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Goal
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Provide scientifically robust
solutions to infrastructure system
resilience challenges affecting
National Security at local, s
regional, national, and global Pl
scales s o s i

Mission Execution Objectives

May 2007

Regional Consequence Assessment
Report

Research, develop, and _ T
transition advanced technologies
to operational use in federal

missions
Trusted source of expertise on -
modeling, simulation and G

analysis of infrastructure
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What i1s NISAC?

The National Infrastructure Simulation
and Analysis Center (NISAC) is a
combination of people, data, and
models

Improve the understanding,
preparation, and mitigation of the
consequences of infrastructure
disruptions

Provide an operations-tested DHS
capability to respond quickly to
urgent infrastructure protection
ISsues.

Provide scientifically robust
solutions to infrastructure
resiliency problems at multiple
resolutions under local, regional,
national and global scales.

Infrastructure R&D

Probabilistic Risk

Continuum
Dynamics

o

Hybrid Optimization

Prob. dispatch
I

Unclassified

s Los Alamos

NATIONAL LABORATORY
EST.1943

Analytic
_Solutions

Infrastructure

Threat

ce Tools

Advanced Control

Reliability/Security

. g
- 3

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA



http://images.google.com/imgres?imgurl=http://fixco1.com/xbush911.jpg&imgrefurl=http://zenpundit.blogspot.com/2006/09/recommended-reading-remembering-911-we.html&usg=__3HGyXfFk5_h2W0ZzCGGn6u21eXI=&h=550&w=492&sz=21&hl=en&start=6&um=1&tbnid=MuVQLJT3_x8IIM:&tbnh=133&tbnw=119&prev=/images?q=911&ndsp=21&hl=en&rls=com.microsoft:en-us&sa=N&um=1
http://www.oakbaypolice.org/Images/cyber_safety.jpg
http://images.google.com/imgres?imgurl=http://www.thomasgroup.com/getfile/1d3322e7-4fb9-49d3-8c49-e7a1c0f668b8/Simulation.aspx&imgrefurl=http://www.thomasgroup.com/Services/Process-Innovation/Simulation-and-Modeling.aspx&usg=__QmCmyqNTcpUTTyDYUC8jlOmeyt0=&h=645&w=1000&sz=808&hl=en&start=65&um=1&tbnid=sa3Q-qOJ0xIQzM:&tbnh=96&tbnw=149&prev=/images?q=simulation+images&ndsp=21&hl=en&rls=com.microsoft:en-us&sa=N&start=63&um=1
http://images.google.com/imgres?imgurl=http://academy.cs.rpi.edu/ne1/lab3/CCNA_LAB_3_DIAGRAM.JPG&imgrefurl=http://academy.cs.rpi.edu/ne1/lab3/index.html&usg=__WyVIEZ_idOuc07dHU8s0UBiS6XM=&h=1178&w=1737&sz=210&hl=en&start=27&um=1&tbnid=h8jrBkjH77_KtM:&tbnh=102&tbnw=150&prev=/images?q=network+redistribution+images&ndsp=21&hl=en&rls=com.microsoft:en-us&sa=N&start=21&um=1
http://images.google.com/imgres?imgurl=http://www.usmilitary.com/wp-content/uploads/2008/06/army-construction-materials-specialist.jpg&imgrefurl=http://www.usmilitary.com/3505/army-construction-materials-specialist/&usg=__rgBoaNQNicad5l0X0XU99rOpi9I=&h=378&w=378&sz=30&hl=en&start=117&um=1&tbnid=-W5iZV1DbzmocM:&tbnh=122&tbnw=122&prev=/images?q=construction&ndsp=21&hl=en&rls=com.microsoft:en-us&sa=N&start=105&um=1
http://images.google.com/imgres?imgurl=http://blog.teenmentalhealth.org/wp-content/uploads/2008/11/brain.jpg&imgrefurl=http://blog.teenmentalhealth.org/category/brain/&usg=__1cDtpIrcLR9G16WvF-mBsRsFHiA=&h=1385&w=1386&sz=967&hl=en&start=44&um=1&tbnid=2r2ewLRQT3i-VM:&tbnh=150&tbnw=150&prev=/images?q=brain&ndsp=21&hl=en&rls=com.microsoft:en-us&sa=N&start=42&um=1
http://www.google.com/imgres?imgurl=http://www.solarstorms.org/Pictures/AlaskanPipeline.jpg&imgrefurl=http://www.solarstorms.org/Spipeline.html&h=320&w=504&sz=39&tbnid=_OVUaKTZevB3pM:&tbnh=83&tbnw=130&prev=/images?q=pipeline+images&hl=en&usg=__UzWNCLtaDidYSsJnxw3OFaLsi88=&ei=0RFfS_m-Ao7usgPCqPC5Cw&sa=X&oi=image_result&resnum=4&ct=image&ved=0CBIQ9QEwAw

Hazards of Concern

 Natural .

Accident
Drought
Earthquake
Flood

Heat Wave
Hurricane
Ice Storm
Landslide
Pandemic
Space Weather
Tsunami
Volcano
Wildfire

Terrorist

Biological
Chemical
Cyber
Explosive
* |ED
 VBIED
* aircraft
Insider
Nuclear

Physical Assault

Radiological
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Hurricane (flooding, winds)
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Geography S\ Time Resolution

Soils, Land Use\Land Cover

Hydrelogy.

VIede

River Forecast
M Od el : . Language

Dam Operations Flood MOdel

Precipitation

Flood Map

Topography
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Flood Impact Assessment
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Probabilistic Flood P
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Risk Map = % St |
o Al e _ Planning,
:l( s e .l-é?,\ard;' Direct Effects Secondary Effects Preparedness,
}, = EventsiModeling (Fragility) Infrastructure Models | naistics

Infrastructure 'q q q
Assessment
HH IND Infrastructur Electric Objective
Fraglllty Models Earthquake e databases power metrics
Fragility +  Water Distribution
Infrastructure System Food v cconomy lositios
Impact Models Eie B — Optimization
Public health algorithms
Evacuation

Cascading Impacts

Infrastructure
interdependencies

Workforce and
economic impacts

Simulating

Multiple

Interdependent
Infrastructures
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Flood Modeling T

Navier-Stokes Equations
assuming hydrostatic pressure

mass
cons

momentum

conservation

b
, A
e i"
g

Completely physics-based using state-of-
the-art numerical techniques and computing

resources

Adaptable to wide-range of surface water
applications

Supported more than 100 fast-response and
preplanned studies for DHS

oh ouh ovh
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ot ox oy
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Water Surface Elevation
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Multi-GPU (Graphics Cards)
Memory limitations with single R AN RN ENNEEMNNNNSNNNENNENENSNEANE
Consequence is reduced resolution i e ERamsmmar > 3 &
Requires domain decomposition for & SEERSE”
equal loading ine

Boundary cell communication
between cards

Domain Tracking

Limit the number of computations
required to reach a solution
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GPU: Performance and Visualization A2,

Computational Benchmark
Speed ups realized
Room for improvement with multi-
GPU

Visualization

Directly linked with GPU simulation
(data sharing)

Working towards faster than real-
time interaction

Topography manipulation
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Green-Ampt Infiltration Rate

Wmf AH

oh ouh ovh
+ +

= R(
ot ox oy

mass
cons

PR A VA

— Infilltratilng water —

vovy

Saturated soil

f = infiltration depth

K =Saturated hydraulic
conductivity

t = time coordinate

A = soil moisture deficit
Y. = capillary suction head
R = rainfall depth
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Assessment of numerical performance
with shallow depths

Peer-reviewed benchscale
comparison?

~ 70 configurations (geometry, rainfall).os Alamos Canyon

; ; Watershed
Watershed rainfall\runoff observations

Green’s Bayou Watershed, Houston, TX
Metrics o 2Ea(Qf - Q)
. NS == ST =0,
Nash-Sutcliffe

Worse than
the mean Perfect

(o 0]

- 1
Unclassified
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Benchscale V&V

Y20 Y12 X20 X12 S20 S12

54 Simulations

Q7T20 0.84 0.38 -1.34 0.27 -0.18 0.23
Bu||d|ng orientations normal 2 Q7T40 097 096 078 094 086 084
. © Q7T60 0.98 0.89 0.82 0.95 0.84 0.94
to the domaln g Q15T20 0.96 0.96 0.91 0.96 0.89 0.88
. > Q15T40 0.99 0.98 0.95 0.97 0.97 0.97
9 ralnfa” patterns % Q15T60 0.99 0.98 0.95 0.98 0.97 0.98
E Q25T20 0.98 0.97 0.95 0.88 0.95 0.89
Results & Q25T40 099  0.99 0.98 0.99 096  0.99
NS Average O 84 Q25T60 0.99 0.98 0.97 0.99 0.96 0.99
NS Low: -1.34 e
NS High: 0.99 o -
! S TR
Conclusion T % =
Numerical formulation |/ .
adequate to Capture 0 20 40 60 ﬂme:; 100 120? 140 »
dynamics of very shallow u k\
water depths T R T
Time (s)
Missing validation for

Unclassified
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Green’s Bayou
Harris County, TX
Watershed area: 196 mi?
Urban, and open space

Calibrated soil parameters
Conductivity: 1.8-3.2mm/hr

Event
20 hour rainfall May 23, 1993 |
ReSUItS 250 - Experimental 4
NS efficiency 0.74
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Flood Modeling Data
Daa sowoes  |pe

Rainfall NOAA Spatial, Temporal

Topography USGS, State, Local Spatial

Land Use\Land NLCD (USGS) Spatial

Cover

Soils NRCS, Local Spatial
Topographic Resolution River Gage USGS, NOAA, Local Spatial, Temporal

Levee\Dam USACE Spatial
Probabilistic Precipitation i

Infrastructure HSIP, State, Local Spatial

Spatial & Temporal Resolution

Dynamic Data Feeds

LITA4 Arkansas River at Little Rock

(Arkansas)
MTONS Forest River at Minto (North 5
DakOta) Forecast - LITA4 - Arkansas River at Little Rock (Arkansas)
reas o Flood Stage: 23 ft
Observation - MTONS - Forest River at Minto (North Dakota) procobibresiciS ool BN
Flood Stage: 6 ft Highest Forecast Within Next 48 Hours: 7.7 ft

Highest Forecast Time: Dec 14, 2011 1200 PM CST

Latest Observation: 1.38 ft ~ Last Forecast: 7.5 ft
Observation Time: Dec 12, 2011 04:15 PM CST Last Forecast Time: Dec 17, 2011 06:00 AM CST

AHPS Hydrologic Service Area Homepage: AHPS Hydrologic Service Area Homepage:
V1 A her.a N D2 § hitp://waterweather.gov/ahps2/index.php ?wio = Izk
http://water.weather.gov/ahps2/index.php 2wfo =fgt

http://water.weather.gov/ahps2/rss/obs/mton8.rss http://water.weather.gov/ahps2/rssifcst/litad.rss

RFC/CPC 24-hr Observed Precipitation (in.) ending at 12Z 07 Dec 2011

umclEsdgeast vs. Observation

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA
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PQPF (NOAA HPC)

“Give users an idea of where to begin
to focus mitigation services before an
event”

72-hour forecast, 6-hour time intervals
Datasets Available:

Percentiles of non-exceedance (%):

5, 10, 25, 50, 75, 90, 95
Probability of exceeding threshold
(inches):

0.01, 0.1, 0.25, 0.5, 0.75, 1.0, 1.5, 2.0,
2.5,3

Unclassified
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Monte Carlo Analysis h
PDF
2D Flood Model = ) el - Input Samplin
il " N Ormal ) p p g Chient Application
= | og-Normal A
Flood Model
»  QOutputs
H’ V NU:::.‘::M
) _
/Output Analysis p _/:/_
v Y v Ny | | ~  Cloud X
Spatial map Spatial map Spatial map i~ ~ Interactive Web Mapping Server =
Maximum V Inundation Probability Maximum H B, A
. | | | __ \ 4
Risk Map l I < /
Development + * / Flood Risk Map Calculator Population\Economics >
Weighted Weighted |'. |
MaXImum V Maximum H | " r_,/"’..j"“ I| Spatial Database
l ] "-\ g 5| 4 ._.."I
+ = & _,f'!
Depth-VeIOCity Hazard Classification E .C?Evcadisr?:‘:’rﬂl::::‘ructure Response Optimization/ P
| p — 2. j fij qavf
Spatially distributed Flood Risk Map E— L
) Y Popr
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PQPF Case Study ... .

Watershed

Lower Red sub-basin
(HUC 1114)

Red River, tributary of the
Mississippi

Forms border between
Texas and Arkansas
Area: 2,400 mi?

Elevation: 1320 to 574 ft

EST.1943

above MSL
POPF

we Modified” event
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PQPF to Flood Depth Exceedance Mé@mmw
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PQPF Challenges

When should a PQPF be
considered for
simulation?

PQPF Analysis

Comparison of forecasted
PQPF against
precipitation frequency
distribution curves (show e
map here).
Notification when event -
crosses return period
threshold (e.g., 50 year)
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Likelihood of
Exceedance

100%
Google earth I
= 0%

{ e
Rap.ds i

il

Likelihood of
Exceedance

I 100%
0%

Unclassitied

Likelihood of
Exceedance

I 100%
0%

Google earth

Y- Google earth

2-Yr Event
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