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A Framework for Energy Infrastructure Resilience

Remote Sensing and Spatial Analytics Risk Analysis and Resilience Modeling




Spatial Sensing Technologies for Infrastructure Mapping

» Topographic Mapping - 1064 nm diode pumped
YAG lasers

* Bathymetric Mapping - one green (532 nm) and
one infrared (1064 nm)

e SFM-based 3D
Reconstruction

* LiDAR — Surveying
Grade System in
Development

SFM-based 3D
Reconstruction

Altitude

UAV- Multi-Copter | |nfrared or green
wavelength laser

Infrared or green
wavelength laser

Resolution



Mobile LiDAR (Light Detection and Ranging)

Mobile LiDAR features a combination of tools to create 3D “virtual

reality” models of surface conditions.
Differential GPS records

accurate vehicle position data
¢ to provide geo-references to

scan data and images

High-Speed Laser Scanners  h
emit millions of laser beams
per second to measure the
built environment

L

" AR

High-Definition Cameras
capture snapshots of
surface conditions

Inertial Measurement Unit (IMU)
measures yaw, pitch, and roll data
to determine vehicle headings
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Post-Sandy Mobile LIDAR Study
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Spatial Sensing Technologies for Disaster Response

8-20 cm vertical
accuracy

Satellite
Imagery

e 15-30 cm vertical

: accuracy for SFM
T y‘l UAV-FixedWing | * Unknown for UAV LiDAR
accuracy
' / 2-5 mm vertical accuracy
- R

Altitude

1 cm vertical accuracy if

UAV- Multi-Copter | multiple scans are
combined

1.5 -5 cm vertical
accuracy

Resolution



Spatial Sensing Technologies for Post-Disaster

Mapping
Wide Area | Terrain Infrastructure | Structural Accessibility
Mapping Change and Building | Deformation | Concern
Detection Displacement | & Assessment
Airborne LiDAR X Air Traffic/
Cloud
Coverage
SFM-based 3D X X Air Traffic/
Reconstruction Cloud
Coverage
Mobile LiDAR X X X X Ground
Accessibility
Static LiIDAR X X X Ground
Accessibility
UAV LiDAR* X X X X FAA
Regulation

* The state of UAV LiDAR is very dynamic and in flux.
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Hybrid Mobile LiDAR and Infrared System




Aerial Imagery

. -

Google Earth Street View

Spatial Data Integration

* Datain Transit vs. Data at
Rest

» Agencies/Academics/Crowd
Sourcing

* Big Data Characteristics:
Volume, Variety, Velocity, and
Veracity

Volunteer Generated
Information (VGI)

Images on the Internet

i e Py

Images from Other Survey Teams



Spatial Data Accuracy

Density (/m2)  Vertical Accuracy Year

NJ State LiDAR (Pre-Sandy) 1-4 points 36.6 cm 2006&2010
USGS EARL-B (Post Sandy) 1-2 points 20 cm 2012
USACE LiDAR (Post-Sandy) 1-4 points 8.2cm 2012
NYC LiDAR (Pre-Sandy) 1-2 points 20cm 2010
Mobile LiDAR (Post-Sandy) 1000 - 8000 points 5cm 2012
SFM Reconstruction (Post-Sandy) 500-2000 points 20cm 2012
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Mantoloking, New Jersey

. ‘?__ﬁm*gq@w%




O
S=
2
>
(C
S
(¢0)
=
&
O
(a'e

\

e Harbor

“Bell

-

-

Ne

ponsit




Post-Disaster Response Planning-
Debris Field and Flow at Ortley Beach

Yellow:
Sand Debris
Cyan: Erode
Dunes
Red:
Destroyed
Buildings
Blue:
Building
Debris or
Changes




Quantify Debris Field and Flow

R 2o :
Compute Quantity
Calculation Results
Upper suface: | Laser points 18 Display: | Write to file
Lower suface: | Laser points 10 Draw as: | Vertical lines
Limit: | None Done: 100
Cubic cut:
| Inside fence Fill:
Step: | 0. Surf.cut area:
Surf cut limit: | 0. Surf cut volume:
Calculated area:

Calculate Reporting...
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Building Displacement



Multi-Scale Damage Assessment

Airborne LiDAR
Mobile LiDAR
Street Level Imagery

Collaborator: Manish
Parashar

Rutgers, Computer
Science 17
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Recreate Water Level During Event




Flooding Scenario: Crossbay Avenue, Rockaway, NY

RockaWay, 2012

Photo: Jie Gong/Rutgers




Risk Visualization for Crossbay Avenue

1% EL 16 Feet

Rockaway, 2012

Photo: Jie Gong/Rutgers



Risk Analysis of Post-Disaster Area
[with GIS Mapping]

1. Select post-disaster area for risk analysis.

2. Level-1 Data: Buildings, above-surface movement,
and flooding.

[Use Lidar & other GIS data (FEMA)]

3. Level-2 Data: Detailed above-surface soil
Displacement & water level.

[Use Lidar & other GIS data (FEMA)]

4. Level-3 Analysis: Soil Displacement & water level at
gas distribution Lines (Mains and services).

S gti



1. Select Post-Disaster Area
[Example: Sample Data at NJ, after Sandy]
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¢ Affected
¢ Minor
Major

¢ Destroyed

Level-1 Data: Builc

iIngs Movement

[FEMA DATA]

FEMA DAMAGE CLASSIFICATION

VISIBLE IMAGERY BASED CLASSIFICATION

I
DAMAGE OBSERVED Roof Roof Collapsed Other
LEVEL DAMAGE Covering | Diaphragm Walls Considerations

Affected | Generally superficial Up to None None Gutters and/or
damage to solid 20% awning: loss of
struetures (loss of tiles vinyl or metal
or roof shingles): some siding
mobile homes and light
structures damaged or
displaced.

Minor Solid structures sustain >20% Up to 20% None Collapse of 137.369
exterior damage (e.g.. chimney; garage !
missing roofs or roof doors collapse
segments): some mobile inward: failure of
homes and light porch or carport
structures are destroyed. Mobile homes
many are damaged or could be partially
displaced. off foundation

Major Wind: Some solid - >20% Some Mobile home
structures are destroyed: exterior | could be 21,981
most sustain exterior walls are | completely off
and interior damage collapsed. | foundation — if
(roofs missing, interior appears to be
walls exposed); most repairable.
mobile homes and light
structures are destroyed.

Storm Surge: Extensive Some
structural damage exterior
and/or partial collapse walls are
due to surge effects. collapsed
Partial collapse of

exterior bearing walls.

841



Level-2: Buildings
Movement

¢ Affected

¢ Minor
Major

¢ Destroyed




Level-2 Data: Buildings Movement,
[LIiDAR Data]

LiDAR Spatial Analysis Can Provide:

Digital Surface Model (DSM)
Digital Terrain Model (DTM)
Digital Elevation Model (DEM)
Triangulated Irregular Network (TIN)
Break line
Contours
Vector Drawings
= Buildings,
= Roads,
= Power lines.



Level-1 Data: Soil
Movement, [LiDAR DATA]

Mean Change of Soil Elevation
[Before & After Sandy]

-4.8—--1.0 ft

-1.0 - 0.10
mm 0.10-0.55
mm 0.55-2.50
m= 2.50-6.00

Next Slide




Level-2 Data: Soil
Movement, [LiDAR] |

Data Tabulated in 50-ft Grids
Mean Change of Soil Elevation
[Before & After Sandy]

-4.8—--1.0ft
-1.0 - 0.10
0.10-0.55
0.55-2.50
2.50-6.00
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Level-1 Data: Flooding,
[FEMA DATA]

Flood Levels After Sandy

== 0.0-1.00 ft
1.00 - 2.55

mm 2.55-3.80

== 3.80-6.00

Next Slide
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Level-3 Risk Analysis: Soil Movement
and Water Level at Distribution Lines

Note: The distribution lines
in the figure does not
represent an actual system
and it is made for

illustration only.




Level 3 Risk Analysis: Quantify Earth

Movement and Water Table.

Note: We don’t need to
calculate earth movement &
Water table at all the 50-ft
grids.

We'll focus only on the
grids where mains, service
lines exist.

Table
ERAR- RT3
SoilChange
PeakSealVL | Below\Water PostZ FID_GRID PreZ ZDifference
21336 -0.37575 1.75385 7 1685293 0.063556
21336 -0.384852 1.7428538 72 1684558 0.05438
21336 -0.380285 1.753314 73 1675209 0.078105
21336 -0.358502 1.7736598 T4 1630488 0.14321
21336 -0.3358451 1.754145 75 1637051 0157058
21336 -0.3242807 1.80875%3 78 1670995 0137758
21336 -0.223635 1.909964 77 1.780052 0.1255%13
21336 -0.135808 1.597754 78 1.857202 0.10055%2
21336 -0.063535 2070064 79 2001032 0.055032
21336 0.014354 2147954 a0 1.993357 0.145558
21336 0.014529 2148129 a1 1.853615 0.154514
21336 0.050543 2184143 a2 1576818 0.207325
21336 0.045084 2178584 a3 1576818 0.201867
21336 0023328 2158528 24 1576818 018011
21336 -0.0802888 2052712 85 2033223 0.019485
21336 -0.14251 1.99109 85 1.88025 n.0108
21336 -0.148838 1.584762 ar 1.823227 0.051534
21336 -0.106815 2026781 a8 1.823227 0.103554
21336 -0.058524 2077078 a9 1.966519 0.110557
21336 0.007453 2141093 50 2018519 0.124574
21336 0.024808 2158406 91 2.0094065 0.14355%9
21336 0.018102 2145702 g2 1.962505 0187157
21336 0.055673 2185273 93 18573244 0.216029
21336 0.050481 2154081 G4 1.963977 0225104
21336 0.051139 2184739 95 1.957983 0.186756
21336 -0.00881 212475 95 2015719 0.105071
21336 -0.0803585 2053205 97 2031827 0.021379
21336 -0.050443 2083157 93 2016685 0.055471
21336 -0.0583481 2070119 99 1.882602 0.087517
21336 -0.081687 2051913 100 1.882602 0.089311




Level-3 Risk Analysis: Soil Movement

and Water Level at Distribution Lines
Spatial Changes in soil »
elevation before and after
Sandy.

[Note: Z in this figure is in meters]

= SoilChange
ZDifference
B -5.25 - -4.00
I -399--1.00
 -0.99 - -0.50
B -049-0
001 -0.50
051 -1.00
101 -175




Level-3 Risk Analysis: Soil Movement
and Water Level at Distribution Lines

Spatial Changes in water
table before and after
Sandy.

o

4 "’"
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[Note: Levels in this figure are in
meters]

i

= o [

Below\Water

M -149--075
B -0.74 - -0.50

-0.49 - -0.25

-0.249-0
01-025
026 -0.75
075 -1.75




Level-3 Risk Analysis: Soil Movement
and Water Level at Distribution Lines

Deformations and strains in the pipe are
modeled under to the following natural
forces threats:

1. Vertical soil movement and settlement,
2. Horizontal soil movement and landslides,

3. Debris and horizontal forces on
aboveground facilities

4. Flooding.




Level-3 Risk Analysis: Soil Movement
and Water Level at Distribution Lines

Deformations and strains in the pipelines due to soil movement are
modeled using the Finite Element Program PIPLIN. The program is a
special purpose commercially available program for stress and
deformation analysis of pipelines.

Parameters Range of Parameters for gas distribution lines

Pipe Type Steel Mains (grades A and X40),
Plastic mains and services (PE, Aldyl-A), and

Cast iron Mains
Pipe Size Plastic: %-6 inch
Steel: 1-4 inch

Cast Iron: 4-12 inch
Soil Type Loose sand

Dense sand

Clay

Length of moving soil 60-120 feet
section

Vert. & Horiz. soil 1-4 ft soil movement
movement




Level-3 Risk Analysis: Soil Movement
and Water Level at Distribution Lines

Vertical Displacement

Length of Overburden Load (L)

Initial Soil Surface

. Pipe

Aboveground Displacement

Displacement

.O—D'

eeeeeeee éﬁa\ ‘ ﬁ Horizontal Displacement
~ Soil/Debris Load y
Soil Surface / \ i \

X Pipe
L
gti



Level-3 Risk Analysis: Soil Movement
and Water Level at Distribution Lines

AXIAL STRAIN - BOTTOM (%) H
2-inch PE Pipe - 60 ft Long Settlement - Loose Sand PE Deformat|0n Due tO
1.4 . .
Vertical Soil Movement
12 —12Inch
1 —24
0.8 —36
06 —48
0.4
0.2
0 —__——————
240 255 270 285 300 315 330
-0.2
L/2
}‘ > Initial Soil Surface
Soil CoverI \ TSoil Settlement »
Pipe -

C.L.

gti



Level-3 Risk Analysis: Soil Movement
and Water Level at Distribution Lines

PE Deformation Due to Vertical Soil Movement

AXIAL STRAIN (%)

16

14 —8—4-inch, 120 ft

12 —e— 4-inch, 60-ft

1 —0—2-inch, 60-ft

0.8
0.6
04
0.2

0
0 6 12 18 24 30 36 42 48

Soil Displacement (inch)

2 —4 inch PE Pipe
Loose Sand — Settlement Length 60 -120 ft

gti



Level-3 Risk Analysis: Soil Movement
and Water Level at Distribution Lines

12x12' = 144-ft 6x24' = 144-ft 12x12' = 144-ft
»4 ¢

- \ ~ Pipe Uplift Due to Flooding

3-ft

i Pipe Diameter= D

v
et () @ @ @ e e oo ®
Hw = 44D 4.25+D 4.75+D 5.25+D 5.75+D 6.25+D 6.75+D 7+D
Uplift- Displacement (inch) 12-inch PE Pipe
09 Loose sand 120 pcf

—— 4-7 ft water table

—— 4-8 ft water table

——4-9 ft water table

450 500




Post-Disaster Pipeline Risk Assessment

Questions?




