IDB Megacities Symposium
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Theme 2 Urban Infrastructure Services

|. What infrastructure services are

A Large systems to small components even atom scale

A Natural, manmade

lI. Usage

lll. Performance issues

A Eroding condition

A Capacity not always keeping up with demand

A Investment

V. Vulnerabilities

A Historical location in vulnerable areas, e.g., flood zones,
ecologically sensitive areas, equity issues (affected by facilities and
services, underserved)

A Increasing interdependencies

V. Collisions with extreme events

V1. New innovation to harden/promote infrastructure

Please cite this presentation when using the material
elsewhere, and be aware of copyrights in source document
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|. What They Are: Infrastructure Typed&xamples

Energy
Off-shore oil rigs
Mines and mills
Refineries
Storage facilities
Tank cars
Power plants
Energy transmission and distribution facilities and lines
ater
Reservoirs
Dams
Aqueducts
Water treatment plants
Water supply transmission and distribution pipelines
Storage facilities
Wastewater collection or conveyance systems (sanitary sewers, storm sewers, combined sewers;
pumping stations)
Wastewater treatment plants
ransportation
Roadways
Bridges
Rail lines
Airports
Mass transit
Pipelines
Marine transportation: harbors, ports, channels, terminals
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"he Transportation Sector: Modes of Travel
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Warked at home

B Other means
Walked only

M Bicycle

B Motorcycle
Public transportation
Carpoocled

Drove alone

Exhibit 2-26: Means of transportation to work, 1960 to 2010. Datz for 1960 and 1970 group
carpooling and driving alone together and do not include bicycle or motorcycle use. Data for 1560
only include a “not reported” category.

Sources: Davis, Diegel, and Boundy 2012, Table 8.16 and U.5. Census Bureau, Means of
Transportation to Work for the U.5. n.d.

Source: U.S. EPA (2013) Our Built and Natural Environments: A Technical Review of the Interactions among Land Use, Transportation, and
Environmental Quality, Second edition. Washington, D.C.: EPA http://www.epa.gov/dced/pdf/b-and-n/b-and-n-EPA-231K13001.pdf, p. 29
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Trends in Biking Compared to Walking (Trlps) and Fundlng
U.S., 19922009
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USDOT, FHWA (May 2010) The National Bicycling and Walking Study: 15-Year Status Report p. 6, 5
http://drusilla.hsrc.unc.edu/cms/downloads/15-year_report.pdf
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The Energy Sector: Supply Chain
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http:// www.eia.gov/energyexplained/images/new_flow_chart.png. (Red line added to indicate disruptions during
Hurricane Sandy).
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The Water Sector. Water Consumptianlype, Use
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100% -
80% W Medical equipment
Pools
60% - ] Other
B Commercial M Laundry
W Residential
40% M Kitchen/dishwashing
M Landscaping
] 20% 1 M Cooling and heating
i . . . . W Domestic/restroom

2000 2005 0%

Exhibit 2-14: Water use in the building sector, 1985-2005. For the years 2000 and 2003, the split
between commercial and residential use is based on extrapolation from 1995 data.

Source: U.S. Department of Energy 2012

Hospitals Offices Schools  Restaurants Hospitality

Source: EPA, WaterSense at Work 2012

Exhibit 2-17: Water use in commercial and institutional facilities.

Washing
,  dishes, 1%

" Baths, 1%
\ Other indoor

uses, 2%

Exhibit 2-16: Single-family home water consumption by end uses, 1999.
Source: U.5. Department of Energy 2012

U.S. EPA (2013) Our Built and Natural Environments: A Technical Review of the Interactions among Land Use, Transgortation, an
Environmental Quality, Second edition. Washington, [EEBA, p. 17, 19, 18. httpwww.epa.gov/dced/pdf/b-and-n/b-and-n-EPA

231K13001.pdf
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G ¢ A LILJA Yy 3 BreakRPowits LEeddingtiNthfrastructur:
Service and User CollisionSome Examples

A Exponential rise irpopulation, however, the trends
vary dramatically by place and time

I Average annual percentage change is declining

I Population of developing nations Is increasing faste
than developed nations

I Urban populations are increasing faster than rural
areas

A Percapita landconsumption is increasing, contributing
to largedistancesthat link production and
consumption and reduced capacity of the land to
manage water

A Infrastructure usage Is increasing often exceeding
capacity
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Increased Infrastructure Use with Limited Capacity
Adjustment: A Summary

Overview, 1949-2013
120-

A Energy Usage and Productidased on EIA
data, consumption and production increase
(particularly in residential, commercial and
transportation sectors) with depressions durir --
recession periods (most recently late 2000S); === = wTE R w w S

prOdUCtlon rates exceed Consumptlon rates Vehicle Registrations, Fuel Consumption, and
(Source: EIA, Monthly Energy Review, 2Fid4, 1.1 . Vehicle Miles of Travel as Indices

http:// www.eia.gov/totalenergy/data/monthly/pdf/mer.pdf

A Transportation According to FHWA data, Vehicle
Miles of Travel and fuel consumption continue

to increase in spite of fuelconomy(Source of
figure and findings: U.®OT, FHWA (April 2013) Highway
Statistic2011). APTA (2013) shows similar increases for
public transit.

A CommunicationsUsage has been increasing

exponentially, reflected in cell phone u@urce:
CTIA (2014) Annu@iireless Industrsurvey for 2013

http:// files.ctia.org/pdf/CTIA_Survey YE 2012 Graphics
FINAL.pdf

cccccccccccc
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lIl. Performance: Infrastructure Use, Investment, Conditio

Infrastructure usage has continued to grow

The U.S. DOT indicates Vehid/ies of Traveis steadilyincreaseqU.S.DOTI[1]);
The U.S. DOand APTA indicate transiidershipis similarly increasing (AP)A
Accordingto EIA, energy productiomnd usesteadily increasedationwide.[2]
CTIAIndicates the exponential growth in cellulaechnologies.[3]

The Pew Centejd] indicates dramatic increases in information technology usage, i.e., for the
internet, computers and cell phones.

These services continue to be marked by poor condition and needing large investment thus diminis
use or usage quality:

Condition2017y ! ®{ ® | WSEPHES A& a5

Age NYC infrastructure age ranges, accordingdF[6]are: sewer mains and subway facilities (about

80-90 years old) to airport support facilities (4080 years old); water mains and bridges are in the
middle.

Design and environmental issueblowever, age may not be the whole story, since many bridge collaj
have occurred in newebridges|[7]

Investment ASCE estimates$t.59trillion need to 2025(5, p. 8]

o Jo I Io I

Sources: : [1] U.S. DOT, FHWA Highway Statistics (April 2013) .[2]Center for Urban Future (2015) Caution Ahead, New York, NY: CUF, p. 11; [3] CTIA
(2014) Annual Wireless Industry Survey; [ 4] Pew Research Center, February 2014, AThe Web at
http://www.pewinternet.org/2014/02/27/the-web-at-25-in-the-u-s. [5] ASCE (2017) A mer i can Soci ety of Civil Engi nec¢
for Americad6s infrastrDCtil6lCende ASC&Er &asUi bhgnolRuture (2014) Caution Ah
Infrastructure, New York, NY: CUF; [7]R. Zimmerman, Transport the Environment and Security, 2012. R. Zimmerman NIST presentation October 2016
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V. Infrastructure Vulnerabilities
A. Location: e.g., Coasts
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© Combined sewer overflow (CSO) location
©® Wastewater treatment plant

L.

NYQCombined Sewer Outfalls

and Adaptation

New York City: Building a Risk Management Response, New York City Panel on Climate Change 2010 Report, edited by C.
Rosenzweig and W. Solecki. Prepared for use by the New York City Climate Change Adaptation Task Force. Annals of the New York
Academy of Sciences, Vol. 1196. New York, NY, NY Academy of Sciences, 2010, pp. 63-85. Pp. 68, 69, 73. CSO figures drawn from

NYCPIlaNYC.

Challenges, 0
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Vulnerabillities
B. Increasing Interconnections
Dependencies and Interdependencies

Definitions|1]

A A dependency is activity in one direction: a flow of people,
Information, commodities from one poirib another

A An interdependency is a flow of at least two ways

Types of interdependencies

Interdependencies can occur in a number of differfemins [1]:

A Functional

A Spatial (proximity)

A Cyber

A Logical

Source: [1] Rinaldi, ¥gerenboora.  W®3 | yR YSff&é&z ¢d o6nHnam0® GLRSYUAT
AYVINI A0NHzZOG dzNBE AYISNRSLISYRSYOAS®%E L999 /2y UNRE { &,



* Incluges l=ase condensate. *° Ingiudes 0.18 quanrilon Biu of elecirioly net Imports.

* Natural gas plant iquids. * Total energy consumption, which ks the sum of primary energy consumption, slectriclty ratall
2 power, biomass, and wind sales, and elesincal sysiem enemy Wsses. Losses are alocaied 10 he end-use secioms In
* Crude ol and petroleum products. Inciudes Imports Into the Strateglc Petroleum Resarve. propartion to each sectors M:fml elzcinchy refall sales. See Mote 1, “Elecirieal Systems
* Natural gas, coal, coal coke, alofselz, and slscnity. Energy Losses.” at the end of LS. Energy Information Administraton, Monthly Ennyy Review
* Agustments, losses, and unaceounted for [May 2014), Sectian 2.

' . . - Nates: - Data are prefminary. - Values are darved from source data prior to mumding far

Natural gas only: exciudes suppements gaseous fusks

publcation. - Tatals may not equal sum of components dus to Ndependent rounding.
Sources:  U.S. Energy Information Adminlstration, Monthly Energy Revew [(May 2014),
Taoles 1.1,1.2, 1.3, 1.43, 1.40, and 2.1,

* Peraleum produGts. INGUING Naral gas pant Iquids. and crude ofl bumed 35 fusl.
# Incluges -0.02 quadrilion Btu of caal coke net Imports.

Source: Energy Information Administration (EIA)
http://www.eia.gov/totalenergy/data/monthly/pdf/flow/total_energy.pdf

Chemical

Commercial
Facilities
Information
Technology

Healthcare and
Public Health

Government
Facilities
; Defense
Industrial

Foodand
Agriculture

Financial Emergency
Services Services

Source: U.DHS (201BSector Specific Plan for Energy, p. 19
https://www.dhs.gov/sites/default/files/publications/nipgsspenergy2015508.pdf
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Interconnectivity: Centered on Energy

U.S. Energy Flow, 2013
(Quadrillion Btu)

Total =97.3
Source Sector

Percent of Sources Percent of Sectors

Petroleum’
35.3 g =

Natural Gas®
248 Residential &
(26%) Commercial®

10.7 (11%)

Coal
19.7
(20%) Electr:i;%zo‘-.ver"
Renewable Energy* 54 T — (40%)
9.1(9%) ==

.
Nuclear Electric Power 100 »—
8.3 (89

%)

" Does not include biofuels that have been blended with petroleum—biofuels are included in ! ici ly and i heat-and-

y p (CHP) plants whose primary business is to
“Renewable Energy." sell electricity, or electricity and heat, to the public. Inciudes 0.1 quadrilion Btu of electricity net
2 Excludes supplemental gaseous fuels. imports not shown under “Source.”
* Inciudes less than 0.1 quadrillion Btu of coal coke net imports. Notes: Primary energy in the form that it is first accounted for in a statistical energy balance,
i ic power, ic, wind, and biomass. before any transformation to secondary or tertiary forms of energy (for example, coal is used to
* Includes industrial combined-heat-and-power (CHP) and industrial electricity-only plants. generate electricity). - Sum of components may not equal total due to independent rounding.
® Includes i h d-p (CHP) and ial electricity-only Sources: U.S. Energy Information Administration, Annual Energy Review 2011, Tables 1.3,
plants. 2.1b-2.1f, 10.3, and 10.4.

Source: U.S. Department of Energy, Energy Information Administration
(September 2012) Annual Energy Review 2011, Washington, DC: U.S. EIA,
Figure 2.0, p. 37, http://www.eia.gov/totalenergy/data/annual/pdf/aer.pdf



IDB Megacities Symposium

Intra-Transit Mult-Modal Interconnections:
Bus Connections at Subway Stations, NYC

Connectivity of Subway
Stations and Buses
Stopping

Connectivity is
important for flexible,
multi-modal
connections, greater
access to transit, and
evacuation

Number and distances
of buses are defined
within a 0.1 mile radius
of each subway station
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Final report available at: http://www.utrc2.org/sites/default/files/pubs/Final-NYU-Extreme-Events-Research-Report.pdf
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Interdependenciesinder Normal (nondisruptive)

TRANSPORTATIG

Conditions

Transportation
for water
management

Transportation supports distribution and Catch basin
storage structures for water cleaning

infrastructure via celocation
(geographic dependence)

N

Roads
A Signals
A Lighting

Rail track)
A Signals
A Switches
A Lighting

N

Water management infrastructure
provides water reduction services
for transportation to prevent
flooding

(functional dependence)

v

WATER MANAGEMEI

N

Water Conveyance
A Drainage Structures
A Catch Basins

A Culverts

A Sewers

/Transportation
for water

Dependence on energy

Source: Developed by Professor Rae Zimmerman

management
Catch basins and
roads
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Road Congestion from Trucks and Passenger Vehi2l@4$0
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Source: U.S. DOT (2013) Freight Facts and Figures 2012, pp. 40, 41
http://www.ops.fhwa.dot.gov/freight/freight_analysis/nat_freight_stats/docs/13factsfigures/pdfs/fff2013.pdf



V. Collisions of Infrastructure with Extreme Event:

NOAA (2016) Service Assessment The Historic SC Floods o
Oct 15, 2015, Photos by NWS Weather Forecast Offices

and USGS, pp. 15,22

NOAA (2013) Service Assessment, Hurricane/Post Tropical
Cyclone Sandy, Cover page

General Source: R. Zimmerman NIST presentation October 2016



