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Presentation Notes
Hello. My name is Susanne DesRoches and I am the Assistant Chief, Resilience and Sustainability for the Engineering Department at The Port Authority of New York and New Jersey. Today I am going to speak briefly about the impacts of Super Storm Sandy and the resulting resiliency work that the agency has started.



Presentation Outline

* Overview of Port Authority Facilities
e The Storm
 Facility Damage

» Resiliency Efforts
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Presentation Notes
Today’s presentation will start with an overview of the PA Facilities. Then I will briefly describe the responsibilities of engineering department staff and the storm itself. Next, I will describe some of the damage from the storm, some lessons learned and how the agency is looking improve resiliency at its facilities. 
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Aviation

John F. Kennedy International Airport
LaGuardia Airport

Newark Liberty International Airport
Stewart International Airport
Teterboro Airport

Bridges

Bayonne Bridge

George Washington Bridge
Goethals Bridge
Outerbridge Crossing

Bus Terminals

Port Authority Bus Terminal

George Washington Bridge Bus Terminal
Journal Square Transportation Center

Port Commerce

Port Jersey-Port Authority Marine Terminal
Brooklyn-Port Authority Marine Terminal
Elizabeth-Port Authority Marine Terminal
Howland Hook Marine Terminal

Port Newark

Tunnels
Holland Tunnel
Lincoln Tunnel

Rail
Journal Square Transportation Center
PATH Rall Transit System

World Trade Center
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The Port Authority of NY and NJ builds, operates and maintains infrastructure critical to the NY/NJ region’s trade and transportation network. These facilities (22 in total) include America’s busiest airport system, marine terminals and ports, the PATH rail transit system, six tunnels and bridges between NY and NJ, the Port Authority Bus Terminal in Manhattan and the World Trade Center.


Agency Preparedness

Increasingly Detailed & Focused Weather Reports

Activated Agency Emergency Operations Center (EOC)

 EOC Interacts with other Regional EOCs to
Coordinate Incident Response

Business Continuity Plans for each Department
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Knowing that many of our facilities would potentially be impacted by the storm we set into motion our Business continuity plans.
Weather:  72 Hours Before Sandy
Direct Weather Service Brief to Key Agency Leaders
Clarifies the fact that there will be no avoiding huge agency impact across the board.
Biggest Projected Impact:
LGA
Holland Tunnel
PATH


The Storm — Timeline

Sandy Landfall at 11:30PM Monday 10/29

Closures:

* All Facilities except Stewart Airport, g
PA Bus Terminal, and Lincoln Tunnel [ :
were closed prior to landfall.

Site Visits / Inspections:

e Begin morning of 10/30
after storm abated

» 39 separate requests for damage
assessments which included multiple
facilities and structures
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The engineering department took an active role throughout the storm – starting with reporting to the EOC on Sunday afternoon with a shift change to the alternates just prior to landfall of the storm at 8Pm on Monday. All of the PA facilities were closed with the exception of Stewart Airport (north of the NYC), PA Bus Terminal and Lincoln Tunnel. 

Site inspections began the following morning after the storm and surge waters had abated for safety reasons.


The Storm

Most devastating effect of Sandy was the storm surge:
o Corresponded to High Tide 8:26 PM during a Full Moon

e Occurred during a Spring Tide
* Approx. 20% Higher than Typical High Tide

e Direct Path into NY and NJ

Recorded storm surge heights:

e 14.06 ft - The Battery, Lower Manhattan (above Mean Lower
Low Water (MLLW))

« 13.31 feet - Sandy Hook, NJ

Wind gusts up to 90 mph — No sustained winds above 74 mph
(Post -Tropical Cyclone)
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The most devastating effect of Sandy was the powerful storm surge, as floodwaters damaged the vulnerable coastlines of New York and New Jersey. 

The surge was significantly elevated because Sandy made landfall during a “Spring” tide, the highest of the monthly tidal cycles resulting from an alignment of both the moon and sun’s gravitational pulls. A “Spring” tide is typically about 20 percent higher than the average high tide.  

In addition, the path of Sandy intensified the storm surge. Most Hurricanes approach the U.S. East Coast in a northern direction traveling along the coast, where contact with land weakens the system and the full force of the surge is not driven directly into coastal cities.  Hurricane Sandy, however, traveled approximately 300 miles east of the coast over the Atlantic Ocean and, pulled by a winter storm system to the west and blocked by a high-pressure system in Canada, made a left turn causing a direct hit to New York and New Jersey from the east.  

Some of the most significant surges were noted at Sandy Hook, NJ, where the surge measured 13.31 feet (above the average low tide); the Battery, Lower Manhattan, where the surge measured 13.88 feet.   

Sandy did not deliver Category 1 strength winds as predicted and was downgraded to a topical storm as the sustained winds did not get above 74 mph.



Immediate Damages

Limited Wind Damage — Sustained Winds < 74 mph
Flood Damage across most coastal facilities
No Major Structural Deficiencies Found

Significant Electrical and Architectural Deficiencies
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Luckily, Sandy's’ winds did not reach hurricane strength and therefore there was limited wind damage.  However, there was substantial damage from flooding.
In the days that followed the storm, the Engineering Department did structural assessments of all facilities and determined that there were no major structural deficiencies at major facilities.  However, due to the salt water storm surge, there were significant electrical and architectural deficiencies.
Sandy did not deliver Category 1 strength winds as predicted and was downgraded to a topical storm as the sustained winds did not get above 74 mph.



Aviation Facilities

L
. ,’Tﬂu EFNERLEAY 1

Kennedy Airport Newark Airport LaGuardia Airport
ILS pier deck impacted Bridge wing walls Pier damaged
partially washed away Flooding on Airfield
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Kennedy Airport experienced flooding from the storm surge.  In this photo, you can see the ILS pier used for aeronautical equipment was shifted to the right by the surge.
LaGuardia airport also experienced damage from the surge, however due to the airport’s location, it did not experience the surge at high tide.  The airfield was flooded and a pier was damaged by a runaway barge.  There was no major damage to the terminal buildings.
Newark airport also experienced flooding from the surge.  Here can see the erosion caused by the surge waters on the sides of a bridge.  By Thursday evening, all major airports had reopened.
Surge a Newark Airport was so significant that it went over the NJ Turnpike onto the Airfield..…. We never had that happen before


Port Commerce Facilities

* Runaway barge collided with » Port Newark — barge lifted 8 ft.
Greenville Yd - transfer bridge onto Berth 2

* Transfer bridge has been » Inspection revealed no damage
demolished to berth

« Many buildings and electrical
iInfrastructure was flooded.
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The port commerce facilities were flooded during Sandy.  The picture on the left shows a transfer bridge that was damaged when a barge hit it during the storm.  The bridge was found to be structurally deficient and since been demolished.  At Port Newark a barge lifted up on the surge and landed on Berth 2, however there was no structural damage to the berth. Many buildings and electrical infrastructure was flooded with salt water.
The ports were back up and running one week after the storm.


PATH Tunnels and Stations

« Extensive Flooding  Significant damage to power traction
of PATH Tunnels, systems, signals, elevators, escalators,
Stations and and other electrical devices
Substations

THE PORT AUTHORITY OF NY & NJ


Presenter
Presentation Notes
The PATH system was heavily damaged during the storm by the surge. Here you can see water entering the Hoboken station.
The salt water from the storm surge badly damaged the electrical systems of the PATH train network. Salt water is corrosive and it damaged the power traction system, signals, elevators and escalators and other electrical systems. The PATH system service resumed 24/7 service on January 28th.



Bridge and Tunnels Facilities — Holland Tunnel

*HT Flooding through *HT Flooding through  ¢Post-storm
vent buildings North Portal Inspections

Lincoln Tunnel, PA Bus Terminal:

*No Flooding, Remained Open
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None of the PA bridges experiences significant damage.  The Lincoln Tunnel did not flood and remained open throughout the storm.
The Holland Tunnel, however experienced severe flooding of both tubes.  



Immediate Resiliency Efforts

High-level list of mitigation strategy projects assembled
 Includes very preliminary cost ranges and durations

 Emergency Generators, Flood Control, Drainage,
Electrical System

Internal Mitigation Team Established:
« Storm Mitigation and Resilience Office

Office of Emergency Management

Business Departments

Finance

Engineering Department

Short Term Protective Measures including Water Intrusion
Protection — Implementation Ongoing
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As well as lessons learned, the Agency is looking to make its facilities more resilient to climate events. Immediately after the storm, a high-level list of flood mitigation strategies was developed which included “back of the envelope” cost estimates and preliminary implementation durations.

Mitigation strategies range from redundant energy systems to protecting electrical systems and flood control measures.

The Agency has a mitigation team lead by our Storm Mitigation and Resilience Office, Office of Emergency Management and includes the Business Departments, Finance and the Engineering  Department.

Short term protection measures including Water Intrusion Protection Measures were designed in April-June and are currently in construction.



Water Intrusion Protection Measures

.

Concrete Bin Blocks Concrete Barriers HESCO Barriers
(Cast in Place)

*Open areas *Constrained Areas Industrial areas

*Water heights < 4’ *Smooth finish surface *Water heights > 4

2,600 Linear Feet 3,000 Linear Feet 8,800 Linear Feet

99% Complete 90% Complete 82% Complete

Construction Estimate: $1.25m Construction Estimate: $6.6m Construction Estimate: $.6m
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Water Intrusion Protection – Design Criteria 
Utilized FEMA flood maps
Design elevation 1 foot above the �Sandy Flood/100 yr flood elevation

Here are three examples of water intrusion protection that were deployed. The concrete bin blocks provide coverage for open areas for low-level water heights. Concrete barriers do not have water height limitations and have a narrower profile allowing for deployment in constrained areas. HESCO Barriers allow for higher water heights as well, but are only meant to last 5 years.


Water Intrusion Protection Measures

b .\ , - o i

Stop Logs

*|nstall before event
*Doors, station entrances,
and vents

6,300 Linear Feet
70% Complete
Construction Estimate: $8.4m

Water Filled Barriers

e|nstall before event
e ow-water level situations
*Roadways

300 Linear Feet
100% Complete
Construction Estimate: $.7m

Aqua Fence

*Water heights up to 7’
*Narrow profile

70 Linear Feet
100% Complete
Construction Estimate: $.1m
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The final three examples of water inundation protection show the site- and infrastructure-specific solutions. Stop logs are put in place before an event at building doors, station entrances and substation vents. Water-filled barriers are also deployed immediately before an event to cordon off roadways. The Aqua Fence, utilized at Teterboro for the narrow profile, was needed to work with airfield clearance limitations.



Further Design Criteria Enhancements

Level of flood protection considers:
» Asset life expectancy

» Asset criticality

 Risk of flood occurrence

Utilize final FEMA flood elevation maps

Establish Flood Elevation
» Design base: 100 yr flood elevation
* |Increase elevation from 18" to 55”
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As the permanent repairs and resiliency work continues, we are reviewing current design standards to ensure the that our facilities are most effectively protected.  

The new standards will look at a combination of factors including the asset’s life expectancy and criticality, as well as the risk of flood occurrence during the life of the asset. Based on this methodology and recent flood elevations, we anticipate that assets will be elevated or protected 24”-55” above the 100 yr flood. In addition, we continue to review all current and available resumes. As requested, we did review the Navy Standards and found that they are consistent with our standards.


Resiliency Efforts — Long Term

Participation in the New York City Building Resiliency
Task Force reviewing building codes for inclusion of
resiliency strategies.

Development of Resiliency Design Guidelines for:
* Increased Sea Level Rise and Frequency of Storms
* Increased Precipitation
* Increased Frequency of Heat Waves
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Regional climate projections indicate that there will be increased sea level and an increase in the frequency of storms. Additionally, the projections show an increase in precipitation and an increase in the frequency of days over 90 degrees. To this end, the Engineering department is developing Resiliency Design Guidelines to potentially minimize these risks.

Additionally, the Engineering Department is participating in the New York City Building Resiliency Task Force which is lead by Urban Green. This task force will make recommendations on how to include resiliency in the building codes. 


Thank You — Questions?
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As we prepare for our infrastructure with short term protective measures, (temporary flood barriers generating) at our facilities.
We are currently reviewing our Capital Plan to re-prioritize projects which well enhance our infrastructure.
Thank you for this opportunity to discuss our program with you. 
We hope you found it informative.
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