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FLOOD VULNERABILITIES — NOW & FUTURE

REVERE

ARLINGTON
EVERETT
Ch _.LEST ol
SOMERVILLE
WINTHROP
; " —
WATERTOWN : CAMBRIDGE = Y : e
ALLSTON/ ']
BRIGHTON g
= DOWNTOW /
e B . A
e BhCt * 4
FENWAY/ \ :
NEWTON KENMORE . _(SOUTHENI

BROOKLINE

1
F

Weston @ Sampson

FLOOD PROGRESSION MAP
36" SLR - 2070s or later
@ Average Monthly High Tide
@® 10% Annual Chance Flood
1% Annual Chance Flood
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CONCEPTS FOR FLOOD PROTECTION
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Source:Kleinfelder-Stoss-One-WHG
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NEED FOR GUIDANCE

Wes‘ron@Sompsoﬁ



Climate Resilient Design Standards and Guidelines Goals:

Establish resilience
design guidelines for
discrete priority
projects and for
segmental adaptation
projects to achieve
flood protection by
2070, with the option
to add an additional 2
ft. of protection in the
future

Translate the Climate
Ready Boston concepts
into feasible
engineering and
operational solutions
that focus on
protecting public right-
of-way from flooding
due to tidal and storm
surge events

Weston O

GUIDELINES GOALS

Provide a menu of
sample flood
protection options
with engineering
design considerations,
preliminary cost
estimates, as well as
operations and
maintenance guidance




SAMPLE FLOOD BARRIERS

TEMPORARY FLOOD BARRIERS

AR Senen ) .

e TE R

a barrier height of 4 ft. for
2070 flood protection

Weston @Sompson



CLIMATE RESILIENT FLOOD BARRIER DESIGN

CONCEPT FOR FLOOD BARRIER DESIGN

> permitting strategy
P additional feasibility studies

. P increase reliability
Barrier

Selection » incremental adaptation and

timeline

» value creation, social
impact, equity, & co-benefits

Weston @ Sampson



CLIMATE DESIGN ADJUSTMENTS
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Flooding during the March 2, 2018 Nor’easter at
Langone Park & Puopolo Playground
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DESIGN CONSIDERATIONS

Climate Design Site Specific and

Adjustments and Boundary
Timeline Constraints

Stormwater
Considerations

Geotechnical Structural Utility
Considerations Considerations Considerations

Accessibility and
Transportation
Considerations

Groundwater Vegetative
Considerations Considerations

Wes‘ron@Sompsoh'




SAMPLE VEGETATED BERM BARRIER

FUTURE BERM ELEVATION ------------------------------------------------------------------- é é .......................... . ADA ACCESSIBLE
(2070 CONDITIONS) CREST PATH
o ADA ACCESS PATH
SALT TOLERANT EROSION - ] :
CONTROL pLANTING % g ; é 2 ................................. TOE DRAIN
S HILLSIDE EROSION
; CONTROL PLANTING

- EXISTING

2070 DFE — i GRADE

2030 DFE
PRESENT DAY prg

@ -y 2
. o —"
-— - -_—
- — —
—

" —
—
— .,

CRUSHED STONE BEDDING LAYER -
RIPRAP SCOUR PROTECTION .

TURF REINFORCEMENT MAT rerrsrsrssssssssssrsne |

SUITABLE EMBANKMENT FILL weeereererereereresreressares
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SAMPLE VEGETATED BERM BARRIER

HARBOR VARIES 12' MIN. VARIES 12' MIN.
Y ADA ACCESSIBLE ACCESS PATH/
SALT TOLERANT EROSION CONTROL PLANTS, WALKWAY
(TYPICAL) URBAN ENVIRONMENT PLANT PALLET
SHOULD BE TOLERANT TO POLLUTANTS ADA ACCESSIBLE CRESTPATH — , EACKEILLANDITORSOR.
(EMISSIONS, OILS, ETC.). NATIVE PLANT MATERIALS FUTURE BERM ELEVATION — HILLSIDE EROSION CONTROL PLANTS, TYP.
SHOULD BE CONSIDERED WHERE POSSIBLE. (2070 CONDITIONS) PLANT SELECTION SHOULD BE APPROPRIATE
TO SURROUNDING HABITAT / ECOSYSTEM.
2070DFE®—— - — - — i — o — o — . - -
WM i 2 4 —_—
2030 DFE B - e ‘ ”{, '/', 7? e
PRESENT DAY DFE m—— — — — — 3 %g;_\\ \; ﬁ 5\\9__ % ‘*LAEl 4 = e
~
Z
1R z INSPECTION PERVIOUS TOE DRAIN FOR
1 TRENCH SEEPAGE CONTROL (OR OTHER
EXISTING GROUND SURFACE SEEPAGE CONTROL MEASURE
R'iggﬁé%ﬁ%u,f AS DESIGNED BY ENGINEER)
) TURF REINFORCEMENT MAT SA———
CRUSHED STONE FOR EROSION PROTECTION
BEDDING LAYER FINE FILTER MATERIAL (CONNECT TO STORM DRAIN)
COARSE FILTER MATERIAL FILTER FABRIC: NON-WOVEN MATERIAL
FILTER FABRIC WITH 090 VALUE 600 OR LARGER

SLOPE CREST SLOPE

CREST PATH

ACCESS PATH
FROM INLAND
ADJACENT TO
CREST

PNV RIN NIRRT
LR RN RN PR RS N

CLIMATE RESILIENT DESIGN STANDARDS
AND GUIDELINES FOR PROTECTION OF

PUBLIC RIGHTS-OF-WAY
B.1 VEGETATED BERM BARRIER

Weston @ Sampson

HARBOR

LSO D RN NSO
AL PO

EXISTING GRADE




SAMPLE HARBORWALK (SEAWALL) BARRIER

REINFORCED HANDRAIL WITH OPTION ------------------------- ; ; ................................................. ADA ACCESSIBLE CREST
FOR DEPLOYABLE FLOOD BARRIER PATH
RAISED SEAWWALL eweessseeeeessseesssssssess : ; s HILLSIDE EROSION
CONTROL PLANTING
- —
070 DFE 2 iy é. ................................ BACKFILL AND
¢ TOPSOIL
2030 DFE~ ~ ~ — _ el _
pRESENT DAY DFE ~==-=-o__ ._ 3 - y ‘ 1 K s TURF
O D e At REINFORCEMENT
MAT
e EXISTING GRADE
FILTER FABRIC - setstssssssssessees tessceescs- S R et S CRC PR U ... COMPACTED
FILL
EXISTING SEAWALL TO REMAIN - : BT Ut B WL W U e TOE DRAIN
(MODIFICATION MAY BE REQUIRED)
................. GEOGRID (IF
REQUIRED)

Wes‘ron@Sompsoh



SAMPLE HARBORWALK (SEAWALL) BARRIER

15'

12' MIN.

"3

REINFORCED HANDRAIL WITH OPTION
/ FOR DEPLOYABLE FLOOD BARRIER
L

ADA ACCESSIBLE CREST PATH

VARIES

HILLSIDE EROSION CONTROL PLANTS, (TYP.)
PLANT SELECTION SHOULD BE APPROPRIATE
TO SURROUNDING ENVIRONMENT.

BACKFILL AND TOPSOIL

/7 EXISTING GRADE

/
[
) GEOGRID (IF REQUIRED)
2070 DFE E B | |
_ ) MATERIAL
® = / I I
3 T S T . oS =
2030DFE — — — — — — — — — — — — ] _ O B2 ”"j’ oY= a0 e
& | ¥
PRESENTDAY = —— —— —— , T T N P AT T
g
Sl
TOP OF EXISTING SEAWALL, g
MAY NEED MODIFICATIONS 5
FILTER FABRIC A

COMPACTED FILL

VARIES, DEPENDING ON
r/— SURROUNDING CONDITION

AND ELEVATIONS

S /

[~~—— TURF REINFORCEMENT MAT
5 FOR EROSION PROTECTION

™—— PERVIOUS TOE DRAIN FOR SEEPAGE CONTROL
(OR OTHER SEEPAGE CONTROL MEASURE AS
DESIGNED BY ENGINEER)

L PERFORATED DRAIN PIPE
(CONNECT TO STORM DRAIN)

FILTER FABRIC: NON-WOVEN MATERIAL
WITH 090 VALUE 600 OR LARGER

FOUNDATIONS TO BE DESIGNED
BASED ON GEOTECHNICAL ANALYSES

EXISTING SEAWALL TO REMAIN

VARIES

CLIMATE RESILIENT DESIGN STANDARDS
AND GUIDELINES FOR PROTECTION OF

PUBLIC RIGHTS-OF-WAY

B.2 HARBORWALK AS FLOOD BARRIER (RAISED SEAWALL)

Weston @ Sampson



SAMPLE RAISED ROADWAY BARRIER

Option 1
§ ............... CRASH BARR'ER OR
§ GUARDRAIL
BETAINING WAL s :
GUARDRAIL/CRASH PARKING TRAVEL LANES PARKING 4
BARRIERS : : : :

14" MIN. DISTANCE
H i i BETWEEN TOE OF SLOPE
i AND ABUTTING BUILDING

2070 DFE _

PRESENT DAY prg

ftccmm.
- :
Q.

—
—
— —
—
—
—

—
-~
m—

RIPRAP
. .
. . - EXISTING GRADE
N RAISED
STORMWATER

DRAIN MANHOLE
Consider options to reduce to one-way traffic and add

bike lanes, meet Complete Streets Standards

Weston @ Sampson



SAMPLE RAISED ROADWAY BARRIER

Option 1

14" MIN. DISTANCE BETWEEN TOE OF

SLOPE (WHEN PRESENT)
| FULL WIDTH VARIES AND ABUTTING BUILDINGS
HARBOR
14' MIN. DISTANCE BETWEEN EDGE OF
CONSTRUCTION © — WALK / WALL (WHEN PRESENT)
APPROX. ol AND ABUTTING BUILDINGS
ROW.
| SLOPE WIDTH SIDEWALK ZONE PARKING TRAVEL LANE TRAVEL LANE PARKING SLOPE WIDTH
PLANTER
| —— CRASH BARRIER OR
CRASH BARRIER OR GRAN. CURB GUARDRAIL OPTION
GUARDRAIL OPTION :
. (TYP) |~ RETANING
& RETAINING U "\, FULL DEPTH CONSTRUCTION WALL
WALL
| EOQ.R-(IVE) NOTE: RETAINING WALLS NOT
OCEAN SIDE NECESSARY IF CAN SLOPE
pycL GRADE AT 3:1 INSTEAD
20% 20%
—_ 2070 DFE
- 7
cB |~ ——— o cB
B N o— - [ | ©B |
CRUSHED STONE s s =
EXISTING -_— —
/ GRADE
T -
—
PRESENT DAY —— - — — T ) o
RIPRAP FOR EROSION £ — ~— W CRAVEL L—
R L L7 R L 4 1
PROTECTION e g, e BORROW, SRS
— FUTURE WATER 6" CEM. CONC.(TYP)

NOTE: RETAINING WALLS NOT
NECESSARY IF CAN SLOPE
GRADE AT 3:1 INSTEAD

FILTER FABRIC

PERF. PIPE
CONNECTED
TO STORM DRAIN (TYP)

FOUNDATIONS TO BE DESIGNED
BASED ON GEOTECHNICAL ANALYSES

SEWER J@

CLIMATE RESILIENT DESIGN STANDARDS
AND GUIDELINES FOR PROTECTION OF

PUBLIC RIGHTS-OF-WAY

B.3 RAISED ROADWAY - OPTION 1 NO BUILT PROPERTY WITHIN
AT LEAST 14 FEET OF EXISTING RIGHT OF WAY

P
S

—
E—— \L
EXISTING WATER

SAMPLE SECTION

STORM WATER
NOTE: RETAIN EXISTING DMH
RAISE TO NEW SURFACE ELEVATION

Weston @ Sampson



SAMPLE RAISED ROADWAY BARRIER

NOT RECOMMENDED EXISTING

A BUILDING

EXISTING BUILDING

CRASH BARRIER QR «rermreeee PARKING

PARKING
CUARD Rall -

TRAVEL LANES

O Ay -y R ACCE SS \MAY

2070 DFE = —

PRESENT pay DFE *--

——
™

» Sidewalk gutters (debris, P Vehicle emission pipes at head level
stormwater runoff) of pedestrians (poor air quality )

» Snow removal problems » ADA compliance

» Poor lighting and personal safety » Emergency accessibility
» Accidents more deadly » Business and community health

Weston @ Sampson



SAMPLE RAISED ROADWAY BARRIER

Option 2

NEW BUILDING oo
NEW BUILDING
PARKING  TRAVEL LANES PARKING 'T’
RETAINING WALL e
2070 DFE —

PRESENT DAY prg

________

SACRIFICED SPACE

EXISTING GRADE

é : ...................................... STRUCTU QAL FILL
Consider Options to reduce to One_Way traffic and add PP PP S-I?CIDSREBE?WATER
bike lanes, meet Complete Streets Standards DRAIN MANHOLE

Weston @ Sampson



SAMPLE RAISED ROADWAY BARRIER

Option 2

FULL WIDTH VARIES

APPROX.

T
R.O.W. CONSTRUCTION &

/— PGL

SIDEWALK ZONE PARKING TRAVEL LANE TRAVEL LANE | PARKING SIDEWALK ZONE
POSSIBLE NEW BUILDING
(WATERPROOF)

\ NEW BUILDING
PLANTER \ 6" CEM. CONC.(TYP)
RETAINING WALL TO CARRY
LATERAL EARTH PRESSURE

AND RESIST WATER

'J *l |

"\ FULL DEPTH CONSTRUCTION

O]
=% GRAN. CURB
At \Wcin ﬁ ‘ £1E)
OCEAN SIDE \ A | V| I DYCL E.OP.(TYP) /
. X7 . _ aweoee \ 20% | — M
—— ol — =: (
PERF. PIPE = — of ﬂ—w
CONNECTED cB | - —_ ( V
TO STORM DRAIN (TYP) CRUSHED STONE —_ e
; ELTER EXISTING _
FABRIC / GRADE \ I
PRESENT DAY . L T ]
T — ae W GRAVEL T i
L e BORROW B S
e — FUTURE WATER il
e et
S
FOUNDATIONS TO BE DESIGNED ¥ S BXisTING WATER

BASED ON GEOTECHNICAL ANALYSES

SEWER
STORM WATER
NOTE: RETAIN EXISTING DMH
RAISE TO NEW SURFACE ELEVATION

SAMPLE SECTION

CLIMATE RESILIENT DESIGN STANDARDS
AND GUIDELINES FOR PROTECTION OF

PUBLIC RIGHTS-OF-WAY

B.4 RAISED ROADWAY - OPTION 2 RAISED ROADWAY &
SIDEWALKS WITH NEW DEVELOPMENT



DEPLOYABLE FLOOD BARRIER

Design Considerations for the Site Design Considerations for the Product
» Barrier extent/connection to site » Physical Characteristics
» Available open space (deployment P Structural Properties
or storage) » Operational Requirements
> Accessibility » Industry Warranty, Certification,
» Terrain conditions Testing

» Offsite impacts

OPERATIONAL CAPACITY

Weston @ Sampson
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DEPLOYABLE FLOOD BARRIER

Notes:

Description Height Range Width Rasge Yes/No and Chemical Exposure [ Up Front Cost
Applicable if
Applicabie if additional | product is
As Custom be
— - by barrier designed As provided by product s provided by product - . man provised by “""‘_:'""‘"m
ENTER ENTER PRODUCT Borrier type rovided by product manufoctures r with whook. Drovided by product manufacturer product aveitable, os well as unit)
e Eeb Ao ‘manufacturer bosed costs
compatible
[Madular Barriers
SIS AT Reight
SA1S - St Height
Modular Barrier: Rigid panets Marine grade laminate, Sight - Anchor installation for best SETSN. . 61 Height
Rigid/Panel Aauatencs that are placed together to Aftwan mm"';";;:‘."“ I "'"::;m Yes stainbess stesd, Aluminum, Yes S0+ years SESOAN. - 7 . Height
form one conesive barrier. streteh D et ) reinforced PVC canvas (Varies by sine) STSON. . St Height
(Additional 10 for
anchors)
Carbon steel [stainless steel
ﬂ““"‘" Im:u;:::n option available], neoprene, Sight - Optional removabie mulicns for Custom pricieg based on|
Rigid/Panel £33 Adiustable L Oyt Barrier. mm““"‘m"m &in. from 15f. o4t barrier height No Yes  |carbon steel mechasical tubing, Yes muhi.panel instailation 25+ years required width and
:" closed.cel foam, mastic epoxy (Varies by site) heght
uikiphes painted finishes
606375 abhumirvam panets,
Modular Barrier: Siop log stybe [ o o can - eardinpe sl Moderate - sil/conversicn frame Custom pricieg based cn|
Rigid/Stop Log CGSL Stop Logs barrier with customizable L P Yes Yes sl ‘ Yes installation will reguire site work 25+ years required height, width,
width and hesght - e RASPIIS TS. I S (Varies by site) and jamb type
materials availaie)
‘Mil-finish alumnium, steel
Modular Barrier: Stop log style [ o o can .- (priemed with one coat rust Moderate - frame/jamb installaticn will Custom pricieg based on|
Righd/Stop Log Eastlogs ston Logs barrler with customizable | 2 1 oy Yes Yes intititive, lead tree, red Yes require site woek 25+ years required height, width,
width and hesght R primer), high-density closed cell (Vartes by site) and jamd type
neoprene sponge
X Moduar Barrier: Hinged door Steel, staindess steel, 5063 Moderate - frame/jamby/sll instailation Custom pricing based on|
Rigid/Hinged I Hogd Bavieri Hinged Pocd Bacier | parrier with customizable 2.1 factor of safety based on material yield strength No Yes alumiewam, 6061 aluminum, Yes will require site work 250 years required
e width and heght EPDM rnubioer (Varies by site} width and height
Modular Barrier: Skiding door e e Moderate - frame/jamb/sll installation Custom pricing based cn|
RigidSliding ES Flood Barviers Siding Food Barrier barrier with customizable 2:1 factor of safety based on material yield strength No Yes *" y . Yes will require site work 25+ years required
width and height : (Varies by site} width and height
Barrers
Membrane Barrier: Fiesible Ideal height for constructatility and With itermittent deployable . ol Extensive - excavation efforts (LS ft. Custom pricieg based on|
ol L Doreer Verticaly wall with rapid vertical degloyment time is 3 DFE of & ft_above  |posts, no real limit to span (10 1t e —n m‘:ﬁ.‘s‘mm o trench) are necessary for barrier - required width and
Deoiowed Floy Wal degloyment for building and | grade o less. Higher heights are possible | to 12 ft_ between posts or po ) 120 covers inctailation yows height; estimated cost
equipment protection with the addition of braces to the pasts conmection poits) (Varies by site) range of $350-530/st.
Membrane Barrier: Fiesible e - = Custom pricieg based cn|
LC Doy Side wall with ragid horizontal | DFE heights of 1 ft. 1o 10 ft sbove grade | 6 ft. to 60 fr. with deployable . i “"""‘"’"‘"‘ ““’m"" . “"""”'u"'“'m.m"'"“" - required width and
. Degloved Fles Wall degioyment for building and (tygically, but can go higher) o¢ permanent posts "“""'.;LL'H"')D‘M"""“‘“ "'"“’N et o Yo height; estimated cost
‘equipment protection range of $350-350st.
Passive Barriers
Custom pricieg based on|
Membrane Barrier: Sei Extensive - excavation efforts are
R Up'to 12 ft Design should be vesified by | Limitiess but requires vertical PUR foam core, fiberglass, required width, height,
Automatic Set Qoging Flood Sarier ISCFR) floodgate. Rises automaticaly No NiA Yes mecessary for barrier talation 25+ years
as fooduwaters appreach structural calculations. Spports gaskets, gahanized steed Hhaarle lcadings needed, and
FEMA zones
Decades of service
Selt rising v u"'::: - '::':"‘"“ Marine grade aluminum, Extensive - excavation efforts are "'“"‘"‘ minnal | ctom pricing based on
Automatic FloodBreak Gate floodgate. Rises automaticaly | structural engineer to 39 fr. height ‘m“’"'m“‘“wm"’ Ne NiA stainless stee fittings, and Yes mecessary for barrier stalation m""‘uu required width and
35 flocdwanters approadh {mutiple 12 fr tail gates installed) e e EPDM rubber gaskets (Varies by site) it height
every 10 years

1. The types and products provided are not endorsed by the City of Boston and do not indicate a greference for one barrier type over another. The list & not comgrehensive and does not reflect all possibie products on the market. As products are identified for possible use, they should be entered into this table 1o compare and contrast with other products. The

products should comply with City of Boston policies, 2oning, and regulations.

2. Product manutacturers should be contacted 1o provide content in this table and be abe 1o provide back-up documentation for subenittals.
3. The following framework & based on the methodology developed for “Temporary and Demountable Fiood Protection Guide,” (Ogunyoye, Fola, Richard Stevens, and Scott Underwooed, 2011)

Weston @ Sampson



O&M AND COST CONSIDERATIONS

NOT JUST BARRIER OPERATIONS AND MAINTENANCE CONSIDERATIONS!

Case Study: Stormwater management
for raised roadways in Sunset Harbor,
Miami Beach, FL

» energy costs for pump stations and

mlllllill hddtsE”
= s system redundancy

= a— “HM P reassigned or new staff (or
. " contractors) to maintain the new
pump stations, generators, treatment

systems, and utilities associated with
stormwater management

lnlll““' .

» new O&M equipment needed for
stormwater management

P operations management support

P staff training

Weston @ Sampson
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O&M AND COST CONSIDERATIONS
. VRS N
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LANGONE AND PUOPOLO PARK

PROGRAM ELEMENTS:

+ MULTI-USE FIELD
-SOFTBALL
-SOCCER 300'X180
-BASEBALL

+ LITTLE LEAGUE FIELD

+ BOCCE

+ PLAYGROUND

+ MULTI-SPORT HALF COURT

« CIVIC / PASSIVE SPACE

+ ENHANCED ENTRY POINTS AT

COMMERCIAL STREET
« SERVICE / STORAGE AREA
+ WATER ACCESS

S '/ B & T B ‘
Yy 1 LITTLE LEAGUE | =
G [NATURAL TURF] L%

B -

T
- R155

|60’ SOFTBALL| .

/ 4:. “[ )

Weston @ Sampson




LANGONE AND PUOPOLO PARK

Flood protection cross-section — cantilevered boardwalk

REFER TO LANDSCAPE
FOR CONCRETE SEAT
DETAILS

#H/@12"0.C.
REFER TO LANDSCAPE #5@12°0C, .
FOR 42" GUARDRAIL kN
DETAILS - 8

TYP

104

LAX4X3/8 X 06" WITH (2) C6X8.2 BLOCKING 3 PT WOOD DECKING i § S
304" DIA. BOLTS —(4) 34" DIA. IR b
| sots |

mam

NVax18  WIBX3IT——]
T TYp (4) 314" DIA HEADED
38" STIFE. PL. STUDS, EMBED 12 MIN.
©12X20.7 CONT EASIDE TP mt T o T N
EDGE CHANNEL SRl il 1 (3) 1" DIA HEADED STUD
R 56| WELDED EVERY OTHER

RIB, EACH SIDE

\ STEEL SHEETING

REBUILT EXISTING —
SEAWALL

ol oA

AN T E—
SR LR St e
W P P =

L N Sl o)
S

i
s

KR

Z
2
%

"
g S Z % Y i i« F
(7 ,~§ V% k%);' 'h- - .‘-- ! | "
L o
0 el
i e an
% m%m I welsSsend I ¢ s
/ —
/7 % / % UNDL‘STURBED GENTENTILE FABRIC
L // | | i% ! \_
7 é 8 DIA. DRIL{ED NICRO-PILES
!
V7272 A A

[N .

DRAFT
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CLIMATE RESILIENT FLOOD BARRIER DESIGN

Please visit the Boston Public Works
Department Website for more information,
including:

» general engineering and design
considerations

» sample design drawings and
specifications

P opinion of probable costs for sample
barriers (construction and annual)

» operations and maintenance guidance.

Weston @ Sampson


https://www.boston.gov/departments/public-works/climate-resilient-design-standards-and-guidelines

thank you

westonandsampson.com



