Statewide Resilience Master Planning:
Flood Vulnerablility and Adaptation

Adapt, Thrive, and Survive Climate Impacts
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Weston & Sampson — Rocky Hill, CT

 Full service, Multi-disciplinary office
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» Staff includes Hydraulics/Hydrology, T L | et
site civil, transportation, structural, THE o
environmental, and traffic engineers

as well as licensed survey staff

E .
B
et :

e Designers of resilient infrastructure!
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Agenda

« Statewide Resiliency Master Plan (SRMP) — Division of Capital
Asset Management and Maintenance (DCAMM), Massachusetts

— PHASE I: Benchmarking & Criticality Analysis and Climate Scenario Selection
— PHASE II: Risk and Vulnerability Analysis & Pilot Site Workshops

— PHASE III: Compilation and Distribution of Guidelines

e Qutcomes of SRMP

* Implementing a similar process for CT
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Massachusetts DCAMM

“Re-Team” — Resiliency team of DCAMM and MEMA staff

Technical Assistance Group (TAG) — Representatives from MBTA
Massport, Partners Healthcare, ULI, MAPC, UMass, MassDOT

Our project teaming partner: -?ii' KLEINFELDER
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Goal and Scope of Massachusetts
SRMP Project

SRMP Project Goal Considerations

« Review DCAMM'’s portfolio vulnerability to climate change impacts and
develop design guidelines which encourage climate adaptation and
resilience.

« DCAMM Mission Specific Goals
* Agency Goals for Service Continuity
» Goals for Resilient Design Guidelines

Phase lI: Risk &
Vulnerability

Assessment

Summer-Fall 2016 Fall- Winter 2016/17 Spring-Summer 2017

Weaeston @ Sampson



PHASE 1 - BENCHMARKING & CRITICALITY ANALYSIS

GOAL.: Identify representative, critical
Commonwealth’s assets for Risk and Vulnerability
Analysis (RVA) and Guideline Development

DIVISION OF
CAPITAL ASSET

MANAGEMENT &
MAINTENANCE

— Portfolio Review

— Criticality Definition
—DCAMM Survey

— Criticality Worksheet
— Prioritization

Weston @Sampsoﬁ



DCAMM Portfolio — Over 8300 Assets
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FIGURE 4
STATEWIDE DCAMM FACILITIES

COMMONWEALTH OF MASSACHUSETTS
STATEWIDE RESILIENCY STUDY

DRAFT
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Executive Office For Administration
and Finance

Executive Office of Health and Human
Services

Executive Office of Energy and
Environmental Affairs

Executive Office of Public Safety and
Security

Executive Office of Education

Judicial Branch

Office of the State House




SURVEY AND CRITICALITY WORKSHEET

T
SurveyMonkey

Scope Time Severity
g P::gcsgfeatth Economic Effect
e [
s I :
,,,,, L Environmental
:.:_ Interdependency

Psychological
Effect

Q18: Interdependency:Do other facilities or Commonwealth assets
depend of this facility?
: Skipped: &

% 1% 0% % 0% 50N BD% TON 0% 30% 100% PO“ticaI Effect
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Portfolio Screening
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8,349 assets 665 assets fiooding existing 51 assets for RVA

» Pre-screen assets to remove duplicate entries, fences, sheds and other minor items
» Survey DCAMM directors/executives to further understand portfolio nature
» Interview property managers to understand where climate impacts exist currently

» Use existing mapping to identify facilities with short term risk

Weston @ Sampsonf



CLIMATE IMPACTS

@ @

PHASE 1 — CLIMATE SCENARIO SELECTION

TIER 1

Sea Level
Rise/Storm Extreme Precipitation Extreme Temperatures
Surge
TIER 2 Coastal Inland : Ice : _
Flooding flooding Landslides Storms Drought Fire Wind

Weston @ Sampson



PHASE 1 — CLIMATE SCENARIO SELECTION
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* Synth ‘ yses and reports
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Precipitation and Inland Flooding

Runoff Model Vulnerability

e

Develop Runoff Model
Army Corps HEC-HMS software

— NRCS unit hydrograph method
» Drainage Area
e Curve Number

* Time of Concentration

. . Hydrograph
— Include S|gn|flcant _'_'_'_|25361?cf5@1355hr5| ;
) 2300 L """ '''' ol hdflﬁﬁixfé'ah-'édﬁﬁ'ﬁﬁﬁ;é'
dams/impoundments 2000+ - |17Mcfs@w m.| ' Peak Elev=272.35"

Stbrasl_:] E--1 B!B 939 af

Model high-intensity rainfall events

500} --d---k--d-

% | 0.00 cfs @ 0.00 hrs :
0-

C"mate Change up to ~2010 0 2 ¢4 6 8 1'01'2 14 16 18 20 22 24 26 28 30 32 34 36

...................................................................................................................................................................................................................................... Time (hours)

— NRCC/Cornell rainfall data, includes

Weston (&) Sampsori HEC-HMS Impoundment Runoff



Climate Scenarios: 2030 and 2070

EXISTING 2030 2070
CLIMATE PARAMETERS
DATA MAP DATA MAP DATA MAP

SEA LEVEL RISE/ NA NA SLOSH CAT1 & BH-FRM data In v SLOSH CAT2 & BH-FRM data In v
¢£ STORM SURGE avall. locatlons avall. locatlons
V1]
E Extreme Precipitation FEMA 100 Year [ Extreme FEMA 500 Year / Extreme
E PRECIPITATION Amount greater than 99 v Precipitation Amount greater than v Precipitation Amount greater v
< percentile from Argonne Lab 99 percentile from Argonne Lab than 99 percentile from Argonne
E (1995-2004) (2045-2054) Lab (2085-2094)
a.
; Number of heat waves per Number of heat waves per decade Number of heat waves per
w TEMPERATURE decade and average annual 4 and average annual max v decade and average annual max v
- max temperature from (2 maps)| temperature from Argonne Lab |(2 maps)] temperature from Argonne Lab |(2 maps)

Argonne Lab (1995-2004) (2045-2054) (2085-2094)

0 WINTER STORMS MEMA v NA NA NA NA
i FIRE MEMA v NA NA NA NA
E
< DROUGHT US Drought Monltor Map for v NA NA NA NA
o MA
=
~N LANDSLIDE MEMA v NA NA NA NA
& EARTHQUAKE* MEMA v NA NA NA NA
= WIND MEMA v NA NA NA NA
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Drought Intensity
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PHASE 2 — RISK AND VULNERABILITY ASSESSMENT (RVA)

/_\ Prioritization f\

&  May be priority
S I| planning areas
= SELECT 3
, @@@ 3 PILOT SITES
e - S
NERABILITY g
—— e =] i
> 3 Are uf)llkely to'be May be priority
o| priority planning )
= planning areas
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IR e i @O® Risk
i L).:_gy& REPRESENTATVE FACILITIES
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@ Local Sea Level Rise Example

Criteria Describing Consequence

Lagena
[
Zone of Potential Storm Inundation 2066
Dting Uaan S4s Lovel 4 Bk
Fuistng 14 Fiababty B g

Public Safety,

Emergency
Services

Public
Health,
Environment

Repair
Cost

Reduced
Economic
Activity

Public Services;

Duration

Regional

Emergency

High

Regional

Emergency

>520
MM

Regional
Emergency

=1 Month

High

32 MM -
320 MM

City Emergency

Moderate

Moderate

15-30 Days

Low

Low

Facility

Consequence
Score

Probability
2016

2041

Probability

Probability
2066

Weighted Risk
Score

Reed Street
Sewer Lift
Station

Predicted Flood Elevations

Threshold

Elevation is El. 8.85

2066
L

100 yr starm
115140

2041 100 yr starm
[ BL11%-12.2 2016 100 yr storm

ELEVATION

EL110

2066 10 yr starm
| EL75-100

Thrashald Elevation

Weston @ Sampsonf
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Risk Analysis

— Probability of climate impact versus severity of consequence

— High Vulnerability, High Risk Sites = High Priority

Regional
Emergenc
g Y -E-I!I Hl'ﬂ]'bﬂ F'Fhfﬂ]f
Local I|  planning areas
|>_. Emergency 'f_l'-'
= —
w High ﬁ
= e
b @
| =
Medium = o -
Are unlikely to be
= g primityp.'g;ming SSONEE PR arTY
Lo - j
W areas planning areas
Low Medium High Very High
PROBABILITY .
Low High
Risk
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Priority Facilities

(Factoring Professional Vetting)

Peabody District Court { ‘.]

=

Lynn District Court .&
~ R f o . .
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Quincy District Court f"]
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Climate Change Risk

O 2070 High Temperature
. 2030 High Temperature

O 2070 Sea Level Rise { Storm Surge Secretariat
Executive Office of Energy and Executive Office of
. 2030 Sea Level Rise/ Storm Surge [ﬁuﬁj Environmental Affairs Administration and Finance

2070 Inland Flooding [_ ] Judiciary/Trial Court Gﬂ]] m:?:nom:. of Pri_ority Site_s i Fiacilities {/J/f
. = High Priority AT A
Executive Office of Health and Executive Office of Public o " DUKES™ i
2030 Inland Floading Human Service a Safaty and Security
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Risk Analysis — Site Specific

Vulnerability

CLIMATE CHANGE e Sea Level Rise &
SCENARIQOS Storm Surge

(determine sensitivity for | RLCUEIN .
each building Precipitation R is k
system/user group) e Heat

Mitigate Risk

= Probability (determined
from likelihood of event and

ADAPTATION

STRATEGIES

25>

damage) *Consequence
(determined from cascading
/ effect of failure of the building
CHARACTERIZATION ECaMIS

* Review of Existing
(determine adaptive Information

capacity within each
building system/user
group)

e [nspection
e Interview

Weston @Sc:mpsoﬁ 20



Risk Analysia — Site Specific

Weston @ Sampsonf



Risk Analysis — Site Specific

BUILDING SYSTEMS
. - CLIMATE S EE £
SITE FEATURE OBSERVATIONS PAR AMETERS g g g
YES MO |COMMENIS
FRE-EXISTING Exizsting problems andior concerns? i
ELECTRICAL Subatztion below FFET % FIOOD
T rznsfiormer below FFET X Trznsformer 2t ~EL 11 loczted zlong bridz swezt (L) FLOOD 4
T emperzturs contral zround transformer? X HEAT 3
Switchgzar below PFE? X K |~1ft balow FLOOD 4
Distribution pene] below FFET X X ~ 11t below FLOOD 4
T = peraturs contral around distribution pensl 7 X HV AL e perature controllad HEAT 2
Emerzency genaratar below IFET X S22 peneraiog FLOCD
Communications be low PFE? List X Serversoom for izl cowe FLOCD 4
T emperzihres cont ol around communicz ions T E All conduits insulated, temporaturs controllad (1) HEAT 2
Oiezitle reneweble enereyTList X Mo WIND/WINTER STCREM | 1
MECHANICAL Fuzl tznk below IFE? X FLOOD
Bee HVAC swstems  |'Wazier hesting aquipm ent below PFE? X FLOOD
Aijr handling sguipmant below PFE? X X Chillerz 222 HVALZ zection FLOOD/WIND
Sznitry sysem below BFET(Sewsr or Septic) X Semwer FLOOD 4 4
Temperaturs contral for spriskler svstem 7 X |Motinsulzted HEAT WINTERSTORM | 2 JLow| 3 |Low
Wzkr supply on-zie7 (well'siorazs Enk) X Non-potzhle water, no potsble wakr siored on sie FLODDROUGHTFERE | 2 JLow]| 1 |Low
Fedundancy between fire suppre s=ant gystem 7 X Loczlized fire suppressant arsz:, no redundancy FIRE
NOTE: PFE - FRETICTED FLOOD ELEV ATICN
ADDITIONAL COMMWENTS: (1) Pzd height unknown- obstusad by mow.
* EXISTING CONDITION - ABILITY TO WITHETAND CLIMATE EVENT ** CONSEQUENCE TO PUBLIC HEATTH AMD SAFETY, INTERDEPENDNCTES, ANDVOR COST OF DAMAGE
1 ESCELLENT - Veary valikely o result in demags given the reled climzte peramater 1 D=z would result in low conssquences (minor injuriss andi'or <35.000)
1 GOOD - Unlikely to result in dzmags given the szlzied climz & parsmater 1 Dz = would result in moderats consegquence s (moderats injurizs and'or < B2 30,0000
3 ZATIEFACTORY - May result in demags given he rzlaied clima 2 parsmater 3 Demz = would r2sult in high conssquences { severs injurizs zndor <F1,00000007
4 FATR - Liksly to rz=ult in demz = given the selsted climats persm ster 4 Demz g would result in very high consequences { possible loes of life zndior <5310,.000.000
5 POCE —Very lilely toszzult in dzmags miven the related ol 2 parameer 3 Demz e would result in 2 locz] o sz gione | emergency to interdapendent systems




Risk Analysis — Site Specific

SUMMARY OF FINDINGS

o . ! VULNERABILITY
VULNERABLE FACILITY ELEMENT LOCATION CLIMATE RANK RISK RANK
PATIENTS/ TEMPERATURE CONTROL OCCUPANCY HEAT
ROOFS ALL {except [eplaced modular roof) EXT. PRECIPITATION WIND
AIR HANDLING HEALTH SERVICES HEAT
TREANSFORMERS SUBGRADE VAULTS EXT. PRECIPITATION
ELECTRICAL & MECHANICAL ROOMS DORMS/MAX. EXT. PRECIPITATION
ELECTRICAL & MECHANICAL ROOMS ADMIN. BLDG. EXT. PRECIPITATION
SPRINKLER SYSTEM ADMIN. BLDG. FIRE
FENCES (non-reinforced) EXTERIOR WIND/WINTER STORM High Low
LOUVERS FOR ELEC/MECHANICAL ROOMS DORMS/MAX. EXT. PRECIP High Low
WINDOWS ALL HEAT High Low

EXT. PRECIP/WINTER .
GENERATORS OFF-STE STORM/WIND Low High
POTABLE WATER SUPPLY OCCUPANCY DROUGHT Low High
TEANSFORMERS ABOVE GROUND HEAT/FLOOD Low Low
POWER SUPPLY OMN-SITE POWER PLANT HEAT Low Low
NOTES:

HIGH PRIORITY
MEDIUM PRIORITY
LOW PRIORITY

Weston @ Sampson 23



Source: Spill-barrier.info

Relocation

Zoning &
PROGRAMMATIC
Regulatory

Flood Barriers
Dry

PROTECTION

Wet
Floodproofing

Source: Massachusetts Stormwater Handbook

Weston @ Sampsonf



Adaptation Planning

« PREPARE FOR CHRONIC AND
BEFORE ACUTE CLIMATE IMPACTS

* RESIST CLIMATE EVENT
DURING (HEATWAVE, STORM)

e RECOVER FROM CLIMATE
EVENT (FLOODING, DAMAGES)

Weaeston @ Sampson



Adaptation/Resiliency Strategies: Grouped by Type of Action

Policy (DCAMM

Standards) Retreat Protect Accommodate

Allow CC impact,

Programmatic Remove CC sensitivity Prevent CC impact
reduce damage

Deferred Maintenance . . Increase drainage
Relocate on site Flood Barriers .
Request capacity

Backflow
preventers/flood gates

Weston @ Sampsonf 26

Relocate off-site Green infrastructure



Adaptation Criteria— C.E.F.T.A.C

Cost
SSS
Co-benefits Effectiveness
Adaptability Feasibility
(Flexibility) (Implementation)
Timing

(Short Term vs. Long Term)



Adaptation Strategies — Example

VULNERABLE CLIMATE
FACILITY ELEMENT SOEANSN STRESS SRISRENE
Basement doorways to North side of site  Extreme High
Outdoor Equipment Room, Precipitation &
Mechanical Room, etc. Flooding

* Planning Horizon: Before & During

* Strategy: Protect

e Cost—S - $S. Customized to openings

 Effectiveness — Max: depends on structural strength of
building walls and connections

* Feasibility — Yes: easy to install, use, store and transport

* Adaptability — Flexible: Adjust to water height

* Timing - Short term: <1 hour installation

* Co-benefits - No.

T

By &

Weston @ Sampsonf



Final SRMP Document

GUIDELINES BY BUILDING SYSTEM GUIDELINES BY BUILDING SYSTEM

Exferior Site Faahures and Srounds Exomgde Bl Gdrwp
& EXTREME PRECIPTATION
& FLOOCING

DCAMM Statewide Resilience Master Plan

Planmning Horizon: Belom Discusslon: Ihs adapiaion shoukd be
- = gkl Dot eRedl ek
Strateqy: Hetreat (slavate/relocate) 0 s g il
Cost: $58 fhan - eplcomentindand e subead:
rrsiomons, ul e e ook ol e
A M sk Wil L oo e @
Feasibllity: Yoo Mo grand, . By
trarshuines 2 1 txvis il

Biacumson: Thi o

Project Number: DGP 1807 HE4

Froject Mame: STATEWIDE RESILIENCE MASTER PLAN (SRMP)
Owner / Client: Magsachugais Divicion of Capital Asset Managemen and Malnenance

Feasinility. Maybd

ol boud

Adnptability: Not Flexible cicvhon, finod ik o chmmeicr and cascs Crggn Gan Acapfakiliy: Mot Fledble
i M acress & prowied o facky marknanoe . -
In partnership with g 19 Agency (MEMA} Tienieig: Mic tor Long:iorm ol e "; i -y a: Mid-trm
Co-benshis: Yas, sasier to ety 1 nof ficebks o Gl oo Co-benedits: Mo

. maintain Afjmivd o higher st Ties
DCAMNM (Frogramming) Froject Manager: Jenamy Caron # ot 10 ergkomen| one

MEWA Contacts: Narybath Grofl, Sarah White, Hezard Mitigation Planning (MEMA} il el ncfansrat
June0, 217

Adepintion: i

Planning Horizon: Bolom: Dincusalon: The: adaplahon shookd e
mphsnoniond boioee camale rymch
Thes sohson wokd replace e eshng

istng and 7030

e Strategy; Accommodale

i b {waberproal) TR

anecuiirn gt Cost 535 B 0 EATor nChon i o sbgrmink:
vt of unpeotechod  basement The
Effectveness: Mudorate to Max ke ey coections shous
Foasibility: Maybe be walpal a5 wed o ihe sirategy o
et tisk Concisfs abotid bee seslee]
Adaptability: Not Flexible vl it sty it Bes bl o
L oed Thes sty & nof oot 15

Tirming: Mid-term FEXARAG v

- By ot 10 impheTsnt once &

Co-bonelils. No ervinbobes Ml gL o s wichownn

K0 g ol ETplementahon & mid e

Planning Horzon: Before Dincussion: This adapation caxn be impks

Meskel M Ay TR D Ak chmak
Simiegy: Protect bamer) Pt TIE slmny woull B Do

Cost $3 merike b pesecl wekr bom e

= = U wigokeies The cuedy ol bl S

Effectivanoss: Moderate ol it in) Ly Conuls ot - =

Fensibility: Yos oty o vl of sk pochucion Rk i L
cbmervrion o mu ke of Yo sed B d M AD ERCER VAL - N

Adaptatuity: Not Flexible i K i ey § FER Aclapfability Flaod bl

ofter darmge The skakegy s ol el & 2 - Shortberm

Timing: Short lerm £ kg b g Bl
Co-benefits: No sbconinck, bl coppmont
Ngkangiaad, B o iinghsias:
opediod i he
a1kl kg
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Connecticut SRMP

Regional Councils of Gover in C ut

The process is established!
Use existing studies and expand on them

Mapping can be expanded to CT-
Statewide, COGs and Municipalities

Update current data

Select climate scenarios most applicable
to state goals

Prioritize assets based on criticality and
run RVA

Conduct workshops - identify example
adaptation strategies

Prepare final guidelines for adaptation




guestions?

westonandsampson.com
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thank you

westonandsampson.com
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