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ECB 2026-1 Analysis of Infrastructure/Installation Resilience

Executive Summary

This is an evaluation of potential hydrological vulnerabilities facing the rehabilitation of
the Hartford Levee systems in Hartford and East Hartford, Connecticut. The levees are
situated along the Connecticut River in Hartford and East Hartford, Connecticut. The
system comprises levees, floodwalls, closure structures, storage ponds, conduits, and
pumpstations. Hartford is the capital of Connecticut State in southern New England.

Rehabilitation of the system is intended to achieve the goals of:

1. Reducing potential life loss in the communities of Hartford and East Hartford that
are protected by the FRM systems related to flooding'resulting from the failure of
those systems.

2. Reducing damages to residences, business, a infrastructure caused by

to decrease, although there i atte ore frequent intense storms such as
tropical cyclones and e g ipitation days. The expected pattern of change in

late-century epochs. The ord region is subject to limited coastal influence from the
mouth of the Connecticut River: relative sea-level rise of 1 to 5 feet is expected this
century, with conservative projections up to 8 feet (limited certainty).

Coastal change has been reviewed as a potential concern for the levee systems, but
coincident frequency analysis by the H&H team (See Appendix 2-B2 of the main report)
indicates that the tidal influence is marginal, since it is decoupled from (has negligible
correlation with) upstream storm influences. The picture with respect to inland storm
drainage is less clear. Qualitative analysis (as opposed to quantitative analysis) is
deemed to be sufficient for review of inland flows. Flows in the Connecticut River and
the relevant tributaries were reviewed in Appendix 2-B2, but the options in the design
were based on a current-day assessment of needs. The records of flows in the system
did not indicate any increase in peak or average flows.
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Background

The study area is located on the Connecticut River Watershed. The Connecticut River is
~410 miles in length and flows through four states (New Hampshire, Vermont,
Massachusetts, and Connecticut), connecting 148 tributaries. It is the largest watershed
(~11,000 square miles) and the largest freshwater ecosystem, covering 7.2 million acres,
in New England. There are numerous flood control projects within the watershed.
Fourteen of these, all upstream of Hartford, are owned and managed by the USACE.

The study area is located in the Middle Connecticut River, which stretches between
Amherst, Massachusetts and Middletown, Connecticut. This region is densely populated,
with approximately 2 million residents. Tidal influence reaches from the river’'s mouth to
58 miles (93 km) north at the Enfield Rapids in Windsor ks, CT. This includes the
study area.

Hartford is the capital of Connecticut. The city is d on the right bank (west bank) of
[ km?) in area and has a population
of 121,054 (2020 US Census), with a deRs
city is urban and highly developed, includi mmercial, residential, and industrial
properties. Significant critical infrag gt be found in the city, including the Brainard

The town of East Hartford is 0€a y across the Connecticut River from Hartford
on the left (East) bank 48 approximately the same size as Hartford (18.7 sq mi
(48.5 km?) but has afs ppulation and is less dense. As of the 2020 US Census,
East Hartford has{a of 51,045 and a density of 2,837 people/sq mi
(1,095.4/km?). The to developed, with public, commercial, residential, and
industrial land. As with 2 areas, critical infrastructure can be found throughout the
town and study area.
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lood Risk Management Projects are two separate levee
systems but are being inve

gated under one feasibility study (FS).

The Hartford FRM (Levee) system (Figure 2) was constructed to provide protection for
3,000 acres of land from flooding of the Connecticut River, Park River, North and South
Branches of the Park River, Cully Brook, and Folly Brook. The “Hartford” FRM project can
be divided into two separate but integrated systems — Main Stem Connecticut River and
Park River.

The Main Stem Connecticut River system stretched from high ground near the Hartford-
Windsor town limit south to high ground below the Hartford-Wethersfield boundary. This
system was initially constructed by USACE between 1938 and 1944. Additional
construction took place from 1956 through 1981. Some elements of the system date back

to the 1938-44 construction period. Currently, the City of Hartford owns, operates, and
maintains the FRM Project.
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Figure 2: The Hartford FRM (Levee) System

The East Hartford FRM (levee) system is located along the east bank of the Connecticut
River and the north bank of the Hockanum River in East Hartford. It provides flood
damage reduction for approximately 760 acres of East Hartford from flooding of the
Connecticut and Hockanum Rivers. The system was constructed by USACE between
1938 and 1943 ($2.4 million - 1943 dollars). Upon completion the project was turned over
to the Town of East Hartford. Some elements of the system date back to the original 1938-
43 construction.

Rehabilitation of the system is intended to achieve the goals of:
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1. Reducing potential life loss in the communities of Hartford and East Hartford that
are protected by the FRM systems related to flooding resulting from the failure of
those systems.

2. Reducing damages to residences, business, and critical infrastructure caused by
flooding resulting from the failure of the FRM systems.

3. Supporting the resiliency of the communities protected by the FRM systems.

Project constraints are listed as follows:
e Should not increase or induce flooding outside of the Hartford/East Hartford area
and on the other levee system.
e Should avoid and minimize environmental impacts within the project area to the
maximum degree practicable.
e Should not adversely impact threatened or endange
within the study area.
e Should avoid or minimize negative impacts to
Habitat.
e Should avoid or minimize impacts that ne
projects downstream of the project are
e Should avoid or minimize impacts that co
Connecticut River.
e Should avoid or minimize effects rces and historic structures,
sites, and features within the proje
Must comply with constrai
Consider local responsi
Avoid sites with HTRW(e
Consider the compli al estate considerations.

species, and their habitat

and Essential Fish
Ively affect authorized navigation

e to poor water quality in the

tion 216 authority.
ee Safety Program and SWIF plan.

Minimize i

Although Hartford is ap
River, the tidal signal fro e Atlantic Ocean is observed at the system, and flood risk
reduction was identified as the primary purpose.

Operators at the pump stations in Hartford and East Hartford have reported an increase
in the frequency with which the outlets of the pump stations are above the trigger levels
set to initiate pumping and/or operate gates on their outlet works.

Literature Review

Per ECB 2026-1 a literature review was performed. The review outlines the current
hydrometeorology, and evidence of ongoing or projected changes in the project area.
Relevant and reputable documents were used outlining the scope of trends that might
affect the Hartford Levee systems.
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The Crimmins et al (eds) (2023) report (NCA5) reviewed recent trends in published
observed temperatures, precipitation, and the results of projected future hydrological
conditions based on the outputs of Global and Regional Circulation Models (GCMs and
RCMs). Crimmins et al (2023) included reviews of how forests, urban development, and
oceans were being affected, and how ecological and societal systems were adapting, or
were projected to need to adapt, to changes in the environment. They included regional
reports in chapters dedicated to each of ten broad regions of the United States. These
included a report on the Northeast, which included the six New England states as well as
Delaware, Maryland, New Jersey, New York, Pennsylvania, West Virginia, and
Washington DC.

ACE Institute for Water
ical literature for this region,
temperature, precipitation,
hydrological trends in
progress in the United States in an earlier nation; (NCA4). The USACE
literature synthesis, Crimmins et al (2023), an i iroux etal (2018) are the major
sources of the information referenced in thi ure review. The focus of these
references is on summarizing trend within historical and observed
ell as providing an indication of
J om GCMs and RCMs. In this
ojected temperature and precipitation is
arameters have on observed and projected

A January 2015 literature synthesis conducted by the
Resources (USACE 2015b) summarizes the available te
covering both observed and projected changes. These4

future hydrometeorology based on thé
assessment, background on ob da
provided as context for the imp
streamflow.

Temperature
Temperature Obse

Marvel K. et al, 2023 (in € of Crimmins et al 2023) report a trend of fewer days below
freezing (6.7 fewer days per year in the Northeast Region) and 2.1 more warm nights
(above 70 deg F) per year. There were 1.3 fewer hot days reported for this region, when
the period 2002-2021 was compared to the period 1901-1960. Figure 3 was provided to
illustrate the point:
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Figure 3: Observed Changes in Hot and Col mes 1901 to 2021

Observed changes in annual average temperdttre for the theast Region have
he 1901-1960 period. Observed
m temperature has increased by
1.16 °F and 1.70 °F in the Northeast rggion, re tively (Dupigny-Giroux, L.A. et al
(2018)). Observed increases in temperat
York State, Pennsylvania, and New Jersé
trends, have been reported in nug
2008; the Frumhoff et al (20
included increases in sum
°C during the 20" Century, ane publing“er the number of days per year exceeding 32
°C (90 °C) since 1970

More specifically, i
rising trend of 0.8 to'%
trend for the months of D€eemiber to February. Spring warming since 2001 appears to be
occurring 0 to 4 days earlier than it did during the 1950’s which indicates a potential
change in seasonality. In a review of 361 station records over the period 1930 to 1996,
only 4 stations had records of decreasing temperatures, and none of these results was
statistically significant. These studies are included in Wang et al (2009); Westby et al
(2013); Meehl et al (2012); Schwartz et al (2013); DeGaetano et al (2002); Horton et al
(2014).

Trombulak and Wolfson (2004) reviewed temperature data at 36 locations in New
England and New York State for 1903-2000, reporting an average increase of 3 °C per
century for the region, without reporting on significance. For Hartford in the Coastal
Connecticut watershed in western Connecticut, the interpolated rate of temperature-
change appeared to be 2 °C to 3 °C per century (See Figure 4).
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years) in the NeV
1903 to 2000. Ha

3on 2004 Review of Temperature Changes (°C per 100
and-New York Region. The Study Period of Record is
¥'s location is indicated with a red star.

Temperature Projections

Marvel et al 2023 reported that warming in the US was projected to be greater than the
global average during the balance of the 21st century. They reported results of
projections based on assumed increases of 1.5, 2.0, 3.0 and 4.0 °C (2.7 to 7.2 °F). For
the case of a 2.0 °C (3.6 °F) global rise, they presented the maps shown in Figure 5.
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Figure 5 Projected Changes to Hot and Cold Extremes
(relative to the period 1991-2020)

For central Connecticut, by the end of the 215t ce
case, there would be up to 5 more days per an
20 fewer days of temperatures below freezing;
above 70 °F.

is 2 °C global warming
s above 95 °F; about

Dupigny-Giroux, L.A. et al (2018) revi
temperature-change for 7 regions of the U
minimum, and maximum tempera these were expected to differ from “near-
y 32 hydrological models, under two sets
e periods examined were for mid-century
e average temperatures were expected to

and By 5.3 to 9.1 °F by late-century.

1gny-Giroux, L.A. et al (2018) reported results for the mid-
ere projected to have shifted from the 1976-2005
conditions. For the Northes e change in the warmest day of the year was expected
to be 6.5 °F; the change inthe coldest day of the year was expected to be 9.5 °F. For 5-
day periods, the 1-in-10-year coldest spell was expected to be 15.9 °F warmer; the 1-in-
10-year warmest spell was expected to be 12.9 °F warmer.

For projections, GCMs are used to simulate future weather conditions. Scherer and
Diffenbaugh (2014) used varying assumptions about emissions to model conditions in the
United States: their results for New England indicated increased summer and winter
temperatures of 5.2 °C (9.4 °F) and 1.7 °C (3.1 °F).

Runkle et al 2017 and Runkle et al 2022 published Connecticut-specific assessments
containing information on observed and projected streamflow trends, and past and future
conditions of sea level and coastal flooding. Regarding temperatures, Runkle et al 2017
reported as follows:
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“Temperatures in Connecticut have increased almost 3.5 °F since the beginning of the
20" century. The greatest number of hot days occurred during the last two multiyear
periods (2010-2014 and 2015-2020...) The number of warm nights has been
consistently above the long-term average since 1995; the most recent multiyear period
had the second-highest average... The number of very cold nights has been below
average since the mid-1980’s, with the lowest multiyear average occurring during the
2010-2014 period.”

Figure 6 provides a summary of the expected changes, based on the two scenarios
(RCP4.5 and RCP8.5) in which CO2 emissions either continue to increase (higher
emissions) or increase at a slower rate. Although the figure is taken from Runkle et al
2022, the authors reference work by Vose et al at North Carolina State University in 2014.
Historically unprecedented warming is projected to continug (higher emission) through
the 215t century. Temperatures have risen almost 3.5 °F e the beginning of the 20"
century. Shading indicates the range of annual temp es from the set of models.
Observed temperatures are generally within the e model simulations of the
historical period (gray shading).

(the coldest years being about
ing) and more warming under a
11 °F warmer than the hottest year

Less warming is expected under a lower emis
6 °F warmer than the long-term average; gree
higher emissions future (the hottest yearggbeing ab
in the historical record; red shading).
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Figure 6 Observed and Projected Temperature Change in Connecticut (Source:
Runkle et al (2022)
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Precipitation

Precipitation Observations

Whitehead et al (2023) reported in Crimmins et al (2023) that both total precipitation and
precipitation intensity extremes appeared to be rising throughout the Northeast United
States. This is illustrated in the four charts shown in Figure 7.
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Figure 7: Trends in Extreme Precipitation in the Northeast

Whitehead et al (2023) noted that the percent increases noted in the top left corner of
each chart were measured relative to the average result for the period 1958 to 2022. For
the number of 2-inch-precipitation days, the 49% total corresponds to an increase over
1958-t0-2022 of 98% (essentially, a doubling of the frequency of these events). For 3-

10
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inch, 4-inch, and 5-inch-precipitation days, the percentage increases in frequencies were
even higher.

Whitehead et al (2023) noted also that the frequency of droughts had decreased in the
Northeast over the years 1901 to 2015. They reported also that heatwaves had been
lasting longer, were more severe, and were increasing heat stress, especially in densely
populated areas.

Dupigny-Giroux et al (2018) summarized changes that were observed over a period of
115 years from 1901 to 2016, for a grid of latitudes and longitudes that covered the
contiguous United States. Maximum daily precipitation was reviewed for this grid, and it
was noted that the 20-year-return-level precipitation had increased in each of the four
seasons for the Northeast Region. The total increase for winter was 0.08 inches; for spring
0.25 inches; for summer 0.16 inches; for fall 0.23 inch The same database was
reviewed to demonstrate that the size of a 5-day m um daily precipitation had
increased over 1901 to 2016 by 27% in the Northea oted that the frequency of
exceedances of the 5-year 2-day precipitation
observation period) had increased by 74%, in th
shorter, more recent period 1958 to 2016, wa
74% to 92%. The 99" percentile annual 1-day p
Northeast for the period 1958 to 2016.

tion had increased by 55% for the

Observations of summertime weather i although extratropical cyclones
seemed to be becoming less fr t si 1979 (by 35%), the associated intensity
appeared to be increasing.

Dupigny et al (2018) noted re
with projected increasg
December through A
over the previous €
decreases in the mini
the 215t century.

rea n rainfall intensity throughout the Northeast,
precipitation of about 1 inch during the months
. ough annual minimum streamflows had increased
as expected that late-summer warming might lead to
flows in the late summer and early fall by the middle of

Dupigny et al (2018) also noted that larger cities in the Northeast are deliberately planning
to mitigate impacts of more frequent flooding, naming Boston, MA, Burlington VT,
Hartford, CT, Newark NJ, Manchester NH, New York NY, Philadelphia PA, Pittsburgh
PA, Portland ME, Providence Rl and Washington DC as cities that had begun to plan for
likely meteorological changes and had started to make changes when upgrading aging
infrastructure.

Hayhoe et al (2008) reviewed data in the 20" century, developing an estimate for New
England of a 5-mm (0.2 inch) per day increase in precipitation, with more intense storms
(10 to 15%) occurring more often (12 to 13% more per year), and the wettest annual 5-
day period expected to contain 20% more volume by the end of the 215t century.

Runkle et al (2022) reported as follows:
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“Precipitation in Connecticut is abundant but highly variable from year to year.
Generally, annual precipitation has been above average since the 1970s. The
driest multiyear periods were the 1960s and the wettest in the late 1970s and late
2000s ... The wettest consecutive 5-year interval on record (2007-2011) averaged
53.6 inches per year, while the driest (1962—1966) averaged about 36 inches per
year. The single driest year was 1965, with a statewide average of 30.7 inches,
while the wettest year was 2011, with 63.7 inches. Seasonal snowfall ranges from
between 30 and 35 inches along the coast to 50 inches in the Northwest Hills. The
highest number of 2-inch extreme precipitation events was recorded between 2005
and 2014.... Summer precipitation was generally above average in the 2000s and
early 2010s ... Connecticut experienced extreme drought in 2016—2017 and again
in 2020, straining water supplies.”

were in general 5% to 15% increased. The p
increase in spring-time precipitation.

More recently, the precipitation record at
west of Hartford in the Lower Connect
southwest of Hartford in the neath Basin, include significant storms in July
and September-October 2023 ikely continuation of increasing frequency

Janssen et al. 2016, in ew of modeling results, and summarized the following:
extreme heavy precipitatio was expected to manifest in a tripling of the frequency of
storms previously designated “5-year return period storms” throughout the US, with the
greatest increases being in the Northeast. The projected size of a “20-year” storm was
expected to increase by 10 to 13% by mid-215t-century, and by 14 to 22% by late-21st
century, for the New England region. Trends associated with hurricanes were less clear
from the modeling.

Thibeault and Seth (2014) assumed a high CO2 emissions scenario to develop
projections for the Northeast Region, some of which had statistically significant increases
of 1.5 mm/day. Rawlins et al (2012) reviewed data since 1971 to develop projections of
increases in precipitation through 2070 in New England of 12% in winter, 10% in spring;
-2% (less rainy) in summer; and 3% in autumn. For the Hartford area in central
Connecticut, the ranges were 8 to 10% in winter, 4 to 8% in spring; no clear change in

12



Feasibility Report & Environmental Assessment
Hartford & East Hartford Levee Rehabilitation, Section 216 April 2026

summer; and 3 to 5% in autumn. These results can be inferred from review of Figure 8.
The scope of the Rawlins study included New York, New Jersey, and Pennsylvania.

The changes in projected precipitation noted in these seasonal projections suggest a
potential shift in flood seasonality. Winter and spring precipitation have important
implications for flood risk management as increase in precipitation during this time of year
may exacerbate flooding at the Hartford levees.

spring / ,-v‘-\
2 ) L

%

14
12

10

Figure 8: Projected changes in seasonal precipitation volumes, 1971-2000 compared
with 2041-2070, as a percent of 1971-2000 precipitation volumes (Rawlins et
al. 2012). The central location of Hartford CT is indicated with a red star
symbol.

Hayhoe et al (2007) and Hayhoe et al (2008) essentially validated the seasonal findings
and projections of Thibeault and Seth (2014) for the New England area, adding their own
projections through 2099; their results included an estimate of a 5-mm (0.2 inch) per day
increase in precipitation, with more intense storms (10 to 15%) occurring more often (12
to 13% more per year), and the wettest annual 5-day period expected to contain 20%
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more volume by the end of the 215t century. Ahmed et al (2013) created two hydrological
model ensembles, using data from 1976-1995 and projecting to 2065: the average
number of rain-days exceeding 10 mm (0.4 inch) increased by 0 to 4 days per year by
2065 under both scenarios, although the frequency and intensity of big storms were less
clear (depended on the location). Huntington et al (2009) noted that an increase of up to
10% in annual precipitation was expected by the end of the 215t century, although there
was limited agreement between models; the projected increase in winter precipitation,
however, was a common theme, as summarized by Dupigny-Giroux et al (2018).

Runkle et al (2022) reported that precipitation in the spring was expected to increase in
Connecticut by mid-Century (by 2050); the projected amounts were in general 5% to 15%
increased and approximately 10 % at Hartford.

Streamflow

Whitehead et al (2023) noted that specific hurrica
of Henri and Ida, Isaias) had caused flood da
less capacity to absorb the losses, but there re
about flooding related to smaller periods of |
thunderstorms), or whether these briefi

issues.

(Irene, Sa the 2019 combination
ith had tended to be in areas with
a lack of consolidated information
se rainfall (such as convective
eliably correlated with flooding

Streamflow Observations

iIndicated a possibility of increased frequency
of large storms. The (g i off to precipitation was less readily apparent:

r son appeared to be shrinking over time, so there
, generating runoff, in the spring.

ON-SNOW SNOWME off events would occur with less total runoff being
generated, and more opportunities for water to seep into the soil as opposed to
increasing the measured runoff.

e For hurricanes and tropical storms, which are an important driver of flooding events
in the eastern United States, the expected drier conditions in the summer months
would serve to promote hydrologic losses such that intense thunderstorms might
produce substantial precipitation, but more of this would be lost to infiltration.

Wehner et al, 2017 noted that possible deforestation, urbanization, dams, floodwater
management activities, or changes in agricultural practices were important factors in
statistics connecting runoff and precipitation. The report noted “Projection of future
changes is thus a complex multivariate problem.”

Kalra et al (2008) reviewed historical streamflow data for 1951-2001 and found no
statistically significant trend in the New England Region for either annual or seasonal
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streamflow. Small et al (2006) studied flow records in 1948-1997, essentially confirming
this “no-trend” finding, but noting also that two stations had a statistically significant
decrease in low flows. Armstrong et al (2012) reviewed 23 gage records at “undisturbed”
sites and noted that for 22 of the sites, low-magnitude floods were increasing in frequency
and magnitude, and that the result was significant at p<0.1 for 10 of the stations. Hayhoe
et al (2007) reviewed peak spring runoff data since 1950, noting that the peak was
occurring earlier by approximately 0.3 days per decade over 1950 to 2000, but with no
significance stated; runoff volumes and 7-day annual minimum values presented less
clear results.

Hodgkins et al (2003) used a more robust measure of peak flow timing at 27 New England
stations (center-of-volume date for the January-through-May winter-spring period and the
center-of-volume date for the June-through-December sugdmer-fall period) in the 20"
century. Half of these stations (14 of 27) exhibited a .1 significant trend of earlier
dates for winter/spring; four of the stations also had e mmer/fall dates. Frumhoff
et al, 2007 noted that in the Northeast Region ov
thawing of lake ice had shifted by 9 days in the n
the southern region.

ern part of egion to 16 days over

Runkle et al 2022 reported:

“Increases in the frequency and ; extreme precipitation events are
projected, as well as incre and spring precipitation.”

Streamflow Projections

stration of FEMA. Tebaldi et aI (2006) had developed a
S¢aling river gage data based on seven commonly used
hydrological indices fro oupled Model Intercomparison Project (CMIP) database
and found that at the end ofighte 215! century the 1% annual change exceedance floodplain
area would increase in area by about 30%. Wehner et al (2017) noted also that AECOM
(2013) had indicated that there would be larger changes in the Northeast and Great Lakes
regions and smaller changes in the central parts of the country and the Gulf Coast.

Thomson et al (2005) used two GCMs with various input assumptions to model flows
across the United States. The results were inconclusive with respect to streamflows in
the neighboring Mid-Atlantic Region (west of the Connecticut River basin and the New
England region where Hartford is located). For the New England region, the results
indicated little to no change over time, and the small change that was indicated, forecast
as water yield, was positive in one case and negative in the other, but appeared to register
differences smaller than 15 mm in either case.
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Hagemann et al (2013) reviewed runoff trends based on a set of GCM simulations. The
models indicated runoff increases of up to 3.1 inches per year, with larger increases in
the winter and smaller increase in the spring. For the New England region, however, the
modeled projections demonstrated appreciable uncertainty, based on setting the starting
boundary conditions (seeding), as well as with the models’ GCM assumptions.

Frumhoff et al. 2007 noted changes in seasonal timing of runoff (10 days shift for the
spring peak flow by 2100), and that the probability of high-flow events may increase by
up to 80%, especially in Maine, New Hampshire, and Vermont. Drought frequency was
expected to increase due to reductions in summer runoff and soil moisture, with a
reduction of 10% for the annual low flow 7Q1 (7-day average annual minimum low flow,
with return period 1 year).

estimates of 60 to 200 mm
expected for the USACE

USACE (2015) summarized a two-model GCM study
increase (approximately 2.5 to 8 inches) in annual

and USACE 2015 includes the statement “T
regarding future projections of annual_stream
streamflow peaks are expected to arrive in the

little consensus in the literature
volumes, but in general spring
r and may increase in volume.”

Both USACE (2015) and CDM S
a significant source of uncertai

(201 utioned that hydrologic parameters were

Ahearn and Hodgkins (2020)
trends in and near Conpegti

iew of peak flows that “Historical peak-flow
ot offer clear and convincing evidence of the need to
analyses.” They did acknowledge the possibility
that changes migh in the future with regard to this approach, since Walter
C dence of increasing high flows in urbanizing basins in
Connecticut, while Hodgki d Dudley (2005), Collins (2009), and Huntington et al
(2009) had found increasifig high flows in basins minimally affected by urbanization.
Consequently, alterations to the drainage basin areas on the west and east banks of the
Connecticut in the City of Hartford and Town of East Hartford may prove more influential
in changing the local response of surface water to rainfall than wider stormflow issues.

Seasonality

Seasonality in Temperature — Observations and Projections

Several studies noted that spring warming since 2001 appears to be occurring 0 to 4 days
earlier than it did during the 1950’s which indicates a potential change in seasonality.

These studies are included in Wang et al (2009); Westby et al (2013); Meehl et al (2012);
Schwartz et al (2013); DeGaetano et al (2002); Horton et al (2014).
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Dupigny-Giroux, L.A. et al (2018) noted that in New England, a general warming trend
has been observed, with a rising trend of 0.8 °C to 3.0 °C per century, although they noted
two studies that detected a cooling trend for the months of December to February.

Seasonality in Precipitation — Observations and Projections

Rawlins et al (2012) reviewed data since 1971 to develop projections of increases in
precipitation through 2070 in New England of 12% in winter, 10% in spring; -2% (less
rainy) in summer; and 3% in autumn. For the Hartford area in central Connecticut, the
ranges were 8 to 10% in winter, 4 to 8% in spring; no clear change in summer; and 3 to
5% in autumn.

Seasonality in Streamflow — Observations and Projections

Frumhoff et al. 2007 noted that in the Northeast Regi e 20™ century the date of
art of the region to 16
days over the southern region.

Frumhoff et al. 2007 noted changes in season
spring peak flow by 2100), and that the
up to 80%, especially farther north in
frequency was expected to increase due t
with a reduction of 10% for the
flow, with return period 1 year,

ng of runoff (10 days shift for the
igh-flow events may increase by
pshire, and Vermont. Drought
summer runoff and soil moisture,

Coastal Effects

through 2100 of 1 to 8 feetjwith a likely range of 1 to 4 feet. These were based on the 6
US Interagency Sea Level Rise Task Force GMSL scenarios. Runkle et al (2022) noted:
“Even greater rises are possible for Connecticut”. Their summary chart of the NCA4 sea-
level findings (Sweet et al 2017) is reproduced here as Figure 9.
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Figure 10, taken from Sweet et al 2017 in Dupigny-Giroux et al (2018), indicates an
expected range of 3 to 5 feet for RSLC along the Connecticut coast by 2100. The global
increase would be larger under an RCP 8.5 model run; and it is expected that Connecticut
would experience greater RSLC than the global average. Sweet et al (2017) reported the
possibility of up to 8 feet of global rise, but noted that the available data did not allow for
a useful assessment of confidence in the 8-foot projection.

Literature Review Summary

Recent technical literature observed increasing mean air temperature trends in the study
region. Winter temperatures may be increasing faster than other seasons. The literature
points to an increasing trend in the number and temperatufe of extreme heat days. Total
precipitation is increasing over time. Winter precipi is expected to increase.
Snowmelt and the spring thaw of lake ice have been occur earlier in the year.
Despite the observations of increasing precipitati h century, there is little
evidence of significant increases in streamflow @ver the,same period. Relative sea-level
is projected to rise by 3 to 5 feet by 2100.

The USACE literature synthesis findings summarized in Figure 11.
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Figure 11: Summary matrix of observed and projected hydrological trends for the New
England Region (USACE 2015)

Records of Inflows to the Levee System

The assumption that discharge datasets are stationary (their statistical characteristics are
unchanging in time) underlies many traditional hydrologic analyses. Statistical tests can
be used to test this assumption. The Nonstationarity Detection (NSD) tool is a web-based
tool to perform these tests on datasets of annual peak streamflow at U.S. Geological
Survey (USGS) stream gages. The Hartford and East Hartford levee systems are
operated for flood risk management. This resilience review is intended to support the
rehabilitation study, so the focus of this study is the high flow regime that is best
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represented by riverine flows in tributaries to the Connecticut River and along the
Connecticut River itself in the Hartford and East Hartford region.

As shown in the following subsections Park River, Hockanum River, and Connecticut
River sections that follow, the USGS record of peak annual flows, monthly mean flows,
and monthly water levels and flows over multiple decades does exhibit evidence of
nonstationarities. A strong nonstationarity is one that demonstrates a degree of
consensus, robustness, and a significant increase or decrease in the sample mean and/or
variance. The CHAT’s Time Series Toolbox (TST) performs tests to establish whether
mean values (blue horizontal bars in the standard TST test results), variance

or its derivative parameter the standard deviation (green horizontal
bars) experienced any abrupt changes (nonstationarities) during the period of record
under examination. The TST shows a “statistical tests” heatmdap with multiple test results
for the mean and variance, with blue and verti ars located on the chart to
show the dates and detection methods used to ge he positive nonstationarity
results. In addition to these tests, the CHAT adds li

ity appeared to be in progress
ieved when a positive test for
nonstationarity in one parameter is supported by ther test for the same parameter

within 5 years (could be the same year) chieved when a positive test for
uncertainty in one parameter is supporte ive test for a different parameter
within 5 years (could be the samegyear). positive test result for one parameter is

deviation in the TST):.

In addition to the Connecticut River, river flows of concern in Hartford are: Park River (77
square miles) with its North and South Branches; Folly Brook; and Cully Brook. For the
resilience assessment, Park River and its North Branch have been reviewed.

In addition to the Connecticut River, for East Hartford, the concern is with Hockanum
River (also 77 square miles), along with its South Branch. The Hockanum River drains
portions of Ellington, Rockville, Vernon, South Windsor, Talcottville, Buckley, Waddell,
Manchester, and East Hartford communities. There is some regulation in Union Pond,
and there is a recreational area over much of the river length through these communities.
If the nearby woods and recreation areas were to be developed, then the added
urbanization would promote the conversion of rainfall to runoff. For the resilience
assessment, the Hockanum River has been reviewed.
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Drainage and pump systems discharge to the Connecticut River, which is tidally
influenced, although Hartford is 45 miles upstream of the mouth of the river. The drainage
area of the Connecticut River at Hartford is 10,500 square miles. In general, tidal influence
at Hartford is small.

The USGS StreamStats tool can estimate storm flows for Park River, Hockanum River,
and the Connecticut River, although there are warnings in all three cases based on
uncertainty regarding regulation. This regulation includes the 14 USACE owned and
operated flood risk management dams upstream in the Connecticut River watershed, but
also the detention basins and storage dams in Hartford and East Hartford. USACE
designed a further two FRM dams that were constructed in the Connecticut River
watershed. These are in Connecticut, and are operated by the State of Connecticut. The
16 dams are described briefly in Table 5.

For periods longer than 10 years in which no nonstatio
trend analysis can be performed. The TST trend a
curves (a least-squares or “traditional” regressio
performs three statistical tests on the data se ish whether the trend (slope) is
significantly greater or smaller than zero.

are detected, a meaningful

Statistical test results with P-values (or alphe ller than 0.05 (confidence more
than 95%) indicate test detections of a , that is, the flows are changing

small, and it was possible a_timespan to “force” either positive or negative
slopes, but statistical tests S
detected at the 0.05 leye

The Park River in Hartford
1936 to 1962. The drainag

3’ monitored at USGS gaging station 01191500 for the years
basin area at the gage is 72.5 square miles.

The North Branch of the Park River (drainage basin area 26.8 square miles) has been
monitored at gaging station 01191000 from 1936 through 2022, with gaps from 1986-
1994 and 1997-2014.

Figure 12 shows a summary of the CHAT’s nonstationarity and trend analyses for the
Park River.
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Park River Peak Flows in Hartford 1936 to 1962

USGS 01191500-PARK R AT HARTFORD, CT. with Nonstationarities Detected (all tests) = USGS 01191500-PARK R AT HARTFORD, CT. with Slope Fits

Annual Peak Streamflow in CFS
Annual Peak Streamflow in CFS

Walter Year

— Uploaded Dt — Traditional Siope ~ — Sens Slope

Mo nonstationarities detected! Segment Statistics (all tests)

Mean

ation  Variance

Standard

Figure 12: Park River - Analysis of Pea

the North Branch Park River was reviewed. Figure
e review with respect to annual peak streamflows.

For more recent data,
13 has been prepar ri
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North Branch Park River Peak Flows in Hartford 1936 to 1986

USGS 01191000-NORTH BRANCH PARK RIVER AT HARTFORD, CT with Nonstationarities = USGS 01191000-NORTH BRANCH PARK RIVER AT HARTFORD, CT with Slope Fits —
Detected (all tests) ' =
& Ld !
Q & talist
E s
3 ;
§ £,
& a
2 g4
= d
z g /
S
Water Year Slightly negative slope Water Year ' -
not statistically significant. — UplosdedDuts  — TradionelSlage  — Sene Slops

= Dats = Abrupt Nonstationarities Smooth Nonstationarities

ment Statistics (all tests)

Statistical Tests Heatmap

Mean 1,500 cfs

Mean

Single Detect in 1973
Treat as a non-detect

ce 2,000,000 ft6 [ sec2

Variance

Method

ev = 1,400 cfs

L

‘Water Year

aaaaaaaa
— Mean Varance  — Standard Deviation

1984 and Nonstationari s and Trend Analysis 1936-2020

The North Branch record of
1986. It indicates one dlstn
supporting nonstationg
1981 when improveg

amflows is reliable for the years 1936 to
( onstationarity detection in 1973 with no

ns. The 1973 date indicated falls in the years 1956-
gress on the Hartford Levee System.

The associated segme indicated a mean annual peak value of 1,500 cfs, with
a standard deviation of s. Trend analysis over the period 1936-1986 led to t-test
p-value 0.917, Mann-Kendall test p-value 0.314 and Spearman Rank-Order p-value
0.290. That these values exceeded 0.05 indicated that there was no trend detected at the
95% significance level.

The same trend analysis was performed for the years 1936-2020, as included in the top
right quadrant of Figure 10, with similar results (p-values 0.320, 0.865, and 0.824
indicating no trend at the 95% significance level). There were no further nonstationarities
detected in the longer time period, although the large gaps after 1986 suggest that more
recent inferences should be used with caution.

Neither the Park River nor its tributary the North Branch Park River could be used with
confidence for data more recent than 1986, due to extensive gaps in the available data
set (not due to detections of nonstationarities in the available data). The lack of any strong
trend (trend detections with significance tests greater than 0.05) leads to a reasonable
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assumption of peak annual flows neither increasing nor decreasing over time in their
respective most recent “long” (over 10 years with no nonstationarity detections)
segments. These results support the assertion of a stationary data set after 1986.

The mean annual peak values of 3,000 cfs for the Park River (drainage area 72.5 square
miles) and 1,500 cfs for the North Branch Park River (drainage area 26.8 square miles)
are consistent with the summary:

Park River Basin Mean Annual Peak Flow (cfs)=123 x [Drainage Area (sq mi)]*0.75)

The exponent 0.75 for a median annual peak flow, cited in the 2011 FEMA Flood
Insurance Study for Hartford County, is consistent with a storm event. For a more typical
normal (not storm) flow, the exponent would be expected to o closer to 1.0 (flow in direct
proportion to drainage area).

Although StreamStats does develop estimates ith smaller exceedance
probabilities (up to the 0.2% AEP event or 500- reamStats values are

peak flow is often used to estimate likely chann city, but for storm drainage or any
other utility lines, the systems are likely to, commingle,during larger storms. The reader is
referred to Appendix 2-B2 (Interior Drain
at the salient pump stations.

Based on observations at thef$ e | r annual peak flow does not appear to be
changing over time.

Hockanum River, [ ity Detection and Trend Analyses

In East Hartford, the
01192500, rendering a d record from 1920 to 2022, with a gap in the record from
1922 to 1928. The gage has a contributing basin area of 73.4 square miles. It is located
approximately five miles upstream of the pump station.

Figure 14: shows a summary of the CHAT’s nonstationarity and trend analyses for the
Hockanum River.
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Hockanum River Peak Flows in Hartford 1920 to 2022
Nonstationarities detected in 1970, 71, 72, 73; 1984, 2005
USGS 01192500-HOCKANUM RIVER NEAR EAST HARTFORD, CT with Nonstationarities = Statistical Tests Heatmap =

Detected (all tests) .
:
z B I
£ HE Ry |
g
g
£l \

& o R R e D Water Year

O i R ? B PP PP DA
BT S i e S AR gt s

Water Year Distribution @ Mean @ Variance Smooth
— Dats — Abrupt Smooth
Statistical Tests Heatmap = ment Statistics (all tests) =
5 . ean 1100 cfs —
I =
1 1 H
s
Distribution @ Mean @ Variance Smao)
Water Year
Figure 14: Hockanum River Pe nual s — Trend Analysis and Segment

Statistics 1920 to 20

Given the gap in the record 1
1970-72, 1984, and 200
figure were limited tQ

Figure 15 shows a
Hockanum River, for thi

e multiple detections of nonstationarities in
meters highlighted in the lower right quadrant of the
ible segment of the analysis 1929 to 1969.

he CHAT’s nonstationarity and trend analyses for the
41-year segment of the record.
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Figure 15: Hockanum River Peak Annual Flows — Trend Analysis and Segment
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In summary, based on observations at the site, the Hockanum River annual peak flow
does not appear to be changing over time.

In East Hartford, the pump station of particular concern is at Meadow Hill. This was
designed in 1941 with an assumed contributing basin area of 1,100 acres or 1.72 square
miles. The station discharges to the Hockanum River, immediately upstream of its
confluence with the Connecticut River. Elevations at the Hockanum gage have been
reviewed in concert with the record of flows in the Connecticut River upstream of Hartford
(USGS gage 01184000) at Thompsonville, CT. There is a strong correlation between
these data streams, as outlined in Appendix 2-B2. The annual peak flows at
Thompsonville have been falling slightly over time, although there is limited statistical
evidence associated with the finding. The record in Hartfordfis also one of gently reducing
flows over time, as seen in Figure 20.

Connecticut River Flows — Nonstationari## and

The Connecticut River is monitored in Hartford at USGS gaging station 01190070. The
drainage basin area is 10,487 square m us New England District operates
14 dams in the Connecticut River Ba primary purpose of flood risk
management. They were completg 0 1969 and have a combined contributing
he drainage basin area of the USGS gage
( ion, any test pools or renovations would
provide a reason for observed 2 , .and their FRM purpose reduces storm flows to
bank flows except wheg Oir capacity exceeds 5.3 to 8.3 inches of storage (the
t). The introduction of the regulation at each dam
potential n@pstationarity in the flow record.
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The USACE FRM dam ot the only FRM dams in the basin. Dams constructed for
other purposes (such as water supply, hydroelectric dams, or recreation) also regulate
flows. The USACE FRM dams, with a summary of construction dates FRM volumes, are
listed in Table 1.

Table 1: USACE FRM Dams in the Connecticut River Basin Upstream of Hartford and
East Hartford Connecticut

Year FRM Storage . Basin Area
Dam Construction Acre-Feet Inches (square
Completed miles)
Birch Hill Dam 1941 49,900 5.34 175
Knightville Dam 1941 49,000 5.69 162
Surry Mountain 1941 31,694 5.94 100
Dam
Tully Lake Dam 1949 21,500 8.06 50
Union Village Dam 1950 38,000 5.65 126
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Year FRM Storage Basin Area
Construction Acre-Feet Inches (square
Completed miles)
Barre Falls Dam 1958 24,000 8.2 55
Otter Brook Lake 1958 17,600 7.0 47
Dam
North Springfield 1960 50,000 5.93 158
Dam
Ball Mountain Dam 1961 54,450 5.92 172
North Hartland Dam 1961 68,750 5.86 220
Townshend Dam 1961 32,900 5.81 278
Mad River Dam* 1963 9,510 10.0 18.2
Littleville Dam 1965 23,000 8.32 52
Conant Brook Dam 1966 3,740 9.0 7.8
Colebrook Dam 1969 50,200 7.98 118
Sucker Brook Dam* 1971 1,480 8.1 3.41
* FRM Dams constructed by USACE but operated f Connecticut

rtford includes USGS-validated
1841, and the more systematic

The Connecticut River flow record at Hartford
observations in 1683, 1692, 1801, 1828, 183
record 1843 to 2020.

erage annual peak value in 1959
re made within a five-year span and so
ion. This result is shown in Figure 16. The
reservoirs were reaching construction-
, and Townshend Dams); the then-recent
ent drought in the mid-1960s helped to set up this

There were positive detects of nonstatio
and of distribution in 1961. Thesegde
the results should be taken as
detection was made as t
completion (Ball Mountain,
(1955) record storms
nonstationarity detegtio
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USGS 01190070-CONNECTICUT RIVER AT HARTFORD, CT with Nonstationarities Detected
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Figure 16: Connecticut River Observed Annual Peak Flows at Hartford USGS Gage

and Nonstationarity Detection

The record of peak flows through 1958 indicated no nonstationarities and an average

annual peak value of 100,000 cfs. This result is shown in Figure 17.
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Figure 17: Connecticut River Peak Flows at Hartford, CT from 1843 to 1958. No
nonstationarities detected; mean 100,000 cfs, Variance 1,500,000,000 ft® s2
for this segment of the record.

After 1969, there was a period with no nonstationarities detected through 2020. The
annual average peak was 91,000 cfs. This result is shown in Figure 18.
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Figure 18: Connecticut River Peak Flows at Hartford, CT from 1968 to 2020. No
nonstationarities detected; mean 91,000 cfs, Variance 570,000,000 ft® s2 for

this segment of the record.

The lower average annual peak flow of 91,000 cfs in the period 1969 to 2020 (lower than
in 1843 to 1958) appears at least in part to be a result of the increasing regulation at

USACE FRM dams during the twentieth century.

In summary, based on observations at the site, the Connecticut River annual peak flow
does appear to have decreased over time, possibly as a result of the network of FRM
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dams in the basin, but longer-term flux may also have affected the result. In the period
since the last USACE FRM dam was completed, there have been no nonstationarities
detected and there has been no statistically significant trend in the annual peaks.

Connecticut River Water Levels — Nonstationarity and Trend Analyses

For purposes of draining or pumping from the Hartford or East Hartford municipalities to
the Connecticut River, the water level at the Connecticut River tailwater is a preferred
parameter (rather than flow in the Connecticut River). The validated stage record runs
from 2006 to 2020, with 2 missing one-month data points. The record of Connecticut River
stages was found to have nonstationarities detected: in 2012 for distribution (not
supported by other tests); there was a more substantial “stfonger” detection in 2016 (5
tests for distribution, 2 tests for mean value, 3 tests for nce); and one test for mean
value in 2020.

Ignoring the shorter period after 2016, the peri
2006 to 2015. This indicated a nonstationarit
value appeared to have changed (1 test for mea
although the variance before 2012, and [
of water levels at the Connecticut River
19.

sts showed changing distribution),
ter 2012, were equal. A summary

Connecticut River \) i tford 2006 to 2015

USGS 01190070-CONNECTICUT RIVER AT HARTFORD, CT with Nonst3
(all tests)

Statistical Tests Heatmap

Stage in Feet

—Data  — Abmpt Smooth leass see notification in sidsbar to check if Bayssian tests have been spplied

Statistical Tests Heatmap

Segment Statistics (all tests)
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Method

Variance Mean

Variance 7.5 ftA2

‘ : vt Smooth Lombard Wilcoxon

‘Standard
Deviation

Std Dev= 2.7 ft

— Mesn  — Varisnce  — Standard Deviation

Figure 19: Connecticut River Stages at Hartford, CT from 2006 to 2015.
Nonstationarities detected in 2012; mean 5.9 ft reducing to 4.7 ft; variance 7.5
ft2 during this period.
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The period 2006 to 2022 was analyzed to generate a trace for the monthly average
stages. This was, admittedly, a short period, but the intention was to use available
information to generate a useful determination of how the water levels might be changing.
The recent trend record is summarized in Figure 20.

- L]
o Connecticut River at Hartford, CT
oo USGS 01190070-CONNECTICUT RIVER AT HARTFORD, CT with Slope Fits =
M s
3
13.5
C
m'ﬁ 10.5
m < 9
23. 7.5 A N
56 A i l k. nll A
>. I A | | - | LI |
4.5 1] ‘v (L] 1. vy -l
&= 3
dd 5
c o
o 2008 2010 2012 20 6 2020 2022 2024 2026
= Uploaded Data —— Traditional Slope = —— Sens Slope
Trend Line Coefficie Trend Hypothesis Test
Method Directionality Slope tercept Test P-Value Kendall's Tau
Traditional Slope Negative ) 26 t-Test 0.759
Sen's Slope Negative 27 Mann-Kendall 0.725 -0.0159
Spearman Rank-Order 0.712
» Insufficient evidence of a statistically significant trend (p-value > 0.33) was detected by the t-Test.
» Insufficient evidence of a statistically significant trend (p-value > 0.33) was detected by the Mann-Kendall Test.
» Insufficient evidence of a statistically significant trend (p-value > 0.33) was detected by the Spearman Rank-Order Test.

Figure 20: Connecticut River at Hartford CT: Monthly Water Stage 2006-2025. No trend
detected at 95% confidence level.

Although there was a slight downward slope in the regression curves for monthly average
stages, the trend was not statistically significant.

Review of Figure 20 leads to a stage of 5.3 ft as a current (end of 2025) average value
of tailwater.
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Actual RMS regression stages ranged from 5.60 ft on 12/1/2006 to 5.29 ft on 12/1/2025.
Given that the trend detected is not statistically significant, the selection of a static
average stage of 5.3 feet is sensible. As shown in Figure 21, there is some response to
tides, but the tidal influence is small, and is completely lost when there is a large inland
storm. The non-storm water levels are seen in July 2024 to be at gage height 2 ft to 4 ft.
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Figure 21: Connecticut River at Hartford, CT — Gage Water Levels in 2023 and 2024
(note minimal tidal influence during July 2023 period (stormy month) and typical
tidal influence below 5-ft elevation during July 2024 — more typical pattern)

Given the potential range of tailwater, from low water on the Connecticut River to higher
water on the Connecticut, a coincident frequency analysis was prepared in Appendix 2-
B2. Results were specific to the various pump stations, with flows batched for gravity
drainage, and for two different indexed ranges of required pumping against the tailwater.
Greater detail is found in Appendix 2-B2.

Review of Inflow Summaries at Hartford/East Hartford
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City of Hartford: Park River Flows: An annual average peak flow of 3,000 can be
assigned, based on the available record. The peak flow is consistent with the smaller
peak flow noted at the North Branch Park River. It is noted that these records are
based on gage records through 1986. StreamStats review indicated smaller peak flow,
but the StreamStats tool was based on regional regressions and could not take into
account the level of urbanization in the basin.

Town of East Hartford: Hockanum River Flows: A mean value for the annual peak
flow of 1,100 cfs has been inferred from the available information, with an
acknowledgment that there have been gaps and nonstationarities in the record after
1970. The peaks appeared to be falling over time, but the trend was not found to be
significant.

Connecticut River Flows: Following the introduction of 14 FRM reservoirs in the
Connecticut River Basin upstream of Hartford/ East H rd, the Connecticut River
annual peak flow appears to be, on average, 91,000 cfséIhformation from 1968 to 2020
(post-dam-construction) was used to develop the ent. Review of trends did
not detect a significant ongoing trend in the 91,0

but the trend detected was not found to ignifiéant. A value of 6.0 feet can be
assumed.

water level at Hartford is sensitive to
used for the record at New London N
confirm a recent rise in coas A

e 8461490 in New London CT to
s. The SLAT projected continued rising
surge (2-year to 10-year coastal storms),
ibly as soon as 2030 or as late as 2100,
vel-=change assumptions are considered. This
the drop in water Ievels along the Connecticut River

would reach the 6-ft leve
depending on which proje€te
quick analysis does &

Comprehensive Hydrol8gy Assessment Tool

The USACE Comprehensive Hydrology Assessment Tool (CHAT) can be used to assess
projected changes to streamflow in the watershed. Projections are at the spatial scale of
a HUC-8 watershed, with flows generated using the U.S. Bureau of Reclamation (USBR)
Variable Infiltration Capacity (VIC) model from temperature and precipitation data
statistically downscaled from GCMs using the Bias Corrected, Spatially Disaggregated
(BCSD) method. The USBR VIC model is set up to simulate unregulated basin conditions.
The Hartford/East Hartford Rehabilitation project is in HUC 0108 (in the Lower
Connecticut basin, stream segment 01081148). The City of Hartford is, however, close to
the boundary between the Lower Connecticut and the Middle Connecticut, and there are
several defined river segments in the city, differentiating the main Park River and its North
and South Branches.
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Connecticut River Hydrometeorology

Figure 22, Figure 23, and Figure 24 show the mean of the annual (water year based)
time series derived from 32 CMIP5 Global Circulation Models (GCMs). The figures also
display the inter-model spread. In the figures the bold line represents the inter-model
mean and the shaded area represents the inter-model range (the inter-model minimum
to the inter-model maximum). For both the historic period and the future period,
hydroclimatic outputs are generated using simulated GCM outputs, thus CHAT output
should not be directly compared to observations. The range of data is indicative of the
uncertainty associated with projected hydrologic trends.

The selected output parameters were chosen to support the project objectives of a more
“typical” outflow (maximum value of the monthly mean or t verage 1-day streamflow).
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Figure 22: Range of 32 Projected Hydrology Model Outputs for Lower Connecticut
(HUC 01080205), Stream Segment 01001148: Annual Maximum of Mean
Monthly Streamflow. Projected Future Gradients -32.1 cfs/yr (RCP 4.5) or -
31.2 cfs/yr (RCP 8.5).
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HUC 01080205 - Lower Connecticut
Stream segment ID: 01001148
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HUC 01080205 - Lower Connecticut
Stream segment |1D: 01001148

Annual-Mean 1-day Streamflow

Range & Mean of Historic (1951-2005) & Future (2006-2099) Model Outputs
Future Period Outputs Assume: Both RCP Scenarios
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with p-values smaller tha 01 for either the RCP 4.5 or the RCP 8.5 case (statistical
certainty of the direction of the slope).

The CHAT provides streamflow and precipitation outputs analyzed comparatively by
describing simulated changes in monthly and annual streamflow and precipitation
between a baseline epoch (1976 to 2005) and two future epochs: 2035 to 2064 (mid-
century) and 2075 to 2099 (end of century). The tool presents epoch-based monthly and
annual change in streamflow and precipitation using boxplot visualizations. The monthly
boxplots provide insight into the seasonality of changes in streamflow and precipitation
over time.

Figure 25 and Figure 26 present changes in epoch mean of simulated monthly mean
streamflow for stream segment 01001148 in the Lower Connecticut watershed (HUC
01080205). For the stream segment of the Connecticut River analyzed, it appears that
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for both emission scenarios and for both the mid-century and end-century epochs, winter
flows (December through March) are increasing most substantially. There are projected
reductions in flow in May and June, with smaller changes projected for the months April
and July-through-November. When used to evaluate the change in the epoch mean of
simulated annual mean streamflow, the CHAT calculates the median change from the
base Epoch (1976 to 2005) to the mid-century epoch (2035 to 2064) is 7 percent under
the RCP 8.5 scenario. By the end-century epoch (2070 to 2099), the change relative to
the base period is still 7 percent under the RCP 8.5 scenario, although the range of the

projections extends upwards to include an estimated maximum of 28 percent.

Change in Monthly-Mean Streamflow: Box Plots
HUC 01080205 - Lower Connecticu
Stream Segment ID: 010011
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Figure 25: Change an of simulated monthly mean streamflow — HUC
01080205 — Stre Segment 01001148 Connecticut River (river reach in
Hartford CT/EastiMartford CT).
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Change in Annual-Mean Streamflow: Box Plots
HUC 01080205 - Lower Connecticut
Stream Segment ID: 01001148

Simulated Change from Base Epoch to Mid-Century Epoch Simulated Change from Base Epoch to End-Century Epoch
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Figure 26: Change in epoch mean of simulatéd annu@l mean streamflow — HUC
01080205 — Stream Segment 010011 necticut River (river reach in
Hartford CT/East Hartford CT).

Figure 27 and Figure 28 present chafiges gpoch mean of simulated monthly
accumulated precipitation for theg6 icutRiver watershed (HUC01080205) and peak
2 periods. Results for both the mid century
epoch (2035 to 2064) and thele
precipitation for the
precipitation in the g

epoch (2035 to 2064) as 016 0.30 inch (interquartile range (IQ Range), median 0.1 inch)
for RCP 4.5, and 0.1 to 0.35 inch for RCP 8.5 (median 0.25 inch). Corresponding results
for comparison with the later end-of-century results were 0.1 to 0.35 inch (median 0.2
inch) for RCP 4.5, and 0.30 to 0.55 inch (median 0.4 inch).

When used to evaluate the change in epoch mean of simulated annual maximum 1-day
precipitation, the CHAT calculates the median change from the base epoch (1976 to
2005) to the mid-century epoch (2035 to 2064) is 4.5 inches for RCP 4.5 (IQ Range 3.5
to 5.5 inch) and 6.0 inches for RCP 8.5 (IQ range 5 to 7 inch). By the end-of-century
epoch (2070 to 2099), the change relative to the base period is 6 inches for RCP 4.5 (1Q
Range 5 to 7), and 11 inches (IQ range 8.5 to 12) for RCP 8.5.
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Change in Monthly Accumulated Precipitation: Box Plots
HUC 01080205 - Lower Connecticut
Stream Segment ID: 01001148

Simulated Change from Base Epoch to Mid-Century Epoch
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1976-2005 to 2070-2099

[=] - ] (4]

Simulated Epoch-Mean Change (in)

Simulated Epoch-Mean Change (in)

]

@ RCP 4S5

® RCPBS ® rRCP45 @ RCPBS

Figure 27: Change in epoch mean of simulat accumulated precipitation —

segment ID: 01001148.
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Figure 28: Change in epoch mean of simulated annual maximum 1-day precipitation —
HUC 01001148 — Lower Connecticut.

The briefer 1-day maximum precipitation result was selected from the CHAT options for
the annual summary because of the likely need to respond to shorter-term storms over
smaller areas that require pumping and/or storage in the protected regions on the “land-

side” of levees and floodwalls.
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The annual maximum of mean monthly Connecticut River streamflow value (a mild high-
flow parameter) is projected to fall over time, while the annual mean flow is projected to
rise over the same period.

Hartford and the Park River Hydrometeorology

The defined river segments in the CHAT correspond to Park River, the North Branch of
the Park River, and the South Branch of the Park River. The combined segment “Park
River” has been analyzed in this section.

The segment is in HUC 01080205 (Lower Connecticut), Stream Segment 01001424. For
this segment, the projected annual mean 1-day streamflo shown in Figure 29.
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Figure 29: Park River Projected Hydrology Assessment — mean daily flow.

The record 1951 to 2005 was hindcast to have a positive slope, but the three significance
tests for the trend (slope) were all between 0.05 and 0.10 (that is, not significant at the
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95% level, but significant at the 90% level). Practically, though, this was a failure at the
standard 95% level.

The projections for 2006 to 2100 had a greater slope and the three tests were all
significant, with p-values smaller than 10°. For the RCP 4.5 case, the gradient was 0.114
cfs per year; for RCP 8.5, the gradient was 0.224 cfs/yr.

These statistical results are listed in Figure 30.
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Statistical Significance Tests (Historical] -

Test p-value p-value p-value
RCP 4.5 RCP 8.5
t-Test
7.1%e-07" <2.2e-16™
Mann-Kendall
Mann-Kendall 1.7%e-06" <2.2e-16"
Spearman Rank-Order
Spearman Rank- " .
5.61e-07 =2.2e-16

Order

of Projected Hydrology Analysis for Annual Mean 1-
ark River in Hartford, CT

Figure 30: Statistical
Day Streamflo

The peak flows were reviewed in a similar fashion and the CHAT graph for the estimated
annual maximum of mean monthly streamflow is shown in Figure 31.
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Annual-Maximum of Mean Monthly Streamflow

Simulated Trends in Mean of Historic (1951-2005) & Future (2006-2099) Model Outputs
Future Pefiod Outputs Assume: Both RCP Scenarios

§2006

400
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N s s "“7“’”‘? Wi G W
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2080 2100

Simulated Historical
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gression (Future)-RCP 4.5
ession (Future)-RCP 8.5

Figure 31: Park River Projected Hydrology Ass
monthly streamflow flow.

nt — annual maximum of mean

the 95% level.

The projections for 2006 to

greater slope and the three tests were all
significant, with p-val e

an 0.001. For the RCP 4.5 case, the gradient was
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0.270 cfs/yr; for RCP 8.5, the gradient was 0.725 cfs/yr. The statistical analysis is

summarized in Figure 32.

Simulated Trend Lines

0.2703

Traditional Slope-
RCP 4.5

0.1236

Traditional Slope

Simulated Historical (1951 to 2005) Simulated Future (2006 to 2099)

0.7252

Traditional Slope-
RCP 8.5

Order

Statistical Significance Tests (Historical) - 5 tical Significa ests (Future) -
Test p-value T p-value RCP p-value
4.5 RCP 8.5
t-Test 0.307
0.00015** <2.2e-16%*
Mann-Kendall 0.433
Mann-Kendall 0.000189™ <2.2e-16**
Spearman Rank-Order
Spearman Rank- . .
0.000106 <2.2e-16

Figure 32: Statistica

Mean Mo Park River in Hartford, CT.
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Upper and lower limits of the simulated data sets are shown in Figure 33.

HUC 01080205 - Lower Connecticut
Stream segment ID: 01001424

Annual-Maximum of Mean Monthly Streamflow

Range & Mean of Historic (1951-2005) & Future (2006-2099) Model Outputs
Future Period Outputs Assume: Both RCP Scenarios

2000 12006
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Simulated Future-RCP 4. d Future-RCP 8.5-Mean Simulated Future-RCP 8.5-Range

Figure 33: Range of 32 Proj
(HUC 0108020 Segment 01001148: Annual Maximum of Mean

The post-2006 projection igure 33 appear to show little change in slope from the
pre-2006 hindcast, but the reason is that the vertical scale has been extended to allow
for flow extremes (maximum and minimum values of the forecast peak (annual-maximum
of mean monthly streamflow) values). Consequently, the positive slopes of the
projections appear less striking in Figure 33 than they do in Figure 31.

In summary, for the Park River system, the average flow is projected to increase through
2100; and annual monthly peak flows are projected to increase at a greater rate.
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East Hartford and Hockanum River Hydrometeorology

The defined river segments in the CHAT for East Hartford include the Hockanum River,
which is analyzed in this section.

The segment is in HUC 01080205 (Lower Connecticut), Stream Segment 01001145. For
this segment, the projected annual mean streamflow is shown in Figure 34.

Q&
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HUC 01080205 — Lower

Hockanum River Connecticut

Stream Segment ID: 01001145

Annual-Mean 1-day Streamflow
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Figure 34: Hockanum River Projected Hydrology Projections of Annual Mean 1-Day
Streamflow

The annual peak of monthly mean values is shown in Figure 35.

49



Feasibility Report & Environmental Assessment

Hartford & East Hartford Levee Rehabilitation, Section 216

April 2026

Hockanum River

HUC 01080205 — Lower Connecticut
Stream Segment ID: 01001145

Annual-Maximum of Mean Monthly Streamflow

Simulated Trends in Mean of Historic (1951-2005) & Future (2006-2099) Model Dutputs
Future Period Outputs Assume: Both RCP Scenarios
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Upper and lower limi

lated data sets are shown in Figure 36.
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HUC 01080205 - Lower Connecticut
Stream segment ID: 01001145

Annual-Maximum of Mean Monthly Streamflow

Range & Mean of Historic (1951-2005) & Future (2006-2099) Model Outputs
Future Period Outputs Assume: Both RCP Scenarios
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Figure 36: Hockanum River Hydrology
Monthly Streamflow, wit

The post-2006 projections i
pre-2006 hindcast, but the re
for flow extremes (maxim 1inimum values of the forecast peak (annual- maX|mum
of mean monthly stre; 2
appear less striking i thai'they do in Figure 35.

iver system, the average flow is projected to increase
ly peak flows are projected to increase at a greater rate.

In summary, for the He
through 2100; and annuz

Review of CHAT Projections for Connecticut, Park River, and Hockanum
River

Connecticut River: The annual maximum of mean monthly Connecticut River streamflow
value (a mild high-flow parameter) is projected to fall during the 215t century, while the
annual mean flow is projected to rise over the same period.

Park River: For the Park River system (City of Hartford), the average flow and annual
monthly peak flow are projected to increase through 2100.

Hockanum River: For the Hockanum River system (Town of East Hartford), the average
flow and annual monthly peak flow are projected to increase through 2100.
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Sea Level Change

Background

Global sea level change (SLC) is often caused by the global change in the volume of
water in the world’s oceans in response to three climatological processes: 1) ocean mass
change associated with long-term forcing of the ice ages ultimately caused by small
variations in the orbit of the earth around the sun; 2) density changes from total salinity;
and most recently, 3) changes in the heat content of the world’s oceans, which recent
literature suggests may be accelerating due to global warming. Global SLC can also be
caused by basin changes through such processes as seafloor spreading. Thus, global
sea level, also sometimes referred to as global mean sea Ig¥el, is the average height of
all the world’s oceans.

Relative (local) SLC is the local change in sea level [ e elevation of the land at
a specific point on the coast. Relative SLCisac inati global and local SLC
mics, regional oceanographic
regional atmospheric patterns),
vertical land motion (subsidence

circulation patterns (often caused by chang
hydrologic cycles (river flow), and local ¢
or uplift).

USACE Guidance

In accordance with ER 1100-2-8
analyzed over a 50-year econa

ects of relative sea level change (RSLC) were
is and a 100-year planning horizon. USACE
e time required for implementation of the lesser

of: 1) the period of time iCpany alternative plan would have significant beneficial or
adverse effects, 2) a ced 50 years” (ER 1105-2-100). However, because
infrastructure often s in placeawell"beyond the economic period of analysis, a 100-year

change for the 21st century an@possibly beyond, which could cause a continued or accelerated
rise in global mean sea level. ER 1100-2-8162 states that planning studies will formulate
alternatives over a range of possible future rates of SLC and consider how sensitive and
adaptable the alternatives are to SLC.

ER 1100-2-8162 requires planning studies and engineering designs to consider three future sea
level change scenarios: low, intermediate, and high. The historic rate of SLC represents the low
rate. The intermediate rate of SLC is estimated using the modified National Research Council
(NRC) Curve I. The high rate of SLC is estimated using the modified NRC Curve lll. The high
rate is within the range of values published in peer-reviewed articles since 2007.

Historical Sea Level Change

The nearest long-term tide station to the mouth of the Connecticut River is NOAA New
London Gauge 8461490 at the mouth of the Thames River in New London, CT,
approximately 13 miles east of the Connecticut River mouth. The New London gauge has
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an 86-year (1928-2024) record with a historical rate of RSLC of (2.87 mm/yr or 0.00942
ft/yr). The full historical record with the 5- and 19-year moving averages is shown in
Figure 37. It is apparent that over long timescales (19 years) mean sea level is steadily
increasing. However, over shorter timescales mean sea level may increase or decrease.
The monthly mean sea level (blue), for instance, goes up and down every year capturing
the seasonal cycle in mean sea level. The 5-year moving average (cyan) captures the
interannual variation (2 or more years).

Sea Level Data and Projections: New London, CT (8461490)
NOAA Tide Gauge

Feet above North American Vertical Datum of 1988
(1983-2001 epoch)

‘,j‘.!.!t!.' ,HI“'I

. ‘.:‘]l‘il'l"- . ”-I

AR

i | |1l RECRN
P AR ‘l Ty |

" L TNAERE ;," "‘"
(r "I‘“ <l|'wj"|!
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[\ ]! I

1
+

1940 1950 1960 1990 2000 2010 2020

— MSL - Monthly Value

SLC rate used in equation ba
MSL record span: 1938 to

Moving Average == MSL - 19-Year Moving Average

(86 years)

Figure 37: Historical RSLE"at New London, CT NOAA tide gauge 8461490

The USACE Sea Level Analysis Tool (SLAT) was also used to visualize historical SLC
relative to the three USACE sea level change curves. Figure 38 shows the historical
record for the since 1980 with the three USACE SLC curves which originate in 1992, the
midpoint of the present National Tidal Datum Epoch (1983-2001).
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Sea Level Data and Projections: New London, CT (8461490)
NOAA Tide Gauge

Feet above North American Vertical Datum of 1988
(1983-2001 epoch)

1985 1990 1995 2000 2005

1980 2000 2020

Click on legend items to hide/show them in the plot

— MSL - Monthly Value — MSL - 5-Year Moving Average
— MSL - USACE 2013 - Low — MSL - USACE 2013 - Intermediat

SLC rate used in equation based projections: 2. 87 mm/yr (0.94 ft/100 yrs)
MSL record span: 1938 to 2024 (86 years)

USACE SLC Scenarios
USACE low, intermediate, ar
at New London, CT are
assessment, it is antig
2026. Using projectic

in 2076 will be betwe
estimate. At the end o
0.95 to 7.18 feet higher tha

Table 2: USACE Sea Level Projections: New London, CT

able 2 and Figure 39. For this resilience
e levee rehabilitation project would be complete by

2ar period of analysis, mean sea level is projected to be
e end-of-construction (2026) estimate.

Resilience
Year Low Intermediate Assessment High
1992 -0.30 -0.30 -0.30 -0.30
2020 -0.04 0.03 0.14 0.25
2021 -0.03 0.05 0.17 0.28
2022 -0.02 0.07 0.20 0.32
2023 -0.01 0.08 0.22 0.35
2024 0.00 0.10 0.25 0.39
2025 0.01 0.12 0.27 0.42
2026 0.02 0.13 0.29 0.45
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Resilience
Year Low Intermediate Assessment High
2030 0.06 0.19 0.34 0.59
2040 0.15 0.36 0.69 1.01
2050 0.25 0.55 1.02 1.49
2060 0.34 0.75 1.40 2.05
2070 0.43 0.98 1.84 2.69
2075 0.48 1.10 2.08 3.05
2076 0.49 1.12 212 3.12
2080 0.53 1.22 2.31 3.40
2090 0.62 1.48 2.83 4.18
2100 0.72 1.75 40 5.04
2110 0.81 2.05 4.01 5.97
2120 0.91 2.36 7 6.98
2125 0.96 2.53 5. 7.52
2126 0.97 2. 5.10 7.63
2130 1.00 2.6 5.38 8.06
2140 1.09 3.04 6.13 9.21
2150 1.19 6.93 10.44
Units: Feet above 3-2001 epoch midpoint taken as
- 199
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Sea Level Data and Projections: New London, CT (8461490)
NOAA Tide Gauge

Feet above North American Vertical Datum of 1988

(1983-2001 epoch)
100-Year Planning Horizon
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Click on legend items to hide/show them in the plot
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SLC rate used in equation based projections: 2 87 mm/yr (0 94 ft/100 yrs)
MSL record span: 1938 to 2024 (86 years)

Figure 39: USACE Sea Level Projectio ondon, CT
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SLC Impacts

The Connecticut River is currently tidally influenced below the confluences with
Stoughton Brook (east bank) and the Farmington River (west bank), approximately 2.5
miles upstream of the Route 291 crossing over the Connecticut River in Windsor and East
Windsor, CT. Typical stream elevations just upstream of the confluence rise to
approximately 10 feet NAVD88, whereas the present NTDE Mean Higher High Water
(MHHW) is approximately 1.2 feet NAVD88.

There are pump station outfall inverts set at approximately 5 ft NAVD. For Connecticut
River water elevations above that level, there is interference in free-flow at these stations,
leading potentially to gates being adjusted or pumping being initiated. The 5-ft level is
therefore a useful level to use as a quick check on wh r “normal” conditions are
possible, or as a starting point for gate or pumping o tions. A major concern with
MHHW reaching the outflow structures is the freq ith which non-gravity-flow
operations for various

tailwater levels is included in Appendix 2-B2.

With SLC, tides are predicted to rise, approachin
MHHW is not projected to exceed 5 fee
under any of the three USACE sets o
change). Under the high SLC scenario,
the year 2110. However, MHH
under the low and intermedia

structures, as shown in Figure 40.
ithin the 50-year period of analysis
low, medium, or high rates of
jected to reach 5 feet NAVDS8S in
ted to exceed the 5-ft NAVD88 elevation
within the 100-year planning horizon.

orm surges will also reach the 5-ft elevation
ly and or require more frequent pumping with SLC.

levels, from 1-year
5-ft elevation being re
currently a lower probab vent will become more frequent. However, given that the
pump station outfall inverts®are at approximately 5 feet NAVD88, astronomical tides and
surges are not projected to extend that far upstream within the 50-year period of analysis
although they could reach the 5-ft level during the 100-year planning horizon.

Ultimately, as sea level change occurs, water levels will interfere more frequently in the
pump station operations. To date, however, the gage records in Hartford, East Hartford,
and Thompsonville indicate falling, not rising, elevations over time. Any changes due to
coastal effects are not yet apparent at the pump stations.
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Sea Level Data and Projections: New London, CT (8461490) =
NOAA Tide Gauge

Feet above North American Vertical Datum of 1988
(1983-2001 epoch)

10

2000 2025 2050 075 2100 2125 2150

1940 1960 1980 2000 2020

2080 2100 2120 2140
Click on legend items to hide/show them in the plot
— MSL - Monthly Value 5-Year Moving Average
== M3L - 19-Year Moving Ave
— MSL - USACE 2013 - Inter

5-ft Key Pump Statig

SLC rate used in e
MSL record span: 19

Figure 40: Mean Higher
pump station level.

Water Projections with SLC relative to 5 ft NAVD key
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Sea Level Data and Projections: New London, CT (8461490)
NOAA Tide Gauge

Feet above North American Vertical Datum of 1988
(1983-2001 epoch)
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Figure 41: Annual Exceeda
to 5-ft NAVD R

Connecticut Rive els — Tidal Influence and Relative Sea-Level

Change

At Hartford, Connecticut, the Connecticut River is tidally influenced. The USACE Sea
Level Analysis Tool (SLAT) has been used to demonstrate the possible effect of sea-
level rise on the water level at Hartford, based on the assumed current average water
level of 6 feet NAVD, as developed in the previous section. The analysis is crude in that
there are approximately 45 miles of river channel between Hartford and New York Sound,
in which friction losses play a role. Consequently, the effects at the downstream end
(New York Sound) do not translate linearly upstream to Hartford and East Hartford. A
more rigorous review of coastal effects on the water levels in Hartford is included in
Appendix 2-B2.

The NOAA New London Gauge 8461490 at the mouth of the Thames River was used
as a surrogate for the water level at the mouth of the Connecticut River. The selected
gauge is approximately 13 miles east of the mouth of the Connecticut River at Lyme
and Old Saybrook as shown in Figure 42.
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New London, CT (8461490) |m|\

- Westerly

MEW LONDON

Stonington

Old Lyme
0ld Saybrook
Madison Clinton
b -
Select a state/territory:
Connecticut (CT) (846149...

Figure 42: Location of New London NOAA Ti a 8461490 in New London CT
relative to the mouth of the Connecticut River at yme and Old Saybrook CT (from
USACE SLAT)

USACE has adopted three differg -level rise curves, based on projections of
ice-melt and ocean warming d mospheric emissions scenarios, much like
the NOAA projections sum ier | ure 9. The sea-level record, and the low,
intermediate, and high projectiQnsfs 0 the coastal region that includes the mouth

of the Connecticut Rivg 3 miles east at the mouth of the Thames River) are
shown in Figure 43 2en simplified to show how the actual sea level has
been tracking relat ctions, from 1980 through 2022.
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Sea Level Data and Projections: New London, CT (8461490)
NOAA Tide Gauge

Feet above North American Vertical Datum of 1988
(1983-2001 epoch)

Click on legend items to hide/show them in the plot
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SLC rate used in equation based projecti
MSL record span: 1938 to 2023 (85 years)

Figure 43: New London CT

Data and USACE Projections 1980 to 2030

Given the monthly &
which of the three €
discard the low project

essentially scatter in the record), it is not yet clear
st appropriate, although recent guidance has been to
andfassume that the truth is in the range of the higher two
curves. For the resilieneg@ssessment, a value midway between these estimates is
reviewed with respect to mean sea level. A resilience assessment column has been
inserted into Table 2 as a useful summary of this midway level for the various sea level
projections for a range of dates from 1992 (observed) through 2150 (projected).

A more detailed chart showing water levels at the site, including projected tide and coastal
storm surge extreme water levels (EWL) through 2100 is shown in Figure 44. The SLAT
does allow for extensions through 2140, although the range through the end of the current
century is typically taken as adequate for a riverine resilience report.
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Sea Level Data and Projections: New London, CT
(8461490) NOAA Tide Gage
1983-2001 Epoch
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Figure 44: New London CT NO
with Selected Water

and USACE Projections 2000 to 2100
n Possible Stage Records at Hartford, CT

Appendix 2-B2, in its Table
The lowest elevations arest

s at which gravity gates need to be closed.
VD at South Meadows Pump Station in Hartford and
ord and Meadow Hill in East Hartford. Pumps are
ith South Meadows at 4.2 ft NAVD (Hartford) and turned
xample for South Meadows(Hartford) and Meadow Hill
(East Hartford) at 2.2 ft d Pitkin Street (East Hartford) at 2.4 ft. A useful measure
of pump station operations§sensitivity is therefore taken as the 5 ft NAVD water level for
the Connecticut River in Hartford.

The “mean sea level”’ case is below 5 feet NAVD, regardless of which projected curve is
assumed, through 2090. The high estimate of MSL rises above the 5-ft level in the 2090-
2100 decade, but does not reach 6 ft during the 215t century. The other selected cases
are for Mean Higher High Water (MHHW) in conjunction with storm surge conditions that
would occur with return probabilities of 50%, 10% or 1% (2-year, 10-year or 100-year
return period surge conditions). Review of Figure 21 indicates that the current (2024)
level of tidal influence in Hartford is in the range 2 to 4 ft NAVD, and that this influence is
drowned out during high flow events from farther upstream in the Connecticut River
watershed. There are approximately 45 miles of river channel between Hartford and the
mouth of the river, with ample opportunities for short-term fluctuations to be diluted
through hydraulic headloss.
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Appendix 2-B2 (Interior Drainage) includes a more detailed assessment with HEC RAS
modeling of how the water levels in Hartford are affected by combinations of inland
storms and tidal influences. Selected coincident frequency analyses have shown that
the Connecticut River water levels in Hartford and East Hartford are not greatly
impacted by effects of coastal storms. For increasing storm size, the tidal influence is of
the order of 1.2 feet, while the inland influence may be greater than 20 feet.

Vulnerability Assessment

The USACE Watershed Comprehensive Vulnerability Assessment (VA) Tool facilitates a
screening-level, comparative assessment of the vulnerability of a given business line and
HUC-4 watershed to the impacts of projected hydrologic ange, relative to the other
HUC-4 watersheds within the continental United State ONUS). It uses the Coupled
Model Intercomparison Project (CMIP5) GCM-BC dataset (2014) to define
pes, to define a series

Vulnerabilities are represented by a weighted-o eighted-average (WOWA) score
generated for two subsets of simulationsgw o of cumulative runoff projections;
and dry—bottom 50% cumulative runoff projectiens). are available for three epochs.
The epochs include the current time peh@ and two 30-year, future epochs

h < is not based on projections and so it is
ation, the tool was applied using its default,

all of the inputs to the vulnerability assesSments. Some of this uncertainty is already
accounted for in that {he ts separate results for each of the scenario-epoch

considered vulnerable to'} ed hydrology impacts for the flood risk reduction business
line, since it is not among the 20% most vulnerable watersheds for this business line in
the CONUS (202 HUCO4s). This is true for both the wet and dry scenarios and both the
2050 and 2085 epochs. Although the HUC 0108 watershed is not considered vulnerable
in a relative sense to impacts from projected hydrological trends, it may still be vulnerable
in an absolute sense.

The primary drivers of this flood risk vulnerability assessment for wet scenarios under the
two epochs are indicator 568C coupled with 568L, both titled Flood Magnification
(Cumulative or Local). 568C is a ratio of flood runoff to monthly runoff exceeded 10% of
the time (including freshwater inputs); 568L is the same ratio, but it does not include
upstream watershed freshwater inputs). Other indicators were: 590, the number of urban
acres within the 500-year floodplain; 277 the runoff-precipitation ratio; and 175C annual
covariance (an index comparing monthly mean runoff and monthly mean precipitation).
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In both projected epochs, and for both the wet and dry scenarios, the VA/WOWA score
remained below the level of the top 20% of vulnerabilities. The scores increased by
approximately 2% (dry) to 7% (wet) between the earlier and the later epochs. The
increases over time indicate that there might be a later epoch (than the late 215t century)
in which the vulnerability of the Connecticut Coastal watershed (HUC 0108) to projected
trend impacts with respect to the flood risk business line would result in a “vulnerable”
assessment, scored in comparison to other HUC-4 basins. The scores are summarized
in Table 3, and the indicators themselves are listed in Table 4.

Other important contributors at this location include runoff precipitation and urban

development within 500-year floodplains.
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Figure 45: Output of the VA Tool indicates the Connecticut River Basin watershed is

not among the 20% most vulnerable CONUS watersheds for the Flood Risk
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Reduction business line under wet and dry scenario projections in both the

2050 and 2085 epochs.

Table 3: Projected Vulnerability with Respect to Flood Risk Reduction

Connecticut River Basin Watershed

(HUC 0108)

Projected Vulnerability with Respect

to Flood Risk Reduction
Flood Risk Reduction Vulnerability
Score

2050
Dry

2050
Wet

2085
Dry

2085
Wet

annual runoff to the
s (cumulative)

568C Flood Magnification — change in flood 1.1037 | 1.2390 | 1.1430 | 1.3222
runoff: ratio of indicator 571C (monthly runoff

exceeded 10% of the time, including upstream

inputs) to 571 in base period. See Footnote

568L Flood Magnification — change in flood 1.10 90 | 1.1430 | 1.3222
runoff: ratio of indicator 571L (monthly runoff

exceeded 10% of the time, excluding upstream

freshwater inputs) to 571L in base period. See

Footnote

590 Urban 500-year Floodplain Area — Acres of 5 13.45 13.59 13.59
urban area within the 500-year floodplain

277 Runoff Precipitation — Median of: dev 1.7471 1.6721 | 1.7145
of runoff from monthly mean times a

monthly runoff divided by deviatig

precipitation from monthly mea

monthly precipitation

175C Annual Covariance — lon 0.2134 | 0.20985 | 0.2099 | 0.2158
in hydrology: ratio of the 3 1 9

Footnote:
are different. The overall WOWA

have different values.

that are highly relevant or important.” — VA User Manual

indicator values have similar definitions, but their importance weights
(vulnerability score) accounts for the indicator value and the
importance weights to compute theWulnerability score. This is why the WOWA scores listed in the VA tool

“Some indicators are more directly relevant to a business line than others, so giving every indicator the same
weight would be inappropriate — Instead, the tool uses subjective weights that assign more weight to indicators
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Table 4: Comparison of Different Indicators for the Connecticut River Basin
Hydrological Unit

Connecticut River Basin Hydrological Unit (HUC 0108)
Indicator Contributions to WOWA
Flood Risk Reduction Vulnerability
Indicator Score (percentages)
2050 Epoch 2085 Epoch

Dry Wet  Dry Wet

568C Flood Magnification — change in flood
runoff; ratio of indicator 571C (monthly runoff
exceeded 10% of the time, including upstream 2.94 4 266 2.83 2.60
inputs) to 571 in base period. See Footnote
568L Flood Magnification — change in flood
runoff: ratio of indicator 571L (monthly runoff
exceeded 10% of the time, excluding upstream 9.4 8. 9.01 8.20
freshwater inputs) to 571L in base period. See
Footnote
590 Urban 500-year Floodplain Area — A
urban area within the 500-year floodplain
277 Runoff Precipitation — Median of: devi
of runoff from monthly mean time
monthly runoff divided by deviati
precipitation from monthly me
monthly precipitation
175C Annual Covaria
in hydrology: ratio of e
annual runoff to the‘@n
Includes upstream fre

49.38 48.43 | 50.18

2419 24.95 2447 | 25.35

n variability

on of 15.56 1430 | 7.04 | 13.67

s (cumulative)
Footnote:

The 568C (Cumulative) and 568 zal) indicator values have similar definitions, but their importance weights

are different. The overall WOWA s€ore (vulnerability score) accounts for the indicator value and the importance

weights to compute the vulnerability score. This is why the WOWA scores listed in the VA tool have different

values.

“Some indicators are more directly relevant to a business line than others, so giving every indicator the same

weight would be inappropriate — Instead, the tool uses subjective weights that assign more weight to indicators

that are highly relevant or important.” — VA User Manual
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Civil Works Vulnerability Assessment

The CWVAT is an assessment tool, introduced for USACE use in 2025, that compares
vulnerability in 8-digit-HUC-specific watersheds. This update to the previous tool reviews
a wider range of the United States, including locations outside the continental US to
include, for example, locations in Hawaii and Alaska. For the Hartford/East Hartford
Levee/Pumpstation project, the relevant location map is included in Figure 46.

To use the csv upload feature & to automatically select a portfolio of HUC's from a list of point-based locations, please follow the format in this

COMPARATIVE ANALYSIS “ sample file: & Sample CSV
SelectAll | Unselect All 2 bl N X 1 i 12 (
+ Zoom o city, zip code, or HUCS * NAD - Norih Atiantic v| NAE - New England v | &
*Custom selection may not accurately depict Division and/or District. / ¥
| .
Metrics
© Exposure Score O Dominant Hazard
-}
O Exposure Over Time O Indicator Value
O Dominant Indicator O Indicator Score Y4
Hazard 2 Bl
I Riverine Flooding b
Ml

Epoch-Scenario
@ Base O 2050 Low O 2050 High
O 2085 Low O 2085 High poekrman

||||||

Business Line

Flood Risk Management (FRM) b b 3 | ] '3,‘
\, ?
L \ > | | \ | ; 5
G ’ .1 /l‘ =
e P airt . Leaflet | OpenStreetMap contributors
Figure 46: CWVAT Locatio ap Highlighting the Lower Connecticut “HUC-8"

01080205

CWVAT General A

The HUC is noted wi n Figure 47, showing the location in the eastern United

States.
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Figure 47: CWVAT Map Sh g the Location of the Lower Connecticut 01080205

HUC

The Exposure Sco bws the spread of exposure scores for the selected
watersheds and epoch See Figure 48. The metric helps evaluate how exposure
ranges across the waters . The “All Hazards” dropdown has been selected after
review of the objectives and the available data. This subsection deals with the less
specific general assessment. The accompanying visualization in Figure 49 shows a box
plot with the minimum and maximum values across all watersheds. The overlaid points
represent where the selected watersheds fall within the entire population of exposure

score values.

This project area vulnerability assessment report was created on 07/25/2025 and focuses
on the impacts of eight hazard categories on the General business line for the Hartford
Levees/ Pumpstations. The first section of the report, the project area vulnerability
assessment, provides an overview of the overall exposure, dominant hazards, and
dominant indicators for the selected project area. The second section, the hazard
vulnerability assessment, focuses on the impacts of all eight hazard categories on the
General business line for the selected project area.
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Because this assessment is focused on the General business line, more focused attention
on mean annual runoff, riverine flooding, and extreme precipitation follow the CWVAT’s
standard write-up for the “General” case. Anticipated updates to the CWVA Tool will
support a more direct focus on a given business line (in the case of the Lower Connecticut
River Watershed HUC, a flood risk reduction business line is of great importance).

Overall Exposure

The Hartford Levees/ Pumpstations project has an overall exposure ranging from Medium
to Medium-High across all epoch-scenarios with exposure scores ranging from —0.07 to
1.29. These exposure scores place the project in the 10" to 40" deciles across all epoch-
scenarios. Additionally, the watershed or project area is most exposed during the 2085
High epoch-scenario. The exposure for the watershed or project area during this epoch-
scenario is Medium-High (z-score of 1.29). The watershed ogproject area sees the largest
change in overall exposure between the 2050 High and 5 High epoch-scenario with
a change in z-score from 0.57 to 1.29. This comparj siders only the difference
d 2050 to 2085). For a

the median exposure score of all watersheds ac
(AK), and Hawaii (HI). Shown graphically in Figur
scenarios and a table of the correspondi sure
between epochs, and the percentile in

scenario.

continental US (CONUS), Alaska
are the z-scores for the five epoch
res, change in exposure scores
osure score falls for each epoch-
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A | /I8 4

. Base: —0.07
2050 Low: 0.36
2050 High: 0.57
2085 Low: 0.46
2085 High: 1.29

~2
1

[ %]

Figure 2. Overall exposure across all epoch-scenarios.

Epoch-Scenario Z-Score Percentile Change from Base Change from 2050

Base

2050 Low 0.36 22% 0.43
2050 High 0.57 22% 0.64
2085 Low 0.46 19% 0. 0.10
2085 High 1.29 25% 1.36 0.72

Hazard Exposure
The CWVAT evaluates a w
Wildfire, Drought, Coastz
Demand, Land Degrs
Conditions hazard g

, Riverine Flooding, Extreme Temperature, Energy
oric Extreme Conditions. Note, the Historic Extreme
icators which measure historic extremes.

Figure 48 (above) and
five evaluated epoch-sce

(below) show the hazard exposure scores across the
(current base or four future cases) for all eight hazards.

For Base and 2050 Low epoch-scenarios, the watershed or project area is most exposed
to Historical Extreme Conditions.

For 2050 High, 2085 Low, and 2085 High epoch-scenarios, the watershed or project area
is most exposed to Riverine Flooding.

While multiple hazards may appear to have the same score in visualizations and tables,
this is a result of rounding and does not indicate identical underlying values.
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Coastal Drought Energy Demand Extreme Historical Land Rivering Wildfire Total
Flooding Temperature Extreme Degradation
Conditions

B Base 2050 Low 2050 High

Figure 49: Hazard Scores for Lower Connecticut O

Indicator Scores
For the Base and 2050 Low epoch-scenarios, Occurrence is the indicator with
the highest normalized indicator score. Ice jam urrence is the number of ice jams

Days is the indicator with the hi zed indicator score. Extreme Precipitation
Days is the average annual
is greater than what would ha
(the historic period 1%
how often rainfall in fi
a given location.

erfed an extreme precipitation day historically
orm). Extreme precipitation days measures
eeds that in the most extreme storms historically for
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Table 5 shows the top ten indicators for all hazards across the five epoch-scenarios, for
the Lower Connecticut River Watershed (HUC 01080205).

Table 5: Top Ten Indicators for All Hazards across the Five Epoch-Scenarios, for the
Lower Connecticut River Watershed (HUC 01080205).

2050-Centered Epoch 2085-Centered Epoch
Indicators and Z-scores Indicators and Z-scores
High High
Low Z Z
Ice Jam Ice Jam Extreme Extreme Extreme
Occurrence Occurrence Precipitation Precipitation Precipitation
Days Days Days
Extreme Ice Jam High Heat
Precipitation 1.50 | Occurrence 1.81 | Days 217
Days
Tropical Ice Jam
Cyclone 1.26 1.45 | Occurrence 1.81
Frequency
4 Ice Storms Tropical Tropical Tropical Flash
Occurrence 1.19 | Cyclone Cyclone Cyclone 1.26 | Drought 1.59
Frequency Frequency Frequenc
5 Tropical Ice Storms Ice Storms
gyclone_ 0.91 Occurrence 119 Occurrence 119 145
estructive
Winds
6 Tropical Tropical Tropical Tropical
Cyclone Cyclone Cyclone Cyclone
Maximum 0.87 Destructive Destructive 0.91 Frequency 1.26
Precipitation Winds
7 Heating Degree Tropical Ignition Rate
Dy 0.64 0.91 | Cyclone 0.87 1.19
Maximum
Precipitation
8 Ignition Rate Tropical High Heat Ice Storms
0 Cyclpne 087 Days 0.86 Occurrence 119
Maximum
Precipitation
9 Frost Days Maximum High Heat Ignition Rate Tropical
ay Days Cyclone
0.52 in] 4 0.60 0.87 0.74 Destructive 0.91
Winds
10 | 5-Day Minimum High Heat Flash Maximum Maximum
Temperature 0.51 | Days 0.58 | Drought 0.72 | 1-Day 0.69 | 1-Day 0.88
Frequency Precipitation Precipitation

In these ranking scores, selected normal probabilities are presented in Table 6 to help
with interpretation. Although the measures may not be normally distributed, the normal
distribution is a useful indicator of whether an observation is near to, or far from, the
central median value.
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Table 6: Normal Distribution Key — for review of Lower Connecticut River Watershed
(HUC 01080205), compared to other HUC-8 regions in the CW VAT database

Variate Z Percent Greater Variate Z Percent Greater
-0.07 53% 1.64 5% (1-in-20)
(base condition for the HUC-8).
0.0 50% 1.96 2.5%
(median value; 1-in-2; (1-in-40)
exceeded by half of the HUC-8
watersheds).
0.25 40% (2-in-5) 2.33 1.0% (1-in-100)
0.53 30% (3-in-10) 2.57 0.5% (1-in-200)
0.68 25% (1-in-4) 3.09
(upper band of the interquartile
range or shaded “box” in a
typical box-and-whisker plot)
0.84 20% (1-in-5)

1.28 10% (1-in-10)
High projected result for extreme
precipitation days, 2085 epoch

For all three indicator scores (base, 2050 5 epoch), the top 10 indicators
are greater than 0.00 (all scores are above\heif'respective median values). The weighted
average of all scores (not just th Slightly below 0.00 for the base case (Z= -
0.07 is exceeded by 53% o although the top—ten tabled values are in

er away from the central value as the value of the
projections extends future or in moving from the “low” to the “high”

projected value.

The pattern of increasi Z leads to a 2085-epoch high value of Z=1.29, which is
exceeded by only 10% e HUC-8 watersheds, following a “normal distribution”
assumption (the CWVAT result reports 25% in Figure 48, which would indicate that the
result is at the upper end of the interquartile range).
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Riverine Flooding

For the Lower Connecticut River Basin 01080205 HUC, the projected vulnerability is tied
to riverine flooding, as shown in Figure 50.

Score
"~

Base 2085 Low 2085 High

[ z085L0w [ 2085 High

re Scores

. Base . 2050 Low
Figure 50: Riverine E

e upper and lower limits of observations (or projections)
represent the highest 2 observations for the results from all the HUC-8 locations
in the database, denoted Y olid black horizontal lines. For each epoch scenario, there
is a central colored rectangle to show the limits of the upper and lower quartiles (25% of
the observations are above the rectangle, and 25% are below the rectangle). The score
for the Lower Connecticut River Watershed HUC is shown with a solid horizontal line. For
this HUC, the HUC score falls inside the colored rectangle, indicating that it falls within
the range of the central 50% of observations, for both the base case and the four epoch
scenarios (the 2050 high and low cases, and the 2085 high and low cases).

In the box-and-whisk

It should be noted that although the watershed is more vulnerable to flooding in the
projected future epochs (scores rising), the Z-scores for the HUC remain close to the
middle of the central rectangle, which is projected to rise over time. Consequently,
although the vulnerability does increase, the increase is smaller relative to that of the
other HUCs.
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Two parameters have been reviewed for their potential contributing effects to the
increasing riverine flooding projections. These are mean annual runoff and extreme
precipitation days.

Mean Annual Runoff

The mean annual runoff is of value in establishing whether the watershed is susceptible
to changes that might affect water-related activities such as navigation, hydroelectricity,
and water supply (urban or agricultural). While any increase in MAR would have some
association with increased flooding, this does not appear to apply for the Lower
Connecticut River Watershed. As shown in Figure 51, there is minimal change in the
MAR projections for either the 2050 or 2085 epochs.

Mean Annual Runoff is the average annual discharge
watershed upstream of the downstream-most boundar:
8 (HUCS) for the largest river in this watershed. Thighs an es te of unregulated flows,
meaning the effects of water storage and flood ases are nottaken into account. This
indicator is based on cumulative inflows from rs upstream of this specific HUC-
8 watershed.

me of water) from the entire
ydrologic Unit Code Level

Units: Cubic Feet per Second (CFS) (No cfSjper square mile).
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2085 High

2085 Low

2050 High

2050 Low

Base

i 3 35
Cubic Feet per Second {cfs)

as

B ease [ 2050 Low 2os0High [ 208

Scenario Indicator Value Percentile Percent Change fron © nse Percent Change from 2050

Base 3.03
2050 Low 305
2050 High  3.06
2085 Low 3.06
2085High  3.07

0.25%
0.34%

Figure 51: MAR Summ

Extreme Precipitation Days

The increasing value of the number of extreme precipitation days per year increases from
a current (base) value of 3.6 days, up to 4.8-t0-5.1 days per year for the 2050 epoch to

5.2-t0-6.2 days per year in the 2085 epoch. This is shown in Figure 52.
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Figure 52: Extreme Precipitation Days Summary Views for Lower Connecticut River

Basin Watershed (HUC 01080205)

Extreme Precipitation Days is the average annual number of days that precipitation in
a future epoch scenario is greater than what would have been considered an extreme
precipitation day historically (the historic period 1% annual chance event storm). Extreme
precipitation days measures how often rainfall in future storms exceeds that in the most

extreme storms historically for a given location.
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Units: Days/Year

CW VAT Summary

The Connecticut River Basin HUC-8 (01080205) results are noted to be affected largely
by cold weather, indicated by ice jams, ice storms, and frost days (color-coded in light
blue in Table 5), and these are expected to have a major influence in the total vulnerability
of the watershed, relative to the rest of the Hydrologic Units that were assessed.
Projecting into the future, the effects of ice diminish to lower positions on the ranking lists,
while rain events (listed as Extreme Precipitation Days, Tropical Cyclone Frequency,
Tropical Cyclone Maximum Precipitation, Tropical Cyclone Destructive Winds, and
Maximum 1-Day Precipitation - yellow color-coding) play reater role in the projected
indicators. Heating does contribute to the vulnerabilit sessment (green coding for
t frequency), and this may

, and so attention is directed to
Extreme Precipitation Days (days with rainfall a what in the base period has been
he 2050 and 2085 rankings, and
he top 7 to 2 percent of HUC-8
2085 epoch (at the top 2 to 0.03

generated scores of 1.50 to 1.99 in the 20
results for this parameter), rising to 2.06

to other HUCs in the database extreme precipitation days’ (Figure 52) contribution
to the increased riverine (Figure 51) indicators are projected to increase

Conclusion

Recent technical literature indicates trends of rising mean and extreme temperatures. The
literature indicates precipitation mean and extreme values show rising trends. The
literature is ambiguous, however, on stream runoff trends. As a result, projections of
future streamflows are mixed and depend on the selected model and its assumptions.
Observed trends in streamflow vary by season, but some evidence exists of increasing
flows on average.

There were strong nonstationarities (affirmative detections of a non-stationarity, by a
minimum of two standard tests in the Time Series Tool, each at the 95% confidence level
(p<0.05), for a given 1-to-5-year period), and one overall monotonic trend detected for
the computed data set for mean and peak annual inflows (detection of a trend for a rising
or falling flow or water level over a period of years, confirmed by at least one standard
statistical test in the TST, at the 95% confidence level (p<0.05)). The trends of increasing
or decreasing flows over time for various subsets of the data prior to completion of the
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upstream network of USACE FRM dams have been discounted. It was not clear from
local records whether the more recent trend-free periods continued; the lack of clarity is
due both to gaps in the records and to nonstationarities. Local peak flows in Hartford and
East Hartford appear to have been neither rising nor falling, although, for the record in the
more rural East Hartford drainage area, changes in land use may increase the likely
surface-flow response to rainfall events.

Local streamflows are projected to increase the average and peak streamflow in drainage
areas on both east and west sides of the Connecticut River during the 215t century. This
effect would likely be exacerbated by changes to infrastructure that might include
extended urban development.

Runkle et al (2022) reported that the frequency of 2-inch-plu
increasing in Connecticut in recent decades. Experience j
supports this assessment.

recipitation days had been
023 at nearby USACE dams

As aresult, projections of future streamflows are
and its assumptions (the literature review r the site-specific data review).

Nonstationarities and monotonic trends S ed at the gages most relevant to the
leveed systems. For the ConnectigakRi Stream construction of substantial USACE

FRM dams on tributaries to th necticut River was completed in 1969, and
so earlier nonstationarities ends can be ignored, but the post-1969
situation needs to be we Y. The post-1969 record does include

nonstationarities and sg ent record is taken to show a static water level at 6.0
g water level that results from data regression; but
d less than 95% certainty (p-values greater than 0.05).
e uncertainty concerning recent trends in average and
ean monthly flows.

the “gently falling” f@gression
Gaps in the records added to t
monthly annual peak value

The Connecticut River watershed, which includes significant drainage basin area in
Vermont, New Hampshire, and Massachusetts as well as Connecticut, is not vulnerable
in the flood risk management business line compared to other CONUS watersheds, with
a major vulnerability being the population residing in the 500-year floodplain. The overall
vulnerability, measured “small” (not in the top 20% of CONUS watersheds), was shown
to be rising over time. This leads to the possibility that the HUC will at a later time (later
than the 2085 epoch) be classified “vulnerable” relative to the rest of CONUS watersheds.

The more recent Civil Works Vulnerability Assessment Tool, with a focus on a smaller
watershed area (the Lower Connecticut basin, ending roughly at the Massachusetts
border with New Hampshire and Vermont), supports the earlier VAT assessment,
although it does raise the estimate of vulnerability for the 2085 epoch, under the “high”
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estimate, to between “top 10%” and “top 25%” vulnerability relative to the rest of the
assessed HUC-8 watersheds.

As indicated in Table 7, the projected hydrology has potential to result in increased hazard
to system operations, primarily in relation to relative sea-level rise during the 215t century.
The table outlines how named measures under consideration in the study might affect the
flood mitigation mission of the USACE in Hartford and East Hartford.

Table 7: Residual Risk to Hartford/East Hartford Levee System Due to Projected
Hydrological Trends

Qualitative

Feature or

Trigger

levees to the

e.g., address rivers leads to

seepage at increased flow

embankments | into the
town/city
drainage

systems and
pump stations.

Inland storm
upstream on
the Connecticut
River.

Coastal s
in the A
and it e
the Con
River.

Measure Likelihood
Improvements | Reduced Requires changes in timing | Pop Unlikely:
to floodwalls seepage for pumping. in
and levees. through the E. Low probability that

Upstream storm raises the
Connecticut River water
level, requires either mo
storage or increased pump
capacity.

nage and rivers.
pect more roads to

floodwall
improvements would
create a new hazard.

Adaptive/Resilience
notes:

Floodwall design
could be wider to
allow for the walls to
be raised later as
necessary.

Levee
embankments could
be improved through
better field placement
techniques, improved
soil grading curves,
or river-side or land-
side sloped surface
design (rip-rap
materials or sod
materials).

Pump stations
could be designed for
extra, or larger,
pumps to be installed
later as necessary.
Detention storage
could offset some
pumping needs.
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Feature or
Measure
Increased
pumping
capacity.

The issue of
adequate
pumping
capacity was
reviewed in
Appendix B2
(hydraulics/
hydrology) but
the team
discovered
that the
pumping
capacity was
adequate and
no further
capacity was
needed.

Trigger

Assuming
inadequate
pumping
capacity, then
the following
issues could
arise:

Inland storm
flow in LPP
area needs
more pumping.

Inland storm
upstream on
the Connecticut
River.

More on-site
fuel storage.

Given that the
capacity is
adequate,
however, the
option to
increase this
was removed
from the suite
of viable
improvement
options.

Hazard

Increased reliance on the
pumps. Infrastructure
development close to
inundated areas seen as
more acceptable.

Fuel leaks.

Population 121 k
(3,000 acres), 51 k
(760 acres) at risk of
flooding.

Increased pumping
maintenance and
costs.

Cleanup costs if there
are leaks.

Qualitative
Likelihood
Unlikely:

Low probability that
pumping
improvements would
create a new hazard.

The pump capacity
should be set, based
on likely conditions.

The system of
USACE/Connecticut
FRM dams having
been completed in
1971, the system as
a whole was at that
time (1970s, 1980s)
understood to be in
good shape with
limited concerns
about pump station
capacities.
Adaptive/Resilience
notes:

Pump stations
could be designed for
extra, or larger,
pumps to be installed
later as necessary.
Detention storage
could offset some
pumping needs.
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Feature or

Measure
Increase the
detention
storage
adjacent to
pump
station(s)

Trigger

Inland storm
flow in LPP
area needs
more detention.

High tailwater
from the
Connecticut
River leads to
more frequent
low-level
flooding.

Hazard

for pumping.

Less reliance on pumping:
maintenance might be
overlooked.

Possible changes in timing

Population 121 k
people (in 3,000
acres), or 51 k people
(760 acres) at risk of

flooding.

Increased risk of
drowning at the
detention areas.

Increased time with
standing water for
mosquitoes/flies to
breed. Increased

Qualitative
Likelihood
Unlikely.

Possible (moderate
probability) that
detention basin
improvements would
increase the
frequency and depth
of standing water.

Adaptive/Resilience
notes:

Handrail design
could limit danger to
trespassers.

Flapgate design
could take into
account a higher
water level in the
Connecticut River.

Expect only a few
days to a week of
post-storm standing
water in extreme
events.

Design needs to
account for both the
potential of rising
tides and increases in
urban development.
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Feature or

Measure
Increased
urban
development
especially in
East Hartford
might increase
the typical flow
in storm
events.

Trigger

System
designed with
incorrect sizing
for assumed
flow from
Hartford/ East
Hartford to the
Connecticut
River.

Note that site-
specific
projections from
the CHAT
indicate that the
annual peak
flows are
expected to
increase,
regardless of
infrastructure
changes in the
Hartford/ East
Hartford
drainage
basins.

Hazard

Pump capacity inadequate
during high-flow storm
events in Hartford (or more
likely East Hartford).

Population 121 k
people (in 3,000
acres), or 51 k people
(760 acres) at risk of

flooding.

Increased flooding
potential if the
hydrological conditions
(precip to runoff)
change.

Qualitative

Likelihood
Likely. Likely to be
an issue for East
Hartford if the area is
developed: The pump
capacity should be
set, based on likely
conditions. The
existing record of
flows at East Hartford
(Hockanum Ruvr)
indicates a much
smaller average
annual peak inflow
than for Hartford
(Park Rvr), for a
similar drainage basin
area. The East
Hartford area may
develop, and flow
increases would
result.

The system of
USACE/Connecticut
FRM dams having
been completed in
1971, the system as
a whole was at that
time (1970s, 1980s)
understood to be in
good shape with
limited concerns
about pump station
capacities.

Adaptive/Resilience
notes:

Pump station
design could allow for
more pumps or
bigger pumps in the
future, or for more
detention immediately
upstream of the
stations.
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Feature or

Measure
Repair sluice
gates at pump
stations and
along the Park
River.

The Park
River runs
through the
City of
Hartford and
the relevant
elevations for
opening and
closing gates
are higher
along this
route than for
stations near
the
Connecticut
and
Hockanum
Rivers This is
evidenced in
the higher key
elevations for
Bushnell
Station
(gravity
closure at 14.7
ft NAVD;
pumps on at
14.2 ft NAVD;
pumps off at
9.2 ft (from
App 2-B2
Table 12)).

Trigger

High flow in
local drainage
(e.g., along the
Park River) or
high water in
the Connecticut
River
overwhelm the
designed
system.

Pumps turn on
more
frequently, and
need more
maintenance.

Although many of the risks

Hazard

Timing/amount of pumping
changes. If the system is
overwhelmed, then there
would be unacceptable
inundation.

When the water levels in
the local drainage systems
are high, in response to
local prolonged and/or
intense rainfall, or when
Connecticut River water
levels are high, there is
potential for a greater
duration of pumping.

Detention storage would
become more important as
a means of reducing
pumping costs.

Population 121 k
people (in 3,000
acres), or 51 k people
(760 acres) at risk of

flooding.

The population in the
City of Hartford would
be greatly
inconvenienced by
misoperation of the
gates on the Park
River system. Although
the pump stations run
ifie”of the

area, the
ins for

Connecticut.

Standing water in
detention basins could
become a health issue.

Qualitative

Likelihood
Neutral to likely:
Comprehensive
Hydrology
Assessment Tool
(CHAT) indicates the
Connecticut River will
rise, although site-
specific gage data
since the early 20™"
century indicates
patterns of
decreasing flows and
water levels.

Appropriate sluice
gate operations
would maintain
adequate water head
differences between
the LPP protected
areas and the
Connecticut River.

Adaptive/Resilience
notes:

Sluice gates in
parallel channels
would allow for future
increases in flow.

this project are identified as “unlikely” (Qualitative Likelihood
Column 5 in Table 7), potential adaptation actions for projected new hydrology still exist.
The system might be overwhelmed by the combined high water in the Connecticut and
high flow in the (Park and Hockanum) local drainage areas. The Connecticut River is
certain to rise in coming years, in response to rising sea levels. Potential adaptation
actions to address project vulnerabilities include altering management of the regional
water resource system. The most immediate change would be an increase in pumping
hours per month. Although Table 7 indicates a low likelihood that projected changes
would affect the normal operations or the listed features with respect to storm runoff
operations, it is noted that the potential for change in the high-flow runoff patterns may
become apparent with the collection of more years of runoff and/or relative sea-level-rise
data and/or further hydrological modeling.

85



Feasibility Report & Environmental Assessment
Hartford & East Hartford Levee Rehabilitation, Section 216 April 2026

References

AECOM, 2013: The Impact of Climate Change and Population Growth on the National
Flood Insurance Program Through 2100. 257 pp.
http://www.acclimatise.uk.com/login/uploaded/resources/FEMA_NFIP_report.pdf

Ahearn, E.A., and Hodgkins, G.A., 2020, Estimating flood magnitude and frequency on
streams and rivers in Connecticut, based on data through water year 2015: U.S.
Geological Survey Scientific Investigations Report 2020-5054, 42 p.,
https://doi.org/10.3133/sir20205054.

Ahmed, K.F., Wang, G., Dilander, J., Wilson, A.M., Allen, J.M., Horton, R., Anyah, R.
(2013) Statistical downscaling and bias correction of climate model outputs for climate

320-332.

Armstrong, W.H., Collins, M.J., Snyder, N.P. (2
Magnitude Floods in New England. Journa
Association 48, 306-320.

Brown, P.J., Bradley, R.S., Keimig, F.T.
the Northeast United States, 1870-2005

D20114.

CDM Smith (2012) Incorporati
Studies: A Demonstrati

ange into Water Supply Planning and Yield
arison of Practical Methods.

changing flood risk in New England since the late 20th
ater Resources Association, v. 45, no. 2, p. 279-290.

Crimmins, A.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, B.C. Stewart, and T.K. Maycock,
Eds. 2023. Fifth National Climate Assessment. U.S. Global Change Research Program,
Washington, DC, USA. https://doi.org/10.7930/NCA5.2023

DeGaetano, A.T., Alleen, R.J. (2002) Trends in Twentieth-Century Temperature
Extremes across the United States. Journal of Climate 15, 3188-3205.

Dupigny-Giroux, L.A., E.L. Mecray, M.D. Lemcke-Stampone, G.A. Hodgkins, E.E. Lentz,
K.E. Mills, E.D. Lane, R. Miller, D.Y. Hollinger, W.D. Solecki, G.A. Wellenius, P.E.
Sheffield, A.B. MacDonald, and C. Caldwell, 2018: Northeast. In Impacts, Risks, and
Adaptation in the United States: Fourth National Climate Assessment, Volume Il
[Reidmiller, D.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, K.L.M. Lewis, T.K.
Maycock, and B.C. Stewart (eds.)]. U.S. Global Change Research Program,

86


https://doi.org/10.7930/NCA5.2023

Feasibility Report & Environmental Assessment
Hartford & East Hartford Levee Rehabilitation, Section 216 April 2026

Washington, DC, USA, pp. 669-742. doi: 10.7930/NCA4.2018.CH18.
https://nca2018.globalchange.gov/chapter/northeast

Federal Emergency Management Agency. Revised September 16, 2011. Flood
Insurance Study Number 09001CV001B: Flood Insurance Study: Hartford County,
Connecticut (All Jurisdictions). Volume 1 of 7.

Fifth National Climate Assessment. 2023. Crimmins, A.R., C.W. Avery, D.R. Easterling, K.E.
Kunkel, B.C. Stewart, and T.K. Maycock, Eds. U.S. Global Change Research Program,
Washington, DC, USA. https://doi.org/10.7930/NCA5.2023

Friedman, D., J. Schechter, A.M. Sant-Miller, C. Mueller, G. Villarini, K.D. White, and B. Baker.
2018. “US Army Corps of Engineers Nonstationarity Detection Tool User Guide.” User Guide.
Washington, DC: U.S. Army Corps of Engineers.
http://corpsmapu.usace.army.mil/rccinfo/nsd/docs/Nonst
e.pdf.

Frumhoff, P.C., McCarthy, J.J., Melillo, J.M.,
Confronting Climate Change in the U.S. Nort
Synthesis report of the Northeast Climate Imp
of Concerned Scientists.

Hayhoe, K., Wake, C.P., Huntington, T.G
E., Anderson, B., Bradbury, J., DeGaet
Dynamics 28, 381-407.

Hayhoe, K., Wake, C., Ande ' , X., Edwin, M., Zhu, J., Bradbury, J.,
DeGaetano, A., Stoner, A.M., \ les, D7(2008) Regional climate change projections
for the Northeast USA 2

436.

Hodgkins, G.A., and
trends for New England Water Resources Research, v. 47, no. 7 [W07528], 16 p.

Hodgkins, G.A., Dudley, R.W., Huntington, T.G. (2003) Changes in the timing of high river
flows in New England over the 20" Century. Journal of Hydrology 278 244-252.

Horton, R., Yohe, R., Easterling, W., Kates, R., Ruth, M., Sussman, E., Whelchel, A.,
Wolfe, D., Lipschultz, F. (2014) Ch 16: Northeast. Climate Change Impacts in the United
States: The Third National Climate Assessment, Melillo, J.M., Richmond, Terese (T.C.),
Yohe, G.W. ed U.S. Global Change Research Program, pp. 371-395.

Huntington, T.G., Richardson, A.D., McGuire, K.J., Hayhoe, K. (2009) Climate and
hydrological changes in the northeastern United States: Recent trends and implications
for forested and aquatic ecosystems. Canadian Journal of Forest Research 39, 199-212.

narity Detection Tool User Guid

uebbles, D.J. (2007)
acts, and Solutions.

87


https://nca2018.globalchange.gov/chapter/northeast
https://doi.org/10.7930/NCA5.2023
http://corpsmapu.usace.army.mil/rccinfo/nsd/docs/Nonstationarity_Detection_Tool_User_Guide.pdf
http://corpsmapu.usace.army.mil/rccinfo/nsd/docs/Nonstationarity_Detection_Tool_User_Guide.pdf

Feasibility Report & Environmental Assessment
Hartford & East Hartford Levee Rehabilitation, Section 216 April 2026

Janssen, E., R.L. Sriver, D.J. Wuebbles, and K.E. Kunkel, 2016: Seasonal and regional
variations in extreme precipitation event frequency using CMIP5. Geophysical Research
Letters, 43, 5385-5393. http://dx.doi.org/10.1002/2016GL069151

Kalra, A., Piechota, T.C., Davies, R., McGuire, K.J., Hayhoe, K. (2009) Climate and
hydrological changes in the northeastern United States: Recent trends and implications
for forested and aquatic ecosystems. Canadian Journal of Forest Research 39, 199-212.

Marvel, K., W. Su, R. Delgado, S. Aarons, A. Chatterjee, M.E. Garcia, Z. Hausfather, K.
Hayhoe, D.A. Hence, E.B. Jewett, A. Robel, D. Singh, A. Tripati, and R.S. Vose, 2023:
Ch. 2. Climate trends. In: Fifth National Climate Assessment. Crimmins, A.R., C.W. Avery,
D.R. Easterling, K.E. Kunkel, B.C. Stewart, and T.K. Maycock, Eds. U.S. Global Change
Research Program, Washington, DC, USA. https://doi.org/1@7930/NCAS5.2023.CH2.

Meehl, G.A., Arblaster, J.M., Branstator, G. (2012) anisms contributing to the
warming hole and the consequent U.S. East-west di f heat extremes. Journal
of Climate 25, 6394-6408.

Mills, K.E., E.B. Osborne, R.J. Bell, C.S. Colg

ooley, M.C. Goldstein, R.B.

. 10. Ocean ecosystems and

t. Crimmins, A.R., C.W. Avery,
cock, Eds. U.S. Global Change

Runkle, J., K. Kunkel, & gpion, and L-A. Duplgny-Glroux, 2017: Connecticut State
Climate Summary. NOAA nical Report NESDIS 149-CT.

Runkle, J., K. Kunkel, S. Champion, D.R.Easterling, B.C. Stewart, R. Frankson, W.
Sweet, and J. Spaccio, 2022: Connecticut State Climate Summary. NOAA Technical
Report NESDIS 150-CT.

Scherer M, Diffenbaugh N (2014) Transient twenty-first century changes in daily-scale
temperature extremes in the United States. Climate Dynamics 42:1383—-1404.

Schwartz MD, Ault TR, Betancourt JL (2013) Spring onset variations and trends in the
continental United States: Past and regional assessment using temperature-based indices.
International Journal of Climatology 33:2917-2922.

Small, D., Vogel, R.M., Islam, S. (2006) Trends in precipitation and streamflow in the
eastern U.S.: Paradox or perception? Geophysical Research Letters 33, L03403.

88


https://doi.org/10.7930/NCA5.2023.CH10

Feasibility Report & Environmental Assessment
Hartford & East Hartford Levee Rehabilitation, Section 216 April 2026

Sweet, W.V., R. Horton, R.E. Kopp, A.N. LeGrande, and A. Romanou, 2017: Sea Level
Rise. In: Climate Science Special Report: Fourth National Climate Assessment,
Volume | [Wuebbles, D.J., D.W. Fahey, K.A. Hibbard, D.J. Dokken, B.C. Stewart, and
T.K. Maycock (eds.)]. U.S. Global Change Research Program, Washington, DC, USA,
pp. 333-363, doi: 10.7930/JOVM49F2.

Tebaldi, C., K. Hayhoe, J.M. Arblaster, and G.A. Meehl, 2006: Going to the extremes:
An intercomparison of model-simulated historical and future changes in extreme events.
Climatic Change, 79, 185-211. http://dx.doi.org/10.1007/s10584-006-9051-4

Thibeault, J.M., Seth, A. (2014). A framework for evaluating model credibility for warm-season
precipitation in northeastern North America: A case study of CMIP5 simulations and
projections. Journal of Climate 27, 493-510.

Thomson, A.M., Brown, R.A., Rosenberg, N.J., Srinivas
Climate change impacts for the conterminous USA:
Water Resources. Climatic Change 69, 67-88.

., lzaurralde, R.C. (2005).
ted assessment: Part 4:

and New York, USA. Geophysical Research L 1, L19202 19201-19204.
USACE (2015). Recent US Climate Cha 3 ogy Literature Applicable to US
Army Corps of Engineers Missions — Wat es Region 01, New England. Civil

Works Technical Report, CWTS-

< sis Tool. (Accessed November 2023).
https://climate.sec.usace.army.mil/slat/

USACE (2025) Civil Works Vulnerability Assessment Tool:
https://resilience.sec.usace.army.mil/civilworksva/

USACE 2026 Engineering and Construction Bulletin No. 2026-1 Incorporating Resilience
to Nonstationary Hydrometeorological Conditions in USACE Civil Works Studies,
Designs, and Projects.

Vose, R.S.; S. Applequist, M. Squires, |. Durre, M.J. Menne, C.N. Williams, C. Fenimore,
K. Gleason, D. Arndt, 2014: Improved Historical Temperature and Precipitation Time
Series for U.S. Climate Divisions. Journal of Applied Meteorology and Climatology, 53, 5,
1232-125. https://doi.org/10.1175/JAMC-D-13-0248.1

89


https://climate.sec.usace.army.mil/chat/
https://climate.sec.usace.army.mil/slat/

Feasibility Report & Environmental Assessment
Hartford & East Hartford Levee Rehabilitation, Section 216 April 2026

Walter, M., and Vogel, R.M., 2010, Increasing trends in peak flows in the northeastern United
States and their impacts on design, in Joint Federal Interagency Conference, 2d, Las Vegas,
Nevada, June 27-July 1, 2010, Proceedings: Advisory Committee on Water Information, 16 p.
[Also available at https://acwi.gov/sos/pubs/2ndJFIC/Contents/2F _ Walter _ 03 01_ 10.pdf.]

Wang H, Schubert S, Suarez M, Chen J, Hoerling M, Kumar A, Pegion P (2009) Attribution of
the seasonality and regionality in climate trends over the United States during 1950-2000.
Journal of Climate 22:2571-2590.

Whitehead, J.C., E.L. Mecray, E.D. Lane, L. Kerr, M.L. Finucane, D.R. Reidmiller, M.C. Bove,
F.A. Montalto, S. O'Rourke, D.A. Zarrilli, P. Chigbu, C.C. Thornbrugh, E.N. Curchitser, J.G.,
Hunter, and K. Law, 2023: Ch. 21. Northeast. In: Fifth National Climate Assessment.
Crimmins, A.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, B.C. Stewart, and T.K. Maycock,
Eds. U.S. Global Change Research Program, Washington, , USA.
https://doi.org/10.7930/NCA5.2023.CH21

Wehner, M.F., J.R. Arnold, T. Knutson, K.E. Kunkel,
floods, and wildfires. In: Climate Science Special
Volume | [Wuebbles, D.J., D.W. Fahey, K.A. Hi
Maycock (eds.)]. U.S. Global Change Resear
doi: 10.7930/JOCJ8BNN.

Westby RM, Lee Y-Y, Black RX (2013) A
season: Long-term trends, low-frequenc
simulations. Journal of Climate 26;

Wuebbles, D.J., D.W. Fahey, KA J. Dokken, B.C. Stewart, and T.K. Maycock
(eds.) 2018. U.S. Global C { ogram, Washington, DC, USA, pp. 231-256 doi:
10.7930/JOCJ8BNN.

LeGrande, 2017: Droughts,
ational Climate Assessment,
B.C. Stewart, and T.K.

90


https://doi.org/10.7930/NCA5.2023.CH21

	ECB 2026-1 Analysis of Infrastructure/Installation Resilience
	Executive Summary
	Background
	Literature Review
	Temperature
	Temperature Observations
	Temperature Projections

	Precipitation
	Precipitation Observations
	Precipitation Projections

	Streamflow
	Streamflow Observations
	Streamflow Projections

	Seasonality
	Seasonality in Temperature – Observations and Projections
	Seasonality in Precipitation – Observations and Projections
	Seasonality in Streamflow – Observations and Projections

	Coastal Effects
	Relative Sea Level Change Observations and Projections

	Literature Review Summary
	Records of Inflows to the Levee System
	Park River – Nonstationarity Detection and Trend Analyses
	Hockanum River – Nonstationarity Detection and Trend Analyses
	Connecticut River Flows – Nonstationarity and Trend Analyses
	Connecticut River Water Levels – Nonstationarity and Trend Analyses
	Review of Inflow Summaries at Hartford/East Hartford

	Comprehensive Hydrology Assessment Tool
	Connecticut River Hydrometeorology
	Hartford and the Park River Hydrometeorology
	East Hartford and Hockanum River Hydrometeorology
	Review of CHAT Projections for Connecticut, Park River, and Hockanum River

	Sea Level Change
	Background
	USACE Guidance
	Historical Sea Level Change
	USACE SLC Scenarios
	SLC Impacts
	Connecticut River Water Levels – Tidal Influence and Relative Sea-Level Change

	Vulnerability Assessment
	Civil Works Vulnerability Assessment
	CWVAT General Assessment
	Riverine Flooding
	Mean Annual Runoff
	Extreme Precipitation Days
	CW VAT Summary

	Conclusion
	References




