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OUTLINE
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BACKGROUND
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BACKGROUND

Effective
September 5, 2007
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BACKGROUND

Preliminary
December 5, 2013



Page | 6

BACKGROUND

FEMA MOTF Hurricane Sandy Impact Analysis – Final High Resolution Storm Surge Extent
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BACKGROUND

Duration over 10 ft = 2 hours

Hurricane Sandy 2012 
Observed Water Levels at The Battery

Max water level  = 11.3 ft
Max storm surge = 9.4 ft
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BACKGROUND

+11’’ in 100 years
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BACKGROUND

+0.9’ in 100 years

+6.4’ in 100 years

+2.2’ in 100 years

USACE SLR 
Scenarios

Scenarios assigned with equal probabilities
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BACKGROUND

Ex. AE

New AE

Water 
Level

w/ Freeboard

GWL

For flood resilience studies, issues if 
assuming hydrostatic conditions: 
• Insufficient structural capacities
• Costly upgrades
• Feasibility and/or constructability

Slab on grade

+ SLR

Crawl space
Pressure

Uplift

Upward 
gradient
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ANALYSIS

Sea 
level

GWL

Numerical Transient Seepage Modeling: 

• 2-dimensional finite element model 

• Stage hydrographs with design flood 
elevations (DFE)

• DFE = BFE + 1’ Freeboard + 3’ SLR

• Various improvement options

• Refined results

Slab on grade

H (t)
DFE

Crawl space
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ANALYSIS
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BASE RUN

Finite Element Model – Existing Conditions

Fixed Head 
Boundary

Fixed Head 
Boundary

(DFE El.15’)

GWL GWL

Boundary and Initial 
Conditions
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BASE RUN

Finite Element Model – Transient Stage
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DFE (El. 15' for SLR=3') Water Level Observed during Hurricane Sandy 2012

Input Hydrograph
2 hr
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BASE RESULTS

Steady State - Initial Conditions

Fixed Head 
Boundary

Fixed Head 
Boundary

(DFE El.15’)

Phreatic 
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(assumed 
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BASE RESULTS

Transient Stage @ Hour 7

Uplift = 590 psf or 9 ft
vs. 

Hydrostatic 15 ft

Pres.= 780 psf or 12 ft
vs. 

Hydrostatic 16 ft
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IMPROVEMENT #1

Finite Element Model – 10-ft Impervious Cover

Impervious
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Transient Stage @ Hour 7

Uplift = 540 psf or 8 ft
vs. 

Hydrostatic 15 ft

Pres.= 710 psf or 11 ft
vs. 

Hydrostatic 16 ft

IMPROVEMENT #1
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IMPROVEMENT #2

Finite Element Model – 20-ft Impervious Cover

Impervious
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Transient Stage @ Hour 7

Uplift = 410 psf or 6 ft
vs. 

Hydrostatic 15 ft

Pres.= 520 psf or 8 ft
vs. 

Hydrostatic 16 ft

IMPROVEMENT #2
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IMPROVEMENT #3

Finite Element Model – 6-ft Cutoff 

Cutoff
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Transient Stage @ Hour 7

Uplift = 500 psf or 6 ft
vs. 

Hydrostatic 15 ft

IMPROVEMENT #3

No pressure 
on wall
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SUMMARY

± 25% ±40% ±50%
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SUMMARY

F w/ seepage purple area  

blue area  F hydrostatic force 
w/o seepage   

=

For improvement #2

= ±25%



Page | 27

TAKEAWAYS

• Flooding impacts the below-grade 
portion of structures; 

• Transient vs steady state; 
• Infiltration and flow path; 
• Site-specific parameters
• Effective for resiliency improvement 

studies
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