
Prepared by: Antonio Cabrera, P.E., Track Engineering Officer, MTA-NYCT 



• How is the NYCT System affected by Storm Surge 
Flooding? 

– What are the critical areas to be protected? 

– How much flooding of the system could be expected? 

– Can we estimate the height and extent of the storm surge 
for each Category? 

• How was the system impacted by Super Storm Sandy? 

– Was the data used to prepare for it adequate? 

– Were the preparations adequate? 

– What were the lessons learned? 

• How can we protect against future storms? 

 

 

Storm Surge Flooding in NYCT – Some Questions 



• NY State 2100 Commission Report 

• Previous NY Metro Area Hurricane Studies:  

– 1995 Metro New York Hurricane Transportation Study 

– 2009/2011 NY State Hurricane Evacuation Restudy 

• SLOSH Model and its Application to Identify NYCT’s 
Critical Facilities: T-Map, Flood Maps, NYCT Critical 
Facilities List 

• Elevation Datum and Critical Facilities’ Surveys 

• NYCT Subway Flooding under Category 2 Hurricane 

• Super Storm Sandy – Impacts on NYCT’s Facilities 

• Possible Mitigation Strategies and Lessons Learned 

Storm Surge Flooding in NYCT - Overview 



Identify vulnerable 
assets 

Protect against flooding 

Review design 
guidelines 



Elevation data and 
post-Sandy 
assessment should 
be used to identify 
critical locations 

Flood walls should 
be used where 
appropriate 



Previous NY Metro Area Studies  



SLOSH surge heights in NYC: 11 ft. (Cat. 1) 
to 30 ft. (Cat. 4)  

Rail tunnels have points of entry less than 
10 ft. above NGVD29 

Significance of the 1992 Nor’easter 



“L” train backed out of flooded 14th St. 
Tube; “G” train abandoned in the 
flooded Greenpoint Tube; “A” train 
stranded at Broad Channel 











Sea, Lake & Overland Surge from Hurricanes (SLOSH) 



FEMA’s F.I.R.M.s 
vs. 

SLOSH Maps 

“When a hurricane approaches, 
communities should rely on the 
Storm Surge Inundation Maps 
[SLOSH maps] and storm surge 
forecast products from NOAA 
[SLOSH] when making evacuation 
and other emergency 
management decisions” 



SLOSH Display – Cat. 2 Hurricane - Max. Surge  

























Potential Cat. 1 
Hurricane Flooding  
in the NYCT System 



Potential Cat. 2 
Hurricane Flooding  
in the NYCT System 



53rd St. and Greenpoint Tunnels 

Potential Cat. 2 
Hurricane Flooding  
in the NYCT System 



6 ft. 

6 ft. 

5 ft. – 11 in. 

5 ft. – 11 in. 

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. 

Flooding Through Small Spaces: Height of Water and Open Areas 

In 4 hrs.: approximately 1 M gallons would have entered 



PATH Hoboken Station: Flooding Through Closed Door 



Assume that the two above entrances and adjacent vents (at the corner of 
Water St.)  are breached, or that their protective measures fail 

6.5 ft. facility elev.  6.5 ft. facility elev.  

11.6 ft. surge elev.  

17.9 ft. surge elev.  



 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. 



 Two entrances and adjacent vents affected. Area of openings: 270 sq. ft. 
 Duration: 100 min. 
 Max. Flood Height: 11.4 ft. 
 Flow: Q = 1451.7 * SQRT(H) cfs;    
 Volume (cu. ft.) = Q*seconds 
 0-30 min.:   H avg = 0.8 ft.; Q = 1257 cfs; Volume = 1257*1800 = 2262600 cu. ft. = 17 M gal.  
 30-60 min.: H avg = 3.0 ft.; Q = 2514 cfs; Volume = 2514*1800 = 4525200 cu. ft. = 34 M gal.  
 60-75 min.: H avg = 7.9 ft.; Q = 4080 cfs; Volume = 4080*900 = 3672000 cu. ft. = 28 M gal.  
 75-90 min.: H avg = 8.2 ft.; Q = 4157 cfs; Volume = 4157*900 = 3741300 cu. ft. = 28 M gal. 
 90-100 min.: H avg = 2.5 ft.; Q = 2295 cfs; Volume = 2295*600 = 1377000 cu. ft. = 10 M gal. 













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 

8 flooded under-
river tubes 

Train yards and bus 
depot with 
significant flood 
damage 

Staten Island 
Railway 
maintenance 
shop major 
flood damage 

New York City Transit 

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

damages 
• Communication systems 

damages 
• Signal system damages 





Flooding at the New South Ferry Terminal 



Rail & Fastener Damage in Flooded Tubes 



Subway Flooding After Hurricane Sandy 



86th St. Station – Sea Beach Line – HWM = 10.2 ft. (NAVD88)   



Rockaway Line Damage 



How to protect entrances such as this against a potential 11.4 ft. flood surge? 





Flood Wall at the Kitasenju Outlet of the Chiyoda Line Tunnel 

Flood 
Wall 

Flood 
Wall 

Flood Gate in a Tube 

Flood Sealing Door at an 

Entrance of the Toyocho Station 

Frame Barrier at an Entrance of 

the Honkomagome Station 

Example: Conventional Flood Defense Measures of Tokyo Metro 

Flood 
Sealing 

Door The frames 
are removed 

at normal 
times 



Automatic Shutter to Prevent Flood Flow 

Example: Conventional Flood Defense Measures of Tokyo Metro 

Manual Operation in Case of 
Malfunction of Automatic Shutter 

Outlet of a Ventilation Duct 

設置断面図 

 

View of an automatic 
shutter when it is open 

  Sensor       

View of an automatic 
shutter when it is closed 

  Cross Section      



Raise the height of 
existing frame barrier 

Install reinforced glass wall on 
existing side walls 

If existing structure cannot 
support water pressure, 
renew structure completely 

Install water sealing gate on 
existing structure to make a total 
protection. Apertures on side walls 
are covered by reinforced glass. 

• Protection of Ventilation Outlets (at 27 sites) 
 Raise of heights and/or reinforcement of the walls are scheduled. 

 
 
 
 
 
 
 
 
 

• Station Entrance (at 229 sites) 
 Improve water sealing function by proper measures considering possible water depth 

Example: Enhanced Flood Defense of Tokyo Metro 

• Structural Measures 

Ventilation Outlet located between 
Kitasenju and Machiya on Chiyoda Line 

Ventilation Outlet located between 
Ojikamiya and Shimo on Nanboku Line 



BEFORE (Nov. 2012) 

AFTER (Jan. 2013) 





Perimeter Flood Wall 



• Tunnel flooding above platform level will impact 
numerous critical equipment enclosures 

• Category 2, and even Category 1, Hurricane flooding 
of tunnels will result in damages costing hundreds of 
millions of dollars 

• Most important, the time required to restore 
functionality of the system will be measured in years 

• Existing scheduled services will be severely disrupted 
for a long time 

Significant Consequences of NYCTS’ Flooding 



• The first line of defense is to prevent water from 
entering the system by all possible means.  

• Closure and protection of openings: 

– Stairs, vents, elevator shafts, emergency exits, fan shafts 

– ConEd cable entrances  

• Under river pumps: 

– Harden/upgrade pumps and make them operable under 
water 

– Raise switchgear  and starters 

– Waterproof enclosures for controls 

– Install emergency power generators in protected areas  

Summary of Mitigation Priorities 



• Revise design guidelines. Establish an integrated 
repair and resiliency strategy. 

• Start hardening critical assets to reflect the need to 
protect flood-susceptible areas. 

• Relay rooms, communication rooms and substations 
must be designed for survival. 

• Perimeter flood walls and flood gates to be built for 
protection of Coney Island Yard, 148th St. Yard & 
Portal, 207th St. Yard & Portal and Rockaway Park 
Yard & Terminal. 

• Protect the Rockaway Flats against a Cat. 2 surge. 

• Add more pump trains.  

 

Summary of Mitigation Priorities 




