Appendix A

Presentation from the Community Resilience Building
Workshop (1/25/2019)
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WORKSHOP AGENDA

Arrival / Light breakfast
Welcome and agenda overview
Luba Zhaurova, Sustainability Project Manager, City of Worcester
Opening remarks
Edward M. Augustus Jr., Worcester City Manager
Kick-off / Participants Introductions
Led by the Kleinfelder team
Hazards

Presentation (by Kleinfelder)
Large group discussion — determine the highest priority hazards

Break

Community Strengths and Vulnerabilities
Presentation (by Kleinfelder)
Small groups’ exercise (infrastructural, societal, environmental)
Small groups present findings

Lunch
Community Actions

Presentation (by Kleinfelder)
Small groups’ exercise

Break
Priority Actions

Small groups’ exercise (identifying overall priority actions using a risk matrix)
Small groups present findings
Large group identifies highest priority actions; defines 6 locations for further risk & vulnerability assessments

8:00 am
8:30 am

8:45 am

9:00 am

9:30 am

10:30 am
10:45 am

12:00 pm
1:00 pm

2:00 pm

2:15 pm
3:00 pm
3:30 pm

Summary and Closing 3:50 pm-4pm



WHAT IS CLIMATE CHANGE?

Visit to learn more!

.‘ reSi U ent M A Explore Identify IELG

Sectors Changes Action

Climate Change Clearinghouse for the Commonwealth

Providing the most up-to-date climate change science and decision-support tools for the Commonwealth. More »

Municipal Vulnerability
Preparedness

Our cities and towns are on the front lines of
climate change. The new MVP program from

the Executive Office of Energy and 4§ ) e AR 3 :
Environmental Affairs works with ‘;5' B o .z ¥ : ‘

communities across the state to decrease
risk, build resiliency, and identify strengths
and opportunities through targeted planning
and action. FY18-19 Participants

7)) Regional Partnerships

Municipal Participation

@B VP Designation (as of 1/1/18)

More »



http://www.resilientma.org/

WHAT IS CLIMATE CHANGE?

Visit

to learn more!

usetts

CLIMATE CHANGES

Changes in precipitation

- Inland flooding
& - Drought
! I - Landslida
1l

Sea level rise
- Coastal flooding

Coastal erosion
- Tsunami

=

Rising temperatures A
- Averaga/extreme temperalures

- Widfres
- Invasive speces

Extreme weather .
- Hurricanes/tropical stooms

- Severe winter storms/nor'easters
- Tomadoss
- Other severa waather

Annual precipitation: Increase up to 16% (+7.3 nches)

Days with rainfall accumutation 1+ inch: Increase up 1o 57% (+4 days}
Consecutive dry days: Increass 18% (+3 days)

Summer precpitation; Decrease

Sea levat increase 4.0 10 10.5 feet along the Massachusetts coast

Average annual temperature: Increase up to 23% (+10.8 degrees Fahrenbeit)

Days/year with daily minimum temperatures balow freezang: Decrease up 1o 42% (-62 days)
Winter temperatures: Increase at a greater rate than spring, summer, or all

Long-term average minimum winter temperature: Increase up to 86% (+11.4 degrees Fahrenheit)
Days/year with daifly maximum temperatures over 90 degrees Fahrenhedt: Increase by up to
1,280% (+B84 days)

Growing degree days: Increase by 23% to 52%

Frequancy and magnitude: Increase

Note: This plan sis0 53503505 o thquakes, but thers s no astablishod corrolation botwoon cimat chango and oarthquokes.
Sourca of Clmado Change Projections: Northaast Cimate Adaptation Scienca Confor at the Univorsity of Massachusoits, Amhoest.

2016 Massachusatts State Razand Matigation and Chmate Adagtation Plan | Exacutie Sunynaty


http://www.resilientma.org/

HOWw WE ARE ADAPTING?

Visit to learn more!

How Adaptations and Interventions Work

CLIMATE HAZARD —N\ EXPOSURE N RISK
More days with high heat [ 4 Being outdoors or ~Heat-Related lliness and
and high ozone levels ’ breathing outdoor air Mortality

Reducing Emissions

Eliminating “Heat Islands”

.

-

INT,ESXE?JTI%NNS;M VULNERABILITY
; Qutdoor workers

s Air Quali.ty N People > age 65 or <age § Heat and Air Quality Warnings
Commmensy Saofig Jemor Residents of Cities Improving Health and Fitness
(with backup generators) Cardiovascular disease, P g

Eliminating “Heat Islands” kidney disease, asthma

Reducing Emissions Loss of Electricity/No AC
Improving Health and Fitness



http://www.resilientma.org/

INTRODUCE YOURSELVES!

= Name

= Affiliation

(department, organization, business, resident, etc.)



A S

GROUND RULES

Everyone must participate (and listen)
Everyone’s input is equally valued
Disagree without being disagreeable
No side conversations

Stay on topic



NATURAL HAZARDS

www.CommunityResilienceBuilding.org

Community Resilience Building Risk Matrix
ﬁw @ Top Priority Hazards (tornado, floods, wildfire, hurricanes, earthquake, drought, sea level rise, heat wae, etc.)
v
H-M-L priority !01“ action over the Short or Long term (and Ongoing)
V = Vulnerability S = Strength Priority Time
M Short Long
Features | Location |0wnership| VorS | Hazard Actions H-M-L 1" 9ngoing
Infrastructural

zed features will be used in the

Keep in mind that the priori

—
—)

Task 2 — Risk andVulnerability Assessments

Societal

—COMMUNITY STRENGTHSAI COMMUNITY ACTIONS

VULNERABILITIES

IORITY-ACTIONS

Environmental

Part 1 Part 2 Part 3
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Il. HAZARDS AND THEIR IMPACTS

What are Worcester’s past, current, and future hazards?
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IDENTIFIED HAZARD 1:
. HEAVY RAINFALL




Number of Days

Q HEAVY RAINFALL — HISTORICAL DATA

Number of Days Precipitation >= 2 in - Jan through Dec - WORCESTER, MA

From 1949 to 2017

Zocm| 1yr I 10 yrs [30yrs m

f/ Zall \/\/\\f\/ \/“/\/\/\/\N\/

MM/W

ﬁ%m—//_l\se/\/r{v\

Two types of rainfall flooding:

* Overbank flooding from rainfall / snowmelt

* Piped Infrastructure backup / failure (Culverts, CSO, SSO)

Source: Worcester Hazard Mitigation Plan [DRAFT], 2018
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Q HEAVY RAINFALL — HISTORIC FLOODING EVENTS

[
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Concentration of Reported Flooding Events

Heavy rainfall already
causes flooding in
Worcester.

* Greenlsland
(Elsworth St,
Quinsigamond Ave)

* Pelham St (small areg,
localized flooding)

* Southgate St (near
Green Island, failing
infrastructure and
erosion issues)

Impacts: infrastructure,
property damage, loss of
life/injury, natural
resources.

Note: Map based on the
Worcester’s Customer Service
Request System (CSRS) data

for flooding events 2006-2016.
12

Source: Worcester Integrated Plan [DRAFT], Kleinfelder 2018



O HEAVY RAINFALL — FEMA FLOOD ZONES

Reference Map

FEMA flood zones are based on Flood Zones
probabilities of future flooding
events.

* Example: A 100-year flood is a an
event that has a 1% probability of
occurring in any given year (500-
year flood has 0.2% probability).

* These zones are used by
communities to set building and
flood insurance requirements.

Source: https://www.fema.gov/disaster/updates/fema-flood-maps-and-zones-explained

500yr flood
A: 100yr flood, no BFE
AE: 100yr flood with BFE

AH: AE with flood depths 1-3ft

AO: A with flood depths 1-3ft

13

Source: http://www.worcesterma.gov/planning-regulatory/boards/conservation-commission



O HEAVY RAINFALL — PIPED INFRASTRUCTURE FLOODING

Sewer backups are an issue in
Worcester

* ~400 miles of sewer pipelinein
the city

* ~60 miles of combined sewer
pipes in the city

* Old pipe infrastructure: combined
sewer and drain (CSO) makes up
about 15 % of wastewater
collection system area (about 4
mi sq), but 60% of the total
system flow is generated in the
combined system.

* (SO piping increases chance of
backup during wet weather
because of increased stormwater
runoff.

14
Source: Worcester Integrated Plan [DRAFT], Kleinfelder 2018



O HEAVY RAINFALL — COMBINED SEWER INFRASTRUCTURE

Legend . West Boylston

m Combined Sewer System Area \ ' M
NN\ Green Island Area ‘ i Boylston

Holden

v ;  Combined sewer
| areas (in brown)
are located near
populated areas
of the city.
| | shrowsbur * Locations are
=l DB vulnerable to
| Combined Sewer
Overflows (CSOs).
* Greenlsland (in
green) area s
particularly
& susceptible given
its topography.

Auburn Millbury

oo/

yooid N

Yiddle 122

Leicester

o

Data Sources: Bureau of Geographic Information (MassGIS) |

1Miles City of Worcester

Combined sewer infrastructure map

Source: Worcester Integrated Plan [DRAFT], Kleinfelder 2018



HEAVY RAINFALL — GREEN ISLAND
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Areas of Floodiing in
10 Year Storm Event

Projected Locations of Flooding in the Green Island Area

Source: CDM Smith Green Island Area Flooding Study, May 2016

The Green Island area is highly

susceptible to flooding events.

* Lowest elevation in the city.

* Situated at the confluence of
Mill Brook and Middle River.

* Large portion lies within FEMA
flood zone.

* Combined sewer infrastructure.

* Areais densely populated.

Source: Worcester Integrated Plan [DRAFT], Kleinfelder 2018

Flooding on Southgate Street —June 2010

16



O HEAVY RAINFALL — HISTORIC PIPED INFRASTRUCTURE FLOODING

Legend West Boylston
® Sewer Backups
and Loss of Service Holden

Per Square Mile —— Boylston

%o—vs S Data based on reported sewer
76-150 T .
L il R B backups and service losses
i AVENIEnY € from Worcester residents

->300
between 2006 and 2016.

. .- . . o s Crigr
Paxton' i . . .- 7115 ‘ . 3 . Shrewsbury

Worcester

()

Leicester :_ . -
F)
g
Auburn
o muy Note: Map based on Customer
o, o5 4 2 ¢ Service Request System
e Data Sources: Bureau of Geographic Information {Mass GIS). City of Worces ter CSR S Database (CSRS) datafor sewer backups

Density of Reported Sewer Backups and Loss of Service and loss of service 2006-2016 17

Source: Worcester Integrated Plan [DRAFT], Kleinfelder 2018



Q HEAVY RAINFALL — BANK EROSION

Erosion a concern for Worcester:

* Caused by a combination of factors
(intense rainfall, flooding events, soft
sediments, farming activity, land
topography, etc).

* Adanger for properties, ecosystems
and other infrastructure along the

river.




HEAVY RAINFALL — RIVERBANK EROSION

From the map:

* Soft sediments like sand and
gravel are common.

* Topography is hilly - a large
portion of the city has sloped
land.

Soils and Geologic Features Map

Surficial Geology-1999 (1:250,000)

[
+'%’] Sand & Gravel

Till or Bedrock

Floodplain Alluvium

Prime Farmland Soils (2010)

|:| Prime Farmland Soils (2010)

Soils by Slope (2010)

|:| None (Water or Urban Land)
e
Sail Features (2010)
@ Rock outcrop
IR0
- 25-35% VAVAVAYA  Bedrock

PAXTON

LEICESTER

AUBURN

HOLDEN

WEST BOYLSTON

>
3
2
@
-
=
-
3
=
-

MILLBURY

Source: Weston & Sampson OSRP Report,2013
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9 HEAVY RAINFALL — FUTURE PROJECTIONS

Total annual rainfall will increase

Heavy rainfall events will become
more frequent

Annual Total Precipitation

Worcester County, MA Annual Days with Precipitation > 2"
YL P | Massachusetts
E I 307¢ : mmm—m  Max. Projected Days
=] 1 | — Min. Projected Days
g |
G N 1 251 ! Median Projected Days
i I !
554 & : ==  Observed 5-yr Mean
I 504 | "mmmm Current Year
5':' n 1 |
|
455 : 15+
|
404 | I
1
35- : s Max. Projected Days 1.0 vi I
! mmmsms=  Min. Projected Days :
i I /\ )
30 . . ; |
1 Median Projected Days 0.5 :
I . -
25 - I s  Observed 5-yr Mean
|
! EEEEm Current Year Year I Year
20 T T - l. I - - 1 0.0 T T T T T T T 1
1960 1980 2000 2020 2040 2060 2080 1960 1980 2000 2020 2040 2060 2080
20

Source: resilientma.org, 2018



QHEAVY RAINFALL — 2030
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HEAVY RAINFALL — 2070
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Q HEAVY RAINFALL

100-Year
E Today’'s
T e 100 yr. storm |
'6 10 100-Year comparable |
b to 2070s
e 100-vear NG .. 28 . stonm
<] 25-Year
o
Bma
[
“ B . cnncsss ‘.........................‘..E
) 25-Year 10-Year Today's 25 yr. |
; T Hem— e 10-Year | == storm will be |
5 comparable to
Y B .
© e 2070s 10 yr. |
) storm |
5
i —
Q
=
0
1971-2000 2015 - 2044 2055-2084
(Baseline) (2030) (2070)

Source: Design storm projections for the Boston metro area based on Kleinfelder/ATMOS projections, Nov.2015, Kleinfelder for City of Cambridge.
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IDENTIFIED HAZARD 2:
.SNOW/ ICE STORMS




OSNOW/ ICE STORMS

Worcester is susceptible to large

snow and ice storm events:

* Thelocal geography plus the
way eastern MA protrudes
towards the Atlantic Ocean
makes Worcester particularly
susceptible to nor‘easters and
other severe winter stormes.

* 62 high impact storms since
1968 (> 10in).

* Named snowiest city (of
population 100,000 or more) in
U.S. in 2015 with go.1 inches Potential Impacts:

(by GoldenSnowGlobe.com). » Power outages, school closings, internet
and phone outages, utility damage, tree
damage, roadway blockage, property
damage, unsafe roads.

Source: Worcester Hazard Mitigation Plan [DRAFT], 2018
Source: https://www.masslive.com/news/worcester/index.ssf/2015/02/worcester_named_snowiest_city.html
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lce storm (December 11-

12, 2008):

* Yiinch of ice blanketed
the region.

* Millions of dollars worth
of damage.

* Extended power
outages and school
closings.

* Vivid reminder of how
damaging ice storms
can be.

Source: Worcester Telegram, 2018

26



OSNOW/ ICE STORMS

Annual Days with Minimum Temperature Below 32°F

Annual precipitation volume in
winter is projected to increase
30% due to climate change.

Annual days below freezing is
projected to decrease over the
next 8o years due to climate
change.

Projected rising temperatures
will cause more winter
precipitation to fall as rain or
freezing rain instead of snow.

Higher chance of ice and
freezing rain storms

Source: Worcester Hazard Mitigation Plan [DRAFT], 2018
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Source: resilientma.org 2018



OSNOW/

ICE STORMS — HISTORIC DATA

Figure 4-64: Number of Days with 5 Inches of Snow or More

CONNECTICUT

STATE OWNED BUILDINGS IN HIGH SNOW AREAS
2018 Massachusetts Hazard Mitigation and Climate Adaptation Plan

Legend Data Source. MassGIS 2017
MEMA, 2017
B State Owned Buldng Murscipaities DCAMM Building Points, 2017
#of days with 5" ormore [ Counties
<05 Surrounding States
N 05-24
25.44
45.74
A=COM
Massachusetts State Plane 2 s W

North Amencan Datum 1583

ATLANTIC OCEAN

Source: 2018 SHMCAP report




IDENTIFY A THIRD HAZARD:




O EXTREME HEAT — PRESENT HOT SPOTS

Heat effect exacerbated in
impervious surface areas in the
city known as “heat islands”.
Often located in business
districts or downtown areas.

P S Lo o it
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O EXTREME HEAT - 2070
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OEXTREME HEAT — ENERGY DEMAND

There will be more cooling degree-days than heating degree-days by 2070!

* Degree-days are a sum of the year’s high or low temperatures relative to the

mean. HDD apply to temps lower than the mean, CDD apply to temps higher
than the mean.

Annual Cooling Degree-Day Accumulation (CDD)

Annual Heating Degree-Day Accumulation (HDD)
Worcester County, MA

Worcester County, MA
3,000 5 L
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O EXTREME HEAT — PUBLIC HEALTH

Human health issues:

e Heat-related illness and
mortality

¢ Study shows deaths during
heat waves in NYC are more
common in neighborhoods
with higher relative daytime
surface temperature

Source: Madrigano, Jaime & Ito, Kazuhiko & Johnson, Sarah & Kinney,
Patrick & Matte, Thomas. (2015). A Case-Only Study of Vulnerability to
Heat Wave—Related Mortality in New York City (2000—-2011).
Environmental health perspectives. 123. 10.1289/ehp.1408178.

* Airquality, asthma

*  Emissions of pollutants like
ozone and PM2.5 increase at
high temperatures.
Especially anissue in the
north-eastern US, leading to
concerns about related
illness and mortality.

Source: Kinney, Patrick. (2018). Interactions of Climate Change, Air
Pollution, and Human Health. Current Environmental Health Reports. 5.
10.1007/540572-018-0188-x.

* \ector-borne diseases

HOW CLIMATE CHANGE AFFECTS YOUR HEALTH

VECTOR-BORNE DISEASES

42,000
CASES OF
— WEST NILE
Increased Flooding D::;:::of VI RU S
& Stcom / / / Warm Season in the U.S. since 1999,
of which
Changes in
Changes in Median more ‘l'han
al Precipitation Temperature 1’700
I i i people have died '

e Rt

ﬁ k) A ABOUT 68%
>

of Califonia will have

Expanded Changes in increased probability for
m Geographical Vector West Nile virus by 2050 *
Range Behaviors

|
i As temperature rises,
Incidences of Increased Cases = = >
i
LYME DISEASE e B TICKS
Di has,
DOUBLED CARRYING
from 1991 o 2013 * Malaria, Zika LYME DISEASE
Virus, and West will expand

Nile Virus

climatenexus) & APHA




More rainfall in large
events could mean
longer gaps with no
rainfall locally.

Could impact natural
resources:

* Trees

* Water quality

* Aquatic
organisms

* Aquifers/
Reservoirs

each)

Figure 4-8: Weeks of Severe Drought (2001-2017)

WEEKS OF EXTREME DROUGHT (2001-2017)
2018 Massachusetts Hazard Mitigation and Climate Adaptation Plan
Ropeed S . Do tastet 2094 2977

Severe Drought (in weets) Muncoenes N HTOUWINININEDY U 6OV
112 Courties
0.5 | Sunoundeg Suies
L B
e
AZCOM
fommmetenrhn o s ®w __m » o aw. \
N

DROUGHT — HISTORIC DATA

ATLANTIC QCEAN

Source: LS Draught Manitoe, 2017

In Worcester, there have been 7 major droughts since 1930 (3-8 years

Source: 2018 SHMCAP report
Source: Worcester Hazard Mitigation Plan [DRAFT], 2018
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O DROUGHT — CONSECUTIVE DRY DAYs 2070

........

Decade:

Annual

Season:

Projected change in # of consecutive dry days

+1.1

+0.7 +08 +09

+0.6



OWIND

Typically, damaging winds are classified as HOW A MICROBURST HAPPENS

those exceeding 50-60 mph. € Under certain
_ _ _ conditions during
Damaging winds can result from microbursts,  ; thunderstorm,

thunderstorms, blizzards, tropical storms, the rain evaporates fyaporated .
tornados, etc. quickly, ascending rajp 1+, ' 1,
to the drier air S
Impacts: town resources, infrastructure, above.
private and public property. SOURCE: NOAA
€ The upper dry
air is cooled

suddenly and
sinks to the
ground, spreading
in strong,
damaging winds

JAVIER ZARRACINA/THE BOSTON GLOBE

Source: Joanne Rathe/Globe Staff 38



WIND — HISTORIC DATA

Figure 4-76: Wind Load Zones in the Commonwealth of Massachusetts

At

o

ATLANTIC OCEAN

HAMESHIRE
M/ AMEOE N

CONNECTICUT

STATE OWNED BUILDINGS OVER WIND LOAD ZONES
2018 Massachusetts Hazard Mitigation and Climate Adaptation Plan

Legend Data Sowrce: MassGiS 2017
DCAMM Statewde Resbence
B State Owned Bulldng Mursopeites Master Plan, June 2017
Wind Load Zones ] countes

Source: DCAMM, 2017 (facility inventory)

Source: Worcester Hazard Mitigation Plan [DRAFT], 2018
39



TORNADOES .
Tornado tracks in Worcester area 1950 - 2016

* Destructive swirling columns
of air, often formed during
severe thunderstorm events.

* Rotational wind speeds can
reach 250 mph.

* Path can be difficult to predict
because they often stall or
change direction abruptly.

* In MA, tornado events have
occurred most frequently in
the Connecticut River Valley
and in western Worcester
County.

Impacts from tornadoes can be devastating:
Loss of life, tree and power line damage,
personal property loss.

City of Worcester, MassGIS, Eusri, HERE, Garmin, NGA, USGS, NP...

Tornado Magnitude Scale

F/EF O
F/EF 1
F/EF 2
F/EF 3
F/EF 4
F/EF 5

Lowest Magnitude

v

Highest Magnitude

40

Source: Worcester Hazard Mitigation Plan [DRAFT], 2018



BRUSH FIRES

* Like wind, brush fires are typically a result of
dry ground conditions and drought.

* Approximately go% of wildfires in
Massachusetts are caused by humans, the
other 10% by lightning.

* Impacts: natural resources, infrastructure,
private and public property.

o

Source: 'CBS Boston c/o Dustin Fitch)
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O BRUSH FIRES — HISTORICAL DATA

Worcester Susceptibility:

« 21% ofthecityis
forested.

* 1442 incidents, 499
acres burned between
2006-2015, but no
major events.

* Riskis exacerbated in
times of drought.

» Specific at risk areas

Brush Fires: Total Acres Burned 2006-2015

otal Acres Burned
251400
126-252
81-125

are Worcester Airport, =l
Crow Hill Conservation I
Area, Newton Hill and
Elm Park, Bovenzi ,

. > 0 17535 7 10.5 14
Conservatlon Park and L] "3 - eeee— e Viles

Figure 9 - Forest, Grass and Brush Fires, 2006-2015

God’'s Acre

Source: Worcester Hazard Mitigation Plan [DRAFT], 2018



Il. VOTE FOR YOUR 3RP HaAzARD

AND PROVIDE A REASON

What hazards have impacted your community in the past/present?

*  Where, how often, and in what ways?

What is exposed to climate threats now and in the future?

What have been the impacts to operations and budgets, planning and

mitigation efforts?

Fill in Top 3 or 4 Hazards on Risk Matrix

Community Resilience Building Workshop Risk Matrix

1M L jrbornty T o tions over the et or Lang ters (amd Qrgring
Y * Vudserabibly § = Srvnge

Features | Location  Ownership | VorS

Indrastrwactural

(1511

Societal

Environmeatal
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V. STRENGTHS & VULNERABILITIES

What are Worcester's infrastructural, societal, and
environmental strengths and vulnerabilities?




O INFRASTRUCTURE

Critical Infrastructure — provides essential

services and serves as the backbone of the

city’s security and health.

* Vital to the hazard response effort.

* Maintains existing level of protection
from hazards for the community.

* Would create a secondary disaster if a
hazard were to impact it.

* Facilities and populations to especially
protect from a hazard.

Examples Include:

* Bridges, Roads

* Dams, Reservoirs

* Emergency Operations

* Municipal Buildings, Schools, Hospitals
* Utilities, Water and Sewer System

* Commercial Buildings and Businesses
* Historic Sites

Source: Worcester Integrated Plan [DRAFT], Kleinfelder 2018



INFRASTRUCTURE

NelsonElementary

Water Filtration Plant

47



INFRASTRUCTURE




INFRASTRUCTURE

Water Resources Map

Public Water Infrastructure:
* Essential for city function and
survival.

N HOLDEN

PAXTON

WEST BOYLSTON

Community Ground Water

Community Surface Water

Non-Transient Non-Community

Transient Non-Community

LEICESTER

Proposed Well

Sub-basins (2005)
Outstanding Resource Waters (2010) 1.

DEP Approved Zone lIs (2010) %
’ Public Water Supply Contributor A =
DEP Wetlands-2011 (1:12,000)

FEMA Q3 Flood Zones (1997)

—— Hydrologic Connection 2
TS -
Marsh/Bog -
B «

. Wooded marsh

SHREWSBURY

Non Potential Drinking Water Source Area (2007)

Open Water/ Reservoir ’ High Yield

Surface Water Protection Areas (2010) Medium Yield

ZONEA

L,

Aquifers (2007)

—— ZONEB ’ High Yield

MILLBURY
ZONE C Medium Yield >

—

Source: Weston & Sampson OSRP Report, 2013



25 dams in Worcester
* 6 High Hazard
12 Significant Hazard

Dam failure is not common
but many present a
disastrous hazard to lives
and property. The hazard
level classification reflects
the potential impact of a
specific dam failure.
Extensive flooding would

occur in downstream areas.

W s A
, =4

. } | |
‘ ‘ tﬂ‘“ﬂ'm )ﬁ)\
\“ ‘mm‘fl hg, /
§

Legend
B High Hazard E Low Hazard
= SignificantHazard = N/A

WWMMMQVMWWJ’hu

Source: Worcester Hazard Mitigation Plan [DRAFT], 2018
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INFRASTRUCTURE

Other important city infrastructure:

Historic locations.
Public parks.

+  Historic Places (1999)
@7 Historic Parcels (2011)

© Parks

Unique Features Map

N HOLDEN

PAXTON /

WEST BOYLSTON

LEICESTER

SHREWSBURY

GRAFTON i

MILLBURY

/-{nnpqmlqmosmaemw_i_c

Source: Weston & Sampson OSRP Report, 2013
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@ SOCIETY

« Combination of factors and forces that affect the susceptibility of various groups
within a community to harm, as well as their ability to respond positively after
extreme events.

“The death toll was the result of distinct dangers in

Chicago’s social environment: an increased
population of isolated seniors who live and die
alone"”- Eric Klinenberg

< I
B ﬂ*.t.




@ SOCl ETY Worcester Population Density Graphic

2016 Data:

* City Population: 184,509
* Males: 91,316 (49.5%)

* Females: 93,193 (50.5%)

Source: www.city-data.com

Age Stats for Worcester
* 25.5%underag

* 12.5% over6g

* Median age 33.8

* MA median age 39.3

Source: Worcester Hazard Mitigation Plan [DRAFT], 2018 ——

Displaying: block groups. Zoom in to view higher resolution data (available down to the block level) . Based on 2000-2016 data

7

II||||||||||||||III|I|||||||
0 10,000 20,000 30,000 40,000 50,000 60,000

Source: www.city-data.com



SOCIETY

The location of vulnerable

populations throughout the city.

* Downtown areas have the
highest concentration.

Environmental Justice Populations Map

Environmental Justice 2010 Populations
EJ Criteria, by Block Group
Minority
Income
E English isolation
- Minority and Income
- Minority and English isolation
[ income and English isolation

Environmental Justice 2010 Populations
EJ Criteria, by Block Group
Minority
Income
English isolation
- Minority and Income
- Minority and English isolation

- Income and English isolation
I Vinority, Income and English isolation

Il Vinority, Income and English isolation

Leicester

Auburn

1 Miles.

Worcester

\

\

Holden

\ H
i
\ West Boylston

Loo]

/ Data Sources: Bi

Boylston

 Shrewsbury
|

Millbury.

- Bureau of Geographic Information (MassGIS) |
i City of Worcester | 2010 U.S. Census

Source: Worcester Integrated Plan [DRAFT], Kleinfelder 2018
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@ SOCl ETY Median Household Income Graphic

Vulnerable populations, post-incident
are most likely to be effected by lack of
access to recovery services,
displacement, injury, illness, loss of
employment, and property damage.

Worcester Stats : Income
* Median Income: $56,221
* MA medianincome:
$68,563.
* County median
income: $65,313
* Poverty: 22.4%
* MA poverty: 11.6%
* County poverty: 11.8%

Source: Worcester Hazard Mitigation Plan [DRAFT], 2018

Displaying: block groups. Zoom out and pan to view other areas Based on 2000-2016 data

-  — . . s

$20,000 540,000 560,000 +80,000 $100,000 §120,000 $140,000 5160000  $130,000

4

Source: www.city-data.com
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OENVIRONMENT

Benefits of natural systems include:

* Flood storage

Recreation and tourism

* Cooling during heat waves
* Biodiversity conservation

* Water filtration

* Mobility Vulnerabilities

* Water quality and quantity
* AirQuality




ENVIRONMENT — PARKS AND OPEN SPACE

Open Space and Recreation Map

I
west i
BOYLSTON

BOVLSTON

* Parks and open space are
essential for cooling and
air quality in the city.

* Encourage outdoor
activity for residents.

Local Government
- City of Worcester Parks Department
City of Worcester Conservation Commission
City of Worcester School Department
Town of Auburn Conservation Commission O—
Cemeteries Public & Private
City of Worcester - Proper Custody TED
Non-Profit
Greater Worcester Land Trust
Massachusetts Audubon Society et
Private Ownership
- Private Ownership
State Government
State Owned
Massachusetts Port Authority
I:l Massachusetts Port Authority
Parcel Overlays
I:I Community Garden
School Garden

m Conservation Restriction

LEICESTER

MILLBURY

Basemap iy :
[ council Districts \ =
:? FIGURE 7
m Priority Preservation Areas \ c"'o'gf‘msncgﬁ:::m::::;“
----- i & OPEN SPACE AND RECREATION PLAN -
Tra‘ls PARCEL OWNERSHIP AND USE
..... Bike Trails [ Bews — souevows |

= DCR Swimming and Wading Pool

WestonSampson.

Source: Weston & Sampson OSRP Report, 2013
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O ENVIRONMENT — POLLUTED WATERWAYS

Drainage Areas and Fecal Coliform Sampling Locations (1999-2016)

Nutrient loads in Worcester
waterways can cause dangerous
cyanobacterial (blue-green algal)
bloom:s:

Some pollution comes from
storm water and sewer
management.

Other pollution comes from
nutrient release from sediment
(difficult to pinpoint and
address).

Cyanobacteria in high levels is
dangerous to humans and pets
and is difficult to detect.

Source: Worcester watershed advocacy group

Legend

G Drainage Areas

Fecal Coliform Sampling

- % of Samples > Median of All Qutfalls

- % of Samples < Median of All Qutfalls

. 7% > Ve
|2 <rna

West Boylston
N

Shrewsbury

N
1224)

= 59

Source: Worcester Integrated Plan [DRAFT], Kleinfelder 2018



O ENVIRONMENT

Environmental Challenges:

Erosion

Invasive plant material
Chronic flooding
Sedimentation

Ground and Surface Water
Pollution

Impaired Water Bodies

60



OENVIRONMENT — URBAN FOREST

The urban forest is essential for cooling the city. “The average percentage increase in
kWh/CDD is 1.17 due to an average one-percentage decrease in canopy cover”.

Percentage Percentage Increase
Decrease in (kWh/CDD
Canopy Cover Usage) after tree
(2008-2009) removal

1 92 87

2 82 79

3 82 99.6

4 78 116

5 83 140

6 88 67

Table 3: Percent Canopy Cover Difference and Percent
kWh Difterence between 2008 and 2009.

Burncoat Neighborhood Tree Removal/Energy Use Study
Worcester, MA

Emma Morzuch, Ben Weil, Simi Hoque 61
University of Massachusetts, Amherst




V. RESILIENCE & VULNERABILITIES

What are Worcester’s infrastructural, societal, and environmental strengths
and vulnerabilities?

Vulnerabilit
Strength

Town-wide

!

Multi-Neighborhood

!

Single-Neighborhood

}

Specific Location
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V. RESILIENCE & VULNERABILITIES

What are Worcester’s infrastructural, societal, and environmental strengths

and vulnerabilities?

Town-wide

!

Multi-Neighborhood

!

Single-Neighborhood

}

Specific Location

Private

!

Shared

Vulnerabilit
Strength
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V. RESILIENCE & VULNERABILITIES

What are Worcester’s infrastructural, societal, and environmental strengths
and vulnerabilities?

Vulnerabilit
Strength

Town-wide

l l Vulnerability
Multi-Neighborhood Town Str!ngth
Single-Neighborhood Private Both

} !

Specific Location Shared

64



V. RESILIENCE & VULNERABILITIES

Small Group Exercise

* What infrastructure, societal features, or important natural resources are

exposed to current and future hazards?
* What makes them vulnerable?

e  What makes them resilient?

* What are the consequences if the existing vulnerabilities are not

addressed?

* Note: We are working off of provided HMP maps - supplementing work

already completed, not starting from scratch.

Community Resilience Building Workshop Risk Matrix

[P TR -
- P P L avvbvod i i b, &
A L7 L WML prioeity bor action over the Shaet or Loag serm (and Onacing)
s [l 1Y = Yulssratdlity § = Strvagth
[Features Location | Ou'm'rslﬂ Vors
Infrastructural
[ Tawn Campus N Spectiic Town v
Evanmaton Reates - Roads Town wiie Town/ Scne v
Flecarical Distribution Systrm [ Muttiple CLAPTows v
I | | 4 { Dams (inland and cuastad) Multigle Fricate v
JRailway and State Bridges I Muligphe Asrvirak JSone v
[Stare Reade/Intereections Toan-wide Stave /Town v
Wharses and Share Infrassrwture | Share TP v
Waste Water Treatment Facllny Specifs Towa v
[New Ambulasce Center ‘ Specifs Tuws s
Zowiag Regulacieas (maintain large bot size) Muliighe Town s
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V. COMMUNITY ACTIONS

Case Studies




WET FLOODPROOFING

Community Action

First floor i - Living area
door

I=
Ground > B’ [ BFE
Sl Furnace and other
! <k-:— utilities relocated to

/ /

provided to let : POL =<7 |
floodwaters enter ! 71 room addition




RAISED BUILDINGS

Community Action

Slab-on-fill Perimeter wall Open foundation - Open foundation -
(crawlspace) piers/posts/columns piles

- - = (B e

- ~
Image sévrce:
FEMA Quick Reference Guide: Comparison of Select NFIP & Building Code Requirements
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ZONING ORDINANCE

Community Action

City of Worcester

Zoning Ordinance
Ordained in City Council April 2, 1991

As amended through June 26, 2018

Current Zoning Ordinance, amended June 2018 as an ARTICLE VI - FLOODPLAIN OVERLAY DISTRICT
Source: http://www.worcesterma.qov/uploads/ga/bc/gabccoacibi3gcci62db2867ae374da8/zoning-ord.pdf
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http://www.worcesterma.gov/uploads/9a/bc/9abcc0ac3b139cc162db2867ae374da8/zoning-ord.pdf

OZONING

Land use breakdown for the city
of Worcester

Zoning and Overlay Map

Airport District

- General Business

Limited Business
Business Offices
' : Adaptive Re-use District

Hospitals and Medical Centers

Colleges and Universities ! : Airport Environs District

General Manufacturing ! : Arts District

|
Limited Manufacturing ': : : :: Parking Districts
General Residential ::: - _: Signage Restriction Districts
m’ﬂfm"y Residential - 10,000 sqft Lot :-' -' i :: Local Historic Districts
a%?kul:.mily Residential - 7,000 sqft Lot :__ __ __ __: Mixed Use Development District
f‘:?(gﬁ;: LT;;ES:“Y Residential - 7,000 :- : : :: Water Resources Protection Districts

LEICESTER

AUBURN

HOLDEN f

WEST BOYLSTON

SHREWSBURY

z

o

< \ -

w

// ~ <
MILLBURY N\ e

) ‘ g . y S
/-I—_\ e

Source: Weston & Sampson OSRP Report, 2013
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DECORATIVE FLOOD WALLS

Community Action

Source: FloodBreak ‘ -.~ Qurce: Terrascapes Landscape Desigh




DEMOUNTABLE FLOOD PANELS

Community Action




PREVENTING SEWER BACKFLOW

Community Action

Backflow Preventer Valve

ClearTop
allows for easy
inspection

Pros:
* Closes automatically

4. Flap Floats up to
2 block back flow

SE Cons:
Back Flow from Sewer  Flap can get stuck (fail)
* Requires maintenance

Pros:
* Reliable

FPACKIMNG GLANHD

_— BONHKET Cons
GATE .
* Someone hasto close it
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BERMS WITH BENEFITS

Community Action
PROTECTING FRESH POND

. . ¥

_ Possible Wall

PURes =0 s iy

SOuRCE: CCPR, 2017)
Evaluate building a flood wall at elevation 22.5 feet CCB South of the railroad
track along the Alewife Quadrangle. Building a flood wall at this location
can protect the Fresh Pond Reservoir, as well as the Alewife Quadrangle
neighborhood.

[SOURCE: CCPR, 2017]
Evaluate building a vegetated berm at elevation 23.15 feet

CCB* along the Fresh Pond Golf Course. This strategy could
effectively protect the Fresh Pond Reservoir for up to the

2070 100-year sea level rise / storm surge flooding.
“Cambridge city-base datum
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Benefits of Low Impact
Development (LID)

GREEN INFRASTRUCTURE

Community Action

Flow Control
Detention
Retention
Filtration
Infiltration

Treatment

20 mn LNER or CONCRETEL

Source: Garbini & Garbini Landscape Architecture, Inc.k



GREEN INFRASTRUCTURE

Community Action

Local example: Broad Meadow Brook

* Rainfall runoff from impervious surfaces, such
as roads, rooftops and parking lots pick up
harmful pollutants and flow into local
waterways like Broad Meadow Brook.

40% evapotranspiration 30% evapotranspiration

10%
runoff

(TR

25% shallow

25% deep
infiltration

Natural Ground Cover 75%-100% Impervious Cover Sowce EPA

Source: https://www.massaudubon.org/get-outdoors/wildlife- 77
sanctuaries/broad-meadow-brook/about/green-features/water-
conservation



GREEN INFRASTRUCTURE

Community Action

Broad Meadow Brook: LID strategies implemented

Stormwater
Capture

Source: https://www.massaudubon.org/get-outdoors/wildlife-

- sanctuaries/broad-meadow-brook/about/green-features/water-
Raln Barrels NO'MOW conservation

Open Space 78



PERMEABLE PAVEMENT

Community Action

Permeable




DUAL-USE FLOOD STORAGE

Community Action

Athletic Field Flood Storage

8o



DUAL-USE FLOOD STORAGE

Community Action

Canal Streets Explore innovative options for managing stormwater Open Spaces

North Point Park




MULTI-BENEFIT WATER INFRASTRUCTURE

Community Action

Source: San Antonio River Awith oty P LN .." ..:‘\‘ !
1Y . 5 " N 1 » 9

Single Purpose Multi-Benefit
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MuLTI-USE LEVEES

Community Action

Flood Protection Mobility

83
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PREPARE

Community Action

Equipment

T
‘i“{' RN,

Contracts

Storage
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CLEAR COMMUNICATION

Community Action

Emergency
Notification Keeping
System

WINTER IS COMING

AND SO IS THE WORCESTER WINTER PARKING BAN

our citizens
informed

Sign up for JCODE |

EMERGENCY WINTER
SNOW ROUTE BAN

NO PARKING NO PARKING
TOW ZONE
WHEN
DECLARED

DECLARED
msgmm

"
WORCESTEAMA GOV SIGN UP TODAY FOR FREE
PUSH NOTIFICATIONS &

<
CREATYE YOUR FREE
SMARTVII SAFETY FROVILE

STAY IN THE KNOW AND BE BETTER PREPARED FOR EMERGENCIES
’ @WorcesterDPW, @SnowParkingBan, @ TweetWorcester
f www.lacebook.com/WorcesterDPW/ ﬁ Smart
www.facebook.comy/WorcesterMassachusettsOfficial/

@ worcesterma.gov/e-services/winter-parking-ban/ The Citv of
() AL ’\ J
& (508 929-1300 City Government @wo RcESTER
Channel 192




DEICING ROADS

Community Action

Equipment

15 million tons of
deicing salt are used
each yearinthe
United States
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ALTERNATIVE OPTIONS

Community Action

Other options?

87



SNOW & ICE

Community Action

What would Dwight Schrute do?

88



STAY ON TOP OF MAINTENANCE

Community Action

BEFORE “V" AFTER "VY"
PRUNING PRUMING

BEFORE SIDE AFTER SIDE
PRUNING PRUNING
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STREET TREES/ URBAN FOREST

Community Action

Source: Conservation Magazine

In Worcester — A study in the Burncoat Neighborhood showed that urban tree
removal resulted in 9g8% increase in mean energy use during the summer of 2009.

Source: University of Massachusetts, Amherst
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REDUCE PAVEMENT

Community Action

Reduce Asphalt with:
* Infill development
* Native Landscaping

* Solar power canopy
devices




COOLING CENTERS

Community Action

Cooling centers are:

Air-conditioned public
facilities where people
may go for relief during
periods of extreme heat.

Y COOLING
CENTER
OPEN

\_’\"'-"\ l,[/] >
o |
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ALTERNATIVE ROOFS

Community Action

White Roofs Green Roofs

I S
[/§7-4 Earth Rangers Centre

NS

v

Vapcouver Convertidh Centre. 2010 GRHC Awards of Excellence Winner. PWL Partnesship
Landscape Architects, Don Wuori Design, Stantec, DAMCM + LMN, Glotman Simpson
Consuiting, Schenke Bawol, Holland Lanscapers Ltd. Image Credit: DA Architects




Community Action

Q RENEWABLE MICRO-GRIDS

ENVIRONMENTAL BENEFITS

RESILIENCY RELIABILITY
ECONOMIC ADVANTAGES

ENERGY EFFICIENCY



VIl. WATER RESTRICTION ADVISORY

Community Action

Drought Action Level Response signs are located around the Town
of Harwich. These signs, as well as our website, are updated when
an action level is active.

HARWICH WATER DEPARTMENT
DROUGHT ACTION LEVEL RESPONSES

ACTION LEVEL RESPONSE FHONTORMG

.m NORMAL WATERING CONDITIONS

| VOLUNTARY WATER RESTRICTIONS |
| ADVISORY ODD/EVEN DAYS _
m' MANDATORY: ODD/EVEN LAWN
' WATER & OFF-PEAK HOURS |
m MANDATORY: 2 DAY PER WEEK
' OUTDOOR USE & OFF-PEAK HOURS |
m MANDATORY: BAN ON ALL NON-
; | ESSENTIAL OUTDOOR WATER USE

Learn More »

Source: Harwich Water Department 95




VIl. DROUGHT MANAGEMENT PLANS

Community Action

MASSACHUSETTS
DROUGHT MANAGEMENT PLAN

MAY 2013

Nassachusests Executie CHilce of Inecgy and Enviracmental Attairs
100 Carriendne Strew), Sate 900
Bogton, MAQZTI4

i d

Missachusers Emergency Managemers Aqercy
@ ACC Worcester 52 Zox 1490
Framimgtam, A 0170

Suvernor Ceval Patrick
Secretary Richard £ Sullivan, Jro. Deesutior Office of Emergy and Erorunmental affurs
Socretary Andrea . Cabral. Esq., Executlve Office f Fublic Sarety and Saounty




V1. COMMUNITY ACTIONS

Small Group Exercise

What actions will reduce vulnerabilities or reinforce strengths?
Do they address single or multiple hazards?
Are there intermediate steps to implement the actions?

Are there existing programs, plans, or projects that the actions could strengthen?

Cotnamndry Sesibonoe BalMing Rick Mooty ﬁi
R L T
h‘(-‘r-".-v b o e i irenl [— Top 4 Hazards Rocrado, foods, wildfive, hurricanes, snow/ice, drought, see evel rise, hest meve, oic.)
e
e o .
e EERCMOZSRD o Coastal Flooding inland Fooding and e s Wind
SLR/Storm Sarge Rain Events
il‘-ﬂlynthﬂ‘* dog Mewriy -
@ ek Boma b Verly panstrsmew v dae somninly
ek gy vt g e e rvation Fede ey and s roes orazr s e e
Seoy. W Ponlpharn mrwa ortabbod pdos to ablorn protetion  |Upgrede Inmleneers Masrtan peavr bie et ntion
I ot lrog torre ivdes #amn of spegway e |Vree trasemeng )
(Tronevt possdalay of e st astivmphh dut Sibee Shetily sadd coanore daves 1o s baeds
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LA ey " "

’_' i or aeagrsand wlan, Catsnlnh
Jcomaziaety dabegpir o retasing) reor st sdrantmuchies
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{1k v withas st 25 yees
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VIII. PRIORITY ACTIONS

A .Jﬁg":avaﬂablllty and terms e
- . ”‘v ot ;,-_-\',.—,,. < s
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_‘ C eement-erf”é’ﬂtstaridmg |mpacts from recent hazard events
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VIIl. PRIORITY ACTIONS

Small Group Exercise

Ly

Community Resilience Building Risk Matrix

www.CommunityResilienceBuilding.org

Top Priority Hazards (tornado, floods, wildfire, hurricanes, earthquake, drought, sea level rise, heat wave, etc I ‘

Priority

Time

H-M-L

hort Long
Qngomng

H-M-L priority for action over the Short or Long term (and Ongoing)
V = Vulnerability S = Strength rriority 1ime
Acti HoM-L Short Long

Features ‘ Location |0wnership| VorS | Hazard ons ~ — © | Ongoing

Infrastructural

Societal

Environmental
Part 1 Part 2 Part 3

100



VIIl. PRIORITY ACTIONS — GROUP ACTIVITY

* Small group presentation of Top Infrastructural,
Societal, and Environmental features



RESULTS — GROuP 1

* Infrastructure
* Societal

* Environmental



RESULTS — GROUP 2

* Infrastructure
* Societal

* Environmental



RESULTS — GROUP 3

* Infrastructure
* Societal

* Environmental



RESULTS — GROUP 4

* Infrastructure
* Societal

* Environmental



RESULTS — GROUP 5

* Infrastructure
* Societal

* Environmental



RESULTS — GROUP 6

* Infrastructure
* Societal

* Environmental



IX. SUMMARY AND CLOSING

= Reflections
= Next Steps

= Ways to stay involved






