TTY
00 ST EZ0E/TTY
00T EZ0E/TTY
ODET EZ0E/TTAY
00T EZ0C/ LAY
00T E202/TTY
0001 E202/TTY
00'GECOT/TTHY
O0'BEZOE LT/
004 EZOE/TTH:
00/ 9EZOE T/
00'SETOE/TT/Y
00 EE0E T/
00'€ 202 /LT
00 EZ0E T/
00T EZOE /T
00/ 0ETOETTHY
00EZ EZ0E/TTY
00TE EZ0C/ 0L/
0012 E202/0TY
00 0€ E202/0T4Y
00 6T EZ0E/OTY
00'8T E20C/0T /v
00'£T EZ02/OTY
009 EZ0E/TTY
00'SL EZ 0./ 0L/
00T EZ02/0T4Y
ODET EZ0E/TTY
O0ET EZ0E/OTY
00T EZ0E/0T /Y
00:0T £202/0T4b
006 EZO /0T
00' 8 ECOT /0T
004 EE0E /O /%
(e
00'SEZE 0T
00 EZOT /0T /¢
O0€ ETOT /0T
00€ £202/ 0L/
00T EZ0E /0T
00 0EZO /0T

Meter 24 Hydrograph - Dry Weather

140

e FlOW Metering Data45 Min Rolling Avg

e Avg Dry Weather Flow

Saniary Flow

Infilration

1Md2

60

40

20

O0EZ EZQESTT /Y
0072 EZESZT /b
O0LE ECOESETAY
O0V0E EC0ESZT Ay
06T EZ0ESZT /Y
O0BL ECOESET Ay
00T ECOESET Y
007G EZ0ESZT /Y
00'STEZESZT /Y
00V EZCESZT /Y
O0ET EZESTT /Y
00T EZGESZT/Y
00T EZCESZT /Y
0001 EZEESZTHY
006 EZ0E/ZT/Y
00 BEZOE/ZT/Y
002 EZ0E/ZTIY
O0EZIC/ETY
00'SEZOE/ZTIY
00k EZ0E/ZT/E
00 EZOE/ZTIP
007 EZ0E/ETIE
00T EZ0E/ZT Y
000 ECOE/ZTIY
O0EE E20ESTTAY
00ZE EZESTT/Y
00'TZ EZGETT /Y
0008 ECOESTTAY
O0BLEC0ETT Ay
00T EZGETT/Y
O0LTEZOETT/Y
00T E20ESTT Ay
00'ST EZGETT
00bT EZCETT/Y
ODET EZESTT /b
00ZT EZEENTTHY
00T EZGETT/E
000 EZCESTT /b
00'6 EZ0E/TT/Y
O0BEZIE/ L
002 EZ0E/TTIY
00'9EZ0E/TTE
005 EZIC LY
00 EZ0E/TT
00 EZ0E/TT/Y
00T EZ0C/ LY
00T EZ0E/TT
000 EZ0E/TT /Y
OEZ EZCESOT /b
00ZE E20E/OT Y
007TE EZGESOT
0002 EZ0ESOT /b
0061 EZCE/OT /b
O0BL EC0EOT
0L EZGESOT /Y
009 EZCESOT
00'ST £20E/OT /6
00T EZ0ESOT
ODET EZCESOT/b
00T EZCESOT /b
00T EZAESOT Y
O00T E20E/OT
006 EZ0E/OT /b
00'8 EZ0E/OT /Y
004 EZ0E/OT/
00'9 EZ0E/TT /1
00'G EZ0E/OT /b
00 EZ0C/OL/
00 EZ0C/0T/%
007 EZ0ETT /Y
00T EZ0C/OT/1
000 EZ0E/OT

Meter 25 Hydrograph - Dry Weather

160

Flow Metering Data45 Min Rolling Avg

Avg Dry Weather Flow

Sanitary Flow

Infileration

140

120

100

40

20

ODET EZOE/AT/
00T EZ0E/TL/ Y
00°TT EZE/AT/Y
0001 E20E/9T/t
00'6EZ0C/TT /v
00'8EZOE/9T
004 EZOESIT
00\ 9ETOE/IT fr
00'SEZ0E/TT
00 EZ02/9T
00 EZ0E/9T
00T ETOE/9T fr
00T EE0E/TT
00'0EZ02 /9T
ODEZ ETOE/STIY
00EZ EZ0E/STIE
0012 EZ0E/STE
00:0E EZ.0E/SL/Y
0061 £Z02/ST/
00 8T EZ0E/ST/
00LT EZOE/STIE
00:9T EZ.02/SL/Y
00T EZ02/ST/E
00T EZ0E/ST/
ODET EZ0E/STY
00T T EZ0E/ST/Y
00T EZ0E/STIE
0001 E20E/ST/t
006 ECOE /ST fr
O0'BEZOE/ST Ay
004 EZO2/ST
00/ 9EZOE /ST fr
00'SETOE /ST fr
00 EE0ESST
00 EZ0C/STA Y
00 EZOE/ST
00T ECOE/ST fr
00 ECCESST
ODEE EZ0E/V LY
0022 EZOE/NTIE
00TZ EZQEMTI
00 (€ EZ0E/ T/
O0/GL EZ0E VLY
00 8T EZ0E/ T/
00LT EZQEMT/E
0097 EZ0EMT/
00'STEZOEMVTIE
00T EZOEMNT/
ODET EZOEMT/E
00T EZOE/V LY
00TT EZOEATI
0007 EZ0E/T/
00 GEEENT
O0'REZOC/VTS Y
004 EZEEATHY
00/ 9EZOE /Ty
00'SECOET
00y EZOC/YT Ay
00 EZ2AT Y
007 EZOE/PT
00T ETOEST
00 0EZ0E/T Ay
ODEZ EZOE/ETIE
00ZZ EZOEET/Y
0012 EZOE/ET/E
00/ (€ EZ0E/E T/
O0'GL EZ0E/E T/
00 8T EZ0E/ET/
O0LT EZOE/ET/E
0091 EZ0E/E T/
00'SL EZ0E/E T/
00T EZOE/ETI




Meter 26 Hydrograph - Dry Weather

140

Flow Metering Data 45 Min Rolling Avg

Avg Dry Weather Flow

Sanitary Flow

Infilration

120

o
a8

20

20

O0EZ EZ0E/ETSS
00T EZOE/ETSS
00712 EZ0E/ETSS
002 EZ0E/ZT/S
00'6T EZ0E/ETSS
08T EZ0E/ET/S
00T EZOE/ETSS
00:9T EZ0E/ET/S
00:ST EZ0E/ZT/S
00T EZ0E/ETS
OOET EZ0E/ZTSS
00T EZ0E/ETSS
00T EZ0E/ETSS
00:0T EZ0E/ET/S
006 E20C/ZT/S
00:8 E20C/ZT/S
004 EE0C/ZTIS
00:9 EE0C/ZT/S
005 EE0C/ZTIS
00 EE0C/ZTIS
O0€ E20C/ZT/S
00Z EEE/ZL/S
0077 EE0E/ET/S
000 EE0C/ZT/S
O0EZ EZ0E/TTSS
00ZZ EZ0E/TTSS
00°TE EZ0E/TL/S
00:0€ EZ0E/TL/S
00:6T EZ0E/TT/S
08T EZ0E/TT/S
004 T EZ0E/TTSS
00:9T EZ0E/TT/S
00°ST EZ0E/TL/S
00T EZ0E/TL/S
00ET EZ0E/TT/S
00T EZ0E/TTSS
00°TT EZ0E/TTSS
00:0T EZ0E/TLSS
006 EEE/TL/S
008 EEZ0E/TL/S
004 EE0E/TT/S
009 E20C/TT/S
00:5 E20C/TT/S
00 EE0E/TL/S
00 EEE/TL/S
00Z EZE/TL/S
00T EE0E/TT/S
000 EE0C/TT/S
002 EZ0E/OT/S
007Z EZ0E/TT/S
00°TZ EZ0E/TLSS
0008 EZ0E/TL/S
006T EZ0E/OT/S
00:8T EZ0E/OT/S
00T EZ0E/OT/S
00:9T EZ0E/TT/S
00'ST EZ0E/TLAS
00T EZ0E/TL/S
O0ET EZ0E/OT/S
00T EZ0E/OT/S
00°TT EZ0E/OT/S
00:0T EZ0E/TT/S
00'6 EE0E/ 0/
00°8 EE0E/OT/S
004 EE0C/0T/S
00:9 E202/01/5
005 £202/01/5
00 E20C/0T/S
00 EE0E/0L/S
0077 E20C/0T/S
00T EZ0C/0T/S
000 EZ0C/0T/S

Meter 28 Hydrograph - Dry Weather

400

e Flow Metering Data45 Min Rolling Avg

Avg Dry Weather Flow

Sanitary Flow

Infileration

150

100

50

O0IET ETOE/ZT /¥
0072 EZ0E/ZLY
00'TZ EZ0E/ZT /Y
00VE ECOE/ZT /¥
00EL EZ0E/Z T
00i8T EZ0E/ZT /Y
00T EZ0E/ZT /Y
00iT ETOE/ZT Y
00'ST ETOE/ZT /Y
00VT EE0E/Z T
ODET EZ0E/ZT /Y
00FT EZ0E/ZT Y
00T ETOE/ZT /Y
00T ETOE/ZT /Y
D06 EZCE /2Ty
008 EZOE/ZTIY
00t EZOT/ETIY
009 EZ/ETIY
D0SEEOE/ETHY
00 EZCE/ZT Y
O0E EZOE/ZTIY
00Z EZOL/ETIY
00T EZME/ETIY
DODECOE/ETY
0DEZ EZ0E/TT /Y
0072 EZ0E/TT /Y
00iTZ ETOE/TT /¥
000E ETOE/TT/Y
00EL EZ0E/TL Y
00i8T EZ0E/TT /Y
00T EZ0E/TT /Y
00i9T EZ0E/TT /Y
00'ST ETOE/TT/Y
OO EZ0E/TT Y
ODET EZ0E/TT /Y
00FT EZ0E/TT /Y
00T ETOE/TT /Y
00T EZ0E/TLY
D06 EZCE/TT /Y
008 EZE/TT/Y
00t EZOE/TTIY
009 EZE/TT/Y
005 EEOE/TLY
00l EZOE/TT/Y
O0E EZOE/TT/Y
00 EZE/TTIY
00T EZOE/TT/Y
000 EZOE/TT /Y
O0IET ETOE/OT /¥
00ET ETOE/OT /¥
D0'TE EZ0E/0L/¥
00i0E EZ0E/0T /¥
00T EZ0E/OT /¥
00iFT ET0E/OT /¥
00T ECOE/OT /¥
D091 EZ0E/0L/ ¥
00iST EZ0E/0T /¥
00T EZ0E/OT /¥
O0ET ETOE/OT /¥
00ZT EZ0E/0L/Y
00T EZ0E/OT /¥
00i0T EZ0E/OT /¥
006 EZOC/0T /Y
D08 EZE/OT/Y
00 EELE/OLAY
00i9 EZ02/0T /v
00iS EZ0C/T /Y
00l EZ0E/0T /Y
00E EZ0E/OL/Y
00 EZ0E/OT /¥
00T EZ0/0T /Y
000 EZ0C/0T /Y

Meter 31 Hydrograph - Dry Weather

70

= Flow Metering Data45 Min Rolling Ave

Avg Dry Weather Flow

Senitary Flow

Infiltration

Wde

ODET ETOE/ZTH
002E ECOEfZT Y
00°1Z ECOC /2 1o Y
00:0 £202/ZT 1Y
00'6L EZ0EfZT Y
OOEL ECOC /2 TS Y
00:LTEZE/ZTS Y
00T E20E 2T/
00T E20E /2T 1
00T ECOEfZTA Y
OOET ECOC /2T Y
00T E20E/ZT1Y
00T EZ0E/ZTH
00:0T E20E/ZT1
006 E2 02 /2 LY
0048 62 0272 T/ %
00'L EZ0E/ET/Y
009 EZOE/Z T/
00iS EZ0E/ZT/Y
00 E20EATL/Y
00 E202/2 T/ ¥
007 EZ0E/ET/Y
00T EZ0E/ZT /Y
000 EZOE/ZT/Y
0L ECOE /T
002 ECOC/TLA Y
00712 £208/TT
00} EZ0E/TT/
00T EC0E/TT A
08T EZ02/TTAY

ODET EZOE/TT Y
00ZT EZOE/TTS Y
00T EZOE/TTH
00T £Z02 /LAY
006 E2 0E/TT/ ¥
00:8 EZ0E/TT/Y
004 EZGETT /Y
009 EZOE/TT/ Y
005 EZ 02T/
00k EZ0E/TT/Y
0DE EZ0E/TT/Y
007 EZ0C/TT/ Y
00°T E20EATT/ Y
000 EZ 02T
0DEZ £202/ 0T/
0072 ETE 0T/
0071Z EZ0E/TT 1
00:0€ E20E /0T
06T EZ0C/ O/
O0'8T £202/0T/6
004 T EZCE/ 0T/t
09T £20C /0T
00T EZ0E /0T
00T EZ0C/OL/%
ODET ETOE/TT A
002 T EC0E /0T
00T E20C/OT/%
00:0T £202/0T
00'6 EZ 0/ 0T /¢
00:8 EZ0C/0T/¥
004 EZQE/ O/
00°9 E2 02/ 0L/
005 E2 02/ 0T/
00k EZ0E/OT/¥
0D EZ0E/0T/¥
002 E20E/OL/¥
00FT B2 02/ 0L/
00:0 EZ0EAOT /¥




Meter 32 Hydrograph - Dry Weather
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Flow Metering Data45 Min Rolling Avg

Avg Dry Weather Flow

Sanitary Flow

Infiltration

160

140

120

100

20

60

40

0

O0EZ EZLEZLSS
007 EZLEELSS
0071 EZLE/ZLSS
00:(E EZCE/ZTSS
0061 EZOE/ZTSS
O0:HL EZOEZTSS
O0LT EE0E/ZTIS
0091 EE0E/ZT/S
O0'ST EZ0E/ZTIS
00T EZ0E/CT/S
ODET EZ0E/CT/S
00TT EE0E/CT/S
00T EZLE/ZLSS
00T EZ0E/ET IS
006 EZE/ZT/S
DD'BEZDEZT/S
00 EZDEfZT/S
D09 EZDEZT/S
O0'S EZOE/ZT/S
00t EZOE/ZT/S
OO EZOE/ZT/S
007 EZOE/ZT/S
00T EZ0E/ZT/S
000 EZE/ZTSS
00T EZ0E/TTIS
0072 EZ0E/TTIS
007 EZCESTLSS
O0\E EZCESTLSS
00T EZCE/TLSS
00'8T EZ0E/TT/S
00T EZOETTSS
00:9T EZCE/TTSS
00'ST EE0E/TT/S
00T EZ0E/TT/S
O0ET EZ0E/TT/S
00TT EZ0E/TT/S
00TT EZ0E/TT/S
00T EZ0E/TT/S
006 EZDESTT/S
D08 EZLESIT/S
00 EZDESTT/S
D09 EZDE/IT/S
00:S EZDEIT/S
00 EZDE/TT/S
00 EZE/TT/S
007 EZOE/TTSS
00T EZE/TTSS
000 EZE/TTSS
O0EZ EZ0E/OT/S
007 EZCE/OL/S
00TZ EZ0E/OT /S
00'E EZ0E/0T /S
O0'6L EZCE/OL/S
D0:EL EZCE/OL/S
00T EZCE/OLSS
00T EZ0E/OT/S
O0'ST EZ0E/OT /S
O0FT EZ0E/OT/S
ODET EZ0E/OT/S
00TT EZ0E/OT/S
00T EZ0E/OT/S
00T EZ0E/0T /S
00'6 EZ0E/0T/5
O0'BEZOE/OT/S
00 EZ0E/OT/S
00:9 EZ0E/OT/5
005 EZ0E/OT/5
00 EZOE/OT/S
00 EZOE/OT/S
007 EZOE/0T/S
00T EZOE/OT/S
000 EZOE/OT/S

Meter 33 Hydrograph - Dry Weather MAY

160

e F oW Metering Data 45 Min Rolling Avg

Avg Dry Weather Flow

Sanitary Flow

Infiltration

Wde

20

O0EZ EZ0E/ZL/S
0022 EZE/ZT/S
0071Z EZ0E/ZL/S
00/0C EZ0E/ZT/S
O06L EZ0E/ZL/S
O0EL EZ0E/ZL/S
00T EE0E/TT/S
009 EZ0E/ZL/S
00'ST EE0E/ZT/S
00T EZ0E/ZL/S
ODET EZE/ZT/S
00T EZ0E/ZL/S
00T EZ0E/ZL/S
0001 EE0E/ZT/S
006 EZOE/ZL/S
008 EZOE/ET/S
00 EZ0E/EL/S
009 EEOE/ET/S
00'SEZOE/ET/S
00 EZ0E/EL/S
ODE EZ0E/ET/S
007 EZ0E/ZL/S
00T EZ0E/ET/S
O00EZOE/EL/S
O0EL EE0E/TT/S
00ZZ EE0E/TT/S
0012 EE0E/TT/S
00/0C EZ0E/TT/S
006 EZ0E/TL/S
0081 EZ0E/TT/S
04T EE0E/TT/S
00'9T E20E/TT/S
00'ST EZ0E/TT/S
00T EZ0E/TT/S
ODET EE0E/TT/S
00ZT EE0E/TT/S
00'TT EZ0E/TT/S
0001 EZ0E/TT/S
006 EZ0E/TTSS
008 EZOE/TT/S
002 EZ0E/TTSS
009 EZOE/TT/S
00'S EE0E/TTSS
00k EZ0E/TTSS
OO EZ0E/TT/S
002 EZ0E/TTSS
00T EZ0E/TT/S
000 EE0E/TTSS
OUET EE0E/OT/S
007 EZ0C/0L/S
0012 EE0E/TT/S
0002 EZ0C/0L/S
0061 E20C/TT/S
08T EZ0T/OT/S
O0LT EE0E/TT/S
0091 EZ0E/OT/S
00SE EZ0E/0L/S
00T EZ0E/TT/S
O0ET EZ0C/0L/S
00ZT EE0E/TT/S
00T EZ0E/0L/S
0007 E20E/TT/S
006 EZ0E/OT/S
00 EZ0E/OL/S
002 EZ0E/OT/S
00 EZ0E/OL/S
00'S EZ0E/OT/S
00 EZ0C/0L/S
00 EZ02/0L/5
00 EZ0E/OT/S
00T £202/0L/5
000 EZ0E/OT/S

Meter 34 Hydrograph - Dry Weather

160

Flow Metering Data 45 Min Rolling Avg

e Avg Dry Weather Flow

Sanitary Flow

Infiftration

40

20

O0EE ECOEZTIY
00ZZ EZ0E/Z Ty
0071Z EZW /2Ty
O0E EZOE/ZT /Y
OD'BT EZOE/ZT /Y
OD'8T EZOE/ZT/Y
004 T ECOEZ Ty
00T EZ0EAZ T
00ST EZ0 /2Ty
O0bT EZOE/ZTSY
ODET EZOE/ZT/Y
ODET EZE/ZT/Y
00T EZEE/ZTAY
00T EZ0EAZ TS
O0BECOE/ZTHY
O0EECE/ET/Y
00 EEE/ET /Y
ODGECIE/ZT Y
ODSECOE/ZTHY
00k ECOE/ZTHY
ODE ECOE/ZT/Y
00T ECE/ET /Y
00T ECE/ET /Y
ODDECOE/ZTHY
ODEZ EZOETT/Y
ODEE EZOETT/Y
00'1E EZEEATT/Y
O00E ECOE/TT/Y
O0BL EZOE/ TS
O0ET EZW/TT/Y
OUAT EZOEATTAY
009 EZOETT/Y
00'STEZE/TT/Y
00T EZEATTAY
O0ET EZOE/ T
00T EZWE /Ty
00T EZEEATTAY
00O EZEETT /Y
ODGECOE/TT/Y
OD'BECOE/TTAY
00 EC0E/TTAY
O0EECE/TTY
O0SECOE/TT /Y
00k ECOE/TT/Y
ODE ECOE/TT/Y
007 ECOE/TT/Y
00T ECE/TT /Y
OODECE/TT/Y
ODEZ EZOE/OT /Y
O0EZ EZOE/OT/Y
00'TE EZOE/OT/y
OD'0E EZOE/OT/Y
OD'6T EZOE/OT/t
OD'8T EZOE/OT/1
ODLT EZEE/OT/Y
009 EZ0EAOT
00'ST 20 /0T /y
00T EZOE/OT/Y
ODET EZOE/OT/Y
ODET EZE/OT/Y
00T EZEE/OT/Y
000T ECOEOL/Y
O0VGEE(E/TT
QDB ECOE/TT /Y
00 ECOESOT/Y
OD'9ECOESTT Y
OD'SECOESTT/Y
00 £20E/TT /v
00 E20E/TT
00E EC0E/OT /Y
00T ECOE/OT /Y
ODDECOE/TT /Y




Meter 35 Hydrograph - Dry Weather

700

Flow Metering Data 45 Min Rolling Avg

Avg Dry Weather Flow

Saniary Flow

Infiltrazion

B00

500

400

300

200

100

O0EZ 202 /2T
00:7Z EZ /2Ty
O0°TZ EZ0E 2T/
O0E EZ0E 2T/
06T £Z0E 2T/
08T EELE /2T
00T EE0E /2T
00 ST £202 2T/
O0°ST EZ0E 2T/
OOFT EZCE 2T/
OCET EZE/2T/Y
00ZT 202 2T/
00T EZ /2T /Y
00T EZ0E 2T/
006 ECOE/ZT b
008 ECOE/ZT /b
00 ECOEET /Y
O Y ECE/RT /Y
005 E20T/ZT b
00 EZOEZT Y
O0E ECOEZT{Y
00T ECOE/ZTAY
00T ECOE/ZT /Y
000 ECOT/ZT 1Y
OCEZ EZ0E/TT/Y
O0ZZ EZCE T/
O0°TZ £Z0E/TT/Y
O0F0E EECE /T
O06L 202 /T
OCET £Z02/TT/Y
00T EZCE/TT/Y
00°9T EZCE T/
00°ST EZE/TTAY
00T 202/ TLAY
OCET EZ0/TT/Y
00T EZCE T/
O0TT EZCE/TT/Y
00 0T £Z0E /TT/Y
006 ECOE/TT /Y
008 ECE/TT /Y
00 EZ0Z/TT /Y
009 EZOE/TT Y
005 ECOE/TT{Y
00 ECOE/TTAY
O0€ ECE/TT /Y
00T E202/TT /b
00T EZOE/TTHY
000 ECOE/TT{Y
OCEZ EZ0E /0T /1
00°ZZ 202 /0Ly
00FTZ EZ0Z /0T /
00V 0E £202 /0T
O06T £Z0E /O /
08T £2 02 /0T/1
00T EE0E /0Ly
00T E202 /0L
00FST £202 /0T /r
OOHT EZ0E 0T/t
OOET EZCE /OT/k
00ZT EZE/OT/Y
00T 202 /0L
00T £ /0T /r
006 EZOZ/T b
008 ECOE/OT /b
004 ECOE/OT/b
009 ECOE/OT /¥
005 ECOE/OT /y
Ot E20Z/0T b
OO ECOE/OT /Y
007 ECOE/OT /b
00T ECOE/OTAY
000 ECOE/OT /Y

Meter 36 Hydrograph - Dry Weather

900

ing Avg

Flow Metering Data 45 Min Rolli

Avg Dry Weather Fiow

Sanitary Flow

Infiltration

BOD

700

600

500

400

300

200

100

OCEZ EZ0E 2T/
O0ZZ EZCE 2T/
00FTZ EZE/2T/Y
00 E202 2T/
006T EZ0 /2T /Y
08T EZ0E 2T/
00T EZCE/ZT/Y
0091 EZE/2THY
00T E202 2T/
00T EZ /2Ty
OCET EZ0E 2T/
00ET EZCE 2T/
[gaddidadly
00T E202 2T/
006 ECOT/ZT 1Y
008 EZOE/ZT Y
00 ETOEZTHY
009 ECOT/ZTAY
005 EEOE/ZT /Y
00t ECOT/ZT /b
O0E EZOE/ZTHY
007 ECOEZT Y
00T ECOT/ZTAY
OOECE/RT/Y
OCEZ £Z0E/TT/Y
00ZZ EZOE/TT/Y
O0°TZ EZ0E T/
OCE EZE/TTAY
O06T 202 /T
OCET £Z02/TT/Y
00T EZCE/TT/Y
00°9T £Z0E/TT/Y
O0FST EE0E /T
O0FT E202/TLY
OCET EZ0E/TT/Y
00T EZCE/TT/Y
O0TT £ZCE/TT/Y
00T EECE /T
006 ECE/TT /Y
008 EC0T/TT /b
00 EZOE/TTAY
009 EZOE/TT/Y
005 ECOE/TT /Y
00 ECE/TT /Y
OCE EZ0Z/TT /Y
00T ECOE/TTHY
00T EZOE/TT/Y
000 ECOE/ LAY
00EZ EZ0Z /0T /1
O0ZZ £Z0E 0T/
O0°TZ £Z0E 0T/t
00V £202 /0T/1
06T EZ02/0L/Y
08T EZ02 /0T /1
00T EZ0E O/
00 9T EZ0E /0T /
00°ST EZ0E /0T 4k
00T E202 0L/
OCET EZ0Z /0T /1
00T EZ0E 0T/
O0°TT EZCE O/
00T £Z0E /0T /1
006 EE0E/OT/y
008 ECOC/OL 1Y
00 EZOE/OT 1Y
00°9 EZOE/OT b
005 ECOT/OT 1Y
00 EE0E/OT /v
00E ECOT/OL 1Y
00T EZOE/OT 1Y
00T EZOE/OT /b
000 ECOT/OTAY

Meter 37 Hydrograph - Dry Weather

600

——Flow Metering Data45 Min Roling Avz

—AVE Dry Weather Flow

Sanitary Flow

Infilration

200

100

ODEZ E20E /215
007 EZ0E /215
0012 ECOE/ZTSS
O0FE ECOE/ZT/S
00T ECOEZTSS
O0/BT ECOEZT/S
00T EZ0E/ET/S
00T E20E /215
O0/ST ECOEZT/S
00T EZ0E/2T/S
ODET ECOE/ZTS
00TT ECOEZTS
00T ECOEZT/S
OO0L E20E/2THS
OO/ EZOE 2T/
D08 EZOE LTSS
004 EZOE/ZTHS
00/ EZOE 2T/
005 EZ0EZT/S
00k EZ0E/ZTHS
O0E EZOC/ZT/S
00 EZ0E/ZT/S
00T EZ0E/ZTHS
iildvdradia
ODEZ E20E/TT/S
007 ECOETTS
00°TZ ECOE/TT/S
O00E E20E/TTAS
O0'ET ECOE/TT/S
O0FBT ECOE/TT/S
00T EZ0E/TT/S
09T ECOETTSS
O0FST ECOE/TT/S
O0FT ECOE/TTSS
OOET ECOE/TTS
00TT ECOE/TTS
OOTTEZ0E/TT/S
O0F0T ECOE/TTSS
006 EZ0EATT/S
OD'BEZOE/TTIS
004 EZOE/TTHS
009 EZOEATT/S
O0'S EZOE/TTHS
00k EZOCATT/S
O0E EZ0E/TT/S
007 EZ0E/TTHS
00T EZ0CTT/S
OO0 EZOEATTSS
O0EL ECOE0T/S
007 ECOE/OT/S
O0°TZ E20E /015
O0F0E EC0E /0TS
O0'ET ECOE/OT/S
00T E20E /0TS
O0:LT ECOEOT/S
O0FT ECOE/OT/S
00'ST ECOE0T/S
O0FT ECOE0T/S
OOET ECOE/OT/S
O0ZT E20E /015
00T ECOE/0T/S
00T E20€ /015
006 EZ0Z/0T/S
O0'BEZOE/OT/S
004 EZOCOT/S
009 EZ0E 0TS
0015 EZ0T /0T /S
00 EZ0E /0TS
O0E EZ0E/0T/S
007 EZ0E/OT/S
00T EZ0C/OT/S
000 EZ0E/0T/S




Meter 38 Hydrograph - Dry Weather

B00

Flow Metering Data45 Min Rolling Avg

Avg Dry Weather Flow

Sanitary Flow

Infiltration

500

400

300

200

100

002 EZOT/ZT Y
O0EC EEME/E LY
00712 EZOC/ET Y
000 EE0E/E LAY
06T EZ0E/ZL/Y
00:8T EZ0E/ET
00T EZOE/ET
00:9T EZOC/ET
00:ST EZ0C/ZT /Y
00T EZ0E/ETH
ODET EZ0E/EL/Y
00ZT EZ0E/ET/Y
00T EZ0E/ZT
00:0T EZOC/ET
006 E202/ZT/Y
00:8 £202/ZT/Y
00 EEE 2Ty
009 EEME /2Ty
00:5 EE0C /2Ty
00 E20C/ZT/Y
O0€ EZ0C/ZTIY
007 E20C/ZT/Y
00T E20C/ZT/Y
000 EEE TSy
O00€Z EZ0E/TT
007Z EZOE/TT
00°TZ EZOE/TT
0002 EZ0C/TT /Y
00:6T EZ0E/TTH
O0'8T EZ0E/TLAY
00T EZ0E/TL/Y
09T EZ0E/TT /e
00:ST EZ0C/TT
00T EZOC/TT
O0ET EZOT/TT Y
O0ET EE0E/TLAY
00T EZ0E/TLAY
00:0T EZ0E/TT
006 E20C/TT/Y
00:8 EE0C/TT/Y
004 EZ0C/TTIY
00°9 E20C/TT/Y
005 EEE /Ty
00 EE0E/TT/Y
00 EZ0C/TT/Y
007 EE0C/TTIY
00T E20C/TT/Y
000 EZ0C/TT/Y
O0EZ EZOC/OT
00722 EZ0C/OT
00°TZ EZ0E/OL/Y
0008 EZ0E/OL/Y
006T EZ0C /0T
O0:8T EZ0C /0T
00T EZOC/OT e
00:9T EZ02 /0T
00:ST EZ0E/OT
00T EZ0E/OL/Y
O00ET EZ0E/OT
00T EZ0E /AT e
00°TT EZ0C/OT e
00:0T EZ02 /0T
006 £20/0L/b
008 EE0C /0T /Y
00 EE0E/0T/y
009 £202/ 0T/
005 E202/ 0T/t
00 EZ0C/0T/Y
00 E202/0T/Y
00 EE0E/0T/y
00T EE0E/ 0Ty
00:0 EE0C/ 0L/

Meter 39 Hydrograph - Dry Weather

600

s F i Metering Data 45 Min Rolling Avg

Avg Dry Weather Flow

Saniary Flow

Infiltration

100

O0ET ECE/ZT/S
00ZZ EEE/ZT/S)
O0°TZ ECOE/ZT/S
O0/(C ECOE/ZT/S
O0VET EZOE/ZT/S
00T E20E/Z T/ S
004 T EZOE/ZT/S
009 E20E/Z T/
O0/ST ECOE/ZT/S
D0 E20E/ZL/5)
OET EZOE/ZT/S
00T ECOE/ZT/S
O0°TT E2OE/ZT/
00T E20E/ZT/5)
006 EZEEZTSS
00BEZE/ZT/S
00 EZEEZTSS
009 EZE/ZLSS
00'SECEE/ZTS
00 EZ0EZT/S
00 EZEE/ZT/S
00Z EZ0E/ZT/S
00T EZEEAZTSS
00DEZE/ZTSS
O0EL ECOE/TT/S
007 ET0E/TT/S
00712 ECOE/TT/S
00/ ECOE/TT/S
06T ECOE/TT/S
00T E20E/TL/S)
O0LT E20E/TL/S)
00FT EZE/TT/S
00'ST ECOE/TT/S
00T EZ0E/TT/S
ODET ECOE/TT/S
007 T ECOE/TT/S
00T ECOE/TT/S
O0F0T EZOE/TT/S
00BEZE/TE/S
ODBEZEETTSS
004 EZEEATTS
009 EZOE/TTSS
00'SECEE/TTS
00 EZEETTSS
00€ EZ0E/TL/S
00 EZEETTSS
00T EZ0E/TL/S
O00EZEE/TTSS
OEL ECOE/OT/S
0072 ECE/OT/
O0°TZ £20/0L/5)
00/ EZOE/OT/5
O06T £2 0 /015
O0/BT ECOE/OT/5
D0 T E20E/0L/S)
00°9T ECOE/OT/S
00'ST ECOE/TT/S
00K ECOE/OT/S
ODET £20/01/5)
00T EZE/OT/S
00T T £20/01/5)
O0F0T ECOE/OT/5
006 EZOE /0T /S
008 ECEEAOT/S
002 EZ0E0T/S
009 ECEEAOT/S
005 EZ0E /0T /S
00k EZEE 0TS
ODE EZEEOT/S
002 EZEEA0T/S
00T EZEE 0TS
000 EZEEAOT/S

Meter 40 Hydrograph - Dry Weather

120

e F 0w Mztering Data 45 Min Rolling Avg

m— Avg Dry Weather Flow

Sanitary Flow

Infiltration

Wda

20

0062 EZ0E/ZL/Y
00ZZ EZ0E/ZT/Y
00°TZ EZ0E/ET/Y
00 EZ0E/ZT /Y
06T EZ0E/ZT /Y
ODET EZOE/ZT/Y
00T EZOE/ETY
00T EZOE/ETIY
00'ST EZEE/ZTIY
00T EZ0E/ZT/Y
ODET EZ0E/ZT/Y
00T EZOE/ETY
00T EZOE/ZTIY
00T EZCE/ETIY
006 ECE/ZT/Y
008 ECE/ZT/Y
004 ETOE/ZTIY
00°9 EZE/ZT/Y
005 ECOE 2Ty
00 ECOE 2Ty
00€ EEE /TSy
002 ECE /TSy
00T ECOE/ZTIY
000 ECOEZTIY
ODEZ EZ0E/TT/Y
00ZZ EZ0E/TTY
00°TZ EZ0E/TT/Y
00/ EZCE/TTIY
O0'6T EZCE/TTIY
O0'8T EZ0E/TT/Y
00T EZOE/TTY
00'9T £Z0E/TTY
00'ST E202/TTY
00T EE0E/TLY
O0ET EZ0E/TL/Y
00T EZ0E/TL/Y
00T EZ0E/TL/Y
00T EZ0E/TTY
006 ECOEFTT/Y
008 ECOEFTT/Y
00 EEE ATy
009 EEE ATy
00'S ECOE/TT/Y
00 EC0C/TTIY
00 ECOT/TT/Y
007 EZ0E/TT/Y
00T EZOZ/TT/Y
000 EZOE/TTIY
ODEZ EZCE/OT /Y
00722 EZ0E/OT /b
00712 EZ0E/OT /b
00/ £Z02/0T /b
O0'6T £Z02/OT /b
00T EZ0E /0L
00T EE0E/OL/Y
00T EZ0E/OL/Y
00ST EZ0E /0L /Y
00T EZ0E/OT /Y
O0ET EZ0E/OT /¥
00T EZ0E/OT /b
00T EZ0E/OT /Y
Q0T EZ0E /0T /b
006 EZOZ/ 0L/
008 ECOZ/OL/Y
00 ETOZ/0T/Y
009 ET02 0T/
005 EZ0Z 0T/
00 EZOZ/OL/Y
00 EZOZ/OL/Y
007 E20E/0L/Y
00T E2E/OT/Y
000 ECE 0L/




Meter 42 Hydrograph - Dry Weather APRIL

2500

Flow Metering Data45 Min Rolling Avg

Avg Dry Weather Flow

Sanitary Flow

Infiltration

2000

1500

1000

500

O0'EE EZ0E/Z LAY
007ZZ EC0T/ZTAY
007TZ E2CE/2TAY
00 E2CE/2ZTAY
06T E2CE/2TAY
00'8T E2CE/ZTAY
004 T EZOEAZ LAY
00°9T EZ0EAZ LAY
00'ST EZ0E/Z LAY
00T EZ0E/Z LAY
ODET EZOE/Z LAY
[liragdvaravis
00T EZ02/Z T
00:0T EZ02/2 T
006 EZ0E/ZT1Y
O0'B EZ0E/ZTY
00 EZQESZT/Y
00:9 EZESZ T/
00'S EZCE/Z T/
00 EZESZT /Y
00 EZE/ZT /Y
00T EZCESZT /Y
00T EZCESZT /Y
000 EZCESZ T/
00T ECCE/TTAY
007TZ ECCE/TTAY
00TZ EZCE/TTAY
O0:0E E2CE/TTAY
06T EZCE/TTAY
OOET ECCE/TTAY
00T EZCE/TTAY
00:9T ECCETTAY
00:ST ECCE/TTAY
00T ECCE/TTAY
O0ET ECCE/TTAY
00T ECCE/TTAY
00T E2CE/TTAY
00:0T E2CE/TTAY
00'6 EZCE/TT /b
008 EZCESTT b
00 EZCESTT/b
00:0 EZCE/TT/b
005 EZCE/TT/b
00 EZCE/TT/b
00 EZCE/TT/b
007 EZE/TT/b
00T EZCESTT/E
000 EZCESTT /b
O0EZ ECCE/OTAY
007TZ ECCE/OTAY
00TZ ECCE/OTAY
000 ECCE/OT4b
00:6T E2CE/OT4Y
08T ECCE/OT/Y
00T ECCE/OTAY
00:9T E2CE/OT/b
00:ST £2CE/0T4b
00T E2CE/OTAY
00T E2CE/OTAY
00T E2CE/OTAY
00T E2CE/OTAY
00:0T E2CE/0T4Y
00°6 EZ0E/0L1
008 EZ0E/0L1
004 EZ0E/OL1Y
00:9 EZ0E /0L
00'5 EZ0E /0L
00 EZ0E/0T1Y
00 EZ0E/OT1Y
00 EZ0E/0L1Y
00°T EZ0E/0L 1Y
000 EZ0E/0T 1Y

Meter 43 Hydrograph - Dry Weather

140

Flow Metering Data45 Min Rolling Avg

Avg Dry Wesather Flow

Saniary Flow

Infiltrazion

120

100

&0

40

20

OCEZ EZ0E/ZT/S
00ZZ EZOE/ZTIS
00FTZ EZ0E/ZT/S
0002 EE0E/ZL/S
06T EZ0E/ZT/S
08T EZOE/ZT/S
00T EELEFETIS
00T EZOE/ZT/S
OFST EELEFEL IS
00T EZ0Z/ZT/S
OOET EZOE/ZT/S
00°TT EZ0E/ZT/S
00T EZOE/ZT/S
00T £Z0E/ZT/S
006 EELE/ETHS
008 ECOE/ZT/S
00 ECOEZTSS
00F9 ECLE/ETHS
00°S ECOEZT/S
00k ECOE/ZT/S
00 ECLE/ET/S
00T ECEZTSS
00T ECOEZT/S
00 EZOE/ZT/S
O0EZ EZOE/TT/S
002 EE0E/TLIG
O0FTZ EZ0E/TT/S
00/ EZOE/TT/S
0C6T EZE/TT/S
O0'8T EZOE/TT/S
0CLT EZEATTAS
00T EELEATLIS
00'ST EZOE/TT/S
O0FT EZOEATT/S
O0ET EE0E/TLIS
00ZT EZOEATT/S
00T EELEATLIS
00T EZ0Z/TT/S
006 ECOE/TT/S
008 ECOE/TT/S
00 ECOE/TTSS
009 ECOE/TT/S
005 ECLE/TTHS
00 EZ0E/TT/S
OO ECOETT/S
00E ECLE/TTHS
00T EZOE/TT/S
000 ECOE/TT/S
O0EZ EE0E/OL/S
00ZZ EZOE/OT/S
00FTZ EZ0E/0T/S
0002 EE0E/OL/S
O06T £Z0E/OT/S
00T EE0E/OT /S
00T EZOT/OT/S
00T EZOE/OT/S
00°ST EZ0E/0T/S
OOFT EZOE/OT/S
OCET EZ0E/OT/S
00T EE0E/OL/S
00°TT EZOE/OT/S
00T £Z0E/OT/S
006 ECLE/TT/S
008 ECOE/OT/S
00+ ECLE/TT/S
00'9 ECOE/OT/S
00°S ECOE/OT/S
00 ECOE/OT/S
00 EC0E/TT/S
007 ECOE/OT/S
00T E2LE/OT/S
00° EZ0E/OT/S

Meter 44 Hydrograph - Dry Weather

250

—— Flow Metering Data 45 Min Roling Ave

A2 Dry Wesather Flow

Sanitary Flow

Infiltration

Wd2

50

OEE EE0E/ZT/S
00Z £20E/2T/S
O0VTE E20E 2T/
00 EZ0E/2T/5
00:6T £Z0E /2T/5
00T E20EAZT/S
00T EZ0E/ZT/S
00T E20E/ZT/S
00:ST £Z0E /2T/5
00T EZCE/ZT/S
ODET EELEET/S
00T £20E/2T/S
00T EELEET/S
00:0T £202 /2T /S
006 ECOE/ZT/S
00'8 ECOE/ZTSS
00 EELEfZT/S
00:9 ETOE/ZT/S
005 ECLEfZT/S
00 ECOEZT/S
00 ECOE/ZT/S
00Z ECLE/ZTIS
00T EZOE/ZT/S
000 ECLERTIS
O0EZ EZ0E/TT/S
00722 £ZEEATT/S
00TE EE0E/TT/S
OO £Z0E/TT/S
00:6T EZCE/TT/S
08T £20E/TT/S
00T EZEEATT/S
00T EELEATT/S
00'ST E202/TT/S
00T EZCE/TT/S
00ET EZE/TT/S
00T EZCE/TT/S
00°TT £2E/TT/S
00T 202/ TT/S
006 ECOE/TT/S
00'8 ECOE/TT/S
004 ETOE/TT/S
00:9 EZOE/TT/S
005 ECLE/TT/S
00 EZ0E/TT/S
O0E ECOE/TT/S
00 ECLE/TTIS
00T EZOE/TT/S
000 ECLE/TT/S
00€Z EZ0/OT/S
00T EZCEFOT/S
007TZ EZE/0T/S
O0VCE E202/0T/5
00'6T EZ0E/0T/S
00T E20E/OT/S
00T EZCEFOT/S
00:9T £Z0E/0T/S
00'ST E202/0T/S
00T EZ0E/0T/S
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APPENDIX D - ADS FLOW
METER INSTALL LOGS



Lowell, MA

Flow Monitoring
Site Installation Report

ADS

ENVIRONMENTAL
SERVICES®

Site I.D.

Meter-1

Site Address / Location:|Coburn St and Lakeview Ave. 42.639879, -71.366122

Monitor Series

Location Type

TRITON+ Temporary
Pi ize (Hx W Pi h
Site Access:|Drive ipe Size (H x W) pe Shape
18.00x18.00 Circular
Manhole # System Characteristics
Residential
Access Traffic

L/

Rourke Brothers
pocinio

Drive

Light

Installation Information

Installation Date:
Thursday, March 9, 2023

Installation Type:
Doppler Standard Ring and Crank

Monitoring Location (Sensors):
Upstream 0-5 FT

Monitor Location:
Manhole

Sensors / Devices:
AV|Max/Peak Combo (CS9)

Pressure Sensor Range (psi)
0-5 psi

Installation Confirmation:

Confirmation Time:

Pipe Size (HxW)

10:24:00 AM 18.00x18.00
Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
5.77 12.3
Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
1.97 0
Silt (in) Silt Type

0 0

Hydraulic Comments:

Manhole / Pipe Information:

Manhole Depth (Approx. inches):

Manhole Configuration

164 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
18 18
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:

No Good

Pipe Material Pipe Condition:
Brick Good

Communication Information:

Communication Type
Wireless

Antenna Location
Drilled Pavement / Concrete

ADS Project Name:

ADS Project Number:

Additional Site Info. / Comments:




Lowell, MA Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-2

Monitor Seri Location T
Site Address / Location:|821 Varnum Ave Ielr SEMED ocation Type
TRITON+ Temporary
Site Access:|Drive Pipe Size (H x W) Pipe Shape
14.00x14.00 Circular

Manhole # System Characteristics
2 Residential
Access Traffic

Drive

Foragy. Pk,

Elziacie Shadaw.or

- . f -

Clayy,,

)
>
o

PAYPUISUMOLY

Plumbing

Townsend/Ave:

'
Marshal

® market Basket &
P

anyuo\bune)

Dep

anyg puasuMOL

Installation Information

Installation Date: Installation Type:
Thursday, March 9, 2023 Doppler Standard Ring and Crank
T Monitoring Location (Sensors): Monitor Location:
Downstream 0-5 FT Manhole
N Sensors / Devices: Pressure Sensor Range (psi)
AV |Max/Peak Combo (CS9) 0-5 psi
LeT T~ Sensor Installation Confirmation:
,’ \\ Confirmation Time: Pipe Size (HXW)
;‘ ) 10:39:00 AM 14.00x14.00
— (‘) Ai- Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
AN S 7.33 4.67
Te-T Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
1 0
Silt (in) Silt Type
0 0

Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Depth (Approx. inches): Manhole Configuration
163.5 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

ADS Project Name: Lowell, Ma
ADS Project Number:




Lowell, MA ABS Site I.D.

Flow Monitoring ENVIRONMENTAL
. . SERVICES® Meter-3
Site Installation Report
Site Address / Location:|Varnum Ave & Laurie Ln, Lowell, MA Monitor Series Location Type
TRITON+ Temporary
SN | Pipe Size (H x W) Pipe Shape
15.00x15.00 Circular

Manhole # System Characteristics

3 Residential
Access Traffic

Light

Eleanor;p, -

Forestipary i

EliziaCir
-

Clay, ¥ iy
/,6\ 3

>

Meadowpy,

A : Varnum ave

5

=

£
3
>
=

Al )

oy ueunoLs
DAV PUISUMOIL!

e
8_\amiAe

SAAYOIBUNT:

Bob Gagnon @i
Plumbing & Heating

TownsendAve!
QAYUOIBUIXT

Installation Information

Installation Date: Installation Type:
Monday, March 27, 2023 Doppler Standard Ring and Crank
Monitoring Location (Sensors): Monitor Location:
@ Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
- AV|MAX/Peak Combo (CS9) 0 -5 psi
7 TN N Installation Confirmation:
! ! Confirmation Time: Pipe Size (HxW)
J 3:30:00 PM 15.00x15.00
\ s\ Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
S - - 13.52 1.48
Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
/ 0.82 0
N Silt (in) Silt Type
0 0

Hydraulic Comments:

Manhole / Pipe Information:

Manhole Depth (Approx. Inches): Manhole Configuration
168.13 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Concrete Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

ADS Project Name:
ADS Project Number:

Lowell, Ma




Lowell, MA Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-4

Monitor Seri Location T
Site Address / Location:|360 Varnum Ave @I SETED ocation Type
TRITON+ Temporary
Site Access:|Drive Pipe Size (Hx W) Pipe Shape
17.50x17.510 Circular

Manhole # System Characteristics

4 Residential
Access Traffic

Drive Medium

Installation Information
Installation Date: Installation Type:
Thursday, March 9, 2023 Doppler Standard Ring and Crank
T Monitoring Location (Sensors): Monitor Location:
Upstream 0-5 FT Manhole
N Sensors / Devices: Pressure Sensor Range (psi)
Sensor AV |Max/Peak Combo (CS9) 0-5 psi
LT TS Installation Confirmation:
,’ \\ Confirmation Time: Pipe Size (HXW)
. | ) ) - 10:10:00 AM : 17.50.x17.50 :
epth of Flow (Wet DOF) (in) Range (Air DOF) (in)
N S 9.1 8.4
Te-T Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
4.26 0
Silt (in) Silt Type
0 0
Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Depth (Approx. inches): Manhole Configuration
180.5 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
PVC Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

ADS Project Name: Lowell, Ma
ADS Project Number:




Lowell, MA Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-5

Monitor Seri Location T
Site Address / Location:|391 Varnum Ave @I SETED ocation Type
TRITON+ Temporary
Site Access:|Drive Pipe Size (Hx W) Pipe Shape
17.50x17.50 Circular

Manhole # System Characteristics
5 Residential
Access Traffic

Medium

Installation Information

Installation Date: Installation Type:
Thursday, March 9, 2023 Doppler Standard Ring and Crank
T Monitoring Location (Sensors): Monitor Location:
Upstream 0-5 FT Manhole
Sensor Sensors / Devices: Pressure Sensor Range (psi)
AV |Max/Peak Combo (CS9) 0-5 psi
LT T Installation Confirmation:
l/ \ / Confirmation Time: Pipe Size (HXW)
! 11:42:00 AM 17.50x17.50
\‘\ /I Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
/v - e 5.85 11.65
//"5" Downlooker Physical Offset (in) Measurement Confidence (in)
// 0 0.25"
/ / Peak Velocity (fps) Velocity Sensor Offset (in)
(&/ 3 0
Silt (in) Silt Type
0 0

Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Depth (Approx. inches): Manhole Configuration
86.5 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
Yes, Inside Good
Pipe Material Pipe Condition:
Vitrified Clay Pipe Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

ADS Project Name: Lowell, Ma
ADS Project Number:




Lowell, MA ABS Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-6

Monitor Series Location Type
Site Address / Location:| 15 Woodward Ave, Lowell, MA/ 42.651474, -71.335103 e
TRITON+ Temporary
Pi i Hx W, Pi h
Site Access: | Drive ipe Size (H x W) ipe Shape
50.00x34.50 Elliptical

Manhole # System Characteristics
6 Residential

Access Traffic
Light

Installation Information

Installation Date: Installation Type:
Wednesday, March 8, 2023 Doppler Special Installation
Monitoring Location (Sensors): Monitor Location:
Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
V| Max/Peak Combo (CS9)/LRD (Long Range Dept} 0 -5 psi
Installation Confirmation:
Confirmation Time: Pipe Size (HxW)
12:42:00 PM 50.00x34.50
Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
9.92 40.08
Downlooker Physical Offset (in) Measurement Confidence (in)
154 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
4.07 3.38
Silt (in) Silt Type
0 0

Hydraulic Comments:

Manhole / Pipe Information:

Manhole Depth (Approx. inches): Manhole Configuration
210.5 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
18 18
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Brick Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

ADS Project Name: Lowell, MA
ADS Project Number:




Lowell, MA INDS Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter 7

Monitor Series Location Type
Site Address / Location:|Mt Grove St and 4th Street, Lowell, MA L
TRITON+ Temporary
Pi ize (Hx W Pi h
Site Access:|Drive ipe Size (H x W) pe Shape
48.00x48.00 Circular

Manhole # System Characteristics
7 Residential

Access Traffic

Drive Medium

Installation Information
Installation Date: Installation Type:
Wednesday, March 29, 2023 Doppler Special Installation
Monitoring Location (Sensors): Monitor Location:
Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
, -~ AV|MAX/Peak Combo (CS9) 0 -5 psi
; * Installation Confirmation:
,r Confirmation Time: Pipe Size (HxW)
"\ 2:19:00 PM 48.00x48.00
S Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
2.25 45.75
Downlooker Physical Offset (in) Measurement Confidence (in)
| 0 0.25"
N Peak Velocity (fps) Velocity Sensor Offset (in)
3.52 0
Silt (in) Silt Type
0 0
Hydraulic Comments:

Manhole / Pipe Information:

Manhole Depth (Approx. Inches): Manhole Configuration
171.83 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Brick Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

ADS Project Name: Lowell, Ma

ADS Project Number:




Lowell, MA

ADS

Site I.D.

Flow Monitoring ENVIRONMENTAL
- - SERVICES* Meter-8
Site Installation Report
5 . . Monitor Series Location Type
Site Address / Location:|Off of VFW highway (42.653674,-71.323815)

TRITON+ Temporary

Site Access:|Drive Pipe Size (Hx W) Pipe Shape

84.00x84.00 Circular

University of
'Massachuseqs
Lowell

’ .

Manhole # System Characteristics

8 Residential

Access Traffic

Installation Information

Installation Date: Installation Type:
Tuesday, March 21, 2023 Doppler Special Installation
Monitoring Location (Sensors): Monitor Location:
Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
AV |Max/Peak Combo (CS9) 0-5 psi
Installation Confirmation:
Confirmation Time: Pipe Size (HxW)
2:22:00 PM 84.00x84.00
Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
13.11 70.89
Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
3.5 0
Silt (in) Silt Type
0 0

Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Depth (Approx. inches): Manhole Configuration
144 Common Trench
Manhole Material: Manhole Condition:
Concrete Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Concrete Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

ADS Project Name: Lowell, Ma

ADS Project Number:

Additional Site Info. / Comments:




Lowell, MA Site I.D.
Flow Monitoring ENVIRONMENTAL
. . SERVICES® Meter-9
Site Installation Report
Site Address / Location: |Riverside St at Sparks St Monitor Series Location Type
TRITON+ Temporary
Site Access:|Drive Pipe Size (Hx W) Pipe Shape
49.50x45.75 Elliptical
Manhole # System Characteristics
9 Residential
Access Traffic
Drive Medium

Gilmore St

Gilmore St Giimore St

<y

-

Sparks St

e S

Sparks St
—

Sparks St

Sparks St

!

5
Installation Information
Installation Date: Installation Type:
Friday, March 10, 2023 Doppler Special Installation
Monitoring Location (Sensors): Monitor Location:
T Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
N Sensor AV |Max/Peak Combo (CS9) 0-5 psi
LT T Installation Confirmation:
,’ Confirmation Time: Pipe Size (HxW)
— N o 10:04:00 AM 49.50x45.75
- I‘\i/ Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
S S 1.2 483
Te-T Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
2.73 0
Silt (in) Silt Type
0 0
Hydraulic Comments:
Manhole / Pipe Information:

Manhole Configuration

Lowell, Ma

Wireless
Additional Site Info. / Comments:

Manhole Depth (Approx. inches):
120.25 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Brick Good
Communication Information:
Communication Type Antenna Location
Drilled Pavement / Concrete

ADS Project Name:

ADS Project Number:




Lowell, MA Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-10

Monitor Seri Location T
Site Address / Location:[911 Martin St, Lowell, Ma (oIl Sz ocation Type
TRITON+ Temporary
Site Access:|Drive Pipe Size (Hx W) Pipe Shape
96.00x96.00 Circular

Manhole # System Characteristics
Y 10 Residential
> g

L8
Ne o : 4 Jack Kerouagbirthplece i

i A - ; ) Access Traffic

& Pipe ItUp Plumbing S ! Drive None
& Heating : ’ ’

Installation Information

Installation Date: Installation Type:
Tuesday, March 21, 2023 Doppler Special Installation
Monitoring Location (Sensors): Monitor Location:
T Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
Sensor AV | Max/Peak Combo (CS9) 0 -5 psi
27T Installation Confirmation:
4%’ \ Confirmation Time: Pipe Size (HXW)
A } ' 6:20:00 PM 96.00x96.00
i \ , . Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
SMo -~ ’ 17.98 78.02
Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
2.21 0
Silt (in) Silt Type
0 0

Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Depth (Approx. inches): Manhole Configuration
144 Common Trench
Manhole Material: Manhole Condition:
Concrete Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Concrete Good
Communication Information:
Communication Type Antenna Location
Wireless

Additional Site Info. / Comments:
Meter is located in PS- No ground water gauge installed

ADS Project Name: Lowell, Ma
ADS Project Number:




Lowell, MA

Flow Monitoring

Site Installation Report

ADS

ENVIRONMENTAL
SERVICES®

Site I.D.

Meter-10

Site Address / Location:|911 Martin St, Lowell, Ma

Monitor Series

Location Type

TRITON+ Temporary
Pipe Size (Hx W, Pipe Sh

Site Access:|Drive ipe Size (H x W) L5 SHETS

96.00x96.00 Circular
A ol
Ne«_‘{o"_ 4 Jackikerouaglbirthplace X Manhole # System Characteristics

. 2 ' 10 Residential
v v Access Traffic
@ Pipe [tUp Plumbing erS Drive None

& Heating

% w

e
]

;,‘.a\(\ns‘

e

. o
o ey
-

Installation Information

Installation Date:
Tuesday, March 21, 2023

Installation Type:
Doppler Special Installation

Monitoring Location (Sensors):
Upstream 0-5 FT

Monitor Location:
Manhole

Sensors / Devices:
AV|Max/Peak Combo (CS9)

Pressure Sensor Range (psi)
0-5 psi

Installation Confirmation:

Confirmation Time:

Pipe Size (HxW)

6:20:00 PM 96.00x96.00
Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
17.98 78.02
Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
2.21 0
Silt (in) Silt Type

0 0

Hydraulic Comments:

Manhole / Pipe Information:

Manhole Depth (Approx. inches):
144

Manhole Configuration
Common Trench

Manhole Material:

Manhole Condition:

Concrete Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28

Manhole Cover

Manhole Frame

Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Concrete Good

Communication Information:

Communication Type
Wireless

Antenna Location

ADS Project Name:

Lowell, Ma

ADS Project Number:

Additional Site Info. / Comments:

Meter is located in PS- No ground water gauge installed




Site I.D.

Lowell, MA IADS
Meter-11

Flow Monitoring EngRONMEPsJEAL
: : ERVICES®
Site Installation Report
. X Located on the Merrimack Walking Path (Use coordinates 42.653916,- Monitor Series Location Type
Site Address / Location:
71.312797) TRITON+ Temporary
Pipe Size (H x W) Pipe Shape
95.50%x96.00 Elliptical
Manhole # System Characteristics
Residential

Site Access:

Drive

11

Traffic

2
S\
T

Yol |
e

Access

Drive

9
:;;‘ e On The
i Mural Building
Installation Information
Installation Date: Installation Type:
Tuesday, March 21, 2023 Doppler Special Installation
Monitoring Location (Sensors): Monitor Location:
l Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
AV |Max/Peak Combo (CS9)-Smart Depth (CS5) 0-5 psi
el Installation Confirmation:
,/ \‘ Confirmation Time: Pipe Size (HxW)
|' ; 3:55:00 PM 95.50x96.00
\\ / Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
. S 26.66 68.34
Sensor iﬂ Downlooker Physical Offset (in) Measurement Confidence (in)
/ 1.5 0.25"
¢ V4 Peak Velocity (fps) Velocity Sensor Offset (in)
1.77 0
Silt (in) Silt Type
9
Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Configuration

Manhole Depth (Approx. inches):
162 Common Trench
Manhole Material: Manhole Condition:
Concrete Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Concrete Good
Communication Information:
Communication Type Antenna Location
Drilled Pavement / Concrete

Lowell, Ma

ADS Project Name:

ADS Project Number:

Wireless
Additional Site Info. / Comments:




Lowell, MA Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-12

Monitor Seri Location T
Site Address / Location:| 427 Lakeview Ave, Lowell, MA/ 42.653022, -71.310484 onitor >eries S VLS

TRITON+ Temporary

S [ Pipe Size (H x W) Pipe Shape
54.75x47.00 Elliptical

Manhole # System Characteristics

Residential

Access Traffic

Installation Information

Installation Confirmation:

by

. Installation Date: Installation Type:
Wednesday, March 8, 2023 Doppler Special Installation

Monitoring Location (Sensors): Monitor Location:

Downstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
/ S AV|Max/Peak Combo (CS9) 0-5psi
~
Overflow? 7 A
1

\ Confirmation Time: Pipe Size (HxW)
\ Map ] 3:02:00 PM 54.75x47.00
Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
4.07 50.43
Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.38"
Peak Velocity (fps) Velocity Sensor Offset (in)
3.46 0.13
Silt (in) Silt Type

0 0

Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Depth (Approx. Inches): Manhole Configuration
203.5 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
18 18
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Brick Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

ADS Project Name: Lowell, Ma
ADS Project Number:




Lowell, MA ABS Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-13

Monitor Seri Location T
Site Address / Location: |Barker Ave at Sutherland St Clnliielr SETES ocation Type
TRITON+ Temporary
Pipe Size (Hx W, Pipe Sh
Site Access: | Drive ipe Size (H x W) ipe Shape
48.00x48.00 Circular

Manhole # System Characteristics
13 Residential
Access Traffic

Billings st

mbert:Construction

Drive Light

Installation Information
Installation Date: Installation Type:
Wednesday, March 15, 2023 Doppler Special Installation
Monitoring Location (Sensors): Monitor Location:
Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
AV|MAX/Peak Combo (CS9) 0 -5 psi
Installation Confirmation:
Confirmation Time: Pipe Size (HxW)
3:07:00 PM 48.00x48.00
Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
15.59 32.41
Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
3.7 0
Silt (in) Silt Type
0 0
Hydraulic Comments:

Manhole / Pipe Information:

Manhole Depth (Approx. Inches): Manhole Configuration
242 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
Yes, Inside Good
Pipe Material Pipe Condition:
Brick Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

ADS Project Name:
ADS Project Number:

Lowell, Ma




Lowell, MA INDS

Site I.D.

Flow Monitoring Emrslm’n&ggu Meter-14
Site Installation Report
Site Address / Location: |54 West Street, Lowell, MA WASIE SElES LocsiIoNIVES
TRITON+ Temporary
Site Access: | Drive Pipe Size (H x W) Pipe Shape
60.00x60.00 Circular
Manhole # System Characteristics
14 Residential
Access Traffic
Drive Light

Viles ve

=

= (3 Bumside e
¥

Fulton A, —_

»
—
Blinkhorn e o~

Poltarg Ave

Installation Information

Installation Date:
Monday, March 20, 2023

Installation Type:
Doppler Special Installation

Monitoring Location (Sensors):
Upstream 0-5 FT

Monitor Location:
Manhole

Sensors / Devices:

Pressure Sensor Range (psi)

AV|MAX/Peak Combo (CS9) 0 -5 psi
T T Installation Confirmation:
! \1. Confirmation Time: Pipe Size (HxW)
E{[ JHB 3:04:00 PM 60.00x60.00
. L Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
e 12.36 47.64
Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
"*"‘ Peak Velocity (fps) Velocity Sensor Offset (in)
2.18 0
Silt (in) Silt Type
0 0

Hydraulic Comments:

Manhole / Pipe Information:

Manhole Depth (Approx. Inches):

Manhole Configuration

247 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:

No Good

Pipe Material Pipe Condition:
Brick Good

Communication Information:

Communication Type
Wireless

Antenna Location
Drilled Pavement / Concrete

ADS Project Name:

Lowell, Ma

ADS Project Number:

Additional Site Info. / Comments:




Lowell, MA

ADS

Flow Monitoring
Site Installation Report

ENVIRONMENTAL
SERVICES®

Site I.D.

Meter-15

Site Address / Location:

Coburn St and Lakeview Ave.

42.650665, -71.306919

Monitor Series

Location Type

<,
£
%&,"
e

TRITON+ Temporary
Pipe Size (H x W, Pipe Sh
Site Access:|Drive ipe Size (H x W) PG S
41.00x27.50 Standard Egg
A Manhole # System Characteristics
RoiiShiNational @
HQK,WG Association Residential
Access Traffic
Drive Medium

Installation Information

Installation Date:
Wednesday, March 8, 2023

Installation Type:
Doppler Special Installation

Monitoring Location (Sensors):
Upstream 0-5 FT

Monitor Location:
Manhole

Sensors / Devices:
AV|Max/Peak Combo (CS9)

Pressure Sensor Range (psi)
0-5 psi

Installation Confirmation:

Confirmation Time:

Pipe Size (HxW)

4:44:00 PM 41.00x27.50
Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
3.2 37.8
Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
2.99 0
Silt (in) Silt Type

0 0

Hydraulic Comments:

Manhole / Pipe Information:

Manhole Depth (Approx. FT):

Manhole Configuration
Common Trench

Manhole Material:
Brick

Manhole Condition:
Good

Manhole Opening Diameter (in)

Manhole Diameter (Approx.):

Manhole Cover

Manhole Frame

Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Brick Good

Communication Information:

Communication Type
Wireless

Antenna Location
Drilled Pavement / Concrete

ADS Project Name:

ADS Project Number:

Additional Site Info. / Comments:




Lowell, MA Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-16

Monitor Seri Location T
Site Address / Location:|Bridge St at W 5th St (oIl Sz ocation Type
TRITON+ Temporary
Site Access:|Drive Pipe Size (Hx W) Pipe Shape
32.50x29.25 Elliptical

Manhole # System Characteristics

16 Residential
Access Traffic

Drive Medium

Installation Information

Installation Date: Installation Type:
Friday, March 10, 2023 Doppler Special Installation
Monitoring Location (Sensors): Monitor Location:
Sensor T Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
N AV |Max/Peak Combo (CS9) 0-5 psi
T~ Installation Confirmation:
o’//} \\ Confirmation Time: Pipe Size (HXW)
Il " 12:21:00 PM 32.50x29.25
‘\ /I Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
AN s 2.16 30.34
T “d Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
3.37 0
Silt (in) Silt Type
0 0

Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Depth (Approx. inches): Manhole Configuration
115.25 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Brick Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

ADS Project Name: Lowell, Ma
ADS Project Number:




Lowell, MA

Flow Monitoring

Site I.D.

ADS

ENVIRONMENTAL
SERVICES®

Meter-17

Site Installation Report

Site Address / Location:

Located on the Merrimack Walking Path- Can access the path from apartment

Monitor Series

Location Type

building at 333 first St Blvd- 42.645561, -71.292618 TRITON+ Temporary
site Access:| brive Pipe Size (H x W) Pipe Shape
95.75x96.25 Elliptical
Manhole # System Characteristics
17 Residential
Access Traffic
Drive None

Dorval Construction

ef

N
Merrima°¥?\

TR

NN

S0

4

Sensor l
T

Installation Information

Installation Date:
Tuesday, March 21, 2023

Installation Type:
Doppler Special Installation

Monitoring Location (Sensors):

Monitor Location:

Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
AV |Max/Peak Combo (CS9) 0-5 psi

Installation Confirmation:

Confirmation Time:

Pipe Size (HxW)

9:40:00 AM 95.75x96.25
Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
22.74 73.01
Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
2.68 0
Silt (in) Silt Type
0 0
Hydraulic Comments:
Manhole / Pipe Information:
Manhole Depth (Approx. inches): Manhole Configuration
204 Common Trench
Manhole Material: Manhole Condition:
Concrete Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Concrete Good

Communication Information:

Communication Type
Wireless

Antenna Location
Drilled Pavement / Concrete

ADS Project Name: Lowell, Ma

ADS Project Number:

Additional Site Info. / Comments:




Lowell, MA

Flow Monitoring
Site Installation Report

ENVIRONMENTAL

SERVICES"®

Site I.D.

Meter-18

Monitor Seri TocationT
Site Address / Location: [Lowell City Waste Water Department CInie)r SEMES ocation Type
TRITON+ Temporary
Site Access:|Drive Pipe Size (Hx W) Pipe Shape
18.00x18.00 Circular

Manhole #

System Characteristics

18 Residential
Access Traffic
Drive None

]

i | I B

. Sensor
e
’ P
V4
/7 \
1 \
1 ]
\ ]
\ ’
N
\\ ,/
o~
e

Installation Information

Installation Date:
Tuesday, May 2, 2023

Installation Type:
Doppler Standard Ring and Crank

Monitoring Location (Sensors):

Monitor Location:

Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
AV |Max/Peak Combo (CS9) 0-5 psi
Installation Confirmation:
Confirmation Time: Pipe Size (HxW)
12:08:00 PM 18.00x18.00
Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
2.5 15.5
Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
2.28 0
Silt (in) Silt Type
0 0

Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Depth (Approx. inches):
339

Manhole Configuration
Common Trench

Manhole Material:

Manhole Condition:

Concrete Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
Yes, Inside Good
Pipe Material Pipe Condition:
PVC Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

ADS Project Name:

Lowell, Ma

ADS Project Number:

Additional Site Info. / Comments:




Lowell, MA

Flow Monitoring

Site I.D.

ENVIRONMENTAL
i i SERVICES® -
Site Installation Report Meter-19
Site Address / Location:|115 Hadley St Monitor Series Location Type
TRITON+ Temporary
Site Access:|Drive Pipe Size (Hx W) Pipe Shape
18.00x18.00 Circular
Manhole # System Characteristics
19 Residential
Access Traffic
§ Drive None
z -

Princeton Bivd

NC o e

B Gl e

T O e e

Installation Information

Installation Date:

Installation Type:
Friday, March 17, 2023

Doppler Standard Ring and Crank
Monitoring Location (Sensors): Monitor Location:
Upstream 0-5 FT Manhole
/ Sensors / Devices: Pressure Sensor Range (psi)
AV |Max/Peak Combo (CS9) 0-5 psi
Pl Installation Confirmation:
,’ \ Confirmation Time: Pipe Size (HXW)
— > " 2:29:00 PM 18.00x18.00
5 /I Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
h e 7 11
R Downlooker Physical Offset (in) Measurement Confidence (in)
l Sensor 0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
l 2.46 0
Silt (in) Silt Type
0 0
Hydraulic Comments:

Manbhole / Pipe Information:
Manhole Depth (Approx. inches):

Manhole Configuration
Common Trench

Manhole Condition:

Manhole Material:

Concrete Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover

Manhole Frame

Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Cast Iron Pipe Good
Communication Information:

Communication Type Antenna Location

Wireless Drilled Pavement / Concrete
03.17.2023 Additional Site Info. / Comments:

ADS Project Name:

Lowell, Ma
ADS Project Number:




Lowell, MA ABS Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-20

Monitor Series Location Type
Site Address / Location:|915 Pawtucket Street, Lowell, MA L
TRITON+ Temporary
Pi ize (Hx W Pi h
Site Access: | Drive ipe Size (H x W) ipe Shape
47.50x47.50 Circular

o Manhole # System Characteristics

@ . .
’ ¥ 20 Residential
Gregs Comics
nd Gaming Mechan e Access Traffic

e Drive Light

oot
.- Q

i CP&T Auto

Middlesex St
T, Middlesex St‘_ :

“ ’/_;Specm\(y MaterialsgInc!

‘ 4 Carrisma | Aftermarket
’\ - - @ fidy

Dunkin!

St. Vincent de;
\ Paul Society

CARSTARAtlantic®
ICollision'Center

£ i

Installation Information

Installation Date: Installation Type:
Tuesday, March 21, 2023 Doppler Special Installation
Monitoring Location (Sensors): Monitor Location:
Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
AV|MAX/Peak Combo (CS9) 0 -5 psi
Installation Confirmation:
L Confirmation Time: Pipe Size (HxW)
;’ ‘\ 12:37:00 PM 47.50x47.50
@: Map H—a Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
\ ) 10.52 36.98
e LT Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
! 2.75 0
H Silt (in) silt Type
0 0

Hydraulic Comments:

Manhole / Pipe Information:

Manhole Depth (Approx. Inhes): Manhole Configuration
206.75 Common Trench
Manhole Material: Manhole Condition:
Concrete Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Concrete Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

ADS Project Name:
ADS Project Number:

Lowell, Ma




Lowell, MA INDS

Flow Monitoring
Site Installation Report

ENVIRONMENTAL
SERVICES®

Site I.D.

Meter-21

Site Address / Location:|42.648948, -71.333508

Monitor Series

Location Type

TRITON+ Temporary
Pi ize (Hx W, Pi h
Site Access: | Drive ipe Size (H x W) ipe Shape
36.006x36.00 Circular

o

Manhole # System Characteristics
TDjBank @
R 21 Residential
Mc[)'oAnaIdé Access Traffic
s Drive Heavy

0'Donnell
Memorial Bridge

Installation Information

Installation Date:
Thursday, March 9, 2023

Installation Type:
Doppler Special Installation

Monitoring Location (Sensors):
Upstream 0-5 FT

Monitor Location:
Manhole

Sensors / Devices:
AV|Max/Peak Combo (CS9)

Pressure Sensor Range (psi)
0-5 psi

Installation Confirmation:

L4 ~
;f \‘ Confirmation Time: Pipe Size (HxW)
: Map } 11:59:00 AM 36.00x36.00
A\ 1 Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
e S 11.15 24.85
. Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
2.27 0
Silt (in) Silt Type
0 0

Hydraulic Comments:

Manhole / Pipe Information:

Manhole Depth (Approx. Inches):
411.5

Manhole Configuration
Common Trench

Manhole Material:

Manhole Condition:

Concrete Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
24 24
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Concrete Good

Communication Information:

Communication Type
Wireless

Antenna Location
Drilled Pavement / Concrete

ADS Project Name:

Lowell, Ma

ADS Project Number:

Additional Site Info. / Comments:




Lowell, MA

Flow Monitoring
Site Installation Report

ENVIRONMENTAL
SERVICES®

Site I.D.

Meter-22

Site Address / Location:|Williams St. (Use coordinates 42.642193, -71.307234)

Monitor Series

Location Type

TRITON+ Temporary

Site Access:|Drive Pipe Size (H x W) Pipe Shape
30.00x21.00 Standard Egg

Central St

’
Williems sy MET Bank

Church St

Manhole #
22

System Characteristics

Residential

Access

Drive

1S SOURIMETL

Traffic

@Sensor

Installation Information

Installation Date:
Friday, March 10, 2023

Installation Type:
Doppler Special Installation

Monitoring Location (Sensors):
Downstream 0-5 FT

Monitor Location:

Manhole
Sensors / Devices: Pressure Sensor Range (psi)
AV|MAX/Peak Combo (CS9) 0-5 psi

Installation Confirmation:

Confirmation Time:

Pipe Size (HxW)

10:01:00 AM 30.00x21.00
Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
4.19 24.81
Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
0.79 0
Silt (in) Silt Type

0 0

Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Depth (Approx. Inches):

Manhole Configuration

164.25 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28

Manhole Cover

Manhole Frame

Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Brick Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

ADS Project Name:
ADS Project Number:

Lowell, Ma




Lowell, MA Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-23

Monitor Seri Location T
Site Address / Location:|34-24 Foster St (oIl Sz ocation Type
TRITON+ Temporary
Site Access:|Drive Pipe Size (Hx W) Pipe Shape
18.00x18.00 Circular

Manhole # System Characteristics
23 Residential
Access Traffic

Medium

Middlesex St

Installation Information

Installation Date: Installation Type:
Thursday, March 16, 2023 Doppler Standard Ring and Crank
T Monitoring Location (Sensors): Monitor Location:
Upstream 0-5 FT Manhole
N Sensors / Devices: Pressure Sensor Range (psi)
AV |Max/Peak Combo (CS9) 0-5 psi
RN Installation Confirmation:
Sensor ) ~ \\‘ Confirmation Time: Pipe Size (HXW)
3:48:00 PM 18.00x18.00
Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
4.95 13.05
Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
2.87 0
Silt (in) Silt Type
0 0

Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Depth (Approx. inches): Manhole Configuration
115 Common Trench
Manhole Material: Manhole Condition:
Concrete Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Concrete Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

Y AW )
N
ADS Project Name: Lowell, Ma
ADS Project Number:




Lowell, MA ABS Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-24

Monitor Series Location Type
Site Address / Location:| W Albert St and Balimore Ave, Lowell, MA L
TRITON+ Temporary
Pi ize (Hx W Pi h

Site Access: | Drive ipe Size (Hx W) ipe Shape

9.13x9.13 Circular

Manhole # System Characteristics
24 Residential
Access Traffic
Drive Medium

Installation Information
Installation Date: Installation Type:
Wednesday, March 8, 2023 Doppler Standard Ring and Crank
Monitoring Location (Sensors): Monitor Location:
Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
AV|MAX/Peak Combo (CS9) 0 -5 psi
Installation Confirmation:
Confirmation Time: Pipe Size (HxW)
9:48:00 AM 9.13x9.13
Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
4.92 4.21
Downlooker Physical Offset (in) Confidence
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
2.14 0
Silt (in) Silt Type
0 0
Hydraulic Comments:

Manhole / Pipe Information:

Manhole Depth (Approx. Inches): Manhole Configuration
208 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Cast Iron Pipe Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

ADS Project Name: Lowell, MA
ADS Project Number:




Lowell, MA Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-25

Monitor Seri Location T
Site Address / Location:|Chelmsford St at Jenness St onitor >eries ocation Type
TRITON+ Temporary
Site Access:|Drive Pipe Size (Hx W) Pipe Shape
36.00x36.00 Circular
Manhole # System Characteristics
25 Residential
Access Traffic
Drive Medium

Installation Information

Installation Date: Installation Type:
T Wednesday, March 8, 2023 Doppler Standard Ring and Crank
Monitoring Location (Sensors): Monitor Location:
N Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
, AV |Max/Peak Combo (CS9) 0-5 psi
P Installation Confirmation:
N, \*- Sensor Confirmation Time: Pipe Size (HxW)
\ " 11:41:00 AM 36.00x36.00
\ ] Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
N S 8.42 27.58
== Downlooker Physical Offset (in) Measurement Confidence (in)
/ 0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
0.78 0
Silt (in) Silt Type
0 0

Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Depth (Approx. inches): Manhole Configuration
186.75 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Brick Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

ADS Project Name: Lowell, Ma

ADS Project Number:




Lowell, MA Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-26

Monitor Seri Location T
Site Address / Location:|63 Chelmsford St CInie)r SEMES ocation Type
TRITON+ Temporary
Site Access:|Drive Pipe Size (Hx W) Pipe Shape
36.00x36.00 Circular

Manhole # System Characteristics
26 Residential
Access Traffic

Drive Medium

e
|

Maftland Ave Maitland Ave

15 nebpol8

Chelmsford st

Installation Information

Installation Date: Installation Type:
Wednesday, March 8, 2023 Doppler Standard Ring and Crank
T Monitoring Location (Sensors): Monitor Location:
Upstream 0-5 FT Manhole
/ N Sensors / Devices: Pressure Sensor Range (psi)
AV |Max/Peak Combo (CS9) 0-5 psi
Installation Confirmation:
Confirmation Time: Pipe Size (HxW)
" 2:03:00 PM 36.00x36.00
‘\ /I Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
S R4 5.89 30.11
'{\5 Downlooker Physical Offset (in) Measurement Confidence (in)
Sensor 0 0.25"
/ Peak Velocity (fps) Velocity Sensor Offset (in)
1.46 0
Silt (in) Silt Type
0 0

Hydraulic Comments:

ST
. Manbhole / Pipe Information:
Manhole Depth (Approx. inches): Manhole Configuration
231 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
Yes, Inside Good
Pipe Material Pipe Condition:
Brick Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

ADS Project Name: Lowell, Ma
ADS Project Number:




Lowell, MA IADS Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-27

Monitor Seri Location T
Site Address / Location:|480 Chelmsford St, Lowell, Ma I SEES ocation Type
TRITON+ Temporary
Pipe Size (Hx W, Pipe sh
Site Access: | Drive ipe Size (H x W) ipe Shape
56.00x52.00 Elliptical

Manhole # System Characteristics
27 Residential
Access Traffic

Heavy

Installation Information
Installation Date: Installation Type:
Wednesday, March 22, 2023 Doppler Special Installation
Monitoring Location (Sensors): Monitor Location:
Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
AV|MAX/Peak Combo (CS9) 0 -5 psi
S T . Installation Confirmation:
i i Confirmation Time: Pipe Size (HxW)
\ ,I 11:08:00 AM 56.00X52.00
* W Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
-7 12.95 43.05
Downlooker Physical Offset (in) Measurement Confidence (in)
. 0 0.25"
P Peak Velocity (fps) Velocity Sensor Offset (in)
0.48 0
Silt (in) Silt Type
0 0
B Hydraulic Comments:
Manhole / Pipe Information:
Manhole Depth (Approx. inches): Manhole Configuration
256 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Brick Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

ADS Project Name: Lowell, Ma
ADS Project Number:




Lowell,

MA

Flow Monitoring

Site I.D.

ENVIRONMENTAL
. . ® -
Site Installation Report SERVICES Meter-28
Site Address / Location:[144 Shaw St Monitor Series Location Type
TRITON+ Temporary

Site Access:|Drive Pipe Size (Hx W) Pipe Shape
51.50x36.83 Standard Egg
Manhole #

1S Bupjnieds Mo

S poNes  #3

28
Access

System Characteristics

Residential

Drive

Traffic

Medium

= —»

Installation Information

Installation Date:
Friday, March 17, 2023

Installation Type:
Doppler Special Installation

Monitoring Location (Sensors):
Upstream 0-5 FT

Monitor Location:

Manhole
Sensors / Devices: Pressure Sensor Range (psi)
AV |Max/Peak Combo (CS9) 0-5 psi
Installation Confirmation:

Confirmation Time:

Pipe Size (HxW)

2:09:00 PM 51.50x36.83
Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
5.25 46.25
Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
4.58 0
Silt (in) Silt Type
0 0
Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Depth (Approx. inches):

Manhole Configuration

165 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover

Manhole Frame

Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Brick Good
Communication Information:

Communication Type
Wireless

Antenna Location
Drilled Pavement / Concrete

ADS Project Name:
ADS Project Number:

Lowell, Ma

Additional Site Info. / Comments:




Lowell, MA Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-29

Monitor Seri Location T
Site Address / Location:|38 Nottingham Street, Lowell, MA onitor series ocation Type

TRITON+ Temporary

Site Access:|Drivew Pipe Size (H x W) Pipe Shape
50.00x49.13 Elliptical

Manhole # System Characteristics

29 Residential

Access Traffic

L d T

Nottingham St Nmingﬁja-n St

Installation Information
Installation Date: Installation Type:
Thursday, March 23, 2023 Doppler Special Installation
Monitoring Location (Sensors): Monitor Location:
Downstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
Sensor AV|MAX/Peak Combo (CS9) 0-5 psi
= Installation Confirmation:
;’ i Confirmation Time: Pipe Size (HxW)
! Map ° 10:36:00 AM 50.00x49.13
' S Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
- 4.76 45.24
Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
-z Peak Velocity (fps) Velocity Sensor Offset (in)
4.63 0
Silt (in) Silt Type
0 0
Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Depth (Approx. Inches): Manhole Configuration
170.5 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Brick Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

ADS Project Name: Lowell, Ma
ADS Project Number:




Lowell, MA

ABS Site I.D.

Flow Monitoring ENgnggEggAL Meter-30
Site Installation Report
Site Address / Location: [42.630695, -71.316934 Monitor Series Location Type
TRITON+ Temporary
Site Access: Pipe Size (H x W) Pipe Shape
72.00x73.00 Elliptical
Manhole # System Characteristics
Residential
Access Traffic
None

Installation Information

Installation Date: Installation Type:
Tuesday, March 21, 2023 Doppler Special Installation
Monitoring Location (Sensors): Monitor Location:
Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
AV|MAX/Peak Combo (CS9) 0 -5 psi
Installation Confirmation:
Confirmation Time: Pipe Size (HxW)
2:26:00 PM 72.00x73.00
Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
6.18 65.82
Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
5 0
Silt (in) Silt Type
0 0

Hydraulic Comments:

Manhole / Pipe Information:

Manhole Depth (Approx. Inches): Manhole Configuration
402.63 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
Yes, Inside Good
Pipe Material Pipe Condition:
Brick Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

ADS Project Name:

Lowell, Ma

ADS Project Number:




Lowell, MA ABS Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-31

Monitor Series Location Type
Site Address / Location:| Branch Street and Queen Street, Lowell, Ma TRITON T L
+ emporary
site Access: | Drive Pipe Size (H x W) Pipe Shape
' 34.00x24.25 Standard Egg
M,-d!ems' Manhole # System Characteristics
31 Residential
Access Traffic
Drive Medium

New Pailin

-

Branch St

’ =
Somerset'St

-
Groveis KimbalfAve

Installation Information
Installation Date: Installation Type:
Wednesday, March 22, 2023 Doppler Special Installation
Monitoring Location (Sensors): Monitor Location:
Upstream 0-5 FT Manhole
g‘_i Sensors / Devices: Pressure Sensor Range (psi)
AV|MAX/Peak Combo (CS9) 0 -5 psi
. Installation Confirmation:
!1" - . Confirmation Time: Pipe Size (HxW)
i Map ' 1:16:00 PM 34.00x24.25
" ‘,I Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
AN . 4.2 29.8
- Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.38"
—2 Peak Velocity (fps) Velocity Sensor Offset (in)
1.16 0
Silt (in) Silt Type
0 0
Hydraulic Comments:
Manhole / Pipe Information:
Manhole Depth (Approx. Inches): Manhole Configuration
139 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Brick Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

ADS Project Name: Lowell, Ma

ADS Project Number:




Lowell, MA

Site I.D.

Flow Monitoring Engnsggusgyt. Meter 32
Site Installation Report IcE
Site Address / Location:[101 Pevey St Monitor Series Location Type
TRITON+ Temporary
site Access:| brive Pipe Size (H x W) Pipe Shape
42.50x28.50 Standard Egg
Manhole # System Characteristics
32 Residential
Access Traffic
Drive None

Uyt sl e
AL\ T PSS v 2=

Atlene RS

. -=~Sensor

Installation Information

Installation Date:
Wednesday, March 22, 2023

Installation Type:
Doppler Special Installation

Monitoring Location (Sensors):

Monitor Location:

Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
AV |Max/Peak Combo (CS9)-Smart Depth (CS5) 0-5 psi

Installation Confirmation:

Confirmation Time:

Pipe Size (HxW)

2:50:00 PM 42.50%x28.50
Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
7.23 35.27
Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
1.77 0
Silt (in) Silt Type

0 0

o
L ~

S s e

k\‘i,..‘.}

Aoy

Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Depth (Approx. inches):

Manhole Configuration

168 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28

Manhole Cover

Manhole Frame

Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Brick Good

Communication Information:

Communication Type
Wireless

Antenna Location
Manhole Pick / Vent Hole

ADS Project Name:

Lowell, Ma

ADS Project Number:

Additional Site Info. / Comments:




Lowell, MA IADS Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-33

Monitor Seri Location T
Site Address / Location:|355 Jackson St onitor series ocation Type
TRITON+ Temporary
site Access:| brive Pipe Size (H x W) Pipe Shape
48.00x48.00 Circular
Manhole # System Characteristics
33 Residential
Access Traffic
Drive None

Installation Information

Installation Date: Installation Type:
Wednesday, March 22, 2023 Doppler Special Installation
Monitoring Location (Sensors): Monitor Location:
T Upstream 0-5 FT Manhole
Sensor N Sensors / Devices: Pressure Sensor Range (psi)
AV|Max/Peak Combo (CS9)-Smart Depth (CS5) 0-5 psi
RN Installation Confirmation:
,' Confirmation Time: Pipe Size (HxW)
— ( { — 11:20:00 AM 48.00x48.00
A . Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
e . d 4.76 43.24
T Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
2.69 0
Silt (in) Silt Type
0 0

Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Depth (Approx. inches): Manhole Configuration
180 Common Trench
Manhole Material: Manhole Condition:
Concrete Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Concrete Good
Communication Information:
Communication Type Antenna Location
Wireless Manhole Pick / Vent Hole

Additional Site Info. / Comments:

ADS Project Name: Lowell, Ma

ADS Project Number:




Lowell, MA Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-34

Monitor Seri Location T
Site Address / Location:|116 Suffolk Street, Lowell, MA el ST ocation Type
TRITON+ Temporary
Site Access:|Drive Pipe Size (H x W) Pipe Shape
40x30.5 Elliptical
Manhole # System Characteristics
34 Residential
Access Traffic
Light

PO vy ~
; A : ‘ y
305 Dutton S = M = 1 Ve

112538 "= | gy

a
305 Dutten;StiParking &

/ .

Ja

. Diamond Vic's’ 4
Plumbingj&Hieati

Installation Information

Installation Date: Installation Type:
Monday, March 27, 2023 Doppler Standard Ring and Crank
Monitoring Location (Sensors): Monitor Location:
Downstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
AV|MAX/Peak Combo (CS9), Smart Depth (CS5) 0-5 psi
Installation Confirmation:
Confirmation Time: Pipe Size (HxW)
12:10:00 PM 40x30.5
Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
Il. K 11.26 26.99
e LT Downlooker Physical Offset (in) Measurement Confidence (in)
-7 15 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
. 2.75 3
W Silt (in) Silt Type
0 Sandy

Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Depth (Approx. Inches): Manhole Configuration
194.75 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Brick Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

ADS Project Name: Lowell, Ma
ADS Project Number:




Lowell, MA Site I.D.

Flow Monitoring ENVIRONMENTAL
SERVICES®

Site Installation Report

Meter-35

Monitor Seri Location T
Site Address / Location:|432 Suffolk St Lowell, Ma CIf Tl SEITED ocation Type
TRITON+ Temporary
Site Access:|Drive Pipe Size (H x W) Pipe Shape
52.00x37.5 Standard Egg

Manhole #
35

System Characteristics

Residential

Access

Traffic

Drive
Dasari. Sandhya MD.

Domingo Barber Shop
= -

,Ocean Garden

Installation Information

Installation Date:
Wednesday, March 15, 2023

Installation Type:
Doppler Standard Ring and Crank

Monitoring Location (Sensors):

Monitor Location:

Downstream 0-5 FT Manhole
Sensor - = Sensors / Devices: Pressure Sensor Range (psi)
T AV|MAX/Peak Combo (CS9), Smart Depth (CS5) 0-5 psi
el . Installation Confirmation:
I-’ ‘I Confirmation Time: Pipe Size (HxW)
1 I 12:33:00 PM 52.00x37.5
‘\ N Q":\/\’ . Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
S - ‘\\ 143 38.7
\\-. . N . Downlooker Physical Offset (in) Measurement Confidence (in)
Sy 0 0.25"
o Peak Velocity (fps) Velocity Sensor Offset (in)
2.04 0
Silt (in) Silt Type
0 0

Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Depth (Approx. Inches):

Manhole Configuration

198 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:

No Good

Pipe Material Pipe Condition:
Brick Good

Communication Information:

Communication Type
Wireless

Antenna Location
Drilled Pavement / Concrete

ADS Project Name:

Lowell, Ma

ADS Project Number:

Additional Site Info. / Comments:




Lowell, MA nr ! Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-36

Monitor Seri Location T
Site Address / Location:|Cabot St in grass, use coordinates 42.649998, -71.317590 onitor >eries ocation Type

TRITON+ Temporary

site Access:| brive Pipe Size (H x W) Pipe Shape
40.50x40.50 Circular

Manhole # System Characteristics

36 Residential
Access Traffic
Drive Medium

03.15.2023

Installation Information

Installation Date: Installation Type:
Wednesday, March 15, 2023 Doppler Special Installation
Monitoring Location (Sensors): Monitor Location:
Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
AV |Max/Peak Combo (CS9) 0-5 psi
Installation Confirmation:
Confirmation Time: Pipe Size (HxW)
12:53:00 PM 40.50x40.50
Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
16.16 24.34
Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
2.57 0
Silt (in) Silt Type
0 0

Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Depth (Approx. inches): Manhole Configuration
281 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Cast Iron Pipe Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

ADS Project Name: Lowell, Ma

ADS Project Number:




Lowell, MA Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-37

Monitor Seri Location T
Site Address / Location:|1 River Pl Building C, Lowell, Ma (42.650112, -71.310496) onitor >eries ocation Type
TRITON+ Temporary
Site Access:|Walk Pipe Size (H x W) Pipe Shape
36.00x36.00 Circular

Manhole # System Characteristics

37 Residential

Access Traffic

Walk (Commercial)

TsongasiCenter
\ LotiCRarking

]

TTsongas Lot B'Parking .
P!

g Vallen Pro Painters

Installation Information

Installation Date: Installation Type:
Wednesday, March 22, 2023 Doppler Standard Ring and Crank
Monitoring Location (Sensors): Monitor Location:
l Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
AV|MAX/Peak Combo (CS9) 0-5 psi
Installation Confirmation:
Sensor Confirmation Time: Pipe Size (HXW)
e T 12:00:00 PM 36.00x36.00
r b 7 X -
i Map \ Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
'-. ] 11.25 36.75
. L Downlooker Physical Offset (in) Measurement Confidence (in)
== 0 0.25"
m Peak Velocity (fps) Velocity Sensor Offset (in)
. 2.59 0
K Silt (in) Silt Type
) 0 0

Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Depth (Approx. Inches): Manhole Configuration
60 Common Trench
Manhole Material: Manhole Condition:
Concrete Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Concrete Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

L .

ADS Project Name: Lowell, Ma
ADS Project Number:




Lowell, MA INDS Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-38

Monitor Series Location Type
Site Address / Location: |50 Stackpole St, Lowell, Ma L
TRITON+ Temporary
Pi ize (Hx W Pi h
Site Access: | Drive ipe Size (H x W) ipe Shape
96.00x96.00 Circular

1 Manhole # System Characteristics
EastopiCana Mill City Ghurch ' 38 Residential

Access Traffic

Drive Light

»
v F ot
e

" ’N /
gMiddiesexxCommunity

*CollggeL|brary Immaculate Cnﬁcepnon t
.,M w ey

Catholic/Church

UPSJAccess
Pointilocation

' .
Rizzo's Roast j

Beef and Pizzal

Installation Information

Installation Date: Installation Type:
Tuesday, March 21, 2023 Doppler Special Installation
Monitoring Location (Sensors): Monitor Location:
Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
AV|MAX/Peak Combo (CS9), Smart Depth (CS5) 0 -5 psi
f,‘ TN, Installation Confirmation:
i ' Confirmation Time: Pipe Size (HxW)
h 10:34:00 AM 96.00x96.00
A Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
b 21.86 74.14
Downlooker Physical Offset (in) Measurement Confidence (in)
N 15 0.25"
N Peak Velocity (fps) Velocity Sensor Offset (in)
2.81 14.5
Silt (in) Silt Type
0 Gravel

Hydraulic Comments:

Manhole / Pipe Information:

Manhole Depth (Approx. Inches ): Manhole Configuration
269.25 Common Trench
Manhole Material: Manhole Condition:
Concrete Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Concrete Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

ADS Project Name:
ADS Project Number:

Lowell, Ma




Lowell, MA

Flow Monitoring

ENVIRONMENTAL
SERVICES®

Site I.D.

Meter-39

Site Installation Report
Site Address / Location:|34 Hurd St, Lowell, Ma Monitor Series Location Type
TRITON+ Temporary
S [ Pipe Size (H x W) Pipe Shape
54.00x37.00 Standard Egg
Manhole # System Characteristics

> B

Central St

Hurd ¢

g
<
— 5
a
$
i

]

Williams st

1S [eAWa)

Residential

Access

i

Traffic
Light

u I
L FITTTT

Installation Information

Installation Date:
Thursday, March 9, 2023

Installation Type:
Doppler Standard Ring and Crank

Monitoring Location (Sensors):

Monitor Location:

Downstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi
Sensor 4 — {ps)
AV |Max/Peak Combo (CS9)/Smart Depth (CS5) 0-5 psi
Pad A Installation Confirmation:
Pipe Size (HxW)

Confirmation Time:

4 \
4 A
! Map ! 2:45:00 PM 54.00x37.00
\ i Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
S B it 4.04 48.46
"y Downlooker Physical Offset (in) Measurement Confidence (in)
1.5 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
. 5.12 0.5
Silt (in) Silt Type
0 0

Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Depth (Approx. FT):

Manhole Configuration
Common Trench

178.75
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
18 18
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Brick Good

Communication Information:

Communication Type
Wireless

Antenna Location
Drilled Pavement / Concrete

Additional Site Info. / Comments:

Lowell, Ma

ADS Project Name:
ADS Project Number:




Lowell, MA

Flow Monitoring

ADS

Site I.D.

Drive

BT Meter-40
Site Installation Report
Monitor Seri Location T
Site Address / Location:|219 Church St, Lowell, Ma onitor Series ocationlype
TRITON+ Temporary
Pi ize (Hx W Pi h
Site Access:|Drive ipe Size (H x W) pe Shape
54.63x36.63 Standard Egg
‘ Manhole # System Characteristics
7 ’é‘,mld‘oe‘fvelgpmem 40 Residential
'i‘ ﬁi':’ sl Access Traffic
Social Security 3, ! @ Kendra 8
@ | owell Vet Center, -Administration® t
“ 8

; Medium
Tvae

w B
O | §

|
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|
\ iR £
51l —— x Church St
= U == .

—

o
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T

! Ten Perfect Nails

=

=Zeus Auto Stop

S e

Installation Information
Installation Date: Installation Type:
Thursday, March 16, 2023 Doppler Special Installation
Monitoring Location (Sensors): Monitor Location:
Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
Peak Combo (CS4) 0 -5 psi
PR Installation Confirmation:
,’ s Confirmation Time: Pipe Size (HxW)
|r 1| 3:29:00 PM 54.63x36.63
v ! Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
\x,‘ & & 3.74 50.85
i Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.38"
Peak Velocity (fps) Velocity Sensor Offset (in)
5.3 0
Silt (in) Silt Type
0 0
Hydraulic Comments:
Manhole / Pipe Information:
Manhole Depth (Approx. Inches) Manhole Configuration
160 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Brick Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete
Additional Site Info. / Comments:
ADS Project Name: Lowell, Ma
ADS Project Number:




Lowell, MA

Flow Monitoring
Site Installation Report

Site I.D.

YADS,

ENVIRONMENTAL
SERVICES®

Meter-41

Monitor Seri Location T
Site Address / Location: |Olive St (42631143,-71.310788) (EIEl SETES ocation Type
TRITON+ Temporary
Site Access: |Drive Pipe Size (Hx W) Pipe Shape
86.00x86.00 Circular

Manhole #
42

System Characteristics

Residential

Access

Drive

Traffic

olve $8

Installation Information

Installation Date:
Friday, March 24, 2023

Installation Type:
Doppler Standard Ring and Crank

Monitoring Location (Sensors):

Monitor Location:

Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
Peak Combo (CS4) 0-5 psi

Installation Confirmation:

Confirmation Time:

Pipe Size (HxW)

10:27:00 AM 86.00x86.00
Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
12.81 73.19
Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.38"
. Peak Velocity (fps) Velocity Sensor Offset (in)
» 3.39 0
Silt (in) Silt Type

0 0

ADS Project Name: Lowell, Ma

Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Depth (Approx. Inches):

Manhole Configuration

409.13 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:

No Good

Pipe Material Pipe Condition:
Brick Good

Communication Information:

Communication Type
Wireless

Antenna Location
Drilled Pavement / Concrete

ADS Project Number:

Additional Site Info. / Comments:




Lowell, MA

Flow Monitoring
Site Installation Report

Site I.D.

YADS

ENVIRONMENTAL
SERVICES®

Meter-42

Monitor Seri TocationT
Site Address / Location:|549 Lawrence Street, Lowell, MA CIANElr SIS ocation Type
TRITON+ Temporary
Site Access:|Drive Pipe Size (Hx W) Pipe Shape
92.00x92.00 Circular

Manhole #
41

System Characteristics

Residential

Access

Traffic
Light

Installation Information

Installation Date:
Monday, March 20, 2023

Installation Type:
Doppler Special Installation

Monitoring Location (Sensors):

Monitor Location:

Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
AV|MAX/Peak Combo (CS9) 0-5 psi

Installation Confirmation:

Confirmation Time:

Pipe Size (HxW)

1:15:00 PM 92.00x92.00
Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
12.03 79.97
Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
5.13 0
Silt (in) Silt Type

0 0

Pov - SR S
ADS Project Name: Lowell, Ma

Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Depth (Approx. Inches):

Manhole Configuration

253 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:

No Good

Pipe Material Pipe Condition:
Brick Good

Communication Information:

Communication Type
Wireless

Antenna Location
Drilled Pavement / Concrete

ADS Project Number:

Additional Site Info. / Comments:




Lowell, MA

Flow Monitoring
Site Installation Report

ADS

ENVIRONMENTAL
SERVICES®

Site I.D.

Meter-43

Site Address / Location:|76 Maple Steet, Lowell, MA

Monitor Series

Location Type

1.8

Quebec St

\iondo™ ot

.
- Nl

R
| A8\
Iglesia Cristiana

De Rstrcn

iy
d T/-./ B‘Osgﬁ'm'

TRITON+ Temporary
. . Pipe Size (H x W, Pipe Shape
Site Access:|Drive P ( ) P P
47.63x34.00 Standard Egg
“Tintzand wrapz Manhole # System Characteristics
i i‘ Duraclean
ity Environmental @ 'Master Cleaners: 43 Residential
Corporation &
te Heating (@ RoadGuard e st Access Traffic
nditioning Ignitionjinterlocks Mal
Drive

Light

£

Installation Information

Installation Date:
Monday, March 20, 2023

Installation Type:
Doppler Special Installation

Monitoring Location (Sensors):
Upstream 0-5 FT

Monitor Location:
Manhole

Sensors / Devices:
AV|MAX/Peak Combo (CS9), Smart Depth (CS5)

Pressure Sensor Range (psi)
0-5 psi

Installation Confirmation:

Confirmation Time:

Pipe Size (HxW)

10:39:00 AM 47.63x34.00
Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
7.69 39.94
Downlooker Physical Offset (in) Measurement Confidence (in)
2.75 0.38"
Peak Velocity (fps) Velocity Sensor Offset (in)
0.75 4
Silt (in) Silt Type
4

Hydraulic Comments:

Manhole / Pipe Information:

Manhole Depth (Approx. Inches):

Manhole Configuration

212 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:

No Good

Pipe Material Pipe Condition:
Brick Good

Communication Information:

Communication Type
Wireless

Antenna Location
Drilled Pavement / Concrete

ADS Project Name:

Lowell, Ma

ADS Project Number:

Additional Site Info. / Comments:




Lowell, MA Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-44

Monitor Seri Location T
Site Address / Location:|978 Gorham St, Lowell, Ma CIf Tl SEITED ocation Type
TRITON+ Temporary
Site Access:|Drive Pipe Size (H x W) Pipe Shape
55.00x46.5 Elliptical

9 . N o Manbhole # System Characteristics

CarterAve

44 Residential

. ', .

/ %J} g Meineke Car Care'Center, Access Traffic
v . - 7

‘ . Drive Heavy
Mario’s Furniture @

e NZ\"\eS‘
@PZ__\Duraclean
B Master Cleaners
.
Maple St

)
“mg\ns‘ ' Cafetoy

Jordon™

R American Auto Body
~Phoenix Nails and'Spa* (@
e

w8

Installation Information

Installation Date: Installation Type:
Thursday, March 16, 2023 Doppler Special Installation
Monitoring Location (Sensors): Monitor Location:
Upstream 0-5 FT Manhole
D Sensors / Devices: Pressure Sensor Range (psi)
- AV|MAX/Peak Combo (CS9), Smart Depth (CS5) 0 -5 psi
& " Installation Confirmation:
I’ ¥ Confirmation Time: Pipe Size (HxW)
\ ! 1:01:00 PM 55.00x46.5
s - ‘ Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
@ 13.68 42.82
Sensor - - - -
Downlooker Physical Offset (in) Measurement Confidence (in)
s 1.5 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
1.12 11
Silt (in) Silt Type
11.5 Hard Packed

Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Depth (Approx. Inches): Manhole Configuration
218 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
Yes, Inside Good
Pipe Material Pipe Condition:
Brick Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

ADS Project Name: Lowell, Ma
ADS Project Number:




Lowell, MA /\ND) ! Site I.D.

Flow Monitoring ENVIRONMENTAL
. . ® -
Site Installation Report SERVICES Meter-45
Site Address / Location:| Gorham & Olive Street, Lowell, MA Monitor Series Location Type
TRITON+ Temporary
Site Access:|Drive Pipe Size (Hx W) Pipe Shape
74.00x50.00 Standard Egg

Manhole # System Characteristics
44 Residential
» Access Traffic

"ActionrKingiServices, ™ o
0 : i

Drive Heavy

.

'owell'Fire Departm .
Enging;€o

Dollar Tree,

l-insurance Group & \

)G \'h.-:-'-“_-ibv Ty ..—"‘

G Newhall St

worhy St L

gis A
R&M Auto
Towing's.Company

Morales Auto Detailing

Installation Information

Installation Date: Installation Type:
Wednesday, March 22, 2023 Doppler Special Installation
Monitoring Location (Sensors): Monitor Location:
Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
Peak Combo (CS4) 0-5 psi
Installation Confirmation:
Confirmation Time: Pipe Size (HxW)
3:39:00 PM 74.00x50.00
Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
7.89 66.1
Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
t Peak Velocity (fps) Velocity Sensor Offset (in)
N 2.5 0
Silt (in) Silt Type
0 0
Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Depth (Approx. inches): Manhole Configuration
360 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
Yes, Inside Good
Pipe Material Pipe Condition:
Brick Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

. - i
ADS Project Name: Lowell, Ma

ADS Project Number:




Lowell, MA INDS Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-46

Monitor Seri Location T
Site Address / Location:[Woburn St at Carmine St @Il SETED ocation Type
TRITON+ Temporary
Site Access:|Drive Pipe Size (Hx W) Pipe Shape
12.00x12.00 Circular

Manhole # System Characteristics

46 Residential

Access Traffic

Drive Medium

&, Dunkiry

Installation Information

Installation Date: Installation Type:
Monday, March 13, 2023 Doppler Standard Ring and Crank
Monitoring Location (Sensors): Monitor Location:
T Upstream 0-5 FT Manhole
Sensor Sensors / Devices: Pressure Sensor Range (psi)
N AV |Max/Peak Combo (CS9) 0-5 psi
LT~ Installation Confirmation:
,’ %‘, Confirmation Time: Pipe Size (HxW)
|' ) 10:39:00 AM 12.00x12.00
3 ] Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
\\\i { 5.55 6.45
/1 T Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
0.75 0
Silt (in) Silt Type
0 0

Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Depth (Approx. inches): Manhole Configuration
86 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
18 18
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Cast Iron Pipe Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

ADS Project Name: Lowell, Ma

ADS Project Number:




Lowell, MA INDS Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-47

Monitor Series Location Type
Site Address / Location: [42.627471,-71.297308- Near Lowell Cemetery e
TRITON+ Temporary
Pi ize (Hx W Pi h
Site Access: | Drive ipe Size (H x W) ipe Shape
36.00x36.00 Circular

: Manhole # System Characteristics
47 Residential
Access Traffic

Deeper Life Bible Church

Medium

USA Stone Dgswg n"‘

Installation Information

Installation Date: Installation Type:
Thursday, March 16, 2023 Doppler Standard Ring and Crank
Monitoring Location (Sensors): Monitor Location:
Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
- T AV|MAX/Peak Combo (CS9) 0 -5 psi
J N Installation Confirmation:
I-. , Confirmation Time: Pipe Size (HxW)
it . ; 10:12:00 AM 36.00x36.00
T Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
6.32 29.68
\ 4 Downlooker Physical Offset (in) Measurement Confidence (in)
“ 0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
2.7 0
Silt (in) Silt Type
0 0

Hydraulic Comments:

Manhole / Pipe Information:

Manhole Depth (Approx. Inches): Manhole Configuration
193 Common Trench
Manhole Material: Manhole Condition:
Concrete Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Concrete Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

ADS Project Name: Lowell, Ma

ADS Project Number:




Lowell, MA Site I.D.

Flow Monitoring ENVIRONMENTAL
. . ® -
Site Installation Report SERVICES Meter-48
Site Address / Location:|174 Warren Ct Monitor Series Location Type
TRITON+ Temporary

Site Access:|Drive Pipe Size (Hx W) Pipe Shape
84.00x84.00 Circular
Manhole #

System Characteristics
: church St 18

Residential
Access Traffic

Medium

g @ouAIMET]

0
me

Installation Information

Installation Date: Installation Type:
T Monday, March 13, 2023 Doppler Special Installation
N Monitoring Location (Sensors):

Monitor Location:
Upstream 0-5 FT

Manhole
Sensors / Devices: Pressure Sensor Range (psi)
AV | Max/Peak Combo (CS9) 0-5 psi
‘ A~ Installation Confirmation:
Sensof v \\‘ Confirmation Time: Pipe Size (HXW)
h ) 2:49:00 PM 84.00x84.00
‘\ Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
N 14 7.16 76.84
T=- \ Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
6.1 0
Silt (in) Silt Type
0 0

Hydraulic Comments:

Manbhole / Pipe Information:
Manhole Depth (Approx. inches):

Manhole Configuration

366 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover

Manhole Frame

Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Brick Good
Communication Information:

Communication Type
Wireless

Antenna Location

Drilled Pavement / Concrete
Additional Site Info. / Comments:

ADS Project Name:

Lowell, Ma
ADS Project Number:




Lowell, MA

Flow Monitoring

Site I.D.

ENVIRONMENTAL
. . ® -
Site Installation Report SERVICES Meter-49
Site Address / Location:[132 Warren St Monitor Series Location Type
TRITON+ Temporary

Site Access:|Drive Pipe Size (Hx W) Pipe Shape
90.00x90.00 Circular
Manhole #

System Characteristics
Residential
Traffic

Medium

49
Access

Drive

Celd
Williams st

e SR

o |
v TR | |
Green St . ¥ )
- i : e T
G i

Church St g

Church St

15 @ouRIMEl

Installation Information

Installation Date:

Installation Type:
Monday, March 13, 2023

Doppler Special Installation
Monitoring Location (Sensors): Monitor Location:
T Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
N AV |Max/Peak Combo (CS9) 0-5 psi
LT TS Installation Confirmation:
,’ \\ Confirmation Time: Pipe Size (HXW)
i} !‘ 1:04:00 PM 90.00x90.00
= g‘ R Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
AN 7’ 12.9 77.1
Sensor ~--~ Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
4.19 0
Silt (in) Silt Type
0 0

Hydraulic Comments:

% Manhole / Pipe Information:

o= ., Manhole Depth (Approx. inches): Manhole Configuration
g 335 Common Trench

Manhole Material: Manhole Condition:
¥ Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover

Manhole Frame

Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Brick Good
Communication Information:

Communication Type Antenna Location

Drilled Pavement / Concrete
Additional Site Info. / Comments:

Wireless

ADS Project Name:

Lowell, Ma
ADS Project Number:




Lowell, MA Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-50

Monitor Seri Location T
Site Address / Location:|68 Rogers St Ielr SEMED ocation Type
TRITON+ Temporary
Site Access:|Drive Pipe Size (Hx W) Pipe Shape
46.00x46.00 Circular

Manhole # System Characteristics
50 Residential
Access Traffic

Drive

T T RogersSt
Rogers »

Rogers st

Installation Information

Installation Date: Installation Type:
Thursday, March 16, 2023 Doppler Special Installation
T Monitoring Location (Sensors): Monitor Location:
Upstream 0-5 FT Manhole
N Sensors / Devices: Pressure Sensor Range (psi)
AV |Max/Peak Combo (CS9) 0-5 psi
. 7T Installation Confirmation:
1 \ Confirmation Time: Pipe Size (HXW)
} " 3:48:00 PM 46.00x46.00
\ - X -
\\ //'{ ~ Depth of Flo:v;\;Vet DOF) (in) Range (‘/1-\3|r0[;OF) (in)
~ - ” . -
== Downlooker Physical Offset (in) Measurement Confidence (in)
Sensor 0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
2.93 0
Silt (in) Silt Type
0 0

Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Depth (Approx. inches): Manhole Configuration
181 Common Trench
Manhole Material: Manhole Condition:
Brick Good
1 Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Brick Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

ADS Project Name: Lowell, Ma
ADS Project Number:




Lowell, MA Site I.D.
Flow Monitoring ENVIRONMENTAL
. . SERVICES® Meter 51
Site Installation Report
5 . . . Monitor Series Location Type
Site Address / Location: |Stackpole St at Corrigan Ave- Use cordintes 42.643959, -71.293707
TRITON+ Temporary
Site Access: | Walk Pipe Size (H x W) Pipe Shape
120.00x120.00 Circular
Manhole # System Characteristics
51 Residential
Access Traffic
Walk (Wooded) None

Wireless
Additional Site Info. / Comments:

Corrigan Ave Corrigan Ave Corrigan Ave
2
3
]
5
5 Me”imack St E Merrimack St
Installation Information
Installation Date: Installation Type:
Thursday, March 23, 2023 Doppler Special Installation
l Monitoring Location (Sensors): Monitor Location:
Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
AV|MAX/Peak Combo (CS9), LRD (CS6) 0 -5 psi
ﬁ Installation Confirmation:
- Confirmation Time: Pipe Size (HxW)
ki e 2:52:00 PM 120.00x120.00
ii' ] Y Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
\ ;" 27.95 92.05
- =" Downlooker Physical Offset (in) Measurement Confidence (in)
70 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
= s 2.24 10
Silt (in) Silt Type
4 sandy
Hydraulic Comments:
Manhole / Pipe Information:
Manhole Depth (Approx. Inches): Manhole Configuration
192 Common Trench
Manhole Material: Manhole Condition:
Concrete Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Concrete Good
Communication Information:
Communication Type Antenna Location
Drilled Pavement / Concrete

Lowell. Ma

ADS Project Name:

ADS Project Number:




Lowell, MA Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-52

Monitor Seri Location T
Site Address / Location:|651 Rogers St onitor series ocation Type

TRITON+ Temporary

site Access:| brive Pipe Size (H x W) Pipe Shape
30.75x30.75 Circular

Manhole # System Characteristics

52 Residential
Access Traffic
Drive Light

Alfen St

Dougfas R

Installation Information

Installation Date: Installation Type:
Friday, March 10, 2023 Doppler Special Installation
T Monitoring Location (Sensors): Monitor Location:
N Sensor Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
AV |Max/Peak Combo (CS9) 0-5 psi
LT TS ' Installation Confirmation:
,’ Confirmation Time: Pipe Size (HxW)
! \i 4:11:00 PM 30.75x30.75
?‘\\ ] Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
¥ N 3.07 27.68
== Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
3.33 0
Silt (in) Silt Type
0 0

Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Depth (Approx. inches): Manhole Configuration
212.65 Common Trench
Manhole Material: Manhole Condition:
Concrete Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Concrete Good

Communication Information:

Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

ADS Project Name: Lowell, Ma
ADS Project Number:




Lowell, MA ABS Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-53

Monitor Series Location Type
Site Address / Location:|306 Douglas Rd, Lowell, Ma o
TRITON+ Temporary
Pi ize (Hx W, Pi h
Site Access:|Drive ipe Size (H x W) pe Shape
48.00x48.00 Circular

Manhole # System Characteristics
53 Residential

Access Traffic

Drive Light

\ @

\ Riley School
Tem

Installation Information
Installation Date: Installation Type:
Tuesday, March 21, 2023 Doppler Special Installation
Monitoring Location (Sensors): Monitor Location:
Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
AV|MAX/Peak Combo (CS9) 0 -5 psi
= Installation Confirmation:
‘," *\ Confirmation Time: Pipe Size (HxW)
Ir : 4:03:00 PM 48.00x48.00
'-‘ ,’ Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
™ 9.29 38.71
Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.38"
+ Peak Velocity (fps) Velocity Sensor Offset (in)
N 1.38 0
Silt (in) Silt Type
0 0
Hydraulic Comments:

Manhole / Pipe Information:

Manhole Depth (Approx. Inches): Manhole Configuration
263 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Concrete Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

ADS Project Name:
ADS Project Number:

Lowell, Ma




Lowell, MA Site I.D.
Flow Monitoring ENVIRONMENTAL
. ) SERVICES® Meter-54
Site Installation Report
Site Address / Location:|Andover St at Guild St ASIEer S GEEHE TVPE
TRITON+ Temporary
Site Access: | Drive Pipe Size (H x W) Pipe Shape
48.00x49.00 Elliptical
z Manhole # System Characteristics
% 54 Residential
Access Traffic
Drive

Installation Information
Installation Date: Installation Type:
Thursday, March 16, 2023 Doppler Special Installation
T Monitoring Location (Sensors): Monitor Location:
Downstream 0-5 FT Manhole
N Sensors / Devices: Pressure Sensor Range (psi)
AV|Max/Peak Combo (CS9) 0 -5 psi
LT~ %’ Installation Confirmation:
,’ Confirmation Time: Pipe Size (HxW)
l' ) 1:51:00 PM 48.00x49.00
‘\ /I Sensor Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
S R4 10.16 38.16
; Downlooker Physical Offset (in) Measurement Confidence (in)
/ 0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
2.94 0
Silt (in) Silt Type
0 0
Hydraulic Comments:
Manbhole / Pipe Information:
Manhole Depth (Approx. inches): Manhole Configuration
301 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Brick Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete
Additional Site Info. / Comments:
ADS Project Name: Lowell, Ma
ADS Project Number:




Lowell, MA Site I.D.
Flow Monitoring ENVIRONMENTAL
. . SERVICES® Meter-55
Site Installation Report
Site Address / Location:|20 Barasford Ave Monitor Series Location Type

TRITON+ Temporary
STap—| Pipe Size (H x W) Pipe Shape

60.00x60.00 Circular

: Manhole # System Characteristics
55 Residential
; Access Traffic
Gilbane : 3 — k Drive

c1e8

@
-2
\ %%
Z
®

i)

%
%
Installation Information
Installation Date: Installation Type:
Thursday, March 16, 2023 Doppler Special Installation
T {? Monitoring Location (Sensors): Monitor Location:
Upstream 0-5 FT Manhole
N Sensors / Devices: Pressure Sensor Range (psi)
AV |Max/Peak Combo (CS9) 0-5 psi
Pl Installation Confirmation:
,’ \ Confirmation Time: Pipe Size (HXW)
NS N ) 11:59:00 AM 60.00x60.00
an \ , — Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
AN R4 4.74 55.26
Te-T Downlooker Physical Offset (in) Measurement Confidence (in)
Sensor 0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
6.1 0
Silt (in) Silt Type
0 0
Hydraulic Comments:
Manbhole / Pipe Information:
Manhole Depth (Approx. inches): Manhole Configuration
235.75 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Brick Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete
Additional Site Info. / Comments:
ADS Project Name: Lowell, Ma
ADS Project Number:




Lowell, MA ABS Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-56

Monitor Series Location Type
Site Address / Location:|188 River Rd, Lowell, Ma L
TRITON+ Temporary
Pi ize (Hx W Pi h
Site Access: | Drive ipe Size (H x W) ipe Shape
36.00x36.00 Circular
Manhole # System Characteristics
56 Residential
Access Traffic
Drive Light

Mc Glauflin 4
ndscape & Design

rarily/Closed,

Ms. Carmellels
NeighborSchaol §s

Installation Information

Installation Date: Installation Type:
Wednesday, March 15, 2023 Doppler Standard Ring and Crank
Monitoring Location (Sensors): Monitor Location:
Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
AV|MAX/Peak Combo (CS9) 0 -5 psi
e . Installation Confirmation:
:J \\ = Confirmation Time: Pipe Size (HxW)
) ! 10:03:00 AM 36.00x36.00
= * m Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
- -
- - 5.1 31
Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
. Peak Velocity (fps) Velocity Sensor Offset (in)
] 7.94 0
Silt (in) Silt Type
0 0

Hydraulic Comments:

Manhole / Pipe Information:

Manhole Depth (Approx. Inches): Manhole Configuration
192 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Concrete Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

et

ADS Project Name: Lowell, Ma

ADS Project Number:




Lowell, MA Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-57

Monitor Seri Location T
Site Address / Location:|230 Burnham Rd CInie)r SEMES ocation Type
TRITON+ Temporary
Site Access:|Drive Pipe Size (Hx W) Pipe Shape
30.00x30.00 Circular

Manhole # System Characteristics

57 Residential
Access Traffic

Installation Information

Installation Date: Installation Type:
Wednesday, March 15, 2023 Doppler Special Installation
T Monitoring Location (Sensors): Monitor Location:
Upstream 0-5 FT Manhole
Sensor Sensors / Devices: Pressure Sensor Range (psi)
AV |Max/Peak Combo (CS9) 0-5 psi
LT TS Installation Confirmation:
,’ \\ Confirmation Time: Pipe Size (HXW)
J Y 10:20:00 AM 30.00x30.00
<« = i\ — Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
AN . // 2.36 27.64
Te-T Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
5.64 0
Silt (in) Silt Type
0 0

Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Depth (Approx. inches): Manhole Configuration
235.75 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Brick Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

ADS Project Name: Lowell, Ma
ADS Project Number:




Lowell, MA ABS Site I.D.
Flow Monitoring ENVIRONMENTAL
. . SERVICES® Meter-58
Site Installation Report
Site Address / Location:|678 E Merrimack St Monitor Series Location Type
TRITON+ Temporary
STap—| Pipe Size (H x W) Pipe Shape
82.00x82.00 Circular
Manhole # System Characteristics
58 Residential
Access Traffic
o Drive
\i‘é&o
(',@z %

Medium

4
Installation Information
Installation Date: Installation Type:
Thursday, March 16, 2023 Doppler Special Installation
Monitoring Location (Sensors): Monitor Location:
T Upstream 0-5 FT Manhole
Sensor Sensors / Devices: Pressure Sensor Range (psi)
N AV |Max/Peak Combo (CS9) 0-5 psi
\l.? 7T Installation Confirmation:
- 6}’ \‘ Confirmation Time: Pipe Size (HXW)
) 10:39:00 AM 82.00x82.00
‘\ Ij’ Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
AN - _45 14.13 67.87
=T \ Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
6.86 0
Silt (in) Silt Type
0 0
Hydraulic Comments:
Manhole / Pipe Information:
Manhole Depth (Approx. inches): Manhole Configuration
206.25 Common Trench
Manhole Material: Manhole Condition:
Concrete Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Concrete Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete
Additional Site Info. / Comments:
ADS Project Name: Lowell, Ma
ADS Project Number:




Site I.D.

Lowell, MA
Flow Monitoring ENVIRONMENTAL
. ) SERVICES® Meter-59
Site Installation Report
Site Address / Location:|85 Hildreth St, Lowell, Ma Monitor Series Location Type
TRITON+ Temporary
S—| Pipe Size (H x W) Pipe Shape
38.00x26.00 Standard Egg
I Manhole # System Characteristics
g 59 Residential
‘£ Access Traffic
Drive Light

Hamps; esz

LR

=
in

e,

_—

Installation Information
Installation Date: Installation Type:
Friday, March 10, 2023 Doppler Special Installation
Monitoring Location (Sensors): Monitor Location:
Downstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
AV|MAX/Peak Combo (CS9) 0-5 psi
- - Installation Confirmation:
o “x Confirmation Time: Pipe Size (HxW)
! M Y 12:51:00 PM 38.00x26.00
‘1' ap l," Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
t A 2.38 35.62
- Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
A Peak Velocity (fps) Velocity Sensor Offset (in)
e 327 0
Silt (in) Silt Type
0 0
Hydraulic Comments:
Manbhole / Pipe Information:
Manhole Depth (Approx. Inches): Manhole Configuration
183.13 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Brick Good
Communication Information:
Communication Type Antenna Location
Drilled Pavement / Concrete

Wireless
Additional Site Info. / Comments:

Lowell, Ma

ADS Project Name:

ADS Project Number:




Lowell, MA

Flow Monitoring
Site Installation Report

Site I.D.

ENVIRONMENTAL
SERVICES®

Meter-60

Monitor Seri Location T
Site Address / Location:|George Ave (use coordinates 42.6636087,-71.3100202) onitor Series CSaLIONNIVRE
TRITON+ Temporary
Site Access:|Drive Pipe Size (Hx W) Pipe Shape
24.00x24.00 Circular

Manhole #
60

System Characteristics
Residential

Access

Traffic

Drive

Biftngs sy

Sensor

Installation Information

Installation Date:
Monday, March 13, 2023

Installation Type:
Doppler Standard Ring and Crank

Monitoring Location (Sensors):

Monitor Location:

Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
AV |Max/Peak Combo (CS9) 0-5 psi

Installation Confirmation:

Confirmation Time:

Pipe Size (HxW)

9:25:00 AM 24.00x24.00
Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
3.82 20.18
Downlooker Physical Offset (in) Measurement Confidence (in)
0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
1 0
Silt (in) Silt Type
0 0
Hydraulic Comments:
£ . Manhole / Pipe Information:
R Manhole Depth (Approx. inches): Manhole Configuration
104.85 Common Trench
o Manhole Material: Manhole Condition:
bt Concrete Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Concrete Good

Communication Information:

Communication Type
Wireless

Antenna Location
Drilled Pavement / Concrete

08a . 2023

ADS Project Name: Lowell, Ma

ADS Project Number:

Additional Site Info. / Comments:




Lowell, MA Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-61

Monitor Series Location Type
Site Address / Location: |38 Myrtle St, Lowell, Ma o
TRITON+ Temporary
Pi ize (Hx W, Pi h
Site Access:|Drive T2 STl ipe Shape
37.50x25.25 Circular

Manhole # System Characteristics
61 Residential
Access Traffic

Drive Light

L 3 : The picture to the
- ' M right is at this
' B intersection (our

Sthse

Adom International

designed install MH).
But the map here and
on the ADS site show
the meter at 5th and
Myrtle

Installation Information

Installation Date: Installation Type:
Friday, March 10, 2023 Doppler Special Installation
Monitoring Location (Sensors): Monitor Location:
Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
@ AV|MAX/Peak Combo (CS9) 0 -5 psi
-0 Installation Confirmation:
- - S \ Confirmation Time: Pipe Size (HxW)
. . 2:17:00 PM 37.50x25.25
'1 Map ,I Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
‘\\ ’,’ 1.39 36.11
= . - Downlooker Physical Offset (in) Measurement Confidence (in)
N 0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
| 5.14 0
4 Silt (in) Silt Type
0 0

Hydraulic Comments:

Manhole / Pipe Information:

Manhole Depth (Approx. FT): Manhole Configuration
169.75 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
18 18
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Brick Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:

ADS Project Name:
ADS Project Number:

Lowell, Ma
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Lowell, MA , Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-62

Monitor Seri Location T
Site Address / Location: [Middlesex St at Baldwin St (Il S ocation Type
TRITON+ Temporary
Pipe Size (H x W, Pipe Sh
Site Access: | Drive ipe Size (H x W) ipe Shape
48.00x48.00 Circular

Manhole # System Characteristics
62 Residential

Access Traffic

Drive Heavy

U AL ofgbowell
: 4

WA

ot Life Links @

Installation Information

Installation Date: Installation Type:
Wednesday, March 29, 2023 Doppler Standard Ring and Crank
Monitoring Location (Sensors): Monitor Location:
Upstream 0-5 FT Manhole
T Sensors / Devices: Pressure Sensor Range (psi)
”
I ‘\‘ AV|MAX/Peak Combo (CS9), Smart Depth (CS5) 0 -5 psi
Eﬁ » Cg Installation Confirmation:
. AP Confirmation Time: Pipe Size (HxW)
£
- - 11:26:00 AM 48.00x48.00
Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
15.34 32.66
f‘ Downlooker Physical Offset (in) Measurement Confidence (in)
N 15 0.38"
Peak Velocity (fps) Velocity Sensor Offset (in)
1.89 0
Silt (in) Silt Type
0 0

Hydraulic Comments:

Manhole / Pipe Information:

Manhole Depth (Approx. Inches): Manhole Configuration
203.25 Common Trench
Manhole Material: Manhole Condition:
Concrete Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Concrete Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:
Site location is extremely busy. Better to visit in early mornings.

ADS Project Name: Lowell, Ma
ADS Project Number:




Lowell, MA INDS Site I.D.

Flow Monitoring ENVIRONMENTAL
Site Installation Report SERVICES® Meter-63

Monitor Series Location Type
Site Address / Location:|Canada Street and Tanner Street, Lowell, MA P
TRITON+ Temporary
Site Access:|Drive Pipe Size (Hx W) Pipe Shape
’ 41.00x28.50 Standard Egg
Manhole # System Characteristics
63 Residential
Access Traffic
Drive Light
- e r -
=@ Forgione < : J S
@gmeenp_g, Inc Ty

~Ra

. »Spa‘ Fizz Soak{Products
' K. o

JT Painting
and Carpentry.
d

Temporar

Installation Information

Installation Date: Installation Type:
Friday, March 24, 2023 Doppler Special Installation
/ Monitoring Location (Sensors): Monitor Location:
T 4 Upstream 0-5 FT Manhole
Sensors / Devices: Pressure Sensor Range (psi)
AV|MAX/Peak Combo (CS9) 0-5 psi
Lez=s Installation Confirmation:
,’ \\ Confirmation Time: Pipe Size (HXW)
|' " 2:45:00 PM 41.00x28.50
‘\ /I Depth of Flow (Wet DOF) (in) Range (Air DOF) (in)
AN 7’ 16.1 24.9
< Downlooker Physical Offset (in) Measurement Confidence (in)
Sensor 0 0.25"
Peak Velocity (fps) Velocity Sensor Offset (in)
3.42 0
Silt (in) Silt Type
0 0

Hydraulic Comments:

Manbhole / Pipe Information:

Manhole Depth (Approx. FT): Manhole Configuration
120 Common Trench
Manhole Material: Manhole Condition:
Brick Good
Manhole Opening Diameter (in) Manhole Diameter (Approx.):
28 28
Manhole Cover Manhole Frame
Concealed Normal
Active Drop Connections Air Quality:
No Good
Pipe Material Pipe Condition:
Lined Good
Communication Information:
Communication Type Antenna Location
Wireless Drilled Pavement / Concrete

Additional Site Info. / Comments:
This manhole has an issue with the atmosphere, LEL can hit 10 randomly. Use a blower when at
this site.

ADS Project Name: Lowell, Ma
ADS Project Number:
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MEMORANDUM

TO: Aaron Fox | Lowell Regional Wastewater Utility

FROM: Jill Rossini, Kate Goyette | Kleinfelder

DATE: January 19, 2024

SUBJECT: 2023 Inflow/Infiltration Field Investigation Program Findings
CC: Evan Walsh | Lowell Regional Wastewater Utility

This technical memorandum summarizes the findings of the field investigation program conducted
throughout 2023 as part of the Lowell Regional Wastewater Utility’s (Utility) 1/l Removal Program as

detailed in the City’s Infiltration and Inflow (I/l) Abatement Plan (December 2022).

The 2022 I/I Abatement Plan included the following recommendations:

1. Conduct a City-wide Flow Metering Program and summarize findings and recommendations in
an I/l Analysis Report in accordance with MassDEP Guidelines.

2. Conduct closed-circuit television (CCTV) and manhole inspections during high groundwater
periods in subareas 7, 9, 19, 20 (as defined in the City’s 1990 Phase 1 Infiltration/Inflow Study).
Includes approximately 60,100 feet (5% of system) of sewer inspections and 330 manhole
inspections (5% of system).

CCTV inspections of River-front interceptors (up to 10,000 feet) and siphon (up to 1 location).

4. Repair of Kearney Square sewer.

Figure 1 illustrates the recommended I/I Investigations and sewer repair presented in the I/| Abatement

Plan from the review and assessment of the City’s existing information.

In Spring 2023, CCTV and manhole inspections were conducted in subareas 7, 9, and 20, along with
cleaning and inspection of the East Merrimack siphon. This memorandum includes a summary of the
sewer, manhole, and siphon inspections, documents structural condition and operation and maintenance

issues, and provides recommendations for rehabilitation.
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Figure 1: 1/l Abatement Plan Recommendations
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Section 1: Manhole Inspections

EST Inc, a subcontractor to Kleinfelder, conducted sewer manhole inspections within Sewer Subareas 7,
9, 20 (as defined in the 1990 Phase 1 Infiltration/Inflow Report). Subareas 7, 9, and 20 loosely correspond
to 2023 City-wide flow meter areas 51, 38, 37. A total of two hundred and twenty (220) sewer manholes
were selected for Type | (visual ground level) manhole inspections completed EST Associates, Inc. (EST)
from May to July 2023. The 1990 Phase 1 Report identified Subareas 7, 9, and 20 with some of the highest
infiltration rates of the 48 subareas studied. In addition to their historically high infiltration, these areas
compromise some of the City’s oldest infrastructure, are located downtown and in close proximity to the

Merrimack and Concord Rivers and canals.

Sixty (60) manholes, or 27%, were in good condition with no visible defects or signs of deterioration. The
remaining one hundred and sixty (160) manholes, or 73%, displayed at least one form of defect (of the
cover, frame, chimney, cone, wall, bench, or channel). Noteworthy defects (190 total) include missing
mortar, holes with soil visible, infiltration runners/weepers, and displayed or missing bricks, quantified in
Table 1. The majority of covers and frames were in acceptable conditions with minimal requiring
replacement. Defective chimneys were common but were typical of showing signs of deterioration more
so than a cause for action or concern. Most of the manholes with defective walls also exhibited defective
chimneys and contribute the majority of the observed infiltration, shown in Table 2. Each manhole
component in Table 2 displays the sum of that component from the contributing identified manholes with
infiltration rates assigned through defects (for example, the 33 wall defects collectively contribute a sum

of 8.9 gpm of infiltration).

Of the total 220 inspections conducted, thirty-five (35) manholes, or 16%, are recommended for further
investigation (9) or repair/rehabilitation (26), shown geographically in Figure 2. Nine manholes noted for
further action include observed construction debris and evidence of surcharging, potentially identifying
associated pipelines with capacity issues. Nineteen (19) of the 26 manholes recommended for
rehabilitation yield approximately 11.3 GPM of total infiltration observed through these inspections. The
remaining 7 manholes exhibit significant structural issues in need of mitigation. Although these
structurally compromised manholes did not exhibit obvious signs of infiltration at the time of inspection,
they may still be potential sources of infiltration. Appendix A is EST’s MH inspection report documenting
all field collected findings. Additionally, NWMCC identified the manholes within Dummer Street to be in

poor structural condition and are in need of rehabilitation or replacement.

Project #20220166.003A Page 3 of 15 January 2024
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Table 1 Quantity of Defects per Manhole Component

Total
Cover Frame Chimney Cone Wall Bench Channel
Defects
Quantity 2 8 117 12 33 12 6 190
Percent of
1% 4% 62% 6% 17% 6% 3%
Total Defects

Table 2 Exhibited Infiltration per Manhole Component

Wall (GPM) Bench (GPM) Channel (GPM) Total (GPM) Total (GPD)
8.9 0.7 1.7 11.3 ~16,300
Project #20220166.003A Page 4 of 15 January 2024
© 2023 Kleinfelder www.kleinfelder.com

KLEINFELDER One Beacon Street, Suite 8100, Boston, MA 02108 p | 617.497.7800 f | 617.498.4630



 ¢)*"\\\

KLEI/INFELDER

Bright People. Right Solutions.

Legend

SMH Recommendation (35)
© (19} Infiltration Rehab.
(7) Structural Repair/Rehab.
(9) Investigate
* Installed Flow Meter
*  SMH Inspected (220)
= Siphon Pipe
Gravity Sewer Pipe
Meter Area

37

Project #20220166.003A
© 2023 Kleinfelder

Page 5 of 15

Figure 2: Manhole Recommendations

January 2024

www.kleinfelder.com

KLEINFELDER One Beacon Street, Suite 8100, Boston, MA 02108 p | 617.497.7800 f | 617.498.4630




AN

KLEINFELDER

\-/ Bright People. Right Solutions.

Section 2: Subarea Cleaning and Inspections

Through the 2022 I/l Abatement Plan efforts, Kleinfelder identified approximately 40,000 feet of sewer
pipes within Subareas 7, 9, and 20 for cleaning and CCTV inspection. Subareas 7, 9, and 20 loosely
correspond to 2023 meter areas 51, 38, 37. National Water Main Cleaning Company (NWMCC) conducted
cleaning and inspection of approximately 31,500 feet of 8-inch to 36-inch diameter sewer from April to
August 2023. The remaining scope was not completed due to abandoned pipe, pipe that did not exist, or
inaccessibility. Paired with the manhole inspections, the sewer cleaning and inspection offers imperative
insight to sources of infiltration, observed structural defects, and operation and maintenance (O&M)

considerations for a comprehensive approach to fully inspect this downtown area of the City.

The degree of cleaning experienced during this effort, shown in Figure 3, will help inform the City’s CMOM
program and the frequency of sewer cleaning needed in this area to provide necessary capacity. The quick
structural ratings (QSR), as shown in Figure 4, identify approximately 15,000 LF of pipe to be considered
for rehabilitation or replacement in the near future. Figure 5 displays the quick maintenance ratings
(QMR) as it pertains to I/ and compliments identified pipes within Figure 4 that can be candidates for
rehabilitation or replacement. Appendix B contains all NWMCC’s CCTV inspection logs from this effort.

Overall, the field program findings included the following:
e System configuration updates to revise the City’s GIS
e Abandoned and new assets identified
e Several pipes with more minor offset joints and infiltration defects
e Several pipes with more significant issues (shown in Table 3)
o Paige Street flow-filled pipe
= Heavy cleaning was attempted and proved the material is adhered to the pipe
wall and has permanently reduced the pipe’s capacity leaving the pipe to
require replacement.
o 144 E Merrimack Street stone pipeline with voids
= Due to the type of stone construction, there are voids that may allow infiltration
and exfiltration from the pipeline. This pipe may be best rehabilitated through
spray lining or slip lining.

o Moody Street Canal cross-connection into the combined sewer

Project #20220166.003A Page 6 of 15 January 2024
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= |t became apparent that the plate or control mechanism that kept the Moody
Street Canal (a secondary connection between primary canal ways) blocked off
from the sewer became dislodged at some point in time. The Utility worked
with private owners to fabricate a new plate to be installed in place to prevent
this cross connection of canal water entering the sewer.
o John Street hinge fractures
= Given the pipe depth relative to the roadway, pipe material, pipe age, and high
traffic area, these hinge fractures could cause pipe collapsed if not addressed in
the near future.
o Nesmith Street, Lee Street, Bartlett Street missing bricks
= Likely due to high traffic, these old brick pipelines have lost bricks over time
which reduces their structural integrity, making them contenders for
rehabilitation.

e Areas that required medium and heavy cleaning

Project #20220166.003A Page 7 of 15 January 2024
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Table 3: Field Identified Significant Pipe Defects

Moody Street — C

Paige St — Flow filled Pipe

a
LSy 1

nal Infl

1

ow

L

Distance: 109.4 fit

FM - Fracture Multiple:
Clock from:12 o'clock
Cleck to:12 o'clock
Rating:4

Dimenslon 1:
Dimansion 2:

. AMH 'SMH-004116'__FM at 109.4 ft._5_2_2023_9_03
AM JPG

Al: 109.4 ft. FM - Fracture Multiple
12M2

Lee Street — Holes

Dimenslon 1:
Dimonsion 2:

ol
AMH 'SMH-004107'_H at 138.9 ft,_4_20_2023_9 53 Photo: AMH "SMH-006656'__HSV at 14.2 ft._6_22 2023_12_06
AM.JPG PM.JPG
i 138.9 . 121, H - Hole At 14.2 1 113 HSV - Hals Sall Visibla
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Figure 3: Decree of Cleaning Summary
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Figure 4: Quick Structural Rating Summary
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Figure 5: Quick Maintenance Rating Summary
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Section 3: Siphon Cleaning and Inspections

Kleinfelder subcontracted with NWMCC to perform cleaning and CCTV inspection of the East Merrimack
siphon located in downtown Lowell and shown in Figure 6. The siphon is a triple-barrel siphon consisting
of 6-inch, 12-inch, and 30-inch ductile iron pipes. The corresponding siphon structure is not operational

and has not been cleaned in years. Upon inspection, the 6-inch pipe was fully clogged with debris.

NWM fully cleaned all three barrels from June 13 to June 19, 2023, and confirmed the structural integrity
of all three barrels with minimal defects observed. Representative photos are included in Table 4.
Kleinfelder recommends monitoring the debris accumulation of the three barrels through routine annual

cleaning from the downstream access hatch to maintain sanitary level of service in the 12-inch and 30-
inch barrels.

A
ﬁ %S“’fq
-5
b & S
&
EAST MERRIMACK SIPHON: ~200 feet long,
30"/ 6"/ 12" triple barrel
&
L
&
@#’ I'I BARTLETT
k&‘%‘g}, | c’%
YR A =
!
w
T )
& 9
9 =
2 o
DAVIDSON STREET b
%
I 2
& g RS
IS STREET W WARREN STREET o
= w,
[=]
Figure 6: East Merrimack Siphon Location
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Table 4: Siphon Condition Summary

6-inch Barrel 12-inch Barrel

AVIH - Manhole
lock from:
lock to:
ating:

Dimension 1:

Dimension 2:

30-inch Barrel
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Section 4: Recommended Sewer System Improvements

Sections 1 and 2 detail the results of the pipe and manhole inspections conducted in Sewer Subareas 7, 9,
20 (as defined in the 1990 Phase 1 1/I Report). Of the total 220 manhole inspections conducted, thirty-five
(35) manholes, or 16%, are recommended for further investigation (9) or repair/rehabilitation (26), shown

geographically in Figure 2 in Section 1.

Of the approximately 31,500 feet of 8-inch to 36-inch diameter sewer inspected, approximately 15,000
feet is recommended for rehabilitation or replacement as shown in Figure 4 in Section 2. Table 4 below
details the conceptual engineering design and construction costs for the infrastructure recommended for
repair within Subareas 7, 9, and 20. Costs include a 25% contingency and 25% for engineering services

during design and construction.

Table 4: Conceptual Costs for Rehabilitation/Replacement of Sewer Infrastructure
Sewer Subareas 7, 9, 20 (1990 Phase 1 1/l Report)

Description Qty Unit Unit Cost Total
Mob/Demobilization 1 LS S 30,000 S 30,000
8-10" CIPP 2200 LF S 40 S 88,000
12-15" CIPP 4400 LF S 80 S 352,000
16-18" CIPP 2750 LF S 90 S 247,500
20-24" CIPP 1100 LF S 175 S 192,500
30-36" CIPP 550 LF S 250 S 137,500
MH Cement Line 240 VF S 320 S 76,800
MH Chimney Seal 30 EA S 500 S 15,000
Spot Repairs 5 EA S 10,000 S 50,000
18" PVC 3000 LF S 500 $ 1,500,000
Traffic Management 1 LS S 20,000 S 20,000
Subtotal $2,709,300
Contingency (25%) S 677,300
Engineering (25%) S 846,700
TOTAL 4,233,300
Project #20220166.003A Page 14 of 15 January 2024
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With completion of these collection system investigations, there are approximately 24,000 linear feet of
CCTV and 50 manhole inspections remaining to be inspected within the 2023 City-wide metering areas
51, 38, and 37. The Utility intends to complete CCTV and manhole inspections in these 3 areas in Spring
2024. The scope of the sewer rehabilitation/replacement work and sequencing of subsequent
construction contracts to address system defects will be revisited upon completion of the 2024 condition

assessments.

The manhole, CCTV, and East Merrimack Street Siphon inspections described in Sections 1, 2, and 3
respectively were performed based on recommendations in the City’s 2022 1I/I Abatement Plan. Other

recommendations from the 2022 1/I Abatement Plan include:

e Conduct a City-wide Flow Metering Program and summarize findings and recommendations in
an I/l Analysis Report in accordance with MassDEP Guidelines. The City-wide Flow Metering
Program as recommended in the I/l Abatement Plan was conducted in Spring 2023 and is
summarized in the Utility’s Infiltration/Inflow Analysis Report (January 2024).

e Conduct CCTV and manhole inspections during high groundwater periods in Subarea 19 (as
defined in the City’s 1990 Phase 1 Infiltration/Inflow Study). Subarea 19 consists of
approximately 20,400 feet of 8 to 48-inch sewer inspections and 118 manholes. The inspections
in this Subarea are planned to be conducted under the Utility’s phased SSES Implementation
Plan, detailed in the Utility’s Infiltration/Inflow Analysis Report (January 2024).

e Conduct CCTV inspections of River-front interceptors (up to 10,000 feet). This work was
contracted to be completed in the Spring 2023. Due to equipment failure by the subconsultant
in Spring 2023 and a significant drop in the Merrimack River levels following the spring-time
months, the river-front interceptor inspections were postponed until Spring 2024.

e Repair of Kearney Square sewer. A hole in the sewer that crosses the canal in Kearney Square
is allowing a significant volume of I/ to enter the collection system in Meter Area 38. Kleinfelder
designed a repair to the defect including a pipe sleeve with subsequent CIPP lining to
comprehensive restore the structural integrity of the pipeline. The Utility bid the project in June

2023 and received no bids. This defect is anticipated to be repaired in 2024.
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Estimated

SSO Location Discharge Statement Date Duration Volume Description Mitigation Steps Mitigation Planned
Sewer line cleaned by jetting and
Discharge from Sanitary Sewer Manhole Pipe blockage due to root affected area was cleaned and
Marshall Avenue 5/24/2021 Unknown 500 gallons . ) . .
to ground intrusion disinfected. Roots have since been
removed.
Sewer line cleared by jetting and
Discharge from backup into property to Pipe blockage due to root affected area was cleaned and
Varnum Avenue 10/28/2022 | Unknown Unknown . . . .
basement intrusion disinfected. Roots have since been
removed.
Discharge from Sanitary Sewer Manhole ) ) Planned to inspect the gravity sewer mains
35 Eagle Court . 6/26/2023 14 minutes Unknown Rain event Impacted area was cleaned. .
to receiving water and assess the catch basins.
Discharge from Sanitary Sewer Manhole ) ) Planned to inspect the gravity sewer mains
35 Eagle Court . 6/27/2023 3 minutes Unknown Rain event Impacted area was cleaned. .
to receiving water and assess the catch basins.
. Discharge from Sanitary Sewer Manhole . . Planned to inspect the gravity sewer mains
35 Windward Road . L 6/27/2023 6 minutes Unknown Rain event Impacted area was cleaned. .
to Catch Basin to receiving water and assess the catch basins.
) Discharge from Sanitary Sewer Manhole . ) Planned to inspect the gravity sewer mains
401 Lakeview Avenue 6/26/2023 14 minutes Unknown Rain event .
to ground surface and assess the catch basins.
Discharge from Sanitary Sewer Manhole ) ) Planned to inspect the gravity sewer mains
67 Payne Street . o 6/26/2023 16 minutes Unknown Rain event .
to Catch Basin to receiving water and assess the catch basins.
Discharge from Sanitary Sewer Manhole ) ) Planned to inspect the gravity sewer mains
67 Payne Street . o 6/27/2023 6 minutes Unknown Rain event )
to Catch Basin to receiving water and assess the catch basins.
. Discharge from Sanitary Sewer Manhole ) ) Planned to inspect the gravity sewer mains
35 Windward Road . . 6/28/2023 62 minutes Unknown Rain event Impacted area was cleaned. .
to Catch Basin to receiving water and assess the catch basins.
. Discharge from Sanitary Sewer Manhole . ) Planned to inspect the gravity sewer mains
35 Windward Road 7/3/2023 10 minutes 1600 gallons Rain event Impacted area was cleaned.

to Catch Basin to receiving water

and assess the catch basins.

SSO INVENTORY 2020-2023




Estimated

SSO Location Discharge Statement Date Duration Volume Description Mitigation Steps Mitigation Planned
. Discharge from Sanitary Sewer Manhole ) ) Planned to inspect the gravity sewer mains
657 Middlesex Street . 7/14/2023 13 minutes 450 gallons Rain event .
to receiving water and assess the catch basins.
Discharge from Sanitary Sewer Manhole . ) Planned to inspect the gravity sewer mains
67 Payne Street . o 7/14/2023 15 minutes 410 gallons Rain event .
to Catch Basin to receiving water and assess the catch basins.
Discharge from Sanitary Sewer Manhole ) ) Planned to inspect the gravity sewer mains
67 Payne Street . . 7/16/2023 4 minutes 10 gallons Rain event Impacted area was cleaned. .
to Catch Basin to receiving water and assess the catch basins.
Combined sewer line Backup into )
17 Lura Street B 7/21/2023 Unknown Unknown Rain event Impacted area was cleaned.
. Combined sewer line Backup into )
47 Birch Street 7/21/2023 Unknown Unknown Rain event Impacted area was cleaned.
Property Basement
) Combined sewer line Backup into )
88 Elliot Street B 7/21/2023 Unknown Unknown Rain event Impacted area was cleaned.
S li | d by jetti d
. . . Rain event & Downstream ewerline cleaned by Jetting an This section of the sewer main has been
Combined sewer line Backup into . affected area was cleaned and . e
112 Corbett Street 7/21/2023 Unknown Unknown Pipe blockage due to root . . added as a candidate to the Utility's CIPP
Property Basement . i disinfected. Roots have since been . .
intrusion lining list.
removed.
) Sewer line cleaned by jetting and . . .
. . . Rain event & Downstream This section of the sewer main has been
Combined sewer line Backup into ) affected area was cleaned and ) S
138 Rea Street 7/21/2023 Unknown Unknown Pipe blockage due to root . . added as a candidate to the Utility's CIPP
Property Basement . i disinfected. Roots have since been L
intrusion lining list.
removed.
Sewer line cleaned by jetting and
] ) ) Rain event & Downstream V) & This section of the sewer main has been
Combined sewer line Backup into . affected area was cleaned and . e
150 Rea Street 7/21/2023 Unknown Unknown Pipe blockage due to root . . added as a candidate to the Utility's CIPP
Property Basement . ] disinfected. Roots have since been o .
intrusion lining list.
removed.
Discharge from Sanitary Sewer Manhole )
190 Lawrence Street . 7/21/2023 Unknown Unknown Rain event Impacted area was cleaned.
to receiving water
Combined sewer line Backup into )
199 Crawford Street Property 7/21/2023 Unknown Unknown Rain event Impacted area was cleaned.
. Discharge from Sanitary Sewer Manhole . ) The area and alternative solutions are being
657 Middlesex Street .. 7/21/2023 36 minutes 1440.9 gallons | Rain event Impacted area was cleaned.
to receiving water evaluated as part of the Phase 3 PDR.
Discharge from Sanitary Sewer Manhole ) ) The area and alternative solutions are being
67 Payne Street . . 7/21/2023 1 minute 30.51 gallons Rain event Impacted area was cleaned.
to Catch Basin to receiving water evaluated as part of the Phase 3 PDR.
Raven Road & Broadview . . . .
) ) Discharge from Sanitary Sewer Manhole ) Rain event & Pipe blockage
Road intersection, by 246 7/21/2023 2 minutes 46.72 gallons Impacted area was cleaned.

Raven Road

to ground surface

due to root intrusion
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Estimated

SSO Location Discharge Statement Date Duration Volume Description Mitigation Steps Mitigation Planned
) Discharge from Sanitary Sewer Manhole ) 13416.15 ) The area and alternative solutions are being
Windward/Douglas Road . . 7/21/2023 64 minutes Rain event Impacted area was cleaned.
to Catch Basin to receiving water gallons evaluated as part of the Phase 3 PDR.
Combined sewer line Backup into )
59 Charles Street Property 7/29/2023 Unknown Unknown Rain event Impacted area was cleaned.
) Combined sewer line Backup into )
239 Princeton Boulevard Property 7/29/2023 Unknown Unknown Rain event Impacted area was cleaned.
Combined sewer line Backup into )
330 Douglas Road Property 7/29/2023 Unknown Unknown Rain event Impacted area was cleaned.
Combined sewer line Backup into )
340 Douglas Road Property 7/29/2023 Unknown Unknown Rain event Impacted area was cleaned.
. Discharge from Sanitary Sewer Manhole . ) The area and alternative solutions are being
657 Middlesex Street . 7/29/2023 30 minutes 1366.6 gallons | Rain event Impacted area was cleaned.
to receiving water evaluated as part of the Phase 3 PDR.
Discharge from Sanitary Sewer Manhole ) ) The area and alternative solutions are being
67 Payne Street . . 7/29/2023 28 minutes 1806.9 gallons | Rain event Impacted area was cleaned.
to Catch Basin to receiving water evaluated as part of the Phase 3 PDR.
) Discharge from Sanitary Sewer Manhole ) ) The area and alternative solutions are being
Windward/Douglas Road . . 7/29/2023 30 minutes 5548.7 gallons | Rain event Impacted area was cleaned.
to Catch Basin to receiving water evaluated as part of the Phase 3 PDR.
] Combined sewer line Backup into ) ]
47 Birch Street 8/8/2023 6 minutes Unknown Rain event Impacted area was cleaned.
Property
Combined sewer line Backup into ) )
64 Foster Street Biepsy 8/8/2023 6 minutes Unknown Rain event Impacted area was cleaned.
Discharge from Sanitary Sewer Manhole ) )
67 Payne Street . . 8/8/2023 5 minutes 400 gallons Rain event Impacted area was cleaned.
to Catch Basin to receiving water
) Combined sewer line Backup into ) )
88 Elliot Street 8/8/2023 9 minutes Unknown Rain event Impacted area was cleaned.
Property
) Discharge from Sanitary Sewer Manhole ] )
239 Industrial Avenue . L 8/8/2023 6 minutes Unknown Rain event Impacted area was cleaned.
to Catch Basin to receiving water
. Discharge from Sanitary Sewer Manhole ) ) The area and alternative solutions are being
657 Middlesex Street L 8/8/2023 5 minutes 130 gallons Rain event Impacted area was cleaned.
to receiving water evaluated as part of the Phase 3 PDR.
) Discharge from Sanitary Sewer Manhole ) ) The area and alternative solutions are being
Windward/Douglas Road ] o 8/8/2023 6 minutes 1560 gallons Rain event Impacted area was cleaned.
to Catch Basin to receiving water evaluated as part of the Phase 3 PDR.
Discharge from Sanitary Sewer Manhole ) ) The area and alternative solutions are being
67 Payne Street . L 8/10/2023 2 minutes 320 gallons Rain event Impacted area was cleaned.
to Catch Basin to receiving water evaluated as part of the Phase 3 PDR.
. Discharge from Sanitary Sewer Manhole ) ) The area and alternative solutions are being
657 Middlesex Street 8/10/2023 3 minutes 170 gallons Rain event Impacted area was cleaned.

to receiving water

evaluated as part of the Phase 3 PDR.
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Estimated

SSO Location Discharge Statement Date Duration Volume Description Mitigation Steps Mitigation Planned
) Discharge from Sanitary Sewer Manhole ) ) The area and alternative solutions are being
Windward/Douglas Road . L 8/10/2023 61 minutes 1230 gallons Rain event Impacted area was cleaned.
to Catch Basin to receiving water evaluated as part of the Phase 3 PDR.
Discharge from Sanitary Sewer Manhole . ) Planned to inspect the gravity sewer mains
12 Concord Road 8/18/2023 11 minutes Unknown Rain event Impacted area was cleaned. .
to ground surface and assess the catch basins.
) Discharge from Sanitary Sewer Manhole ) ) The area and alternative solutions are being
Windward/Douglas Road . . 8/18/2023 50 minutes 1480 gallons Rain event Impacted area was cleaned.
to Catch Basin to receiving water evaluated as part of the Phase 3 PDR.
. Discharge from Sanitary Sewer Manhole . ) The area and alternative solutions are being
657 Middlesex Street . 8/18/2023 12 minutes 883 gallons Rain event Impacted area was cleaned.
to receiving water evaluated as part of the Phase 3 PDR.
Discharge from Sanitary Sewer Manhole ) ) The area and alternative solutions are being
67 Payne Street . . 8/18/2023 6 minutes 826 gallons Rain event Impacted area was cleaned.
to Catch Basin to receiving water evaluated as part of the Phase 3 PDR.
) . Sewer line cleaned by jetting and
Discharge from Sanitary Sewer Manhole . Sewer System blockage by
15 Donald Terrace 8/23/2023 25 minutes Unknown affected area was cleaned and
to ground surface Grease .
disinfected.
Discharge from Sanitary Sewer Manhole ) ) The area and alternative solutions are being
67 Payne Street . . 9/11/2023 14 minutes 828 gallons Rain Event Impacted area was cleaned.
to Catch Basin to receiving water evaluated as part of the Phase 3 PDR.
. Discharge from Sanitary Sewer Manhole . ) The area and alternative solutions are being
657 Middlesex Street . 9/11/2023 11 minutes 330 gallons Rain Event Impacted area was cleaned.
to receiving water evaluated as part of the Phase 3 PDR.
) Discharge from Sanitary Sewer Manhole . Rain event and operational Updates to the SCADA logic and head
Barasford CSO Station . . 11/22/2023 | 131 minutes | 1.82 MG Impacted area was cleaned. .
to Catch Basin to receiving water error operator training
Sewer line cleaned by jetting and
Discharge from Sanitary Sewer Manhole ) ) affected area was cleaned and
131 Bellevue Street 11/27/2023 | 52 minutes | Unknown Pipe blockage due to grease . .
to ground disinfected. Grease blockages has since
been removed.
Sewer line cleaned by jetting and
Discharge from Sanitary Sewer Manhole ) ) affected area was cleaned and
350 Adams Street 12/15/2023 | 30 minutes | Unknown Pipe blockage due to grease

to ground

disinfected. Grease blockages has since
been removed.
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