Town of West Newbury
Select Board
Friday, September 8, 2023 @ 4:00pm
381 Main Street, Town Office Building
\VW\V.WE‘IGV\’bUYV LOrg

AGENDA
(Amended to in-person/hybrid meeting)

Open Session: 4:00pm, by in-person attendance, First Floor Hearing Room, or remote participation
(instructions below)

Announcements:
» This meeting is accessible by remote patticipation; instructions below.,
¢ Reminder to subscribe for emailed Town news/announcements at https://www.wnewbury.org/subscribe

Regular Business
A. Discussion of draft Weston & Sampson report regarding potential water testing at 31 Dole Place

Addendum to Meeting Notice regarding Remote Participation

Public participation in this meeting of the West Newbury Select Board will be available via remote
participation. For this meeting, members of the public who wish to listen to the meeting may do so in
the following manner:

Zoom Meeting

Phone: (646) 558 8656
Meeting ID: 819 0510 6882
Passcode: 230105

Join at: htips://us06web.zoom.us/i/819051068822pwd=blZseEVIK25IYUVNN3ovOnA4 Vk5h7Zz09

Every effort will be made to ensure that the public can adequately access the proceedings in real time, via
technological means. In the event that we are unable to do so, despite best efforts, we will post on the West
Newbury website an audio or video recording of proceedings as soon as practicable after the meeting.

Posted Agenda on 9/6/2023 af the Town Offices and the Town's Official Website www.avnewburv.org



https://us06web.zoom.us/j/81905106882?pwd=blZseEV1K25lYUVNN3ovQnA4Vk5hZz09
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55 Walkers Brook Drive, Suite 100, Reading, MA 01867

MEMORANDUM

Angus Jennings, Town Manager and Mark Marlowe, Water Superintendent; Town

TO: of West Newbury

FROM: Kevin MacKinnon, PG, CG, PH-GW and Sarah Ridyard, PE; Weston & Sampson
DATE: 8/31/2023

SUBJECT: Dole Place Wellfield Peer Review

1. Background

For the past several years, the Town of West Newbury (The Town) has been evaluating the public
acquisition of a privately-owned parcel at Dole Place for the purpose of use as a public water source
through the development of new drinking water well(s) to be connected to the Town'’s existing water
system. Presently, the Town’s water system consists of one wellfield that supplies approximately 70%
of the Town’s water needs annually based on data provided by the Town from 2014-2022, and an
interconnection to Newburyport that allows the Town to purchase the remainder of water needed at retail
cost. Anintermunicipal agreement dated 1980 governs the amount of water available for purchase from
Newburyport and the payment terms.

The Town of West Newbury has expressed interest in achieving water independence to limit purchasing
water from Newburyport. Currently, there are two interconnections to West Newbury’s water system: one
from Newburyport to supplement daily supply to West Newbury and a second interconnection from
Groveland to supply emergency water if needed. Newburyport currently uses the Artichoke Reservaoir,
primarily located in West Newbury, as their primary water source.

The subject parcel proposed for a new groundwater source for the Town of West Newbury is located at
31 Dole Place, adjacent to the Merrimack River in a residential neighborhood. The current use of the
property is residential with a single-family home and secondary garage structure located on the
property, which is cleared of most vegetation and trees.

Previous evaluation of the parcel conducted by Tata & Howard in 2016-2017 indicated approximately 1
MGD of drinking water could be available to the Town from a potential wellfield at this site, which would
meet the Town’s current and projected water needs for the foreseeable future. Any excess water could
potentially be sold to a neighboring municipality depending on an agreement reached between the two
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towns and subject to permitting through the Massachusetts Department of Environmental Protection
(MassDEP) and Department of Conservation and Recreation (DCR).

Due to the proximity of the proposed Dole Place wellfield to the Merrimack River, sea level rise and
resilience is of concern. Discussion with the Town indicated an assumption that future sea level rise, in
the year 2100, would equal 6’ above the current FEMA 100-year flood elevation used for other planning
in the local area.

The purpose of this study is to provide peer review of the work completed to date in order to evaluate
the potential of the parcel at 31 Dole Place to develop a drinking water source for the Town of West
Newbury. A report was developed in 2021 to summarize Tata & Howard’s work on the evaluation that
included budgetary cost estimates for the development of the wellfield at the Dole Place parcel, and
infrastructure updates necessary to provide water from the Town of West Newbury to one or more
neighboring communities. The contents of this report were examined as well as other materials provided
by the Town related to the site evaluation performed to date, as well as recommended next steps.

2. Water Quantity Evaluation

Dole Place Wellfield Pumping Test and Results (2016)

Weston & Sampson conducted a thorough review of the Tata & Howard Source Final Report (BRP WS
19 permit application) submitted to MassDEP on June 22, 2016, for a new groundwater source of supply
located on Dole Place in West Newbury, Massachusetts. A five-day pumping test was conducted
between February 4th and February 9th, 2016 by Tata & Howard in support of the new source permitting
process required by MassDEP. According to the report, the pumping test was conducted using three
clusters of small diameter wells to simulate a final wellfield in this location. The test wells were reportedly
pumped at a combined rate of approximately 427 gom (135 gpm in Well Cluster TW-1, 137 gpm in Well
Cluster TW-4, and 155 gpm in Well Cluster TW-5) throughout the five-day pumping test.

The Source Final Report (BRP WS19) submitted to the DEP and reviewed by Weston & Sampson,
unfortunately, did not include many of the required elements detailed in Chapter 4 of the Massachusetts
Guidelines and Policies for Public Water Systems. Specifically, Chapter 4, Section 4.6.1 Report
Contents.

The missing report contents and deficiencies include:

¢ Ambient (pre long term pumping test) water level / potentiometric fluctuation trends

e Surveyed site plan showing the location and elevation of all test wells

e Proof of stabilization at the conclusion of the pumping test

e FEvaluation of the hydrogeology (including aquifer characteristics) based upon data generated
during the prolonged pumping test and recovery

o Failure to remove the ambient aquifer trend and tidal influence from the pumping test dataset

e Zone Il delineation was determined using a pumping test dataset that was not stabilized or
corrected for external influences (ambient aquifer trend and tidal influence)

Offices in: MA, CT, NH, VT, NY, NJ, PA, SC & FL
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As aresult of the missing data collection and analysis, Weston & Sampson has several concerns. Since
stabilization was not reached (or proven), Weston & Sampson believes the following DEP-approved
aspects of this project are uncertain:

Water quality results may not be representative of long-term steady-state pumping conditions.
Weston & Sampson does not agree with the approach taken to calculate the approvable yield
of this site; however, Weston & Sampson does agree that the approved yield is sustainable. The
concerns with the approach include:

¢ Pumping wells did not meet the DEP requirements for stabilization (<0.04 ft of drawdown
in 24 hours of pumping)

e Pumping test data was not corrected for ambient aquifer trend, or filtered for tidal
impacts, or precipitation event.

e Specific capacity used in the calculation was an average based on high and low tide. If
the data were corrected as stated above and filtered for tidal influence, one (1) specific
capacity value should be used to represent each of the pumping wells.

Zone Il delineation was conducted using an uncorrected data set from a pumping test that had
not stabilized. Mass balance calculations from the Tata & Howard delineated Zone Il suggest
that 60% of the water withdrawn from this source is a result of induced infiltration from the
Merrimack River. No other hydraulic or water quality parameters support that assumption, which
means the Zone Il is either 1) incorrect or 2) the pumping test was not conducted long enough
to reach stabilization.

Recommendations

Based on our review of the Dole Place Wellfield Pumping Test Report and the analysis conducted by
Tata & Howard, Weston & Sampson believes the site is capable of pumping the approved withdrawal
rate of 684 gpm (0.98 MGD) but offers the following recommendations for future testing to better
understand the steady state water quality characteristics of the source water:

Conduct a long-term pumping test (5 days or greater) until it can be confirmed that stabilization
was achieved.

An accurate analysis of pumping-test data requires consideration of several standard
corrections of the pumping test data set to ensure the data set is representative of the hydraulic
response in the aquifer to pumping from the pumping well(s). In this case, data corrections
should have included ambient aquifer trends, precipitation (recharge events) and tidal influence.
A complete survey of all monitoring points to obtain reference elevations so groundwater and
surface water levels can be converted to groundwater elevations.

Perform a basic evaluation of aquifer parameters, which includes estimations of hydraulic
conductivity, transmissivity and storativity.

Refine conceptual hydrogeologic model of the Dole Place Wellfield aquifer.

westonandsampson.com
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3. Water Quality Evaluation

Water Quality Results (2016)
During the February 2016 pumping test, water quality samples were collected at test wells TW1, TW4
and TW5 at 31 Dole Place by Maher Services, who subcontracted Nashoba Analytical for analysis of
water quality parameters. The test well water quality results are presented in Table 1. The only parameter
at the time of sample collection and analysis that failed to meet a state or federal Maximum Contaminant
Level (MCL) was pH. Sodium was above the Massachusetts Office of Research and Standards
Guideline (OSRG) Massachusetts Drinking Water Guideline of 20 mg/L for all three samples with an
average value of 31.7 mg/L. For comparison, the 2022 Annual Water Quality Report for West Newbury
indicated the current water system had a maximum value of 68.2 mg/L for sodium from the West
Newbury wellfield. No total coliform, volatile organic compounds, or synthetic organic contaminants
were detected in the three samples. Per- and polyfluoroalkyl substances (PFAS) were not analyzed in

the 2016 analysis.

Table 1. Summary of Sampling Results from February 2016
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Contaminant

TWA

Lz

MCL/SMCL

Total Coliform (per 100 mL) 0 0 0 0/Absent
E. coli (per 100 mL) - - - 0/Absent
Radionuclides

Gross Alpha (pCi/L) 2.4 +/-1.1 0.8 +/-0.7 0.7 +/-0.8 15
Uranium (pCi/L) 1.1 1 ND' 30
Radon (pCi/L) 273 283 302 10,000**
Radium 226 (pCi/L) 0 +/-0.08 0.1 +/-0.1 0.2 +/-0.1 5 combined
Radium 228 (pCi/L) 1.8 +/-0.6 0.8 +/-0.5 0.5+/-05

Inorganic

Antimony (mg/L) ND ND ND 0.006
Arsenic (mg/L) 0.003 ND 0.003 0.010
Barium (mg/L) 0.006 0.008 0.004 2
Beryllium (mg/L) ND ND ND 0.004
Cadmium (mg/L) ND ND ND 0.005
Chromium (mg/L) ND ND ND 0.1
Cyanide (mg/L) ND ND ND 0.2
Fluoride (mg/L) ND ND ND 4.0
Mercury (mg/L) ND ND ND 0.002
Nickel (mg/L) ND ND ND 0.1
Selenium (mg/L) ND ND ND 0.05
Sodium (mg/L) 42.3 25.5 27.3 20*
Thallium (mg/L) ND ND ND 0.002
Nitrate (mg/L) 2 1.4 1.8 10
Nitrite (mg/L) ND ND ND 1
Secondary

Aluminum (mg/L) ND ND ND 0.2
Calcium (mg/L) 36.8 26.2 28.5 NS?
Copper (mg/L) ND 0.004 ND 1
Iron (mg/L) 0.022 0.013 0.009 0.3

westonandsampson.com
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Magnesium 5.3 4.7 4.1 NS
Manganese (mg/L) ND ND ND 0.05
Potassium (mg/L) 3.8 2.7 2.6 NS
Silver (mg/L) ND ND ND 0.1
Zinc (mg/L) ND 0.004 ND 5
Alkalinity (mg/L) 77 60 62 NS
Chloride (mg/L) 93.7 60.2 58.1 250
Color (C.U) 0 0 0 15
Hardness (mg/L as CaCQs) 114 85 88 NS
Odor (TON) ND ND ND 3
pH 7.4 6.3 6.8 6.5-85
Sulfate (mg/L) 20.8 12.5 15.7 250
TDS (mg/L) 244 178 188 500
Turbidity (NTU) ND ND ND NS
Synthetic Organic (ug/L) ND ND ND Al
Volatile Organic (ug/L) ND ND ND Al
Miscellaneous

Perchlorate (ug/L) 2.0 ND ND 2.0
Conductivity (umhos/L) 570 400 412 NS

'ND: Non-detect (result was below the detection limit for the testing method)
®NS: Not Specified

*ORSG MassDEP guideline for sodium

**MassDEP MCL for radon, EPA proposed MCL for radon is 300 pCi/L

Recent Regulatory Updates
In the years since the water quality sampling was performed at Dole Place there have been several
regulatory updates regarding drinking water on both a state and national level. Most notably for this
project, updates related regulations to PFAS and the Lead and Copper Rule.

PFAS

In 2016, the EPA announced the first health advisory (non-enforceable) regarding PFAS, which advised
the sum of PFOS and PFOA be no higher than 70 parts per trillion (ppt) for drinking water. On June 15,
2022, the EPA announced a second health advisory for four PFAS in drinking water. After considering
the public and industry’s input, the EPA released proposed MCLs for six PFAS on March 14, 2023, with
anticipation of approval by the end of 2023. The proposed MCLs listed PFOS and PFOA at 4 ppt each,
and a Hazard Index based on synergistic effects of no more than 1.0 for PFNA, PFHxS, PFBS, and
GenX. Unlike the previous health advisories, these proposed MCLs will be enforceable, prompting each
state to adapt drinking water treatment processes to meet these regulations. The proposed rule will
require public water systems to monitor for these six PFAS, notify the public of the levels of these PFAS,
and reduce the levels of these six PFAS in drinking water if they exceed the proposed standards (EPA
2016; 2022, and 2023).

westonandsampson.com
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Table 2. Federal EPA Progression on PFAS Regulations

2016 Health Advisory | 2022 Health Advisory 2023 Proposed MCLs

PFOS > <70 ppt 0.02 ppt 4 ppt
PFOA 0.004 ppt 2 opt
PFNA NA =
PG NA NA Hazard Index*
PFBS NA 10 ppt 1.0 (unitless)
GenX NA 1,000 ppt

*Hazard Index = 2% PFBS PFNA | PFHxS

10ppt 2,000 ppt  10ppt 9 ppt

In October 2020, Massachusetts published MCLs on six PFAS in drinking water, stating the sum of the
six must not exceed 20 ppt. The six currently regulated PFAS in Massachusetts are PFOS, PFOA, PFHXS,
PENA, PFHpA, and PFDA, which MassDEP refers to as “PFAS6” (MassDEP, 2020). There is overlap
between the proposed federal MCLs and the Massachusetts’s current MCLs, however, Massachusetts
does not currently regulate PFBS or GenX, and the EPA does not currently intend to regulate the two
perfluoro carboxylic acids (PFCAs), PFHpA (7 carbons) and PFDA (10 carbons) that Massachusetts

currently regulates. Current MCLs in four New England states in drinking water are shown in Table 3.

Table 3. Current PFAS MCL Regulations in Four New England States

PFAS Massachusetts Maine Vermont New Hampshire
PFOS 15 ppt
PFOA 12 ppt
PFHxS > <20 ppt > <20 ppt > <20 ppt 18 ppt
PFNA 11 ppt
PFHPA NA
PFDA NA NA

PFBS NA NA NA NA

GenX NA NA NA NA

Lead and Copper Rule

On December 16, 2021, the U.S. EPA announced final revisions to the National Primary Drinking Water
Regulations for lead and copper under the authority of the Safe Drinking Water Act — called the Lead
and Copper Rule Revisions (LCRR). The revisions include requirements for inventory of lead service
lines and replacement plans for community systems and non-transient non community (NTNC) systems,
establishment of a 90" percentile system wide trigger level of 10 parts per billion (ppb) of lead (in addition
to the system-wide 90" percentile action level of 15 ppb), and requirements for community systems to
offer testing to schools and childcare facilities. These changes highlight the emphasis on lead and
copper for current and future regulatory updates.

The MassDEP will likely require West Newbury to re-establish its Optimal Water Quality Parameters
(OWQP’s) once the new source comes online, given the significant changes and potentially different
water quality considerations. OWQP’s are established by collecting water samples from the finished
water line, all other entry points (for example, source water and post treatment), and from sites within

westonandsampson.com
Offices in: MA, CT, NH, VT, NY, NJ, PA, SC & FL

Weston(&)Sampspn



Page 7

the distribution system, with the number of points within the distribution system based on the population
served by the system. The details of the sampling plan and number of samples are specific to the
system and must be determined through discussion with MassDEP once the new source is online.

Recommendations for Sampling

It has been over seven years since water quality sampling and analysis has been done at this site. The
water quality data must be updated for the New Source Approval from MassDEP. It is recommended
that the Town update water quality data with a new suite of water quality sampling and analysis to both
update existing data and provide additional insight for infrastructure planning. The sampling shall
include all previous parameters sampled, and the additional items noted in the list below. Crucial
parameters for water quality and water treatment considerations at the wellfield include:

westonandsampson.com WeSTOﬂ Q
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PFAS sampling at a minimum should include at least 18 PFAS from EPA Methods 537 or 537.1.
The following eight compounds, a combination of MA’s PFAS6 and EPA’s proposed MCL, must
be included in the analysis: PFBS, PFHxS, PFOS, PFHpA, PFOA, PENA, PFDA, and HFPO-DA
(GenX).
UV254 to indicate aromatic organic materials, which are precursors to disinfection byproducts
(DBPs). Surface waters typically have higher concentrations of natural organic matter (NOM)
than groundwater. Unfavorable or high UV254 absorbance may impact disinfection methods
and treatment processes.
Total Organic Carbon (TOC), Dissolved Organic Carbon (DOC), inorganics (iron and
manganese), pH, radionuclides (radium), perchlorate, and nitrogen are typical water quality
parameters that contribute to a variety of health based MCLs and filtration infrastructure needs.
If granular activated carbon (GAC) filtration, common for PFAS removal in drinking water, is
utilized at the site, iron and manganese can foul the vessels, lessening the removal of PFAS and
other contaminants of concern. If there are high radionuclide or radium concentrations, GAC
filter media may be considered a radioactive hazardous waste.
Microparticulate Analysis (MPA) is recommended for an initial indication of the potential of this
source to be Groundwater Under the Direct Influence of Surface Water (GWUDI) as defined by
EPA’s Surface Water Treatment Rule (SWTR). The determination of whether or not the source is
GWUDI will be made based on MPA samples taken twice during a twelve-month period once
the source is online; once between August 15 and October 15 (fall) and again between April 1
and May 30 (spring). Depending on whether the site is GWUDI or not will determine the log
removal and chlorine contact time necessary, as well as the potential need for filtration in the
treatment process. Per 310-CMR 22 Drinking Water, 4-log inactivation of viruses and 3-log
inactivation of giardia cysts is required for groundwater under direct influence of surface water.
Pressure filters typically account for 2-log credit.
Corrosivity is a crucial water quality parameter to conform with EPA’s Lead and Copper Rule to
prevent leaching. Per EPA Optimal Corrosion Control document 816-B-16-003, factors affecting
corrosivity and lead and copper leaching are:

o Alkalinity, pH, and dissolved inorganic carbon (DIC)
Hardness (calcium and magnesium)
Dissolved oxygen (DO)
Ammonia, chloride, and sulfate
Natural organic matter (NOM)
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o lron, aluminum, and manganese
o Temperature
o All water quality test methods should conform to most recent State and EPA Methods for drinking
water analysis.

Potential Implications of Results
Depending on the results from updated water quality sampling and analysis, certain treatment
processes and infrastructure may be required to meet MCLs and improve water quality for a
groundwater source located at the project site. Typical treatment of certain water quality parameters is
shown in Table 4.

Table 4. Water Quality Parameters, Treatment Technologies, and Concerns

Water Quality Parameter Treatment Technology or Concerns
PFAS lon Exchange (IX) Resin and/or Granular
Activated Carbon (GAC).
uva54 Change in disinfection methods and/or organics

removal: processes to avoid DBPs formation.
TOC, DOC, inorganics (iron and manganese), Green sand filtration or GAC, high radionuclides

radionuclides (radium) may cause GAC media to be considered
radioactive hazardous waste.
MPA Analysis 4-log inactivation for viruses and 3-log

inactivation for giardia cysts if GWUDI
(disinfection). Pressure filters typically account
for 2-log credit
Corrosivity Control of corrosivity is crucial to prevent lead
and copper leaching. Corrosion control is
typically accomplished through chemical
addition.

4. Permitting

DEP Permits

Required Actions

Weston & Sampson consulted with Jim Persky and Duane LeVangie of MassDEP regarding the next
steps required to renew the approval of the Dole Place Wellfield on behalf of the Town. The Dole Place
Wellfield was officially approved on May 23, 2017 and the letter states that the approval is only valid for
5 years. Because it has been more than 5-years since the approval letter was obtained, the Town must
complete another 5-day pumping test and collect water quality samples for parameters previously
analyzed as well as additional parameters, such as PFAS, that were not collected in 2016. Prior to
conducting another pumping test on the Dole Place Wellfield, MassDEP requires a brief pumping test
proposal to be submitted that outlines the following:

o Updated Zone Il land use evaluation
e Proposed pumping test sampling schedule and list of constituents to be sampled

westonandsampson.com Q SAaMNPaOn
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o Proposed wellfield configuration including test well construction and location of discharge
e Proposed withdrawal rate

Recommended Actions
In addition to MassDEP requirements outlined above, Weston & Sampson recommends the following
actions:

e Design and construct final pumping wellfield based on final production well standards prior to
the pumping test

e Consider a long-term pumping test (more than 5 days) to confirm stabilization criteria is met

e Collect Microscopic Particulate Analysis (MPA) to confirm whether groundwater is under the
direct influence of surface water

e Collect water quality field parameters from both the Merrimack River and the pumping wells
(temperature, pH, Oxidation Reduction Potential, specific conductivity, dissolved Oxygen) daily
for the duration of the pumping test both to meet regulatory requirements and to have an
indicator of the influence of the surface water on the water quality of the groundwater.

MEPA Permitting

Weston & Sampson reviewed the available permitting documents for the Massachusetts Environmental
Policy Act (MEPA) for the proposed wellfield at 31 Dole Place. In June 2016 an Environmental
Notification Form (ENF) was submitted to the Executive Office of Energy and Environmental Affairs by
Tata & Howard on behalf of the Town of West Newbury for the site. The ENF identified a water withdrawal
of 868,000 gallons per day for the site, in exceedance of the MEPA threshold of 100,000 gallons per
day, which necessitated the review of this potential project by MEPA.

The ENF Determination for the project was issued on August 19, 2016 by the Executive Office of Energy
and Environmental Affairs. The project was determined to not require an Environmental Impact Report
(EIR) at that time. The MEPA regulations at 301 CMR 11.10 dictate that if more than 5 years have
elapsed since any work, including "non-construction related work or activity" then a new ENF shall be
filed.

On August 16, 2023 Weston & Sampson met with Jennifer Hughes of the MEPA office for a virtual Teams
meeting to discuss the project and next steps from the MEPA perspective. It was discussed that the
Determination was issued more than five years ago, but the Town has been actively pursuing the
purchase and evaluation of this property throughout the time since 2016 without a lapse of time
occurring. Jennifer Hughes followed up after the meeting with additional detail. Because the subject
project was determined to not require an EIR and the Town has been actively pursuing the project during
the time since the Determination was issued, the Determination would still be valid from 2016 provided
the project has not changed from the impacts documented in the 2016 ENF. If the proposed project
has changed, for example if the building size increases due to additional treatment required, a Notice
of Project Change should be filed with MEPA.

Since the 2016 ENF Determination the MEPA process has undergone several changes. Most notably,
the inclusion of Environmental Justice as an area of concern for MEPA review, as well as additional

westonandsampson.com
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review of climate change considerations. Weston & Sampson reviewed the Environmental Justice
communities mapping available from the Executive Office of Energy and Environmental Affairs
(https://mass-
eoeea.maps.arcgis.com/apps/webappviewer/index.html?id=1d6f63e7762a48e5930de84ed4849212)
and determined there are no Environmental Justice communities located within the 1 mile radius of the
project, however there are several within the 5 mile radius. The proposed project is not anticipated to
have significant impacts on these communities, but this should be reviewed further once the extent of
the proposed project is defined.

It was noted during this meeting that priority habitat overlaps the project site. It is recommended that
the National Heritage and Endangered Species Program of the MA Division of Fisheries and Wildlife be
contacted to confirm that the priority habitat located on the site will not be impacted by the project.

Additional Permits During Construction
In addition to permitting actions recommended above, there are local permitting considerations during
construction. Local permits applicable to this project as identified in the Town’s bylaws (as of January
2023, accessed online via the Town’s website) would include a Street Opening Permit, a Trench
Permit, and a Building Permit.

A memorandum prepared by West Newbury’s Conservation Agent in March 2023 documents actions to
be taken for wetlands permitting on the local level. It was noted that there is an open Enforcement Order
on the property related to tree clearing in 2013 which would need to be addressed as part of any new
work on the property. It was also noted that proposed work for this project may fall within the buffer zone
of wetlands located adjacent to the property and additional wetlands delineation should be performed
in order to determine the necessary next steps for proceeding. In addition, the project would be subject
to the Massachusetts Stormwater Standards.

5. Sea Level Rise Implications

Weston & Sampson conducted an evaluation on the potential effects of Sea Level Rise (SLR) impacts
on groundwater and surface water elevations near the Dole Place Wellfield. The evaluation was
conducted to assess potential impacts on both infrastructure as well as safe yield and water quality of
the source of supply under normal operating conditions (mean higher high water). As requested by the
Town, the evaluation was conducted using the assumption that sea level rise during a 100-year flood
condition in the year 2100 would equal six (6) feet above the current (2023) FEMA 100-year flood
elevation. Itis important to understand the consequences of the 100-year flood condition with respect
to the proposed infrastructure needed to support the withdrawal, and the Town would like to incorporate
the projected sea level rise into its evaluation for this.

Potential Impact on Groundwater Elevations
Groundwater elevations in 2100 (town recommendation) were evaluated to understand the implications
to the safe yield of the aquifer and water quality of the source water for the proposed source of supply
under a 100-year flood condition and under normal operating conditions (mean higher high water).

westonandsampson.com WeSTOﬂ Q
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The change (or rise) in groundwater elevations were calculated by using the relationship between the
tidally influenced Merrimack River and the groundwater conditions under the 2016 observed conditions
during the pumping test and applying that relationship to the predicted river elevations in both 2100 and
2070. Much of the information required for this evaluation was missing from the Tata & Howard Report
because an assumed datum was used to estimate relative groundwater elevations. Weston & Sampson
used the most recent LIDAR ground elevation data obtained from MassGIS to estimate elevations at the
test wells based on the NAVD88 datum. The minimum and maximum observed groundwater levels
provided in the report from February 2016 were used in conjunction with LiDAR surface elevations to
estimate a range of groundwater elevations at the Dole Place Wellfield site throughout the pumping
period. These elevations were then compared to the stage of the Merrimack River at USGS stream gage
Newburyport, MA — 01100870 for the same period record as the pumping test. This evaluation showed
that for every foot the Merrimack River increases due tidal changes, groundwater elevations increase by
approximately 0.08 ft.

Town Recommended Approach: The current 100-year flood elevation of the site is currently 16.8 feet
NAVD88 and was determined based on the FEMA Mapping Firm panel 25009C0092F as shown in
Exhibit A below. The Town requested that Weston & Sampson assess the possible impacts to future
elevated groundwater elevations resulting from sea level rise (SLR) by projecting the 100-year flood plain
elevation with an additional 6 feet based on the 2070 sea level rise projection. Weston & Sampson’s
assumption is that this condition represents a 100-year flood condition in 2100.

westonandsampson.com
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Exhibit A: FEMA Flood Map
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The current 100-year flood plain elevation with an additional 6 feet to represent the 100-year flood
elevation in 2100 is equivalent to a water level elevation of 22.8 feet NAVD88. It should be noted that
the Dole Place Wellfield is located within a FEMA special flood hazard area (Zone AE) as shown in
Exhibit A and Figure 1. In order to illustrate our findings, a cross-section was developed representing
the current groundwater conditions and projected SLR conditions (Figure 2). As a conservative
approach, Weston & Sampson anticipates the land surface that parallels the Merrimack River to
eventually be overtopped causing groundwater elevations to be impacted and rise at the same rate
as SLR. Therefore, the projected SLR value was superimposed onto the current condition
groundwater elevations. Based on the mapping of the FEMA Flood Hazard Areas (Figure 1) and
projections explained above, the entire Dole Place Wellfield is expected to be overtopped by
approximately 6.8 feet from rising river levels during a 100-year flood. This approach should be
considered highly conservative and representative of a flood condition only.

Under the Town’s recommended approach, the entire site would be underwater during a flood condition
unless all surface infrastructure is raised 2 feet over the expected 100-year flood elevation in 2100. This
represents raising the wellhead(s) and associated infrastructure 8.8 feet above current ground surface.
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wesonandsampsancam Weston(&)Sampsgr



Page 13

Under the Massachusetts State Hazard Mitigation and Climate Adaptation Plan, the groundwater
elevations in 2070 would rise approximately 0.36 feet. The impact from the resultant SLR-induced
groundwater elevation rise would be de minimums on the safe yield of the wellfield, the water quality of
the source water, and the associated infrastructure.

6. Recommendations

Assuming the Town decides to pursue the parcel for the development of a groundwater source, the
following are recommended next steps for the Town.

Preliminary Steps (Fall 2023-Spring 2024)
The Town can take steps in the short term to move forward with the analysis of the parcel for use as a
groundwater source, including the following:

e  Submit to MassDEP a brief pumping test proposal that outlines the following:
o Updated Zone Il land use evaluation
o Proposed pumping test sampling schedule and list of constituents to be sampled
o Proposed wellfield configuration including test well construction and location of
discharge
o Proposed withdrawal rate and length of test
¢ Following the pumping test proposal submission, a long-term pumping test and water quality
sampling should be performed incorporating the recommendations in Sections 2 and 3 above.
e Survey of the site can be conducted to obtain topographic elevation data and update
previously used values for groundwater elevation developed with an assumed datum.

Additionally, the following steps can be taken in the short term to move forward with permitting of the
project:

e Additional wetlands delineation should be performed to understand the extent of wetlands and
buffer zones for the property.

¢ National Heritage and Endangered Species Program of the MA Division of Fisheries and
Wildlife should be contacted to confirm that the priority habitat located on the site will not be
impacted by the project.

Once the additional pumping test and water quality sampling are completed, there will be additional
clarity as to the treatment requirements for the potential drinking water source. Treatment
requirements will dictate the size of the building and scope of the design which will inform the need to
update MEPA permitting for the project and move towards design and construction of the
infrastructure necessary for a wellfield at 31 Dole Place.

Offices in: MA, CT, NH, VT, NY, NJ, PA, SC & FL

westonandsampson.com WeSTOﬂ O
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EXECUTIVE SUMMARY

Executive Summary

During the period of 2015-2019, the city completed four studies to assess its vulnerability to the impacts
of climate change. This plan summarizes resiliency planning efforts to date, climate change hazards, the
city’s vulnerabilities to those hazards, and identifies adaptation strategies and recommendations to
minimize its risk exposure.

The identified climate hazards relevant to Newburyport are:

Sea Level Rise

2. Coastal Storms -Extra Tropical, Tropical, and Hybrid Cyclones
3. Heavy Precipitation Events

4. Flooding

5. Wind

6. Tornados

7. Weather Extremes —Drought, Heat Waves, Winters and Cold Snaps, Persistent Precipitation

Vulnerable high priority city owned infrastructure includes the public water supply and the Wastewater
treatment facility (WWTF). The public water supply is critically vulnerable and requires urgent action to
avoid being compromised by river flooding or an extreme weather event. The Lower Artichoke dam’s
spillway currently sits approximately 3 feet lower than FEMA’s 100-year flood elevation. Thus, a lesser
storm could overtop the spillway with CSO tainted Merrimack river waters thereby cutting off access to

Newburyport Climate Resiliency Plan 10/8/2020 Page | i
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EXECUTIVE SUMMARY

75% of the city’s water supply. The WWTF lies within FEMA’s 100-year flood zone and so is also vulnerable
to service interruption.

As the National Grid substation is located adjacent to the WWTF, it too is located within FEMA’s 100-year
flood zone and is currently vulnerable to storm and flooding impacts. However, the facility’s impact upon
Newburyport, should it be compromised, has not yet been evaluated by the city, and a review with
National Grid is required to ascertain the risk and impacts.

Many parts of the city are vulnerable to flooding due to river influences, sea level rise, and storm surge or
a combination of the three. Areas within the city differ enough from one another such that the three
variables contributing to flooding will not contribute equally within each neighborhood. The Plan has
identified five neighborhoods with differing flooding vulnerabilities, these include Plum Island, the
riverfront from Bartlett Spring Pond east through Joppa and the Little River Basin which includes the
Business Park and nearby residential neighborhoods.

Identified strategies to mitigate risk exposure include a mixture of protection, adaptation and retreat with
suggested timelines of immediate, short term (current day to 2030), and long term (2030 -2070). The
strategies fall into four main strategic areas:

e Infrastructure Installations/Improvements
e Regulatory and Administrative Approaches
e Community Communication and Education

e Mitigation through Carbon Footprint Reductions

Resiliency Plan Summary Recommendations:

Infrastructure installations/improvements

e |Immediately deploy methods to protect vulnerable Critical Assets from inundation.
0 Water Supply
0 Wastewater Treatment Facility
0 National Grid Substation
e Develop, evaluate and implement plans for permanent protection of the water supply

e Develop and evaluate plans for protecting low lying sanitary sewer lift stations and in the long-
term the future relocation of the WWTF and National Grid facilities.

e For the areas surrounding and including Cashman Park and Waterfront Park, perform a design,
cost and feasibility analysis that considers elevating or protecting these properties to preserve
their amenities vs. adapting and transitioning the assets to alternate uses in a rising sea and surge
scenario.

e Strengthen the electrical grid by reducing conflicts with trees, burying utilities and evaluating
micro grids.

Regulatory and Administrative Approaches

e As some shoreline areas will become uninhabitable sooner than others, use sea level rise (SLR)
and inundation projections to prepare an inundation timeline for neighborhoods along the river
and Plum Island.

e Review, evaluate, and revise zoning and building regulations to improve resilience, water
conservation, energy efficiency and discourage development in the FEMA high hazard flood
zones.

0 Develop and adopt a design flood elevation for all new and proposed renovations of

Newburyport Climate Resiliency Plan 10/8/2020 Page | ii
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properties in the FEMA high hazard flood zones.
0 Continue to enforce existing Wetlands Protection act regulations.

Develop and Implement a task force to develop with Newbury and implement a long-term,
sustainable, science-based plan to address the multifaceted challenges facing Plum Island.
Continue to work with the Merrimack River Beach Alliance, the Plum Island Foundation, the U.S.
Army Corp of Engineers, Legislators and State Agencies in this process.

Evaluate alternative access options to Plum Island.

Develop and implement an automated water quality monitoring and warning system to protect
residents from the health risks associated with combined sewer overflows (CSQ’s). Continue to
work with legislators to support efforts to upgrade upriver wastewater treatment facilities to
reduce CSO’s.

Implement a storm water/impervious surfaces management program in compliance with EPA
MS4 permit. Impervious surfaces contribute to flooding, raise summer temperatures citywide
through heat island effects, and increase the cost of snow removal.

Develop alternative revenue streams to fund the city’s budget and pay for resiliency and
emergency response activities. As future sea level rise and inundations begin to claim shoreline
properties, resiliency costs will increase, and current sources of real estate tax revenues would
decline.
0 Design and implement a storm water utility
0 Evaluate a differential tax rate for properties located within the FEMA high hazard flood
zones.

0 Evaluate additional use tax strategies

Community Communication and Education

Develop recommendations for personal resilience to assist and educate residents to make their
households resilient to climate hazards.

Develop a property owner’s flood resiliency guide and educate property owners of acceptable
methods to flood proof their properties.

Engage with the community to determine under what circumstances and resources, that a
managed retreat from shoreline areas would be acceptable.

Educate and alert residents to emerging public health impacts related to heat, air and water
quality, insect disease vectors, public safety, and emergency response, access and shelter.
Educate residents of the need to evaluate and strengthen their own personal resilience to climate
hazards.

Develop a public outreach and education program to educate residents about this resiliency plan.
Specifically: promote personal preparedness, community resiliency, natural hazard mitigation,
public health impacts, CPR, First Aid training and managing carbon footprints. Create school-
based programs to educate future generations about climate change impacts and resiliency.

Mitigation through Carbon Footprint Reductions

To mitigate climate change and temper hazards for future generations, Newburyport and each of
its residents must do their part to achieve communitywide net-zero emissions by 2050. To that
end, track the current municipal carbon footprint and implement a program to quantify and track
the impact of residential households. Implement an annual program of residential carbon
footprint reporting.

Newburyport Climate Resiliency Plan 10/8/2020 Page | iii
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e Increase the use of renewable energy versus fossil fuel energy citywide.

“Newburyport’s Climate Resiliency Plan supports the current and future social, economic, and
environmental policies and practices as outlined in the city’s 2016 Master Plan. These values serve to
strengthen the city and make it more resilient, ensuring that its residents, neighborhoods, and businesses
have the capacity to thrive as the community navigates a changing climate and an evolving economy.

This Climate Resiliency Plan represents the culmination of past studies, identified climate hazards, at risk
assets and vulnerabilities in Newburyport. The process engaged key stakeholders, partners and community
members who contributed to debate, deliberation and creation of the plan. Newburyport has been at the
forefront of green and sustainable initiatives, and it is our vision that everyone within the community join
us to reduce energy use, promote energy independence, improve public health, strengthen our economy,
and build a more livable and resilient community.”

Mayor Donna Holaday
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INTRODUCTION

Introduction

Overview

Throughout our short history on this planet humanity has been able to adapt, innovate, manipulate and
exploit the earth’s resources and systems to its benefit. As a species, we’ve been able to traverse those
growth limiting hurdles that sustain balance within the earth’s ecosystems. We’ve been able to overcome
disease, dominate our predators, ensure a stable food supply, and even avoid the self-destruction of
nuclear war. Our immense growth in population and our ability to inhabit every corner of this planet bears
testament to our command of this world.

When viewed in light of the characteristic biological population growth curve (Figure 1. Biological
Population Growth Cycle), humanity’s population is still strongly set in a phase of exponential growth
(Figure 2. World Population, Last 12,000 Years), which interestingly, parallels our development of
technology and a capitalist economy that was ignited by the burning of the fossil fuels which powered our
industrial age. However, like colonies of bacteria in a confined Petri dish, the waste products of life are
beginning to accumulate to the detriment of the environment we inhabit. Bacteria in a Petri dish can’t
comprehend what’s happening, and as they can’t respond, their population dies off. As humans we
understand what’s happening and we have the opportunity and ability to change a predictable outcome.
A formidable challenge is rapidly emerging on our evolutionary horizon. Will manmade climate change
apply the brakes to human population growth and usher in a decline, or, will we be resourceful and
diligent enough to overcome our largest hurdle?

Exponential
Lag Phase: | Growth Phase: | Stabilization Phase: ; Death/Decline Phase:
Wariables that favor 1 Populztion capitalizes on | Population growth bumps up | Resources are exhausted,
population growth | resgurces. Limiting factors | against limiting factors | pressures from limiting facters
align. Ingividuals 1 like disease, predators, ! such as dwindling resources, | are too great. Death rate
gain a foothold & | ervironment are minimal. | competition, predators, 1 exceeds population growth
population begins | Growth far exceeds death | disease, unfavorable | rate.
to grow. ; i environmental conditions.

A
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Figure 1. Biological Population Growth Cycle
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World Population over the last 12,000 years and UN projection until 2100 [V
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Figure 2. World Population, Last 12,000 Years

The effects of climate change are already, and will continue to be, far reaching; touching our lives,
communities, economies and every ecosystem on this planet. While globally and locally, great strides will
need to be made to apply the brakes to the factors driving climate change, we will also need to prepare
for, and ensure our survivability of the hazards that it will usher in. That is the goal and purpose of
Newburyport’s Climate Resiliency Plan.

Newburyport - General Characteristics and Lay of the Land

Physical Location

The Historic Seaport City of Newburyport is located on the Northeast coast of Massachusetts, along the
southern bank of the Merrimack River. The city’s easterly extent touches the Atlantic Ocean along the
northern shores of Plum Island. There, Newburyport shares the Merrimack River inlet with the town of
Salisbury located across the river to the north. In addition to Salisbury, three other towns share
Newburyport’s border: West Newbury along the river to the west, Amesbury across the river to the
northwest, and Newbury (including much of populated Plum Island), to the south.
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PHOTO: Alex Maclean, alexmaclean.com

Elevation

Areas along Newburyport’s riverfront (to the north of Merrimac and Water Streets) extending all the way
to Plum Island are relatively low lying. Immediately back from the river’s edge, Newburyport’s elevation
climbs a gentle to at times moderate hill towards High St., after which it crests and slopes back down
toward Low St. and the Business Park. It is on either side of this hill, and continuing northwest towards
Storey Ave, that most of Newburyport’s homes and businesses are located.

Rivers and Streams

Newburyport and Salisbury together are the most downstream communities within the Merrimack River’s
Watershed. They are the last municipalities through which the river flows before it empties into the
Atlantic Ocean. The watershed is the fourth largest in New England and extends north into central New
Hampshire some 150 miles and drains, in total, 5,010 square miles of territory to the Massachusetts
coastline. www.mass.gov/service-details/merrimack-river-watershed. Where this watershed meets the
Atlantic, the river’s delta is bordered by two densely populated barrier beaches (Salisbury and Plum
Island). In the distant past the river’s delta was in a natural state. It occupied two or more inlets and had
access to an expansive salt marsh to the north and south, into which it could disperse the flows of heavy
rain and storm surges. Today the Merrimack River Delta is “hemmed in” by two beach access causeways
and a single engineered inlet (which was constructed to aid in navigation). The causeways, acting as dams,
restrict the dispersion of flood waters to the salt marshes. The river’s single engineered inlet (Merrimack
River jetty system) while intended to guide and narrow the river’s flow, may contribute to the backing of
flood waters upstream during extreme precipitation events.
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Within the Merrimack River Watershed Nearly 600,000 people rely on the river for their drinking water,
including the environmental justice communities of Lowell and Lawrence, Methuen, Tewksbury, and other
towns (http://www.merrimack.org/web/improve-water-quality-and-quantity/). (Environmental justice is
the fair treatment and meaningful involvement of all people regardless of race, color, national origin, or
income with respect to the development, implementation, and enforcement of environmental laws,
regulations, and policies.) Additionally, according to the Merrimack River Watershed Council, some 45
wastewater treatment facilities are releasing treated, and during heavy rain events, sometimes untreated

wastewater either directly into the Merrimack or one of its tributaries. These waters flow past
Newburyport on their way to the Atlantic Ocean.

In addition to the Merrimack, headwaters of the Little River begin west of I-95 near the intersection of
Storey Avenue and Turkey Hill Road and meanders along the abandoned 1-95 roadway. Its main eastern
tributary begins near the shopping centers behind Storey Avenue. The Little River then flows along the
southwestern and then southern edge of the business park, ultimately emptying into the Parker River.
The Parker flows through the Great Marsh and into Plum Island Sound with the waters ultimately

emptying into the Atlantic Ocean in Ipswich Bay. The Little River drains the area along I-95, Storey Ave,
and much of Newburyport that slopes toward Low St.

Finally, overflow from Newburyport’s Artichoke drinking water Reservoir passes over the Lower Artichoke
dam located along State Road 113 into a small tributary called the Artichoke River which borders West
Newbury. This sometimes tidally influenced tributary slowly meanders for % of a mile and empties directly
into the Merrimack River (Figure 3. Lower Artichoke Reservoir and Artichoke River).

Maudslay
State Park

gy,

4,
anjen Lucy Way

Curzon Mill Dam

Emery Heuse@ -
aniel Lucy
‘Way KinderCare @

«
Lo\?'ggr Artichoke Spillway
—{13) \Srorey Ave

All Saints @ @3
opal Church

=5
]
aa‘:\c

v,
%
%
2
2

O rd

Jonjasay WV
IH fayinl

gatVett Dr

pa il

o L
Upper Artichoke Spillway

Goudsmt "
Longfellow Dr

ey

2

4”0“1‘, uand Ln
€85

) Angpeia

& Mome Rd
1 wegqezia

widde St

iy
Py M f@Rnl

15 UapIED

g
ey Dr

1 felEn el

Figure 3. Lower Artichoke Reservoir and Artichoke River
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The Atlantic Ocean and Gulf of Maine

Newburyportis located on the Northeast Coastline of Massachusetts and is exposed to the Atlantic Ocean.
While the bulk of Newburyport’s population and infrastructure sit inland to the west and are protected
by the barrier beaches of Plum Island and Salisbury, it is still heavily under the influence of the Atlantic’s
weather, waves and storm surge. The northern and subtropical jet streams often direct weather off the
east coast in the northeastern United States. Hence the region can be under the influence of extreme
heat, cold, dry and wet weather during any season. Positioned between the highly contrasting cold and
dry air masses over Canada, and the relatively warm and moist marine layer of the Atlantic and nearby
Gulf Stream, New England sits in a unique position where the interaction of these air masses has
historically spawned significant ocean storms, with major impacts.

Regarding exposure, Newburyport is offered some significant nearshore protection from wind and wind
driven waves by Nova Scotia located some 265 miles to the Northeast, and by Cape Ann located some 13
miles to the Southeast. Cape Cod also provides protection from swell energy originating from due south.
However, Newburyport’s wind and wave window is quite open to the great expanse of the Atlantic Ocean
between ENE and ESE; essentially an area extending to the west of the British Isles and south to Antarctica.
It is from this area extending sometimes more than 700 miles out into the Atlantic that large and
destructive wave energies are formed.

It is also important to note, that while Nova Scotia and Cape Cod offer some protection by limiting the
window of exposure to wind and wave fetch, they are also a liability. Coupled with the mainland, Cape
Cod and Nova Scotia, form an area known as the Gulf of Maine which has a relatively shallow continental
shelf that extends some 200 miles out to sea. (Figure 4. Gulf of Maine Bathymetry) In the presence of a
storm driven surge coming in from the east or southeast, the Gulf behaves as a giant catcher’s mitt
capturing the surge; with the shallow sea floor driving it higher, thereby enhancing coastal flooding. Storm
surges during the Blizzard of 1978 and the Perfect Storm (Halloween Gale of 1991) capitalized on this
feature. Had Hurricane Sandy traveled four hours further north and then made land fall near eastern Long
Island, she would have devastated the Gulf of Maine coastline with her storm surge and waves.

Gulf of Maine ;|
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Elevation above sea level (meters)

Depih below sea level (meters)

0o BT OO, o8 00T W

Figure 4. Gulf of Maine Bathymetry
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Open Space, Parks and Recreation

Newburyport possesses approximately 2,913 acres of open space. It is home to 37 municipal and private
parks, 6 public and private cemeteries, and an array of non-profit land and private open spaces protected
by conservation restrictions. Together this mix of open space helps to define the character of
Newburyport, playing a vital role in fostering civic pride, public health and wellbeing, biodiversity and
economic development.

Recreation

The city offers a broad array of recreational opportunities within its parks, playgrounds and playing fields,
tennis and basketball courts, skate park, boat ramps, walking trails, rail trail, gardens and water features.
In addition to providing venues for community building programs that foster civic pride, these areas
promote a network of connections throughout the city for bikes and pedestrian travel that connect with
the downtown and the MBTA station. Newburyport’s park and recreational facilities allow youth and
adults alike to engage in a variety of sports whether organized or informal, including baseball, softball,
lacrosse, soccer, skateboarding, Frisbee, football, hockey and pickup sports, and provide for places to walk
dogs, learn to swim, fish, launch boats and small watercraft.

Heritage Landscapes

Historic, scenic places and spaces have helped to define the character of the city which make it a desirable
community for people to live and visit. Newburyport’s Heritage landscapes evolved from human
interaction with the area's natural resources. In Newburyport, such landscapes include beaches, marshes,
farm fields and pastures, views of Merrimack River, a historic grist mill and its woodland surroundings,
and other historic settings. Recreational heritage landscapes include Bartlett Mall, Brown Square, and
Joppa Park. Many significant privately-owned open spaces add to the character of Newburyport.
Extensive and historic gardens and backyards along the High Street ridge represent an important heritage
landscape that reflects a significant period in Newburyport’s history. Preserving landscape character has
been important to developing the community’s character.

Habitat and Green Infrastructure

Newburyport’s open space areas including Plum Island, the Great Marsh, Maudslay State Park, the City
Forest, Common Pasture and the Artichoke watershed to name a few, feature rivers, waterways and
wetlands that provide habitat for endangered, rare, and threatened species. They also contribute to the
regional coastal fisheries economy and to the community’s growing ecotourism economy. Newburyport’s
protection of its environmental resources and open spaces has served residents by providing clean air,
clean water, flood protection, stormwater dispersal, and noise reduction.

Economic and Public Well being

The city’s parks and open spaces have enhanced the community’s economic wellbeing by boosting, home
values and property tax revenues, and by attracting residents, tourists and businesses to the city.
Economics aside, Newburyport’s parks and open spaces are positively enhancing human health and
wellbeing through encouraging exercise, stress reduction while also reducing air pollution. The mix of
open space makes Newburyport an attractive place to live, visit and conduct business. Appendix 1
provides an inventory of Newburyport’s parks and open spaces by acreage.

Population Characteristics

The city Clerk reported in 2019 that Newburyport is home to 18,207 residents that occupy some 7622
households. The city’s population is one of the densest in the Merrimack Valley, with 2124 residents per
square mile. Households within the city are relatively affluent when compared to the State and county.
With a median income of $83,149 Newburyport’s median income is significantly higher than the state
(570,628) and Essex County (S68,776). Residents are also well educated with 58% of the city’s population
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(over age 25) earning a bachelor’s degree or Higher, vs 37% for Essex County. Source: Merrimack Valley
Planning Commission US Census Bureau, American Fact Finder, 2010-2014 American Community Survey
5-Year Estimates.

http://mvmb.biz/wp-content/uploads/newburyport-acs-social-characteristics.pdf

Regarding age, 16% of the population is over the age of 65 (which is slightly higher than Essex County at
14%). Like Essex County, 63% are of working age (18-64), but fewer (21%) of Newburyport’s population is
age 18 or younger when compared to Essex County (23%). 96% of the population categorize themselves
as Caucasian. (MVPC, US Census, 2010-2014 American Community Survey 5-Year Estimates)

Through 2030 Newburyport’s total population size is expected to remain steady, but within it significant
age-related shifts will occur. As Newburyport’s baby boom population continues to age, forecasts predict
that by 2030, the population of residents age 65+ will swell to 32%, with a commensurate decrease in
proportion of residents of working age (50%) and those ages 18 or younger (14%).

http://www.housing.ma/newburyport/profile

Infrastructure

Access

Newburyport is accessible by land, sea and air. By land the city can be accessed from the north and south
via I-95 and US Route 1, both passing through the city. Access from the west is possible via state road 113.
MBTA Commuter Rail service and a Bus line are also available offering a convenient transit commuter
connection between the city and downtown Boston. Access via air is possible via Plum Island Airport
(seasonally), located just over the border in Newbury. The airport is a privately owned, public-use airport
owned by Historic New England and operated by Plum Island Aerodrome, Inc., a non-profit corporation.
It has two runways, one asphalt at 2105 feet in length, and the other grass with a length of 2300 feet. The
airport averages 54 flights a week and has approximately 8 based aircraft. Access by air year-round is also
possible via the Helipad Located at Anna Jaques Hospital, though its intended use is for emergency
medical evacuations. Access by water is possible from the west and east via the Merrimack River and
Atlantic Ocean. As there are no ferry services, marine access is via pleasure and charter craft.

Water Supply

Newburyport’s drinking water comes from both surface water and groundwater supplies. Four surface
water reservoirs, which represent 80% of the city’s drinking water supply, include the Indian Hill Reservoir
in West Newbury, the Upper and Lower Artichoke Reservoirs in both West Newbury and Newburyport,
and the Bartlett Spring Pond in Newburyport. These surface reservoirs supply 780 million gallons of water
primarily to Newburyport and some also to the towns of Newbury and West Newbury. The watersheds
for our reservoirs are primarily a mixture of residential, agricultural, recreational and forestland. Most of
the land abutting the surface reservoirs lies in West Newbury and is privately owned. Groundwater, which
accounts for 20% of the drinking water, is supplied by two gravel-packed wells located on Old Ferry Road
(Well #1) and Ferry Road (Well#2). A drinking water treatment plant (WTP) located on Spring Lane near
Well #1 treats the surface water supplies and the water from Well #1. Groundwater from Well #2 is
minimally treated at the well and is directly connected to the city’s water distribution system. The Plant
is permitted to treat and deliver 2.5 million gallons per day (MG/D), but on average treats 1.6 MG/D. A
chlorine booster station is located next to the Plum Island drawbridge to inject chlorine into the water
distribution system.
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Wastewater Treatment

Wastewater is channeled to the city’s recently updated Wastewater treatment facility (WWTF) located
along the waterfront. The WWTF is designed to handle 3.4 million gallons per day (MG/D) of wastewater,
and on average processes 1.7 MG/D. Unit operations include: four aeration basins, eight mechanical
mixers, two primary clarifiers, two gravity thickeners, two aerobic digesters, two secondary clarifiers, and
two chlorine contact chambers with chlorination and de-chlorination. Sludge dewatering is performed
with two, two-meter belt filter presses. The facility was recently updated to improve water quality
treatment and emissions/odor control but was not updated to handle more flow. The city owns and
operates 16 sanitary sewer pumping stations and many are located in or near flood zones.

Power and Utilities

National Grid is the electrical utility provider with a substation located downtown along the waterfront
between the Merrimack River Coast Guard Station and Newburyport’s Wastewater treatment facility.
National Grid is also the supplier of natural gas within Newburyport. In total, five gasoline refueling
stations are located within the city. Three clustered along Storey Ave, one on High St. in the city’s north
end, and another along Merrimac St. near Cashman Park just north of US Route 1. Two Electric vehicle
charging stations are located downtown on State St., four more in the recently completed municipal
parking garage with additional charging stations in development.

Public Safety

The city has a well-equipped Public Safety infrastructure comprised of a Police Force, Fire Department (2
stations), Department of Public Services, Harbor Master, Private Ambulance Service, and US Coast Guard
Station located along the waterfront. In addition, these public safety departments are organized under
the Newburyport Emergency Management Agency (NEMA) to coordinate responses to natural disasters,
power outages and other community wide emergencies. Newburyport, together with the municipalities
of Amesbury, Boxford, Georgetown, Ipswich, Merrimac, Newbury, Rowley, Salisbury and West Newbury
comprise the Northern Essex Regional Emergency Planning Committee (REPC). Emergency Planning
Committees are responsible for protecting their communities from incidents involving hazardous
materials. This includes developing emergency response plans and educating the community about
chemical facilities and the actions that could be taken if there is a chemical accident. Massachusetts has
six hazardous material response teams that can respond to a release of hazardous materials anywhere in
the state within one hour. When needed, the city provides access to three emergency shelters: one
located at the Rupert A. Nock/Molin School on Low Street, another at the Newburyport Senior and
Community Center on High St. and the third downtown at the Salvation Army.

Healthcare

Newburyport has within its borders a full-service community hospital (Anna Jaques Hospital) with a 24-
hour emergency room and ICU, and nearby doctor’s office buildings. A helipad is available on the hospital
campus for med-flight evacuations to Boston Trauma Centers. Pentucket Medical with some onsite lab
testing is located back from the River on Merrimac St., along the western border of Cashman Park. Also,
within Newburyport’s borders are three nursing homes, and two assisted living centers.

Economic Characteristics

The city’s proposed Fiscal Year 2020 operating budget is estimated to be $70,450,776 with 84% of
revenues originating from property taxes. Of all property taxes collected in 2019, 88.5% originated from
residential properties, while 11.5% originated from Commercial and Industrial properties.

Chief Economic drivers within the community include the Historic Downtown Waterfront, the Business
Park, Plum Island Beach, Smart Growth District (Route 1 Traffic Circle/MBTA Station) and the Storey Ave
business district near the 1-95/Route 113 interchange.
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The bustling downtown hosts a variety of shops, restaurants, banks, city buildings, a newly constructed
parking garage, and other attractions that draw both residents and visitors year-round - though the
summer months are the busiest. The downtown economy is intricately tied to the Merrimack River with
many restaurants and shops located close by. Year round, visitors and residents alike frequently use the
1.6-mile scenic river walk that extends east to Hale Park and runs west through Waterfront and Cashman
Parks to the North End Boat Club.

Plum Island is roughly an 8-mile-long barrier beach, most of which falls outside the city’s boundary to the
south. However, the far northern extent of the island (the last ; to % of a mile) that extends into the
Merrimack River inlet, falls within Newburyport’s jurisdiction. Aside from seasonal Charter Fishing
enterprises, the area has few commercial businesses, but is densely populated with increasingly larger
vacation and year-round residences. A large city owned parking lot promotes Public access to the beach
and river shorelines there.

The Business Park located roughly between Hale Street, Low Street, Route 1 and the Newbury border, is
home to approximately 60 large-scale industrial businesses. Several manufacturing businesses are located
outside of the business park and Figure 5. Business Park Hazardous Materials illustrates the facilities
within the Business Park that store hazardous materials. A stated goal of the of Newburyport’s 2017
Master Plan is to “enable new and expanded commercial and industrial use at the Business Park to
generate at least 15% of the city’s property tax revenues.”

The busy Storey Ave area located near the intersection of I-95 and Route 113 is home to several banks,
three gasoline pumping stations, two major supermarkets with adjoining strip mall businesses, fast food
franchises, office buildings and apartment/condo complexes along with their associated impermeable
parking lots.

Major Facilities (Mass DEP)

I Business Park Hazardous Waste Facilities I

MA- and/or EPA-

1% annual chance of y : i regulated Hazardous
floading piar b 3 o Waste only
1% annual chance of 1-3 m .
Lar antity Toxic Ls

ft. sheet flow flooding LD‘”S{;Q_\.‘. - Arge Quontity) Toic Tl
Hazardous Waste
Recycler
2 Hazardous Waste
. High risk coastal area 8 if : Treatment,

- Storage/Disposal
Large Quantity Toxlc User
[ Haz, Waste Recycler

0.2% annual chance of Low 537, at
St o
flooding j p Fondst

Large Quantity Toxic User
f Haz. Waste T.S and D

#fl 2016 Tier II Facilities (U.5.
= § EPA)

?

Parkey Strveg

W

YA

" 4 . ac
Map data © OpenStreetMap contributors, CC-BY-SA |\

Figure 5. Business Park Hazardous Materials

Resiliency Planning Efforts to Date

Following the turn of the millennium, impacts of challenging weather events began to become more
frequent in Newburyport. Flooding from the 2006 Mother’s Day Storm along with impacts on Plum Island
increasingly drew attention. Following Hurricane Sandy and the traumatic winter storm season of 2012-
13 that resulted in the loss and damage of many homes on Plum Island, the non-Profit Community Group
Storm Surge began to educate the community about the urgent need to prepare for, and mitigate, the
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impacts of climate change and sea level rise. Concurrently, Newburyport participated in the Hurricane
Sandy Coastal Resiliency Competitive Grants Program administered by the National Fish and Wildlife
Federation.

Under the direction of Newburyport’s Mayor Donna Holaday and Sustainability Coordinator, Molly
Ettenborough, Newburyport had already made significant strides towards sustainability and energy
efficiency. Newburyport has been a leader in the region in energy and waste reduction. In 2005 former
Mayor John Moak signed the US Mayors Climate Protection Agreement, and in 2006 the city established
an Energy Advisory Committee. In 2008 it installed, what at that time was the largest municipal building
solar array in Massachusetts. In 2010 it was designated a Green Community and in 2011 it signed a 20-
year 2.4 MW agreement for net metered solar. The city has also committed to Net Zero Energy and
significant waste reduction goals by 2050, amongst many other achievements.

However, Mayor Holaday also realized that her city had immediate risk exposure to critical infrastructure
and needed to start the process of addressing those vulnerabilities. To that end on December 9, 2015 she
convened the Newburyport Resiliency Committee (NRC) to take on the responsibility of evaluating
Newburyport’s risks to climate change and sea level rise, and to develop and help execute a plan to
mitigate those risks.

Prior to convening the NRC, city officials were already engaged in assessing hazards as part of the City’s
Multi-Hazard Mitigation Plan Update. In addition, the City has completed five risk assessment studies,
with the most recent going beyond just assessing storm and flood impacts, but also considering other
impacts from climate change on Newburyport:

Merrimack Valley Region Multi-Hazard Mitigation Plan — prepared with assistance from the Merrimack
Valley Planning Commission (MVPC), Report Update April 2016

To minimize the financial burden on the National Flood Insurance Program and costs to FEMA associated
with disaster response and rebuilding, the Federal Government has made grant monies available to
communities to mitigate potential natural disasters. To qualify, the Federal Government requires that
natural hazards common to the communities of the Merrimack Valley region be identified along with their
respective impacts to locations, populations, and facilities. It further requires Communities to formulate
mitigation goals, strategies, and actions to reduce associated risks and impacts. By developing and
implementing a hazard mitigation plan prior to an anticipated disaster, communities could prevent, or
minimize, loss of life, property, and break the cycle of repetitive losses. Federal regulations further require
that regional and local jurisdictions review and revise their plan every 5 years, to reflect changes in
priorities and demonstrate progress relative to the previous plan. To be eligible for mitigation grants, the
updated plan must be resubmitted to MEMA and FEMA for review and approval.

Plan update was prepared with the guidance and assistance of local and regional hazard mitigation
planning team representatives and representatives from Newburyport’s Emergency Management team,
City Engineering and Conservation/Planning Departments.

The Multi-Hazard Mitigation Plan identified the following natural hazards and their relative risk of
occurrence. It is worth noting that 6 of the 7 hazards listed are weather related, not mutually exclusive,
and are affected by climate change:

e Flood-related hazards
e Wind-related hazards
e Winter-related hazards
e Fire-related hazards

e Geologic hazards (Earthquakes and Landslides)
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e Heat waves/extreme heat
e Climate change /sea level rise
The Multi-Hazard Mitigation Plan identified the following non-natural hazards. Again, even our non-

natural hazards can be realized and exacerbated through weather and climate events, and are not
mutually exclusive

e  Public Health Emergencies and Hazards (Disease -communicable — infectious - waterborne, mass
heat mortality,

e Transportation Accidents
e Nuclear Event

e Infrastructure Failure (Water/Sewer, Power Grid/Energy, Communication, Transportation,
Manufacturing, Pollution Control Systems)

e Commodity Shortages (Energy; Petroleum, Natural Gas, Electricity)
e Food Contamination/Food-borne Ilinesses

e Water Contamination/Water-borne llinesses

e Chemical/Hazardous Materials Spills and Releases

e Terrorism

The complete Multi-Hazard Mitigation Plan can be found here: https://mvpc.org/wp-
content/uploads/April-2016-MV-Multi-Hazard-Mitigation-Plan-Update.pdf

Flood Resilience for Riverine and Coastal Communities — EPA, Final Report Issued January 2016

To protect human health and the environment, the EPA’s Office of Sustainable Communities awarded
Newburyport a grant to help it determine whether its current strategies fostered flood resilience and to
consider additional strategies to reduce long-term risk from flooding. The program helped the city to
identify potential challenges and opportunities to make progress. It included a series of pre-and post-
workshop conference calls, a self-assessment, and an on-site convening of the public and stakeholders to
discuss issues, next steps, and actions related to advancing the community’s specific goals. The program
was primarily focused on sea level rise and flooding and didn’t encompass all the potential impacts of
climate change.

The complete Flood Resilience for Riverine and Coastal Communities — EPA, Final Report can be found
here: https://www.cityofnewburyport.com/recycling-energy-resiliency-sustainability/resiliency-

sustainability

Great Marsh Coastal Adaptation Plan — National Wildlife Federation (NWF), Final Report issued December
2017

Following the devastation inflicted by Hurricane Sandy, the Federal Government made funds available to
improve the resilience of coastal communities. In 2014, NWF was awarded $2.9 million dollars for the
project titled “Community Risk Reduction through Comprehensive Coastal Resiliency Enhancement for
the Great Marsh.” This project offered a holistic and integrated approach to reducing the growing
vulnerability of communities within the Great Marsh to coastal hazards by strengthening the resiliency of
the ecological systems upon which those communities depend. Upon receipt of the award, this
investment was leveraged by project partners to provide an additional $1.3 million dollars in research and
conservation efforts in this priority coastal area.

Within the larger scope of this project, The NWF and Ipswich River Watershed Association led a
community-driven process to assess community vulnerability and develop ecosystem-oriented adaptation
strategies for the municipalities of Essex, Ipswich, Rowley, Salisbury, Newbury and Newburyport. The
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planning process resulted in the development and engagement of cross-sector municipal resiliency task
forces, six town-specific summary vulnerability assessments, community engagement workshops focused
on community vulnerability and resiliency strategy planning and development, task force prioritization of
near-term and long-term risk-reduction strategies, and ultimately the development of the Great Marsh
Coastal Adaptation Plan.

This effort, along with what had been completed via the EPA grant set the stage for the NRC to start
formulating Newburyport’s own Climate Change Resiliency Plan.

The complete Great Marsh Coastal Adaptation Plan can be found here:
https://www.nwf.org/Home/Educational-Resources/Reports/2017/12-01-2017-Great-Marsh-
Adaptation-Plan

Newburyport Municipal Vulnerability Preparedness Workshop - Massachusetts Executive Office of
Energy and Environmental Affairs (EOEEA), Final Report Issued May 2018

The Commonwealth of Massachusetts observed that while some coastal communities were attempting
to develop risk assessments and resiliency plans, their focus narrowly considered only sea level rise and
coastal flooding impacts. Furthermore, the processes being employed were not uniform. Climate change
was having far reaching effects and would be affecting all municipalities, both coastal and non-coastal.
Hence the Massachusetts Executive Office of Energy and Environmental Affairs developed a standardized
process called the Municipal Vulnerability Preparedness (MVP) program as a means for Communities to
consider all the potential climate change impacts, and not just sea level rise and coastal storms. The
process served to level the field, allowing communities to become MVP certified and apply for grants to
mitigate the risks identified via the MVP program. In early 2017, Newburyport sought, and was awarded,
a grant from EOEEA to become an MVP certified community. The goal of the program was to not only
identify community vulnerability imposed by climate change, but to also involve community residents,
business owners and other stakeholders in the process.

On April 7, 2018, Newburyport held a Municipal Vulnerabilities Preparedness (MVP) workshop. The
workshop’s goal was to identify hazards Newburyport faced that were being exacerbated by climate
change, and to prioritize actions the city could take to prepare for identified hazards. This workshop,
planned by a core team of the NRC and the Horsley Witten Group, Inc. was a step towards MVP
certification, which allowed certified communities access to additional state grants for projects related to
climate change resiliency. Thirty-eight community members attended the workshop, representing a wide
cross section of city officials, response partners, and other interested parties.

During discussion, participants concluded that the most relevant hazards to Newburyport were storms
including nor’easters, winter storms, and hurricanes; bipolar weather including extreme cold, extreme
heat, and drought; inland flooding; and sea level rise. In four small groups, participants listed features of
Newburyport that may be impacted by climate change or may help the community cope with climate
related hazards. Small groups then listed actions that could be taken to protect or utilize features to
mitigate the impact of prioritized hazards. Following small and large group discussion and voting,
participants prioritized seven action items. Figure 6. MVP Prioritized Action Items details the action items
developed from the MVP process.
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Newburyport Municipal Vulnerability Preparedness Workshop
Summary of Findings (May 31, 2018)

On April 7, 2018, Newburyport held a Municipal Vulnerabilities Preparedness (MVP) workshop. The workshop’s
goal was to identify hazards Newburyport faces that are being exacerbated by climate change, and to prioritize
actions the city can take to prepare for identified hazards. This workshop, planned by a core team of organizers
and the Horsley Witten Group, Inc. was a step towards MVP certification, which allows certified communities
access to additional state grants for projects related to climate change resiliency. Thirty-eight community
members attended the workshop, representing a wide cross section of city officials, response partners, and other
interested parties.

During discussion, participants concluded that the most relevant hazards to Newburyport were storms including
nor’easters, winter storms, and hurricanes; bipolar weather including extreme cold, extreme heat, and drought;
inland flooding; and sea level rise. In four small groups, participants listed features of Newburyport that may be
impacted by climate change or may help the community cope with climate related hazards. Small groups then
listed actions that could be taken to protect or utilize features to mitigate the impact of prioritized hazards.
Following small and large group discussion and voting, participants prioritized the following seven action items:

e Enhance the resilience of the Wastewater treatment facility. Specifically, in the short term, protect and
flood proof the Wastewater treatment facility, and in the long term (estimated 40-50 years, at the close
of the useful lifespan of the current facility), relocate the wastewater treatment facility.

e Create a short term and long-term plan for the city’s management of Plum Island, including discussion
of access via the Plum Island turnpike, dune and floodplain management and potential retreat from
current residential areas.

e Enhance emergency preparedness and response procedures. Specifically, improve participation in and
use of the community’s Code Red system, and enact an educational program to help residents improve
their family’s emergency preparedness.

e Develop a resiliency study of the Lower Artichoke Reservoir Dam to improve protection of the public
water supply.

e Improve flood protection of utilities (water, sewer, electric, and gas). Specifically, require an annual
accountability report from all utilities in the community.

e Create an inventory of coastal infrastructure (e.g., seawalls, boat ramps, bulkheads, and jetty) and
conduct an assessment evaluating the efficacy of each component.

e Evaluate and plan for raising roadways and modifying culverts in areas of the city where it may be needed
due to current or potential inundation risks (e.g., Water Street, Business Park, and Malcolm Hoyt Drive).

Figure 6. M\VP Prioritized Action Items

The complete Newburyport Municipal Vulnerability Preparedness Workshop Report can be found here:
https://www.cityofnewburyport.com/recycling-energy-resiliency-sustainability/resiliency-sustainability

Wastewater treatment facility Climate Change Resiliency, Climate Change Vulnerability Report

As a result of participation in the Massachusetts EOEEA MVP Program (discussed above), the city was
awarded an MVP Action Grant in fiscal year 2018 to develop a Resiliency Plan for the WWTF. The Plan
was completed in June 2019 and assessed the vulnerabilities of the facility and provided measures and
strategies to make the plant resilient to climate change impacts. The assessments, strategies, and
conclusion of that Plan are provided in the applicable sections of this Resiliency Plan.
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Newburyport’s Office of Emergency Management

Newburyport’s Office of Emergency Management (NEMA) is responsible for the development and
implementation of a comprehensive emergency program for Newburyport Massachusetts. The agency is
also responsible for the coordination of the municipality’s efforts to respond to, severe emergency and
disaster situations affecting the community, whether natural or man-made.

More information and resources are available at NEMA’s website: https://newburyportema.org/about-
nema/. Additional resources are available through the Massachusetts Emergency Management Agency
(MEMA) website: https://www.mass.gov/safety-tips-for-specific-threats-hazards

Newburyport Climate Resiliency Plan

This Resiliency plan’s focus is on Newburyport’s short and long-term vulnerability to climate change. While
it incorporates some of the risks identified in the Hazard Mitigation plan, it doesn’t consider non-climate
related risks such as terrorism and earthquakes, for example. This plan also does not replace current
emergency response and evacuation plans, although information developed in this plan may contribute
to both of those plans. This plan does consider and combine elements of previous risk and vulnerability
studies and examines in greater detail the impacts of climate hazards on areas within the city in order to
chart a course to meet Newburyport’s climate related challenges.

Future Climatology Data considered was derived from the National Climate Assessment
https://nca2018.globalchange.gov/, EPA, NOAA, the Boston Research Advisory Group (BRAG), the
Massachusetts Executive Office of Energy and Environmental Affairs website www.resilientma.org the
Climate Change Clearinghouse for the Commonwealth, and other sources as noted.
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CHAPTER 1

Chapter 1. Climate Change Hazards Assessment

Greenhouse gases emitted through the burning of fossil fuels since the beginning of the industrial age
have accumulated and trapped heat in our atmosphere, much like placing a blanket on a bed. This added
heat energy has been absorbed by our land and atmosphere, and to a greater extent by our oceans. It has
altered the jet stream that guides our weather and storm tracks, has infused more water vapor and energy
into storm systems, and is contributing to sea level rise through thermal expansion of our oceans, the
slowing of nearby ocean currents and the melting of our polar ice caps. While a certain amount of sea
level rise has been prescribed by global emissions thus far, continued greenhouse gas emissions will
further drive sea level rise well into the future and will cause all sorts of weather conditions to persist —
be it hot, cold, wet or dry — any of which can become extreme.

Hazards from our changing climate will arise from changes in our weather and sea level rise. Fluctuations
in the jet stream will result in more severe, extreme, and fluctuating weather events, including periods of
storminess and calm, heavy precipitation and drought, cold and heat, and wind and lack thereof. In the
longer term, sea level rise will continue to creep upwards, exacerbating any storm and heavy precipitation
effects and leading to increased flooding and erosion. Though sea level rise will generally be a longer-term
impact, pulsations in the Gulf Stream’s speed can lead to sudden short-term changes in sea level. To assess
our risk and vulnerability we need to examine the hazards created by our rising sea and changing weather.

The following identified Climate Hazards are discussed in greater detail:

1. Sea Level Rise

Weather Extremes — Drought, Heat Waves, Winters and Cold Snaps, Persistent Precipitation

2. Coastal Storms - Extra Tropical, Tropical, and Hybrid Cyclones
3. Heavy Precipitation Events

4. Flooding

5. Wind

6. Tornados

7.

8.

Insect Disease Vectors - Tick and Mosquito related illness
9. Combined Sewer Overflows (CSOs)

More information about how climate change affects our weather and oceans to give rise to identified
Climate Hazards can be found Appendix 2 - Climate Change Summary. For additional climate change
information specific to the U.S. and Massachusetts, please consult:

e The 2018 National Climate Assessment (https://nca2018.globalchange.gov/)

e The Climate Change Clearinghouse for the Commonwealth (http://www.resilientma.org/)
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CHAPTER 1

1.1 Sea Level Rise

During the period 1963-2012 sea level in Boston rose 6 inches (Figure 7. East Coast Sea Level Rise).

KL GEA | EVEL RISE & GLOBAL WARMING

Sea levels in the U.5. are rising fostest along the East Coast
and Gulf of Mexico.

Local Sea Level Rise

’ Over the Last 50 Years
Locally we’ve seen sea P
level rise 6 inches since
1963

INCHES

o
Global average sea level has increased 8 inches since 1880. The local rate varies depending on both global and local factors,
including eurrents, ocean floor topography, variation in ocean density, and land uplift or susbsidence due to geological
processes or human activities.

© Union of Concerned Scientists 2014; www.ucsusa.org/sealevelrise

Figure 7. East Coast Sea Level Rise

As presented in Figure 8. Sea Level Rise Causes, ninety percent (90%) of current sea level rise is resulting
from:

e The thermal expansion of water as the oceans absorb heat (38%), and
e The melting of land-based ice sheets and glaciers (52%).

In addition to thermal expansion and ice sheet melt, sea level is rising more quickly along the east
coast than elsewhere due to the additional influence of land subsidence in response to land-based ice
sheets melting at the poles and fluctuations in the speed of the nearby Gulf Stream.
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oL OEA LEVEL RISE & GLOBAL WARMING

Global warming is the primary cause of current se
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Figure 8. Sea Level Rise Causes

In general, sea level rise (SLR) projections are all based on those developed by NOAA through the
U.S. Interagency Sea Level Rise Task Force which was charged with developing Global Sea Level
Rise scenarios for the 2018 National Climate Assessment!. Differences among sea level rise scenarios
are based upon emissions assumptions and local factors. Output from the Interagency SLR report was
used by the Boston Research Advisory Group (BRAG) to develop regional sea level rise scenarios for
Boston?. Due to the influence of regional-scale processes such as land subsidence, variations in the speed
of the Gulf Stream, and the gravitational effect of melting ice sheets, Regional Sea Level Rise (RSLR) in
Boston will likely exceed the global average throughout the 21st century, regardless of which emissions
trajectory is followed. BRAG’s RSLR projections for Boston are applicable to Newburyport not only
because of geographic proximity (Boston lies only some 30 miles to the south), but also because an
extensive panel of experts incorporated a suite of regional and global scale processes into the Global Sea
Level Rise data used by the 2018 National Climate Assessment to develop RSLR projections for Boston.

1 Global and Regional Sea Level Rise Scenarios for the United States. Sweet, W. V., R. E. Kopp, C. P. Weaver, J.
Obeysekera, R. M. Horton, E. R. Thieler, and C. Zervas, 2017. NOAA, National Ocean Service.

2 Climate Change and Sea Level Rise Projections for Boston. The BRAG Report June 1, 2016.
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Subcommittee members of the Resiliency Committee evaluated data from these two sources to conclude
that (relative to year 2000) sea level rise of 6 feet was possible locally by the year 2100. Figure 9. Sea Level
Rise Progression for Newburyport, depicts sea level rise projections for Newburyport during the period

2000-2100.

Newburyport Sea Level Rise Progression Based on NOAA & BRAG Data
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Figure 9. Sea Level Rise Progression for Newburyport

Figure 10. Global Mean and Boston Regional Sea Level Rise Projections displays the NOAA
U.S. Interagency Sea Level Rise Task Force (in meters) and BRAG sea level rise tables (in feet) used to
develop Newburyport’s sea level rise progression. More information regarding sea level rise in
Newburyport, including the methodology used to develop the progression in Figure 9. Sea Level Rise
Progression for Newburyport, can be found in Appendix 3 — Future Local Sea Level Rise. Appendix 4
contains the Subcommittee of the Newburyport Resiliency Committee’s Final Report of Sea Level Rise for
Newburyport's Waterfront West.
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Sea Level Rise in Meters (NOAA Interagency Sea Level Rise Task Force)

Table 5. GMSL rise scenario heights in meters for 19-year averages centered on decade through 2200 (showing only a subset
after 2100) mutiating in year 2000. Only median values are shown.

GMSL 2010 | 2020 | 2030 | 2040 | 2050 | 2060 | 2070 | 2080 | 2090 | 2100 | 2120 | 2150 | 2200
Scenario
(meters)

Low 0.03 0.06 0.09 0.13 0.16 0.19 0.22 025 0.28 0.30 034 0.37 0.39

Intermediate- 0.04 0.08 0.13 0.18 0.24 0.29 0.35 0.4 0.45 0.50 0.60 0.73 0.95

Low
Intermediate 0.04 0.10 0.16 0.25 0.34 0.45 0.57 0.71 0.85 1.0 13 1.8 28
Intermediate- 0.05 0.10 0.19 030 044 0.60 0.79 10 12 5 20 31 521

High
High 0.05 0.11 0.21 0.36 0.54 0.77 1.0 13 157 20 2.8 43 1.5
Extreme 0.04 0.11 0.24 0.41 0.63 0.90 1.2 1.6 20 2.5 3.6 3.5 9.7

Source: NOAA Technical Report NOS CO-OPS 083: Global and Regional Sea Level Rise Scenarios for the United States, Silver Spring, Maryland, January 201?.‘

Note: Global Mean Sea Level (GMSL) is an average of sea level heights across all the world’s oceans.

Sea Level Rise in Feet (Boston Research Advisory Group)

Regional Sea Level Rise Projections for Boston (in feet. rel. to yr. 2000) by Emission Pathway, Categorized by Exceedance Probability

LIKELY RANGE MAXIMUM
0.9% 0.95 0.833 0.5 0.167 0.05 0.01 0.001
RCP8.5
2030 -0.1 Q.1 0.3 0.5 0.7 0.9 1.0 12
2050 0.1 0.4 0.7 1.1 1.5 1.8 7 2.4
2070 0.6 1.0 15 2.5 3.1 37 4.3 4.8
2100 1.6 2.4 39 4.9 7.4 8.6 9.5 10.5
2200 18.9 19.9 21.4 26.1 32.8 34.1 35.3 36.9
RCP4.5
2030 -0.1 0.1 0.3 0.5 0.7 0. 1.0 12
2050 0.1 0.4 0.7 1.0 1.4 1.7 2.0 715]
2070 0.4 0.9 1.3 1.9 2.6 3.1 3.6 4.1
2100 0.9 1.7 2.4 3.6 5.1 6.1 7.0 8.0
2200 5.5 6.2 7.2 10.9 16.5 18.0 19.3 20.9
RCP2.6
2030 -0.1 0.1 0.3 0.5 0.7 0.9 1.0 12
2050 0.1 0.4 0.6 1.0 1.4 1.7 2.0 2.3
2070 0.3 0.7 1.1 17 k) 27 31 3.6
2100 0.4 1.2 1.8 2.8 3.8 4.6 53 6.2
2200 3.6 4.4 5 6.4 T 8.8 9.9 1.8

SOURCE: Climate Change and Sea Level Rise Projections for Boston. The BRAG Report June 1, 2016.

Note: RCPs (Representative Concentration Pathways) are scenarios that describe greenhouse gas concentration
trajectories and the resulting atmospheric concentration from 2000 to 2100. The Extreme Scenario presented in
the NOAA table is comparable to RCP 8.5 in the BRAG Table.

Figure 10. Global Mean and Boston Regional Sea Level Rise Projections
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1.2 Coastal Storms - Extra Tropical, Tropical, and Hybrid Cyclones

The accumulation of heat in our oceans and atmosphere represents a reservoir of energy for storms to
capitalize upon. A warmer ocean produces more water vapor and convection, and a warmer atmosphere
can hold more water and thus deliver more rain and snow. Changes to our jet stream favor extra-tropical
(northeasters) and tropical storm development, as well as the creation of slow-moving storms such as
Hurricanes Harvey in August 2017 and Florence in September 2018. Moreover, in response to the polar
jet stream weakening and retreating during the summer months, the tropical storm track is expected to
shift northward to include New England.

While there is debate as to the absolute change in number of tropical storms during any given year, it is
clear that once the meteorological variables align, development of these tropical storms is rapid and
intense. This was observed with Hurricanes Humberto (2007), Mathew (2016), Harvey (2017), Maria
(2017), and Florence (2018), for example.

Newburyport is located in the mid-latitudes of the northern hemisphere. As presented in Figure 11. High
and Mid Latitude Storms - More Intense and Frequent, the frequency and intensity of mid-latitude storms
(extra-tropical or northeasters for example) has been on the rise since at least 1950.

Winter Storms Have been Becoming More Frequent & More Intense...

Variation of Storm Frequency and Intensity during the Cold Season (Nov-Mar)
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Source: National Climate Assessment 2014

Figure 11. High and Mid Latitude Storms - More Intense and Frequent
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1.3 Heavy Precipitation Events

A warmer atmosphere holds more water and therefore can deliver more precipitation during a single rain
or snow event. A weak or stalled jet stream can further drive up the volume of precipitation affecting a
given location during a single storm event simply by failing to move a weather system along. Extreme
precipitation does not need to come from a big, stalled, organized storm such as a Hurricane or
Northeaster; rather, a slow-moving train of thunderstorms ahead of a cold front can deliver copious
amounts of rain and flooding. The trend towards heavier precipitation events is already underway. During
the period 1958-2012, the northeast experienced a 71% increase in heavy precipitation (defined as the
heaviest 1% of all daily events). (Figure 12. National Changes in Heavy Precipitation).

When it does Rain or Snow in the Northeast, it snows & rains a lot...

Observed Change in Very Heavy Precipitation
1958-2012

Change (%)

EIE----

0-9 10-19  20-29 30-39 40+

Source: National Climate Assessment 2014

Figure 12. National Changes in Heavy Precipitation
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1.4 Flooding

When one considers Newburyport’s geography, one might conclude that flooding is a real possibility.
Newburyport is located at the mouth of the Merrimack River, where it discharges into the Atlantic Ocean.
Newburyport also includes a portion of the barrier island, Plum Island, and the back marsh system that
has formed just south of the mouth of the Merrimack, as well as a portion of the Little River watershed,
which discharges behind Plum Island. Considering this geography together with sea level rise, climate
enhanced storm activity, and more frequent heavy precipitation events, it is clear that flooding is very
much a short and long-term hazard for Newburyport. Flooding in Newburyport is influenced by three
primary factors:

1. precipitation and the resulting runoff
2. sealevelrise
3. storm surge
Independently, each variable can cause flooding. When combined, flooding can be extreme.

1.5 Wind

Located on the coastal plain, Newburyport is exposed to the open Atlantic and can be susceptible to high
wind events associated with coastal storms, storm systems traversing the Ohio River Valley to our West
(such as the Mother’s Day Storm of 2006), as well as passing frontal systems. As climate enhanced storm
activity increases, so will damage from wind. Wind coupled with heavy precipitation, especially in the form
of snow and ice, is most damaging. Newburyport’s tree lined streets are interlaced with power lines and
are particularly susceptible. In addition, many of Newburyport’s buildings, especially its historic homes,
are not built to withstand Hurricane force winds.

The hill, atop of which is High Street, faces into the northeast, a common wind direction for coastal storms.
Homes, powerlines and trees along that northeast-facing slope are susceptible to wind gusts riding in from
the Atlantic. As coastal storms pass away to the northeast, winds wrapping in around the storm center
back in from the northwest and gust. Any accumulated snow or ice on Newburyport’s tree lined streets
and exposed powerlines are susceptible to these damaging winds. Additionally, blowing and drifting snow
across exposed roadways such as the Plum Island Turnpike, U.S. Route 1, Interstate 95 and Scotland
Rd./Parker St./Graf Rd. makes passage impossible at times.

1.6 Tornados

While tornados in Massachusetts are a possibility and do happen, historically they currently do not appear
to be increasing in frequency. On average the state sees about 2-3 per year, and most events are relegated
to Worcester County westward. However, recently, in July of 2019, several tornados touched down along
Cape Cod causing widespread damage. It is uncertain at this time whether tornados will become a hazard
to Newburyport in the future.

1.7 Public Health Impacts of Weather Extremes

As a function of a meandering Jet Stream, any type of weather pattern can become stuck and persist. If
the Jet Stream is lifted far to the north and we happen to be in a ridge on the warm side of the Jet Stream,
weather can be hot, and drought could set in. Conversely, if the Jet Stream undulates, digging far to the
south, we could be in for a very cold spell. As the Jet Stream wiggles and waves, we can also fluctuate
from cold to warm and then back to cold again in a short period of time. We experienced such a bout of
“bi-polar” weather in late February of 2017 when two days of 80-degree warmth were followed by a
succession of intense winter storms that resulted in flooding and power outages.
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A Jet Stream stuck overhead can usher in extended periods of precipitation in the form of rain, ice, snow
or some combination. The extreme variability, its possibility of persisting, and its effects on the public
health, vulnerable populations and our local environment are hazards.

Injuries, fatalities, Asthma,
mental health impacts cardiovascular disease

Severe Air .
Weather Pollution Malaria, dengue,

Heat-related illness encephalitis, hantavirus,
and death, Rift Valley fever,
cardiovascular failure Changes Lyme disease,
i o i yectol chikungunya,

Ecolo i .
Heat 2 West Nile virus

Envi Increasing
nviron- i ) Allaraans .
mental i srgens Respiratory

Degradation allergies, asthma

Forced migration,
civil conflict,
mental health impacts

Water and Food Water
Supply Impacts Quality Impacts

Cholera,
cryptosporidiosis,
campylobacter, leptospirosis,
harmful algal blooms

Malnutrition,
diarrheal disease

Figure 13. Impact of Climate Change on Human Health

Stagnated weather systems will increase public health vulnerabilities (Figure 13. Impact of Climate Change
on Human Health). The Centers for Disease Control report that heat waves deteriorate air quality, lead to
drought, wildfires, reduced water quality, heat stress and heat related mortality. Persistent rainfall
engenders waterborne disease outbreaks, mold and indoor air quality problems that spike asthma,
pneumonias and other upper respiratory tract symptoms, especially when combined with heat and
humidity. Vulnerability to winter weather depends upon factors including housing, age, and baseline
health. Excessive snow will pose problems for emergency access and transportation safety. While deaths
and injuries related to extreme cold events are projected to decline due to climate change, these
reductions are not expected to compensate for the increase in heat-related deaths. Finally, persistently
extreme weather degrades mental health promoting irritability, anxiety and stress related disorders.
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1.8 Insect Disease Vectors - Tick and Mosquito related illness

Climate change is motivating ecosystem shifts and relocation of animals and plants to find favorable living
conditions. Creatures of all sorts are seeking out conditions that favor their own survival, or they are
extending their range to capitalize on new, more hospitable frontiers. Such is the case with our mosquito
and tick populations and their disease vectors. Nationally, since 2004, insect borne diseases from
mosquitoes, ticks and fleas have been on the rise (Figure 14. Mosquito Tick and Flea Disease Cases USA
2004-2016).

Disease cases from infected mosquitoes, ticks, and fleas have tripled in 13 years.
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SOURCE: COC Vital Signs, May, 2018
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Figure 14. Mosquito Tick and Flea Disease Cases USA 2004-2016

Lyme disease has steadily spread northward towards Canada from 1996-2016. While Canada was once
too cold for tick nymphs to survive, it is expected to provide new habitat for Lyme Ticks as the climate
warms and they spread northward. Insect borne disease vectors are of concern due to their rapid growth
motivated by a warmer climate, and because of the difficulty in treating these diseases (Figure 15. Lyme
Disease Cases 1996 and 2016. Figure 16. Lyme Tick Distribution North America 2020, 2050 and 2080.
Figure 17. Massachusetts Lyme Disease Trend.)

Additional detail regarding insect disease vectors and susceptible populations can be found in Appendix
5 — Insect Disease Vectors, Tick and Mosquito Related Ilinesses.
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Reported Lyme Disease Cases in 1996 and 2014

1996 2014

Data source: CDC (Centers for Disease Control and Prevention). 2015. Lyme disease data and statistics.
www.cdc.gov/lyme/stats/index.html. Accessed December 2015.

For more information, visit U.S. EPA’s “Climate Change Indicators in the United States” at www.epa.gov/climate-indicators.

Figure 15. Lyme Disease Cases 1996 and 2016

Projected Distribution of Climate-Based Habitat Suitability for Ixodes Scapularis (Lyme Tick)
2020’s, the 2050’s and the 2080’s

Source: Effect of Climate Change on Lyme Disease Risk in
B constant Suitzbility [l Constant Unsuitability North America

- Expanded Suitability - Expanded Unsuitability John S. Brownstein,*T Theodore R. Holford, * and
Durland Fish*

Figure 16. Lyme Tick Distribution North America 2020, 2050 and 2080
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Figure 4.12

Reported Cases of Lyme Disease, Massachusetts, Fiscal Years 1997-2015
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Figure 17. Massachusetts Lyme Disease Trend

1.9 Combined Sewer Overflows (CSOs)

Climate change has been the driving force behind increasing episodes of heavy precipitation, which in
turn have led to an increase in the frequency and volume of combined sewer overflows (CSOs) into the
Merrimack River. When rainfall is excessive, sewer systems that treat both sanitary waste water and
storm water can be overwhelmed. In this instance the combined sewer system will discharge its excess
volume to avoid sewer backups. The term CSO is used to refer to both the outfall location as well as the
discharge from that location. Because these CSO event and CSO volumes are increasing with increasing
extreme precipitation events, CSOs have been classified as a climate hazard for this report. CSOs
contain untreated or partially treated human and industrial waste, toxic materials, and debris as well
as stormwater. According to the US EPA, they are a priority water pollution concern for the nearly
860 municipalities across the U.S. that have combined sewer systems. There are six combined sewer
systems upriver from Newburyport that frequently have CSOs:

1. Manchester, NH

2. Nashua, NH

3. Lowell, MA

4. The Greater Lawrence Sanitary District

5. Haverhill, MA

6. Fitchburg, MA (on the Nashua River, a Merrimack tributary)

Newburyport’s Wastewater treatment facility has been updated and is not a CSO contributor. Appendix
6 — Combined Sewer Overflows provides more information on the CSO problem.
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Chapter 2 — Vulnerability Assessment

The previous chapter described in detail the following list of escalating Climate Hazards that Newburyport
is, and will continue to be, subject to:

e Sea level Rise

e (Coastal Storms - Extra Tropical, Tropical, and Hybrid Cyclones

e Heavy Precipitation Events (Rain and Frozen — Snow/Ice)

e Flooding - Coastal, River and Run-off

e Wind

e Weather Extremes - Drought and Heat Waves, Winters and Cold Snaps, Persistent Precipitation
e |nsect Disease Vectors - Tick and Mosquito related illness

e Combined Sewer Overflows (CSOs)

Hazards within the list are not mutually exclusive and they likely won’t occur alone. Rather, some are
interrelated, and their impacts will escalate as their effects synergistically combine. As an example, while
heavy rain events alone will certainly raise the likelihood of flooding, when coupled with sea level rise,
coastal storms and storm surge, flooding can become extreme. During the winter, a severe coastal blizzard
that drives surge related flooding and powerline damaging winds and then wraps in a persistent period of
bitter cold as it departs, will make recovery efforts slow and painful. In the summer, frequent heavy rainfall
interspersed with consistent periods of warm weather would favor a bloom of insect growth and the
spread of the diseases they carry. Or, a persistent summer drought followed by a period of heavy rainfall
from slow moving thunderstorms or a tropical depression would increase flooding potential as the run-
off from these sudden and heavy precipitation events is initially poorly absorbed by dead vegetation and
a dry, hard soil. A bad case scenario might be for a tropical depression to deposit 15-20 inches of rain into
a parched Merrimack River watershed, multiple wastewater treatment facilities would experience a
record CSO event with flood waters downstream backing over the Lower Artichoke dam, filling an already
low reservoir with contaminated flood waters.

This Chapter’s assessment of vulnerability examines:
e C(ritical Assets
e Neighborhoods Vulnerable to Flooding

e Community-wide Vulnerabilities

2.1 Evaluating Current and Future Flood Risks

This Resiliency plan discusses current and future inundation risk by examining:
e The current FEMA 100-year floodplain
e Current Worst-Case Hurricane Storm Surge Inundations
e Today’s Mean High Water + Future Sea Level Rise
e Today’s FEMA 100-Year Floodplain + Future Sea Level Rise

The FEMA 100-year floodplain illustrates properties and assets subject to a 1% or greater chance of
flooding in a given year. The risk of experiencing 1% inundation depths is 26% over the term of a 30-year
mortgage, however properties may still be flooded to a shallower depth by lesser events. FEMA Flood
Zones A and V are high risk areas. FEMA A zones may experience moving water, over-wash, storm surge
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and breaking waves. The FEMA V Zone is subject to the same impacts, but with greater wave heights and
wave run-up depths.

The Worst-Case Hurricane Surge Inundation water levels are derived from the Sea, Lake, and Overland
Surge from Hurricanes (SLOSH) computerized weather model. SLOSH was developed by the National
Weather Service (NWS) to estimate storm surge (the rise of water generated by a storm, over and above
the predicted astronomical tides) resulting from historical, hypothetical, and predicted hurricanes. The
SLOSH model computes storm surge heights from tropical cyclones using pressure, size, forward speed,
and track data to create a model of the wind field which pushes the water around thereby calculating a
potential “worst-case” surge based on the results from thousands of combinations of hurricane category,
forward speed, pressure, pre-landfall location, direction, and local topography. The SLOSH model does
not include rainfall amounts, river flow, or wind-driven waves riding in atop of a storm surge.

To update their Massachusetts Hurricane Evacuation Study, the US Army Corp of Engineers updated
SLOSH hurricane inundation data for coastal Massachusetts. An important caveat is that the model depicts
inundation from every possible storm within an intensity category all on the same map. Therefore, any
single storm may likely not deliver the level of surge depicted across all areas of the map at the same time.
For any location on the map, the depicted inundation is the worst it could possibly be for that location
should all variables perfectly align. As an example, a Category 1 storm delivering hurricane force NE winds
would drive a surge well into Joppa, but leave Salisbury across the river unscathed — however the Worst
Case Map shows equal inundations as the map is based on many storm scenarios including one where
winds might be from the S/SE which would spare Joppa, but inundate Salisbury.

Today’s Mean High Water + Future Sea Level Rise (SLR) as depicted in this chapter illustrates mean high
water in the future. It simply depicts which areas will become wet twice daily with the tide and does not
consider the effects of wind, storms, river influences or king tides. Sea level rise projections developed by
the Resiliency Committee’s Sea Level Rise Technical Subcommittee (Appendices 3 and 4) were used to
develop the future sea level rise maps used in this plan. Future sea levels depicted are added to today’s
mean high water.

Today’s FEMA 100-Year Floodplain + Future Sea Level Rise illustrates approximately where the 100-year
floodplain might be in the future. The maps simply show Future SLR (calculated in Appendix 3) atop of the
current FEMA 100-year floodplain.

It is important to understand the implications with this simple equation. This equation utilizes current
FEMA flood elevations knowing that future FEMA flood elevations will be much higher as FEMA
recalculates flood elevations. Refer to Appendices 3 and 4. Future flood zones will be higher in elevation
and will extend further into our city.

DISCLAIMER: The FEMA flood zone areas depicted in the graphics that follow are approximate as they
coincide with the topographic datalayers retrieved from the MassGIS website in 2011. (Updates of
these datalayers are not available.) Therefore, the FEMA flood zones shown herein may not reflect the
same horizontal areas as the zones that are shown on FEMA’s FIRMs. The flood inundation maps
provided herein are for resiliency planning and illustrative purposes only. For official flood zone
locations please consult FEMA flood insurance rate maps.
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The North American Vertical Datum of 1988 (NAVD 88) — explained...

NAVD 88 is a reference system used by surveyors, engineers, and mapping professionals to measure
and relate elevations to the Earth's surface. Using a fixed reference point as a baseline (i.e., a zero-
elevation point), elevation values can be consistently measured and compared among various maps
and surveys. The North American Vertical Datum of 1988 (NAVD 88) is the official vertical datum of
the United States and FEMA, as well as Newburyport, and it supersedes the older National Geodetic
Vertical Datum of 1929 (NGVD 29). Documents created prior to 1988 reference the NGVD 29 Datum.
The difference in elevation between NAVD 88 and the older NGVD 29 in our geographic area is
approximately 0.78 feet. To convert from NGVD 29 to NAVD 88, subtract 0.78’ from the NGVD 29
elevation being converted.

A tidal datum is a standard elevation framework used to track local water levels as measured by a tide
gauge station. Some examples of tidal datums include Mean Lower Low Water (used for NOAA
nautical charts and tide charts), Mean Low Water (MLW), Mean Sea Level (MSL), Mean High Water
(MHW), and Mean Higher High Water (MHHW).

Elevation values from maps that use different vertical datums (NGVD 29, NAVD 88, MLLW, MHHW
etc.) are not directly comparable, as they employ different zero points. Tools found on the following
websites can be used to convert elevation values between datums.

e NOAA National Geodetic Survey (https.//www.ngs.noaa.qov/)

e The Office of Coast Survey (https.//www.nauticalcharts.noaa.qov/)

SOURCE: https://www.mass.gov/service-details/north-american-vertical-datum-of-1988-navd-88

Within the Newburyport area the starting point of NAVD 88 is 0.07 feet, or 0.84 inches, lower than
mean sea level (mid-tide). For the reader, it might therefore be useful consider NAVD 88’s starting
point of zero to be mean sea level (mid-tide).

Furthermore, readers may be interested to know how much above high tide that a stated elevation
might be. So, let’s visualize for example, what a NAVD 88 elevation of 12 feet is relative to mean high
water (MHW). Referencing GRAPHIC 18: Newburyport Tidal Elevations (NAVD 88) reveals that MHW
is 4.12 feet higher than the NAVD 88 reference point of zero. To understand how high elevation 12
(for example) is above MHW, simply subtract 4.12 feet (the elevation of MHW above NAVD 88).

Elevation 12 feet — 4.12 feet MHW = 7.88 feet above mean high water.
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Newburyport Datum Elevations
Referenced to NAVD 88
(in feet)
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Figure 1. A comparison of common datums relative to the NAVD 88 datum at the NOAA tide
gauge station, Newburyport (Station ID 8440466). The different datums have different relative

zero elevation points (the starting points from which elevations are measured).

In Summary:

e Elevations today are based on the NAVD 88 Datum, which provides for a consistent baseline
of measurement.

e MHW from the Rt. 1 bridge to Plum Island is approximately Elevation 4.1
e MLW is approximately Elevation -4.0
e Therefore, Newburyport’s tidal range is approximately 8.1 feet

e SLR can be added to any of the common tidal reference points (MHW, MLW, MSL, etc.) to
visualize what the increased-sea elevation will be.

For this report, future sea level rise was added to Mean High Water (MHW) to visualize where the daily
tide would be twice daily.

2.2 Critical Assets

While many of the climate hazards detailed in Chapter 1 (Hazard Assessment) will have community-wide
impacts, some areas of the city and its infrastructure are particularly vulnerable. These assets are critically
vulnerable today; and will be even more so in the future.

Newburyport’s FEMA Multi-Hazard Mitigation Plan identified critical infrastructure located in existing
flood-hazard areas or in areas at risk from future storms and sea level rise. The report assigned
Newburyport a “high” risk rating for floods, winter storms, Northeasters, and hurricanes. Merrimack
Valley Region, Multi-Hazard Mitigation Plan Update, prepared with assistance of MVPC, April 2016
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Those Critical Assets at High risk include:
1. Public Water Supply, Treatment and Distribution
2. Wastewater treatment facility (WWTF)
3. The National Grid substation at 95 Water Street

To underscore the current risk of these assets, the local non-profit group Storm Surge together with the
National Weather Service in Taunton, MA developed a realistic storm scenario based on current day
extratropical systems occurring in the North Atlantic. “Rolling the Dice with Big Storms” illustrated how a
slow-moving system similar in strength to the Blizzard of 78, the Perfect Storm of 1991, or Super Storm
Sandy could flood and contaminate the city’s water supply while concurrently rendering the WWTF and
National grid power substations inoperable. Damages to downed powerlines, private property and Plum
Island aside, the contamination of the municipal water supply, loss of wastewater processing and
electrical power to the community would grind the city to a halt. Using Super Storm Sandy as an
approximation for the speed of recovery, one could conclude that substantial parts of the region, and not
only the city, might be without power for 2-6 weeks, with repairs to wastewater and drinking water
infrastructure likely taking much longer. Should such an event occur during the colder fall, winter or early
spring months, additional damage to freezing pipes would occur; and so even residents unaffected by
flooding would be displaced from their homes. While it could be argued that a storm of this caliber could
be regarded as a 100 or 500-year storm, and hence not likely to occur, the fact that such storms do occur
annually in the North Atlantic with some impacting Europe and others missing us by only a hundred miles
should raise our level of concern, especially since Climate Change is expected to increase the likelihood of
such an event.

2.2.1 Public Water Supply, Treatment and Distribution System

Three of Newburyport’s four surface water reservoirs are linked together in a chain. These include the
Indian Hill Reservoir, the Upper Artichoke and Lower Artichoke reservoirs. Bartlett Spring Pond, while part
of the surface water supply is not linked to the other three. Water flows via a stream from the Indian Hill
reservoir down to the Upper Artichoke and then over a spillway into the Lower Artichoke where a pumping
station transfers water to the city’s Drinking Water Treatment Plant (WTP) on Spring Lane. Currently,
overflow from these three surface water reservoirs passes over the Lower Artichoke dam spillway, located
along State Road 113, into the Artichoke River which borders West Newbury. A well field for West
Newbury’s drinking water supply lies a little over 1/10%™ of mile SW of the dam, roughly 50 feet from the
Lower Artichoke’s shore (Figure 18. Newburyport's Surface Water Reservoirs and Figure 19. Newburyport’s
Linked Chain of Surface Water Reservoirs).

The WTP is located more than 20 feet higher than the river — well out of any FEMA flood zones. So,
impacts from flooding are not a concern for the physical plant. However, a detailed vulnerability
assessment is needed for other non-flooding related climate change impacts — such as wind, excess heat,
and more intense storms that result in power outages.

From a power outage standpoint, the WTP has fuel storage tanks which will allow for several days of
backup power and, provided that fuel-supply vehicles are able to make deliveries, weeks. Extended power
outages, such as those experienced from major hurricanes or cyberattacks to the power grid, are beyond
this general Resiliency Plan. Nonetheless, extended backup power and more advanced renewable energy-
type power supply systems currently exist and should be considered.

The water distribution system begins at the Artichoke Pump Station which pumps the untreated water up
to the WTP. From there, the distribution system runs from the plant’s pumps into over 100 miles of
distribution piping throughout the city as well as the two aboveground storage tanks. The storage tanks
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are on high ground and not prone to flooding. However, some areas of the city will be subject to
permanent flooding conditions and those areas that have water mains will be especially vulnerable.
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Newburyport's Chain
199 ke of Surface Reservoirs

- LWWP

e

Seurce: Newburyport Reservoir Water Quality Study Report. Department of Public Ser\nces Water Division

T TR i ae
Newburyport, Massachusetts. Prepared by AECOM, March 3, 2016 ) i

Figure 19. Newburyport’s Linked Chain of Surface Water Reservoirs

The Artichoke River meanders for % of a mile and spills into the Merrimack River over a dam
(NID#MAO01600) located at the end of Curzon Mill Road adjacent to Maudslay State Park. The purpose of
the dam is for tide control. The top of the dam (approximately Elevation 5.7 feet) lies approximately 0.5
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feet above mean high water (which is estimated at Elevation 5.2 feet at this location along the Merrimack).
While most daily tides remain downstream of this dam, the area above the dam frequently floods with
waters from the Merrimack during unusual, yet increasingly more common, high tides (Figure 20. Curzon
Mill Dam).

~ Mean High

- >4

PHOTOI{_QN: Eric White, City Engineer

Figure 20. Curzon Mill Dam

As the Merrimack rises in response to higher tides, surge and run off, its waters back up along the
Artichoke River towards the Lower Artichoke dam and spillway (NID#MAO00264) the crest of which, at
times, sits only several inches above the backing river waters (Figure 22 and Figure 23: Lower Artichoke
Spillway). In fact, the spillway elevation of the Lower Artichoke dam (approximate Elevation 8.6 feet) sits
approximately 3.4 feet below FEMA’s 100-year flood elevation (Flood Zone AE Elevation 12), which
therefore, makes it vulnerable to current day storm and river flooding.

The Upper Artichoke Spillway (Figure 24. Upper Artichoke Spillway) sits at approximate elevation 12.3 feet
(or about 0.3 feet above the FEMA 12-foot inundation), and so is also vulnerable to the FEMA 100-year
flood.

Referencing MassDEP 310CMR22.04(2) Construction, Operation, and Maintenance of Public Water
Systems, public water supplies and other critical assets are recommended to be protected to 3 feet above
the FEMA 1% annual base flood elevation - a recommended elevation of 15.0 feet for the Upper Artichoke
spillway, and 15.0 feet for the Lower Artichoke. This places the existing upper Artichoke spillway
approximately 2.7 feet below the recommended elevation for adequate protection (15.0 feet rec — 12.3
feet, actual elevation = 2.7 feet). More frighteningly, the lower Artichoke spillway, sits approximately 6.4
feet below the recommended elevation (15 feet rec. elevation - 8.6 feet actual = 6.4 feet).

Figure 21 shows excerpts from FEMA FIRMs dated July 3, 2012 covering the Artichoke Reservoir area.
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Figure 21. Excerpts from FEMA FIRMs, dated July 3, 2012, showing Artichoke Reservoir area
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Photo: Mike Morris, NRC

Figure 23. Lower Artichoke Spillway

The NRC recommends that further assessment be made to these assets.
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Photo: Mike Marris, NRC

Figure 24. Upper Artichoke Spillway

It is important to underscore the city’s vulnerability here. These linked surface water reservoirs
account for roughly 75% of the city’s total drinking water supply. The lower and Upper Artichoke
Reservoirs alone represent roughly 24%.

However, due to the intake pump’s location near the Lower Artichoke Dam and spillway, the
intrusion of CSO contaminated Merrimack River waters into the Lower Artichoke alone would
compromise the integrity of, and therefore access to, the entire linked surface water network
which, again, represents at least 75% of the city’s water supply.

It is important to stress that it would not take a 100-year event to compromise the city’s water
supply. Figure 25. Low Water Level Vulnerability - Rear of Lower Artichoke Spillway September
5, 2019 shows a very low reservoir behind the spillway on September 5, 2019. A combined very
high tide and elevated river would only need to minimally top the spillway to compromise access
to 75% of the city’s drinking water supply.

This would represent a major public health crisis.
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PHOTO: Mike Morris, NRC

Figure 25. Low Water Level Vulnerability - Rear of Lower Artichoke Spillway September 5, 2019

An examination of recent and sometimes forgotten history illustrates the length of time this asset has
been exposed to risk, with no action employed to minimize risk exposure.

Those events include:
e The Mother’s Day Storm in May of 2006
e The Great March Flood of 1936
e Hurricane Florence in 2018

Fourteen years ago, in 2006, the Mother’s Day Storm delivered nearly 15 inches of rain which represented
only half of the water volume of the Great March Flood of 1936 (30 inches of combined rain and melt
water). Recent extreme tropical rainfall events such as Hurricane Harvey (2017) that left 61 inches of rain
in Houston, and Florence (2018) that recently delivered 36 inches to North Carolina are harbingers of the
new normal, and examples of the heavy precipitation events climate scientists had predicted.

A discussion of these events which follows will further underscore the water supply’s urgent
vulnerability which becomes increasingly worse as our climate warms, storms become more intense,
and sea levels rise.
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Mother’s Day Storm of 2006

During the Mother’s Day Storm of 2006, an unusually strong low-pressure system stalled over the
central United States and drew in copious amounts of moisture from the Atlantic Ocean, depositing
some 6-15 inches of rain across the Merrimack River Watershed from May 12-14%" (Figure 26. 2006
Mother’s Day Storm Rainfall)

Northeast RFC Taunton, MA
7-Day Observed Precipitation - Valid 5/18/2006 1200 UTC

o T
- -~

:'\wi-\: MOther' snay Stom i . ! : -? . $ , Inches
' Rainfall Totals, May 2006 %~ .

Figure 26. 2006 Mother’s Day Storm Rainfall

The Merrimack River in Lowell was at its highest flood stage since the Hurricane of '38 and the third
highest ever measured. Wastewater treatment facilities along the Merrimack were compromised and
could not handle the additional infiltration of rainfall. The Haverhill facility alone released some 35
million gallons of untreated wastewater and unscreened solids per day into the Merrimack. All this
water eventually found its way to Newburyport causing widespread flooding here and almost
contaminated the city’s water supply at the Lower Artichoke.

When viewing recorded water levels and considering dam elevations, it appears likely that as the
Merrimack backed its way into the Artichoke River it nearly overtopped the Lower Artichoke spillway
with its polluted flood waters. This event, some 14 years ago, was “a shot across the bow”, and clearly
demonstrated the present-day vulnerability of our water supply to flooding by polluted river waters.
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The Great March Flood of 1936

In March of 1936 New England experienced a “Great Flood” where a procession of 4 storm systems
passed to the west of New England, driving in sudden warmth and copious amounts of tropical
moisture from the south. The heavy precipitation fell atop a frozen ground, and thick snowpack. The
heaviest precipitation in New England fell between March 11*" and 12%" (storms 1 and 2) and March
17™" and 18™ (storms 3 and 4). Rainfall varied across the watershed with 6-10 inches of rain falling
across the western flank, while areas on the eastern flank received between 10-22 inches of
precipitation. Extreme flooding resulted from the combination of rainfall and snowmelt whose water
totals varied across the watershed from 13-19 inches, with a peak estimate of nearly 30 inches
observed. https://www.weather.gov/nerfc/hf march 1936 This nearly 200-year event resulted in a
high watermark of 16.9 feet NAVD88 at the mouth of the Artichoke river.

The winter leading up to this March event had been very cold, with significant amounts of snow that
caused the Merrimack and its tributaries to fill with ice. The sudden thaw combined with heavy
precipitation over a frozen ground ensured that virtually all this water content would simply run-off,
quickly overwhelming rivers and streams. Incredible amounts of destruction and flooding occurred
upstream of Newburyport, with untold volumes of debris flowing to the city, which was littered across
the Great Marsh and back side of Plum Island. During the flood’s crest, the Merrimack River backed
into the lower and upper Artichoke reservoirs; likely flowed or at least made a connection to the Little
River across what is now [-95, ultimately flowing into the Great Marsh. Flood Water levels were 6-7
feet over the river’s bank along river road in Merrimac. Grover, Nathan C. The Floods of March 1936,
Part 1. New England Rivers. U.S. Dept of the Interior. Geological Water Supply Paper 798, p 7-12.

Hurricane Florence (2018)

While 13-30 inches of water represents an extreme event, recent tropical storms and Hurricanes have
deposited as much in a short amount of time. Recently, in September 2018, Hurricane Florence
delivered 35.9 inches of rain to areas of North Carolina (Roth, David; Hydrometeorological Prediction
Center; Camp Springs, MD). It should be noted that 10 days prior to landfall, multiple major weather
models predicted a major Hurricane making landfall and then stalling on the US east coast somewhere
between Maine and North Carolina. While this forecast ultimately became a reality for North Carolina,
the storm had initially been traveling on a northwesterly course towards New England. At one time
models were clinging to a New England impact. What shunted the storm to the south was the timing
and development of a high-pressure ridge over the Canadian Maritimes that was larger than initially
forecast. Had this feature not developed to its extent, Florence and her nearly 36 inches of rain could
have impacted New England.

Following the 1936 Flood, the U.S. Army Corp of Engineers constructed a series of flood control dams
upstream along the Merrimack which have reduced subsequent flood peaks in Newburyport.
However, these dams have not been tested by a 30+ inch precipitation event. The Mother’s Day Storm
which delivered only % that volume proved challenging and nearly contaminated the Lower Artichoke
Reservoir. Future events with higher amounts of precipitation, like Hurricane Florence, along with sea
level rise and surge, will weigh in with a heavy hand and are unlikely to spare this asset.
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2.2.1.a Increased Storm Water Run-off, Algal Blooms, and Drinking Water Quality

Algal blooms are a critical concern for surface water reservoirs. Of relevance to Newburyport ‘s reservoirs
are the prevalence of nuisance blue-green algal species that can alter taste, color, turbidity, odor and in
the case of cyanobacteria, could result in the water being unsuitable for consumption. There are currently
enough nutrients in the system (particularly in the Artichoke Reservoir and Bartlett Pond portions) to fuel
substantial nuisance algal blooms. Algae can also have significant impacts on water treatment plants by
clogging intakes, filters, and screens. In addition, they can alter the water’s pH balance and can cause the
depletion of dissolved oxygen as their cells die off.

The driver of algal blooms is phosphorous run-off from the watershed. While primarily forested, most of
Newburyport’s surface water watershed is privately owned and subject to private agricultural and
residential activities. Run-off from tilled soil, livestock pastures, and impervious surfaces capture and
transport fertilizers, herbicides, pet and livestock waste and other pollutants to the reservoirs,
encouraging algal blooms. The accumulation of nutrient rich sediments in the reservoirs also fuels the
growth of rooted aquatic plants that hastens the transition of a surface water body to that of a wetland.
As plants reduce water flow, capture sediments, and then die, they add to the sediment layer, thereby
decreasing the reservoir’s usable volume. (Figure 27. Phosphorus Budget of Lakes)
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. N\ . | W\ j

atmospheric deposition
(wet & dry)

natural sources locally controlled sources

eline erosion

street runoff
lawn clippings
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resuspension and release

from sediments
Image Credit: Lakeaccess.org : l wastewater

Figure 27. Phosphorus Budget of Lakes

The latest water quality study was completed in 2016 by the Water Department’s engineering consultant
AECOM. The study identified some concerns that the city needs to address, and the City must continue its
ongoing efforts to maintain quality water. However, as climate change ushers in heavier precipitation
events, we can expect higher rates of runoff, increased sedimentation and shallowing of the reservoirs.
Unless watershed activities are better managed, more pollutants will enter the reservoirs and when runoff
events are followed by warmer temperatures and sunshine, will foster rooted plant growth and algal
blooms, decreasing the quality and quantity of the city’s water supply.

As of February 2019, the Department of Public Services (DPS) has proposed to continue funding a Water
Supply Resiliency Plan as part of the city’s Capital Improvement Project. This plan was originally funded
for FY19, but additional monies are being sought to expand its scope. The NRC will continue to assist the
Water Department with the latest Climate Change forecasts as will the city’s consultant. Additionally, a
Capital Improvement Project has been proposed to update the Artichoke Watershed Protection Plan
originally prepared by Weston and Sampson in January of 2005. The city’s surface water supply is largely
unprotected as the reservoirs lie outside of Newburyport in West Newbury, and they are largely bordered
by private property. The Department of Environmental Protection (DEP) has designated buffer zones
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around these public water supplies, and abutting properties must comply with the regulations for these
zones. However, concerns about future drought and additional heavy precipitation runoff have prompted
the city to update its watershed protection plan.

2.2.1.b Artichoke Reservoirs Flood Risks

The following graphics illustrate Newburyport’s Surface Water Reservoir risk to current and future
flooding.

Current Flooding Risk

Figure 28. Upper and Lower Artichoke — Current FEMA 100 Year Inundation reveals that a 100-year event
today would have the Merrimack River back over the lower Artichoke spillway and into both the Lower
and Upper Artichoke Reservoirs. A 0.2% event would have flood waters push through the culverts under
U.S. Interstate 1-95 and into the Common Pasture along Scotland Rd.

(7 2| Upper & Lower Artichoke Reservoirs

\

iof Cumert FEMA H virar Flood inundation | 1% Anoual Chasce of Docwrence)

When employing the National Hurricane Center PV2 basin SLOSH Model data to illustrate hurricane storm
surge inundation, we see that during a worst-case scenario, the Lower Artichoke is at risk for being
inundated by every category type of storm, with a Category 3 system even pushing flood waters over the
Upper Artichoke spillway. It would, however, only take the surge of a worst-case Category 1 storm to top
the Lower Artichoke spillway (where the intake pipe to the city’s water purification plant lies) to
compromise the integrity of, and therefore access to, 75% of the city’s drinking water supply (Figure 29.
Hurricane Storm Surge Inundation - Lower and Upper Artichoke and Figure 30. Close-Up of Lower Artichoke
Spillway Hurricane Storm Surge Inundation).
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Figure 30. Close-Up of Lower Artichoke Spillway Hurricane Storm Surge Inundation
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Future Sea Level Rise

Figure 31. Future Sea Level Rise — Lower Artichoke Reservoir reveals that with an additional 2 feet of sea
level rise expected around 2050, the daily tide would back up to the lower Artichoke spillway twice daily.
Between 2070 and 2100 it is expected that the daily tide would occupy the Lower Artichoke Reservoir.
However, it is important to note that increased sea level rise alone by 2050 simply coupled with current
day storm activity might likely compromise this asset.

W
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Figure 31. Future Sea Level Rise — Lower Artichoke Reservoir
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Future Sea Level Rise Plus Inundation - (Current FEMA)

As the Lower and Upper Artichoke Reservoirs are currently vulnerable to FEMA’s 100-year flood, without
intervention, the reservoirs would continue to remain vulnerable to future SLR + FEMA 100-year events.
(Figure 32. Flood Inundation and Future Sea Level Rise — Lower and Upper Artichoke Reservoirs).
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Figure 32. Flood Inundation and Future Sea Level Rise — Lower and Upper Artichoke Reservoirs
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2.2.1.c Bartlett Spring Pond Flood Risks
Current Flooding Risk

Bartlett Spring pond is a small spring-fed surface reservoir located adjacent to the Merrimack River on the
Water Treatment Facility property at the end of Spring lane. It represents about 5% of the city’s total
water supply. The pond is separated from the Merrimack by a berm atop of which runs a small road. The
berm was originally constructed during the March 1936 Flood to protect the city’s water supply (Figure
33. March 1936 Flood, volunteers build a berm to protect Bartlett Spring Pond). The pond is situated
outside the FEMA flood zone, which is approximately elevation 10, or roughly 6 feet above mean high
water. The roadway and berm offering protection to the pond lies at approximately elevation 14, or
roughly 10 feet above mean high water. Therefore, the asset is currently at less risk from compromise
when compared to Newburyport’s other 2 surface reservoirs. Referencing Figure 34. Hurricane Storm
Surge Inundation - Bartlett Spring Pond, reveals that the pond is safe from the surge of a worst-case
Category 1 or 2 storm, but is over topped by a worst-case Category 3, at which point the facility is at risk.
While this asset is currently protected from current day storms and water levels, it will still be subject to
risks imposed by future sea level rise, storms and surge, and like the other reservoirs, is vulnerable to algal
blooms.

Figure 33. March 1936 Flood, volunteers build a berm to protect Bartlett Spring Pond

Newburyport Climate Resiliency Plan 10/8/2020 Return to Table of Contents Page 45 of 182
73




CHAPTER 2

Future Sea Level Rise
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Figure 34. Hurricane Storm Surge Inundation - Bartlett Spring Pond

Bartlett Spring Pond is theoretically protected by its berm for up to 6 or more feet of sea level rise (Figure
35. Future Sea Level Rise — Bartlett Spring Pond). However, as we’ll see in the next section, sea level rise
coupled with the FEMA 1% inundation might challenge the pond’s berm around the year 2070, and
possibly overtop it by the close of the century (2100).
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Figure 35. Future Sea Level Rise — Bartlett Spring Pond

Future SLR plus Inundation - (Current FEMA)

While the pond itself lies at an elevation that is not vulnerable to flooding today, it is the protective berm
that offers the pond protection from SLR + Flooding until about 2070. The city’s water Treatment
(purification) plant sits at an elevation safe from current and future flooding (Figure 36. Flood Inundation
and Future Sea Level Rise — Bartlett Spring Pond)

Unlike the Lower and Upper Artichoke reservoirs, this reservoir is not at immediate risk largely due to
the efforts of volunteers who sought to protect the pond during and following the Great Flood of 1936.
Their efforts bear testament to the value of investing in resiliency today for the benefit of
generations tomorrow.
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FEMA FLOOD INUNDATION MAPS
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Figure 36. Flood Inundation and Future Sea Level Rise — Bartlett Spring Pond

2.2.2 Wastewater Treatment Facility Flood Risks

Wastewater is channeled to Newburyport’s recently updated WWTF located along the waterfront. The
WWTF is designed to handle 3.4 million gallons of wastewater per day (MG/D), and on average processes
1.7 MG/D. During rain events the WWTF also unintentionally processes substantial amounts of
stormwater run-off. While the WWTF was recently upgraded, its aging network of pipes leading to the
facility has not, and so storm water infiltrates the system via cracks in underground pipes and through
manhole covers. It is therefore expected that the WWTF will process more stormwater as climate change
ushers in more frequent episodes of heavy precipitation.

The elevation of the protective berm surrounding the plant is only as effective as the lowest elevation at
which water can enter the sewer system from outside of the plant — and these vulnerable manholes and
pump stations, have not yet been determined. The WWTF would be rendered inoperable, should
floodwaters associated with heavy rains, river flooding or ocean surge enter the sewer system via low
lying manholes or pump stations. These high volumes of water would overburden the plant, resulting in
sewage backup into basements and via manholes onto city streets, with an eventual discharge of
untreated sewage into the river. In this instance, there would be a significant public health crisis.
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A harbinger of such a calamity occurred during the Mother’s Day Storm in 2006, which caused the
Merrimack River to rise substantially. Both the volume of rainfall entering the sewer system and the high
flood elevation of the river combined with a loss of power to run the system’s pumps resulted in sewage
backup into basements and onto Water Street via manholes at low-lying locations. In this instance, homes
otherwise unscathed by storm damage became uninhabitable.

Significant but isolated wastewater system failures, unrelated to flooding, on Plum Island during the
winter of 2015-16 provided another view into the hardships imposed by wastewater system failures. Due
to cold weather, valve failures and human error, some homes experienced sewage backups rendering
them uninhabitable. Families were displaced and had to be housed in hotels and recovery was slow and
difficult as this occurred during the cold and snowy winter months. Imagine this sort of problem on a
grander scale with no electrical power to even begin recovery.

Current Flooding Risk

The Wastewater treatment facility borders FEMA’s high risk VE zone (subject to wave height and run up
depth of 3 feet or more) and is situated in zone AE, flood elevation 12 (NAVD88). Currently the plant is
located 4.2 feet above mean high water, and some portions of the property are almost 10 feet above that
level. However, the property sits 2 to 4 feet lower than FEMA’s 100-year flood elevation, which therefore
makes it vulnerable to current day storm and river flooding.

As stated in the WWTF Resiliency Plan prepared in June 2019, there are a number of components that
were identified as vulnerable to flooding (Figure 37. Flood vulnerability of critical assets of the
Newburyport (WWTF Resiliency Plan, 2019).

The majority of the vulnerable assets are below the current FEMA flood zone elevations but as SLR
increases and storms become more common and intense, future FEMA flood zone elevations will rise.
Therefore, a number of additional assets and treatment plant components will become quite vulnerable.

For more information on the WWTF’s vulnerability assessment, refer to FY 18 EEA Municipality
Vulnerability Preparedness (MVP) Program Action Grant — Wastewater treatment facility Climate Change
Resiliency, Climate Change Vulnerability Report, prepared by Dewberry Engineers, Inc., Issued June 15,
2019.
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Criticality of
Order of Beschatinn Critical Assets
Criticality SRR Operation High Mod. Low
-1 -2 -3
1 Bldg.#8 - Influent Pumping/Operations Essential MCC 1 1250 | v
Building Influent Pumps and Controls ’
2 Bldg.#7- Secondary Sludge Building IMCC 4 — Secondary Systems 10.98 | v*
T Effluent pumps
Bldg.#6 - Build .84
3 Idg.#6 - Effluent Pump Building RscasasatBie ki 12.84 | v
4  |Bldg.#2 - Switchgear Essential Main Power 12.90 | v/
5 Bldg.#3 - Emergency Generator Essential Back Up Main Power |[12.69 v
T There is Redundancy but
2.42
6 Secondary Clarifiers rlnabable dud ta B OE. 1 v
7 Bldg.#4 - Aeration Blower Building Necessary for Quick Recovery [12.41 v
: There is Redundancy but
ct g
8 Chlorine Contact Tanks b ulnetahie dusts B OE, 11.97 | v/
9 Bldg.#5 - Disinfection Building MCC 2 12.83|v
Due to Low P.O.E. if Headworks
Bldg.#9 — 1250 | v/
" R Floods then the Influent Wet
11 Bldg.#11 - Primary Sludge Pumping Building ]MCC 3 14.16 | v/
12  |Aeration Basin Flow Splitter Essential and no Redundancy 14.33 v
13 eration Basins There is Redundancy 14.33 v
Essential but there is
; = 165
14 Primary Clarifiers Redundancy 6.50 v
Not E tial here is
15  |Aerobic Digesters ot Esential nd s 17.33 v
Redundancy
16 Bldg.#10 - Gravity Thickener Building Not Essential 12.50 v
17  [Bio Filters Not Essential 15.68 v
18 Bldg.#12 — Odor Control Building Not Essential 12.60 v
19  |Bldg.#13 - Ferric Chloride Containment Not Essential 12.44 v

Figure 37. Flood vulnerability of critical assets of the Newburyport (WWTF Resiliency Plan, 2019)
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Referencing Figure 38. Hurricane Storm Surge Inundation - WWTF and National Grid Substation, we see
that the SLOSH Model predicts that the facility is currently challenged by a worst-case Category 1 Storm
and inundated by a worst-case scenario Category 2 or stronger system.

Hurricane Surge Scenarios

Category 1

b category 2
Category 3

. Category 4

| Waste Water Treatment Facility

PoWERED BY @

eeien OSK

Figure 38. Hurricane Storm Surge Inundation - WWTF and National Grid Substation
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Future Sea Level Rise

Though the facilities will be playing cat and mouse with the ebb and flow of each storm season, Figure 39.
Future Sea Level Rise — WWTF and National Grid Substation, shows that if sea levels rise to about 6 feet
(year 2100), sea water would nearly inundate the plant twice daily with the tide.

MEAN HIGH WATER (MHW) | Current Day | PREPARED BY:
MHW +2' Sea Level Rise 2050 CITY OF NEWBURYPORT
MHW +3' Sea Level Rise  [N267000 ENGINEERING DIVISION
MHW +6' Sea Level Rise 7io0__) DATE: OCT. 2019
CITY BOUNDARY —_ DATA SOURCES:
MassGIS 2013/14 ORTHOMOSAIC and 2011 TOPOGRAPHIC DATA SETS
NOTE: DATUM: NAVDSS
1. MHW = ELEVATION 4

Figure 39. Future Sea Level Rise — WWTF and National Grid Substation

Newburyport Climate Resiliency Plan 10/8/2020 Return to Table of Contents Page 52 of 182
80




CHAPTER 2

Future SLR plus Inundation - (Current FEMA)

Figure 40. Flood Inundation and Future Sea Level Rise — WWTF and National Grid Substation reveals that
the WWTF and National Grid substation both reside within FEMA’s 100-year flood zone today. Future sea
level rise extends this flood zone further into the city by 2050-2070.
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FEMA +0'

] PREPARED BY:
FEMA +2 CITY OF NEWBURYPORT
FEMA +3' ENGINEERING DIVISION

FEMA +6' DATE: AUG 2019
CITY BOUNDARY —_———— DATA SOURCES:

NOTE: MassGlS 2013/14 ORTHOMOSAIC and 2011 TOPOGRAPHIC DATA SETS
1. FEMA =100 YEAR BASE FLOOD ELEVATION (BFE)

FEMA F.LR.M'S JULY 3, 2012 and JULY 16th, 2014
2. BFE'S ARE IN FEMA AE ZONES, UNLESS NOTED OTHERWISE. DATUM: NAVDES

Figure 40. Flood Inundation and Future Sea Level Rise — WWTF and National Grid Substation

The previous graphics clearly indicate that while the plant needs to be protected today due to its
current vulnerability, preparations also need to begin today to plan for the facility’s relocation by
mid-century.
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2.2.3 Neighborhoods Vulnerable to Flooding

We have just examined the vulnerability of Newburyport’s critical assets. However, less critical assets and
private property are also vulnerable, and in the case of future development require guidance relative to
the risk of developing in, or near, a floodplain. While many parts of the city are vulnerable to flooding due
to river influences, sea level rise, and storm surge, the areas differ enough from one another such that
the three variables contributing to flooding will not contribute equally within each neighborhood. As an
example, the dynamics along the ocean shore of Plum Island are far different from those experienced in
the area between Joppa and the Wastewater treatment facility. While wind fetch (distance over which
the wind blows), wave setup (water piled up by waves) and run up (how far waves wash up along a shore)
do impact Joppa to a great extent, the impact is significantly less than what is experienced on Plum Island,
but significantly more than what is seen along the central waterfront and areas up river through Cashman
Park and beyond. The Little River Watershed is again affected quite differently relative to those areas
along the Merrimack and Atlantic Ocean. There, runoff and barriers to flow are the issue. Dividing the city
into these regions of vulnerability subject to flooding sets the stage for fine tuning risk, adaptation
strategies and zoning efforts that will guide the mitigation process (Figure 41. Neighborhoods Vulnerable
to Flooding).

Neighborhoods Vulnerable to Flooding:

1. Plum Island and the Plum Island Turnpike

2. Joppa to the National Grid Substation

3. The National Grid Substation to the Route 1 Bridge — Downtown and Waterfront
4. The Route 1 Gillis Bridge to the 1-95 Bridge — Cashman Park and Merrimac St.

5. The Surface Water Reservoirs (Critical Asset already discussed)

6. The Little River Watershed including the Business Park

Worst-Case Storm Surge Innundation
§ Il Category 1 Hurricane

~ Category 2 Hurricane
. Category 3 Hurricane ( - - e v St
'8 Il Category 4 Hurricane 4 ; | - -
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2.2.3.a Plum Island and the Plum Island Turnpike

Plum Island is roughly an 8-mile-long barrier island, most of which falls outside the city’s boundary to the
south. However, the far northern extent of the island (the last % to % of a mile) that extends into the
Merrimack River inlet, falls within Newburyport’s jurisdiction. A single low-lying causeway lined with
telephone poles and a single power and communication line, along with a single draw bridge connect the
Island to the mainland. Cell service is marginal, and the water/sewer service traverse the same single
causeway as the power lines to the island. The developed areas of Plum Island (Newburyport and
Newbury) are located within the river’s historical delta, laced between the currentinlet and an abandoned
inlet, the Plum Island Basin. The area is under the influence of significant river flows, tides and open ocean
wave activity. Given its location and history of repetitive episodes of erosion, one might conclude the
area’s geography to be changeable and therefore unstable. In fact, historical nautical charts suggest that
prior to jetty construction, the river would migrate between its two inlets in 50 to 75-year cycles, a cycle
that the jetty interrupts, and one which, given the chance, nature would likely resume (Figure 42. Plum
Island and The Merrimack River Delta).

The following pages will discuss some of Plum Island’s vulnerabilities namely erosion related to sea level
rise, coastal storms and the developed area’s its proximity to the river inlet, flooding from both the river
and ocean, instability and barrier island movement in response to sea level rise, infrastructure impacts
due to a rising water table driven by sea level rise, emergency and non-emergency access, as well as
energy, communication and other utility vulnerabilities.

I@vﬂoped Areas

Sl

Figure 42. Plum Island and The Merrimack River Delta
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Plum Island, Sea Level Rise and the Merrimack River Jetty

Key to understanding Plum Island’s flooding vulnerabilities is to understand its behavior in a rising sea
scenario, and the influence of the jetty at the inlet.

As sea levels rise, barrier islands move landward, or retreat from the ocean. Simply stated, over time the
process involves waves eroding the foreshore and dunes to the point where waves can wash over the
island in vulnerable areas, thereby moving sand from the foreshore to the rear of the island. (Pinet, Paul
R. Invitation to Oceanography p 378-381). Provided the sands are being pushed onto a shallow substrate
to the rear, like a salt marsh rather than a deep bay, the island remains, but over time is re-established in
a different location. One can now imagine the conflict of fixing house lots on a moving piece of real estate.
It is a conflict being realized by all barrier beach communities, not just Plum Island.

Sediment Sources: Reworking of Offshore Deposits

Lowstand Paleodelta
(+/- 10.5 kya)

Sand Sheet / Barriers
(10.5 - 5 kya)

Pinning Interval
(5 kya - 4 kya)

Vertically Building /
Regressive Barriers
(4 kya - present)

GULF OF
MAINE

Modified from:
FitzGerald et al., 1993, NE Coast. Tech. Report

Figure 43. Evolution of a Barrier System in Response to Slow Sea Level Rise

SOURCE: Christopher J. Hein, Emily Carruthers, Duncan FitzGerald, Walter A. Barnhardt, and Byron
D. Stone, Evolution of a Barrier System in Response to Slow Sea Level Rise and Back Barrier In-filling:
Plum Island, Massachusetts. Search and Discovery Article #50235 (2009)

If we examine Plum Island’s history, we might gain a sense of its future. Plum Island evolved in response
to slowly rising sea levels following the conclusion of the last ice age, some 10,000 years ago. At that time,
Ipswich Bay was a dry Tundra with the shores of the Atlantic lying east of Cape Ann. As sea levels slowly
rose, wave action and coastal processes gathered and sorted glacial sediments, forming shallow areas
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that over time became the barrier Island. Over the centuries the island was occasionally overtopped by
storm waves, foreshore sands were transported to the rear onto an infilling, and thus developing, salt
marsh, vegetation would re-establish itself on the over washed sediment, and so on. In this manner the
island slowly moved westward in response to rising sea level (Figure 43. Evolution of a Barrier System in
Response to Slow Sea Level Rise). Over the last 4000 years, Plum Island transitioned from a retreating
barrier island to a “regressive” barrier island — one that built seaward. This has happened as wave and
river deposition of glacial sands along its shore outpaced sea level rise and erosion, allowing winds to
incorporate those sediments into the island’s dune system, thereby encouraging vertical growth and
seaward expansion. The addition of the south jetty to the northern end of the island in the late 1800’s
further promoted this expansion, as the jetty acted as a terminal groin, capturing sands migrating towards
the inlet.

Figure 44 illustrates how attaching the south jetty to the 1851 shoreline near 63™ Street caused the shore
to expand. Homes and streets have populated this (manmade) land mass where 100 years ago water once
was — and sea level then was about 1 foot lower.

“An entire section of Plum Island was created by the addition of the South
Jetty to the shore.”*...the Jetty behaved as a Terminal Groin trapping
sand at the end of Plum Island.

1851 Shoreline { )

N s
gy =

Old Point

Houses were built
where water once was

Commander, U.S. Merrimack River Lifesaving Station, Plum Island, Massachusetts 1897

Figure 44. South Jetty Acting as a Terminal Groin, Plum Island Point
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Historically, sand would work its way around and over the jetty, to shallow the river channel and expand
the shore along Plum Island Point. Several extensions to the jetty were made since its initial construction
to prevent this sand from entering the navigation channel. Over time the battering of waves combined
with the pressure of migrating sands would work to topple the jetty’s stones, forming a breach allowing
once trapped ocean beach sand to again flow into the inlet. Based on historical observations and
correlations of the Massachusetts Office of Coastal Zone Management’s (CZM) shoreline change data with
dates of past jetty repair and dredging, there is a strong association between beach erosion and the
condition of the jetty (Figure 45. Relative Shoreline Change, Plum Island Point, 1915-1994). Shoreline
growth along Plum Island Point historically accelerated during periods of jetty disrepair, while the
concurrent loss of sand from the ocean beach quickly narrowed the shore there, threatening homes in
the process. Repairing the jetty would reverse the process, cutting off the sand supply to the point and
encouraging erosion along Reservation Terrace, while concurrently, albeit slowly, restoring the previously
eroded ocean beach?

Figure 45 also illustrates that erosion along Plum Island Point hastened following past dredging programs
and jetty repairs. Since the most recent jetty reconstruction efforts were completed by the US Army Corps
of Engineers on the south jetty in 2013, and the north jetty in 2015, residents have noticed an astounding
increase in erosion along the northern tip of Plum Island, particularly the Reservation Terrace and Old
Point neighborhoods. According to some estimates by the Newburyport Resiliency Committee, portions
of the dune crest have eroded as much as 300 feet since 2012. Erosion of this magnitude significantly
threatens residents living on Plum Island Point and reduces the capacity of dunes and beaches to protect
properties from increased storm surge.

Clearly, the stability of the developed shore is dependent on the integrity of the jetty system. Without it
the river would assume its natural cycle of moving between its desired inlets — certainly a problem for the
developed areas of Plum Island. More research is needed to identify a jetty design that better balances
shoreline stabilization with navigational needs.

The Merrimack River Jetty System was highlighted as an area of concern in the 2017 NWF’s Great Marsh
Coastal Adaptation Plan not only because of its potential impact on erosion along Plum Island Point and
the ocean beach, but also for it’s potential to constrict river flow during times of heavy runoff. Until flood
waters are of sufficient height to top the elevation of the jetties and their adjacent landmass and the
beach causeways; they, along with the beach causeways act as a barrier to flow, possibly contributing to
flooding along the back side of the Island and along Newburyport’s waterfront. Such may have been the
case during the Mother’s Day Storm of 2006. It was observed in the early stages of the event, that the
jetties appeared to slow the rate at which the ocean’s surge entered the river basin. But once there, the
constricted river mouth served to capture this ocean water within the river basin and marsh. As heavy
storm water runoff flowed down the Merrimack, the river didn’t efficiently discharge both the trapped
sea water and accumulating rainwater. Appearing to be further hemmed in by the Plum Island turnpike
and Beach Road causeway in Salisbury, these flood waters rose along the rear of the barrier beaches and
Newburyport’s waterfront, where significant flooding did occur. More study is needed to confirm or
discount the effect of the inlet jetties and beach causeway’s on flood water levels in this area.

3 Christopher J. Hein, Andrew R. Fallon, Peter Rosen, Porter Hoagland, loannis Y. Georgiou, Duncan M. FitzGerald,
Michael Morris, Sarah Baker, George B. Marino & Gregory Fitzsimons. Shoreline Dynamics Along a Developed River
Mouth Barrier Island: Multi-Decadal Cycles of Erosion and Event-Driven Mitigation. Frontiers in Earth Science, May
2019, p11.
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Relative Shoreline Change, Pl Point, 1915 - 1994
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Figure 45. Relative Shoreline Change, Plum Island Point, 1915-1994
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Rising Seas, Storm Surge, River Flooding and Rising Water Tables

Beginning on March 3™, 2018, New England was impacted by the first of four significant storm systems
that rode in atop of a nearly 10-foot tide (9.9 feet above mean low, low water or 5.6 feet NAVD88). Adding
in a 2-3-foot storm surge resulted in a 12-13 foot storm tide (7.6-8.6 feet NAVD88). Aside from flooding
the Plum Island turnpike, Old Point Road, and Sunset Boulevard, the combined level of the sea to the east
and the river to the west, forced the water table under Plum Island to the surface to form ponds between
dunes, streets and homes (Figure 46. Water Table Ponding, Plum Island Point, March 5, 2018 and Figure
47. Water Table Ponding on Annapolis Way, March 5, 2018). This ponding was not as a result of rainfall.

Surface flooding aside, it is known that a rising water table under a barrier beach serves to destabilize it.
Beach erosion increases as the level of the beach water table rises. “A wet sandy beach is eroded more
rapidly by wave action than a dry one”*. As sea levels rise and storm tide events become more frequent
so might flooding from a rising water table. At some point these events might likely compromise
infrastructure and destabilize the barrier island itself.

PHOTO: Bryan Eaton, Newburyport Daily News

Figure 47. Water Table Ponding on Annapolis Way, March 5, 2018

4 E. Bird and N. Lewis, Beach Re-nourishment, Springer Briefs in Earth Sciences Chapter 2 p23
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The Plum Island Turnpike — Emergency and Non-Emergency Access

Aside from travel by boat, there is only one way to and from Plum Island and that is via the roughly 2-
mile-long, two lane, flat and exposed Plum Island turnpike, and its Bascule draw bridge over the Plum
Island River. In 2016, on average some 11,846 vehicles traversed the turnpike bridge daily (Source:
MassDOT). The turnpike has historically flooded during storms and was impassable during and after the
Blizzard of '78 as it had been flooded and littered with giant ice cakes. When the draw bridge was
constructed in 1973, the causeway’s approach to the bridge was elevated to accommodate the structure’s
height, but the balance of the roadway is low and increasingly today becoming impassable during
significant storm events due to flooding, river ice intrusion and blowing and drifting snow (Figures 48
through 51). Though infrequent and more often a vulnerability during the boating season, the draw bridge
has broken down in its raised position cutting off access to the island for upwards of 6 hours.

Photo: Newbury Police Dept

Figure 48. Plum Island Turnpike - Surge Flooding, March 3, 2018
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Photo: Newbury Police Dept.

Figure 49. Plum Island Turnpike - Surge Flooding and Drifting Snow, January 4, 2018

Figure 50. Fire Fighters use Front End Loader to Respond to Fire, January 4, 2018
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I PHOTO: Jesse Costa, WBUR I

I T —— ol

Figure 51. A Front-End Loader Struggles with Drifting Snow on the Turnpike in 2015

Convenience aside, the vulnerability here is emergency access, and access to repair infrastructure
(powerlines and water/sewer infrastructure). Police, fire and ambulance services are only available from
the mainland. When weather or flooding conditions require that the turnpike be closed, limited police,
fire and rescue personnel remain on the Island. Department of Public Services and Utility (National Grid)
only have access once the turnpike is deemed passable. Fording by boat from Plum Island Point may be
possible, but unlikely during storm events and in the winter when there is river ice. Though the city owned
Parking lot at Plum Island point could potentially serve as a helicopter landing area; it is currently laced
with powerlines which would need to be relocated (Figure 52. Plum Island Point Parking Lot — Power Lines
Obstruct a Potential Helipad). Access via the turnpike will only become more difficult in the future with
sea level rise and increased coastal storm activity.

Photo: Mike Morris, NRC

Figure 52. Plum Island Point Parking Lot — Power Lines Obstruct a Potential Helipad
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Energy, Communication and Utility Vulnerability

Plum Island’s electricity, Cable TV and internet communication lines are hung from a single row of utility
poles that follow the turnpike from the mainland to Plum Island. The utility lines and poles themselves
are vulnerable to wind, snow and ice as they are set to the side of the roadbed and into the underlying
marsh, which is wet and soft, especially when flooded (Figure 53. Utility Poles Bow to the Wind - Plum
Island Turnpike March 2017). The substrate where these poles are set will only become softer as sea levels
continue to rise.

Weather and water levels aside, motor vehicle accidents today along the turnpike have shut down power
and communication to the island for up to 6 hours during clear summer weather, as was the case in June
of 2019 (Figure 54. Turnpike Accident - Shuts off power to 1310 Plum Island Homes for 6 Hours). Adding
to the island’s communication vulnerability is its “spotty” cellular phone reception. When the turnpike
and its utility lines are compromised, the island and its residents can quickly become very isolated.

Figure 53. Utility Poles Bow to the Wind - Plum Island Turnpike March 2017

Figure 54. Turnpike Accident - Shuts off power to 1310 Plum Island Homes for 6 Hours
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Water and Sewer Infrastructure

The Plum Island water and sewer systems are vulnerable due to the nature of where they are — on a
barrier island with shifting topography and a coastal saline (i.e. corrosive) environment exposed to coastal
storms. As part of a multi-year investigation to determine the cause of a premature failure of a water
main along the Turnpike in April 2011, a settlement was made in 2016 and the City was awarded nearly
S5 million. In general, the wrong type of metal was installed with no corrosion protection. The City used
this money to repair the more critical components — it replaced all of the fire hydrants throughout the
entire Island. This work was completed in the summer of 2019. The vast majority of the water and sewer
piping (90% or more) is plastic pipe with some pipe joints having metallic components for restraints or
valving. The City determined that no further mitigation to underground metallic components is warranted
at this time and that the balance of the settlement is to be held in an account to be used for spot repairs
needed in the future.

These utilities are uniquely vulnerable to coastal erosion from storms due to the physical instability of
barrier islands. Shifting sands, erosion, and mayor breaches from storms are typical vulnerabilities that
the city is concerned with — especially as our climate changes. Roads and underground utilities closest to
the ocean, currently Reservation Terrace and parts of Northern Boulevard, are of immediate concern but
as the Island shifts, other roads may end up being impacted.

The hazard of most concern is coastal flooding because that will impact the pumping station building on
Olga Way and it could happen at any time. The tide nearly entered the building during the high tides of
January 2018. Had that have happened, then the basement which houses the massive vacuum storage
tanks and the main pumps on the ground floor level would have been badly damaged and would likely
have shut down the Island. The building sits within a FEMA Flood Zone AE 13, which was revised upwards
by FEMA after the building was built in 2004/05. The first floor is at approximately Elev. 9.5, which makes
the sewage system and, therefore, habitation on the Island quite vulnerable to major flooding.

The underground utilities are generally not impacted by flooding unless a problem exists to these systems
prior to or during the flooding event, such as a suction valve unable to close or a crack in the pipe or a
valve manhole. On the Island, the sewer system is a closed, watertight piping system that runs from the
home or building to a small holding tank structure where it remains until the vacuum sewer valve opens
and the sewage gets sucked out due to negative pressure (a vacuum) imposed on the system from the
vacuum pumps at the Olga Way Pumping Station. The sewage is transported to the pumping station
where it is collected with other incoming sewage from throughout the Island. From there it is pumped
into a force main that pushes the sewage to the WWTF. (Figure 56. Winter Septic System Problems —
Frozen Manholes)

Current Flooding Risk—Plum Island

Today, virtually the entirety of Plum Island and the turnpike will be underwater during a 100-year flood
event. During such an event, a significant portion of the island would be subject to significant wave action
with a wave driven wash-over occurring along the entirety of the barrier dune and into the Plum Island
Basin. The VE Zones are as high as Elevation 23 on the northeast shoreline and drop to Elevation 16 along
the Reservation. Inland areas flood up to approximately Elevation 13 with many areas inundated by 2-
feet of water, as shown in the AO Zones. During such an event, the Plum Island turnpike would become
inundated and impassable, and the airport runways flooded. Damage will be extensive.
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When hurricane surge potential is examined, the barrier island’s vulnerability to coastal storms is again
underscored (Figure 55. Hurricane Storm Surge Inundation — Plum Island and the Plum Island Turnpike). A
worst-case scenario category 1 storm would flood the turnpike, the eastern most airport runway and
inundate much of the island, especially from the rear. A worst-case category 2 storm would approach
flooding levels associated with a FEMA 100-year event with significant wave driven wash over, especially
with a strong and slow-moving category 2, or stronger storm.

Hurricane Surge Scenarios

Category 1

. Category 2
Category 3

B Category 4

Draw Bridge

PHOTQO: City of Newburyport DPS

Figure 56. Winter Septic System Problems — Frozen Manholes
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Future Sea Level Rise — Plum Island

Predicting where water levels will be on barrier islands after the seas rise is virtually impossible. Plum
Island is largely comprised of sand, and sand is fluid and washes about through the combined actions of
wind, waves, tides, currents and a rising water table. Ultimately the complex interaction of these
processes will shape Plum Island’s future, quite possibly long before sea level rise alone can inundate its
topography. Visually, all that can be interpreted from future Plum Island SLR maps is where would water
be today if the ocean were 2, 3, or 6 feet deeper. These flood inundation graphics are helpful for evaluating
when the daily tide might compromise access via the turnpike and other roads on Plum Island.

Previous discussions and graphics have illustrated the causeway’s current vulnerability to flooding. This
vulnerability will only increase as sea levels continue to rise, and coastal storms become stronger. Figure
57 and Figure 58 reveal that with roughly 3 feet of SLR, possibly around 2070, the daily tide will begin to
wash across the following roads twice daily, likely resulting in closures to traffic and eventually, the
possible destabilization of the roadbed itself at:

e the Plum Island turnpike (up to Northern Blvd at Plum Island Center)
e Old Point Road and

e Sunset Blvd
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Figure 57. Future Sea Level Rise — Plum Island
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Furthermore, at about the same time, the daily tide would inundate the runways of the Plum Island
Airport, compromising access there as well. The king tides that coincided with the March storms of 2018
provided a glimpse of what that future would look like (Figure 59. Plum Island Flooding March 3, 2018).

MEAN HIGH WATER with FUTURE _ e
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Photo: Dailymail.com

Figure 59. Plum Island Flooding March 3, 2018
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Future SLR plus Inundation - (Current FEMA)- Plum Island

Previous graphics have illustrated that Plum Island today is critically vulnerable to the 100-year flood and
Hurricane surge. This vulnerability only increases as sea levels rise and our climate continues to spawn
stronger coastal storms. The most substantial influence of climate change upon storm-induced flooding
will be the increase in sea levels, which will increase the baseline water depth upon which the storm tide,
surge, and waves will ride in.

As today’s FEMA 100-year inundation virtually overruns Plum Island, when future SLR is superimposed on
this inundation (Figure 60. Flood Inundation and Future Sea Level Rise — Plum Island) today’s already
severe impacts are only exacerbated.
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Figure 60. Flood Inundation and Future Sea Level Rise — Plum Island

Barrier Island Migration

Finally, the landward migration of barrier beaches in a rising sea scenario needs to be recognized as an
evolving vulnerability to Plum Island. Earlier in this chapter the formation of Plum Island was discussed,
and it described how, over the last 10,000 years, coastal processes (water, wind, waves, currents and
storms) coupled with a slowly rising sea gathered glacial sediments and pushed them westward to form
the barrier. In more recent history (last 4000 years) Plum Island grew seaward faster than it moved
westward. This has happened as wave and river deposition of glacial sands along its shore outpaced sea
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level rise and erosion, allowing winds to incorporate those sediments into the island’s dune system to
build a relatively tall barrier beach. Today, the pace of sea level rise has accelerated in response to climate
change and considering erosion and storm events over the last 15 years, one needs to question whether
the island (and Salisbury Beach across the inlet) might be in the early stages of moving westward again.

Flood and sea level rise inundation maps fail to tell the entire story relative to what might happen when
the forces of sea level rise, storm surge, wave activity, a flooding river and a rising water table interact
sometime in the future. Inundation maps only paint where water will be, given certain depths and
topographic heights. Barrier beaches, however, are made of sand, which when submerged in water
becomes very fluid. Will Plum Island’s foreshore and dune system be significantly compromised with 3
feet of sea level rise, or will it only take only an additional foot? Plum Island’s historical response to sea
level rise suggests that at some point in the future, the island may likely resume its westward migration
in response to accelerating sea level rise, leaving infrastructure and house lots behind.

Given events of the past decade, one must consider whether this has already begun. Storm surge and
waves today are riding in on waters that are already a foot deeper than they were 100 years ago. These
forces are challenging the foreshore and barrier dune system of both Plum Island and the neighboring
barrier island of Salisbury beach. Threatened homes along both shores, coupled with some evidence of a
receding shoreline in the wildlife refuge, and the emergence of ancient marsh along the ocean shore of
Salisbury beach hint that these barrier beaches may again be on the move, and are no longer expanding
seaward, but rather are in the early stages of moving westward.

Camp Sea Haven — Plum 