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Good evening, everyone. Thank you, Colonel Owen, for that kind introduction.  And thank you to everyone at  the Society of American Military Engineers for inviting me to join you tonight.

Every day, the MTA moves more than eight and a half million people—reliably, affordably, and safely—on our subways and buses, Metro-North, and the Long Island Rail Road. 

Our seven bridges and two tunnels carry nearly 300 million vehicles a year.

We’re one of the few transit systems in the world that runs 24 hours a day, seven days a week, 365 days a year. 

And we’re the lifeblood of a $1.4 trillion dollar regional economy—the largest in the country, making up 11 percent of the nation’s GDP.
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But about a year ago, Superstorm Sandy brought our system to its knees. 

This map shows just how big Sandy was—stretching all the way from Chicago to New York.

It was the lowest drop in barometric pressure this far north in the history of recorded hurricanes.

It was also the biggest hurricane this far north in recorded history.

It was unprecedented. 





NYCT Storm preparations  
-- guided by extensive table top exercises and established plans 

Mon  
Oct 22 

Tue  
Oct 23 

Wed  
Oct 24 

Thur 
Oct 25 

Fri  
Oct 26 

Sat  
Oct 27 

Sun  
Oct 28 

Mon  
Oct 29 

Pre Sandy event  
(business as usual) 

Sandy event 

• Extensive table top exercises 
internally and with state and city 

• Review and updating of 
comprehensive hurricane plans 
(along with cold weather plans etc) 

Internal storm 
preparation 
procedures 
begin 

Regular 
coordination 
calls begin 
with external 
partners 

Physical 
protection of 
system 
begins with 
sandbags etc 

- Incident command 
centers and 
situation rooms 
activated 

- Assistance with 
evacuation, ~200 
extra buses, 60  
paratransit vehicles 

- Planned service 
shut down 

- Storage of vehicles 
in safe locations 

Physical 
protection of 
system 
complete 

Storm peaks 

MTA coordination with Governor Cuomo 
and his staff 

MTA New York City Transit 
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Fortunately, so too was the level of our preparation.

In general, we start planning for storms as far out as possible—tracking weather patterns all the way from their origins. We don’t wait. 

This was no different. We started preparing as soon as we heard about Sandy—more than a week before she hit.

We did extensive table top exercises, internally and with the city and state.




Coney Island Yard Stillwell Yard 

Lenox Terminal Bowling Green 

Subways 
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We reviewed and updated our comprehensive hurricane plans.

We were guided by a comprehensive plan created by New York City Transit after Hurricane Katrina, with all the lessons-learned after that storm. 

The plan also includes lessons-learned from Tropical Storm Irene, which was the first time we shut down our entire system in anticipation of a coming storm.



Buses 
Buses staged for evacuation (City Island) Castleton depot 

Buses relocated to higher ground (Gun Hill depot) Quill depot 
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LIRR Preparations 
 
• More than 1,500 engineering staff 

used in preparation for the storm 
 

• Over 340 pieces of rolling stock moved 
to higher ground 
 

• De-energized the entire system plus 
removed circuit boards at signal huts. 

 
• 6 foot diameter Aqua Dam—filled with 

32,000 gallons of water—was installed 
to protect Penn Station  
 

• All tracks taken out of service and 
placed in engineering control 

 
• Declared emergency 

 
• Response teams positioned 
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Both of our commuter railroads prepared extensively.

Here’s a picture of an Aqua Dam we installed  to protect Penn Station.




 
 

MNR Preparations 
 

• Grade crossings secured by removing 
crossing gates and tying down gates  
 

• Stockpiled material in preparation for 
washouts or bank erosion 
 

• Culverts cleared of fallen limbs and 
other debris 
 

• Ditches and swales cleaned out 
 

• Pumps tuned up and put in place at 
known low-spots 
 

• Generators at all rail yards fueled and 
tested 
 

• Cranes, excavators, and back hoes 
positioned along the tracks 
 

• Equipment and employees moved to 
safer ground 
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These pictures show Metro-North workers removing crossing gates to secure grade crossings.

In short, we knew it was going to be bad and we prepared for the worst. 
 
And under the leadership of Governor Cuomo, we shut down the entire system for the second time in our history—suspending service at each of our five operating agencies, and closing our two tunnels and all seven of our bridges.
 





Sandy caused major flood damage across the system 

8 stations with 
major flood 
damage – South 
Ferry, Whitehall, 
148th St, 207th St, 
Dyckman, Beach 
116th Station, 86th 
St Sea Beach, 
Stillwell  

Rockaways 
track 
washout 

9 flooded under-
river tubes 

Train yards and 
bus depot with 
significant flood 
damage 

Staten Island 
Railway 
maintenance 
shop major 
flood damage 

Numerous other 
locations with moderate 
flooding and wind 
damage including 
• Downed trees 
• Roof / canopy / sidings 

damages 
• Communication 

systems damages 
• Signal system 

damages 
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But as it turned out, even all our preparations would not and  could not have protected our system from Sandy’s full force.
 
Overall, we experienced a level of destruction completely unprecedented in our 108-year history. Left in the storm’s wake were:
 
nine flooded subway tunnels and two flooded vehicular tunnels—some completely from floor to ceiling;
eight subway stations with major damage or completely destroyed;
an entire bridge and critical subway line serving the Rockaways in Queens, destroyed;
15 miles of damaged or destroyed signaling; and 
rail yards and maintenance shops, completely underwater.
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Storm surges in LIRR territory 
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These maps show storm surges in LIRR territory. Everything in blue was flooded. 



Hurricane Sandy November 2012 
Storm Damage 

SIGNIFICANT WIND/TREE 
DAMAGE KNOCKS OUT 

SERVICE ALONG HARLEM 
LINE AND NEW HAVEN 

LINE and the NEW 
CANAAN AND DANBURY 

BRANCHES  

STORM SURGE IN NJ 
AND HARMON YARDS 

DAMAGES ROLLING 
STOCK 

FLOODING KNOCKS OUT 
COMMUNICATIONS, SIGNALS, 

AND POWER AND FLOODS 
STATIONS AND YARDS 

UNPRECENDENTED 
STORM SURGE 
ALONG HUDSON 
RIVER SHORELINE 

Note:  Local power outages throughout Metro-North territory prevented 
service from operating during/after storm and hindered return to service. 

Metro-North Railroad Sandy damage map 
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And this map shows damages sustained by Metro-North Railroad. The yellow areas are where MNR suffered significant damages. 



South Ferry 
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These next photos show the South Ferry station in Lower Manhattan, which was flooded 80 feet deep during Sandy. 



South Ferry 



South Ferry 



South Ferry 



86th St Sea Beach line 
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This is the 86th Street station in Gravesend, Brooklyn serving the N line.



Flooded under-river tubes - Cranberry 
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This is the Cranberry Street Tunnel, which carries the A and C trains between Brooklyn and Manhattan underneath the East River.



Rockaways washout 
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These next photos show damages to one of our hardest-hit areas: the Rockaways in Queens. 



Rockaways washout 



Rockaways washout 



LIRR West Side Storage Yard 
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Here’s a picture of flooding inside the Long Island Rail Road’s West Side Storage Yard.



Trees and utility poles/wires down along the Long Island Rail Road 
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Tracks on the Long Island Rail Road were inundated with fallen trees and utility poles.




Stranded Boat along Metro-North’s tracks at Ossining 
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Here’s a boat that washed up on the tracks near Metro-North’s Ossining station.



Hugh L. Carey (Brooklyn Battery) Tunnel west side underpass and tube 
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The picture on the left shows the underpass from the Manhattan side of the Hugh L. Carey (Brooklyn Battery) tunnel. 

The picture on the right shows the interior of the tunnel.

At the height of the storm’s surge, 60 million gallons of corrosive seawater flooded this tunnel alone.





Flooded Queens-Midtown Tunnel tube and toll plaza 
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The photo on the left shows flooding—12 million gallons worth—at the Queens-Midtown tunnel.

The white structures on the right are raised islands at the toll plaza, as water from the overflowing Newtown Creek enters the tunnel from the Queens plaza side.



Post-storm recovery 
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Once Sandy passed, our top priority was to restore service as quickly and as safely as possible. 

And I simply could not be prouder of MTA labor and management and how they handled the storm. 

Even before the storm was over, they were out there repairing the system. 
. 



Bus service restoration – 
Began 7 hours after storm and supported restored subway service with an 
unprecedented ‘bus bridge’ 

Buses performed evacuations and patient 
repatriations; also contributed to broader 
city recovery efforts through election day 
shuttle bus specials and ongoing OEM 

‘Warming Bus’ deployment 

Buses operating on modified routes initially 
due to routes blocked by trees, cars, boats etc 

‘Bus bridge’ shuttle between Manhattan and 
Brooklyn – Buses also added extra service to Lower 
Manhattan where there was initially no power and 
subway service 
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We had buses up-and-running seven hours after the storm. Only nine hours after that, buses were running full-schedule. 

Due to the complete loss of the flooded tunnels under the East River, we couldn’t run subway service between Brooklyn and Manhattan. So for three days, we improvised. 

We created a “Bus Bridge,” using 330 buses from our existing fleet to replace service for the 1.4 million customers who commute between Brooklyn and Manhattan every day.

Relying heavily on bus service immediately after the storm allowed us to efficiently move millions of people and keep our region’s economy going at the same time. But our bus service faced serious limitations, as well. 

Lower Manhattan had almost no lights, power, signals, or traffic control agents, so we were forced to suspend all bus service south of 23rd Street after dark. It was simply too dangerous to drive.



Most subway service was recovered within a week of the storm 

2 days after storm: 57% 3 days after storm: 60% 4 days after storm: 65% 5 days after storm: 81% 

6 days after storm: 87% 7 days after storm: 89% 8 days after storm: 91% 9 days after storm: 94% 

MTA New York City Transit 26 
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Right after the storm, we had no service south of 39th Street.

Limited subway service was back 36 hours after the storm, and a few of our commuter trains were running less than 24 hours after the storm passed. 

Once our subway tunnels were cleared and power was restored, most service was back within a week. 



Capital repair costs from Hurricane Sandy 

Agency Est. Cost* Types of Damage 

New York City Transit $3,449 Rolling Stock, Stations, Track, Power, 
Signals, Structures and Shops/Yards  

Long Island Rail Road $   267 East River Tunnels, Communications, 
Signals, West Side/LIC Yards and Power 

Metro North Railroad $   188 Rolling Stock, Right of Way, 
Communications, Signals and Power 

MTA Bus $     25 Rockaway Bus Depot 

MTA Capital Construction $     48 Damage to equipment.  Contract delays 

Bridges & Tunnels $   778 Hugh Carey and Queens Mid-town 
Tunnels 

Total $4,755 

NOTE: We amended our Capital Program to reflect this need, and this amendment was 
approved by New York State earlier this year. 
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I’m sure it will come as no surprise to engineers to hear that all this storm-related work has exacted an enormous financial toll on the agency. 

We’ve already spent hundreds of millions of dollars to restore service as quickly as possible.

And while our preparations and quick recovery helped limit the financial impact, we still face a tremendous task to turn temporary fixes into permanent ones. 

We estimate that storm-related repairs—just repairs—will cost us $4.755 billion. 

Governor Cuomo and our Congressional delegation did a tremendous job marshaling federal recovery aid for us, so we’re hopeful that the burden of recovering from Sandy will not be placed on our customers.



Maintenance requirements have increased significantly since Sandy 
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Canarsie        tube pump 
discharge line ruptured 
under normal loads April 
24 with excessive stress 
from Sandy event likely 
root cause 
Emergency repairs and 
customer delays 
resulted 

L 
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And our efforts to fully recover from Sandy are far from over.
 
Remember: Hundreds of millions of gallons of salt water completely inundated a system that’s over 100 years old.  

As a result, deterioration from water submersion is causing equipment failures at far more frequent rates than ever before.

More than six months after Sandy, a major tube pump discharge line failed.  That’s just one example.




      Greenpoint tube       Montague tube 

Montague and Greenpoint tunnels must close due to Sandy-related 
damages 
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R G 

• Opened 1920 

• Flooded to ceiling 

• Longest tube in system (5000’) 

• Re-entered service Dec 21 

• Extensive damage to all systems  

• Opened 1933 

• Flooded to ceiling 

• Re-entered service November 10 

• Extensive damage to all systems 
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Lingering and persistent Sandy-related damages have also forced us to temporarily close two critically important subway tunnels—Montague and Greenpoint. 

These were the last two tunnels to re-enter service after Sandy, and they both suffered significant damage.



Damage makes pulling cable without rebuilding of the 28,000 linear feet 
of the duct bank infeasible 
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Presenter
Presentation Notes
Here’s a picture of Montague duct bank damage.



Failures affecting customers have dramatically increased in  some 
areas post-Sandy 
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300

120 x increase in  
customers delayed 

In the 6 months after Sandy 
(customers delayed due to signal 

problems in Montague tube  
per month) 

38,300 

In the 6 months before Sandy 
(customers delayed due  

to signal problems in  
Montague tube per month) 

Number of customers delayed per month due to signal failures in Montague Tube 
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Of course, when you close a tunnel used by tens of thousands of people every day, there will be serious impacts on service.�
But this chart—showing the huge increase in customer delays through the Montague tube before and after Sandy—shows why closure is necessary.�
This increase is the result of having not yet completed permanent repairs, and operating with temporary configurations with the signal systems in Montague.



Initial service restoration 
• Focused on rapid, safe restoration 

of service 

Recovering from Superstorm Sandy has three stages 

32 

Permanent Repair 
• Detailed inspection and engineering 
• Repair work necessary for long 

term safety and reliability 

System Resiliency 
• Near term actions to mitigate flooding 
• Updating design criteria 
• Novel equipment and solutions 
• Federal funds sought for infrastructure 

1 

2 

3 
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Big picture, we’re calling our effort to fully recover from Sandy “Fix and Fortify.”  And it’s happening in three, sometimes-overlapping, stages.




Resiliency projects may include … 

• Bladders and floodgates 
 

• Additional pump trains 
 

• Adding alternate BRT routes for 
redundant service 
 

• Mechanical alternatives to seal vent 
gratings 
 

• Additional deep wells 

Presenter
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Here’s a list of fortification ideas we’re thinking about

Our Board recently approved a second amendment to our Capital Program adding $5.8 billion dollars for what we call “resiliency” work—projects that will fortify our network to prepare for big storms like Superstorm Sandy.
 
That’s in addition to the $4.7 billion dollars for Sandy-related repairs, already approved by the State in a previous amendment. 
 
We expect resiliency work to be funded mostly through reimbursements from the federal government.




Long-term resiliency must overcome system vulnerability  
to catastrophic flooding 

34 

6 critical Lower Manhattan 
stations host 540 points of 
potential water penetration – 
solutions being developed for 
all 

Category 1 
Category 2 

Category 3 

Category 4 

Hurricane flooding 
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And make no mistake: We have no choice but to perform this work. 

Protecting the MTA network against future storms will carry a huge cost in time and resources. 

But as Sandy showed all-too painfully, the cost of inaction is simply unacceptable.

And—as Governor Cuomo has repeatedly pointed out—we are extremely vulnerable.

At six Lower Manhattan stations alone, there are 540 points where water can enter our system.





Multiple types of water ingress vulnerabilities exist 
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Elevators  

Manholes Hatches 

Stairways 

Vents 

Presenter
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Here are some of the many ways that water can get in.



0.5 inch opening => open area,  A = 0.993 sq. ft. 
 
Coefficient C = 0.67 
g = 32.2 ft./sec/sec 
h = 3.0 ft. water head 
 

Q = 9.25 cu. ft./sec = 4,152 gal/min = 249,120 gal/hr. 

The engineering challenge is formidable – small openings can deliver huge 
amounts of water under pressure 

6 ft. 

6 ft. 

5 ft. – 11 in. 

5 ft. – 11 in. 

In 4 hrs.: approximately 1 M gallons would have entered 
36 
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After Sandy, I know precisely how unbelievably fast a tunnel can fill up with water when even small openings are under intense pressure.
 



Category 1 surge could flood an under-river tube in 30 minutes 

• Assumptions 
− Two entrances and adjacent vents affected. Area of openings: 270 sq. ft. 
− Duration: 40 min. 
− Max. Flood Height: 5.1 ft. 
− Flow: Q = 1451.7 * SQRT(H) cfs;    
− Volume (cu. ft.) = Q*seconds 
− 0-10 min.:   H avg = 0.75 ft.; Q = 1257 cfs; Volume = 1257*600 = 754200 cu. ft. = 6 M gal.  
− 10-20 min.: H avg = 3.3 ft.; Q = 2637 cfs; Volume = 2637*600 = 1582200 cu. ft. = 12 M gal.  
− 20-30 min.: H avg = 3.3 ft.; Q = 2637 cfs; Volume = 2637*600 = 1582200 cu. ft. = 12 M gal.  
− 30-40 min.: H avg = 0.75 ft.; Q = 1257 cfs; Volume = 1257*600 = 754200 cu. ft. = 6 M gal. 

 
 

• The Montague St. Tunnel (having a total volume of 26.5 M gal.) will completely flood in 30 
minutes 
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For example, vents in our Montague tunnel provide just 270 square feet of entry for floodwater. 

But that tunnel flooded completely in just 30 minutes when faced with the more than five-foot flood-levels from Sandy.
 
That’s more than 26 million gallons, floor to ceiling, in just 30 minutes.
 



The Road Ahead 
 
 • Major latent defects work (recovery) 

 
• Resiliency 

 
• Delivery of daily service 
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There’s no doubt we have a lot of challenges ahead. We need to repair our network.  We need to fortify it.

We need to fund the State of Good Repair projects included in the Capital Program, to keep our aging transit network reliable
 
We need to finish our big mega-projects—the Fulton Center, the #7 Train Extension, the Second Avenue Subway, and East Side Access, bringing the Long Island Rail Road into Grand Central.
  
And let’s not forget: we need to deliver good service every day to the 8.5 million people who depend on us. All at the same time.
 
I know it’s gonna be tough. But ultimately, I’m incredibly optimistic about the future of our transit network and the future of our region.
 
The bottom line is, we will fully rebuild our system and build it back better than it was before.  The 8.5 million customers who use our system every day are counting on it. 

Once again, thank you for inviting me today. Now, I’m happy to answer any questions you may have.
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