Combined Sewer Overflow (CSO)

Long Term Control Plan (LTCP) Update

~Town-Of Exeter, New Hampshire

M S L

engineers
' 25 Vaughan Mall
Portsmouth, New Hampshire

UE # 1936/2088




Table of Contents

Table Of COmleRS..cipes iy s s s s i sy s s bn s tsses e i iinissss 1
B 5o Y R S PR S ONMRE s SN N,-1 AW Uil S A OO ANt S BN S S 2
I8 ¢l T T O Rt S R S R RN SO B S AP ) 3
List OF ADDEITICES ¢us s s swssanns sussvasss fuvss su s v s8es 1855 wassansssssss §FIvaaverussinessiods sovsssvsssarssessviniagsd 4
e 10 (o) o RSN o P S ST S - (= U DU e M e L 5
1.1 Project Background and ODBJECtIVES ......c.eeeeviririririerieeieeieeiieesrenreesessesreseeeeaessreessssensens 5
1.2 CSO LTCP Implementation REPOILS ........ceoeereeieernieiniiriieieneienteeeieeeeeeceentecneesenesneene 5
1.3 SR O WK b b b Ry e e A B A s 6
1.3.1 Task 1 - Field Evaluations and Building InSpeetionsi s asssumssimemsssmsnssmsomsssmssnispsaasis 6
1.3.2 Task 2 — Private I/I Mitigation Program Implementation Support..........ccccceervveereenne 6
1.3.3 Task 3 - LTCP Confirmation Evaluation ............ccceececiiniieriinieniniiinieneeeeneeeeeeeseenne 6

2. Existing Wastewater System (UPAate) ........coceeruiirriirenerienieienieeieseestee et steee e s enene 7
2. 1 GENEEA] IDEECTIPIIBI L wnenimonsansionins sssimas g mmmashisin smsisarsnsiasisbe sl anini e isnisd s saa s shimeinr 7
2.2 Historical Wastewater Flows and CSO Events (UPAate) . sesesssussess ssmssnasn sasavsnss suvs susuass 8
3 Current CH0 LTCP i miasirimmumismmm st e s 13
3. | Genenal s suminiibssier iy o i sy 13
3.1.1 WWTE IMPIOVEMIENES...cccoccrmsmmmrerserersioresrsessssoraisasenessnsessnvasensisssessosassssanssrasnosssanassersass 13
3.1.2 Long Term CSO Control Plan Activities (2013-2015) ....ccocerviiriinieniinereeeeeenn 14
3.1.3 Wasicwaier Colleetion Sysiem. ClP . ommummassemmmsasismmsap s s i 15

3.2 Recent CSO LTCP Implementation Activities (2016).......cceveeviereriiniesienenneerireeneeeeenes 15
3.2.1 Smoke Testing in SElECt ATCAS .....cccveerviriirrierienierieeieeieeesteseeseeieeeeesseessesseaessseenns 15
3.2.2 Former High School Illicit Connection Dye Test Investigations ............ccceeeeeeueennene. 16
3.2.3 Compliance Response Iplenientabion . s ssss s s b i s s 16
324 Westside Drive Pilot Feasibility Alternatives ucwosomsmmmsmonistnnmbnarissihaisinss 16
4. RECOMMENDED CSO LTCP UPDATES. ..ottt st 19
4.1 WWTF and Main Pumping Station Improvements .........c..ccccceeceeeeecrenenrernersecnnneeeseennenne 19
4.2 Private I/I Mitigation Program Including Pilot Areas........cccocoveevieevieeviieiiienieesninneseeveennens 19
4.3 Gravity Sewer Colleelion SYSIEH PROJEEIS .....irmsssssosisussisossisuinsiiosssisnsisodsissassnssinenossnssonsns 20
4.4 Suggested €SO LTCP Program Implementation Sehedinlei....csmmssosmusnessmsmsumessimsspsnsssss 21
Underwood Engineers, Inc. Exeter, New Hampshire

Page 1 of 22 lE




List of Tables

Table 1 — CSO Flow Summary 2011-2016
Table 3-1 (Updated) — Annual Average Daily Wastewater and CSO Flows 2007-2016
Table 14-1 (Updated) — Suggested CSO LTCP Implementation Schedule and Cash Flow

Underwood Engineers, Inc.

Page 2 of 22

Exeter, New Hampshire




List of Figures

Figure 2.1 — Total Annual CSO Volume 2007-2016

Figure 2.2 — Annual Average CSS Captured and Treated at the WWTF 2007-2016
Figure 3.1 — Locust/Walnut St. Smoke Testing

Figure 3.2 — Washington St. Smoke Testing

Figure 3.3 — Former Mill Building Smoke Testing

Figure 3.4 — Former High School Illicit Connection Investigation

Figure 3.5 - Public Education Compliance Response Questionnaires

Figure 3.6 — Alt. #1 — Roadside Swales, Westside Drive Pilot Area

Figure 3.7 — Alt. #2 — Perforated Underdrains, Westside Drive Pilot Area

Figure 3.8 — Alt. #3 — Sump Pump Force Main, Westside Drive Pilot Area

Underwood Engineers, Inc. Exeter, New Hampshire
Page 3 of 22 | o}
=




List of Appendices

Appendix A - Excerpts from Phase III Infiltration and Inflow Evaluation, Underwood
Engineers, January 2013

Appendix B — Excerpts from Final Report — 2014 Engineering Services, CSO LTCP
Implementation, Underwood Engineers, January 28, 2015

Appendix C — Excerpts from Interim Letter Report (Building Inspections, CSO LTCP
Implementation), Underwood Engineers, January 14, 2016

Appendix D — Excerpts from Preliminary Design Report for the Town of Exeter, NH
WWTF and Main Pump Station Upgrade, Wright-Pierce, October 2015

Appendix E — Exeter, NH Dyed Water Testing, Flow Assessment Services, Inc.,
September 1, 2016

Appendix F — Engineer’s Opinion of Probable Costs, Westside Drive Sump Pump Mitigation
Alternatives

Appendix G - Excerpts from Public Outreach and Private I/I Mitigation Program (2015) CSO

LTCP Implementation, Underwood Engineers dated January 12,2016

Underwood Engineers, Inc. Exeter, New Hampshire
Page 4 of 22 .=
il




1. Introduction

1.1 Project Background and Objectives

The Town of Exeter owns and operates a municipal wastewater collection system and
wastewater treatment facility (WWTF). The wastewater collection system includes two
Combined Sewer Overflow (CSO) diversion structures (Spring St. and Water St. diversion
structures) which regulate high sewer flows during storm events. CSO overflow from these
diversion structures bypass the Main Pumping Station (and WWTF) and are conveyed by gravity
to Clemson Pond which outlets to the Squamscott River, a tidal tributary of Great Bay. The
Town has been working for decades to separate stormwater and other I/ from the system to
reduce CSO’s and submitted UE’s Phase Il Infiltration and Inflow Evaluation to EPA in March
2013 to serve as the Town’s CSO Long Term Control Plan (LTCP). Selected excerpts of this
report are attached (Appendix A).

Two of the major findings from that study were that much of the identified I/I in Town appeared
to be from private sources, and direct drainage connections to the sewer appeared to significantly
contribute to CSO discharges because of high peak flows. Since the March 2013 submission of
the initial CSO LTCP the Town has performed work focusing on identifying and mitigating
private sources of I/ and sources of direct inflow.

An objective of this report is to review the investigations and projects that the Town has
completed since the CSO LTCP was issued, assess the effectiveness of these programs toward
the Town’s ultimate goal to eliminate CSO’s, and provide recommendations for potential future
LTCP program re-prioritization.

1.2 CSO LTCP Implementation Reports

The following UE reports describe some of the CSO LTCP implementation efforts performed by
the Town since submission of the CSO LTCP:

o Final Report — 2014 Engineering Services, CSO LTCP Implementation, dated January 28,
2015 (UE 2014 report). Excerpts are provided (Appendix B).

e Public Outreach and Private I/l Mitigation Program (2015) CSO LTCP Implementation
(Illicit Connection Compliance Program), dated January 12, 2016. Excerpts are provided
(Appendix G).

o Interim Letter Report (Building Inspections, CSO LTCP Implementation), dated January
14,2016 (UE 2015 report). Excerpts are provided (Appendix C).

Discussion of some of the major findings of these reports are summarized in Section 3. In
addition, UE reviewed the following reports by others as they pertain to CSO LTCP:

e Preliminary Design Report for the Town of Exeter, NH WWTF and Main Pump Station
Upgrade, Wright-Pierce, October 2015. Excerpts are provided (Appendix D).
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1.3 Scope of Work

The following tasks were included in Underwood Engineers’ (UE) scope of work that is
summarized in this report. Task 1 was aimed to continue Town efforts to identify specific
sources of I/I and Tasks 2 and 3 were intended for planning future CSO LTCP implementation
projects.

1.3.1 Task 1 - Field Evaluations and Building Inspections
e UE performed private inflow inspections/evaluations and dye testing at the SAU 16
Former High School where illicit roof leaders and sump pumps were suspected to be
connected to the sewer in August 2016.

e UE assisted Town personnel perform smoke testing in areas with suspected drain
connections to the sewer in September 2016.

1.3.2 Task 2 — Private I/I Mitigation Program Implementation Support
UE provided engineering assistance for implementation of the private I/l mitigation program
including:
e Data summary and evaluation assistance regarding the findings of the Town-wide
illicit connection mailer/compliance responses.

e An alternative evaluation of different options to mitigate known private illicit sump
pumps connected to the sewer in the Westside Drive Pilot Area. The Town planned
an ‘enforcement only’ approach to manage the illicit connections identified in the
Westside Drive Pilot Area as part of the original CSO LTCP. However, the Town is
reconsidering the ‘enforcement only” approach and is evaluating different alternatives
that could be used to assist homeowners manage/redirect illicit sewer connections in
that area.

1.3.3 Task 3 - LTCP Confirmation Evaluation

The CSO LTCP recommends periodic reassessment of the effectiveness of the LTCP
projects/program every several years. UE reviewed the work/projects that the Town has
completed since the LTCP was issued, assess the effectiveness of those projects toward the
Town’s ultimate goal to eliminate CSOs, and provide recommendations for potential future
LTCP project reprioritization.
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2. Existing Wastewater System (Update)

2.1 General Description

Exeter’s wastewater collection system includes 61.4 miles of sewer (53.4 miles Town maintained
and 8 miles privately maintained) and 10 publicly owned and operated pumping stations. The
wastewater collection system includes two permitted CSO diversion structures that divert CSO
flow to Clemson Pond during storm

events. |

Wastewater from the entire Exeter
collection area, including some
portions of Stratham and Hampton, is §#
conveyed to the Main Pumping B
Station (MPS) which is located
between Water Street and Swazey
Parkway. The Main Pumping Station
pumps wastewater to the Exeter
Wastewater  Treatment  Facility
(WWTF) located on the Squamscott
River north of Town.

The existing lagoon WWTF is designed for an average daily flow of 3.0 MGD and peak flow of
7.5 MGD. The rated design capacity of the Main Pumping Station is not known but believed to
be 7.9 MGD or 5 MGD based on CDM’s Phase I Infiltration and Inflow Report (1997).
Observed historical WWTF influent and Main Pumping Station flows are discussed in Section
2.2 of this report and planned WWTF and Main Pumping Station upgrades are discussed in
Section 3.1 of this report.

WWTF influent flow is monitored using a magnetic flow meter that was installed in August
2010 on the MPS force main in a meter pit located near the entrance to the WWTF site on
Newfields Road. Prior to the installation of this meter, WWTF influent flows were measured via
an area-velocity meter located in the bottom of the WWTF influent channel. However, Town
personnel indicated that the influent channel meter did not have a free-flowing condition calling
into questions the accuracy of WWTF influent flow data prior to August 2010.

Combined Sewer Overflow (CSO) flows are measured and monitored with the following
instrumentation array at both the Spring Street and Water Street diversion structures:
e Pressure transducer on upstream side of CSO overflow weirs (primary CSO measuring
device)
e Ultrasonic on the downstream side of the overflow weirs (back-up CSO measuring
device)
e Ultrasonic on the downstream side of the overflow weirs (measures receiving water
‘backflow’ over the weir backwards into the sanitary sewers)
e Rain gauge located on the roof of the Main Pumping Station

Underwood Engineers, Inc. Exeter, New Hampshire
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The CSO monitoring instrumentation array are operated and maintained by Flow Assessment
Services, Inc. (FAS) and the data and alarms are monitored and conveyed to the Town through
the FAS website. The CSO monitoring array described above was installed in December 2010
and replaced an ultrasonic/chart recorder system that was not believed to be reliable.

2.2 Historical Wastewater Flows and CSO Events (Update)

Table 3-1 has been updated from the original CSO LTCP submission to include flows from
2012-2016. Note that the historical CSO flows from 2010 to 2011 were corrected from the
original CSO LTCP submission due to a CSO instrumentation calibration error identified in 2014
(UE 2014 Report). In addition, historical WTP flows have also been corrected from the original
CSO LTCP submission to account for Water Treatment Plant (WTP) metering errors identified
by the Town. Generally, the CSO and WWTF flow data from 2011-present is used for this
assessment (Figure 2.1) and is considered more reliable than the data before the 2010 flow
monitoring improvements.

Figure 2.1
Total Annual CSO Volume (mg)
2007-2016
20
S B R B e

Reliable CSO and
WWTF Influent Flow
Metering Data

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Annual CSO Volume (mg)
e
o N} ~ )} [o) o N I [e)]
a8 i f :
v

Updated flow records from 2011 to 2016 [Table 3-1 (Updated)] indicate that the Town has
captured 99% to 100% of the estimated average annual Combine Sanitary Sewerage (CSS)
during wet weather. This far exceeds the minimum 85% capture required by the presumptive
approach of EPA’s “CSO Control Policy (1994)” (Figure 2.2). However, does not, in all cases,
meet the Town’s goal to eliminate CSOs.
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Figure 2.2
Annual Average CSS Captured and Treated at the WWTF (%)

2007-2016
EPA CSO Control
Policy Presumption
Approach Threshold e e
(1994)

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

100%

95%

90% -
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Annual Average CSS Captured (%)

Table 1 summarizes the total and peak hour flows during the 11 CSO events that have occurred
2011- 2016 since reliable flow metering instrumentation was installed. Please note that no CSO
occurred during the 9/30/15 precipitation event but this event is included due to the relatively
high daily and peak hour precipitation that occurred during that event to help illustrate progress
that the Town has made to eliminate I/I from the system since issuance of the CSO LTCP. For
example, by contrast the system flow during the 8/19/11 CSO event (7.3 MGD total peak hour
flow from 1.65” total & 1.12” peak hour precipitation) prior to CSO LTCP implementation
activities was greater than the storm of similar high intensity that occurred on 9/30/15 during
which no CSO occurred (5.2 MGD peak hour flow from 3.16” total and 1.05” peak hour
precipitation). Flows during 2011 to 2016 CSO events are summarized as follows:

e Daily total CSO volumes ranged from <0.1 mg to 1.0 mg
Peak hour CSO flow rates ranged from <0.1 MGD to 3.6 MGD

e Peak hour Main Pumping Station flow rates ranged from 4.3 to 5.5 MGD during CSO
events

e Total wastewater peak hour flow rates (MPS and CSO) during CSO events ranged from
5.3 to 8.6 MGD. Note that Wright-Pierce identified peak flows up to 9.99 MGD for their
basis of design (Appendix D), but we understand the 9.99 MGD peak used by Wright-
Pierce was a peak instantaneous flow not peak hour flow.

e Peak wetwell levels during CSO events ranged from 10.9” to 11.9°

Underwood Engineers, Inc. Exeter, New Hampshire
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Table 1
CSO Flow Summary 2011-2016

Total Daily Daily
Precipitation Precipitation Total Daily Peak Hour Flow
(inches of rain) [(inches of rain) |Volume (MG) (MGD)
CSO Event Date
3/7/2011 1.22 0.3
Main Pumping Station 4.5 5.3
Spring St. CSO 0.623 1.67
Water St. CSO 0.377 1.147
CSO Subtotal 1.0 2.8
TOTAL 5.5 8.1
3/11/2011 0.93 0.17
Main Pumping Station 4.8 5.2
Spring St. CSO 0.252 0.862
Water St. CSO 0.107 0.538
CSO Subtotal 0.4 1.4
TOTAL 5.2 6.6
8/19/2011 1.65 1.12
Main Pumping Station 1.8 5.5
Spring St. CSO 0.074 1.772
Water St. CSO 0 0
CSO Subtotal 0.1 1.8
TOTAL 1.9 7.3
12/27/2012 1.59 0.31
Main Pumping Station 3.7 53
Spring St. CSO 0.0002 0.004
Water St. CSO 0 0
CSO Subtotal 0.0 0.004
TOTAL 3.7 5.3
3/30/2014 1.96 0.38
Main Pumping Station 4.4 5
Spring St. CSO 0.539 2.329
Water St. CSO 0.199 1.304
CSO Subtotal 0.7 3.6
TOTAL 5.1 8.6
3/31/2014 1.05 0.14
Main Pumping Station 4.2 5.1
Spring St. CSO 0.487 1.528
Water St. CSO 0.042 0.508
CSO Subtotal 0.5 2.0
TOTAL 4.7 7.1
12/9/2014 2.6 0.38
Main Pumping Station 4.1 5.2
Spring St. CSO 0.397 1.9
Water St. CSO 0.121 0.861
CSO Subtotal 0.5 2.8
8.0

TOTAL

4.6




Table 1
CSO Flow Summary 2011-2016

Total Daily Daily
Precipitation Precipitation Total Daily Peak Hour Flow
(inches of rain) |(inches of rain) |Volume (MG) (MGD)
CSO Event Date
4/20/2015 1.65 0.2
Main Pumping Station 34 4.3
Spring St. CSO 0.03 0.42
Water St. CSO 0 0
CSO Subtotal 0.0 0.4
TOTAL 3.4 4.7
4/21/2015 0.42 0.25
Main Pumping Station 3.8 4.3
Spring St. CSO 0.136 0.926
Water St. CSO 0.011 0.143
CSO Subtotal 0.1 1.1
TOTAL 3.9 54
9/30/2015 3.16 1.05
Main Pumping Station 2 5.2
Spring St. CSO 0 0
Water St. CSO 0 0
CSO Subtotal 0.0 0.0
TOTAL 2.0 5.2
1/10/2016 1.87 0.41
Main Pumping Station 3.6 52
Spring St. CSO 0.056 0.533
Water St. CSO 0 0
CSO Subtotal 0.1 0.5
TOTAL 3.7 5.7
10/21/2016 3.07 1.93
Main Pumping Station 1.9 5.53
Spring St. CSO 0.018 0.38
Water St. CSO 0 0
CSO Subtotal 0.0 0.4
TOTAL 1.9 5.9

Notes:

1 Total daily precipitation based on rain gauge measurements from instrument located on the main pumping stati

2 Peak hour precipitation based on the maxium rainfall measured between whole hours on a given date.

3 Total daily and peak hour main pumping station flow is based on WWTF influent flowmeter records provided |

4 CSO flows based on the CSO flow measured between whole hours on a given date based on metering
maintened by Flow Assessment Services and provided by the Town.



3. CSO LTCP

3.1 General

Exeter has a long-term goal to ultimately eliminate CSOs. Because of the potential for extreme
coastal flooding events in a changing climate, Exeter intends to keep the diversion structures in
place as a safeguard against uncontrolled, unsanitary conditions and private property damage
associated with sewer backups during high flow events, and to safely maximize existing in-line
storage as required by EPA’s nine minimum controls.

The current CSO LTCP recommended complete I/I removal (Alternative 2) to achieve the
Town’s goal to ultimately eliminate the CSO. The CSO LTCP recommended use of a decision
matrix (Figure 14-1) to systematically perform collection system capital projects aimed to reduce
I/T and evaluate the impact of the improvements until the desired level of CSO control was
achieved or need for WWTF improvements was confirmed. Also, at the time of the original
submission of the CSO LTCP the recommended alternative was based on higher flows than may
exist now and much of the historical CSO flow information available at that time was not
believed to be reliable. Although the CSO and Main Pumping Station flow metering was
improved in conjunction with CSO LTCP engineering, the Town did not have the benefit of
years of reliable CSO and Main Pumping Station data.

The Town was not willing, able or authorized to commit to over $26M of capital projects, nor
was it believed that all $26M would be required to achieve the Town’s goal to eliminate the
CSO. However, the Town was willing to commit to certain CIP projects which were
summarized in Table 14-1 of the original CSO LTCP (Appendix A). Since issuance of the CSO
LTCP the work has generally followed the recommendations summarized in Table 14-1, with
some adjustments to schedule. The most significant change to the suggested implementation
schedule was delay of the Downing Court and Westside Drive Pilot projects. We understand that
this interim schedule adjustment was made to redirect funds towards the private I/I and direct
inflow investigation and mitigation programs, which successfully identified major sources of I/
as described in the reports referenced in earlier sections of this report.

3.1.1 WWTF Improvements

The anticipated WWTF upgrade was recommended to be used as a catalyst to assess the CSO
elimination progress to date, and evaluate the need for and incorporate appropriate CSO
mitigation measures into WWTF design as part of the decision matrix for CSO elimination
(Figure 14-1, Appendix A, dated January 14, 2013). The Town executed an Administrative
Compliance Order (ACO) by consent with the US EPA in the Spring of 2013 which was the first
step towards upgrade of the WWTF. The Town’s Administrative Order by Consent (ACO) with
the EPA defines the scope and schedule for required WWTF improvements.

The Town contracted Wright-Pierce to design WWTF and Main Pumping Station upgrades and
the basis of design. We understand that the Town plans to upgrade the WWTF to have a 6.6 peak
hour capacity. We also understand that the Town plans to keep the existing WWTF lagoons as

Underwood Engineers, Inc. Exeter, New Hampshire
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part of the upgrade for flow equalization to accommodate the high peak flows from the Main
Pumping Station. WWTF improvements are described in more detail in the Town’s WWTF
Facility Plan.

Planned upgrade of the Main Pumping Station as part of the ACO should have a significant
impact to CSO control. We understand that the Town plans to upgrade the Main Pumping Station
to have a maximum flow capacity of 10 MGD. The project will include installation of an
additional force main parallel to the existing force main to the WWTF. We understand that both
force mains will be used to achieve 10 MGD flow and that 2019 is the scheduled completion
date for the Main Pumping Station and parallel force main project.

3.1.2 Long Term CSO Control Plan Activities (2013-2015)

Additional CSO LTCP implementation efforts that the Town has performed since submission of
the CSO LTCP are generally summarized in UE’s reports (listed in Section 1.3 of this report).
Some of the key findings of those investigations include:

1. The Jady Hill infrastructure improvement project was completed in 2013. We
understand that the post-construction flow monitoring performed by the Town
indicated a 70-80% reduction in I/I as a result of the project.

2. The identification and disconnection of a drainage pipe connection to the sewer that
allowed Squamscott River waters to back-flow into the sanitary sewers during severe
high tides/flood events. We understand that this connection was disconnected from
the sewer by the Town in 2014 (UE 2014 Report).

3. Identification and disconnection of a drainage swale that conveyed drainage from an
area of approximately 7 acres to the sewer. We understand that the Town
disconnected this drainage from the sewer in 2014 (UE 2014 Report).

4. The Town has performed illicit sewer connection building inspections and dye testing
throughout the Phillips Exeter Academy (PEA) Campus, on other school campuses,
along Lincoln Street in preparation of a planned infrastructure project, and downtown
in preparation of a planned sidewalk improvement project. Illicit roof leaders and
sump pumps were identified and the Town is working with property owners to re-
direct illicit connections (UE 2014 and 2015 Report).

5. The Town began a system-wide public outreach and private I/I mitigation program
that included 5-year amnesty from enforcement action for users self-reporting illicit
connections to the sewer (Illicit Connection Compliance Program) and the Town is
working with property owners to disconnect identified illicit connections from the
sewer.

Underwood Engineers, Inc. Exeter, New Hampshire
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3.1.3 Wastewater Collection System CIP

The Town designed and constructed replacement of over 4,000 feet of sewer mains and
sewer laterals (to the ROW) of sewer on Portsmouth Avenue, north of High Street. The
Town is also planning for a 2017 warrant article to design and a 2018 warrant article to
construct a sewer project on Lincoln Street as part of a larger infrastructure project in that
area.

3.2 Recent CSO LTCP Implementation Activities (2016)

The Town performed the following CSO LTCP implementation activities in 2016 that have not
been described in the previous reports enumerated in Section 1.3:

e Smoke testing in select areas of Town where drains were suspected to be connected to the
sewer and in advance of planned infrastructure projects

e Further investigative work to identify suspected illicit connections on the former High
School Campus at 30 Linden St.

e Distribution analysis of illicit connections identified in the Town’s Public Outreach and
Private Mitigation Program (Illicit Connection Compliance Program)

e Westside Drive Pilot Area sump pump mitigation project alternative evaluation

3.2.1 Smoke Testing in Select Areas

Underwood Engineers observed smoke testing performed by the Town in September 2016 to
help the Town document identified drainage connections to the sewer. Smoke testing was
performed in the following areas:

e Locust/Walnut St. Area (Figure 3.1) to investigate suspected drain connections to the
sewer and the tightness of past bulkhead repairs where drain connections were previously
redirected away from the sewer.

e Washington St. Area (Figure 3.2) to evaluate the presence of drain connections to the
sewer for planning purposes in advance of planned infrastructure improvement projects
in this area.

e Former Mill Buildings (Figure 3.3) to investigate the presence of drain connections to the
sewer in this area.

Smoke testing revealed one catch basin connected to the sewer around 26 Walnut St. and
several leaking bulkhead connections between catch basins and the sewer on Locust St. and
Wentworth St. No drainage connections were identified connected to the sewer in the former
mill building area. We understand that the Town has subsequently sealed the 6” sewer/drain
connection in the catch basin located around 26 Walnut St.

Underwood Engineers, Inc. Exeter, New Hampshire
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3.2.2 Former High School Illicit Connection Dye Test Investigations

Underwood Engineers and Flow Assessment Services performed a dye test evaluation of
drains on the SAU 16 former high school building located at 30 Linden St. in August 2016.
The dye testing report is provided (Appendix E). Dye testing showed that two sump pumps
were connected to the sewer, one was located in a chamber below a computer lab floor and
one was located in a mechanical room. It was noted that that the sump pump below the
computer lab floor also collects surface drainage water from a trench drain located at the
bottom of a loading ramp (Figure 3.4). Dye testing also showed that flat roof drains at this
building were not connected to the sewer and discharge to the drain system. Dye tests for
stairwell drains and one roof leader were not conclusive.

3.2.3 Compliance Response Implementation

As reported in UE’s Illicit Connection Compliance Program Report, the Town mailed out
3,400 “Compliance Response” questionnaires in May 2015, which asked sewer users to
identify any known private I/ sources located on their property. UE compiled the location of
properties reporting a suspected sump pump or roof leader connected to the sewer to help
evaluate whether clusters of admitted suspected illicit connections exist in Town (Figure 3.5).

No clear pattern of suspected illicit connection clusters was apparent and suspected illicit
connections appeared scattered in different areas of Town. A loose cluster appears in the
area around Crestview Drive and Columbus Avenue. However, the Town should generally
be aware of the location of suspected illicit connections and try to incorporate provisions to
address illicit connections as part of future capital improvement projects and during
implementation of the Town-wide sump pump removal program.

Clusters of illicit sump pump connections were also located in previously piloted areas.
However, it is unclear why illicit connections remain in the Jady Hill Infrastructure Project in
2013 which we understand included private drain services to provide residents with a viable
location for sump pump discharge. The Town should perform investigations to confirm the
presence of the reported illicit connections in the Jady Hill Pilot Area or whether the
affirmative responses to the 2015 compliance questionnaire was due to confusion by the
homeowners completing the questionnaire.

The Westside Drive Pilot Area continues to show a cluster of illicit sump pump connections
which was not unexpected because of the challenges of private sump pump discharge in this
area due to limited municipal drainage infrastructure and space constraints on individual lots.
The original CSO LTCP included enforcement only for removal of the illicit connections in
this area. However, the Town is exploring other alternatives including Town participation
for more effective illicit connection removal in this area.

3.2.4 Westside Drive Pilot Feasibility Alternatives

The Town requested three (3) conceptual alternatives other than enforcement for private I/I
management in the Westside Drive Area.

Underwood Engineers, Inc. Exeter, New Hampshire
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The challenges of illicit sump pump removal from the sewer in Westside Drive is the small
lot size and limited drainage infrastructure, which makes it difficult for homeowners to have
a good discharge location for sump pumps on their individual private lots. The three (3) CIP
alternatives for sump pump mitigation generally included infrastructure for ‘interior’ lots to
have a sump pump discharge location. It was assumed that perimeter lots with wetland/river
frontage can discharge their sump pump toward the wetland/river on their back lot. The
following alternatives were evaluated to assist homeowners to have a viable sump pump
discharge location:

1. Roadside Swales
2. Perforated Underdrain System
3. Sump Pump Force Main System

Please note that the sizing and routing of the infrastructure associated with each alternative
has been assumed based on visual observations during a limited site walk, which was used to
develop report—level engineers opinions of probable costs for comparison of the different
alternatives. In addition, the alternative concepts were framed as stand-alone alternatives for
sump pump mitigation and the Town should consider other factors (non-point source
mitigation, other neighborhood improvements, etc.) when selecting the best alternative suited
for the Town.

Alternative 1 — Roadside Swales

This alternative concept included the addition of roadside
swales on either side of the interior roads of the development
as available location for discharge of individual sump pumps
(Figure 3.6). The swales include an aggregate underdrain due #
to the suspected high groundwater in the area as evidenced by
the iron staining observed around the pavement cracking in
areas of the development. The swales discharge to a drop
inlet with drainage pipe to convey water to existing catch
basins, which discharge to existing drainage outfalls. The
Engineer’s Opinion of Probable Cost for this alternative
(Appendix F) includes:

e 4,000 LF of roadside swales with aggregate underdrain

e FEight (8) drop inlets

e 700 feet of drainage pipe

e Drain and outlet modifications for the existing drain outfalls

Engineer’s Opinion of Probable Cost = $495,000

Alternative 2 — Perforated Underdrain System

This alternative concept included installation of 12 perforated underdrain along interior
neighborhood streets with drain services to the R.O.W. to serve as viable discharge locations
for sump pumps (Figure 3.7). The underdrain system would convey water to existing catch
basins and drainage outfalls. Homeowners would be responsible to re-route sump pump

Underwood Engineers, Inc. Exeter, New Hampshire

Page 17 of 22 'E




discharges to the drain service at the property line. The Engineer’s Opinion of Probable Cost
for this alternative (Appendix F) includes:

3,000 LF of 12” perforated underdrain drainage pipe
Sixteen (16) drainage services to ROW
Thirteen (13) catch basins/drainage structures

Drain and outlet modifications for the existing drain outfalls
Engineer’s Opinion of Probable Cost = $648,000

Alternative 3 — Sump Pump Force Main System

This alternative concept includes installation of an HDPE force main and sump pump force
main lateral ‘curb stops’ at the ROW to which homeowners could connect their sump pump
discharges (Figure 3.8). A 6” HDPE force main has been assumed but sizing would need to
be confirmed during final design. The force main lateral kits include a check valve and shut
off valve similar to a low pressure sewer (LPS) system and homeowners would be
responsible for their own sump pump and piping to connect the sump pump to the individual
‘curb stop’. The force main would convey water to existing catch basins and drainage
outfalls. The Engineer’s Opinion of Probable Cost (Appendix F) for this alternative includes:

3,000 LF of 6” HDPE force main

Seventeen (17) drainage service ‘curb stops’ at the ROW

Six (6) force main cleanout manholes

Drain and outlet modifications for existing drain outfalls

Homeowners would need to purchase specific sump pumps for the system to operate
properly and perform work necessary work on private property to connect the sump
pump to the ROW ‘curb stop’. The cost of this ‘private’ work has been included.
However, these costs may be born by each individual homeowner.

Engineer’s Opinion of Probable Cost = $871,000
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4. RECOMMENDED CSO LTCP UPDATES

Continued I/I identification and removal is recommended for long term CSO control. This
approach is consistent with the original Phase III I/I study that currently serves as the Town’s
CSO LTCP. This approach is also consistent with Option 1 from Wright-Pierce’s Pumping
Station Capacity Analysis Memo dated September 21, 2015 (Appendix D). Infiltration and
Inflow mitigation over the past several years appears to have reduced sewer flow peaks and
continued I/I reduction efforts may mitigate the need to replace hydraulically limiting pipes in
the vicinity of the Spring St. Diversion Structure reported by Wright-Pierce as a result of their
hydraulic modeling. The following is a summary of the recommended I/I mitigation efforts to
update the Town’s CSO LTCP going forward.

4.1 WWTF and Main Pumping Station Improvements

Planned improvements to the Main Pumping Station and force main to achieve a 10 MGD
pumping capacity will reduce CSO discharges and should continue to be included as part of the
CSO LTCP. Furthermore, planned improvements to the WWTF should also continue to be
included as part of the CSO LTCP because the increased pumping rate as a result of the planned
Main Pumping Station improvements will need to be incorporated into the WWTF design. In
addition, the magnitude of the benefits and cost of the WWTF and Main Pumping Station
projects must be considered as part of the CSO LTCP program.

4.2 Private I/I Mitigation Program Including Pilot Areas

Continuation of the ongoing private I/I mitigation program is recommended to be included as
part of the updated CSO LTCP. This program has identified previously unknown sources of
private inflow that contribute to flow peaks during CSO events. A summary of next steps is as
follows:

e Work with private property owners to separate illicit connections identified in UE’s
Interim Letter Report (Appendix C). These private inflow sources are located in sewer
basins that are routed through the Spring St. Diversion Structure and downstream piping
which was identified to be hydraulically limiting in Wright-Peirce’s Main Pumping
Station Basis of Design Reports (Appendix D) and separation of these illicit connections
from the sewer should help mitigate hydraulic issues in this area. A few of the identified
illicit connections that are very critical to separate from the sewer to improve CSO
control include:

o The Phillips Exeter Academy (PEA) Boathouse basement pump which appears to
have the potential to discharge Squamscott River floodwaters to the Town’s
sewer.

o Roof drains connected to the sewer which contribute to flow spikes during CSO
events.

e Work with PEA to continue separation of illicit connections identified in UE’s Final
Report of 2014 Engineering Services (Appendix B). Many of these private inflow sources
are located in sewer basins that are routed through the Spring St. Diversion Structure and
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downstream piping which was identified to be hydraulically limiting in Wright-Peirce’s
Main Pumping Station Basis of Design Reports (Appendix D) and separation of these
illicit connections from the sewer should help mitigate hydraulic issues in this area.

e Work with PEA and Unitil to for a permanent solution to separate the cross country drain
and repair the sewer identified in UE’s Final Report of 2014 Engineering Services
(Appendix B). It is understood that the existing patch on the sewer may deteriorate over
time and allow the ~7 acres of drainage that contributes flow to this area (and infiltration)
to re-enter the sewer.

e  Work with SAU 16 to re-route the two (2) sump pumps that were identified to discharge
to the sewer as part of 2016 field investigations (Figure 3.4). These private inflow sources
are located in sewer basins that are routed through the Spring St. Diversion Structure and
downstream piping which was identified to be hydraulically limiting in Wright-Peirce’s
Main Pumping Station Basis of Design Reports (Appendix D) and separation of these
illicit connections from the sewer should help mitigate hydraulic issues in this area.

e Continue the system-wide private I/I public education and I/I mitigation program to assist
property owners to re-direct illicit connections away from the sanitary sewer (Figure 3.5).
This work should include investigation of the illicit connections in the Jady Hill
Infrastructure area that were reported by homeowners to remain connected to the sewer.

e Consider alternatives to assist homeowners in the West Side Drive Pilot Area to mitigate
illicit sump pumps connected to the sewer. Alternate #1 — Roadside Swales (Figure 3.6)
is the preferred alternative because it has the lowest capital cost and includes overall
reduction of existing impervious areas (by converting portions of existing paved areas to
swales) which should help reduce non-point nitrogen sources in Town and improve the
road structure. However, it is recommended that the Town have public workshops to
present different alternatives, receive public participation/feedback, and advance the
concepts to a 30% design.

4.3 Gravity Sewer Collection System Projects

It is recommended that the CSO control program be modified due to the WWTF and Main
Pumping Station projects and the success of I/ reduction. Originally, sewer
rehabilitation/replacement projects with private I/l separation was identified as the most cost
effective approach for long-term CSO mitigation under the original CSO LTCP. The original
CSO LTCP included a budget of $19,000,000 to rehabilitate/replace the 22 project areas
identified in this report with an additional $7,000,000 to separate other private services that may
be outside the project areas for a total of $26,000,000. It is recommended that the Town continue
with this approach because it is consistent with long-term asset management of the collection
system and private I/l mitigation efforts appear to have been successful to date. However, the
planned +$50,000,000 WWTF and main pumping station improvements over the next several
years will likely render sewer rehab/replacement projects unnecessary in the near term for CSO
control. It is recommended that the Town defer the majority of the comprehensive $26M
program until pilot area work is completed and focus on the private I/I mitigation program in the
near term until the Main Pumping Station project is complete and additional reliable CSO flow
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information becomes available to evaluate the benefits of the planned Main Pumping Station
improvements.

4.4 Suggested CSO LTCP Program Implementation Schedule

Suggested updates to the Town’s CSO LTCP Program Implementation Schedule are provided
[Table 14-1(Updated)]. This approach focuses expenditures on planned WWTF and Main
Pumping Station improvements over the next few years. The planned increased capacity of the
Main Pumping Station described in Wright-Pierce’s Design Report (Appendix D) will help
reduce CSO discharges after improvements are completed.

The suggested LTCP updates over the next few years focuses I/I reduction efforts on eliminating
private sources of I/ from sewer through public education and outreach. It is recommended that
the success of the LTCP be re-evaluated again in several years after Main Pumping Station
improvements and continued implementation of private I/I mitigation efforts.
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Table 14-1 (UPDATE)
Suggested CSO LTCP Sewer Implementation Schedule and Cash Flow - 3-Year Plan
January 2017

Notes:

1 Pilot areas should be done initially to further refine private I/l approach.

2 WWTF expenditures and budgets provided by Town.

3 All recommended expenditures and projects indicated above may require Town authorization through voting.
4 Reassessment of affordibility and approach of the program should be performed during critical milestones such as pilot area implementation, WWTF upgrade, and main pumping station improvements.
5 Budgetary project costs are present day and have not been escalated for the time value of money.

6 Jady Hill Project costs includes sewer related expenses only.

7 Wastewater collection system CIP based on actual sewer expeditures and construction phase engineering for the Portsmouth Ave. sewer and estimates for the Lincoln St. Sewer.
8 Assumes sump pump mitigation project in Westside Drive Pilot Area and sewer rehabilitaiton program in Downing Court Pilot Area.
9 Schedule is based on US Environmental Protection Agency (EPS) draft Administrative Compliance Order (ACO).
10 Actual expenditures based on UE engineering contracts for private I/l identification, public education and mitigation program.

Project Year
ACTUAL RECOMMENDED
" 34,5
Sewer Improvement Project/Program Total Cost 2013 2014 2015 2016 2017 2018 2019 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027
WWTF Improvements 2
Facility Plan, WWTF, and Main Pumping Station Design $375,000 $258,400 $773,000 | $2,320,000 $540,000
WWTF Construction $43,760,000 $43,760,000
Main Pumping Station and Force Main Construction $6,240,000 $6,240,000
Non-point Nitrogen Evaluations and Controls 2 TBD $72,000 $90,000 TBD TBD TBD TBD TBD TBD TBD TBD TBD TBD
Phase Il On-Line (5 mg/L)- If Necessary, TBD g TBD
Subtotal Additional I/I Projects AO Driven $50,375,000 S0 $258,400 $773,000 | $2,392,000 $44,390,000 | $6,240,000 S0
S S
Long Term CSO Control Plan = =
Submit Report and/or update tech memo * E * § *
Jady Hill Project L § §
a
Construction $3,436,000 $3,436,000 S S
~ -~
Evaluation/Assessment $20,000 $20,000 Q 2
(@] (@]
Additional Evaluations/Private Inflow Mitigation™ $41,000 $73,400 $29,300 $20,000 $20,000 $40,000 TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD
Manhole Rehabilitation $30,000 $59,908 $57,893 $42,000 $60,000
Downing Ct./Westside Drive Private Inflow Pilot Areas
Design $80,000 TBD
Construction/Implementation 18 $1,000,000 TBD
Evaluation/Assessment $40,000
Subtotal Additional I/1 Projects LTCP Driven $3,466,000| $120,908| $131,293 $71,300 $80,000 $20,000 $40,000
Wastewater Collection CIP 7
Portsmouth Avenue Sewer $900,448 $900,448
Lincoln Street Sewer $865,000 $75,000 $790,000
Sewer Line Rehabilitation/Replacement Program TBD TBD TBD TBD TBD TBD TBD TBD TBD TBD TBD TBD
Subtotal Existing CIP Sewer Projects $900,448 S0 SO S0
IANNUAL TOTAL LTCP AND EXISTING SEWER CIP (WWTF COSTS NOT INCLUDED) 54,366,448 $379,308 $904,293 $2,463,300 STBD STBD STBD STBD STBD STBD STBD STBD STBD STBD STBD
Actual CSO LTCP Costs Planned CSO LTCP Budgets 8-YEAR PHASE Il LTCP
53,789,501 $6,380,000 Costs TBD if needed
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Table 9-7

Sewer Main Projects Ranking and Cost Effective Analysis
OPTION 3 - PUBLIC AND PRIVATE SEWER AND DRAIN WORK

- Within Pilot Area

Project Streets Total Projeet Cost|| $/gal /I Removed
Area Budget (70% reduction)
1 Hayes Park (Private)
10 Elm/Spring Street (PEA) $12,250, $0
11 Tan Lane $33,688 $8
19 Ashbrook R.O.W. $600,250 $25
7 Holly Court $200,594 $33
16 'Westside Drive $1 69{ 969 $37
8 Ridgewood Terrace $479,281 $38
21 Ashbrook Road $455,394 $56
3 Hampton Road $142,406 857
4 |Bonnie Drive $3,099,250 $67
6 High Street $2,268,853 $69
12 Pine Street $1,107,094 $78
14 Rockingham Street $169,969 $84
18 Hampton Road $683,244 $85
22 Hampton Falls Road $680,488 $87
15 Front Street $2,877,372, $93
2 |Allen Street $535,938]| $106
17 Hampton Road $1,241,997 $108
5 Towle Avenue $773,128 $119
13 Main Street $2,568,978 $127
20 Roberts Drive $400,269 $159
9 Pleasant View Drive $366,428 $182
Subtotal IT Area Project Cost $18,866,838
Additional Private Service Separation $7.200,000
TOTAL $26,066,838

Estimated I/I
Removed (gpd)

46,368
4,032
23,940

6,048

4,536
12,600
8,064
2,520
46,368
32,760
14,112
2,016
8,064
7,862
30,996
5,040

11,491

7,006
20,160
2,520
2,016

298,519

Notes: A peaking factor of 6 was based on the April-June 2009 continuous flow monitoring data for the Westside Drive and Allen Street

pilot areas. The 6 peaking factor was applied to all projects except Bonnie Drive. A peaking factor of 24 was used for Bonnie Drive
based on April-June 2009 continuous flow monitoring information for the Jady Hill pilot area. No CSO events

occurred during the April-June 2009 continuous flow monitoring, so peaking factors may be higher.

Additional private sewer separation includes estimated costs of $12,250 for 585 sewer and drain services which represents 22% of all
the sewer services in Town not included in the 22 project areas listed above. ((85000+$3000)25% cont and mob)22.5% enginereing = $12,250

Project costs generally include lining and point repairs if feasible. Project costs will be greater if the Town replaces sewers
in lieu of lining and point repairs.

GAREALNUM\1500's\1542 -~ Exeter - [l Eng. Services\Report\Report Tables\3-5, 9-6, 9-7 Sewer Repair Table

Estimated
Peaks
Removed

(gpd)

278,208
24,192
143,640

36,288

27,216
75,600
48,384
15,120

1,112,832

196,560
84,672
12,096
48,384
47,174

185,976
30,240

68,947
42,034
120,960
15,120
12,096

2,625,739
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TOWN OF EXETER, NEW HAMPSHIRE
WWTF PRELIMINARY DESIGN
W-P PROJECT NO. 12883B
ENR INDEX 10037 (September 2015)

TABLE 4-1
ESTIMATED CAPITAL COSTS FOR CONTRACTS 1, 2,3 AND 4
BEFORE VALUE ENGINEERING

Project Component CONTRACT 1 CONTRACT 2/3 CONTRACT 4 Notes
WWTF Main Pump Station Lagoon
TN 4 mg/l FM & WM Decommissioning
Construction $34,400,000 $5,050,000 $8,720,000 1
Construction Contingency $1,720,000 $250,000 $440,000 2
Technical Services $6,880,000 $1,010,000 $870,000 3
Value Engineering $60,000 $0 $0 4
Materials Testing $90,000 $10,000 $20,000 5
Asbestos and Lead Paint Abatement 30 $10,000 $0 6
Activated Sludge Seeding $10,000 $0 $0
Direct Equipment Purchase $0 $0 $0 7
Land Acquisition/Easements $0 $0 $0 7
Legal/Administrative $10,000 $10,000 $10,000 8
Interim Financing $220,000 $30,000 $50,000 9
ENGINEER'S ESTIMATE $43,390,000 $6,370,000 $10,110,000 10,11
EngFEst Amounts from Facilities Plan 339,830,000 $5,070,000 $6,970,000
Differential from Facilities Plan 33,560,000 31,300,000 33,140,000
% differential from Facilities Plan 9% 26% 45%
TOTAL - CONTRACTS 1 TO 4 $59,870,000 <<Note 12
Total from Facilities Plan $51,870,000
Differential from Facilities Plan $8,000,000
% differential from Facilities Plan 15%

TOTAL - CONTRACTS 1/2/3

$49,760,000

<< For Town Meeting 2016

Notes

1.) Construction cost estimate details provided in Appendices. Costs based on ENR CCI 10037.

2.) Construction contingency is an allowance at 5% of construction cost.
3.) Technical services is an allowance at 20% of construction cost for Contracts 1/2/3 and 10% for Contract 4.
4.) Value engineering is an allowance assuming two sessions.
5.) Materials testing is an allowance based on similar sized projects.

6.) Asbestos and lead paint is not anticipated at the WWTF site, but should be evaluated at the Main Pump Station site.

7.) None anticipated

8.) Legal/administrative costs are for bond counsel and project advertisements.

9.) Financing is an allowance based on assumed interim financing costs at 0.5%.

10.) DES estimate for 5 mg/l effluent TN for Exeter was $44M ("Analysis of Nitrogen Loading Reductions for WWTF and
NPS in the Great Bay Estuary Watershed", Dec 2010, ENR 8660).

11.) Contract 4 represents the cost for Option 3 "coastal wetlands creation” (Section 2.5.16), which is more than identified

in the Wastewater Facilities Plan. The total cost for Option 2 "upland wetlands restoration” (Section 2.5.16) is $6.9M,

which is the same as was identified in the Wastewater Facilities Plan. Under either scenario, approximately $3.8M is

related to sludge removal and disposal.

12.) Total cost of $59.8M includes Contract 4/Option 3 ("coastal wetlands creation").
Total cost is $56.7M with Contract 4/Option 2 ("upland wetlands restoration").
Total costs is $53.5 with Contract 4/Option 1 ("keep lagoons for storage").

12883B

Wright-Pierce







WRIGHT-PIERCE =

Engineering a Better Environment

MEMORANDUM
TO: File DATE: August 26, 2015
FROM: A. Morrill, J. Mercer PROJECTNO..  12883B
SUBJECT: Exeter, NH- Main Pump Station Design Flow Analysis

This memo summarizes the analysis of flow data to determine the Main Pump Station (MPS)
design flow rates. Compiled data from Exeter WWTF Monthly Operation Reports (MOR),
Exeter Flow Assessment data account, and the WP pump test on May 7, 2014 were used to
determine the design flow rates for the MPS.

Background

The MPS was originally constructed in 1964 and upgraded in 1995 to include three dry-pit
submersible pumps with variable frequency drives and clamp-on Doppler type flow meters. The
MPS discharges to a 16-inch diameter, cement-lined cast iron forcemain approximately 4,900
linear feet long. Due to the age of the pumps and poor condition of the forcemain an upgrade at
the MPS is warranted. To reduce or eliminate CSO events, the MPS capacity will need to be
increased.

The Town has approximately 51 miles of separated gravity sewer lines, portions of which were
originally constructed as combined sewers. The system contains two diversion structures on
Water Street and Spring Street, which discharge to CSO Outfall No. 003 at Clemson Pond which
has a tide gate discharge to Squamscott River (Outfall No. 002).

Data Analysis

Infiltration and Inflow

The Town continues to make improvements to further reduce I/I flows through regular O&M and
sewer replacement projects, yet still experiences CSO events during storms. To limit the
frequency of CSO events, the MPS capacity will need to be increased to accommodate normal
wastewater flows and peak wet weather flows. Figure 1 shows that the Town has significantly
reduced the estimated annual average I/ flow over the past five years.
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Main Pump Station Flow Data

Flow Assessment Services has collected and stored MPS and CSO flow rate data for the Town
from 2011 to present. The MPS flow rate data is recorded every five minutes from the clamp-on
Doppler flow meters on each pumps’ discharge piping. The CSO flow rate data is recorded
every five minutes from an ultrasonic level indicator, measuring the height of flow over the weirs
in the Water Street and Spring Street diversion structures.

The Exeter WWTF Operators indicated that the clamp-on Doppler flow meters are inaccurate.
Clamp-on Doppler flow meters are known to be inaccurate for measuring wastewater flows, due
to the ductile iron pipe interfering with the Doppler signals. Also, during rain events the
wastewater becomes diluted with stormwater from I/I and the Doppler signals have less solid
objects to reflect off and obtain accurate readings.

The Exeter WWTF recently started storing flow data from the influent WWTF mag meter
installed in 2011. Mag meters are widely used for wastewater flow measurement and do not
experience a decrease in accuracy during rain events when wastewater becomes diluted from I/1.

Strap-on Doppler Meter Data vs. WWTF Influent Mag Meter Data

To identify a correlation between the strap-on Doppler meter data and the WWTF influent mag
meter data, a pump test was performed on June 4, 2015. The pump test was conducted with all
three pumps running at 60 Hz while data from the strap-on Doppler meters and the WWTF
influent mag meter was recorded.

Flow data from the pump test and a storm event from April 20, 2015 through April 21, 2015
were compared by dividing the mag meter data by the Doppler meter data and expressed as a
percentage. The mag meter versus Doppler meter results were averaged as shown in Table 2.

Table 2: MPS Flow Rate Comparison

Date Mag Meter Doppler Meter | Mag / Doppler Comparison
MGD MGD %
04/20/2015 4.49 5.41 83.00
04/21/2015 4.62 5.67 81.52
06/04/2015 5.12 6.55 78.17
Average 80.90

The average comparison was 80.90%; however, to be conservative the Doppler data was
corrected to 85% of the original values. To evaluate the total CSO and influent WWTF peak
flow conditions nine storms were analyzed and are summarized in Table 3. For each storm, the
following data was analyzed:

e Peak flow from MPS during storm

e Peak flow from Water Street CSO during storm



Memo: Main Pump Station Design Flow Analysis
August 26, 2015
Page 4

e Peak flow from Spring Street CSO during storm
The most conservative combination is to combine the peak flows for each location during the

CSO event. The highest combined value is 9.99 MGD which occurred on March 30™, 2014.

Table 3: MPS Peak Flow Analysis

Total to Capture Storm
Date | Conditions 100% Doppler|85% Doppler | CSO Water| CSO Spring|CSO Total 85% Doppler
3/7/2011
Flows at Max PS Flow 7.05 6.00 0.92 1.42 2.34 8.34
Flows at Max Water St Flow 6.97 5.92 1.55 1.56 3.11 9.03
Flows at Max Spring St Flow 6.79 5.78 0.95 1.99 2.94 8.71
Max Values for Each 7.05 6.00 1.55 1.99 3.54 9.54
3/11/2011
Flows at Max PS Flow 7.08 6.02 0.00 0.57 0.57 6.59
Flows at Max Water St Flow 7.00 5.95 0.85 0.67 1.52 7.47
Flows at Max Spring St Flow 6.99 5.94 0.33 1.16 1.49 7.43
Max Values for Each 7.08 6.02 0.85 1.16 2.02 8.03
8/19/2011
Flows at Max PS Flow 7.20 6.12 0.00 1.42 1.42 7.54
Flows at Max Water St Flow 0.00 0.00 0.00 0.00 0.00 0.00
Flows at Max Spring St Flow 7.00 5.95 0.00 2.98 2.98 8.93
Max Values for Each 7.20 6.12 0.00 2.98 2.98 9.10
12/27/2012
Flows at Max PS Flow 7.18 6.10 0.00 0.00 0.00 6.10
Flows at Max Water St Flow 0.00 0.00 0.00 0.00 0.00 0.00
Flows at Max Spring St Flow 7.08 6.02 0.00 0.05 0.05 6.07
Max Values for Each 7.18 6.10 0.00 0.05 0.05 6.15
3/30/2014
Flows at Max PS Flow 7.03 5.97 0.00 0.00 0.00 5.97
Flows at Max Water St Flow 6.92 5.88 1.44 2.17 3.60 9.49
Flows at Max Spring St Flow 6.93 5.89 1.24 2.58 3.82 9.70
Max Values for Each 7.03 5.97 1.44 2.58 4.01 9.99
3/31/2014
Flows at Max PS Flow 6.97 5.92 0.00 0.00 0.00 5.92
Flows at Max Water St Flow 6.78 5.77 0.67 1.44 2.11 7.88
Flows at Max Spring St Flow 6.95 5.91 0.47 1.78 2.26 8.16
Max Values for Each 6.97 5.92 0.67 1.78 2.45 8.38
12/9/2014
Flows at Max PS Flow 6.40 5.44 0.57 1.66 2.23 7.67
Flows at Max Water St Flow 6.25 5.31 0.97 1.89 2.86 8.17
Flows at Max Spring St Flow 6.29 5.35 0.83 2.07 2.90 8.24
Max Values for Each 6.40 5.44 0.97 2.07 3.04 8.48
4/20/2015
Flows at Max PS Flow 5.41 4.60 0.00 0.07 0.07 4.67
Flows at Max Water St Flow 0.00 0.00 0.00 0.00 0.00 0.00
Flows at Max Spring St Flow 5.29 4.50 0.00 0.68 0.68 5.18
Max Values for Each 5.41 4.60 0.00 0.68 0.68 5.28
4/21/2015
Flows at Max PS Flow 5.67 4.82 0.00 0.00 0.00 4.82
Flows at Max Water St Flow 5.52 4.69 0.40 1.25 1.65 6.34
Flows at Max Spring St Flow 5.52 4.69 0.40 1.25 1.65 6.34
Max Values for Each 5.67 4.82 0.40 1.25 1.65 6.47
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Main Pump Station Upgrade Recommendations

The Town continues to seek out and remove I/ from the collection system; accordingly, the peak
flow rate is expected to be reduced over time as it has for the past 5 to 10 years. In order to not
oversize the MPS, we recommend upgrading it to convey a minimum month flow rate of 1.09
MGD (760 gpm), a peak flow rate of 9.0 MGD (6,250 gpm) with three pumps running and the
stand-by pump will provide additional pumping capacity under peak influent flow conditions
(approximately additional 1.0 MGD). At these design flowrates, CSO events should be
dramatically reduced or eliminated.

Peak Flow Potential Based on Existing Wetwell Sizing

The Main Pump Station design capacity is 7.9 mgd (5500 gpm), according to Table 3-1 in the
Phase I Infiltration/Inflow Study (CDM, October 1997). The existing wetwell has approximately
4,800 gallons of effective volume between the inlet sewer invert and the pump off elevations. At
the existing design flow, the existing wetwell allows for a pump cycle time of approximately 2.5
minutes. These pump cycle time are relatively low and strategies should be considered to
increase wetwell volume.
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Engineering a Better Environment

MEMORANDUM
TO: File DATE: September 21, 2015
FROM: A. Morrill, J. Mercer PROJECTNO.:  12883B

SUBJECT: Exeter, NH- WWTF & Main Pump Station Upgrade
Main Pump Station Influent Sewer Capacity Analysis

This memo summarizes the analysis of flow capacity within the collection system upstream of
the Main Pump Station (MPS). Data from the following sources was used in this effort:

Phase I Infiltration/Inflow Study, (CDM, 1997)

Phase II Infiltration/Inflow Study, (CDM, 1998)

Phase III Infiltration/Inflow Evaluation, (Underwood Engineers, 2013)

Water Street Sewer Interceptor Improvements (Under Wood Engineers, 2013)
Survey data was collected from Doucet Survey, Inc. (2009 and 2015)

Background

The Town has approximately 51 miles of separated gravity sewer lines, portions of which were
originally constructed as combined sewers. The system still contains two diversion structures on
Water Street and Spring Street with diversion structures at elevation 5.4-ft and 5.8-fi (NGVD
1929) respectively. The diversion structures discharge to the CSO Outfall No. 003, located at
Clemson Pond and controlled by CSO Outfall No. 002, the Clemson Pond tide gate that
discharges to the Squamscott River.

The Town continues to make improvements to further reduce I/I flows through regular O&M and
sewer replacement projects, yet still experiences CSO events during storm events. To limit the
frequency of CSO events, the MPS capacity will be increased to accommodate the normal
wastewater flows and the storm flows from I/I. The purpose of this analysis was to determine the
capacity of the surrounding influent sewers to determine if the full design flow can be conveyed
to the MPS which was originally designed to convey approximately 5,000 gpm with two pumps
running.

A SewerCAD (Version 8i) model was developed to assess the dynamic relationship between
influent flows, pipe capacity, wet well level, and backwater conditions at the MPS and in the
collection system. The model was used to determine the effects of various wet well levels at set
influent flows. The influent flows were estimated based on field observations recorded by
Underwood Engineers (UEIL 2013) and the three-phase I/ study (CDM, 1997; CDM, 1998; &
UEI 2013). Figure 1 portrays the area evaluated.
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Data Input

The Phase 1 I/1 study (CDM, 1997), included a sewer system evaluation which was updated in
the Phase 3 I/I study (UEIL 2013) based on sewer work completed by the Town between 1997
and 2013 and based on field measurements. The Wright-Pierce memo titled “Main Pump Station
Design Flow Analysis” (August, 2015) determined that peak flows from 9.5 to 10.0 MGD at the
MPS is likely based on MPS and CSO flow data from 2011 through 2014. This flow range is
based on the assumption that the recordings are 15% to 20% high (when compared to the influent
mag meter). However, flows in excess of 11.0 MGD upstream of the MPS have been recorded
(Patriot’s Day Storm) and are the basis for this analysis. To reach a total influent flow rate of
11.0 MGD for model input, the estimated flow rates from the Phase 3 I/ Study (UEI, 2013) were
scaled. Table 1 below summarizes the flows applied to the model. The model assumes the MPS
is able to maintain a maximum wet well water level of 0-ft (NGVD 1929) based on increased
pumping capacity. The influent channel grinders are assumed to both be operating with headloss
based on influent flow and downstream water depth.

Note that SMH-909 and SMH-919 do not flow through either diversion structure. The
SewerCAD model determines the hydraulic grade line through each pipe section using a
combination of Manning’s equation for non-pressurized flow and Hazen-William’s equation for
pressurized flow. The model then performs a backwater analysis to determine the impacts of
surcharging pipes. Given the elevation of the overflow weirs at each CSO diversion structure, the
model indicates whether a CSO is likely to occur at the given wet well level and influent flow
rates. The SewerCAD Model is calibrated to existing conditions and field results from past
reports.

Results

The I/ Study concluded that pipe sections from SMH-900 to SMH-938 and from the Water
Street Diversion Structure to SMH-937 were flowing full and therefore undersized for gravity
flow. In 2013, the piping between the Water Street Diversion Structure and SMH-937 was
replaced with 24-inch piping with sufficient capacity for the design flows. The SewerCAD
analysis indicated that the sections from SMH-900 to SMH-938 were flowing full for the flows
applied to each section; therefore, confirming the conclusions from the I/I study. The hydraulic
grade lines for each Diversion Structure are attached to this memo.

The backwater from SMH-937 to the Water Street Diversion Structure was not enough to raise
the HGL above the overflow weir unless the wet well level exceeded an approximate elevation
of 3.1-ft. Based on these results, it appears that overflows at the Water Street Diversion Structure
are the result of insufficient pumping capacity.

At the Spring Street Diversion Structure, the backwater from the surcharging pipes, independent
of backwater from the wet well, results in the HGL exceeding the overflow weir. At the design
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wet well level of 0-feet and peak influent flow rates (as shown in Table 1), the Spring Street
Diversion Structure has an influent flow capacity of approximately 1.4 MGD caused by limited
capacity from SMH-900 to SMH-938. Flow entering the Spring Street Diversion Structure
exceeding 1.4 MGD, under the given conditions, would likely result in a CSO, even if the
capacity at the MPS is increased. Raising the wet well level from 0-ft at the MPS causes
additional flows to be diverted at the Spring Street Diversion Structure.

TABLE 1: SEWERCAD INPUT FLOW RATES TO MPS

Structure Phase 3 I/T Study Peak Model Input
Flow Rate Flow Rate
MGD)Y' (MGD)*
Water St. Structure 2.6 2.8
SMH-909 1.4 1.5
SMH-919 3.2 3.5
Spring St. Structure 2.9 3.2
Total to MPS (MGD) 9.1 9.2
CSO (MGD) 1 1.8
Total 10.1 11.0

Notes: 1. Based on field measurements by UE during a CSO event on March 30, 2010
2. Assumes that the MPS maintains a wet well level of 0.0-ft

Conclusions

Based on this preliminary analysis, the collection system is able to convey a maximum of 8.7 to
9.2 out of the total 11.0 MGD peak flow to the Main Pump Station under existing conditions.
Under the proposed conditions, including a new grinder and influent channel, the collection
system is presumed to convey 9.2 to 9.7 MGD and up to 11.0 MGD with collection system
improvements. This conclusion is based on the assumed SewerCAD model inputs indicated in
Table 1 which were used to calibrate the model. Furthermore, since the applied flow rates are
based on a single storm, it is relatively unknown how the collection system reacts to differences
between storms including rainfall intensity, groundwater level, time of day, etc. To develop a
better understanding of the flows going to the MPS, we recommend the following next steps to
be conducted during the final design phase:

o Install Flow Meters at SMH-901, 909, 919, and 937 to measure flows to the MPS from
each sewer section

e Continue to collect CSO flow data at each Diversion Structure

¢ Update the SewerCAD model and calibrate

e Develop SewerCAD models for each sewer capacity option described below
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Following these initial steps, there are three options moving forward:

Option 1: Continue to evaluate the conditions at the Diversion Structures and MPS before and
after the MPS upgrade considering the Town continues to search for and eliminate sources of I/
to the collection system.

Option 2: Increase sewer capacity by installing a new pipe from SMH-956 back to the MPS to
intercept CSO flow prior to going to Clemson Pond. This could be included as part of the MPS
Upgrade or completed later. This would include about 130-ft of new pipe; however, impacts to
the MPS hydraulics would need to be evaluated.

Option 3: Increase sewer capacity by upsizing the pipe sections from the Spring Street Diversion
Structure to SMH-938. This could be included as part of the MPS Upgrade or completed later.
This would include installation of about 680-ft of new pipe via open-trench or pipe-bursting.
Impacts to downtown traffic would need to be evaluated.






Underwood Engineers September 1, 2016
25 Vaughn Mall

Portsmouth, NH 03801

Attn: Cole Melendy

Re: Exeter, NH
Dyed Water Testing

On August 17, 2016, a field crew from Flow Assessment Services LLC conducted dyed tests at
30 Linden Street in Exeter, NH.

Dyed water tests are conducted by introducing dyed water into a potential inflow source, such as
roof leaders, driveway drains, yard drains, basement drains, and sump pumps. Sanitary
manholes downstream of the test area are monitored for the presence of dye, along with surface
areas adjacent to the test location. If an external source tested positive to the sanitary sewer, a
drainage area and a runoff coefficient was assigned. Lawns and open soils are assigned a runoff
coefficient of 0.3 and pavement, concrete or roof surfaces are assigned a 0.9 runoff coefficient.

The dyed water test results are included in this report with the source tested, type of test and
results/observations with applicable drainage area if positive to sanitary.

Additionally, we have included photos with description, taken during the testing.

Should you have any questions, please let us know.

Sincerely,

J.T. Lapointe
Data Analyst









FLOW

ASSESSMERT SERVICES

EXETER, NH
30 LINDEN STREET
DYE TESTING
— REHOIO-1-06
JPG #
(OXX.JPG) STRUCTURE DESCRIPTION

8947 Driveway Drain Dyed water added

8948 Sump Pump 1 (sp 1) Dyed water from driveway drain observed

8949 Catch Basin 5 (cb 5) Dyed water added to outgoing PVC line

8950 Sanitary Manhole 1 (smh 1) [ Dyed water from Sump Pump 1 observed entering from

North lateral, (8:00 in photo)

8951 Catch Basin 1 (cb 1) Dyed water from Catch Basin 5 observed entering
Northeast lateral, (11:30 in photo)

8952 Catch Basin 5 (cb 5) Dyed water from Roof Drain 18 observed entering
Northeast lateral, (7:00 in photo)

8953 Catch Basin 8 (cb 8) Dyed water from Roof Drain 14 observed entering from
Southeast lateral, (11:00 in photo)

8954 Catch Basin 4 (cb 4) Dyed water from Roof Drain 11 observed entering from
Southeast lateral, {9:00 in photo)

8955 Sanitary Manhole 3 (smh 3) | Dyed water observed entering Sanitary Manhole 3 from
Southeast lateral, (12:00 in photo)

8956 Stairwell Drain 2 Dyed water not seen

8957 Stairwell Drain 1 Dyed water not seen








































$150D) aAlleuId}y\3duelsissy Bulaaudul dd11 0SD - HN 4919x3 96 T\INNNTYIY\HN “43L3XI\SLOIroHd\:D

000'S6vS 9T0Z YV3A S1SOJ LJ3rodd Tviol

00°0278'86S$ {101029ns fo %S7) S3IAJI3S UO0I1dNJISUO) pue Sulaaui8ul 8ulsag

00°08Z'S6ES (Aouabupuod snid [p303qns) 1502 NOLLONYLSNOD 319vVE0¥d 1v1019NS

00'088°G9$ (10303915 fo %0¢) %07 Aduasunuo)

00°001'62€$ TvLolans

00°000°0T$ 00°000°0TS$ S1 T dnues|d 13 YIoM ISIN

00'000'SLS 00'000'STS v3 S SUOIIEIYIPOIA 32[INQ pue utesq Sunsixi

00°000°TTS 00'0€S 41 00L JUSLIBARY YJompueH

00°000'7ZS 00'000°€S v3 8 s19|u| doig

00°000°S€ES 00°'0S$ a1 00L ulelq ddd .21

00'000°07TS 00'S€ES 41 000t ujespJapun 931883488y YUM SD|BMS 3pISpeoy

00°00V'7CS 00°00%'VZS Sl T (%8) SUOIHPUO) |BIBUSD
150) djgeqo.d dHd HUN syun Ayauenp way

asueAanuo) asieydsig dwingd dwing ajems apispeoy - T sAleUIR Y

HN “4919x3 dJ11 0S2

sishjeuy aAj3eUIdY|Y B34y 10]Id SALIQ SPISISOM
3507 U01dNIISUO) dqeqo.d jo uoluidQ s,19aui8uz




$150D aAI1RUIRY Y\ 2duRISISSY Sulaau1Bul dD1T 0SD - HN 4238x3 9€6T\IWNNTYIY\HN ‘¥I1IXI\SLOIOHd\:D

000'819S 9T0Z YVIA S1SOD 1J3r0dd V.10l

00°009°62TS (10103015 fo %5¢) S3IAJI3S Uo1DNJISUO) pue Sunaauisu] Suisaqg

00°00v‘8TSS (Aouabuyzuod snyd [010191S) 1502 NOILONYLSNOD 319v90¥d 1v.L01ans

00°00%7'98% (jp303gns o %02) %0z Aduasunuon

00°000°2EVS 1violdns

00°000°0T$ 00°000°0T$ ST T dnueapd 13 YoM dsIIA

00'000°20TS 00'0€S 11 (0[0]743 JusWaAed yJompueH

00'000'SLS 00°'000STS V3 S SUOINEBDIIPOIA 12]INO pue urelq unsix3

00°000'7ZS 00°00S'TS vi 9T MOY 01 1noues|) pue sadJAISS ulelg

00°000'6€S 00°000€S V3 €T suiseg yoyep/siaju| doiq

00°000°0STS 00°0SS 11 000¢€ uledd ddd 2T

00°000°Z€S 00°000°Z€$ S1 T (%8) suonIpuo) |esauan
350D ajqeqoid adld Hun syun Anuenp way|

$32IAIDS UlRIQ pue adueAanuo) asieydsig dwngd dwing ujespiapun palelopad - Z dAIleUId|Y

HN “1919x3 4211 0S)

sisAjeuy aAlleUI)|Y B3JY 10[Id SALIQJ SPISISOM
150D U0[10NJ1SUO0) 3]qeqo.d Jo uoluidQ s,493u1su3










Appendix E

List of Respondents Reporting Sump Pumps
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Appendix F

List of Respondents Reporting Downspouts into
Ground
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Appendix G

List of Respondents Reporting lllegal Sewer
Connections
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PH: (603) 436-6192

FAX: (603) 431-4333
uei@underwoodengineers.com

99 NORTH STATE STREET
CONCORD, NH 03301

PH: (603) 2309898

FAX: (603) 230-9899
concord@underwoodengineers.com




