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W

4=, The City of

% WORCESTER

We want this to be an open dialogue.
Please raise your hand at any time to ask a
guestion!

We also have dedicated time for
Q&A during various sections of the
presentation.
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Understanding Stormwater Flooding & Impacts

Commonly used terms Stormwater is runoff from rain and

=  Stormwater snowmelt that flows over land or
impervious surfaces and does not soak

| ]
Groundwater into the ground.

= |mpervious Surfaces

"  Flooding

SANITARY STORM
SEWER DRAIN

WATERWAY
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Understanding Stormwater Flooding & Impacts

Commonly used terms o
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=  Groundwater e I

" Impervious Surfaces
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Flooding

Groundwater is water that exists underground in =
Edroc
saturated zones beneath the land surface. T T T T T A
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SOURCE: WWW.USGS.GOV/FAQS/WHAT-GROUNDWATER & GEOLOGY.UTAH.GOV/WATER/GROUNDWATER

When the water table rises, it rises everywhere across
the affected region.
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Understanding Stormwater Flooding & Impacts

" 10%
runoff

25% shallow
infiltration

Commonly used terms
Impervious areas include

hard surfaces that make
it difficult for stormwater
to soak into the ground
(e.g., roofs driveways,
patios, walkways, roads,
parking lots, etc.).

= Stormwater

=  Groundwater

= |mpervious Surfaces v row o
259% deep infntration

“«_ infiltration

21% deep

. infiltration

10%-20% Impervious Surface

"  Flooding

Natural Ground Cover

Swimming Pool
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10% shallow .
infiltration

. Pervious

I:‘ Impervious Surfaces

15% deep
“’W infiltration

35%-50% Impervious Surface

5% deep
. Infiltration

75%-100% Impervious Surface
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Understanding Stormwater Flooding & Impacts

Commonly used terms
. Flooding is defined as “the covering or submerging of normally dry
land with a large amount of water”. Often this is from excess water

- that collects in low lying areas during and after rainstorms or
- significant snowmelt.
=  Flooding
Flooding may make roads Flooding may create a problem for those = Flooding may affect your yard
impassable to vehicles. traveling by foot or bicycle. or home.
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Understanding Stormwater Flooding & Impacts

Worcester is anticipated to experience increased effects due to
precipitation.

=  On average, Worcester receives 45 inches of rain a year, now. By 2050,
it is predicted Worcester will receive 54 inches of rain a year on average.

=  More intense storms are expected.
= |tis predicted there will be less snow and more rain and ice storms.

Not only is it anticipated that more rain will come during storms, but there
will be longer periods of dryness (drought).

“There are 6,909 properties in Worcester at risk of flooding over the
next 30 years. This represents 16.4% of all properties in Worcester”
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REDUCE IMPERVIOUS
SURFACES

Replacing impervious surfaces

with permeable driveways, planted areas,
and other options that infiltrate or
absorb water can significantly reduce
stormwater problems.

INSTALL VEGETATED
BUFFERS

Trees, shrubs, high grasses, perennials,
and other vegetation can be strategically
planted to help slow, capture, and filter
runoff and reduce stormwater impacts.

PIPED CONVEYANCE AND
STORAGE

Adding gutters and downspouts to the
home can help capture, redirect and
channel water away from built structures.
A variety of approaches using closed and
perforated piping can be utilized. Cisterns
and dry wells can be used to store water,
too.

Stormwater Solutions for Private Properties

BASEMENT FLOOD
REDUCTION
PRACTICES

It is important to understand the source of
flooding which can come from
stormwater, groundwater, or both.
Examples for stormwater mitigation
include downspout extensions,
foundation drains, and waterproofing.

INSTALL CONVEYANCE
SWALES

Vegetated swales are channels with
moisture-loving plants and amended soils
that intercept, treat, and slowly convey
stormwater runoff to where it can be
effectively infiltrated.

SOURCE: WWW.MASS.GOV (COASTAL ZONE MANAGEMENT) & EPA
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Reduce Impervious Surfaces

SOURCE: WWW.EPA.GOV/CT SOURCE: Wikipedia.com
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Rain Gardens

SOURCE: WWW.MASS.GOV
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Install Conveyance Swales

The City of

'WORCESTER WeSTOﬂ@SOmpsoﬁ



http://www.mass.gov/

Install Vegetated Buffers
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http://www.mass.gov/

Plant Trees

" Precipitation
A large tree can

capture and Transpiration
retain as much
as 332 gallons of
water per storm
event."

.\ Canopy interception
- & evaporation
US Department of Agriculture

.'mpcgiaus
Evapotranspiration g / srrdce

Infiltration

Roots take up soil
moisture, increasing

runoff storage potential SOURCE: U.S. EPA

%" WORCESTER

SOURCE: WWW.WORCESTERCONSERVATION.ORG
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Co-Benefits of Natural Stormwater Solutions

Improve local air quality

Sequester carbon

Visually pleasing

Reduce noise from traffic/roads
Improve physical and mental health
Create outdoor spaces (a.k.a.
"placemaking")

v Improve local water quality

v Reduce localized temperatures
v Improve/create wildlife habitat
v’ Foster biodiversity

v" Add pollinators

v' Increase local property values

SRSEINTN
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Piped Conveyance and Storage

SOURCE:: US EPA

SOURCE: WWW.AWWATERSHEDS.ORG (ACTON WAKEFIELD WATERSHEDS
ALLIANCE, NEW HAMPSHIRE)
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Interior Perimeter Drains

Capture water at the basement’s
perimeter and directing it away.

Sump Pumps and Sumps

Collecting and ejecting water outside
the home through use of sump
pumps.

Dryproofing with Hydraulic Cement
Use of hydraulic cement to seal cracks
and voids in concrete to prevent
water entry.

Foundation Drains (Exterior)

Strategically placed drains prevent
water from pressing against exterior
walls.

Basement Flood Reduction Practices

Downspout Extension

Extend downspouts to carry roof
runoff away from the foundation.

Drywells for Downspouts

Use of drywells to manage water
from downspouts by facilitating
underground dispersal.

Rain Barrels/Cisterns

Capturing and storing rainwater to
reduce runoff and provide a water
source for landscaping.

Grading & Drainage

Ensure water flows away from
foundation rather than
accumulating in place.

Down
Spout

Footing
gnrain

Footing j

£ = =

Sanitary Service
Sewer Line

Down
Spout

Sump
Pump
Qutfall

Footing

Drain)

Typical basement drain and sewer arrangement.

Naote: The floor drain may or may not be connected to the sanitary sewer line.

SOURCE: WWW.FEMA.GOV/PDF/FIMA/FEMA511-COMPLETE.PDF
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Case Studies
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Case Study 1

(122 e Boy(ston ] 4
West
148 Rutland HOLDEN (140)
Demond Pond #
v
BOYLSTON
Kendall p—— %
- Reservoi A L2oo
Turkey Hill " Reservoir 31 /
Shores.~
ER & 27N €D
= NORTHBOROUGH
70 ¥ @ L
(20
: A )
Xt Hold —
T e e ’ \ I @
spgncer 7’ \ Northborough
le Brook P 4 1
PAXTON | Heseriol” / Indian Lake p Y shrwsbury
Sxierncer 1N Chauncy Lake
port
o 56)\122) , 12 I
P 4 ‘ SHREWSBURY 9)
o °
\f 70 * l o 30
Worcester Y. h 201
: \ poiona! WORCESTER | 57 WESTBOROU(
2 . ¥, Westborough
A |ake Assaber o
Hillsville SRENGER 1 22) " Worcester Quininond SRerervol l
Lynde (12) (135)
Brook - d
Resehoﬂ‘ % N
122) ‘ 30 ;
9 \ §
9 Leicester = . " f
Spencer 250 | 9 ¥ -
Bumégat Pond o L\ < Sy (140) 130 !
T \ LEICESTER \ (146 Pond /
. 8 o }
1d 49 Cedar P - — (122) (128orth e 1 CTE I
fld g D PUR ! o A E A oy~ WORCESTER Ly
on s
1 P 5o COUNTY f
/ 2 ” A
b 12 " P e oty GRAFTON
Reservoir ek
T = - Grafiea \
o Aol e 2 et SOURCE:
= Neyati AUBURN /- _fzof Ao WWW.MASSGIS.MA
56 Dark Brook MIELRUIH PS.ARCGIS.COM
L

The City of

'WORCESTER WesTon@SOmpson




Case Study 1: Existing Conditions
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NOTE: This existing conditions figure is based on information provided
by the property owners to the City of Worcester in the April 2024
Sustainable Yard Design Survey as well as a site walk of the property
with city staff and Weston & Sampson Engineers, Inc. on April 18, @
2024.
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Case Study 1: Existing Conditions

WAL il sl L2 St J
@ GUTTER OUTLET ALONG SOUTH EDGE OF PROPERTY (@) CATCH BASIN ALONG VELANDER STREET CAPTURES ~ (€)) WATER RUNS ALONG NORTH EDGE OF PROPERTY
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PVC PIPE DISCHARGING WATER FROM PAVED o POOLING IN BACK YARD
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Case Study 1: Proposed Concept Sketch
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Case Study 2: Existing Conditions Plan
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NOTE: This existing conditions figure is based on information
provided by the property owners to the City of Worcester in the
April 2024 Sustainable Yard Design Survey as well as a site
walk of the property with city staff and Weston & Sampson
Engineers, Inc. on April 18, 2024.
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Case Study 2: Existing Conditions Plan

HOMEOWNER PLACED PVC & TRENCH FOR DRAINAGE
TO BYPASS DECK

SIGNIFICANT SHADE TREE FELL DOWN DURING STORM, o SIGNS OF WATER POOLING IN ASPHALT DRIVEWAY WATER RUNOFF FROM NEIGHBORING PROPERTY
TRUNK REMAINS ALONG STEEP SLOPE



Case Study 2: Proposed Concept Sketch
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performing similar services in the same locality, at the same site and under the same or similar
circumstances and conditions, s well as its reasorable engineering judgment consistent with
generally accepted scientific, industry, municipal or governmental information concerning
environmental, atmospheric and geotechnical and hydrological conditions and developments.
Weston & Sampson Engineers, Inc., makes no other representations or warranties, whether
expressed or implied, with respect to the services rendered hereunder.

2. Contact DigSafe (call 811) before beginning any excavation work on property.
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Case Study 3: Existing Conditions Plan

INVASIVE JAPANESE KNOTWEED
STONE DRAINAGE CHANNEL INSTALLED
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NOTE: This existing conditions figure is based on information
provided by the property owners to the City of Worcester in the
April 2024 Sustainable Yard Design Survey as well as a site
walk of the property with city staff and Weston & Sampson
Engineers, Inc. on April 18, 2024.
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Case Study 3: Existing Conditions Plan

G

c PAVED WALK CONVEYS WATER OFF-SITE o SIGNIFICANT WATER IN BACK YARD WATER RUNS ALONG NORTH EDGE OF PROPERTY
TOWARDS CATCH BASIN BEYOND

o CATCH BASIN OUTSIDE OF PROPERTY o WATER POOLING IN FRONT OF HOUSE e STONE DRAINAGE CHANNEL INSTALLED BY PREVIOUS
HOMEOWNER AND INVASIVE JAPANESE KNOTWEED
THROUGHOUT BACK YARD




Case Study 3: Proposed Concept Sketch
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NOTES
Weston & Sampson Engineers, Inc., has prepared these concepts in a manner consistent with that

degree of skill and care ordinarily exercised by practicing design professionals performing similar

services in the same locality, at the same site and under the same or similar circumstances and

conditions, as well as its reasonable engineering judgment consistent with generally accepted

scientific, industry, municipal or governmental information concerning environmental, atmospheric

and geotechnical and hydrological conditions and developments. Weston & Sampson Engineers, Inc.,

makes no other representations or warranties, whether expressed or implied, with respect to the services

rendered hereunder.

Contact DigSafe (call 811) before beginning any excavation work on property.
i to this property may need o be reviewed by the Worcester

ion Commission.
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Case Study 4
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Case Study 4: Existing Conditions Plan
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NOTE: This existing conditions figure is based on information provided
by the property owners to the City of Worcester in the April 2024
Sustainable Yard Design Survey as well as a site walk of the property @
with city staff and Weston & Sampson Engineers, Inc. on April 18,
2024.
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Case Study 4: Existing Conditions Plan

WATER CHANNEL ALONG FRONT OF PROPERTY a WATER SHEETING FROM ROAD AND DRIVEWAY
TOWARDS CATCH BASIN BEYOND TOWARDS CHANNEL

0 PATH OF WATER ALONG SHADY EDGE OF PROPERTY e DEEP LEAF LITTER ALONG STEEP SLOPE AT BACK OF o INVASIVE JAPANESE KNOTWEED AND WATER POOLING
PROPERTY IN BACK YARD




Case Study 4: Proposed Concept Sketch
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Photo Credit: Nat Cleavitt;Hubbatd Brook
Ecosystem Study,
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NoTEs SLOW SURFACE FLOW AND
1. Weston & Sampson Engineers, Inc., has prepared these concepts in a manner consistent with that EROSION CONTROL
degree of skill and care ordinarily exercised by practicing design professionals performing similar
services in the same locality, at the same site and under the same or similar circumstances and
conditions, as well as its reasonable engineering judgment consistent with generally accepted
scientific, industry, municipal or governmental information concerning environmental, atmospheric
and geotechnical and hydrological conditions and developments. Weston & Sampson Engineers, Inc.,
‘makes no other representations or warranties, whether expressed or implied, with respect to the services
rendered hereunder.
2. Contact DigSafe (call 811) before beginning any excavation work on properly. @
3. i to this property may need to be reviewed by the Worcester Conservation Commission.
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INVASIVE JAPANESE —:
KNOTWEED IN
SURROUNDING

STONE FIREPIT —l—.—>-

DEEP LEAF

Water Doesn't Respect Boundaries

INVASIVE JAPANESE KNOTWEED

STONE DRAINAGE CHANNEL INSTALLED

BY PREVIOUS HOMEOWNER

COVER

GRAVEL
DRIVEWAY
? 2

PLEASANT STREET.

KEY TAKEAWAYS

Water will always choose the path of

least resistance, no matter the boundary
on a map.

Working with neighbors is an

opportunity for a greater chance of
success.

WesTon@SOmpson
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Cost Considerations

M ate ri d I S. MulchLayer  Temporary .
Inlet from Roadway Ponding Area Native
. . or Parking Area Plantings Optional Stone Weir
° SO I I m e d I u m S a n d m u I C h (Grass, Vegetated, or Stone-Lined Swale) O\:iTEFW (Overflow Spillway)

e Stone mediums and paving
* Downspouts and extensions

Trees and shrubs S
Perennials and groundcovers pestone separter
Seed mixes

Don’t forget to consider:

* Your time

* Labor costs (e.g. landscape contractor)
* Equipment costs (e.g. excavator rental)
* Maintenance costs (e.g. Initial watering period for plant establishment)

Optional
Underdrain

s
(ER
it
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Considerations for Planting

Site Considerations

Right plant,

right place. -

UMASS Extension Landscape, Nursery

and Urban Forestry Program .
guidelines for selecting landscape .
plants. .

light availability, intensity and duration (full sun to deep shade)
water availability, both quantity and quality

exposure to wind and temperature extremes soil type, drainage,
compaction

hardiness zone

competition from existing vegetation

below ground conditions in urban sites

above ground wires or obstructions.

Aesthetic Considerations

Growth habit, i.e. pyramidal, columnar, spreading, etc.
season and color of bloom

foliage color, texture, and shape

winter interest of bark, fruit, or structure

benefits to wildlife

fall color

longevity

SOURCE:AG.UMASS.EDU/LANDSCAPE/FACT-SHEETS

IMAGE SOURCES: WWW.NATIVEPLANTTRUST.ORG & WWW.MISSOURIBOTANICALGARDEN.ORG

WesTon@Sompsoh



http://www.nativeplanttrust.org

Resources for Planting

Plant Selections by Function

* Pollinator Garden (massnrc.org/ppd/)

* Rain Garden (mass.gov/info-details/stormwater-solutions-for-hnomeowners)
* Understory Planting for Erosion Control (mass.gov/info-details/stormwater-solutions-for-homeowners)
* Vegetated Buffer (mass.gov/info-details/stormwater-solutions-for-homeowners)
* Vegetated Swale (mass.gov/info-details/stormwater-solutions-for-homeowners)

Where to Purchase Native Plants

* Grow Native Massachusetts (grownativemass.org/Great-Resources/nurseries-seed)
* Native Plant Trust (nativeplanttrust.org)

* Native Plant Initiative (apcc.org/our-work/education/native-plant-initiative/)

* Blue Stem Natives (bluestemnatives.com)

* New England Wetland Plants (newp.com)

* Tree Talk Natives (treetalknatives.com)

* American Beauties Native Plants (abnativeplants.com)

* Lady Bird Johnson Wildflower Center (wildflower.org)

* National Nursery and Seed Directory (npn.rngr.net/resources/directory)

* Arbor Day Foundation (arborday.org)

. The City of

ﬁ{!} WORCESTER Wes’ron@SG mpson
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Any Questions?
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thank you

Janet Moonan, PE, Weston & Sampson, Moonan.janet@wseinc.com
Catherine Druken, Weston & Sampson, druken.catherine@wseinc.com

% The City of

% WORCESTER Weston @ Sampson
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