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Overview:

1. Challenge

2. Framework

3. Case Study: Massachusetts Port Authority
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Our civilization is built on the
assumption of a stable climate
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What happens if that climate isn’t
stable any more?
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Connecticut
* Rising tides (sea level rise)
* Shifting storm track

* Long-term intensification of storms
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Planning and design must consider likely
impacts on hazards, systems, and people’s lives.
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* Massport * Scituate, MA

e Cambridge, MA  Marshfield, MA

e Boston, MA e Duxbury, MA

* Gloucester, MA  Army National Guard,
e Swampscott, MA MA

* Hingham, MA * Healthcare Client, MA
e Hull, MA * American Water, NJ

e Oak Bluffs, MA * Washington, DC
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Step 1 Step 2 Step 3
Climate Scenarios Vulnerability & Risk Assessment Resiliency Planning,

Design & Operations




Case Study:
Massachusetts Port Authority

Logan Airport Maritime Facilities
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Waves
Storm
Seg Surge
High Level
Tide Rise

When threats combine, flood risk increases
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Boston, MA 2.63 +-0.18 mmlyr (1 920 - Present)

0.e0 :
_ Data with the average seasonal Source: HOAA

cycle removed
045+ - Higher 95% confidence interval | - — — — — — — — — — — — — & & & & & e
’ == Linear mean sea level trend

— Lowwer 95% confidence interval

0.307

0.157

0.005

Meters

-0.159

-0.307

T L R

-0.60 T T T T T T T T T T T
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Since 1920, mean relative sea level in Boston Harbor has increased by about 0.67 ft.
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200 Highest-| §.6 ft.

Observed Scenarios

160 T

120 T

Intermediate-High - 39 ft

80 T

Intermediate-Low 1 6 ft

40 1

Lowest=| 0.7 ft.

Global Mean Sea Level Rise (cm above 1992)

40 . f .
1900 1950 2000 2050 2100

Year

Global mean sea level rise scenarios provided by NOAA as part of the
National Climate Assessment report published in December 2012.



KLEINFELDER

Bright People. Right Solutions.

N

Average Daily Higher High Tide in Boston with Sea Level Rise

16 -
14 -
1 - Elevation of Massport Infrastructure
10 A
+4 ft. SLR (El. 8.80 NAVD 88)
1
8 1 | I
+2 ft. SLR (6.80) | |
] I |
6 I 1
I I
4.80 : : I I
4 - Today I I [ I
[ [
I I
[ [
2 1 I I ; '
| I
[ [
. . I I
0 | 1
2001 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
= Higher High Tide with "Highest" SLR (feet NAVD88) Higher High Tide with "Intermediate-High" SLR (feet NAVD88)

+2 ft by 2050-2065  +4 ft by 2075-2095

All elevations are expressed in NAVD88
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[ WINCHESTER

Legend
Central Artery & Tunnels
D Boston and Cambridge
:\ MassDOT Focus Land Areas
ADCIRC Grid
= Upland Grid Boundary
——— Approx. High-Res Grid Boundary
—— Ocean Grid Boundary

" High-Res Ocean Grid Domain
- Complete Ocean Grid Domain

UWEDFORD

ARLINGTOM

CHEOLSEA

NEWTDON BROGKLIME

WILTOM

DEDHAM

CONASSET
MassDOT/IFHWA Climate Adaptation Pilot

20-May-2014
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Boston Harbor-Flood Risk Modal
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— Includes both tropical
and extra-tropical
storm sets

e TR | T e - e e Statistically robust

set of storms. T\
No need to determine joint
probabilities.
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2 2013 Inundation Risk
e i \\ [ Josws I s [ 12s% I 100%
- * N B s [0 vow [ 0%
i B ozs = [ = [ =0 o
/ v
7 N 5
/ N
- N
| S /
! \ //
! \
~ /
] N
| Someig,
4
\
\
N
\
=
1
A
”
o Eambndae
L/
B
:
5 %
| A
G 7y .
5
S fss P
Tk s
/
» R : .
o >ImassDOT & MassDOT/FHWA Climate Adaptation Pilot BH-FRM
7 University of _ P & [ o ; S ok Gl Boston "'Maor:;'g:t%::al View
< ‘EJDMS-AIg: New Hal‘npshﬂc Sources: MassDOT, Woods Hole Group, MassGIS, ESRI 2013 Inundation Risk
Esri, HERE, DeLorme, Mapmylndia, © OpenStreetMap contributors, and the GIS user cummuW

19



(/\_
KLEINFELDER

Bright People. Right Solutions.

2030 Inundation Risk
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2070 Inundation Risk
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Assels Reguired lor Mililary Operalions
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K———" All High! cpeeations
ATC Tower
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0.1% ANNUAL PROBABILITY
FLOOD EL. =14.1

FLOOD EL. = ~14.0'
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Probability of Flooding

Low - High
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Consequence Probability
Facility Asset Name(s) Critical Functions of Flooding of Flooding
Score (BH-FRM)

TIER 1: HIGHER PROBABILITY OF EXPOSURE (FLOODING IN BH-FRM 2030 SCENARIO)

TIER 1A HIGHER CONSEQUENCE (SCORE = 8-12) (2030)
Fish Pier East Building, West Building, Electrical Multiple 12 2%
Conley Site Switch House Electrical 9 2%
Logan Fire-Rescue Il Public Safety 8 2%
Logan Porter Street Substation Electrical 12 0.2%
Conley Wharf Switch Houses 1-3, Marine Operations|Electrical 9 0.2%
Logan MPA Pumping Station, Electrical Building, Ge{Water 8 0.2%
Logan State Police & TSA Building Public Safety 8 0.2%
Logan Wood Island Substation Electrical 12 0.1%
Logan Marine Fire-Rescue Public Safety 8 0.1%
TIER 1B INTERMEDIATE CONSEQUENCE (SCORE =4-7) (2030)
Logan Facilities Il Maintenance 4 1%
Conley Berths 11-12 Access 6 0.2%
Conley Rubber Tire Gantry Cranes Cargo 4 0.2%
Conley Vessel Cranes 1-6 Cargo 4 0.2%
Logan West Outfall (Bar Screen Building) Drainage 4 0.2%
Conley Fuel Island and USTs Fuel 6 0.1%
Logan Facilities Il Maintenance 6 0.1%
TIER 1C LOWER CONSEQUENCE (SCORE =1-3) (2030)
Haul Road Haul Road Sump Pump Drainage 2 5%
Conley Interchange Facility Cargo 1 5%
Conley Reefer Building and Yard Electrical 1 5%
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20
18

1 6 NEW - MPA DFE New Facilities: 0.2% 2070 +3 ft freeboard = 17 ft (BH-FRM)
14 0.1% 2070 = 14.1 ft (BH-FRM)
—_—__ 0.2% 2070 = 14 ft (BH-FRM)
NEW - MPA DFE Existing Facllltles: 0.2% 2030 +3 ft freeboard = 13.7 ft (BH-FR
1 2 1% 2070 = 12.9 ft (BH-FRM)
AE 1% 2013 = 10 to 12 ft (FEMA™)
1 0 0.1% 2030 = 10.9 ft (BH-FRM)

s (.2% 2030 = 10.7 ft (BH-FRM)
1% 2030 = 10.1 ft (BH-FRM)
(Feet NAVDS88) AE 1% 2009 =9 to 10 ft (FEMA)

*FEMA 2013 Is Proposed/Under Review
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Recommended Resiliency Strategy and Associated Construction Costs

Recommendations Capital Costs*

1. Replace two single personnel doors with full-height flood-proof doors $44.000
2. Install a flood-proof sliding door over the overhead door $80,000
3. Assess the need for structural strengthening and implement necessary $200,000

measures to prevent failure under design flood loads (allowance)
4. Seal electrical conduits at exterior manholes and at points of entry into $15.000

the building (i.e., conduit trenches) '
5. Install a water level sensor system in the substation $10,000
6. Purchase a portable water pump, install an exterior-mounted support

bracket above the design flood elevation to support the pump, and $10,000

install a through-wall inlet pipe for the substation

Total Capital Costs $359,000

- Sliding Watertight Door with
Pedestrian Flood Door Pneumatic Seal



KLEINFELDEF\’

Bright People. Right Solutions.

N

5) As you pass the edge of the bullding and the fencs,
i T — connect & V12000020, and contlnue the [lhe wih
P 4E Gva gy EHIr —_— P 230 WV1200-5, alrlng for the gate 1o the soulh-wes|
el iy Itre, Vg
! dgg g TTT———
iy

Sl oy
)
il did ik

4) When reaching the gats, turn Inside with a
V1200-0C80 and continue the Bre with 33x V1200.5,

Fal

T N

1) Start by bolting the \V1200=-R5C and the WV1200=L5C In place.

2) Contlnue north-west with & V1200-5, a V1200-CW1200 and a V1 200-0C20,
3) Turn nerh with a V1 200-0C80,
and contiue on the sidewalk wih 28: V1 200-5.

B) As you dear the edge of the bullding and the slewalk,
connect a V2000030, and contirue the Bne with 28x 12005,

Recommended Resiliency Strategy and Associated Construction Costs

Recommendations Capital Costs*

1. Purchase and store on-site a temporary flood barrier system that can be $217.000
deployed to surround the building during a flood (800 ft. total length) ’

2. Seal electrical and telecommunications conduits at closest exterior $40.000
manholes and at points of entry into the building ’

3. Install a water level sensor system in the building’s critical equipment $15.000
rooms '

4. Purchase a portable water pump so that interior water levels can easily $10,000
be confrolled from inside the building ’

5. Replace existing emergency generator with one of sufficient capacity to $500 000
provide full building power during an emergency !

6. Install shut-off valves in sewer and drain lines as needed to prevent $40.000
backflow under flooded conditions ’

Total Capital Costs $822,000
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Test Deployment of Temporary Flood Barriers
October 8, 2015
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torm center but do
; r outside

Forecast Positions:

@ Tropical Cyclone O Post-Tropical
Sustalned Winds:

Watches:
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senvr wesrvem ez .
DRAFT e
HEAVY WEATHER AND massport
FLOOD OPERATIONS PLAN
LOoGAN INTERNATIONAL AIRPORT
FOR MASSPORT’S

CoAsTAL FLoOOD OPERATIONS PLAN

August 18, 20156
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--------------- > Routine Weather Monitoring
i

1
Weather Service Alert —
Tropical Storm or Nor’easter
L Developing
]

f———— 0 - Eastern Seaboard _ @
Track?

[me—m s m—s—————s > Monitor Forecasts — Predict
| Maximum Water Elevation
I
|
1
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_______________ > Monitor Forecasts — Predict <€

=r Maximum Water Elevation
' l
0
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|

Activate P IS,
Flood Operations Plan

v
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2
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Preparedness/Recovery Actions

- Assets, Actions, Timing, Priorities
> 9-10 ft.?
IC_9-10.2 D

I ) . . o
QO'” ft 2 Assets, Actions, Timing, Priorities
I

g !
HEY 61-12 ft.? - Assets, Actions, Timing, Priorities

12-13 ft.? - Assets, Actions, Timing, Priorities
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DESCRIPTION FLOOD FORECAST DATA

Date and time of arrival of flood elevation

M J,n’ A 12
greater than or equal to 9.0 ft. NAVDES

13)
Maximum flood elevation forecasted (ft. 7.6 ft. NAVD38 ™ (a)

MNAVDSES vertical datum) 7.5 ft. NAVDSS ¥ (b)

Anticipated wave height at time of maximum

flood elevation (ft.) (if available) Harbor: 2-3 ft.

Date and time of maximum flood elevation (a) 10/1/15 @ 1400
(b) 10/2/2015 @ 1500

Date and time of recession of flood to elevation

A
below 9.0 ft. NAVDES /

Duration of predicted flooding above elevation

M J,n’ A2
9.0 ft. NAVDEE from start to recession

NE - Up to 30 kt'®
Forecasted maximum wind gust speed and

direction Small Craft Advisory until
2000 Friday 10/1/2015
NE - 15 - 25 kt'®!
Forecasted maximum sustained wind speed and
direction Small Craft Advisory until
2000 Friday 10/1/2015
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Name Priority
FISH PIER I N N
Berths Moderate
Fish Pier East & West Buildings se | | | | |moderate
Transformer (adjscent to Guard House) Moderate
CONLEY TERMINAL I N B R
TruT:!:. Processing Gate (Interchange —
Facility)
Resfer yard Y R R R R
Site Switch House High
Rubber Tire Gantry Cranes X --- Moderate
Vessel Crane 1-6 10.4-105 Moderate
Wharf Switch Houses No. 1-3 E fwosannz | | ] H.gh
Berth 11 & 12 10.4-105
Diesel Underground Storage Tank/ --- i
Fuel Island
Gasoline Underground Storage Tank)/ oderat
Fuel Island
Marine Operations Center E --- High
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N

l

Review electrical shut-down plan
for Reefer Yard, Interchange
Facility, Site Switch House, Wharf
Switch Houses, Fuel Island and
yard maintenance areas at risk of
flooding in Figure 3
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T Questions/Discussion

Nasser Brahim
Kleinfelder

617-498-4774
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