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Executive Summary

As the twelfth largest economy in the world and the second largest in the United States,
a resilient freight network in Texas is important to the economic health of the State and
the nation. Each day millions of dollars of freight move into, out of, and through the
state on highways, railroads, water, and air. Ensuring that the movement of these
goods, in the face of an event, whether a hurricane, terrorist incident or infrastructure
failure, is important not only to Texas but national and international interests.

The Texas Department of Transportation’s (TxDOT) recognized that the highway system
is a major component of a resilient freight network. As the managing organization
responsible for maintaining the State’s highways, TXDOT developed this plan to provide
a comprehensive framework for identifying key freight infrastructure corridors and
strategies to ensure a resilient freight transportation network in the State of Texas.

Definition of Freight Transportation System Resilience

Resilience is a term that is used by industry and government in a host of different
applications. Only until recently has the resilience term been applied by state
departments of transportation (DOTs) to their transportation networks. The currently
accepted definition for freight transportation system resilience is “the ability for the
system to absorb the consequences of disruptions, to reduce the impacts of disruptions
and maintain freight mobility.”

Approach and Process

The approach to developing the Texas Statewide Freight Resiliency (SFR) Plan considers
national, state, local, and private plans for infrastructure protection, emergency
management, and incident response. Research into these individual plans suggests a
common approach to systematically develop a resiliency plan: prepare, detect,
respond, and recover. This approach, as presented, appears simple but as the various
managing organizations, users, and infrastructure elements are considered the overall
plan grows in complexity.

Considering the complexity involved in developing a resiliency plan, the Texas SFR Plan
progresses in stages. The stages are phased to accommodate the more familiar
prepare, detect, respond, and recover approach. Stage 1 is focused on an assessment
of the freight system’s preparedness from the perspective of TXDOT as the managing
organization. Stage 2 is associated with communication and plan implementation
during response to an actual event and its recovery. Stage 3 incorporates a continuous
feedback loop that recognizes that change is ever present and the plan must be
updated on a regular basis to remain effective.
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The purpose of the Texas Statewide Freight

Resiliency Plan is to assess the resilience of the EANINOINE
strategic freigh_t Sys.tem in Texas Wh_e_n an eve_nt O_f freight transportation system
extended duration limits freight mobility, resulting in resilience: the ability for the
prioritized infrastructure enhancements to keep system to absorb the
freight moving. consequences of disruptions, to

reduce the impacts of disruptions
and maintain freight mobility

event: an overall occurrence or
the complete cycle illustrated in

A Resilience Framework for Texas the resilience triangle

At the national, state, local, and private levels incident: the specific action that
resilience in its broadest definition - the ability to occurs at a defined pointin time
recover to the original or an improved state — is LEB BB E S (it

. . . transportation system
important for economic health. However, there is no

specific framework available that clearly defines disruption: what occurs when the
how a state DOT can measure or ensure a resilient incident happens, i.e. a highway

transportation system. is closed due to mudslide or a rail
line is out of service due to

- . flooding
The Resilience Triangle

In developing a framework specific to Texas, it is first degree of disruption: measured
important to clearly set out definitions for related as minor, moderate or major
terms: freight transportation system resilience, event, SEBEE G I B IIEET Cl e i
.. . . . . .. takes to detect, respond, and
incident, disruption. It is with these definitions that a recover from the incident
clear focus is set for the plan. These definitions can
best be explained in the context of the “resilience robust: a system that can
triangle.” The resilience triangle plots the quality or withstand an incident without
functionality of infrastructure after a loss. significant failure

redundant: a system that focuses

on the availability of alternate
routes or modes
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The resilience triangle is sequenced to follow the timeline of the event from normalcy
through detection, response, recovery, and back to normalcy. The goal of a resilient
freight transportation system is to reside in the “normal” stage of the event cycle. Due
to the possibility of disruptive events; however, planning should occur for all stages.
Stage 1 of the Texas SFR Plan will focus on the pre-incident stage where the attention is
on preparedness.

Dimensions of a Resilient Freight Transportation System
A resilient freight transportation system has three major dimensions: the physical
infrastructure, users, and managing organizations.

) The physical infrastructure is represented by
Physical highways, railroads, bridges, ports, and all other
Infrastructure assets. The freight transportation system users
— - are represented by the vehicles operating on
the network and the managers that direct their
. travel. The managing organization is responsible
JUEL AL Users for all aspects of the freight transportation

Organization

Recovery




system — operations, maintenance, and communication. A state DOT is the managing
organization for the highway transportation network while the railroads are not only the
user of the rail network but also the managing organization.

Texas Economy

Texas is an economically diverse and dynamic state with a population of 24.8 million in
2009 (19) and a gross domestic product (GDP) of $1.2 trillion in 2008 (20). Texas is the
second largest state in the US by size of

economy and population, accounting for
nearly 9 percent of the country’s GDP and 8 101 S —— _
percent of its population. Long term o | o NonMSARegons
economic and population growth will place 80% 4| .- mOther 20 MSAs
additional demands on the State’s freight 700 1 - wEPaso
transportation infrastructure. Population is goo - -
projected to expand to 33.3 million by 2030 50% -4 -- _ ®Ausfin-Round Rock
based on interim projections released by the 0% 4-- San Antonio
US Census Bureau. 0% -

20% 4 _ mDallas-Fort Worth-Arlington
Manufacturing and mining are the two 10% +-- - Houston-Sugar Land-Baytown
largest contributors to state GDP, accounting 0% -
for 13.0 percent and 11.3 percent Share of
respectively. Other sectors that generate or State GDP
support freight movements account for a Texas GDP by MSA, 2008
further 21.1 percent of GDP - wholesale Source: Bureau of Economic Analysis

trade, retail trade, construction,
transportation and warehousing, agriculture,
and forestry.

Freight System Overview

TxDOT, in cooperation with local and regional officials, is responsible for planning,
designing, building, operating, and maintaining the state's highway transportation
system. The state maintains nearly 79,700 centerline miles comprising of numerous
roadway types. Texas has nearly 50,000 bridges which is nearly double the number of
bridges of any other state in the nation. Texas has the country’s most extensive ralil
network with 10,743 miles of track and ranks second in total rail carloads (9.4 million in
2008). (24) The 2010 Texas Rail plan indicates that the system has 9,780 public highway -
rail crossings.

The Texas economy and its maritime trade are served by eleven port districts, which
moved 473 million tons of cargo in 2008 and 19 percent of the nation’s port tonnage
according to the US Army Corps of Engineers. The dominant cargo flow is inbound
international trade followed by outbound international trade. The 1,300-mile Gulf
Intracoastal Waterway (GIWW) is a shallow-draft navigation channel that connects
ports along the Gulf Coast and provides these ports with access to the country’s inland
waterway system. In Texas, the GIWW extends for 423 miles from the Sabine River to the
Mexican border. The GIWW handled 69 million tons of cargo in 2008.
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The Texas airport system is one of the largest in the country with nearly 300 airports,
including 27 commercial service airports. In 2009, DFW Airport was the world’s third
busiest measured by plane movements and was the eighth busiest airport in passenger
numbers.

Texas is the primary gateway for US surface trade with Mexico, handling 75 percent of
U.S surface trade, 71 percent of imports, and 79 percent of exports in 2009. Trade with a
value of $180 billion flowed through Texas border
crossings — 84 percent by truck and 16 percent by rail.

A disruption in Texas’ freight system could have
significant negative impacts on the national
economy, not only Texas. Given the volume of freight
moving in the state, any sustained disruption, requiring
diversion of one mode to other modes could impact
timely and secure delivery of products, product
availability, and overall transportation system

congestion. ' Highway Volumes
Resilience of the Texas Freight System Pt

The process to assess the resilience of the Texas freight _
system was developed based on research presented : .

previously and tailored to the specific needs of

infrastructure in Texas. Specifically for freight resilience _ 3
planning, the freight infrastructure and hazards are first

identified and then assessed. Once the assessment is

complete, any constraints are mitigated and then

prioritized. Finally, strategies are developed to guide Railroad Volumes

the on-going, overall freight transportation system

resilience efforts.

Corridor and Route Identification

The vast Texas freight system relies on infrastructure —
highways, railroads, airports, and waterways — to carry
goods from origin to destination and points between.
The infrastructure used during normal conditions
connects population, employment, and activity
centers. Using maps created with Texas-specific data
(population and employment density, activity centers,
and commodity flows) corridors representing the
strategic network for freight movement within the

L

Primary Highway Routes

state of Texas were reviewed. Ten specific primary o

and secondary highway routes were identified within / e
the corridors. SeaEs o
Hazard Identification and Assessment - 2
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Past damage to the Texas freight transportation system has occurred from natural and
man-made hazards. The purpose of hazard identification and assessment is to locate
areas of vulnerability in each corridor to effectively understand how to eliminate or
reduce risk associated with a hazard. Each hazard type was assessed based on the
frequency of occurrence, warning time, and its potential severity directly related to
impacts on the freight transportation system which may be different than impacts to
other critical infrastructure, like housing or medical facilities.

The Overall Combined Risk represents the overall vulnerability of the freight
transportation system to each of the hazards identified in Texas. The overall combined
risk was developed by first combining all data for each hazard by county into one
database and then assighing a high, medium, and low overall risk.

The hazard risk assessment uses the results of the overall combined risk to evaluate alll
corridors. To assess each corridor, the individual hazard ratings for each county along
the corridor are averaged by length of the corridor contained in that county. The
resulting value for each hazard type is then average to provide an overall al-hazards
corridor rating.

Highway System Assessment Results

Ten primary corridors were identified for the Texas highway freight transportation system.
Eight corridors were considered established freight corridors with significant volume of
existing truck traffic. Two corridors, US 59/281 and the Ports-to-Plains corridor are
classified as important, emerging corridors for highway traffic in Texas.

The overall highway system assessment for preparedness concludes that the Texas
highway corridors are highly resilient when considering robustness and redundancy. This
is evidenced by the low overall hazard risk ratings, relatively few physical constraints
and limited areas of operational constraints on the primary and secondary routes.

Overall Statewide Highway System Assessment Results

Daily Overall Number of Length of
Route Mileage Weighted Hazard Physical Corridor
Truck Volume Rating Constraints = Stop & Go
Statewide
Primary 4,550 2,000 to 10,800 2.8 23 Some
Secondary 9,650 1,000 to 12,600 Similar 38 Some

Source: TranSystems.

While the assessment of preparedness for the statewide highway system is positive,
there is still a need to continually improve the system. One way to prioritize the corridors
for future investments to increase their robustness and redundancy is to review the




overall hazard risk versus truck volume exposure. A risk vs. exposure matrix is used to
prioritize based on where the data point falls in the matrix. For instance, it is undesirable
to be in a high hazard, high exposure situation (upper right corner) and data points
falling in this area may receive the highest priority. Data points that fall in the lower left
corner are low hazard, low exposure and may not have as critical needs related to

freight resiliency.

Using IH 30 as an example, the truck volume over the entire corridor is 8,200. Some
segments of this corridor have higher volumes, others are lower. The overall hazard
rating is 3.4. The hazard ratings range from 1.6 for wildfire to 5.7 for flood. The overall
rating for this corridor falls in the high exposure, medium risk category.

Four highway corridors in Texas fall in the high
exposure category: IH 45, IH 35, IH 20, and IH
30. No corridors fall in the high risk category.
Two corridors fall in the medium risk category:
IH 35 and IH 30. Other corridors fall in the
upper end of the low risk category.

Using the risk vs. exposure plot, it appears that
IH 35 and IH 30 should receive high priority for
corridor improvements, as they have the
highest risk and exposure combination of all
Texas highway corridors (high exposure,
medium risk).
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Rail System Assessment Results

As private, profit-driven companies, railroads
depend on reliable service to attract and
retain customers. To ensure service for their
customers, planning to eliminate or minimize "
service disruptions is considered to be an
integral component of daily operations.

The overall rail system is highly resilient out of
necessity. Railroads cannot let damage to their
system impact their operations for extended
periods or they will lose customers. They employ I
many methods during resiliency events Hurricane lke Damage to Galveston Causeway
including preparedness functions and recovery.
To prepare, railroads evacuate equipment and personnel while prepositioning
materials, supplies, and equipment needed for repairs. During recovery they may utilize
rerouting on their own system or on another carrier through track right agreements,
while emergency repairs are conducted. In some cases, these agreements allow for a
redundant rail network capable of responding to disruptions of virtually any duration.

While the railroads interviewed as part of this plan welcomed appropriate levels of
assistance from TxDOT, their main request was assistance with overall emergency
management coordination. Railroads rely on electricity to ensure safety, as well as to
operate communication, signal, and highway-rail at-grade crossing systems. As part of
emergency coordination, railroads requested that utility companies be made aware of
this need and consider giving railroad companies priority when maintaining and
restoring power. Additionally, communication with law enforcement was noted as
important during recovery functions in order to allow emergency rail crews to access
tracks when public roads are closed.

Other Mode Assessment Results: Marine, Air, Pipeline

Similar to railroads, other modes that are
owned and operated by private companies
are highly resilient out of necessity. However,
this assessment also showed that in the case of
the Port of Houston, the surrounding public
roadway infrastructure is also highly resilient
during events that cause abnormal fluctuations
in truck traffic.

Representatives of the marine, air and pipeline

modes that were interviewed as part of this

plan indicated that coordination by alll

affected agencies is critical during events. One | Tankersin the Houston Ship Channelin Fog

terminal operator noted that all mission critical

personnel req
1

uired to bring a terminal back on-line should be given an identification




card that would allow them to pass through roadblocks or road closures during the
terminal start-up phase. Not all of these mission critical employees have the required
identification to get to the terminal if necessary. TXDOT personnel are often responsible
for road closures but rely on local and state law enforcement to monitor compliance
with the closures.

This request parallels that made by railroads suggesting that communication between
the freight transportation community and law enforcement/emergency management
agencies is critical to maintaining a highly resilient transportation system.




Advancing the Resilient Freight Transportation System

The interstate system and major US highways are the key corridors that carry truck-
based freight. The state’s highway infrastructure provides a robust and redundant
system. However, the highway system is only one component of the overall freight
transportation system that carries freight in Texas. The network of railroads, marine ports,
airports, and pipelines complete the overall system. These other modes have shown
they are highly resilient by their ability to swiftly recover from past events.

While the overall freight transportation system in Texas was found to be robust and
redundant, there are actions that TxDOT can take in a continued effort to improve
freight resilience in Texas. Based on the research completed and interviews with other
states and the private sector, four strategies for advancing the resilient freight
transportation system were developed.

Strategy 1: Support planning for a resilient, well-maintained freight transportation
network
e Incorporate freight resiliency into traditional transportation planning and
programming
¢ Include other modes in planning efforts to increase awareness of system-
wide needs

Strategy 2: Prioritize infrastructure enhancements to improve the freight resilience
of Texas highways
e Utilize corridor assessments to identify operational bottlenecks and
physical constraints
e Investigate ways to fund improvements needed for other modes

Strategy 3: Improve access to data, information, and people needed for
effective resiliency planning
e Understand baseline data and continue to build information database
e Define local issues and needs
o Recruit key players to boost effectiveness of planning

Strategy 4. Communicate before, during, and after events
e Provide up-to-date, comprehensive status reports
e Hold coordinating meetings among critical sector groups
e Engage the private sector

Approach for Future Stages

The Stage 2 SFR Plan should build on the recommendations of stakeholders to develop
the necessary communication and implementation plan, to provide a resilient
transportation system during and after an event. Stage 2 should also investigate ways
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that TxDOT can expand its coordination efforts with state emergency management
agencies to consider the needs of freight.

Stage 3 is an on-going, internal function for TXDOT. Continuous feedback after real
events will improve the plan and ensure its relevance. After an event, freight
considerations should be included in summary reporting so that efforts are documented
and lessons drawn from the experience. In the absence of an event, TxDOT should
continually evaluate resilience on a regular schedule and incorporate feedback so that
consideration of the Texas economy stays in the forefront.
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Section 1. Introduction

As the twelfth largest economy in the world and the second largest in the United States,
a resilient freight network in Texas is important to the economic health of the State and
the nation. Each day millions of dollars of freight move into, out of, and through the
state on highways, railroads, water, and air. Ensuring that the movement of these
goods, in the face of an event, whether a hurricane, terrorist incident or infrastructure
failure, is important not only to Texas but national and international interests.

The Texas Department of Transportation’s (TxDOT) recognized that the highway system
is a major component of a resilient freight network. As the managing organization
responsible for maintaining the State’s highways, TXDOT developed this plan to provide
a comprehensive framework for identifying key freight infrastructure corridors and
strategies to ensure a resilient freight transportation network in the State of Texas.

Definition of Freight Transportation System Resilience

Resilience is a term that is used by industry and government in a host of different
applications. Resilience is a concern for business as it relates to their supply chain’s
ability to recover from a disruption. More commonly called business continuity planning,
most private industries have plans in place to continue operations in the case of an
unforeseen event. These plans incorporate analysis of existing operations, threats, and
disaster scenarios along with identification of recovery tools such as communication
systems and secondary work sites. Plans include implementation strategies and
maintenance features.

Only until recently has the resilience term been applied by state departments of
transportation (DOTs) to their transportation networks. This application is less clear as it
has not been widely researched or applied to public institutions. However, current
research, primarily completed for the Washington Department of Transportation, has
outlined a definition and provided baseline information on resilience for the freight
transportation system.

The currently accepted definition for freight transportation system resilience is “the
ability for the system to absorb the consequences of disruptions, to reduce the impacts
of disruptions and maintain freight mobility.” (1) This definition is introduced in this plan
as the baseline definition and is expanded in subsequent sections to address specific
elements of the plan.

Approach and Process

The approach to developing the Texas Statewide Freight Resiliency (SFR) Plan considers
national, state, local, and private plans for infrastructure protection, emergency
management, and incident response. Research into these individual plans suggests a
common approach to systematically develop a resiliency plan: prepare, detect,
respond, and recover. This approach, as presented, appears simple but as the various
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managing organizations, users, and infrastructure elements are considered the overall
plan grows in complexity and must be tailored for Texas.

Considering the complexity involved in developing a resiliency plan, the Texas SFR Plan
progresses in stages as illustrated in Figure 1. The stages are phased to accommodate
the more familiar prepare, detect, respond, and recover approach. Stage 1 is focused
on an assessment of the freight system’s preparedness from the perspective of TxDOT as
the managing organization. Stage 2 is associated with communication and plan
implementation during response to an actual event and its recovery. Stage 3
incorporates a continuous feedback loop that recognizes that change is ever present
and the plan must be updated on a regular basis to remain effective.

e Detect e Recover

e Respond

* Prepare

1 |

Figure 1. Texas SFR Plan Stages
Source: TranSystems

Purpose and Goals

The purpose of the SFR Plan was established by TxDOT with support from the Texas SFR
Plan Advisory Committee. Three goals were developed to support the plan purpose.
The purpose and goals guide the plan and are structured to follow the stages outlined
in the Approach and Process.

The purpose of the Texas Statewide Freight Resiliency Plan is to assess the resilience of
the strategic freight system in Texas when an event of extended duration limits freight
mobility, resulting in prioritized infrastructure enhancements to keep freight moving.

Stage 1 Goal: To have a freight transportation system prepared to keep freight
moving during an event.
e Provide redundant corridors clear of vertical, lateral, and load restrictions
with reasonable capacity to detour freight during an event.
e Provide robust corridors when detour routes are unavailable.
e Ifredundancy and robustness are not feasible, then outline predictive
information to relay through targeted communications channels.

GRS
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Stage 2 Goal: To have a responsive framework to address shipper and carrier
needs as an event occurs, and to recover the freight transportation system as
quickly as possible.
e Institute a communications network targeted to sending messages to
shippers and carriers.
o Rapidly return the freight transportation system to normal operations by
deploying all available and appropriate resources in coordination with
the appropriate chain of command.

Stage 3 Goal: To have a flexible, relevant plan that is used to improve freight
mobility in Texas.
¢ Identify funding to implement infrastructure solutions that increase the
robustness and redundancy of the freight transportation system.
¢ Build partnerships with emergency management to ensure that economic
considerations are appropriately incorporated into response and
recovery.
e Evaluate resilience on a regular schedule and incorporate feedback into
plan updates.

Page



Stage 1 Plan Outline

The Texas SFR Plan Stage 1 focuses on three areas:
e Context and Purpose: defined through literature research and interviews
with key stakeholders and other organizations developing similar plans.
e Freight System Identification: identified using transportation system
network and economic data.
e Freight System Assessment: assessed for physical and capacity constraints
as well as understanding institutional and supply chain needs.

The Stage 1 Plan is organized into sections. Section 1 introduces the purpose of the
plan. Section 2 provides context for understanding resilience and the framework as it
applies to TxDOT. Section 3 details the importance of freight in Texas through a
discussion of commodities and modes that leads to an identification of the freight
system. Next, section 4 defines the freight system in Texas from a corridor perspective.
Using the defined corridors, Section 5 assesses the preparedness of the Texas freight
system in the context of resilience. Section 6 discusses strategies to advance the resilient
freight transportation system in Texas. Finally, Section 7 summarizes the next Stages of
the freight resiliency planning process for Texas.

In the future, Stage 2 will develop the necessary communication and implementation
plan and test what is developed in the response and recovery phases of a simulated

event. Stage 3 is an on-going, internal function for TxDOT to complete when the initial
plan is finalized. Continuous feedback and improvement of the plan after real events
will improve the plan and ensure its effectiveness.
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Section 2. Understanding Resilience

TXxDOT’s interest in a resilient system for freight transportation stems from the knowledge
that TXDOT plays a key role in the uninterrupted movement of goods. The following
review of the state of the freight resiliency practice provides context to this plan in
relation to national, state, local, and private methodologies for ensuring a resilient
network.

National Efforts in Resilience

On a national level, resilience is primarily considered a responsibility of the Department
of Homeland Security (DHS) and Federal Sector-Specific Agencies such as the Federal
Emergency Management Agency (FEMA) and the Transportation Security
Administration (TSA), in collaboration with the US Department of Transportation (USDOT).
DHS has developed the National Infrastructure Protection Plan (NIPP) to provide “the
unifying structure for the integration of existing and future critical infrastructure/key
resources (CI/KR) protection efforts and resiliency strategies into a single national
program to achieve this goal.” (2)

The NIPP provides a risk management framework to promote continuous improvement
to CI/KR. The framework a