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NOTICE

The project that is the subject of this report was done under contract for the Virginia
Department of Transportation, Virginia Transportation Research Council. The contents
of this report reflect the views of the authors, who are responsible for the facts and the
accuracy of the data presented herein. The contents do not necessarily reflect the
official views or policies of the Virginia Department of Transportation, the
Commonwealth Transportation Board, or the Federal Highway Administration. This
report does not constitute a standard, specification, or regulation.

Each contract report is peer reviewed and accepted for publication by Research Council
staff with expertise in related technical areas. Final editing and proofreading of the
report are performed by the contractor.

Copyright 2002 by the Commonwealth of Virginia.
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EXECUTIVE SUMMARY

A hurricane can be crippling to a regional transportation system such as the Hampton
Roads District of Virginia. Preparedness and recovery by the highway agency, in coordination
with localities and emergency services, is critical to minimizing the short, medium, and long
term effects of the event. In prior efforts, investigators characterized costs, risks, and benefits of
managing spares of signs, signals, and lights in anticipation of hurricane damage (Lambert et al.
1998). In addition, use was made of probabilistic hurricane forecasts for inventory planning and
operation. Based on the prior efforts, the research problem is identified as follows: (1)
improving the basis for priority setting in recovery efforts; and (2) adoption elsewhere (i.e., in
addition to sign-signal-light inventory) in the agency of risk-cost-benefit assessments and
evaluation to improve the agency's preparedness and response capability.

Purpose and Scope

The goal of the effort was to improve hurricane preparedness and recovery of the
Virginia Department of Transportation (VDOT) through the identification of planning and
management options and the assessment and evaluation of the associated costs, benefits, and
risks. There are seven related objectives: (1) a review of the literature and other agencies'
experience; (2) development of a software-based platform for recovery priorities; (3) time-to
recovery analysis (4) analysis of schedule dependencies among agencies; (5) decision support for
resource allocation for hurricane recovery; and (6) characterization of preparedness and recovery
alternatives; and (7) trade-off analysis performed on recovery/preparedness alternatives.

The focus of this project is the Hampton Roads District ofVDOT, which includes most
of southeastern Virginia and the eastern shore. This area includes the heavily populated
Hampton Roads metropolitan area, and the remainder of the district is rural. The district lies on
the Atlantic Ocean at the mouth of the Chesapeake Bay, which is why it is such a highly
sensitive area for hurricanes. The ideas and methodologies are applicable anywhere, but the data
collection focuses on southeastern Virginia.

Methods of Analysis and Results

The effort introduces new approaches for improving VDOT's hurricane preparedness and
recovery capabilities. The developed approach has six parts.

Development of a Software-Based Platform for Recovery Priorities

The goal is a methodology for setting recovery priorities following a large-scale disaster
in VDOT's Hampton Roads district. The methodology will suggest which roads are the most
important to restore immediately following the disaster and which roads can stand to wait for
other roads with a greater need.
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There are a number of criteria that can serve for the prioritization. Population, traffic,
and road type and mileage are several important factors. But a distinguishing feature of this
effort is the use of "critical" facilities, defined as any facility necessary for the well-being of a
community_

The prioritization model uses a grid, and each grid cell receives a priority score. The user
may choose any or all of critical facilities, population, road mileage, and user-defined data to
drive the priority model to best address a current situation. Shading or colors are used to show
high, medium, and low priority cells.

Figure ES.! shows a sample of results of the prioritization model. On the left, the output
is displayed with numbers and different shades that represent high (II), medium (D), and low
(II) priority cells. The user can alter the percentile distribution of colors to create the most
informative view. The right side displays the priority scores laid over a map.

Alternately using several different choices of factors, the user can determine which cells
are consistently the highest priority zones, which zones are consistently at the bottom of the
chain, and how the priorities change in the short, medium, and long-term following the disaster.
The model is primarily intended for supporting gross resource allocation decisions.

Figure ES.! Outcome of the prioritization model

Time-to-Recovery Analysis

The scheduling of post-hurricane repair activities could be investigated to arrive at
improvements that could reduce the time to recovery following a natural disaster. The effort
describes a framework to utilize in such investigation. For VDOT to apply the developed
framework, it would have to gather the necessary data.
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A network model of the required activities and their relationships is used to determine the
critical path and formulate an estimate of the overall completion time required by the repair
process. A tradeoff analysis between time to recovery and pre-hurricane resource investments is
performed to suggest how project duration can be reduced.

The schedule analysis is illustrated on a typical repair process. The time estimates
obtained may not be accurate. In order to obtain accurate time estimates, VDOT can get historic
data from previous work schedules. A schedule analysis of a typical post-hurricane repair
process, which demonstrates the dependant relationships among repair activities, reveals the
network diagram presented in Figure ES.2. Further analysis determines the activities that lie on
the critical path of the process. Delays in the critical activities can cause a delay in the overall
repair completion time. An examination of the critical path indicates that the length of time and
level of resources required by the repair process are highly dependent on each individual activity
being completed within the allotted time and budget. There is little slack in the repair schedule.
If more resources are allocated at increased cost, the duration of the activities can be reduced.
Tradeoff analysis reveals that the length of time required to complete the activities lying on the
critical path of the repair process can be reduced by eight weeks without a significant increase in
cost.

Task A TaskC TaskG TaskH

Damage
f-----.

Equipment Inventory
f-----.

Ordering of
assessment definition examination equipment

~ ~ i ~
Start TaskE TaskF Task I Finish

Hurricane hits VDOT/contractor
Resource/

Recovery-----. contractor Installation
Virginia response

assignment
complete

~ ? ~ ?
TaskB TaskD Task J TaskK

Resource request ----. Final repair plans
Inspection ~ Payment

formulation prepared

Figure ES.2 Network diagram of the post-hurricane repair process

The installation process, task I, is determined to be the most time consuming and variable
activity based on data collected through interviews with VDOT personnel. A reduction in the
length of time required by the critical activities in the installation process yields a shorter overall
time to recovery. One way to shorten the installation process is to divide it into sub-tasks that
can be performed simultaneously. In addition, pre-hurricane investments should be investigated
in terms of the impact additional resources have on the time to completion of the installation
process.

Analysis of Schedule Dependencies Among Agencies

An examination is conducted into the issue of time to recovery discussed above on a
macro level by considering various schedule dependencies that occur among involved agencies
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as opposed to a pseudo-schedule outlining the general tasks in the post-hurricane process.
Schedule dependencies among the activities of the numerous federal, state, and local agencies
and organizations that participate in the pre and post disaster processes frequently arise. In many
cases, one agency's duties cannot be started until activities that other agencies are responsible for
have been completed. The schedule dependencies can lengthen the time to recovery, and
therefore increase the magnitude of the impacts of the disaster. An analysis of potential
opportunities for advancing the schedule researched from the agencies involved can aid in
VDOT's decision making.

A framework has been developed that measures and compares dependency scenarios of
potential opportunities for reducing delays. Critical inter- and intra-agency scenarios are
identified that require future further investigation according to the extent of their overall
significance to the time to recovery. The tool for measuring the magnitude of a delay takes into
account its "Severity" with regard to its time duration, the number of "Agencies Involved," its
"Likelihood" of occurring in the future, the range of "Items Waited On," its "Controllability" for
the future, the number of associated "Cascading Effects," its "Maturity," and the "Number of
Similar Scenarios."

A list of 48 delay scenarios was gathered for analysis through interviews with state
agencies from Virginia, Florida, North Carolina, and California of the accounts they hold
concerning their participation in the pre- and post-event processes of past natural disasters,
especially in terms of the situations where they were waiting on their state DOT and vice versa.
Ten of these scenarios were collected from Virginia agencies, 18 concern intra-agency delays
identified within NCDOT, and the remaining 20 scenarios are various anecdotes from the other
states.

Categorizing all of the dependency scenarios into the common functions within the
organizational structure of a state DOT identifies those functions that are involved with a
significant number of scenarios. According to the sample of 48 delay scenarios collected,
Information Management and Operations are associated with 31 % and 23% of the scenarios,
respectively, which are primarily due to the unavailability of accurate real-time road status
information. Additional analysis reveals the pairs of organizational functions that, when
interacting, are the sources of many scenarios. Figure ES.3b displays the number of scenarios
associated with each pair of organizational functions, and Figure ES.3a is a key defining the
pairs of functions that lie on the horizontal axis of Figure ES.3b. Analysis of the dependency
scenarios indicates that the interaction of Information Management and Operations introduces
23% of the scenarios collected and the interaction of Operations and Structure and Bridge
introduces 19% of the scenarios, which suggests a lack of communication among these
organizational functions.
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Various recommendations regarding an enhancement of VDOT' s current computer-based
information system, VOIS, and an increased level of communication encouraging more shared
information among involved agencies could decrease the likelihood of many delays in the future
by supporting a higher level of agency coordination during pre and post disaster processes.
Other recommendations are proposed regarding evacuation processes, equipment
standardization, and a statewide radio communication system.

Decision Support for Resource Allocation for Hurricane Recovery

The effort addresses decision support for resource allocation in order to aid managers in
VDOT in the event that a hurricane affects the Tidewater region of Virginia. Examples of
recovery activities are clearing debris from an interstate, repairing slope failure on a primary
road, and repairing damage to a bridge on a secondary route. In September of 1999, Hurricane
Floyd sent heavy rains into the Tidewater region of Virginia. These storms resulted in extensive
flooding and many instances of severe damage to local interstate, primary, and secondary roads.
The VDOT Emergency Operations Center received over 100,000 phone calls as a result of
Hurricane Floyd, a category I hurricane. Equipped with a generic method for classifying and
prioritizing these calls, volunteers were challenged in organizing recovery efforts.

The effort has developed a method to systematically prioritize recovery activities in order
to effectively aid in decisions concerning resource allocation for VDOT in the event of a natural
disaster. In order to achieve this, a tool was developed that utilized multi-objective decision
analysis in order to prioritize recovery activities based on available data. Data were collected
through contacts in VDOT and were used to conduct a case study. The case study analyzed
recovery activities resulting from the September 1999 Hurricane Floyd strike on Virginia. The
data provided also had to be used to determine the performance indices/objectives to use to
prioritize and evaluate the effectiveness of the recovery activities. These objectives were to fall
under the three categories of risk reduction, performance gain, and resources used. The indices
that are used include average daily traffic (ADT), population density, and total estimated cost.
The decision to include these indices meant that those activities located in highly populated areas
on a route with heavy traffic flows would receive high priority. The third factor to consider in
resource allocation decisions would be cost. From the data provided, multi-objective charts
developed from this study were created, as shown in Figure ES.4.

The use of this tool should result in better overall management and allocation of
resources. Resources go where they are most needed and where they will contribute the most to
the recovery efforts. The developed charts should also result in improved communication
between VDOT and other state agencies and help VDOT managers show other state agencies
where the resources are going and why. Finally, the new technology will provide better
prioritization of preparedness and recovery activities in the short, medium, and long term and
show what recovery activities need to be completed before other recovery activities can begin.
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Figure ES.4 Recovery activities plotted for counties in Hampton Roads (icon area is
proportional to activity cost)

Characterizing Preparedness and Recovery Alternatives

The effort describes a methodology for developing and characterizing hurricane
preparedness and recovery alternatives for a highway agency in both the pre- and post-event
phases of a hurricane. The study includes two major parts: (1) A characterizing template and (2)
a variety of case studies consisting of hurricane preparedness and recovery alternatives. When
creating post-event plans and decisions, a highway agency considers the possibility of adverse
events that damage road systems. Events such as storm surges, high wind speeds and heavy
traffic wear are possible in a hurricane.

In the case studies part of the project, three different alternatives were analyzed to
improve signs. Each alternative looked at trying to improve the resilience, robustness, and
redundancy of different road systems. Furthermore, each alternative was looked at to show
whether the alternative needed action in the pre-event (before the hurricane) or post-event (after
the hurricane). The pre-events and post-events were broken down further into short-, medium-,
and long-term events. Short-term events were the hours to days before the hurricane hit.
Medium-term was weeks to months or, basically, during the hurricane season. Long-term was
the preparation years in advance or basically general advancements in the building of the systems
to be better prepared. The same time frames apply for post-events except they are the recovery
efforts after the hurricane.
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In addition to looking at the time frames for each alternative, the case studies also looked
at what the impacts of each alternative would be and whether they aid in evacuation. The
impacts of each alternative are based on goals of highway agencies that are aimed at protecting
life, property, and the environment. So the impacts that the case studies look at are cost,
recovery time saved, human lives and the safety of the public, economic impact to the
community, property saved, and protection of the environment. After looking at the possible
impacts, the case study looks at how each alternative can be improved or enhanced and the ways
are to prevent against stronger winds, and higher storm surges, or to handle greater traffic flows.
Finally, the last part of the case study shows whether or not each alternative helps in the aid to
evacuate the area.

Table ES.1 A case study characterizing the enhancement of signs

Alternatives:

1. strengthen signs

2. Store extra signs

3. Detachable signs

•
•

•

•
•

•

• •
•

•
•
•

•

•
Table ES.1 shows the case study performed. The case study looks at trying to improve

signs. The case study has three alternatives to try and prevent or at least minimize the damage
from the wind. To fill out a case study, the user fills in solid circles where each area has an
impact on the alternative. If the alternative enhances the system through robustness, then the cell
under robustness would get a solid circle. Likewise, if an alternative saves the highway agency
time and money, then solid circles would be placed in the columns as well. If there is only a
minor impact, say in the area of economic impact, then a half filled in circle demonstrates a
minor impact to the area because of the alternative. Finally, depending on whether the
alternative would be receptive to wind damage, storm surge damage, or say another destructive
force, then the user-defined force would be replaced in the column.

Trade-off Analysis Performed on RecoverylPreparedness Alternatives

The effort develops a cost, risk and benefit decision framework for VDOT for their pre
and post-event phases in a hurricane. The study involves two major parts; the first explains the
enhancement capabilities of road systems, and the second describes the spreadsheet tool for cost,
risk, and benefit tradeoff analyses.
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The enhancement of road systems through increasing their robustness, redundancy,
and/or resilience can minimize the impacts of the adverse events as well as improve the highway
infrastructure in a hurricane (as explained in the previous section). The main methodology, here,
is to develop hurricane tradeoff analyses that compare different enhancement alternatives.

Each alternative has the ability to enhance a variety of road systems to different levels.
While one alternative might have enhanced bridges more than smart highway systems, due to a
flood prone environment, another alternative might have enhanced only signs, signals, and lights
in an attempt to minimize fallen debris on highways. Either way, the alternatives allow a
highway agency to understand how to enhance a wide variety of road systems that are affected
by hurricanes. With this knowledge and the tool provided by the effort, a highway agency can
make educated decisions about which alternatives are more cost and risk efficient. The
following describes the tool as well as the associated tradeoff graphs.

The spreadsheet tool is used to apply the methodology to analyze the post-event phases of
the events. The methodology can be applied to other events similarly. The tradeoffs among
enhanced alternatives are in terms of the risk metrics: damage, repair cost, time to recover, and
the cost to the industry and or stakeholders. The metrics measure the degree of a storm surge or
wind speed-related impact. Different road systems have different values for the risk metrics.
Therefore, by plotting the values, a decision maker can see the tradeoffs between different
alternatives. Figure ES.5 shows the tradeoff graph that plots the cost of alternative versus the
ratio of repair cost to reconstruction cost, or damage. The different curves refer to the different
wind speed impact scenarios that may occur.
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Figure ES.5 Tradeoff graph between different designs of cantilever signs in cost of
alternative and ratio of repair cost to reconstruction cost after various wind speed impacts
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User Input Worksheet
STORM SURGE

1. What road system is being consid:;...:;...e_re_d? _

I cantilever signs
Press here to go

to the \AAndImp~ Wind
section Impact

2. Enter ultimate storm surge levels and costs of alternatives for storm surge impact analysis

The cost of an alternative could be either a lump sum or an annualized cost. Once the type of cost is chosen I the
cost for all alternatives should be consistently used throughout the design selection process. The original cost of the
road system should also be incorporated into the cost.

Figure ES.6 Tradeoff graph between different designs in cost of alternative and ratio or repair
cost to reconstruction cost after various wind speed impacts for cantilever signs

Conclusions

The hurricane preparedness and recovery efforts of a transportation agency can be
improved through a number of methods.

First, a priority setting tool can be used to determine the area most in need of service
during the aftermath of a disaster. Critical facilities need to be identified. With the model, a
VDOT engineer can quickly make high level resource allocation decisions based on the criteria
he feels are most important, and can change those criteria over the course of the recovery.

Second, a schedule analysis of the time-to-recovery efforts can also be conducted to
determine the critical activities that need to be monitored closely to prevent and avoid
unnecessary delays.

Third, using the methodology developed for analyzing dependency scenarios among
agencies, dependency scenarios can be subjected to a categorical and comparative analysis,
which can aid the state transportation agency's decision-making and subsequently reduce the
overall time to recovery following a hurricane. The methodology, which is of great value to a
state transportation agency because of the versatility it exhibits, can be applied to various
geographical scales, types of disasters, and agencies.

Fourth, a method to systematically prioritize post-event activities in order to effectively
aid in decisions concerning resource allocation for VDOT in the event of a natural disaster has
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been proposed. The developed tool utilizes multi-objective decision analysis in order to
prioritize post-event activities based on available data.

Fifth, numerous alternatives that increase redundancy, robustness and resilience are
available. It is therefore important to determine the impacts each alternative makes to cost, time
savings, human life, economic, environment, and property. The proposed template for the
characterization of alternatives enables the decision maker to make more knowledgeable
decisions.

Sixth, with the characterization of alternatives, a systematic approach to cost-benefit
analysis of recovery and preparedness alternatives can be utilized. It is necessary to determine
the tradeoffs among alternatives.

Recommendations

Development of a Software-Based Platform for Recovery Priorities

• Adopt a systematic approach to priority-setting for recovery.
• Adopt the grids for priority-setting.
• Use various grid-size resolutions (District, Residency, smaller).
• Adopt the demonstrated metrics (populations, mileages, stakeholder facilities, etc.).
• Add a metric to represent the degree of recovery.
• Use the developed software and demonstrate with GIS divisions.
• Consult VDOT District staff to determine appropriate metrics to use.

Time-to-recovery Analysis

• Apply the methodology to actual data and post-hurricane processes.
• Examine the feasibility of dividing activities into sub-tasks that can be performed

simultaneously.
• Examine the impacts of assigning more resources to the installation process.
• Examine various schedule configurations of activities and potential sub-activities.
• Investigate opportunities for further time and cost savings in the post-hurricane process.

Analysis of Schedule Dependencies Among Agencies

• Perform a more extensive data collection possibly with an online surveying tool.
• Analyze individual scenarios collected using PERT, an activity network modeling tool, to

identify potential opportunities for advancing the schedule in the post-hurricane process.
• Investigate the costs and benefits of pre-hurricane resource investments on the

alternatives identified from the PERT models.
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Development of Decision Support for Resource Allocation for Hurricane Recovery

• Adopt a systematic approach to resource allocation for recovery.
• Represent the variety of recovery projects across regions.
• Analyze the balance among all project impacts and costs.
• Use the approach to improve the allocation of resources to diverse projects.
• Project resource allocation needs from past storms to the estimate needs in future storms.

Characterization of Preparedness and Recovery Alternatives

• Generate more alternatives using the methodology given.
• Perform more case studies for different types of destructive forces.
• Extend to different types of disasters such as earthquakes, flooding, and snowstorms.

Decision Trade-off Analysis on Recovery and Preparedness Alternatives

• Expand upon the methodologies presented in this report by collecting data that will focus
on the approach analysis used.

• Adopt a systematic approach to cost-benefit analysis of recovery and preparedness.
• Expand the functionality of the tool to evaluate additional natural disasters such as

earthquakes, tornadoes, snowstorms, floods due to rainfall, and any such event where the
impacts can be lessened through mitigation.

• Expand the functionality of the tool to incorporate additional enhancement alternatives in
addition to wind speed, storm surge, and traffic flow.

• Use the flexibility of the framework to maximize VDOT's understanding of their
preparedness efforts.
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INTRODUCTION

Hurricanes along the east coast of the United States are potentially very destructive to the
transportation infrastructure. A storm becomes a hurricane when it demonstrates a rotary
circulation and reaches a constant wind speed of 74 mph. The strength of its winds can cause
considerable damage and they range in categories from 1 to 5, with 1 being the weakest and 5
being the strongest. Each category of hurricane represents a unique level of damage to a
transportation system as is summarized in the Saffir-Simpson Scale in Table 1. Hurricane force
winds can result in damage that includes destruction of signs, bridges, tunnels, and smart
highway equipment.

Table 1. Saffir-Simpson Scale
Category Winds (mph) Damage

I 74-95 Minimal
II 96-11 0 Moderate
III 111-130 Extensive
IV 131-155 Extreme
V >155 Catastrophic

According to the National Hurricane Center, Virginia has taken only four direct hits from
hurricanes in the last 100 years, with only one of those being a "major" hurricane (category III
and above). Many more hurricanes, such as Floyd in 1999 and Camille in 1969, have caused
severe damage in Virginia but were not direct hits. However, with an average of 10 tropical
cyclones in the Atlantic each year (of which six become hurricanes), the threat is always there.

A hurricane can be crippling to a regional transportation system such as the Hampton
Roads District of Virginia. Preparedness and recovery by the highway agency, in coordination
with localities and emergency services, are critical to minimizing the short-, medium-, and long
term effects of the event. In prior efforts, investigators characterized costs, risks, and benefits of
managing spares of signs, signals, and lights in anticipation of hurricane damage (Lambert and
Haimes 1998). In addition, use was made of probabilistic hurricane forecasts for inventory
planning and operation. Based on the prior efforts, the research problem is identified as follows:
(1) improvement of the basis for priority setting in recovery efforts and (2) adoption elsewhere
(i.e., in addition to sign-signal-light inventory) in the agency of risk-cost-benefit assessments and
evaluation to improve the agency's preparedness and response capability.

PURPOSE AND SCOPE

The goal of the current effort was to improve hurricane preparedness and recovery of the
Virginia Department of Transportation (VDOT) through the identification ofplanning and
management options and the assessment and evaluation of the associated costs, benefits, and
risks. The developed approach is in six parts: (1) development of a software-based platform for
recovery priorities; (2) time-to-recovery analysis; (3) analysis of schedule dependencies among
agencies; (4) development of decision support for resource allocation for hurricane recovery; (5)
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characterization of preparedness and recovery alternatives; and (6) decision trade-off analysis on
recovery and preparedness alternatives.

1. Development of a Software-Based Platform for Recovery Priorities

In order to prioritize the recovery following a disaster, the study aims to determine the
criteria that are necessary for prioritizing disaster recovery efforts in addition to the various
classes of facilities that are critical to the vitality of a community are identified. Critical facilities
are facilities necessary for the well-being of a community, and they include emergency facilities
such as hospitals and fire stations, centers of commerce, and schools. Some facilities have to be
repaired immediately after a disaster such as hospitals and fire stations. Other facilities may not
be in immediate need of recovery or repair but require repair in the medium- or long-term
timeframe. The effort therefore aims to account for facilities that people need access to
following a disaster in the short-, medium-, and long-term timeframe.

2. Time-to-recovery Analysis

The effort examines the scheduling of the post-hurricane repair process to demonstrate
the activities that most influence the overall time to recovery. By identifying the relationships
among activities making up the repair process, a critical path of events is identified, which
exposes potential bottlenecks in scheduling. Examination of the critical path would indicate the
activities that need to be completed on schedule and the level of resources necessary to
accomplish the recovery efforts. Investigation of the cost-benefit tradeoffs between time to
recovery and pre-hurricane investments of resources helps determine how to avoid costly project
delays.

3. Analysis of Schedule Dependencies Among Agencies

Recovery efforts involve several federal, state, and local agencies and organizations. It is
not uncommon that schedule dependencies would arise among the activities of the different
agencies and organizations. In many cases, the duties of one agency cannot be started until
activities of another agency are completed. Because of schedule dependencies, time to recovery
can be lengthened and the magnitude of the disaster impacts can increase. It is thus important to
conduct an analysis of the schedule dependencies and explore opportunities for reducing intra
and inter-agency schedule dependencies that arise in the pre and post-disaster processes. The
study develops a tool that can be used in measuring the magnitude of the delay. Several indices
for magnitude of delay measurement are proposed and graphical representation of the
dependency scenarios based on the indices is utilized.

4. Development of Decision Support for Resource Allocation for Hurricane Recovery

In post-hurricane efforts, VDOT managers would have to determine where to allocate
funds, personnel, and equipment. Multiple objectives need to be considered. The study aims at
improving the allocation of resources for preparedness and recovery. A tool that utilizes multi
objective decision analysis in order to prioritize recovery activities based on available data is
developed. The tool needs to balance equitably the objectives of risk reduction, performance
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gain, and resources (including cost). Indices of performance are developed to quantify the
objectives and multi-objective charts are created to offer support for resource allocation. Use of
the tool would result in better overall management and allocation of resources.

5. Characterization of Preparedness and Recovery Alternatives

A methodology for developing and characterizing hurricane preparedness and recovery
alternatives for a highway agency in both the pre- and post-event phases of a hurricane is
developed. A template for characterizing preparedness and recovery alternatives is proposed.
The alternative can be characterized in terms of its attributes of redundancy, robustness and
resilience, its association with pre-events and post-events, and its impacts on cost and
environment, among others. Several classes of alternatives are identified and analyzed. The tool
can aid VDOT in evaluating preparedness and recovery alternatives.

6. Decision Trade-off Analysis on Recovery and Preparedness Alternatives

The enhancement of road systems through increasing the robustness, redundancy and/or
resilience can minimize the impacts of the adverse events as well as improve the highway
infrastructure in a hurricane. The study aims to develop hurricane tradeoff analysis that compare
different enhancement alternatives. The effort extends the cost-risk-benefit analysis developed
in a previous effort (Lambert and Haimes 1998) to other components of the highway
infrastructure. Work done to improve the recovery of highway signs, signals, and lights has been
extended to improve the recovery of bridges, tunnels, and smart highway systems. The tradeoff
analysis would allow VDOT to understand how to enhance a wide variety of road systems that
are affected by hurricanes. With the knowledge and the tool provided by the effort, VDOT can
make educated decisions about which alternatives are more cost- and risk-efficient.

The focus of this project is the Hampton Roads District ofVDOT, which includes most
of southeastern Virginia and the eastern shore. This area includes the heavily populated
Hampton Roads metropolitan area, and the remainder of the district is rural. The district lies on
the Atlantic Ocean at the mouth of the Chesapeake Bay, which is why it is such a highly
sensitive area for hurricanes. The ideas and methodologies are applicable anywhere, but the data
collection focuses on southeastern Virginia.

LITERATURE REVIEW

The need for maintaining and improving natural disaster preparedness and recovery
efforts has been addressed from various perspectives. Heaney et al. (2000) present the
engineering research perspective for developing more sustainable natural disaster management.
Heaney discusses lessons learned from past hurricanes and other natural hazards and summarize
the impacts of disasters on infrastructure including communications, bridges, and transportation
systems. Higgins et al. (2000) examine the roles of public transportation agencies in extreme
events and provide guidance for emergency management planning in coordination with the
efforts of their local jurisdiction. Schiff (1995) summarizes the recovery of road and bridges
following the 1994 Northridge earthquake in California and discusses the impacts the destroyed
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road system had on other agencies involved in the disaster recovery. Recommendations for
enhanced recovery plans and further research were developed (Schiff 1995). Juhl (1993)
discusses the collaboration of the Federal Emergency Management Agency (FEMA) and a
software company to take steps to increase the efficiency of the pre- and post-disaster processes
by developing database applications using GIS. Ardekani (1992) evaluates the response
following the 1989 Loma Prieta earthquake in California and provides recommendations for the
preparedness of transportation agencies in the future. Ross (1988) identifies numerous effects
natural disasters have on transportation systems.

The importance of systematic planning of the pre- and post-disaster procedures has been
recognized. Kovel (2000) discovered that the development of these preparation and recovery
strategies is not given precedence over other tasks due to a lack of effective tools for use in the
planning process. One tool to ensure an effective allocation of highway resources is a
multiobjective analysis of the alternatives (Chowdhury et al. 2000). Gharaibeh and Darter
(1999) developed a tool that can aid preparedness and recovery by prioritizing highway
reconstruction activities. Boyd et al. (1998) describe the activities that are crucial for emergency
management in transit to maintain adequate preparedness and recovery procedures. A design for
evaluating the costs and benefits associated with preparedness activities was developed by Masri
and Moore (1995). Tavano (1995) further discusses the necessary activities to perform in the
pre-event period to achieve a sufficient level of hurricane preparedness. Hancock et al. (1993)
emphasize that the use of innovative techniques for emergency response planning is essential and
identify the need for a systematic approach in evaluating the capabilities of agencies involved in
disaster preparedness and recovery. Ullman et al. (1991) examine the roles of agencies involved
with emergency traffic management operations and highlight the importance of planning.
Motivated by the need for a systematic study of the post-disaster process to improve emergency
planning, Kozin and Khou (1990) developed a formulation of lifeline-restoration processes
during recovery.

Gunes and Kovel (2000) explain the need for comprehensiveness in planning for the pre
and post-disaster periods and find that emergency disaster management should not limit its focus
to the direct, immediate effects of a natural disaster. Preparedness and recovery efforts become
more beneficial when the complexity of managing these processes is realized (Gunes and Kovel
2000). Parentela and Nambisan (2000) stress that a prerequisite for the development and
implementation of adequate emergency response plans is an extensive range of information
regarding factors and issues such as the environment, the capabilities of emergency response
providers, and the economy. Crichlow (1997) describes how recoveries from natural disasters
are complex events.

Agency coordination before and after a natural disaster has been widely recognized as an
important contribution to the efficiency of a recovery effort. Grajek and Gibson (2000) find that
completion times of activities can be reduced with effective partnering and coordination of
involved parties. Mondul (1997) stresses that information should be shared among agencies
using the road system in the preparation and recovery processes. Through a survey, Kovel
(1995) found that a higher level of agency coordination would benefit these processes. Barnett
(1987) explains that the procedures to follow during recovery should reflect statewide multi
agency coordination and communication in terms of responsibilities, authority, and capabilities.
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The Transportation Research Board (1984) discusses the importance of identifying authority and
communication channels among involved agencies and the private sector.

Schedule analysis was examined by Wang and Demsetz (2000), Mulholland and
Christian (1999), Bubshait and Cunnigham (1998), McGough (1982), and Peer (1974). Babcock
(1999) provides a range of network scheduling techniques and their applications including the
program evaluation and review technique (PERT) and critical path analysis (CPA). Babcock
states that the critical path of a sequence of events represents the longest path from one event to
another. Babcock presents methods of formulating the time duration of a critical path. The time
duration of the critical path associated with a hurricane recovery, called the time to recovery, can
be defined by the length of time it takes a region to return to its pre-disaster status from the point
immediately following the strike or onset of the disaster. Babcock demonstrates that the time to
recovery can be reduced if the critical path of the recovery process is shortened. Therefore, it is
important to eliminate any unnecessary delays introduced by schedule dependencies among
recovery activities that lie on the critical path. The issue of scheduling has primarily been
considered in terms of managing activities that comprise construction projects and has not been
viewed comprehensively on a meta-level with such applications as an entire disaster recovery
effort. When examined on a larger scale, schedule analysis can suggest improvements to reduce
the time it takes a region to fully recover from a natural disaster.

The importance of managing the potential risks to infrastructure including facilities that
could suffer negative impacts from a natural disaster has been addressed by Hastak and Bairn
(2001), Haimes and Jiang (2001), and Ezell and Farr (2000). Hooke (2000) and Hecker et al.
(2000) discuss the assessment of risk specifically associated with natural disasters. In addition,
the Permanent International Association of Road Congresses (1999) develops methodologies
incorporating risk management and emergency planning, and Housner and Chung (1997) provide
evaluations of risk assessment and disaster recovery. Chang and Shinozuka (1996) and Staneff
et al. (1995) explain that risks and impacts from natural disasters are important factors to be
taken into account when determining the life-cycle and management of infrastructure.

This report draws upon and extends the work that was done by VDOT on disaster
response and recovery (1995, 1996, 1997a, 1997b, 1997c, 1998, 1999,2000).

METHODS OF ANALYSIS

The recovery process following a hurricane is complex. Several models can be
formulated to address the different aspects of the system. The effort employs the use of
hierarchical holographic modeling (HHM) in order to achieve its goal of improving VDOT's
preparedness and response capability following a hurricane. Hierarchical holographic modeling
is used as a way to account for diverse scenarios within VDOT and the community that could
occur when a region is affected by a hurricane. The HHM in Figure 1 identifies the different
perspectives that can be used to view the hurricane recovery system while encapsulating the
gestalt (integrated parts) of the sources of risk to the system.
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Figure 1. Hierarchical holographic model for Virginia transportation hurricane preparedness and
recovery
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Figure 2. Trade-off analysis performed on cantilever signs for all categories of hurricanes (I-V)
from sign-signal-light inventory project (Lambert and Haimes 1998)
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The effort relies in part on the adoption of strategies from prior efforts addressing sign
signal-light inventory levels. A method for performing trade-off analyses has been projected
from the sign-signal-light inventory to the current effort. A sample trade-off analysis is shown in
Figure 2.

In addition to hierarchical holographic modeling and the trade-off analyses adopted from
prior efforts, the effort introduces new approaches for improving VDOT's hurricane
preparedness and recovery capabilities. The developed approach is in six parts: (1) development
of a software-based platform for recovery priorities; (2) time-to-recovery analysis; (3) analysis of
schedule dependencies among agencies; (4) development of decision support for resource
allocation for hurricane recovery; (5) characterization of preparedness and recovery alternatives;
and (6) decision trade-off analysis on recovery and preparedness alternatives.

Development of a Software-Based Platform for Recovery Priorities

There are a number of criteria that can be used to determine the most important roadways
including population, average daily traffic, highway length, and highway capacities. For this
effort, a key criterion for prioritization is the location of certain critical facilities in the highway
network.

Classification of Critical Facilities

A critical facility is a facility served by the transportation system that is necessary for the
well-being of a community. Following a major disaster, it is vital to restore transportation
access, via the road network, to these critical facilities that provide vital services to as many
people as possible. Hierarchical holographic modeling is used to help identify as many types of
facilities as possible, and to group the types of facilities into categories and sub-categories.

Information Gathering and Data Input

Once categories of facilities are created, the next task is to locate all of these facilities.
The project covers the Hampton Roads District ofVDOT, which includes the counties of
Accomack, Greensville, Isle of Wight, James City, Northampton, Southampton, Surry, Sussex,
and York and the cities of Chesapeake, Emporia, Franklin, Hampton, Newport News, Norfolk,
Poquoson, Portsmouth, Suffolk, Virginia Beach, and Williamsburg. The map seen in Figure 3
illustrates the area covered, with the district borders outlined.
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Figure 3. VDOT's Hampton Roads District

The facilities are located using the ArcView GIS program, which provides geocoding of
addresses. Geocoding allows a user to enter in addresses of buildings (facilities) and locates
them by their street address. Road maps with address data are required for geocoding. The best
source found for the address information is a database of addresses and telephone numbers
compiled by facility type at http://www.yahoo.com.

Highway and road data are very important pieces of information for the analysis. The
roads are the basis of the model, as their location determines where work needs to be done. In
particular, the length of roads is important and also must be categorized by the different types of
roads. The highway data are also used for geocoding purposes to locate the facilities by street
address. The two sources of highway data are Network Level Basemap ofVDOT and U.S.
Census Bureau maps. Another important piece of data to consider is population. Population is
important to the model because the goal is to get as many people to as many facilities as quickly
as possible. While the facilities are most important, the location of the people is very important
to the model as well. The population data come from the GIS center at the University of
Virginia. The population data are population blocks, each of which has between 0 and 100
people.

Priority Setting Tool

The effort develops a priority setting tool that can be utilized in setting recovery priorities
following a large-scale disaster. The prioritization tool is implemented in a Microsoft Excel
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spreadsheet and is made available online for the use ofVDOT. The software ArcView GIS and
Microsoft Excel are utilized in the development of the hurricane recovery software because the
two packages are comprehensive and easy to use. Data including populations, highway mileage,
and critical facilities are derived from the ArcView database, and Microsoft Excel is used to
analyze the results. The tool also accepts three user inputs such as highway damage and severity
of the disaster, and the output can be customized to look at short-, medium-, or long-term
recovery. The intent of the user input section is twofold. The primary reason is to allow the
model to have real-time data in it. Real-time data would most likely be estimated damage
accounts or costs of repairs or data that do not exist until after the damage from the disaster is
assessed. Second, the user input section allows the inclusion of new important data that have not
yet been compiled. The user does not have to use any of the user input sections.

The prioritization tool makes use of the grid method. The area where recovery efforts are
needed is divided into grids. Each grid section will contain critical facilities, people, and roads.
The data gathered will be tabulated by grid section, and then the map area will be prioritized by
grid section in the analysis. The underlying database beneath the user interface locates the
facilities and road segments that belong in each grid section. By determining the highest priority
grid sections, the user will know which roads to fix first.

The data inputs associated with the various grid sections are used to determine the
priority scores of each grid section. While the score is not necessarily a meaningful number, its
relative rank against the other cells in the grid determines the priority of the cell. Therefore the
results can be displayed by, for example, looking at the highest 5% cells. The calculation of the
priority scores is user-dependent and can be adjusted to reflect the desired recovery timeframe.

The priority score is a simple product and/or quotient. The user selects the pieces of data
to use in the calculation. The pieces of data are critical facilities, population, road mileage, and
the three user inputs the user selects to multiply the factors in various combinations. The logic is
that if, for example, the user wants to base the prioritization on facilities and population, then
multiplying those two together will give a good measure of priority. The highest score would be
given to areas with high facilities and a high population; having one high and one low leads to a
medium score, and both low is the lowest priority.

The user may wish to divide instead of multiply. Continuing from the example above, if
the user wants to use population and facilities as the criteria but wants to give the high priorities
to areas with high facilities and low population, then he or she can divide facilities by population.
The general formula used to determine the priority score for each cell grid as follows:

Facilties x Population x RoadMileage x User#l x User#2 x User#3 ..
------------------------ = prlorltyscore
Facilties x Population x RoadMileage x User#l x User#2 x User#3

Time-to-Recovery Analysis

The scheduling of post-hurricane repair activities could be investigated to determine
improvements that could reduce the time to recovery following a natural disaster. The effort
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describes a conceptual framework to utilize in such investigation. The effort examines the
scheduling of the post-hurricane repair process to demonstrate the activities that most influence
the overall time to recovery. The typical series of tasks completed during the post-hurricane
repair process is displayed in Figure 4.

Damage Occurs

Installation Process

1'----1" Damage Assessmentt---_--.-t

Allocation of
Contractors and Repair

Inspection and
Approval

Figure 4. Flowchart of the repair process

To perform a time-to-recovery analysis, identification of the repair activities is important.
A network diagram demonstrating the relationships among the activities is also useful. The post
hurricane repair process including the required activities, and their relationships can be analyzed
using the Program Evaluation and Review Technique (PERT) and the Critical Path Method
(CPM). PERT and CPM provide a visual display of the sequence of necessary activities to
complete a project, which can be used to monitor a project throughout its lifecycle. The PERT
and CPM methods assume that the activities involved have clearly defined beginning and ending
points and that sequential relationships among activities can be identified at the start of the
project. The network methods are also used to demonstrate time-cost tradeoffs resulting from
the reallocation of resources among activities.

The PERT technique is probabilistic in nature and is designed for projects where there is
little direct experience with the activities involved and thus little certainty associated with the
time required for each activity. The CPM technique is more deterministic in nature and is
designed for projects in which activity times are known with certainty. The VDOT repair
process is likely to be a combination of the two project types. Because it is unlikely that post
hurricane activities of VDOT always start and finish at defined times, the PERT method, which
requires that the time values be only approximations, is more suitable for analyzing the repair
process. VDOT can determine the time value estimates from previous work records or
experience.

Calculation of Time Statistics

To analyze a project using the PERT technique, three time estimates are required for each
activity that must take place:

1. Most optimistic time, a: The shortest time in which an activity can be completed.
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2. Most likely time, m: This is the mode of the distribution of the time required to
perform an activity, that is, the activity most often requires m time units for
completion.

3. Most pessimistic time, b: An estimate of the longest possible time needed to
complete an activity.

Using the three time durations, the mean and standard deviation can be calculated for
each activity, which account for uncertainties in the time estimates. The mean and standard
deviation are used to calculate the probability distribution of each activity. The distribution,
called beta, can take on a variety of non-symmetric shapes allowing the mode, which is the most
likely time, to fall anywhere between the two end points, which represent the most pessimistic
and the most optimistic times.

The mean of the beta distribution, which represents the expected completion time of an
activity, is given by a weighted average of the three time estimates:

a+4m+b
te =--6--

The standard deviation ofany activity is given by a = ( b~ a ) .

Determination of Critical Path

The network diagram of the repair process is constructed. The beginning and end points
of a task are described by two events known as the tail and head events. Each task is represented
by one and only one arrow, with direction of progress specified by the arrow direction.

The first phase of the critical path calculations is the forward pass. Calculations start
from the start node and move until the end node is reached. The earliest start time, ESi, of all the
tasks emanating from event i represents the earliest occurrence time of event i. The formula used
in calculating earliest start time is ESj = maX'di {ESi + Dij} , where Dij is the expected duration of
activity (i,j) and ESo=O.

The second phase of the critical path calculations is called the backward pass.
Calculations begin at the end node and move backwards to the start node. The objective is to
compute the latest completion time, LCi, for all the activities coming into event i. For the end
event, LCn = ESn• In general, for any node i, LCi = min'dj {LCj - Dij}.

An activity lies on the critical path if it satisfies the following conditions: (a) ESi = LCi,
(b) ESj = LCj, and (c) ESj - ESi = LCj - LCi = Dij. The conditions indicate that there is no slack
or float time for critical activities.

To determine the total float (TF), the latest start (LS) and earliest completion (EC) times
are obtained for activity (i,j). The formulae used are LSij = LCj - Dij and ECij = ESi + Dij. Total
float is TFij = LCj - ECij = LSij - ESi.
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The critical path of the repair process is the sequence of activities that is associated with
the greatest cumulative elapsed amount of time from the point when the hurricane hits to the
point when all repair activities have been completed. The critical path is a path from the start
node to the end node that consists entirely of critical activities. Any delays in the critical
activities cause a delay in the overall repair completion time. As such, all critical activities have
zero float time.

Analysis of Project Completion Probabilities

Since the time estimates for the activities in a PERT network involve some uncertainty, a
measure of the probability that an activity is completed in a specific amount of time is
developed. Network analysis is based on the central limit theorem, which assumes normality
regardless of the parent distribution of individual activities. Applying the central limit theorem,
the probability distribution of the critical path is approximately normally distributed where the
mean, E{Jl}, is the sum of the individual expected completion times and the variance, var{Jl}, is
the sum of the squares of the individual standard deviations of the critical activities.

The probability that the project can be com~leted in X time units (specified by the

analyst) is computed as p{z ~ (X - E{Ji}/~var{Ji})}, where z is the standard normal distribution

with mean zero and variance one.

A plot of the normal probability curve of completion time for the post-hurricane repair
process based on the critical path is constructed. Using a normal probability plot, the probability
that the process exceeds a certain amount of time can be determined. It is important to recognize
that the analysis hinges on the identification and characteristics of the critical path. If activities
are added or removed from the project's activity list, then the critical path and the probabilities
of completion change. The critical path could change if one or more critical activities are
completed in a shorter time than expected.

Resource Allocation and Crashing

Allocating additional resources to an activity to reduce its time duration is called
crashing the activity. The expected time to complete the activity is called the normal time (NT),
which is equivalent to the expected completion time, and the cost of completing the activity in
this time is called the normal cost (NC). The shortest possible time in which an activity can be
completed is called the crash time (CT), which is equivalent to the most optimistic completion
time of each activity, and its associated cost is called crash cost (CC). The per time unit cost of
reducing an activity, called the per unit crash cost is:

per unit crash cost = (CC-NC)/(NT-CT)

Because crashing a non-critical activity does not affect the overall project time to
completion, only critical activities that can be crashed are considered. The activities to be
crashed are chosen in order of increasing expense. Therefore, the activity with the smallest crash
cost is chosen to be crashed first followed by the next highest crash cost. This progression
continues until all critical activities have been crashed. The appearance of more than one critical
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path may arise. To reduce the time of the project, it is necessary to reduce the time of the critical
paths simultaneously. The decision maker can perform a trade-off analysis between the savings
in project time and the cost of crashing.

Analysis of Schedule Dependencies among Agencies

An analysis of scenarios depicting potential opportunities for schedule improvement can
aid in the decision-making process of VDOT. Dependency scenarios of a particular region's
'experiences preceding and following a natural disaster in the past are gathered from various
Virginia agencies such as VDOT, the Virginia Department of Emergency Management, the
Virginia Department of Health, and the State Police. In addition, the scope of the research
incorporated agencies in California, Florida, and North Carolina, including their respective state
transportation agencies. Accounts of the agencies' experience with disaster recovery are
gathered through phone interviews, emails, and facsimiles. The interviews include such
questions as "What is a case in which you have not been able to start an activity you are
responsible for because you are waiting on VDOT to complete a prerequisite task, and vice
versa?" A list of the questions can be found in Appendix A.

Another source of schedule dependency scenarios is a report developed by the North
Carolina Department of Transportation (NCDOT report, 2000) describing lessons learned from
Hurricane Floyd. In particular, it evaluates the effectiveness of the resource allocation and
communications and information management procedures following the hurricane, and discusses
the intra-agency dependencies encountered caused by issues such as lack of equipment
standardization. The report, which is based on interviews of staff members from the central
office and field units, also includes suggestions for improvement.

A particular dependency scenario could apply within a range of geographic scales such as
a specific city intersection, a whole group of city blocks, or an entire county. A scenario could
also exist on any time horizon ranging from the hours and days following the disaster in the short
term to the months and years in the long term.

Categorization of Dependency Scenarios

Each dependency scenario is classified according to the organizational function of the
state transportation agency. Two organizational units have been determined and associated with
each dependency scenario: one unit as the primary contributor and the other unit as the
secondary contributor associated with the dependency. The categorization is used to identify the
units that are the sources of a significant number of dependencies in order to highlight areas
needing further examination and improvement by VDOT. The following categories are used:

• Administration
• Environmental, Planning, and Regulatory Affairs
• Equipment
• Finance
• Information Management (includes the communication and availability of the

information to other agencies)
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• Legal/Authorization
• Materials
• Operations (includes functions of field units, maintenance units, and loss control

units)

• Personnel
• Structure and Bridge (includes the reconstruction or repair of roads, bridges, etc.).

Measurement of Dependency Scenarios

A methodology for measuring and comparing dependency scenarios is developed. Eight
indices for measuring the dependency scenarios are proposed. The indices express the "size" of
the dependency according to a three-level scale: low, moderate, and high.

The first index is severity of the dependency in terms of the length of time involved
relative to a time horizon, which is either classified as the short term following the disaster
(hours, days), the medium term (days, weeks), or the long term (months, years). The measure of
severity according to a three-level scale is seen in Table 2.

Table 2. Severity measures using time horizon in order to determine magnitude of dependency
Horizon

Length of Time of Delay Short Term Medium Term Long Term
Hours High Low Low
Days High Moderate Low

Weeks High High Moderate
Months High High High
Years High High High

The second index refers to the involved agencies or the number of agencies affected by
the delay. A value of low indicates the occurrence of an intra-agency delay within VDOT and
that no other agencies are involved. A value of moderate indicates that one other agency is
involved, while a value of high indicates that multiple other agencies are involved.

The third index represents the likelihood or the potential that the dependency will happen
in the future. A low value indicates that the dependency is unlikely to occur. A value of
moderate indicates that the dependency has not occurred in the past, but it is likely to occur in
the future nonetheless. A value of high indicates that the dependency has occurred in the past
and is likely to occur again.

The fourth index considers the items waited on by an agency, which include personnel,
materials, equipment, and authorization. If no items are waited on, a value of low is given. If
one item is waited on, a value of moderate is given. A high value is given if a combination of
several items is being waited on.

The fifth index is controllability or the ability to control the cause(s) or components of
the dependency. A value of low indicates that a resolution for the dependency is being
developed for the future at a low cost. A value of moderate indicates that alternatives are being
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considered for the future but a resolution would have a high cost. A value of high indicates that
nothing can be done to avoid the dependency in the future.

The sixth index considers cascading effects brought about by the dependency. Cascading
effects signify the extent to which the delay serves as input to more delays and/or problems or
the scope of the succession of subsequent delays and/or problems that arise from the delay. The
effects are measured according to the magnitude of the scope.

The seventh index is maturity, which is the level of preparation and development
associated with the procedures or activities involved. Examples are the level of training
performed and instruction received by the workforce involved and the extent to which the
procedures involved have been practiced.

The eighth index measures the prevalence ofsimilar scenarios, which takes into account
if the scenario is an isolated instance or if it occurs in numerous situations.

All eight indices and their measurement on a three-level scale are summarized in Table 3.

Table 3. Summary of index definitions for measuring the magnitude of a
dependency according to a three-level scale

Scale
Index
Severity
Involved Agencies
Likelihood

Items Waiting on

Controllability

Cascading Effects
Maturity
Number of Similar
Scenarios

Low
See Table 2

No other agencies
Unlikely to occur

None

Controllable at low
cost

None
Mature
None

Medium
See Table 2

One other agencies
Has not occurred in

the past, but likely to
occur

One item

Controllable at high
cost
One

Immature
One

High
See Table 2

Multiple agencies
Has occurred in the
past, likely to occur

again
Combination of many

items
Uncontrollable

Multiple
Highly immature

Many

Graphical representation of the scenarios based on the indices is utilized in order to better
understand the dependency and to compare the magnitude of multiple scenarios.

Development of Decision Support for Resource Allocation for Hurricane Recovery

Post-event activities include the activities aimed to repair the highway system following a
natural disaster and include those activities taking place in the short-, me.dium-, and long-term
time horizons following the disaster. To effectively aid in the decisions of which highway
repair projects to undertake with available funds following a hurricane, multiple objectives need
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to be considered. The objectives need to be incorporated into a comprehensive tool that
effectively communicates relevant data and ideas to decision-makers in VDOT and other state
agencies. An equitable balance among risk reduction, performance gain, and resources
(including cost) needs to be developed.

In order to evaluate individual activities against risk reduction, performance gain, and
resources used, indices of performance are proposed to quantify the objectives and to evaluate
the effectiveness of post-event activities:

For the risk reduction objective, the indices are:

• Lives saved (in week following disaster strike)
• Decrease in safety hazards (in months following disaster strike)
• Decrease in environmental threats (in years following disaster strike)

For the performance gain objective, the indices are:

• Travel time saved (minutes per peak hour)
• Increase in ADT (average daily traffic)
• Number of lanes cleared and rebuilt (in months following disaster strike)
• Increase in accessible critical facilities by highway network (in week following

disaster strike)
• Number of people affected (population density statistics)
• Road type (interstate, primary, or secondary roads)
• Length of road section (miles)

For the resources objective, the indices are:

• Estimated cost of completion ($)
• Use of materials
• Personnel

Once the objectives are quantified, the evaluation of activities using multiple criteria can
help show the tradeoffs of each activity for every objective. Multi-objective charts are created
where the post-event activities are plotted in three dimensions.

Figure 5 shows the purpose of the decision tool. A, B, C, and D represent various post
event activities, which could include bridge scour, debris removal, slope repair, and bridge
repair. Performance indices are used to label the horizontal and vertical axes. The activities that
perform better against the performance gain metric are positioned above others, whereas
activities that perform well against the risk reduction metric are plotted to the right of others.
Activities that maximize both performance gain and risk reduction are plotted in the upper right
hand comer of the graph. The activities that are do not perform well against the chosen indices
are located closer to the lower left-hand comer near the origin.

16



Maximize
Performance
Gain A ...... ·· ...... ·· ......

B

D c

Maximize
Risk
Reduction

Figure 5. Multi-objective tradeoffs in resource allocation in disaster recovery
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Figure 6. Multi-objective tradeoffs in three dimensions in
resource allocation for disaster recovery

Figure 6 accounts for three objectives by making the size of the data point proportional to
the estimated cost of the post-event activity. Larger circles represent activities with relatively
large costs, and activities with relatively small costs are represented with smaller circles.

Characterization of Preparedness and Recovery Alternatives

The aftermath of natural disasters can have road systems in complete disorder resulting in
having some communities stranded. There are numerous alternatives that are available to aid a
state transportation agency in its preparations before a hurricane and its recovery efforts after a
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hurricane. To help perform a better assessment of the risks, costs, and benefits of these
preparedness and recovery alternatives, a tool is developed to aid the evaluation of alternatives.

Road systems can be enhanced through the attributes of redundancy, robustness, and
resilience. Improving the resilience of the system consists of returning the system back to
normal with minimal replacement of materials or upgrading of systems. It attempts to have the
system "bounce back" immediately after the hurricane. Improving the robustness of a system
seeks to upgrade the system so that road systems are stronger and can withstand stronger
hurricanes. It might seek to improve the maximum wind velocity or the higher storm surge it can
handle. Improving the redundancy of the system consists of adding a number of equipment in a
certain area so that if one piece of the system fails, the system can still function because backup
units are available.

Furthermore, each alternative is looked at to show whether it is most associated with pre
event (before the hurricane) or post-event (after the hurricane) activities. The pre-event and
post-event phases are broken further into short, medium, and long term. Short-term events are
the hours to days before the hurricane hits. Medium-term refers to weeks and months during the
hurricane season. Long-term events are preparations performed years in advance. The same
time periods apply for post-events except that the aftermath of the hurricane is addressed.

In addition to the time periods, an alternative can be characterized in terms of its impacts.
The impacts of each alternative are based on VDOT's goals of protecting life, property, and the
environment. The impacts include cost, recovery time saved, human lives and the safety of the
public, economic impact to the community, property saved, and protection of the environment.

The study also looks at how each alternative protects against stronger winds, prevents
against higher storm surges, or handles increased traffic. An alternative can also be
characterized by whether or not it aids in the evacuation or repopulation of the area.

A template for the characterization of preparedness and recovery alternatives is
developed. Each cell can have a filled circle, a half-filled circle, or no entry, depending on the
characterization of the alternative. A filled circle signifies that an alternative has a major impact
in that characteristic. A half-filled circle suggests minor impact, while no entry implies that the
alternative does not display such characteristic. For instance, if the alternative enhances the
system through robustness, then robustness would receive a filled circle. Likewise, if the
alternative contributes to savings in time and cost, then filled circles would be placed in the
respective cells. If there is only minor impact, then a half-filled circle is used. The proposed
framework is applicable to a wide range of alternatives and disaster scenarios.

Decision Trade-off Analysis on Recovery and Preparedness Alternatives

Each type of road system has a different level of robustness, redundancy, and resilience.
There needs to be a model that predicts road system damage in a hurricane of a particular
category given the strength and the inventory status of each equipment type, both in storage and
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on the roadways. Various enhancement alternatives can be considered to improve resilience,
robustness, or redundancy.

One hypothetical alternative might be to enhance all shoulder-mounted and cantilever
signs, with respect to robustness, so that the maximum wind speeds these two types of equipment
can withstand will increase by 20 mph, and forego enhancing any other road systems. As a
result, monetary expenditures may be minimized while recovery time and repair costs may
increase. Another alternative might be to enhance all sand dunes, with respect to redundancy
and robustness, so that the maximum storm surge level the road system can withstand will
increase by 4 ft, and forego any other enhancements.

To better define the degree of enhancing road systems, it is necessary to know the
measurements of road systems in terms of ultimate wind velocity, ultimate storm surge level, and
maximum sustainable traffic flow. The ultimate wind velocity is the maximum wind speed a
single road system can withstand without failure. The ultimate storm surge is the maximum
amount of flood level a single road system can withstand without failure. The maximum
sustainable traffic flow is the maximum number of traveled vehicles over the road system
without failure. It is possible that not all road systems can be enhanced with regard to wind
velocity, storm surge, and traffic flow.

Table 4 shows examples of road systems rated from low to high, signifying the degree of
immediate threat that wind, storm, or traffic wear has on the particular road system. A full circle
signifies high threat, which can be interpreted as the most immediate threat that wind, storm, or
traffic may have to the road system. Similarly, a half-filled circle represents a medium threat
while no circle represents a low threat.

In order to analyze the different attributes, three levels of enhancement are considered.
Furthermore, wind speeds, storm surge levels, and traffic flow are enhanced by increments of 10
mph, 1 ft, and 500,000 vehicles, respectively. As an example, a non-enhanced cantilever sign
can withstand a maximum wind speed of 117 mph. Enhancing to the first level or grade will
bring the maximum wind speed that the sign can withstand to one 127 mph. The second
enhancement grade increases the ultimate wind velocity by 20 mph, and the third increases the
ultimate wind velocity by 40 mph. Table 5 summarizes the three levels of enhancement. These
levels of enhancement are denoted as the two letter symbols, for example, wI refers to a wind
velocity enhancement of 1 level, Le., 10 mph.
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Table 4. The immediacy of threat that wind velocity, storm surge
and traffic flow have on various road systems

Ultimate wind Maximum
Ultimate storm

Damageable Road Systems velocities sustainable traffic
(mph} surge (feet) flow {# vehicles}

Signs, Signals and Lights
Shoulder-mounted signs e ~
Cantilever signs e ~
Two-pole span signs e ~
Traffic signals systems e ~
High mast lighting structures e ~
Roadway lighting structures e ~

Bridges
Beam Bridges ~ e
Truss Bridges ~ e

Tunnels
Soft ground e ~
Sub aqueous ~ e

Smart highway systems
Motion detectors e ~
Alert signs e ~
Cameras

Radar detectors e ~
Flood Mitigation

Sand dunes ~ e
Rocks 'it •

Table 5. Enhancement options and levels notation

t2

tl

to

t3

Traffic Flow
(t)

sl

s2

s3

sO

Storm Surge
(s)

wI

w2

w3

wO

Wind Velocity
(w)

Enhancement levels Enhancement Options
Each advancement in the enhancement level refers to:
+10 mph in Ultimate Wind Velocity (w)
+1 foot in Ultimate Storm Surge Level (s)
+ 500,000 in maximum sustainable traffic flow (t)

Enhancement level 0:
-No change

Enhancement level 1:
- Advance one enhancement level from level 0

Enhancement level 2:
- Advance two enhancement levels from level 0

Enhancement level 3:
- Advance three enhancement levels from level 0

The notation proposed allows the precise definition of an alternative that specifies the
level to which each type of road system is enhanced.
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Each alternative has the ability to enhance a variety of road systems to different levels.
While one alternative may enhance bridges more than smart highway systems, due to a flood
prone environment, another alternative may enhance only signs, signals and lights in an attempt
to minimize fallen debris on highways. Either way, these alternatives allow VDOT to
understand how to enhance a wide variety of road systems that are affected by hurricanes. With
the knowledge and the tool provided by the project, VDOT can make educated decisions about
which alternatives are more cost and risk efficient.

The enhancement alternatives comparison tool is implemented in a Microsoft Excel
spreadsheet. The main methodology that the comparison tool follows involves comparing the
enhancement of a single road system to different levels with respect to wind speed, storm surge
and traffic wear. The model cannot compare the costs and benefits of multiple road systems
against a different array of alternatives. It is limited to analyzing the enhancement capabilities of
one road system at a time. The comparison tool has the flexibility to analyze any road system
with respect to any enhancement option. VDOT may consider using additional options other
than wind speed, storm surge, and traffic flow. The tradeoff analyses can provide VDOT with
important information about the costs, risks, and benefits of enhancing a road system.

The comparison tool requires input from the user. The access to accurate, historical data
is important to the success of the use of the tool. The type of road system to consider and the
design alternatives are required. For each design alternative, the user supplies the name, cost of
reconstruction, and design load, which is the wind speed in miles per hour that the road system is
designed to withstand without having significant damage.

In order to assess the relationship between wind speed and damage, three questions are
asked:

1. What is the greatest wind velocity that results in no damage cost?
2. What is the repair cost ofVDOT equipment for a wind speed equal to the design

load?
3. What is the lowest wind speed that results in total reconstruction cost?

The resulting estimated relationship is called the damage function. The answers to these
questions give three points on a graph of (repair cost)/(reconstruction cost) versus (impact
force)/(design load) as shown in Figure 7. The first and third questions are answered in terms of
percentages of design load. The answer to the second question is in terms of a percentage of
reconstruction cost. With respect to Figure 7, the answer to the first question gives a point on the
horizontal axis from where the function begins to increase linearly. The next question locates a
point where the horizontal coordinate is 1 because the wind speed is equal to the design load.
The answer to the question gives the value for the vertical component of the point. Answering
the third question locates a point where the vertical component is always 1 but the horizontal
component depends on the answer. An assumption made is that the non-dimensional
relationship assessed is applicable to all of the relevant alternatives.
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Figure 7. Damage function plotted along with historical data

Historical data on actual wind speed-related incidents are also obtained. The data entered
should be relevant to impacts on the road system of concern because impacts on other road
systems might not have the same repair cost. The historical data are plotted along with the
relationship assessed previously. From the plot, the closeness of the damage function to the
historical data is determined. If the damage function and historical data are significantly
different, the estimated relationship can be modified to better reflect the historical trend. It is,
however, possible that historical data may not be very close to the real relationship especially
when there is little relevant data on actual wind speed impacts. The historical data are not used
to calculate damage directly; they help in the modeling only as a basis for comparison with the
estimated relationship. It is assumed that a straight-line interpolation of the points assessed is
sufficiently accurate to describe the relationship.

The relationship between wind speed and time to recover is also assessed. Time to
recover is the time it takes to repair the road system so that it is functional and operable. As with
wind speed and damage, questions are asked to determine the relationship with wind speed and
time to recover. Historical data on the time to recover after wind speed impacts (up to four
accidents) are obtained. A comparison between the estimated relationship and historical trend is
performed and subsequent adjustments may be made. Figure 8 shows an example of the
relationship between wind speed and time to recover.
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Figure 8. Plot of time to recover versus wind impact for historical data
and estimated relationship

Information about closure costs is also important. For different lengths of closure of the
road system, an estimate of the cost to industry is needed.

The data obtained are used to calculate the costs of construction of the alternatives and
various risk metrics. The reconstruction cost is plotted on the vertical axis, while a risk metric is
plotted on the horizontal. In this way, the user could see the present investment and the risk of a
wind speed accident. There are four risk metrics that describe the consequences of a wind speed
impact:

1. Ratio of Repair Cost-to-Reconstruction Cost
2. Repair Cost
3. Time to Recover
4. Cost to Industry

Three scenarios of wind speed under which to evaluate the alternatives are considered.
For each scenario, the hurricane magnitudes and the return period of the event are pre-set as
hurricane categories [I to II], [III], and [IV to V]. Information pertaining to the return periods is
provided in Table 6.
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Table 6. U.S. mainland hurricane strikes by states, 1900-1996
(National Hurricane Center, 1999)

Area
Category Number

All Major
I II III IV V

U.S. Texas to Maine 58 36 47 15 2 158 64
Texas 12 9 9 6 0 36 15

Louisiana 8 5 8 3 1 25 12
Mississippi 1 1 5 0 0 7 6
Alabama 4 1 5 0 0 10 5
Florida 17 16 17 6 1 57 24
Georgia 1 4 0 0 0 5 0

South Carolina 6 4 2 2 0 14 4
North Carolina 10 4 10 1 0 25 11

Virginia 2 1 1 0 0 4 1
Maryland 0 1 0 0 0 1 0
Delaware 0 0 0 0 0 0 0

New Jersey 1 0 0 0 0 1 0
New York 3 1 5 0 0 9 5

Connecticut 2 3 3 0 0 8 3
Rhode Island 0 2 3 0 0 5 3
Massachusetts 2 2 2 0 0 6 2

New Hampshire 1 1 0 0 0 2 0
Maine 5 0 0 0 0 5 0

Graphs that show the tradeoffs among the alternatives under the wind speed scenarios are
produced. The final choice of a design is based on the user's best judgment after looking at the
tradeoffs under the different scenarios. The decision is usually not fully determined by the tool.
There may be factors that cannot be measured which affect the decision. For example, a user or
stakeholder of the industry might not choose any enhancement that has even a small-expected
downtime because of inconvenience to motorists. This inconvenience is difficult to measure.

The analysis performed assumes that any damage however minor will be repaired. If the
assumption is not true, then repeated occurrences of a certain type of event such as a moderate
wind speed impact could cause greater consequences than what the model in the tool predicts.
The model assumes that the road system is in undamaged condition before an event occurs.

The comparison tool can also be used to analyze the storm surge. The method of analysis
is the same as that with wind speed.
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RESULTS AND DISCUSSION

Development of a Software-Based Platform for Recovery Priorities

Classification of Critical Facilities

Critical facilities are the facilities that provide those services that people need to go about
their lives. Figure 9 gives the Hierarchical Holographic Model of types of critical facilities.

Figure 9. Classification of critical facilities

Education facilities are vital to the restoration of normal life in a community. While
schools would expect to be out for a few days, safely returning the children to school as quickly
as possible is important. The safe return to school includes the transportation to and from school
(buses). Schools are broken down into sub-categories of elementary, middle, and high schools;
special education centers; and colleges. Schools can also be important because some of them
serve as evacuation centers, though a school functioning as an evacuation center moves into the
emergency facilities category.

Government facilities can be important to the recovery process, because restoring normal
government action is a key part of restoring a community to normal life. Some government
facilities may require immediate access, but most fall into longer-term repair of the community.
Sub-categories include post offices, local government administrative buildings, courts, jails, and
other specialized government offices and buildings.

Military facilities are fundamental to national defense. It is vital that access to them is
restored in a timely manner. The National Guard may also be called in during a disaster for a
variety of reasons from preventing looting to rescuing people. For this to happen, access to
military facilities must be restored. The military facilities category is divided into branches of
the military: Army, Navy, Air Force, Coast Guard, and National Guard.

Emergency services are obviously extremely important resources. Emergency facilities
must have access restored to them as quickly as possible, as the immediate aftermath of a
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disaster will require them. They are not only important in the short term, but very important to
the long-term recovery plans as well. Emergency facilities are divided into hospitals, fire
stations, police stations, rescue squads and ambulance services, and evacuation shelters.
Facilities in the emergency category are all very important to maintain public health and safety.
Evacuation shelters are a subset of the schools category because certain schools are usually used
as evacuation shelters during and immediately following a disaster.

Facilities that fall in the operations category are facilities that make the community run,
including VDOT facilities, public works centers, and utility stations such as power plants, gas
hubs, and waterworks. Operations facilities are needed to make the certain vital services work,
and restoring these vital services as soon as possible after a disaster may be the most important
task in the short-term recovery following a disaster. While the general population does not need
access to these facilities, workers do need access and they need it as soon as possible.

Commerce is a broad category of facilities and will contain the greatest number of
facilities in the Hampton Roads District. In the short term, people need to get to the store to buy
food and other necessities. They need to get to gas stations to fill up their cars. In the long term,
businesses need to reopen and return to life as normal. One of the main objectives in long-term
recovery is to reestablish commerce as normal in the community. Commerce facilities include
sub-categories of grocery stores, gas stations, restaurants, banks, and centers of commerce.

Communications facilities are very important to both short- and long-term recovery. In
the short term, people need to be able to communicate with one another and with authorities (911
service). People also need to be able to receive information via television, radio, Internet, or
other media. Communications facilities include TV stations, radio stations, telephone company
facilities, and internet providers.

Facilities for modes of transportation include airports, seaports, train stations, and bus
stations. Restoring access to these facilities is necessary to long-term recovery and restoring life
to normal but can also be important in short-term recovery and acute crisis.

Figure 10 shows how some of these data look in ArcView. This particular view shows
critical facilities and roads in the Hampton Roads area.

Priority Setting Tool

The recovery priority setting tool developed allows the user to determine the factors to
include in the calculation of the priority score. This translates into the user including the data in
the model with high values leading toward high priority, including the data in the model with
low values leading to a high priority, and not including the data in the model. These choices
allow a user-friendly way to create the model and give the user total control over the data going
into the prioritization model and how it is used. Instructions on how to use the priority setting
tool can be found in Appendix B.
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Figure 10. Critical facilities and roads displayed in ArcView

Figure 11. The grid method
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Figure 12. Large-scale map for district-wide priorities

An example of the grids that underlie the prioritization model is seen in Figure 11. The
entire Hampton Roads District can be covered with maps such as this one (at this scale). In
addition, a map with a much smaller scale that shows the entire district can also be used. There
are also other maps at a significantly larger scale that will show priorities for certain heavily
populated areas. The suite of maps contains a small-scale wide-area map that sets priorities for
the entire district, full coverage of the district at the scale shown in Figure 11, and some large
scale small-area maps that zoom in on heavily populated areas that need prioritization at one
more level down.

The data collection and modeling techniques are the same no matter how big or small
the area of the map.

An example of the district-wide prioritization map is found in Figure 12. There is little
detail, but the map is useful insetting large aggregate priorities across the district. The district
wide map gives the user an idea of the important areas which need to be examined at an
increased level of resolution in further analysis. Figure 13 is an example of the highest level of
zoom (smallest scale) that this prioritization model supports. These maps will only be used in
populated areas (in rural areas there might be only two or three roads across this whole map at
this level of zoom). The data collection and modeling techniques are the same no matter how big
or small the area of the map.

The user inputs data to determine the priority scores of each grid section. While the
output score is not necessarily a meaningful quantity, it is interpreted based on how it compares
with the other cells in the grid model. The actual score may carry units of facility-people per
mile of road. The relative scores show which five cells are the highest priority and which are the
lowest.
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Figure 13. Small-scale map for in-depth analysis ofpopulated areas

There are several ways to view the results. The first is by color-coding the map cells with
high, medium, and low priorities. The user may pick whatever percentages they wish to break
up the three categories, such as 20%/60%/20% or 33%/33%/33%. An example of that output is
shown in Figure 14.

Figure 14. Output analysis ofpriority setting tool
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The left side of Figure 14 is an example of how the user views the output, with the
darkest shaded cells indicating high priority, moderately shaded cells signifying low priority, and
light shaded cells showing medium priority. Cells with no shading exist when there is no data,
most likely where there is an unpopulated area such as ocean or swampland. The right side of
Figure 14 is the map with the priority scores laid over the map for use in comparing scores of
different areas. This allows the user to see the underlying land area.

There are literally thousands of different combinations of models that could be used as
criteria for the prioritization. There are various combinations of facilities, road types, and
whether or not to include population and the various user inputs, which could be anything. One
of the objectives for this project is to prioritize disaster recovery on a short, medium, and long
term basis.

Table 7 contains several suggestions for short-term, medium-term, and long-term
recovery models.

Time domain
Short-term

Medium-term

Long-term

The models contained in Table 7 are only samples, though these are all practical models.
The point is to show examples of the numerous models that exist and how the user can go about
creating models.

Time-to-Recovery Analysis

To illustrate the framework used in the time-to-recovery analysis, a hypothetical repair
process is considered. Using information gathered from interviews with VDOT personnel, Table
8 lists the typical repair activities that are completed during the post-hurricane process. Each of
the activities has an associated letter and list of prerequisite activities called predecessors that
must be completed before the activity can begin. For example, task E, which is the disbursement
of plans to contractors and VDOT inventories, cannot begin until task C, the definition of
damaged equipment, and task D, repair plan preparation, have been completed. The repair
project is considered complete at the close of task K, when payment is made to contractors.
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Table 8. Descriptions of activities of a hypothetical repair process
Task

A
B
C
D
E

F
G
H
I
J
K

Description
Damage assessment conducted
Requests for resources formulated
Equipment that must be replaced is defined
Final repair plans prepared
Plans and schedules disbursed and responses
obtained from VDOT inventories/contractors
Resources and contractors assigned to damaged areas
Contractors examine inventory
Contractors place order/manufacture equipment
Install equipment
VDOT conducts inspections
Contractors paid

Immediate Predecessor(s)
None
None

A
B

C,D

E
C,F

G
H
I
J

A network diagram demonstrating the relationships among the tasks outlined in the Table
8 is shown in Figure 15. The repair project begins on the left, with the start of tasks A and B,
which then lead into tasks C and D, respectively.

Task A TaskC TaskG TaskH

Damage
~

Equipment Inventory
~

Ordering of
assessment definition examination equipment

~ ~ i ~
Start TaskE TaskF Task I Finish

Hurricane hits VDOT/contractor
Resource/

Recovery
~ contractor Installation

Virginia response
assignment

complete

~ ~ ~ ~
TaskB TaskD Task J TaskK

Resource request
~

Final repair plans
Inspection ~ Payment

formulation prepared

Figure 15. Network diagram of the dependencies among post-hurricane repair activities

Table 9 lists the most optimistic time, most likely time, and most pessimistic time
associated with each of the 11 tasks given in Table 8. The three durations of time have been
estimated for a Category II hurricane (95-115 mph wind speeds) through interviews with the
Richmond EOC, the Suffolk TMS, and the Charlottesville VTRC staff. The table also lists the
expected time and standard deviation associated with each task. The table reveals that task I, the
installation process, is the most time-consuming activity with an expected time of 6.5 weeks and
is also associated with the greatest uncertainty with a standard deviation of 0.83 weeks.
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Table 9. Time estimates of the post-hurricane repair process
Time Estimates (weeks)

Task Most Most Most Expected Standard
optimistic likely pessimistic Time Deviation
(a) (m) (b) (Ie) (a)

A - Damage assessment 2 3 4 3 0.33
B - Resource request 1 2 3 2 0.33
formulation
C - Equipment definition 1 2 3 2 0.33
D - Final repair plan 1.5 2 3 2.08 0.25
preparation
E - Response from VDOT or 2 3 5 3.17 0.50
contractors
F - Resource and contractor 1 2 3 2 0.33
assignment
G - Inventory examination 1 1.5 2 1.5 0.17
H - Ordering equipment 2 4 6 4 0.67
I - Installation 5 6 10 6.5 0.83
J - Inspection 2 3 4 3 0.33
K-Payment 3 4 5 4 0.33

The activity statistics for each task are computed. The earliest start and completion
times, the latest start and completion times, and the total free float for each task can be found in
Table 10.

Table 10. Activity statistics (in weeks) of each repair task
Task/ Earliest Earliest Latest Latest
Activity Expected Start Completion Start Completion Total
(i,j) Duration Time Time Time Time Float Critical

(DiD (ESi) (ECij) (LSij) (LCj) (TFij) activity?
A 3 0 3 0 3 0 Yes
B 2 0 2 0.92 2.92 0.92 No
C 2 3 5 3 5 0 Yes
D 2.08 2 4.08 2.92 5 0.92 No
E 3.17 5 8.17 5 8.17 0 Yes
F 2 8.17 10.17 8.17 10.17 0 Yes
G 1.5 10.17 11.67 10.17 11.67 0 Yes
H 4 11.67 15.67 11.67 15.67 0 Yes
I 6.5 15.67 22.17 15.67 22.17 0 Yes
J 3 22.17 25.17 22.17 25.17 0 Yes
K 4 25.17 29.17 25.17 29.17 0 Yes

Figure 16 is used to identify the activities on the critical path. According to the time
estimates collected, the critical path in the VDOT repair process is represented by A-C-E-F-G-H-
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I-J-K. This path is associated with the greatest amount of overall completion time. The only
activities not included on the critical path are tasks Band D. The time duration of the path,
which represents the overall time to completion of the repair process, is equal to 29.17 weeks, or
just over 7 months.

Key

Task i

Task name

x.XX X.xx

Earliest Latest
tionTask A Task C Task G TaskH completion comple

time tim
Damage Equipment Inventory Ordering of

assessment ~ defmition ~ examination
-.

equipment

3 I 3 5 I 5 11.67 I 11.67 15.67 I 15.67

~ ~ i ~
Start TaskE Task F Task I Finish

Hurricane hits VDOT/contractor
Resource/ Recovery

Virginia
-. contractor Installation completeresponse

assignment

0 I 0 8.17 I 8.17 10.17 I 10.17 22.17 I 22.17 29.17 I 29.17

L-. ~ ~ ~
Task B TaskD TaskJ TaskK

Resource request r--------. Final repair plans
Inspection ~ Payment

formulation prepared

2 I 2.92 4.08 I 5 25. 17 I 25. 17 29.17 I 29.17

Figure 16. Network diagram of the post-hurricane repair process
showing the critical path, the earliest expected completion date,

and the latest allowable achievement date for each activity

Since the time estimates for the activities in a PERT network involve some uncertainty, a
measure of the probability that an activity is completed in a specific amount of time has been
developed. According to the central limit theorem, the probability distribution of the completion
date for the repair process is normally distributed. The mean and the variance are determined
where the mean is the sum of the individual expected completion times of the critical activities
(29.17 weeks) and the variance is the sum of the squares of the individual standard deviations of
the critical activities (1.9722 weeks2

).

Figure 17 is a plot of the normal probability curve of completion time for the post
hurricane repair process based on the critical path consisting ofA-C-E-F-G-H-I-J-K and the
mean and standard deviation calculations from Table 9. Using a normal probability plot, the
probability that the process exceeds a certain amount of time can be determined. For example,
using normal probability tables, the probability that the overall repair process completion time is
greater than thirty weeks is 0.2766. Therefore, there is a 27.66% chance that the repair process is
delayed.
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Figure 17. Process completion time distribution

It is important to recognize that this analysis hinges on the identification and
characteristics of the critical path. If activities are added or removed from the project's activity
list, then the critical path and the probabilities of completion change. The critical path could
change if one or more critical activities are completed in a shorter time than expected. If the
combined expected time duration of Activities A and C is reduced to three weeks, the critical
path changes, and the combined time durations ofActivities Band D (three and a half weeks)
become more significant. For example, Activities A and C could be completed ahead of
schedule because the storm damage is concentrated in a small area. The critical path changes to
B-D-E-F-G-H-I-J-K because the overall expected time to completion of the path B-D-E-F-G-H
I-J-K is longer than the expected time to completion of the revised path A-C-E-F-G-H-I-J-K.
Figure 18 is a plot of the normal probability curves of completion time for the two paths.

The new, lower curve to the left (representing the critical path B-D-E-F-G-H-I-J-K) of
the original probability plot (representing the path A-C-E-F-G-H-I-J-K) shows that it is feasible
for the repair process to be completed in less time than the current schedule requires. The faster
completion time becomes possible when Activities A and C are completed ahead of schedule.

It is desired to determine the effect of allocating additional resources to an activity to
reduce its time duration, also known as crashing the activity. Table 11 lists the normal time,
normal cost, crash time, and crash cost for each activity. The data has been gathered from
interviews with VDOT personnel. The cost values listed are based on the damage associated
with a Category II (95-115 mph wind speeds) hurricane. Costs for activities such as contractor
and VDOT inventory response (task E), and payment costs (task K) are the administrative costs
involved with these activities.
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Figure 18. Probability distributions for the critical path and near-critical path

Table 11. Normal and crash data for the VDOT Hurricane recovery project
Task Normal Crash Time Normal Crash Cost ($) Per Unit Crash

Time (wk) (wk) Cost ($) Cost ($/wk)
A* 3 2 35,000 50,000 15,000
B 2 1 15,000 20,000 5,000
C* 2 1 5,000 7,000 2,000
D 2.08 1.5 10,000 15,000 8,621
E* 3.17 2 5,000 10,000 4,274
F* 2 1 7,500 9,000 1,500
G* 1.5 1 5,000 6,000 2,000
H* 4 2 50,000 75,000 12,500
1* 6.5 5 2,500,000 3,500,000 666,667
J* 3 2 30,000 40,000 10,000
K* 4 3 10,000 15,000 5,000

*Task lies on the original critical path.

Because crashing a non-critical activity does not affect the overall project time to
completion, only critical activities that can be crashed are considered. The activities to be
crashed are chosen in order of increasing expense. Therefore, the activity with the per unit crash
cost in Table 11 (task F) is chosen to be crashed first. Thus, the time required for task F
decreases from 2 to 1 week in length, and the project cost increases by $1,500. The next activity
to be crashed is task G because it has the next highest per unit crash cost. This progression
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continues until it is no longer possible to reduce the project time. Figure 19 shows how the cost
of the VDOT post-hurricane repair process increases as activities are crashed.
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Figure 19. Project cost as a function of completion time
for the VDOT hurricane recovery project

Though the project costs remain stable across continual reductions in project time, a
significant cost change (increase of more than $1,000,000) occurs when reducing the project
time to less than twenty weeks, which results from the crashing of task I, the installation process.
Figure 19 indicates that overall project completion time by almost ten weeks without
significantly increasing costs (cost increases by $70,000). Trying to reduce the time to recovery
beyond the twentieth week is not recommended unless the equipment installation process is
improved to incur lower initial costs, which reduce the rise in total expenditure that results from
crashing.

The analysis shows that, because nearly all of the activities lie on the critical path, the
current schedule of repair activities is sensitive and highly dependent on a majority of the
activities being completed on time. The overall repair process completion time can be reduced if
the individual activities lying on the critical path of the repair process are completed in less time.
The length of time required by an activity depends on the resources available. For example, if
more personnel are assigned to the assessment of damage (task A), then A could become a non
critical activity. PERT modeling reveals that, according to the data collected, the installation
procedure (task I) is the lengthiest and most variable activity. Therefore, pre-hurricane
investments should be further investigated in terms of the impact additional resources have on
the time to completion of the installation process. Tradeoff analysis reveals that the length of
time required to complete the activities lying on the critical path of the repair process can be
reduced from twenty-nine weeks to twenty-one weeks with additional cost of $70,000. If VDOT
desires to reduce it to eighteen weeks, then it would have to determine if the additional cost of
$1,000,000 needed to allocate more resources is worth the additional three weeks reduction.
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Analysis of Schedule Dependencies among Agencies

Table 12 shows five dependency scenarios, where each row characterizes a different
scenario, and each column represents a different category. Additional columns provide an index
number and title associated with the scenario, as well as the name, state, and type
(Communication, Environmental, Fire, Health, Military, Police, Transportation, Utility) of the
agency involved, the authority level of the agency (local, regional, state), the time horizon
involved (short term, medium term, long term), and whether the scenario occurred during the
pre- or post-hurricane phase. The scenarios reported may be selective or isolated instances. A
complete list and description of the schedule dependencies can be found in Appendix C.

Table 12. Categorization of collected dependency scenarios
according to associated organization function involved

within state departments of transportation
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Table 13 depicts the percentage of dependency scenarios with respect to each type of
organizational function involved within a state DOT. From the table, one can see the functions
that are associated with a minimal number of scenarios (Environmental and Regulatory Affairs,
Finance, Legal/Authorization, Materials), and those involved with a significant number of them
like Operations and Information Management, which together account for over half of the total
number of dependency scenarios. It is important to note that the calculations only reflect a small
collected sample of schedule dependencies incurred during the phases before and after a natural
disaster.
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Organizational Function Type

Table 13. Percentage of dependency scenarios in sample associated
with each organizational function

Number Percent
of Cases of Total

Adm inistration 3 6.2

Environmental, Regulatory Affairs 2 4.2

Equipment 4 8.3

Finance 2 4.2

Information Management 15 31.3

Legal/Authorization 2 4.2

Materials 2 4.2

Operations 11 22.9

Personnel 3 6.2

Structure 4 8.3

Total 48 100

Table 14 contains a partial list of dependency scenarios, and the primary organizational
function of the state DOT that was involved along with a secondary function associated with the
scenario. A scenario of dependency can often be a result of the interaction between the primary
and secondary functions. A similar analysis was performed in terms of the pairs of functions
involved in each scenario. Thete are 45 total pairs of functions. A complete list can be found in
Appendix C.

Table 14. Categorization of collected dependency scenarios according to the associated pair of
organizational functions involved within the state departments of transportation.

A letter 'P' indicates the primary function involved
while a letter'S' indicates the secondary function.
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Table 15 contains the key explaining how the pairs of functions involved in dependency
scenarios are recorded. For example, ifAdministration and Environmental and Regulatory
Affairs are both involved in a scenario, an entry would be placed in the first row, second column.
All empty entries represent zero scenarios. Table 16 displays the number of dependency
scenarios respective to each pair of functions involved

Table 15. Key for denoting pairs of state DOT functions involved in scenarios

Admin.

Env. , Reg. Aff.

Equipment

Finance

Infor. Manage.

Legal! Auth.

Materials

Operations

Personnel

Structure

Table 16. Number of dependency scenarios in sample associated with each pair of
organizational functions in a state DOT

Admin.
Env. , Reg. Aff.
Equipment
Finance
Infer. IVIanage.
Legal/ Auth.
lVIaterials
Operations
Personnel
Structure

Table 17 displays the percentage of dependency scenarios for the pairs of functions
involved within a state DOT (inclusive to all states). The pairs of functions that had no scenarios
associated with them are not included in the table. The table identifies those pairs of functions
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that are associated with a significant amount of scenarios. Again, it is important to note that
these calculations only reflect the scenarios of the sample collected.

A dependency scenario can be measured using eight indices as seen in Table 18. A
sample scenario is used to demonstrate the scenario measurement. The example occurs in the
time following Hurricane Floyd. The Virginia Office of Emergency Medical Services had to
wait on VDOT for the availability to current, updated road status information (C. Everette
Vaughan, Jr., Director of Emergency Operations at the Office of Emergency Medical Services,
Oct. 9, 2000). For this example, the length of the wait is not known; however, it is important to
report the length of the wait. For demonstration purposes, it is assumed that this type of delay is
likely to happen again. The system is currently updated with new information every four hours
(Toth, 2000). In addition, on site personnel do not have the ability to automatically input
information themselves from the field. It is assumed that a system with these features could be
available at a relatively low cost. This example may no longer be valid because the SmartTravel
Center in Hampton Roads is now in place and fully operational.

Table 17. Percentage of dependency scenarios in sample associated with each pair of
organizational functions in a state DOT

Pairs of Organizational

Information Management - Operations

Operations - Structure

Environmental, Regulatory Affairs - Information Management

Environmental, Regulatory Affairs - Operations

Equipment - Information Management

Information Management - Materials

Administration - Personnel

Environmental, Regulatory Affairs - Equipment

Environmetnal, Regulatory Affairs - Personnel

Administration - Information Management

Administration - Finance

Administration - Operations

Environmental, Regulatory Affairs - Legal/Authorization

Equipment - Legal/Authorization

Information Management - Legal / Authorizatoin

Legal/Authorization - Operations

Materials - Operations

Operations - Personnel

Total

Number Percent
of Cases of Total

11.0 22.9

9.0 18.8

3.0 1.4

3.0 6.3

3.0 6.3

2.0 4.2

2.0 4.2

2.0 4.2

2.0 4.2

2.0 4.2

2.0 4.2

1.0 2.1

1.0 2.1

1.0 2.1

1.0 2.1

1.0 2.1

1.0 2.1

1.0 2.1

48 100
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Table 18. Values of each index for the scenario measured

Involved Items Cascading
Number

Severity Likelihood Controllability Maturity of Same
Agencies Waiting On Effects

Scenarios
Hours in Has occurred in

Information Controllable
Short

Few other
the past, likely Multiple Mature Many

Term
agencies

to occur again
Only at Low Cost

Moderate Moderate High Moderate Low High Low High

The graphical representation also provides a medium for comparing the magnitudes of
multiple scenarios. The graphs in Figure 20 assume the axes for the eight indices with the three
levels of LOW, MODERATE, and HIGH. The graphs illustrate the differences between
scenarios. For instance, the graph of scenario #47 shows that the scenario has low severity, no
other agencies involved, has occurred in the past and is likely to occur again, involves no items
being waited on, is controllable at a low cost, has no cascading effects, is immature, and has a
few other similar scenarios. The graph of scenario #48, however, shows a scenario that has high
severity, no other agencies involved, has occurred in the past and is likely to occur again,
involves one item being waited on, is controllable at a high cost, has a multiple cascading effects,
is mature, and is not similar to any other scenarios, it is an isolated instance of a delay.

Dependency Scenario #6
Bridge Failure

Dependency Scenario #7
Available Road Status Information

Involved
Agencies

Items Waiting On

Severity
2

Controllability

Cascading
Effects

Maturity I-------+------e...-.---t--~ ikelihood

Number of Similar
Scenariosnvolved Agencies

tems Waiting On

Severity

Controllability

Maturity 1---+---eII..__-+-----I Likelihood

Number of Similar
Scenarios

Cascading Effects

Dependency Scenario #47
Disposal Sites

Dependency Scenario #48
Processing Reimbursements

Maturity ~~~""""i--eLikelihood

Involved Agencies

Severity

Maturity I--+---;--""""i--.Likelihood

Number of Similar
ScenariosInvolved Agencies

Severity
2Number of Similar

Scenarios

Cascading Effects

Controllability

Items Waiting On
Cascading Effects Items Waiting On

Controllability

Figure 20. Comparison of dependency scenarios collected using the eight indices developed
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Development of Decision Support for Resource Allocation for Hurricane Recovery

The decision support for resource allocation is implemented in a case study. Data has
been collected in coordination with Mr. Perry Cogburn of the VDOT Emergency Operations
Center. Mr. Cogburn supplied data for VDOT post-event efforts after Hurricane Floyd struck
Southeastern Virginia in September of 1999. Table 19 shows a sample of the data.

The data include 624 specific examples of post-event activities from thirty-nine separate
cities/counties. Twenty-five activities occurred on interstates, 165 on primary roads, and 164 on
secondary roads. The information included a description of improvement, costs, and road type.

Table 19. Sample of Hurricane Floyd post-event data
provided by VDOT [Cogburn 2000]

~
~0

~0

.~
~o
~

~G ~,~
0

~~ 0

vO A...~q

Greensville Slope failure & protective $13,830 2 0 0
Slope failure &debris $98,875 0 4 0
Debris removal $44,346 0 0 7

Isle of Wright Slope failure &bridge $1,020,630 0 7 0
Slope failure &debris $754,754 0 0 12

James City Debris removal $7,304 1 0 0
Bridge, slope failure $1,703,126 0 9 0
Debris &protective $15,000 0 0 6

Southhampton Slope failure and debris $57,631 0 11 0
Slope failure and debris $144,082 0 0 20

Surry Slope and bridge failure $235,439 0 3 0
Slope failure $33,381 0 0 1

Sussex Slope failure $6,007 1 0 0
Slope and bridge failure $206,242 0 3 0
Slope failure $51,485 0 0 4

York Debris and protective $30,000 1 0 0
Slope failure and debris $179,534 0 8 0

Performance indices have been generated using the available data. The data contain cost
information used to satisfy resource use requirements. The data also include location and road
type data that could be used to derive statistics to satisfy performance gain objectives. In order
to compensate for the lack of data on risk reduction objective, performance gain indices had to
be used on both axes. Location data could be used to find population density statistics related to
each post-event activity, and road type data accompanied with location data could be used to find
average daily traffic (ADT) data for the area affected by each post-event activity. The three
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indices, cost, ADT, and population density, have been chosen based on the data available.
Activities located in areas with high population and on roads with large daily traffic volume will
receive precedence in receiving resources from VDOT.

Using the data supplied and the selected performance indices, post-event activities
resulting from Hurricane Floyd are charted and mapped using Microsoft Excel. Figure 21 shows
an example of the data being plotted using the multi-objective analysis. It can be seen that
activities A, B, and C have the same traffic volume. Activity B has higher cost (indicated by size
of circle), followed by activity A, and then activity C. In terms of population density, activity C
occurs in an area with higher population density than activities Band A. If VDOT wants to
select activities associated with the highest population density area, then, among the three
activities, activity C would be selected. If cost is the main criteria, then activity C is chosen
because it yields the lowest cost among A, B, and C. If another activity (D) is considered, it can
be seen that this activity involves higher traffic volume, has slighter higher cost than C, and has
approximately the same population density as activity C. If a trade-off was made involving C
and D, the decision maker would have to consider if the additional cost involved in activity D is
worth the additional traffic volume it addresses.

500

Slopef~e & protective

Slope & bridge failure Slope fail.

ridge, slope failure

6000050000

Debris Removal

o

4000030000

Slope failure & bridge

bris &A"otective

• •Slope failure & debris

300

400

-100

Traffic volume (average daily traffic)

Figure 21. Post-event activities plotted for counties in Hampton Roads

Charts are created for individual counties and cities as well. The charts are then placed
on top of the corresponding location. The legend to the charts for individual counties and cities
is in Figure 22. The map of Hampton Roads overlain with the multi-objective charts is shown in
Figure 23.
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Figure 22. Legend for charts located within Hampton Roads map

Figure 23. Map of Hampton Roads with multi-objective charts
for labeled cities/counties

Characterization of Preparedness and Recovery Alternatives

The enhancement of road systems can be performed through increasing robustness,
redundancy and resilience. To determine which enhancement alternatives to implement, the
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characteristics of these alternatives are investigated. A framework is thus proposed to aid in the
evaluation of enhancement alternatives. The framework is demonstrated using a case study.

When a hurricane strikes, the wind may knock out the signs along the streets. Enhancing
signs usually requires new designs for posts and structures. There are two major factors related to
the wind load that a sign is capable of withstanding. One is the size of the sign panel; the other is
the design of the structural support for the sign. In order to increase the maximum wind speeds
that shoulder-mounted signs can withstand by 20 miles per hour, increase in the size of the
footing, the number of bolts, and the size of steel for a 30 to 40% greater structural resistance
capacity are needed (Lambert et al. 1999). Enhancing the signs increases the robustness of the
system but not the resilience and redundancy of the system. Another way to enhance the system
is to store more signs in the warehouse so that VDOT can improve the redundancy of the system
because VDOT will have signs to put back up after the storm is over. A third way to enhance
signs is to make them detachable, thus increasing the resilience in the system but not the
redundancy and the robustness of the system. All of these methods improve the time saved in
recovery. Not all alternatives have cost savings mainly because man hours of preparation time
may offset the time it would take to clean up the signs destroyed in the hurricane. The difficulty
and cost of implementing the alternatives would also have to be considered. Table 20 shows the
case study performed for the various ways to help enhance signs.

Table 20. A case study characterizing the enhancement of roadway signs. A filled circle
represents a major impact while a half-filled circle represents a minor impact.

Alternatives:

1. Strengthen signs

2. Store extra signs

3. Detachable signs

•
•

•

•
•

•

• •
•

•
•
•

•

•

Decision Trade-off Analysis on Recovery and Preparedness Alternatives

The sample alternative in Table 21 can be used indirectly with the enhancement tool.
The user may decide to evaluate that sample alternative and thus utilize the tool to evaluate each
individual road system within it.

Tradeoffs among the alternatives under the wind speed and storm surge scenarios can be
performed using graphical representation. An example of such graph can be seen in Figure 24
where the ratio of repair to reconstruction cost is displayed for different levels of investment
under the different wind speed scenarios. It should be noted that this view of investment versus
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consequences is limited by the quality of the alternatives. If all the alternatives entered are not
cost-effective, then the curves will give a skewed picture of the tradeoffs. In this case, the curves
could only be interpreted strictly as cost of alternative versus the ratio of repair to reconstruction
cost. However, if the entered alternatives are some of the best ones, then the user can
confidently interpret the curves as showing the tradeoffs between current investment and future
consequence. The statements above are true for all the tradeoff curves in the tool. Step-by-step
descriptions on how to use the enhancement alternatives comparison tool is found in Appendix
D.

Table 21. Sample enhancement alternative

Equipment Category
Levels

Wind Velocity Storm Surge Traffic Flow
Signs, Signals and Lights

Shoulder-mounted signs wO sO to
Cantilever signs wO sO to
Two-pole span signs wO sO to
Traffic signals systems wO sO to
High mast lighting structures wO sl to
Roadway lighting structures wO sl to

Bridges
Beam Bridges wI sl t3
Truss Bridges wI sl t3

Tunnels
Soft ground wI sl t3
Sub aqueous wI sl t3

Smart highway systems
Motion detectors wI sl to
Alert signs wI sl to
Cameras wI sl to
Radar detectors wI sl to

Flood Mitigation
Sand dunes wI sl to
Rocks wI sl to
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Figure 24. Tradeoff graph of the cost of the alternative versus the repair
cost-to-reconstruction cost ratio

CONCLUSIONS

The hurricane preparedness and recovery efforts of a transportation agency can be
improved through a number of methods.

First, a priority setting tool can be used to determine the area most in need of service
during the aftermath of a disaster. Critical facilities need to be identified. With the model, a
VDOT engineer can quickly make high level resource allocation decisions based on the criteria
he feels are most important, and can change those criteria over the course of the recovery.

Second, a schedule analysis of the time-to-recovery efforts can also be conducted to
determine the critical activities that need to be monitored closely to prevent and avoid
unnecessary delays.

Third, using the methodology developed for analyzing dependency scenarios among
agencies, dependency scenarios can be subjected to a categorical and comparative analysis,
which can aid the state transportation agency's decision-making and subsequently reduce the
overall time to recovery following a hurricane. The methodology, which is of great value to a
state transportation agency because of the versatility it exhibits, can be applied to various
geographical scales, types of disasters, and agencies.

Fourth, a method to systematically prioritize post-event activities in order to effectively
aid in decisions concerning resource allocation for VDOT in the event of a natural disaster has
been proposed. The developed tool utilizes multi-objective decision analysis in order to
prioritize post-event activities based on available data.

Fifth, numerous alternatives that increase redundancy, robustness and resilience are
available. It is therefore important to determine the impacts each alternative makes to cost, time
savings, human life, economic, environment, and property. The proposed template for the
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characterization of alternatives enables the decision maker to make more knowledgeable
decisions.

Sixth, the characterization of alternatives, a systematic approach to cost-benefit analysis
of recovery and preparedness alternatives can be utilized. It is necessary to determine the
tradeoffs among alternatives.

RECOMMENDATIONS

The recommendations of the effort are as follows:

Development ofa Software Based Platform For Recovery Priorities

• Adopt a systematic approach to priority setting for recovery.
• Adopt the grids for priority setting.
• Use various grid-size resolutions (district, residency, smaller).
• Adopt the demonstrated metrics (populations, mileages, stakeholder facilities, etc.).
• Add a metric to represent the degree of recovery.
• Use the developed software and demonstrate with GIS divisions.
• Consult VDOT district staff to determine appropriate metrics to use.

Time-to-recovery Analysis

• Apply the methodology to actual data and post-hurricane processes.
• Examine the feasibility of dividing activities into sub-tasks that can be performed

simultaneously.
• Examine the impacts of assigning more resources to the installation process.
• Examine various schedule configurations of activities and potential sub-activities.
• Investigate opportunities for further time and cost savings in the post-hurricane process.

Analysis ofSchedule Dependencies among Agencies

• Perform a more extensive data collection possibly with an online surveying tool.
• Analyze individual scenarios collected using PERT, an activity network modeling tool, to

identify potential opportunities for advancing the schedule in the post-hurricane process.
• Investigate the costs and benefits of pre-hurricane resource investments on the

alternatives identified from the PERT models.

Development ofDecision Support for Resource Allocation for Hurricane Recovery

• Adopt a systematic approach to resource allocation for recovery.
• Represent the variety of recovery projects across regions.
• Analyze the balance among all project impacts and costs.
• Use the approach to improve the allocation of resources to diverse projects.
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• Project resource allocation needs from past storms to the estimate needs in future storms.

Characterization 0/Preparedness and Recovery Alternatives

• Generate more alternatives using the methodology given.
• Perform more case studies for different types of destructive forces.
• Extend to different types of disasters such as earthquakes, flooding, and snowstorms.

Decision Trade-offAnalysis on Recovery and Preparedness Alternatives

• Expand upon the methodologies presented in this report by collecting data that will focus
the approach analysis used.

• Adopt a systematic approach to cost-benefit analysis of recovery and preparedness.
• Expand the functionality of the tool to evaluate additional natural disasters such as

earthquakes, tornadoes, snowstorms, floods due to rainfall, and any such event where the
impacts can be lessened through mitigation.

• Expand the functionality of the tool to incorporate additional enhancement alternatives in
addition to wind speed, storm surge, and traffic flow.

• Utilize the flexibility of the framework to maximize VDOT's understanding of their
preparedness efforts.
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APPENDIX A. AGENCY CONTACT INFORMATION FOR COLLECTED
DEPENDENCY SCENARIOS

The following spreadsheets contain the organization name, contact person and title, phone
number, fax number, and email address of all state and local agencies contacted in Virginia,
California, Florida, North Carolina, and South Carolina. The last column under the heading
"Reply" on each spreadsheet states if the agency was successfully reached or not: if the agency
was contacted, the word "yes" is shown, and if the agency did not respond, the word "no" is
shown. If contact with the agency was not attempted, "n/a" is shown. If the agency reported a
scenario used in the analysis, the number of the dependency scenario has been entered and the
entire row is in italics. Also included is a sample letter that was sent by fax or email to the
agencies.
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Sample Letter to Agencies

I am performing research with the University of Virginia under contract with the Virginia
Department of Transportation on hurricane preparedness and recovery. A goal of this effort is to
speed the overall recovery from a natural disaster. One way to reach this goal is to determine
what type of investments can be made in the preparation of a hurricane that could reduce the
delay of particular activities, in the near, medium, and long terms of the recovery. I would
appreciate your answers to some questions that I have of your organization.

If you would like to see a recent related project effort including Power Point slides, see
http://www.virginia.edul-,risk/recovery. Please feel free to email me at cep4e@virginia.edu, and
we can arrange a time to talk on the phone. You may reach me by fax at (804) 924-0865. I look
forward to hearing from you.

The following questions could be answered in terms of a hurricane, flood, earthquake, or any
other disaster. The phase of the recovery period could be in terms of days, weeks, months,
and/or years. If you could answer some of these questions on the subject ofpreparedness as
well, please do so, in terms the in the days leading up to an imminent event and/or the weeks
before the start of the hurricane season.

1. What are the cases in which you were waiting on the Virginia Department of
Transportation to be able to start a recovery activity? What are the cases in which VDOT
was waiting on you? (materials, equipment, authorization, personnel, etc.)

2. If you haven't in the past, can you see yourself waiting on VDOT or VDOT waiting on you
for a recovery activity in the future? Under what circumstances?

3. Do you have suggestions for improvement for VDOT? Is there anything they could have
done to better minimize the delay of recovery?

4. Is there a particular system or geographic area with which you are concerned based on how
it was recovered during a past disaster?

5. Would you suggest others within or outside your agency that I should contact? How else
should I focus my concern on the interfaces of your agency with the VDOT in the prelude or
aftermath of a hurricane?

Thank you,
Clare Patterson
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G
eneral

Inform
ation

804
4

4
3

-3
3

9
6

1804
443-2377

n/a
F

ranklin
C

ity
H

ealth
D

e
p

a
rtm

e
n

t
H

ealth
G

eneral
Inform

ation
757)

562-6109
(757

562-2630
n/a

G
lo

u
ce

ste
r

C
o.

H
ealth

D
e

p
a

rtm
e

n
t

H
ealth

G
eneral

Inform
ation

(804
6

9
3

-2
4

4
5

804
693-1398

n/a
G

oochland
H

ealth
D

e
p

a
rtm

e
n

t
H

ealth
G

eneral
Inform

ation
804

)556-5343
804

556-3707
n/a

H
am

pton
C

e
n

te
r

H
ealth

G
eneral

Inform
ation

757
727-6422

757
727-3218

n/a
H

anover
H

ealth
D

e
p

a
rtm

e
n

t
H

ealth
G

eneral
Inform

ation
804

)752-4313
804

752-4355
n/a

H
o

p
e

C
e

n
te

r
H

ealth
G

eneral
Inform

ation
757

825-4730
757

825-4727
n/a

Isle
o

fW
ig

h
t

C
o.

H
ealth

D
e

p
a

rtm
e

n
t

H
ealth

G
eneral

Inform
ation

(757)
357-4177

(757)
357-2838

n/a
K

ing
&

Q
ueen

C
o.

H
ealth

D
e

p
a

rtm
e

n
t

H
ealth

G
eneral

Inform
ation

804
785-6154

804
785-2601

n/a
K

ing
W

illia
m

C
o.

H
ealth

D
e

p
a

rtm
e

n
t

H
ealth

G
eneral

Inform
ation

804
769-4988

804
769-2155

n/a
L

a
n

ca
ste

r
C

o.
H

ealth
D

e
p

a
rtm

e
n

t
H

ealth
G

eneral
Inform

ation
804

1462-5197
804

462-6211
n/a

LaS
alle

C
e

n
te

r
H

ealth
G

eneral
Inform

ation
757

727-1140
757

727-4881
n/a

Little
C

re
e

k
C

lin
ic

H
ealth

G
eneral

Inform
ation

757
)531-2100

t7
5

7
)5

3
1

-2
1

1
3

n/a
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A
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a
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d
O

rg
a

n
iza

tio
n

s
C

o
n

ta
cte

d
,

co
n

tin
u

e
d

:

N
am

e
o

fA
g

e
n

cy/O
rg

a
n

iza
tio

n
T

yp
e

N
am

e
&

T
itle

o
fC

o
n

ta
ct

P
h

o
n

e
N

um
.

F
a

x
N

u
m

b
e

r
E

m
a

il
R

e
p

ly

H
E

A
L

T
H

,
continued:

M
athew

s
C

o.
H

ealth
D

e
p

a
rtm

e
n

t
H

ealth
G

eneral
Inform

ation
804

725-7131
804

725-7466
n/a

M
iddlesex

C
o.

H
ealth

D
e

p
a

rtm
e

n
t

H
ealth

G
eneral

Inform
ation

804
758-2381

804
758-4828

n/a
N

e
w

K
e

n
t

H
ealth

D
e

p
a

rtm
e

n
t

H
ealth

G
eneral

In
fo

rm
a

tio
n

(804)
966-9640

(804)
966-5210

n/a
N

e
w

p
o

rt
N

ew
s

C
ity

H
ealth

D
e

p
a

rtm
e

n
t

H
ealth

D
aniel

C
.

W
arren,

D
istrict

D
ir.

757
594-7305

757
594-7714

n/a
N

o
rfo

lk
H

ealth
D

e
p

a
rtm

e
n

t
H

ealth
V

a
le

rie
S

ta
llin

g
s

757
683-2756

757
683-2589

vsta
llin

g
s@

vd
h

.sta
te

.va
.u

s
n/a

N
orthham

pton
C

o.
H

ealth
D

e
p

a
rtm

e
n

t
H

ealth
G

eneral
In

fo
rm

a
tio

n
(757)

442-6228
(757)

442-4307
n/a

N
othum

berland
C

o.
H

ealth
D

e
p

a
rtm

e
n

t
H

ealth
G

eneral
Inform

ation
804

580-3731
804

580-2913
n/a

P
e

m
b

ro
ke

C
orp.

C
e

n
te

r
H

ealth
G

eneral
Inform

ation
(757)

518-2677
(757)

518-2640
n/a

P
e

te
rsb

u
rg

H
ealth

D
e

p
a

rtm
e

n
t

H
ealth

H
eadquarters

804
)

863-1652
'8

0
4

862-6126
n/a

P
o

rtsm
o

u
th

H
ealth

D
e

p
a

rtm
e

n
t

H
ealth

G
eneral

In
fo

rm
a

tio
n

7
5

7
'

3
9

3
-8

5
8

5
(757

393-8027
n/a

P
ow

hatan
H

ealth
D

e
p

a
rtm

e
n

t
H

ealth
G

eneral
Inform

ation
804

794-9594
804

)598-5688
n/a

Q
u

e
e

n
's

W
a

y
C

e
n

te
r

H
ealth

G
eneral

Inform
ation

757
825-4890

757
727-1040

n/a
R

ichm
ond

C
ity

H
ealth

D
e

p
a

rtm
e

n
t

H
ealth

H
eadquarters

804
646-3134

804
646-3111

n/a
R

ich
m

o
n

d
C

o.
H

ealth
D

e
p

a
rtm

e
n

t
H

ealth
G

eneral
In

fo
rm

a
tio

n
804

333-4043
804

333-3447
n/a

S
outh

H
am

pton
C

o.
H

ealth
D

e
p

a
rtm

e
n

t
H

ealth
G

eneral
Inform

ation
(7

5
7

'
653-3040

757
653-0834

n/a
S

outh
N

o
rfo

lk
H

ealth
C

e
n

te
r

H
ealth

G
eneral

In
fo

rm
a

tio
n

757
382-2600

~
7
5
7

382-2607
n/a

S
u

ffo
lk

H
ealth

D
e

p
a

rtm
e

n
t

H
ealth

G
eneral

In
fo

rm
a

tio
n

757
686-4900

(757
925-2243

n/a
T

h
re

e
R

ivers
H

ealth
D

e
p

a
rtm

e
n

t
H

ealth
H

eadquarters
804

758-0029
804

758-4828
n/a

V
icto

ria
C

e
n

te
r

H
ealth

M
artin

W
h

e
e

le
r

757
727-1172

757
727-1185

m
w

h
e

e
le

r@
vd

h
.sta

te
.va

.u
s

n/a
W

e
st

H
e

n
rico

H
ealth

D
e

p
a

rtm
e

n
t

H
ealth

G
eneral

In
fo

rm
a

tio
n

(804)
501-4522

(804)
501-4983

n/a
W

e
stm

o
re

la
n

d
C

o.
H

ealth
D

e
p

a
rtm

e
n

t
H

ealth
G

eneral
In

fo
rm

a
tio

n
804

493-1124
804

493-9352
n/a

W
illia

m
sb

u
rg

H
ealth

D
e

p
a

rtm
e

n
t

H
ealth

G
eneral

In
fo

rm
a

tio
n

757
253-4813

757
253-4285

n/a
D

ept.
o

fM
edicalA

ssistance
S

e
rvice

s
H

ealth
G

eneral
In

fo
rm

a
tio

n
m

clo
u

d
@

d
m

a
s.sta

te
.va

.u
s

n/a
O

B
le

lH
o

sp
ita

l
H

e
a

lth
R

a
n

d
y

V
ick

(A
T

T
E

N
D

E
E

)
~
7
5
7
)

934-4945
R

vick@
o

b
ici.co

m
D

S
4

,5
O

ffice
o

fE
m

e
rg

e
n

cy
M

e
d

ica
lS

e
rvice

s
H

e
a

lth
E

ve
re

tte
V

aughan
~804J

371-3500
804

371-3543
e

va
u

g
h

a
n

@
vd

h
.sta

te
. va.u

s
D

S
6

,7
,8

S
entara

H
ospitals

H
ealth

R
obert

B
ugg,

(A
T

T
E

N
D

E
E

)
757

)
668-3614

R
hbugg@

sentara.com
no

M
IL

IT
A

R
Y

:
V

irginia
C

ivil
A

ir
P

atrol
M

ilita
ry

G
eneral

Inform
ation

804
743-2220

804
743-2223

a
d

m
in

@
va

w
g

.ca
p

.g
o

v
n/a

A
ir

N
ational

G
uard

M
ilita

ry
M

aj.G
en.

C
laude

W
illia

m
s

804
2

3
6

-6
5

0
5

804
236-6936

n/a
A

rm
y

N
ational

G
uard

M
ilita

ry
B

G
W

illia
m

Jones,
D

ep.A
dj.G

en.
804

298-6102
804

298-6338
n/a

C
M

S
gt.

V
ickie

A
rm

es,
C

h
ie

f
(804)

236-6462
(804)

236-6936
vicki.a

rm
e

s@
va

rich
.a

n
g

.a
f.m

il
n/a

D
ept.

o
f

M
ilita

ry
A

ffa
irs/N

a
tio

n
a

l
G

uard
M

ilita
ry

S
gt.

M
a

jo
r

P
arker,

E
m

erg.
C

tr
(804)

2
9

2
-8

6
2

7
no

N
ational

G
uard

B
ureau

M
ilita

ry
LT

C
T

om
W

ilkin
so

n
w

ilkin
so

n
t@

va
-a

rn
g

.n
g

b
.a

rm
y.m

il
yes
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V
irg

in
ia

A
g

en
cies

an
d

O
rg

an
izatio

n
s

C
o

n
tacted

,
co

n
tin

u
ed

:

N
am

e
o

fA
g

en
cy/O

rg
an

izatio
n

T
yp

e
N

am
e

&
T

itle
o

f
C

o
n

tact
P

h
o

n
e

N
u

m
.

F
ax

N
u

m
b

er
E

m
ail

R
ep

ly

P
O

L
IC

E
:

C
apitol

S
tate

P
olice

P
olice

C
olonel

G
eorge

M
ason

804
786-2568

(804)
371-8698

n/a
C

hesterfield
S

h
e

riffs
O

ffice
P

olice
C

larence
W

illiam
s,

S
h

e
riff

(804)
748-1261

(804)
748-5808

sheriff@
ccso.net

n/a
C

hesapeake
P

ol.
D

ept.
,1

s
t

P
recinct

P
olice

G
eneral

Inform
ation

757
382-6556

(757)
382-6821

no
C

hester
P

olice
D

epartm
ent

P
olice

W
illia

m
T.

W
and

(A
T

T
E

N
D

E
E

)
757

382-8527
no

D
ept.

o
fS

tate
P

olice,
C

hes.,
5th

D
iv.

P
olice

Lieut.
A

ndrew
E

ngem
ann

(A
T

T
)

(757)
424-6836

(757)
424-6732

yes
F

a
ir

O
aks

D
istrict

S
tation

P
olice

S
tephen

J.
Lipovsky,

C
aptain

l7
0

3
591-0966

faocapt@
co.fairfax.va.us

n/a
F

airfax
C

ounty
P

olice
D

epartm
ent

P
olice

C
ol.

T
hom

as
M

anger,
C

h
ie

f
l7

0
3

246-2195
chief@

co.fairfax.va.us
n/a

F
airfax

C
ounty

S
h

e
riffs

O
ffice

P
olice

M
aj.

P
.

M
altagliati

703
246-3206

(703)
691-0510

n/a
F

ranconia
D

istrict
S

tation
P

olice
F

rank
J.

K
itzerow

,
C

aptain
(703)

922-0889
fracapt@

co.fairfax.va.us
n/a

F
ranklin

P
olice

D
epartm

ent
P

olice
R

obert
E

ubanks
(A

T
T

E
N

D
E

E
)

R
eubanks@

ci.franklin.va.us
no

R
.

B
ruce

E
dw

ards
(A

T
T

E
N

D
E

E
)

~
7
5
7

562-8577
no

G
iles

C
ounty

S
heriff's

O
ffice

P
olice

Larry
F

alls,
S

h
e

riff
540

J921-3842
(540)

921-4976
Igcso@

i-plus.net
n/a

H
enrico

P
olice

D
epartm

ent
P

olice
C

olonel
H

.W
.S

tanley,Jr.
804

)501-4839
police@

co.henrico.va.us
n/a

M
ason

D
istrict

S
tation

P
olice

T
hom

as
R

yan,
C

aptain
(703)

256-8035
m

ascapt(
co.fairfax.va.us

n/a
M

cLean
D

istrict
S

tation
P

olice
R

obert
C

allahan,
C

aptain
703

556-7750
m
c
l
c
a
p
t
~

)co.fairfax.va.us
n/a

M
ountV

ernon
D

istrict
S

tation
P

olice
S

tephen
L.

S
ellers,

C
aptain

703
360-8400

m
t
v
c
a
p
t
~
~
c
o
.
f
a
i
r
f
a
x
.
v
a
.
u
s

n/a
N

ew
port

N
ew

s
P

olice
D

epartm
ent

P
olice

D
ennis

M
ook,

C
h

ie
f

757
926-8461

(757)
926-2374

chfoff@
cLnew

port-new
s.va.us

no
Joseph

S
t.

John
(A

T
T

E
N

D
E

E
)

757
J591-4978

no
N

orth
P

recinct
P

olice
T

hom
as

B
ennett,

C
aptain

t
b
e
n
n
e
t
t
~
~
c
L
n
e
w
p
o
r
t
-
n
e
w
s
.
v
a
.
u
s

j'e
s

S
outh

P
recinct

P
olice

S
usie

M
ow

ry,
C

aptain
Im

ow
ry@

ci.new
port-new

s.va.us
no

C
entralP

recinct
P

olice
M

arvin
E

vans,
C

aptain
hevanscq

)cLnew
port-new

s.va.us
no

N
orfolk

P
ol.

D
ept.,

S
pec.

E
nforce.D

iv.
P

olice
J.E

.R
obertson

(A
T

T
E

N
D

E
E

)
(757)

441-2211
no

P
ortsm

outh
S

h
e

riffs
O

ffice
P

olice
G

ary
W

aters,
S

h
e

riff
(757)

393-8210
pm

so@
pilot.infLnet

n/a
R

eston
D

istrict
S

tation
P

olice
E

dw
in

C
.

R
oessler,

Jr.,
C

aptain
703

478-0904
rescapt@

co.fairfax.va.us
n/a

R
ichm

ond
P

olice
D

epartm
ent

P
olice

C
olonel

Jerry
O

liver,
C

h
ie

f
(804)

646-6700
O

liverJA
cq

ci.richm
ond.va.us

n/a
O

perations
P

olice
T

eresa
P

.
G

ooch,
D

eputy
C

h
ie

f
(804)

646-6707
m
q
c
o
l
l
i
n
s
~
~
c
i
.
r
i
c
h
m
o
n
d
.
v
a
.
u
s

n/a
C

ustom
er

S
ervice,

E
ast

P
olice

D
aniel

G
oodall,

C
aptain

804
646-4278

(804)
646-4152

Igoodallda(
~ci.richm

ond.va.us
n/a

C
u

sto
m

e
r

S
ervice,

W
e

st
P

olice
P

aul
K

iniry,
C

aptain
804

646-1412
(804)

358-1
093

n/a
C

u
sto

m
e

r
S

ervice,
S

outh
P

olice
C

arol
N

icely,
C

aptain
(804)

646-8092
(804)

646-8199
n/a

C
u

sto
m

e
r

S
ervice,

C
entral

P
olice

A
lbertina

C
arter,

C
aptain

804
646-4105

(804)
646-4106

n/a
S

tate
P

olice
D

epartm
ent

P
olice

C
olonel

G
erald

M
assengill

804
674-2000

(804)
674-2267

kscales@
vsp.state.va.us

n/a
V

A
B

each
P

ol.
D

ept.,
S

pec.
O

perations
P

olice
W

.M
.S

u
m

m
e

re
ll

(A
T

T
E

N
D

E
E

)
(757)

427-4045
no

J.T
.

V
anderheiden

(A
T

T
E

N
D

E
E

)
757

426-5626
no

V
C

U
P

olice
D

epartm
ent

P
olice

D
an

M
.

D
ean,

Jr.,
C

h
ie

f
(804)

828-1210
dm

dean@
saturn.vcu.edu

n/a
W

e
st

S
pringfield

D
istrict

S
tation

P
olice

D
orian

B
.

P
ortee,

C
aptain

703
644-7377

w
spcapt@

co.fairfax.va.us
n/a

W
in

ch
e

ste
r

P
olice

D
epartm

ent
P

olice
C

olonel
G

a
ry

R
eynolds

540
665-5647

jaw
pd@

visuallink.com
n/a
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in
ia

A
g

e
n

cie
s

a
n

d
O

rg
a

n
iza

tio
n

s
C

o
n

ta
cte

d
,

co
n

tin
u

e
d

:

N
am

e
o

fA
g

e
n

cy/O
rg

a
n

iza
tio

n
T

yp
e

N
am

e
&

T
itle

o
fC

o
n

ta
ct

P
h

o
n

e
N

um
.

F
ax

N
u

m
b

e
r

E
m

ail
R

e
p

ly

T
R

A
N

S
P

O
R

T
A

T
IO

N
:

D
e

p
a

rtm
e

n
t

o
fA

via
tio

n
T

ransport.
K

eith
M

cC
ra

y
804

2
3

6
-3

6
2

5
yes

D
ept.

o
f

R
ail

and
P

u
b

lic
T

ra
n

sp
o

rta
tio

n
T

ransport.
T

h
o

m
a

s
S

te
w

a
rt

(A
T

T
E

N
D

E
E

)
804

786-1056
S

te
w

a
rt

tf@
d

rp
t.sta

te
.va

.u
s

yes
F

ederal
H

ig
h

w
a

y
A

ssociation
T

ransport.
E

m
ily

Law
ton

E
m

ily.L
a

w
to

n
@

fh
w

a
.d

o
t.g

o
v

n/a
C

la
u

d
e

N
a

p
ie

r
C

la
u

d
e

.N
a

p
ie

r@
fh

w
a

.d
o

t.g
o

v
n/a

F
ranklin

R
esidency,

V
D

O
T

T
ransport.

R
andolph

C
o

o
k

co
o

k
rr@

vd
o

t.sta
te

.va
.u

s
n/a

J.
D

.
F

lyth
e

flyth
e

jd
@

vd
o

t.sta
te

.va
.u

s
n/a

V
D

O
T

-
E

n
viro

n
m

e
n

ta
l

A
ffa

irs
T

ransport.
R

icky
W

o
o

d
y

w
oody_

rc@
vd

o
t.sta

te
.va

.u
s

n/a
V

D
O

T
-

H
istorical

R
e

vie
w

T
ransport.

T
o

n
y

O
p

p
e

rm
a

n
(804)

3
7

1
-6

7
4

9
o

p
p

e
rm

a
n

a
f@

vd
o

t.sta
te

.va
.u

s
n/a

V
D

O
T

-
Location

and
D

esign
T

ransport.
D

a
vid

L
e

g
ra

n
d

e
legrande

d
m

@
vd

o
t.sta

te
.va

.u
s

n/a
V

D
O

T
-

S
tru

ctu
re

s
and

B
ridges

T
ransport.

F
red

D
otson

D
otson

w
f@

vd
o

t.sta
te

.va
.u

s
n/a

U
T

IL
IT

Y
:

R
ich

m
o

n
d

D
ept.

o
fG

eneral
S

e
rv.

U
tility

U
tility

A
n

n
e

P
aschke,

P
u

b
lic

Info.
O

ff.
804

6
4

6
-5

2
7

6
p

a
sch

ke
a

@
ci.rich

m
o

n
d

.va
.u

s
n/a

S
h

e
rry

C
rew

e,
P

la
n

n
in

g
804

)6
4

6
-8

9
4

0
cre

w
s@

cL
rich

m
o

n
d

.va
.u

s
n/a

A
dm

inistration
U

tility
Johnel

B
racey,

C
h

ie
f

804
)646-5730

b
ra

ce
yj@

ci.rich
m

o
n

d
.va

.u
s

n/a
F

inancialP
lanning

U
tility

S
ta

ce
y

F
ayson,

M
a

n
a

g
e

r
(804)

646-5244
sfa

yso
n

@
ci.rich

m
o

n
d

.va
.u

s
n/a

E
nergy

S
ervices

U
tility

W
illia

m
G

alli,
D

e
p

u
ty

D
ire

cto
r

804
6

4
6

-5
2

9
0

b
g

a
lli@

ci.rich
m

o
n

d
.va

.u
s

n/a
G

as
and

W
a

te
r

S
ervice

U
tility

R
icky

H
icks,

T
ech.

S
u

p
e

rviso
r

804
646-8412

h
icksrs@

ci.rich
m

o
n

d
.va

.u
s

n/a
V

irg
in

ia
P

o
w

e
r

C
o

m
p

a
n

y
U

tility
C

h
a

rle
s

T
a

ylo
r

757
8

5
7

-2
3

6
7

(757)
8

5
7

-2
6

7
7

yes

M
IS

C
E

L
L

A
N

E
O

U
S

:
D

ept.
o

fA
g

ricu
ltu

re
and

C
o

n
su

m
e

r
S

e
rv.

M
isc.

R
ichard

S
a

u
n

d
e

rs
804

786-8899
risaunders@

vdacs.state.va
.us

no
D

ept.
o

f
B

usiness
A

ssistance
M

isc.
R

ob
B

la
ckm

o
re

804
371-8260

rb
la

ckm
o

re
@

d
b

a
.sta

te
.va

.u
s

yes
C

h
e

sa
p

e
a

ke
B

ay
Local

A
ss.

D
ept.

M
isc.

M
a

rth
a

L
ittle

804
2

2
5

-3
4

4
0

m
little

@
cb

la
d

.sta
te

.va
.u

s
ye

s
M

ichael
C

lo
w

e
r

M
C

L
O

W
E

R
@

cb
la

d
.sta

te
.va

.u
s

yes
S

co
tt

C
rafton,

C
h

ie
f o

f
E

nv.
E

ng.
(804

3
7

1
-7

5
0

3
scra

fto
n

@
cb

la
d

.sta
te

.va
.u

s
yes

C
o

m
m

issio
n

on
Local

G
o

ve
rn

m
e

n
t

M
isc.

A
d

e
le

M
a

cL
e

a
n

(804
786-6508

yes
D

e
p

a
rtm

e
n

t
o

f
G

eneral
S

e
rvice

s
M

isc.
E

lzy
W

illia
m

s,
B

u
ild

in
g

&
C

onst.
804

)371-7724
e

w
illia

m
s@

d
g

s.sta
te

.va
.u

s
yes

D
e

m
e

rst
S

m
it,

D
e

p
u

ty
D

ire
cto

r
804

3
7

1
-7

7
2

5
d

sm
it@

d
g

s.sta
te

.va
.u

s
no

D
e

p
a

rtm
e

n
to

f
H

isto
ric

R
esources

M
isc.

Ja
m

e
s

H
ill

804
J3

6
7

-2
3

2
3

jh
ill@

d
h

r.sta
te

.va
.u

s
no

D
ept.

o
f

H
ousing

&
C

o
m

m
u

n
ity

D
e

ve
lo

p
.

M
isc.

G
le

n
n

O
d

e
r

804
371-7005

g
o

d
e

r@
d

h
cd

.sta
te

.va
.u

s
no

D
e

p
a

rtm
e

n
t
o

f
Labor

and
Industry

M
isc.

E
dw

ard
H

e
g

a
m

ye
r

804
)7

8
6

-9
8

7
5

edw
ard

h
e

g
a

m
ye

r@
d

o
lLstate.va.us

yes
D

ept.
o

fM
ines,

M
in

e
ra

ls
a

n
d

E
n

e
rg

y
M

isc.
C

h
e

rylC
a

sh
m

a
n

,804)
6

9
2

-3
2

1
3

cxc@
m

m
e

.sta
te

.va.u
s

D
S

10
D

ept.
o

fT
reasury,

D
iv.

O
f

R
isk

M
anage.

M
isc.

D
on

LeM
ond

804
2

2
5

-4
6

2
0

d
o

n
.le

m
o

n
d

@
trs.sta

te
.va

.u
s

no
H

e
n

ry
C

o.
D

e
p

a
rtm

e
n

t
o

f
P

u
b

lic
S

a
fe

ty
S

te
ve

E
anes,

D
ire

cto
r

540
6

3
4

-4
6

6
2

se
a

n
e

s@
h

cd
p

s.co
m

n/a
R

ich
m

o
n

d
D

ept.
o

f
G

eneral
S

e
rvice

s
M

isc.
G

re
g

o
ry

A
b

d
u

s-S
a

la
a

m
804

646-5801
a

b
d

u
ssg

m
@

ci.rich
m

o
n

d
.va

.u
s

n/a
S

ocialS
ervices

M
isc.

G
le

n
n

B
utler,

D
ire

cto
r

804
6

4
6

-7
4

3
0

b
u

tle
rg

@
cL

rich
m

o
n

d
.va

.u
s

n/a
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V
irg

in
ia

A
gencies

and
O

rganizations
C

ontacted,
co

n
tin

u
e

d
:

N
am

e
o

fA
gency/O

rganization
T

ype
N

am
e

&
T

itle
o

fC
o

n
ta

ct
P

hone
N

um
.

F
ax

N
um

ber
E

m
ail

R
eply

M
IS

C
E

LLA
N

E
O

U
S

,
continued:

S
m

all B
usiness

D
evelopm

entC
enter

M
isc.

Jam
es

T.
C

arroll,
III,

D
irector

757
664-2592

(757)
548-1835

Ijcarroll@
hrccva.com

yes
V

A
A

sso.
ofP

lanning
D

istrictC
om

m
.

M
isc.

R
obertde

V
oursney

(804)
982-5559

(804)
982-5536

vapdC
@

virginia.edu
n/a

A
ccornoack-N

ortham
pton

P
lanning

D
ist.

C
om

m
.

M
isc.

P
aul

F.
B

erge
(757)

787-2936
(757)

787-4221
anpdC

@
esva.net

n/a
C

entralS
henandooh

P
lanning

D
istrictC

om
m

.
M

isc.
R

ebecca
Joyce

(540)
885-5174

(540)
885-2687

R
ebecca@

cspdc.org
yes

C
entralV

irginia
P

lanning
D

istrictC
om

m
.

M
isc.

C
.W

.
G

illespie
(804)

845-3491
(804)

845-3493
cvpdC

@
usa.pipeline.com

n/a
C

rater
P

lanning
D

istrictC
om

m
.

M
isc.

D
ennis

K.
M

orris
(804)

861-1666
(804)

732-8972
crater-pdc@

w
orldnet.att.net

n/a
C

um
berland

P
lateau

P
lanning

D
istrictC

om
m

.
M

isc.
A

ndrew
C

hafin
(540)

889-1778
(540)

889-5732
cppdC

@
naxs.net

n/a
H

am
pton

R
oads

P
lanning

D
istrictC

om
m

.
M

isc.
G

ary
S

chuchardt
757

420-8300
(757)

523-4881
Igschucha@

hrpdc.org
yes

LenO
N

isco
P

lanning
D

istrictC
om

m
.

M
isc.

R
onald

C
.

F
lanary

(540)
431-2206

(540)
431-2208

rflanary@
lenow

isco.org
n/a

L
a

d
Fairfax

P
lanning

D
istrictC

om
m

.
M

isc.
S

tephen
W

.
K

err
(540)

636-8800
(540)

635-4147
Ifpdc@

shentel.net
n/a

M
iddle

P
eninsula

P
lanning

D
istrictC

om
m

.
M

isc.
D

an
K

avanagh
(804)

758-2311
(804)

758-3221
m

ppdc@
inna.net

n/a
M

ountR
ogers

P
lanning

D
istrictC

om
m

.
M

isc.
T

hom
as

G
.

T
aylor

(540)
783-5103

(540)
783-6949

staff@
m

rpdc.org
n/a

N
ew

R
iverV

alley
P

lanning
D

istrictC
om

m
.

M
isc.

D
avid

W
.

R
undgren

(540)
639-9313

(540)
831-6093

nrvpdC
@

nrvdc.org
n/a

N
orthern

N
eck

P
lanning

D
istrictC

om
m

.
M

isc.
Jerry

W
.

D
avis

(804)
333-1900

(804)
333-5274

nnpdc17@
state.va.us

n/a
N

orthern
V

irginia
P

lanning
D

istrictC
om

m
.

M
isc.

G
.

M
ark

G
ibb

(703)
642-0700

(703)
642-5077

gm
g@

novaregion.org
n/a

P
iedm

ontP
lanning

D
istrictC

om
m

.
M

isc.
Jack

E.
H

oughton
(804)

392-6104
(804)

392-5933
JackH

@
tiger.hsc.edu

n/a
R

appahannock
P

lanning
D

istrictC
om

m
.

M
isc.

S
tephen

R
.

M
anster

(540)
373-2890

(540)
899-4808

sm
anster@

radco.state.va.us
n/a

R
appahannock

P
lanning

D
istrictC

om
m

.
M

isc.
G

ary
F.

C
hristie

(540)
829-7450

(540)
829-7452

rrpdC
@

crosslink.net
n/a

R
ichm

ond
R

egionalP
lanning

D
istrictC

om
m

.
M

isc.
Jam

es
R

.
H

assinger
804

358-3684
(804)

358-5386
richm

ondregional@
richm

ondregional.org
n/a

R
oonoke

V
alley

P
lanning

D
istrictC

om
m

.
M

isc.
W

ayne
G

.
S

trickland
(540)

343-4417
(540)

343-4416
rvarC

@
rvarc.org

n/a
S

outhside
P

lanning
D

istrictC
om

m
.

M
isc.

Joyce
I.

French
(804)

447-7101
(804)

447-7104
pdC

@
buggs.net

n/a
Thom

as
Jefferson

P
lanning

D
istrictC

om
m

.
M

isc.
N

ancy
K.

O
'B

rien
804

979-7310
(804)

979-1597
tipdc@

m
onticello.avenue.gen.va.us

n/a
W

estP
iedm

ontP
lanning

D
istrictC

om
m

.
M

isc.
R

obert.
W

.
D

ow
d

(540)
638-3987

(540)
638-8137

w
ppdc@

kim
banet.com

n/a
V

irginia
D

isaster
S

tress
Intervention

M
isc.

S
teven

E
lsis,

Info.
R

es.
M

anag.
elsissa@

jm
u.edu

n/a
V

A
E

conom
ic

D
evelopm

entP
artnership

M
isc.

B
ob

B
urnley

bburnley@
yesvirginia.org

yes
V

A
F

loodplain
M

anage.
A

ssociation
M

isc.
Jam

es
R

akestraw
,

P
resident

540
228-3655

president@
vaflooct.org

n/a
V

A
H

ousing
D

evelopm
entA

uthority
M

isc.
G

eorge
R

.
P

eterson
804

343-5753
Igeorge.P

eterson@
vhda.com

no
V

irginia
M

arine
R

esources
C

om
m

.
M

isc.
C

ol.
S

teven
BO

'N
m

an
(757)

247-2250
no

K
ale

W
ilford

(757
247-2269

(757)
247-2020

'N
I<ale@

m
rc.state.va.us

n/a
V

irginia
M

unicipalLeague
M

isc.
G

reg
D

ickie
(804

643-0274
Igdickie@

vm
l.org

yes
V

irginia
P

ortA
uthority

M
isc.

R
ick

N
app,

H
urricane

P
roc.

U
nit

~
7
5
7

)440-7207
yes

D
onald

B
oyd

(A
TTE

N
D

E
E

)
l757

}683-2190
D

boyd@
vpa.vit.org

yes
V

irginia
R

esources
Authori!Y_

M
isc.

M
ary

B
am

es
804

)644-3117
m

barnes@
vra.state.va.us

no

62



C
alifornia

A
gencies

and
O

rganizations
C

ontacted:

N
am

e
o

fA
gency/O

rganization
Type

N
am

e
&

Title
o

fC
ontact

P
hone

N
um

.
Fax:N

um
ber

E
m

ail
R

eply

C
O

M
M

U
N

IC
A

TIO
N

:
B

akersfield
C

ity
T

elecom
m

unications
C

om
m

.
G

eneral
Inform

ation
(661)

326-3300
telecom

m
unications@

ci.bakersfield.ca.
no

us

C
A

A
m

ateur
R

adio
E

m
ergency

S
erv.

C
om

m
.

B
ruce

H
illiard

(916)
445-5020

bhilliar@
dhs.ca.gov

no
B

erkeley
C

om
m

.
John

R
em

oy,
R

adio
O

fficer
rem

oy@
m

sn.com
no

Fairfield
C

om
m

.
D

an
M

ontandon,
R

adio
O

fficer
dm

ontand@
dhs.ca.gov

no
S

an
D

iego
C

A
R

E
S

C
om

m
.

W
altD

avis,
R

ad.
O

fficer
(760)

789-7954
w

a6odq@
arrl.net

yes
C

A
O

E
S

A
ux.

C
om

m
unication

S
erv.

C
om

m
.

B
en

G
reen,

A
ssistantC

hief
(916)

262-1603
ben-l)reen@

oes.ca.gov
no

C
ary

M
angum

,
S

tate
O

fficer
(916)

262-1670
(916)

262-1627
cary

m
angum

@
oes.ca.gov

no
S

tate
O

peratioos
C

om
m

unication
C

enter
C

om
m

.
Les

B
allinger,

O
perations

O
ff.

(916)
262-1675

les
ballinger@

oes.ca.gov
no

C
oastal

C
om

m
.

P
aulC

arlin,
O

fficer
(510)

286-6748
paul

carlin@
oes.ca.gov

no
Inland

C
om

m
.

B
illP

ennington,
O

fficer
(916)

262-1673
bilt.J)ennington@

oes.ca.gov
no

C
A

O
E

S
E

m
ergency

A
lertS

ystem
C

om
m

.
C

ary
M

angum
,

P
lans

C
oord.

(916)
262-1670

(916)
262-1627

E
A

S
_P

M
@

oes.ca.gov
nla

C
A

O
E

S
E

m
.

D
igital

Inform
ation

Servo
C

om
m

.
G

eneral
Inform

ation
ron

rosenow
@

oes.ca.gov
no

C
ontra

C
osta

C
ounty

A
R

E
S

C
om

m
.

S
am

Lipson
ko6jr@

arrl.net
no

Los
A

ngeles
C

ounty
D

is.
C

om
m

.
S

erv.
C

om
m

.
G

eneral
Inform

ation
(323)

980-2246
disaster@

artsci.net
no

M
ark

U
tley,

S
her.

D
ept.

C
oord.

D
C

S
@

lasd.org
no

Jim
B

ogdan,
C

hiefC
om

m
.

O
ff.

Jbogdan@
artsci.net

no
M

arin
C

ounty
R

A
C

E
S

C
om

m
.

V
alerie

Q
uigley

vquigley@
m

arin.org
no

O
range

C
ounty

A
m

ateur
R

ad.
E

m
erg.

S
C

om
m

.
G

eneral
Inform

ation
no

P
lacer

C
ounty

S
A

R
C

om
m

.
U

nit
C

om
m

.
E

ric
H

om
a

ehom
a@

pacbell.net
no

S
acrem

ento
V

alley
A

R
E

S
C

om
m

.
D

avid
Thom

e,
E

m
erg.

C
oord.

lazyt@
cot.net

yes
B

illP
ennington,

E
m

erg.
C

oord.
bi"-pennington@

oes.ca.gov
no

S
an

B
ernardino

C
ounty

A
R

E
S

C
om

m
.

John
R

ansdell,
O

per.
C

hief
kd6Ixt@

pacbell.net
no

S
an

D
iego

C
ounty

C
A

R
E

S
C

om
m

.
G

erry
S

andford,
C

hief
staff1

@
races.sandiego.ca.gov

yes
S

F
U

S
P

ub.
H

ealth
S

ervices
R

adio
C

om
m

.
E

ric
S

w
anson,

O
fficer

(415)
437-8045

esw
anson@

hrsa.gov
yes

S
an

Luis
O

bispo
E

m
.

C
om

m
.

C
ouncil

C
om

m
.

R
obertA

lberti,
D

irector
'N

6ttx@
arrl.net

yes
S

anta
B

arbara
A

m
at.

R
adio.

E
m

.
S

erv.
C

om
m

.
Jack

H
unter,

E
m

erg.
C

oord.
rjhunter@

juno.com
yes

S
anta

C
lara

C
ounty

A
R

E
S

C
om

m
.

A
nne

B
arrett,

E
m

erg.
C

oord.
abarrett@

usa.net
no

S
ierra

D
elM

ar
D

iv.
A

R
E

S
C

om
m

.
P

aulC
ook,

C
om

m
.

C
oord.

n6rpf@
yahoo.com

no
S

onom
a

C
ounty

R
A

C
E

S
C

om
m

.
G

eneral
Inform

ation
acs@

cds1.net
no

S
outh

C
ounty

A
m

at.
R

adio.
E

m
.

S
erv.

C
om

m
.

P
eter

Liljequist,
P

resident
(650)

592-5663
kd6bxy@

arrl.net
no
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C
alifo

rn
ia

A
g

en
cies

an
d

O
rg

an
izatio

n
s

C
o

n
tacted

,
co

n
tin

u
ed

:

N
am

e
o

fA
g

en
cy/O

rg
an

izatio
n

T
yp

e
N

am
e

&
T

itle
o

f
C

o
n

tact
P

h
o

n
e

N
u

m
.

F
ax

N
u

m
b

er
E

m
ail

R
ep

ly

C
O

M
M

U
N

IC
A

T
IO

N
,

continued:
S

outhern
R

egion
A

uxiliary
C

om
m

.
C

om
m

.
John

H
udson,

A
ss.

C
hief

(562)
795-2900

John
H

udson@
oes.ca.gov

no

T
uolum

ne
C

ounty
A

R
E

S
C

om
m

.
G

eneral
Inform

ation
tcares@

qsl.net
no

V
entura

C
ounty

A
R

E
S

C
om

m
.

B
ill

S
tarkgraf,

E
m

erg.
C

oord.
kd6uqb@

arrl.net
no

E
M

E
R

G
E

N
C

Y
/R

E
S

C
U

E
:

B
akersfield

C
ity

F
leet

S
ervice

E
m

erg.
K

irk
B

lair
(661)

326-3796
kblair@

ci.bakersfield.ca.us
yes

C
A

E
m

ergency
M

obile
P

atrol
E

m
erg.

G
eneral

Inform
ation

(818)
998-6791

adm
in@

cem
p.org

no

C
A

E
m

ergency
S

ervo
A

ssociation
E

m
erg.

G
eneral

Inform
ation

no

C
A

R
escue

D
og

A
ssociation

R
escue

G
eneral

Inform
ation

(916)
988-5542

100@
carda.org

no
C

A
E

xplorer
S

earch
and

R
escue

R
escue

G
eneral

Inform
ation

(650)
618-1599

info@
calesar.org

no

R
ich

S
am

pson
(650)

340-4779
rich

sam
pson@

calesar.org
yes

Inland
C

hapter
E

m
erg.

E
d

R
utherford

(916)
774-5813

erutherford@
roseville.ca.us

no
S

outhern
C

h
a

p
te

r
E

m
erg.

W
e

n
d

y
M

illigan,
A

d
m

in
istra

to
r

(805)
644-0899

scesam
gr@

aol.com
yes

C
A

O
ffice

o
f

E
m

ergency
S

ervices
E

m
erg.

D
isa

ste
rA

ssista
n

ce
B

ranch
E

m
erg.

G
eneral

Inform
ation

(916)
464-1024

(916)
464-0776

n/a
H

azardous
M

aterials
E

m
erg.

G
eneral

Inform
ation

(916)
464-3230

(916)
464-3205

n/a
H

azard
M

itigation
E

m
erg.

A
ndrew

P
etrow

(626)
683-6720

(626)
683-6702

A
ndrew

P
etrow

@
oes.ca.gov

yes
P

lanning
I

T
ech.

H
azards

E
m

erg.
G

eneral
Inform

ation
(916)

464-3200
(916)

464-3208
n/a

Inland
R

egion
E

m
erg.

G
eneral

Inform
ation

(916)
262-1772

(916)
262-2869

n/a
S

outhern
R

egion
E

m
erg.

G
eneral

Inform
ation

(562)
795-2900

(562)
795-2877

n/a
S

outhern
R

egion
E

m
erg.

G
eneral

Inform
ation

(619)
525-4287

(619)
525-4943

n/a
S

outhern
R

egion
E

m
erg.

G
eneral

Inform
ation

(805)
568-1207

(805)
568-1211

n/a

E
m

ergency
&

D
isaster

M
anagem

ent
E

m
erg.

G
eneral

Inform
ation

(310)
284-3194

(310)
284-3195

info@
em

ergency-m
anagem

ent.net
no

E
m

ergency
N

etw
ork

Los
A

ngeles
E

m
erg.

G
eneral

Inform
ation

(213)
896-9190

(213)
627-2105

no

K
ern

C
ounty

O
ff.

o
f

E
m

erg.
S

ervo
E

m
erg.

G
eneral

Inform
ation

(661)
868-3000

connerc@
co.kern.ca.us

no

Los
A

ngeles
H

azM
at

U
nit

E
m

erg.
G

eneral
Inform

ation
(213)

847-2793
(213)

687-8341
no

M
ountain

V
iew

C
ity

O
ff.

o
f

E
m

.
S

ervo
E

m
erg.

G
eneral

Inform
ation

(650)
903-6378

Iynn.brow
n@

ci.m
tnview

.ca.us
no

S
an

Joaquin
O

ff.
o

fE
m

erg.
S

ervices
E

m
erg.

R
onald

B
aldw

in,
D

ir.
o

fO
per.

(209)
468-3968

(209)
944-9015

no

G
eneral

Inform
ation

sjcoes@
co.san-joaquin.ca.us

no

S
an

Jose
O

ff.
o

f
E

m
erg.

S
ervices

E
m

erg.
G

eneral
Inform

ation
(408)

277-4595
(408)

277-3345
no

S
an

Luis
O

bispo
C

ounty
O

E
S

E
m

erg.
G

eorge
B

row
n

gbrow
n@

co.slo.ca.us
yes
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C
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co
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u

e
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:

N
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e
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fA
g

e
n

cy/O
rg

a
n

iza
tio

n
T

yp
e

N
am

e
&

T
itle

o
fC

o
n

ta
ct

P
hone

N
um

.
F

ax
N

u
m

b
e

r
E

m
ail

R
eply

E
M

E
R

G
E

N
C

Y
/R

E
S

C
U

E
,

continued:
S

ierra
D

el
M

ar
E

m
erg.

D
isasterS

erv.
E

m
erg.

G
eneral

Inform
ation

(619)
446-1262

(619)
446-0493

no
Y

olo
C

ounty
off.

ofE
m

erg.
S

ervices
E

m
erg.

D
an

M
cC

anta,
E

m
.

S
erv.

C
oord.

(530)
666-8930

(530)
666-8909

dan.m
ccanta@

C
C

m
.yolocounty.org

no

E
N

V
IR

O
N

M
E

N
T:

C
A

B
ureau

ofLand
M

anagem
ent

E
nviron.

M
ike

P
ool,

D
irector

(916)
978-4600

(916)
978-4620

castatedir@
ca.blm

.gov
no

B
ranch

ctE
nergy

&
M

inerals
E

nviron.
R

ichard
G

rabow
ski,

D
irector

(916)
978-4361

(916)
978-4389

no
N

aturalR
esources

E
nviron.

D
avid

M
cilnay,

C
hief

(916)
978-4671

(916)
978-4657

dm
cilnay@

ca.blm
.gov

no
S

upportS
ervices

E
nviron.

K
aren

B
arnette,

D
irector

(916)
978-4501

(916)
978-4505

K
aren

B
arnette@

ca.blm
.gov

yes
B

rC
llch

ofFire
and

A
viation

E
nviron.

E
d

W
ehking

(916)
978-4431

(916)
978-4438

ew
ehking@

ca.blm
.gov

no
T

eleccm
rnunications

S
ystem

s
E

nviron.
D

on
B

lack,
C

hief
(916)

978-4558
(916)

978-4580
dblack@

ca.blm
.gov

no
Inform

ation
R

esources
M

a1agem
ent

E
nviron.

R
ob

C
ervantes,

C
hief

(916)
978-4544

(916)
978-4580

rcervant@
ca.blm

.gov
no

C
A

C
onf.

ofD
irectors

ofE
nv.

H
ealth

E
nviron.

G
eneral

Inform
ation

(916)
944-7315

(916)
944-2256

n/a
D

epartm
entofH

ealth
S

ervices
E

nviron.
E

nvironm
ental

~
n
a
g
e
r
r
e
n
t

B
ranch

E
nviron.

Jack
M

cG
urk,

C
hief

(916)
323-3023

jm
cgurk@

dhs.ca.gov
no

E
m

e
rg

e
n

cy
P

re
p

a
ra

tio
n

O
ffice

E
nviron.

D
ave

A
bbott,

C
oord.

(916)
323-3675

dabbott@
dhs.ca.gov

D
S

1
1

W
C

Ete
M

a1agerrent
E

nviron.
D

arice
B

ailey,
C

hief
(916)

324-2209
dbailey@

dhs.ca.gov
no

E
nvirC

llm
entaiH

ealth
S

ervices
E

nviron.
G

lenn
Takeoka,

C
hief

(916)
327-1053

gtakeoka@
dhs.ca.gov

no
D

epartm
ento

fW
ater

R
esources

E
nviron.

D
ivisiC

llofFlexxiM
a1agerrent

E
nviron.

Jay
P

unia,
C

hief
(916)

574-2611
jpunia@

w
ater.ca.gov

yes
R

icardo
P

ineda
(916)

653-5440
rpineda@

w
ater.ca.gov

no
D

ivision
ct

P
lanning

a1d
LocalA

ssistance
E

nviron.
N

aser
B

ateni,
C

hief
(916)

327-1646
bateni@

w
ater.ca.gov

yes
D

ivision
riO

perations
a1d

M
aintena1ce

E
nviron.

S
tephen

K
ashiw

ada
(916)

653-8583
slk@

w
ater.ca.gov

no
E

m
e

rg
e

n
cy

P
re

p
a

re
d

n
e

ss
E

nviron.
S

o
n

n
y

F
ang,

M
anager

(916)
654-6135

(916)
653-5028

so
n

n
yf@

N
a

te
r.ca

.g
o

v
D

S
1

6
E

nvirC
llm

entalS
ervices

O
ffice

E
nviron.

B
arbara

M
cD

onnell,
C

hief
(916)

227-7531
bm

cdonne@
w

ater.ca.gov
no

D
ivisiC

llriM
a1agem

entS
ervices

E
nviron.

S
andee

Firch,
E

xec.
Sec.

(916)
653-6943

sfirch@
w

ater.ca.gov
yes

N
orthern

D
istrict

E
nviron.

A
ndrew

C
orry

(530)
529-7388

corrya@
w

ater.ca.gov
yes

C
entralD

istrict
E

nviron.
R

ay
Lee

(916)
227-7605

(916)
227-7600

ralee@
w

ater.ca.gov
yes

S
an

Joaquin
D

istrict
E

nviron.
E

dw
ard

P
erez

(559)
230-3317

evperez@
w

ater.ca.gov
no

S
outhern

D
istrict

E
nviron.

W
illiam

E
lder

(818)
543-4646

e1der@
w

ater.ca.gov
no
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C
a

lifo
rn

ia
A

gencies
an

d
O

rganizations
C

ontacted,
co

n
tin

u
e

d
:

N
am

e
o

fA
gency/O

rganization
T

ype
N

am
e

&
T

itle
o

fC
ontact

P
h

o
n

e
N

u
m

F
ax

N
urriJer

E
m

ail
R

eply

FIR
E:

B
risbane

Fire
ll3partm

ent
R

re
G

eneralInform
ation

(415)467-1216
(415)467-8770

firechief@
j.brisoone.ca.us

no
B

urlingam
e

R
re

ll3partm
ent

R
re

BillR
eilly,

O
1ief

(650)
558-7600

breilly@
xJrlingam

e.org
no

Q
llifornia

R
re

S
afe

C
ouncil

R
re

JillR
ushirlJ

Jill.R
ushing@

nslpr.oom
yes

C
A

S
tate

R
refighter's

A
ssodation

Fire
Lynn

H
allS

hanon,G
en.

I\ttin.
(BOO)451-2732

(916)446-9889
LshanllU

l~
I
a
.
n
e
t

nJa
N

ath
an

B
ra1ch

Fire
f\lealW

arner,
D

irector
N

vvarner@
::sfa.net

rJa
C

entralB
ra1ch

R
re

M
chaelG

ill,
D

irector
rJgill@

::sfa.net
rJa

S
aJthern

B
ra1ch

R
re

Ed
Foster,

D
irector

E
f
o
s
t
e
r
~
f
a
.
n
e
t

rJa
S

aJthern
B

ra1ch
Fire

P
eterU

ebig,
D

irector
P

liebig@
::sfa.net

rJa
C

A
fvb:JicalTask

Force
Fire

R
ic

S
chultz,

fvbjicalQ
xrd

.
R

icS
chultz@

C
A

lF5.org
rJa

C
A

Task
Force

-S
eardland

R
esaJe

R
re

I\ttirc
H

aw
kins,

Leader
(949)

581-4406
(949)581-4649

I
\
t
t
i
r
c
l
-
t
a
W
<
i
~
l
F
5
.
o
r
g

rJa
Q

llifornia
a

ty
R

re
ll3partm

ent
R

re
G

eneralInform
ation

(760)3734841
(760)373-1305

caldtyfire@
totm

ail.oom
no

B
C

errito
R

re
ll3partm

ent
Fire

I\ttirk
S

cott,
O

1ief
(510)2154450

fire@
i.eI-cerrito.ca.us

no
R

rescope
R

iverside
R

re
G

eneralInform
ation

(009)
782-4174

(009)
782-4239

no
H

ealdsburg
a

ty
R

re
ll3partm

ent
R

re
G

eneralInform
ation

fire@
i.healdsburg.ca.us

no
K

ern
C

ounty
R

re
ll3partm

ent
R

re
G

ro
ffW

ilford,
B

att.
O

1ief
r
r

_
Iightspeed.net

no
I\J\3nlo

P
ark

R
re

Prot.
D

ist.
Fire

M
lesJulihn

(650)688-8400
m

pfd@
nenlofire.org

no
M

llbrae
R

re
ll3partm

ent
R

re
G

eneralInform
ation

(650)259-2400
fire@

i.m
illbrae.ca.us

no
C

Xange
C

ounty
R

re
hlthority

R
re

aerk
ofA

uthority
(714)289-3725

~
I
~
~
a
.
o
r
g

no
P

alo
~
t
o

R
re

D
epartm

ent
R

re
R

Jben
G

rijalva,
O

1ief
(650)

329-2184
(650)327-6951

fire@
ity.palo-alto.ca.us

no
R

ecM
ood

a
ty

R
re

ll3partm
ent

R
re

E
dw

ard
fvbntez,

a
ie

f
em

ontez@
"ecM

oodcity.org
no

S
an

B
runo

R
re

ll3partm
ent

R
re

W
illiam

G
raham

"
O

1ief
(650)

616-7096
scam

pos@
::i.sanbruno.ca.us

no
S

an
Luis

O
Jispo

C
o.

R
re

D
epartm

ent
R

re
O

:ln
Turner,

R
re

O
1ief

(805)543-4244
(805)543-4248

no
S

elm
a

a
ty

R
re

ll3partm
ent

R
re

Roy
Peak,

O
1ief

(559)896-2511
(559)8964300

R
oyP

@
jtyofselm

a.oom
no

S
outh

C
ounty

R
re

A
uthority

R
re

G
eneralInform

ation
(650)802-4255

(650)592-4714
i
n
f
~
a
.
d
s
t
.
c
a
.
u
s

no
Tafta

ty
R

re
ll3partm

ent
R

re
G

eneralInform
ation

(661)
7654136

tcfdbran@
ightspeed.net

no
R

oy
H

eim
iller,

O
1ief

rheim
iller57@

yahoo.oom
no

Turlock
a

ty
R

re
ll3partm

ent
R

re
G

eneralInform
ation

(209)668-5580
fire(@

urlock.ca.us
no

W
oodside

R
re

P
rotection

D
istrict

Fire
O

1ief
m

fuge@
A

oodsidefire.org
no
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rg

a
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iza
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n
T

ype
N

am
e

&
T

itle
o

fC
o

n
ta

ct
P

hone
N

um
.

F
ax

N
u

m
b

e
r

E
m

ail
R

eply

H
E

A
LT

H
:

A
lam

eda
C

ounty
A

m
b

u
la

n
ce

S
ervice

H
ealth

G
eneral

In
fo

rm
a

tio
n

(510)
535-6957

(510)
891-5700

no

C
tr

fo
r

P
ub.

H
ealth

&
D

isa
ste

r
R

elief
H

ealth
S

teven
R

o
ttm

a
n

(310)
794-0864

(310)
794-0889

cphdr@
ucla.edu

no

D
epartm

ent
o

f
H

ealth
S

ervices
H

ealth
G

eneral
In

fo
rm

a
tio

n
n/a

O
ffice

o
fC

o
u

n
ty

H
ealth

S
ervices

H
ealth

G
eneral

In
fo

rm
a

tio
n

o
ch

sm
a

il@
d

h
s.ca

.g
o

v
no

O
ffice

o
f

P
ublic

A
ffairs

H
ealth

G
eneral

Inform
ation

(916)
657-3064

(916)
657-0240

no

E
m

ergency
M

edical
S
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el1ber@

surfcity-hb.org
no

Indio
P

olice
D

epartm
ent

P
olice

G
eorge

Ra\NSO
n,

C
hief

ravvson@
indiopd.org

no
K

ing
C

ity
P

olice
D

epartm
ent

P
olice

R
ichard

~
t
c
a
l
f
,

C
hief

pdchief@
kingcity.com

no
Lem

oore
P

olice
D

epartm
ent

P
olice

K
im

berly
~
r
r
e
l
l
,

C
hief

(559)
924-9574

(559)
924-3116

km
orrell@

co.kings.ca.us
no

Long
B

each
P

olice
D

epartm
ent

P
olice

G
eneralInform

ation
(562)

570-7301
(562)

570-7114
no

Los
A

ngeles
P

olice
D

epartm
ent

P
olice

IS
gt.

R
on

S
picer,

E
m

erg.
G

p.
ronspicer@

hotm
ail.com

yes
A

irS
upportD

ivision
P

olice
O

fficerC
harles

P
erriguey

(213)
485-2011

(213)
485-2073

yes
O

perations
-

C
entral

P
olice

D
eputy

C
hief

(213)
485-3101

(213)
485-6623

no
O

perations
-

V
alley

P
olice

D
eputy

C
hief

(818)
756-8303

(818)
756-8298

no
O

perations
-W

est
P

olice
D

eputy
C

hief
(213)

473-0277
(213)

473-0285
no

Lom
poc

P
olice

D
epartm

ent
P

olice
W

illiam
B

row
n,

C
hief

875-8107
j

chastain@
ci.lom

poc.ca.us
no

Jim
Thom

as,
S

heriff
sheriff@

sbsheriff.org
no

Los
B

anos
P

olice
D

epartm
ent

P
olice

M
ichaelH

ughes
(209)

827-7070
(209)

827-7006
policea@

data.co.m
erced.ca.us

no
M

adera
C

ounty
S

herrifs
D

epartm
ent

P
olice

John
A

nderson,
S

heriff
(559)

675-7770
(559)

675-8413
sheriff@

thegrid.net
no

S
gt.

C
huck

R
eiring

Isgtchuck@
psnw

.com
no

M
adera

P
olice

D
epartm

ent
P

olice
Jerry

N
oblett,

C
hief

(559)
674-5611

jnoblett@
m

adnet.net
no

M
aY'f\lO

O
d

P
olice

D
epartm

ent
P

olice
R

ick
Lopez,

C
hief

(213)
562-5005

chief@
cityofm

aY
'f\lO

O
d.com

no
M

enlo
P

ark
P

olice
D

epartm
ent

P
olice

S
cottV

erm
eer,

C
hief

(650)
858-3325

(650)
327-4314

policechief@
m

enloparkpolice.org
no

M
illV

alley
C

ity
P

olice
D

epartm
ent

P
olice

R
obertR

itter,
D

ir.
ofP

ol.
Serv.

(415)
389-4100

police@
cityofm

illvalley.org
no

M
odesto

P
olice

D
epartm

ent
P

olice
D

avid
Funk

(209)
572-9657

(209)
572-9669

FunkD
@

m
odestopd.com

yes
M

onterey
P

olice
D

epartm
ent

P
olice

P
hilP

enko,
S

ergeant
(831)

646-3830
penko@

ci.m
onterey.ca.us

no
M

oraga
P

olice
D

epartm
ent

P
olice

B
arry

K
alar,

C
hief

376-2515
376-2850

police@
m

oraga.ca.us
no

M
outain

V
iem

C
ity

P
olice

D
epartm

ent
P

olice
R

ichard
E

lias,
S

ergeant
(650)

903-6707
rich.elias@

C
i.m

tnview
.ca.us

no
M

t.
S

hasta
P

olice
D

epartm
ent

P
olice

G
eneralInform

ation
(530)

926-7540
(530)

926-3601
p-m

spd@
inreach.com

no

72
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e
o
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gency/O

rganization
Type

N
am

e
&

Title
o

fC
ontact

P
hone

N
um

.
Fax

N
um

ber
E

m
ail

R
eply

P
O

LIC
E

,
continued:

N
apa

C
ity

P
olice

D
epartm

ent
P

olice
G

eneral
Inform

ation
(707)

257-9550
dm

onez@
cityofnapa.org

yes

O
ceanside

P
olice

D
epartm

ent
P

olice
G

eneral
Inform

ation
police@

ci.oceanside.ca.us
n

o

O
ra

n
g

e
P

olice
D

epartm
ent

P
olice

A
n

d
y

R
om

ero,
C

h
ie

f
(714)

744-7301
(714)

744-7428
arom

ero@
orangepd.org

n
o

O
xnard

P
olice

D
epartm

ent
P

olice
A

rt
Lopez,

C
h

ie
f

(805)
4

8
3

-8
4

0
8

chief@
oxnardpd.org

n
o

P
alm

S
p

rin
g

s
P

olice
D

epartm
ent

P
olice

Lee
W

eigel,
C

h
ie

f
(760)

323-8126
R

eneeM
@

ci.palm
-springs.ca.us

yes

P
alo

A
lto

P
olice

D
epartm

ent
P

o
lice

P
at

D
w

yer,
C

hief
(650)

329-2406
(650)

6
1

7
-3

1
2

0
pd@

city.palo-alto.ca.us
n

o

P
etalum

a
P

olice
D

epartm
ent

P
olice

P
at

P
arks,

C
h

ie
f

(707)
778-4372

(707)
778-4476

police@
ci.petalum

a.ca.us
n

o

P
inole

P
olice

D
epartm

ent
P

olice
Jo

h
n

M
iner,

C
h

ie
f

(510)
724-8955

police@
ci.pinole.ca.us

n
o

P
ism

o
B

each
P

olice
D

epartm
ent

P
o

lice
G

eneral
In

fo
rm

a
tio

n
(805)

773-2208
(805)

7
7

3
-3

5
0

5
n

o

P
lacerville

P
olice

D
epartm

ent
P

olice
G

eneral
Inform

ation
(530)

6
2

4
-5

2
1

0
(530)

6
4

2
-5

2
1

5
adm

in@
H

angtow
nC

ops.org
n

o

R
ed

B
lu

ffP
olice

D
epartm

ent
P

o
lice

M
ace

M
cintosh,

C
h

ie
f

(530)
527-3134

(530)
529-4768

m
m

cin
to

sh
@

rb
p

d
.o

rg
no

R
edding

P
olice

D
epartm

ent
P

olice
S

teve
D

avidson,
C

aptain
(530)

2
2

5
-4

2
2

3
(530)

2
2

5
-4

5
5

3
rpdw

eb@
ci.redding.ca.us

n
o

R
edlands

C
ity

P
olice

D
epartm

ent
P

o
lice

Jim
B

ueerm
ann,

C
h

ie
f

rdipolice@
eee.org

n
o

R
eedley

P
olice

D
epartm

ent
P

olice
Jo

e
G

arza,
S

gt.
(559)

637-4250
(559)

638-7218
joe.garza@

reedley.com
n

o

R
ialto

P
olice

D
epartm

ent
P

o
lice

A
rth

u
r

B
urgess,

C
aptain

(909)
8

2
0

-2
5

7
2

A
burgess@

R
ialtopd.com

n
o

R
idgecrest

P
olice

D
epartm

ent
P

olice
M

ichaelA
very,

Lieutenant
(760)

371-3711
m

avery@
ci.ridgecrest.ca.us

n
o

R
ipon

C
ity

P
olice

D
epartm

ent
P

olice
R

ichard
B

ull,
C

h
ie

f
(209)

599-2102
(209)

599-4034
rip-pdlt@

thevision.net
n

o

R
iverside

P
olice

D
epartm

ent
P

o
lice

E
m

ergency
Serv.

C
oord.

(909)
3

5
1

-6
0

9
9

C
N

IE
V

E
S

@
ci.riverside.ca.us

no

S
a

cra
m

e
n

to
P

olice
D

epartm
ent

P
o

lice
A

rtu
ro

V
enegas,

C
h

ie
f

spdcau@
m

aiI2.quiknet.com
n

o

S
a

lin
a

s
P

olice
D

epartm
ent

P
o

lice
S

a
ssie

M
cS

orley,
C

a
p

ta
in

(831)
758-7090

ca
ssie

m
@

ci.sa
lin

a
.ca

.u
s

n
o

S
an

B
ru

n
o

P
olice

D
epartm

ent
P

o
lice

B
rad

S
chim

ek,
F

ield
O

ffice
r

(650)
6

1
6

-7
1

0
0

(650)
871-6734

b
sch

im
e

k@
ci.sa

n
b

ru
n

o
.ca

.u
s

n
o

S
an

C
arlos

P
olice

D
epartm

ent
P

o
lice

Jim
B

ranucci,
C

h
ie

f
(650)

802-4223
jim

.g
ra

n
u

cci@
ci.sa

n
-ca

rlo
s.ca

.u
s

n
o

S
an

F
ernando

P
olice

D
epartm

ent
P

olice
D

o
m

in
ick

R
ivett,

C
h

ie
f

(818)
8

9
8

-1
2

0
0

info@
C

i.san-fernando.ca.us
n

o

S
an

G
abriel

P
olice

D
epartm

ent
P

olice
D

avid
A

.
Law

ton,
C

h
ie

f
chief@

sgpd.com
n

o

S
an

Leandro
P

olice
D

epartm
ent

P
o

lice
Jo

e
K

itchen,
C

h
ie

f
(510)

577-3251
jkitchen@

ci.san-leandro.ca.us
n

o

S
an

M
anteo

P
olice

D
epartm

ent
P

o
lice

S
usan

M
anheim

er,
C

h
ie

f
(650)

522-7710
police@

ci.sanm
ateo.ca.us

n
o

S
anta

B
arbara

O
E

S
P

o
lice

D
.

G
onzales,

C
h

ie
f

(805)
8

9
7

-2
4

7
3

(805)
8

9
7

-2
4

7
3

dgonzales@
sbpd.com

yes

S
anta

C
lara

P
olice

D
epartm

ent
P

o
lice

C
harles

A
rolla,

C
h

ie
f

(408)
6

1
5

-4
8

9
0

police@
ci.santa-c1ara.ca.us

n
o

S
anta

F
e

S
p

rin
g

s
P

olice
D

epartm
ent

P
olice

F
ernando

T
arin,

D
ire

cto
r

(562)
4

0
9

-1
8

5
0

(562)
4

0
9

-1
8

5
4

F
ernandoT

arin@
santafesprings.org

n
o

S
anta

M
aria

P
olice

D
epartm

ent
P

olice
D

avid
S

te
m

(805)
928-3781

(805)
9

2
2

-0
8

7
7

dstern@
C

i.santa-m
aria.ca.us

ye
s

S
anta

M
onica

P
olice

D
epartm

ent
P

olice
Ja

m
e

s
T.

B
utts,

C
h

ie
f

(310)
4

5
8

-8
4

0
7

C
hief@

santam
onicapd.org

n
o
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N
am

e
o

fA
gency/O

rganization
Type

N
am

e
&

Title
o

fC
ontact

P
hone

N
um

.
Fax

N
um

ber
E

m
ail

R
eply

P
O

L
IC

E
,

continued:
S

ausalito
P

olice
D

epartm
ent

P
olice

E
arnestC

lem
ents,

C
hief

(415)
289-4181

eclem
ents@

ci.sausalito.ca.us
no

S
elm

a
C

ity
P

olice
D

epartm
ent

P
olice

Tom
W

hiteside,
C

hief
(559)

896-2525
(559)

896-8839
T

hom
asW

@
cityofselm

a.com
no

S
outh

P
asadena

P
olice

D
epartm

ent
P

olice
M

ichaelB
erkow

,
C

hief
(626)

799-1121
m

berkow
@

ci.south-pasadena.ca.us
yes

S
outh

S
an

Fran.
P

olice
D

epartm
ent

P
olice

M
ark

R
affaelli,

C
hief

(650)
877-8900

(650)
877-5982

no

S
t.

H
elena

P
olice

D
epartm

ent
P

olice
B

ertJohansson,
C

hief
(707)

967-2850
(707)

963-8043
no

S
tockton

P
olice

D
epartm

ent
P

olice
E

dw
ard

C
havex,

C
hief

(209)
937-8377

police@
ci.stockton.ca.us

no
S

unnyvale
P

olice
D

epartm
ent

P
olice

G
eneral

Inform
ation

(408)
730-7100

(408)
749-0166

pubsfty@
ci.sunnyvale.ca.us

yes

T
racy

P
olice

D
epartm

ent
P

olice
G

eneral
Inform

ation
(209-831-4550

)
P

oliceD
ept@

ci.tracy.ca.us
no

T
urlock

P
ol.

S
ervices

P
olice

G
eneral

Inform
ation

(209)
668-5550

(209)
667-5226

no

U
C

Irvine
P

olice
D

epartm
ent

P
olice

K
athy

H
ooven,

C
hief

(949)
824-7797

krstanle@
uci.edu

no
U

pland
P

olice
D

epartm
ent

P
olice

M
artin

Thouvenell,
C

hief
(909)

946-7624
m

thouvenell@
uplandpd.org

no

V
allejo

P
olice

D
epartm

ent
P

olice
R

obert
N

ichelini,
C

hief
(707)

648-4553
(707)

648-4490
no

W
alnutC

reek
P

olice
D

epartm
ent

P
olice

Tom
S

oberanes,
C

hief
(925)

943-5894
soberanes@

ci.w
alnut-creek.ca.us

no
W

hittier
P

olice
D

epartm
ent

P
olice

C
harles

H
oover,

C
hief

(562)
945-8252

chief@
w

hittierpd.org
no

T
R

A
N

S
P

O
R

T
A

T
IO

N
:

C
alT

rans
(C

A
S

tate
D

O
T)

Trans.
Tony

H
arris,

C
hiefD

ep.
D

ir.
Tony_H

arris@
dot.ca.gov

no
Jim

V
arney,

D
is.

C
oord.

(916)
654-3523

Jim
V

arney@
dot.ca.gov

yes
E

nviroom
entalP

rogrcm
s

Trans.
G

ary
W

inters
G

ary
W

inters@
dot.ca.gov

yes
E

quipm
entS

ervice
Trans.

M
ike

B
row

n,
D

irector
M

ike
B

row
n@

dot.ca.gov
no

Inform
atioo

S
ystem

s
Trans.

G
ilTafoya,

D
irector

G
ilbert

T
afoya@

dot.ca.gov
no

M
aintenance

a1d
O

peratioos
Trans.

John
C

ottier
John

C
ottier@

dot.ca.gov
yes

O
peratioos

Trans.
K

im
N

ystrom
K

im
N

ystrom
@

dot.ca.gov
no

P
lanning

Trans.
B

rian
S

m
ith,

D
ep.

D
irector

B
rian

S
m

ith@
dot.ca.gov

yes
T

ranspatatioo
S

ystem
Inform

ation
Trans.

M
artha

T
ate

G
lass

M
artha

Tate
G

lass@
dot.ca.gov

no
D

istrict1
Trans.

R
ick

K
napp,

D
irector

R
ick

K
napp@

dot.ca.gov
no

D
istrict10

Trans.
M

ark
Leja,

D
irector

M
ark

Leja@
dot.ca.gov

no
D

istrict11
Trans.

G
ary

G
allegos,

D
irector

G
ary

G
allegos@

dot.ca.gov
no

D
istrict12

Trans.
K

en
N

elson,
D

irector
K

en
N

elson@
dot.ca.gov

no
D

istrict2
Trans.

Thom
N

iesen,
D

irector
Thom

N
iesen@

dot.ca.gov
no

D
istrict3

Trans.
Irene

Itam
ura,

D
irector

Irene
Itam

ura@
dot.ca.gov

yes
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N
arm

o
fA

aencv/O
rganization

IT
ype

I
N

arm
&

T
itle

o
fC

ontactIP
hone

~
m

IFax
~
r

TR
A

N
SPO

R
TA

TIO
N

,CXJ11:inued:
031Trans,CXJ1tinued:

IJs1rict41
Trans.

IH
arry

yahata,
O

rE
dor

IJs1rict51
Trans.

IJay
W

alta-,
O

rE
dcr

IJs1rict61
Trans.

IB
art8d1n,

O
rE

dcr
IJs1rict81

Trans.
Ih

re
IVByer

IJs1rict91
Trans.

ITom
1-iaI1a1bed<,O

rE
dcr

E
m

ail

IH
arry_y

a
h
a
t
c
@
:
X
i
.
c
a
.
~

J
a
y
_
W
a
l
t
a
-
@
:
i
c
t
.
c
a
.
~

B
art

E3c:>tYl((ltjot.ca.~

h
re

~
@
:
i
c
t
.
c
a
.
~

Tern
1
-
i
a
I
1
_
.
c
a
.
~

R
eply

nononono
yes

A
rrtrak

caifom
ia

ca
ifa

n
ia

a
ty

M
JnidpaiA

irpcrl
O

ova-dale
Transit

D
3vid

a
ty

U
iT

rans
I-iJrrO

O
Idth

TransitA
uttD

ity
Lm

ftllgaes
O

O
T

I'vt:trdink
R

:rl:Jing
kf!!d

8Ls
A

uttD
ity

1b;evi11e
Transit

Sacrarra1to
Iri.A

irpcrl

S
aaarrentoTransJXrt.A

uttD
ity

SoIaoo
T
~
.

A
uttD

ity
Y

olo
cm

nty
T
~
.

O
st.

U
TlU

TY
:

Bakersfield
a

ty
W

ala-
C

A
Energy

Q
n

n
issim

CA
W

ata-Q
n

n
issim

~
E

rra-g.
~
0
1
i
r
e

1-eaIdsbLu-g
a

ty
S

oc.U
ility

S
aaarento

cm
nty

A
irO

JaIity

Trans.
IG

erB
aI

Irtoonatim
Trans.

ITom
W

ei,A
irpcrltJanager

Trans.
IG

erB
allrtoonatim

Trans.
IG

erB
allrtoonatim

Trans.
IG

erB
aI

Irtoonatim
Trans.

IC
Sve

F
b

an
an

Trans.
IFrarcisco

0:Jxa:a
Trans.

IG
erB

allrtoonatim
Trans.

IM
ke

W
xaJ,

Trans.
...

Trans.
IG

erB
allrtoonatim

Trans.
If\b

m
a

n.-on
Trans.

IG
erB

allrtoonatim
Trans.

IG
erB

allrtoonatim

U
ility

IG
erB

allrtoonatim
U

ility
1Bd:>

,A
Jciidl

U
ility

Ir:h.gas
A

iest
U

ility
IT

om
G

aviaoo
U

ility
IG

erB
aI

Irtoonatim
U

ility
IG

erB
aI

Irtoonatim

r
a
i
l
.
~
.
c
a
.
~

(700)37348671
(700)373-48691'A

€ilt@
ns.oom

nitd@
1€tdex.oom

initrans@
..xxjavis.oou

hta@
1ta.crg

(323)224-65561
I
d
r
~
.
I
a
c
i
t
y
.
c
r
g

(213)347-2fro
1

(213)452-Q
429IQ

l\X
A

C
A

F@
;ara·net

raO
O

staff@
j.rO

O
ding.ca.us

(916)
714-5480

1
(916)

714-5195111J1f/ixa@
TJsev1le.ca.us

(916)929-54111
(916)874-0036lrrnrkE

t@
1nt.oo.sacram

ento.ca.us
(916)323-0000

1
(916)323-0050

Ista@
3ta.sacram

ento.ca.us
stapar@

dm
ail.cx:m

(53))661-00161
(53))661-1732

(661)326-37151
l'A

e1:a-@
j.takersfield.ca.us

(916)65449891
(916)6544420

l
e
r
a
-
g
i
a
@
n
3
r
g
y
.
c
a
.
~

(916)653-59581
(916)

6
5
3
-
9
7
4
5
l
p
i
e
s
t
d
@
A
a
t
a
-
.
c
a
.
~

(916)6544900
elE

dric@
j.hf!!dIdsbt.rg.ca.us

sacaqrrd(O
pacO

O
ll.net
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yes
0

0

no0
0

no
yes
yes
yes

D
S

15
0

0

yes
no0

0

no
yes
yes
no0

0

no



C
alifornia

A
gencies

and
O

rganizations
C

ontacted,
continued:

N
am

e
ofA

gency/O
rganization

Type
N

am
e

&
Title

o
fC

ontact
P

hone
N

um
.

Fax
N

um
ber

E
m

ail
R

eply

M
IS

C
E

LLA
N

E
O

U
S

:
B

akersfield
C

ity
G

eneralS
ervices

M
isc.

G
eneral

Inform
ation

(661)
326-3781

general_services@
ci.bakersfield.ca.us

no

M
arin

InterA
gency

D
isaster

C
oal.

M
isc.

H
ank

W
aschow

,
P

roj.
C

oord.
(415)

491-8915
(415)

479-9722
no

N
at.

Fld
Insur.

P
rog.

C
ontractors

M
isc.

E
die

Lohm
ann,

R
eg.

M
anager

(916)
780-7889

(916)
780-7905

E
die.Lohm

ann@
W

oridnet.att.net
yes

S
m

allB
usiness

A
ssociation

M
isc.

G
eneral

Inform
ation

disaster.assistance@
sba.gov

no

S
outhern

C
A

E
arthquake

C
enter

M
isc.

M
ark

B
enthien

(213)
740-0323

(213)
740-0011

benthien@
usc.edu

yes
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N
orth

C
arolina

A
gencies

and
O
r
~
l
a
n
i
z
a
t
i
o
n
s

C
ontacted:

N
am

e
o

fA
g

e
n

cy/O
rg

a
n

iza
tio

n
T

yp
e

N
am

e
a

n
d

T
itle

o
fC

o
n

ta
ct

P
h

o
n

e
N

um
.

F
ax

N
u

m
b

e
r

E
m

ail
R

eply

C
O

M
M

U
N

IC
A

T
IO

N
:

A
gency

fo
r

P
ublic

T
e

le
co

m
m

u
n

ica
tio

n
s

C
o

m
m

.
B

ill
R

am
sey,

O
perations

M
anager

(919)
733-6341

(919)
715-3569

bill.ram
sey@

ncm
ail.net

yes

B
ellS

outh
C

o
m

m
.

C
lifton

M
etcalf,

D
ir.

Ext.
A

ffa
irs

(704)
417-8741

C
lifton.M

etcalf@
bellsouth.com

yes

N
C

A
m

a
te

u
rR

adio
E

m
e

rg
S

ervice
C

om
m

.
D

a
vid

F
lem

ing,
E

m
erg.

C
oord.

(336)
766-8667

ke4jhj@
arrl.net

D
S

1
9

R
a

l.-W
a

ke
E

m
erg.

C
o

m
m

u
n

ica
tio

n
s

C
o

m
m

.
John

D
avis

(919)
890-3537

jo
h

n
jd

a
vis@

sp
rin

tm
a

il.co
m

no

W
.

B
rent

B
oyin

(919)
890-3537

bboykin@
m

indspring.com
no

S
C

A
N

A
C

o
m

m
u

n
ica

tio
n

s
C

om
m

.
G

eorge
C

rouch
gcrouch@

S
cana.com

D
S

1
7

E
M

E
R

G
E

N
C

Y
:

C
ataw

ba
C

ounty
E

m
erg.

S
ervices

E
m

erg.
G

eneral
Inform

ation
(828)

465-8200
(828)

4
6

5
-8

3
9

2
no

C
harlotte

E
m

erg.
M

anagem
ent

E
m

erg.
W

a
yn

e
B

ro
o

m
e

(704)
336-2810

n
la

D
are

C
o

u
n

ty
E

m
ergency

S
ervices

E
m

erg.
W

illia
m

S
aw

yer,
P

ublic
S

afety
D

ir,
(252)

473-1101
w

saw
yer@

co.dare.nc.us
no

S
a

n
d

y
S

anderson
darecoem

@
co.dare.nc.us

yes

D
ept.

o
f

E
m

ergency
M

anagem
ent

E
m

erg.
E

m
ergency

S
ervices

(919)
733-3867

(919)
733-2503

no
D

ept.
o

f
H

ealth
&

H
um

.
S

erv.'s
S

E
R

T
E

m
erg.

C
harles

A
lle

y
(919)

857-4095
C

harles.A
1ley@

D
m

a.dhhs.ncm
ail.net

yes

R
ick

B
row

n,
H

ead
(919)

733-1665
rick.brow

n@
ncm

ail.net
yes

D
ept.

o
f

E
nviron.

H
eath's

S
E

R
T

E
m

erg.
W

a
yn

e
M

unden
(919)

715-3237
yes

D
urham

H
azM

at.
R

egional
R

esponse
E

m
erg.

K
aren

T
rim

berger,
T

eam
Leader

trim
b001

@
m

c.duke.edu
no

M
ichael

C
hapm

an,
T

eam
Leader

M
ichael

C
hapm

an@
ncair.net

no

M
ichael

P
irrello,

T
eam

Leader
pirreoO

1@
acpub.duke.edu

n
o

Jim
C

hang,
T

eam
Leader

jcc11472@
glaxow

ellcom
e.com

no
F

orsyth
C

o
u

n
ty

E
m

erg.
S

ervices
E

m
erg.

G
eneral

In
fo

rm
a

tio
n

(336)
767-6161

(336)
727-2200

w
sfco

e
m

@
ci.w

in
sto

n
-sa

le
m

.n
c.u

s
n

o

T
e

rry
S

laughter,
E

m
.

M
an.

C
oord.

te
rre

lls@
m

a
in

.n
c.u

s
no

G
reensboro

C
ounty

E
m

erg.
S

ervo
E

m
erg.

M
arilyn

B
raun,

C
oordinator

m
b

ra
u

n
@

m
in

d
sp

rin
g

.co
m

no

G
uilford

C
o

u
n

ty
E

m
ergency

S
ervices

E
m

erg.
C

harles
P

orter,
D

ir.
o

f
E

m
.

S
erv.

(336)
373-7565

(336)
333-6538

n
la

N
ew

H
anover

C
ounty

E
m

erg.
S

ervo
E

m
erg.

G
eneral

Inform
ation

(910)
341-4300

(910)
341-4299

n1a
N

C
E

m
ergency

M
anagem

entA
ss.

E
m

erg.
G

eneral
In

fo
rm

a
tio

n
kranthony@

hci.net
no

N
C

E
m

ergency
R

esponse
C

o
m

m
.,

E
m

erg.
G

eneral
Inform

ation
nc-sara@

ncem
.org

n
o

(E
P

C
R

A
)

R
ichard

B
erm

an,
H

azM
at.

P
rog.

(919)
733-1361

(919)
733-2860

rberm
an@

ncem
.org

yes

Lynn
P

ittm
an,

R
eg.

R
esp.

C
oord.

(919)
715-0465

(919)
733-2860

Ipittm
an@

ncem
.org

no
O

n
slo

w
C

o
u

n
ty

E
m

ergency
S

ervices
E

m
erg.

G
eneral

Inform
ation

ocem
an@

co.onslow
.nc.us

no

O
ra

n
g

e
C

o
u

n
ty

E
m

ergency
S

ervices
E

m
erg.

G
eneral

Inform
ation

(919)
968-2050

(919)
968-4066

O
C

E
M

@
co.orange.nc.us

no

P
a

m
lico

C
o

u
n

ty
E

m
ergency

S
ervices

E
m

erg.
G

eneral
Inform

ation
(252)

745-4131
e

m
c@

p
a

m
lico

-n
c.co

m
no

77



N
o

rth
C

a
ro

lin
a

A
g

e
n

cie
s

and
O
r
~
l
a
n
i
z
a
t
i
o
n
s

C
ontacted,

co
n

tin
u

e
d

:

N
am

e
o

fA
g

e
n

cy/O
rg

a
n

iza
tio

n
T

yp
e

N
am

e
a

n
d

T
itle

o
fC

o
n

ta
ct

P
h

o
n

e
N

um
.

F
ax

N
u

m
b

e
r

E
m

ail
R

e
p

ly

E
M

E
R

G
E

N
C

Y
,

continued:
R

ow
en

C
ounty

E
m

ergency
S

ervices
E

m
erg.

G
eneral

Inform
ation

(704)
638-0911

(704)
633-7503

n/a

W
a

yn
e

A
shw

orth,
D

ir.
o

fE
m

.
S

ervo
ashw

orthw
@

co.row
an.nco

us
no

S
cotland

C
ounty

E
m

ergency
S

ervo
E

m
erg.

R
oylin

H
am

m
ond

(910)
277-2416

ro
ylin

@
sco

tla
n

d
.d

ss.d
h

r.sta
te

.n
c.u

s
no

W
a

ke
C

ounty
E

m
ergency

S
ervices

E
m

erg.
G

eneral
Inform

ation
(919)

856-6480
(919)

856-7046
no

M
artin

L.
C

hriscoe,
D

irector
m

chriscoe@
co.w

ake.nc.us
yes

W
a

yn
e

C
ounty

E
m

ergency
S

ervices
E

m
erg.

P
atetow

n
E

m
erg.

G
eneral

Inform
ation

(919)
731-1416

patetow
nvfd@

yahoo.com
no

T
h

o
ro

u
g

h
fa

re
E

m
erg.

G
eneral

Inform
ation

thoroughfare@
goldsboro.net

no

W
ilm

in
g

to
n

E
m

ergency
M

anage.
D

iv.
E

m
erg.

N
ancy

W
a

tkin
s

(910)
251-4945

nancy.r.w
atkins@

usace.arm
y.m

il
no

W
ilso

n
C

ounty
E

m
ergency

S
ervices

E
m

erg.
G

ordon
D

eno
(252)

399-2830
(252)

399-0904
gdeno@

w
ilson-co.com

yes

E
N

V
IR

O
N

M
E

N
T

:
D

ept.ofE
nviron.

&
N

atural
R

esources
E

nviron.
C

raig
D

eal,
C

oord.
w

ith
N

C
D

O
T

yes

D
isa

ste
r&

E
m

e
rg

e
n

cy
R

e
sp

o
n

se
E

n
viro

n
.

M
ike

K
elly,

D
ire

cto
r

(919)
715-3644

D
S

2
7

A
sheville

R
egion

E
nviron.

G
eneral

Inform
ation

(828)
251-6208

(828)
251-6452

no

F
ayetteville

R
egion

E
nviron.

P
aul

R
aw

ls
(910)

486-1541
(910)

486-0707
P

aul.R
aw

ls@
ncm

ail.net
yes

M
ooresville

R
egion

E
nviron.

G
eneral

Inform
ation

(704)
663-1699

(704)
663-6040

no

R
aleigh

R
egion

E
nviron.

G
eneral

Inform
ation

(919)
571-4700

(919)
571-4718

no

W
a

sh
in

g
to

n
R

egion
E

nviron.
G

eneral
Inform

ation
(252)

946-6481
(252)

975-3716
no

W
ilm

in
g

to
n

R
egion

E
nviron.

E
ric

Im
h

o
f

(910)
395-3900

(910)
350-2004

ericim
hof@

p2pays.org
yes

W
in

sto
n

-S
a

le
m

R
egion

E
nviron.

G
eneral

Inform
ation

(336)
771-4600

(336)
771-4631

no

G
ro

u
d

w
a

te
rand

A
ir

Q
u

a
lity

E
nviron.

G
eneral

Inform
ation

(336)
771-4632

no

D
ivision

o
fC

oastal
M

anagem
ent

E
nviron.

D
onna

M
offitt,

D
irector

(919)
733-2293

(919)
733-1495

D
onna.M

offitt@
ncm

ail.net
yes

E
liz.

C
ity

D
istrict

E
n

viro
n

.
T

ed
S

am
pson,

M
a

n
a

g
e

r
(252)

264-3901
(252)

264-3723
T

e
d

.S
a

m
p

so
n

@
n

cm
a

il.n
e

t
D

S
20,21

W
a

sh
.

D
istrict

E
nviron.

T
erry

M
oore,

M
anager

T
erry.M

oore@
ncm

ail.net
yes

M
orehead

D
istrict

E
nviron.

T
ed

T
yndall,

M
anager

T
ed.T

yndall@
ncm

ail.net
no

W
ilm

in
g

to
n

D
istrict

E
n

viro
n

.
B

o
b

S
tro

u
d

,
M

a
n

a
g

e
r

(910)
395-3900

(910)
350-2004

B
o

b
.S

tro
u

d
@

n
cm

a
il.n

e
t

D
S

2
2

D
ivision

o
f

E
nvironm

ental
H

ealth
E

nviron.
Linda

S
ew

all
(919)

715-2870
Linda.S

ew
all@

ncm
ail.net

yes

G
eneral

Inform
ation

deh.service@
ncm

ail.net
no

D
ivision

o
f

F
orest

R
esources

D
istrict

1,
R

egion
III

E
nviron.

K
eith

Jenkins,
F

orester
(828)

667-5211
(828)

665-0331
pat.fu

h
r@

n
cm

a
il.n

e
t

yes
D

istricts
2

and
6,

R
egion

III
E

nviron.
H

unter
B

irckhead,
F

orester
(828)

757-5611
(828)

757-5614
hunter.birckhead@

ncm
ail.net

yes
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N
orth

C
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A
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and
O
r
~
l
a
n
i
z
a
t
i
o
n
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C
ontacted,

co
n

tin
u

e
d

:

N
am

e
o

fA
g

e
n

cy/O
rg

a
n

iza
tio

n
T

ype
N

am
e

a
n

d
T

itle
o

fC
o

n
ta

ct
P

hone
N

um
.

F
ax

N
u

m
b

e
r

E
m

ail
R

eply

E
N

V
IR

O
N

M
E

N
T

,
continued:

D
ivisio

n
o

f
F

orest
R

esources,
cont.:

D
istrict9,

R
egioolll

E
nviron.

G
erald

M
cC

all,
F

o
re

ste
r

(828)
5

8
6

-4
0

0
7

(828)
5

8
6

-4
0

0
8

g
e

ra
ld

.m
cca

ll@
n

cm
a

il.n
e

t
yes

D
istrict

12,R
egion

III
E

nviron.
H

ow
ard

W
illia

m
s,

F
o

re
ste

r
(704)

8
2

7
-7

5
7

6
(704)

8
2

7
-4

3
4

5
n

o
D

istrict3,
R

egion
II

E
nviron.

D
ave

A
ndres,

F
orester

(910)
9

9
7

-9
2

2
0

(910)
9

9
7

-9
2

2
4

d
a

ve
.a

n
d

re
s@

n
cm

a
il.n

e
t

ye
s

D
istrict5,

R
egion

II
E

nviron.
R

eid
H

ildreth,
F

o
re

ste
r

(252)
4

4
2

-1
6

2
6

(252)
442-1651

re
id

.h
ild

re
th

@
n

cm
a

il.n
e

t
n

o

D
istrict10,

R
egion

/I
E

nviron.
V

ic
O

w
en,

F
o

re
ste

r
(336)

956-2111
vic.ow

en@
ncm

aii.net
D

S
1

8
D

istrict11,R
egion

II
E

nviron.
Jim

E
llis,

F
o

re
ste

r
(919)

7
3

2
-8

1
0

5
(919)

732-4005
ka

th
y.kn

ig
h

t@
n

cm
a

il.n
e

t
n

o

D
istrict4,

R
egion

I
E

nviron.
R

alph
M

.
C

u
llo

m
,

F
o

re
ste

r
(252)

5
1

4
-4

7
6

4
(252)

5
1

4
-4

7
6

8
ra

lp
h

.cu
llo

m
@

n
cm

a
il.n

e
t

yes
D

istrict7,
R

egioo
I

E
nviron.

D
avid

Lane,
F

orester
(252)

331-4781
(252)

3
3

1
-4

8
1

7
d

a
vid

.la
n

e
@

n
cm

a
il.n

e
t

n
o

D
istrict8,

R
egion

I
E

nviron.
B

ob
H

ousem
an,

F
orester

(910)
6

4
2

-5
0

9
3

(910)
6

4
2

-7
1

9
5

bob.h
o

u
se

m
a

n
@

n
cm

a
il.n

e
t

yes
D

istrict
13,R

egion
I

E
nviron.

R
oger

S
tallard,

F
orester

(252)
926-3041

(252)
926-1931

ro
g

e
r.sta

lla
rd

@
n

cm
a

il.n
e

t
yes

D
ivision

o
f

Land
R

esources
E
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APPENDIX B. RECOVERY SOFTWARE USER'S GUIDE

This write-up gives an introduction and step-by-step instructions on how to use the
hurricane recovery software. It will also provide several useful examples to walk the user
through the tool and some helpful hints and suggestions that will make the software easier to use
and the output more meaningful. It should be very simple to learn how to create your own
models after this brief tutorial. Detailed instructions are also provided in the software in the
"Instructions" tab. Note that in the spreadsheet the user should only make entries into cells
shaded yellow.

Step 1: "Facilities" Tab

Since the model being implemented uses facilities, the user must go to the facilities tab and enter
which facilities to include in the model. Look for the eight yellow boxes in a column on the left,
each one corresponding to a facility category. To include that category of facilities, enter a "I".
To not include that category, enter a "0". Then proceed to the "Roads" tab.

For ease of vi ewi ng, zoom out or zoom in as desired

In the Input Boxes, the units represent the mileage of Highway roadway for the grid box in
question.

ret! Art) tp tyleol J->

o

Figure B.I Entering facilities into the model

Step 2: "Roads" Tab

The next step, inputting the type of roads to include in the mileage calculations, is pretty much
the exact same thing. Go to the "Roads" tab and look for the four yellow cells in the upper left,
each corresponding to a different road type. Again, enter a "I" to include interstate and a "0" to
not include US Highway, Primary route, and Secondary Routes. Anything other than a one or a
zero is an error, and in this case more than one "I" is also an error. Then proceed onto the
"Summary" tab.
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For ease of vi ewing, zoom out or zoom in as desi red
In the Input Boxes, the ut1its represent the mileal;Je of Hil;Jhway roadway for the l;Jrid box in
question.

Figure B.2 Entering roads in the model

Step 3: "Summary" Tab

The final step to completing this model is in the "Summary" tab. All that is required here is to
enter the numerator and denominator into the model and it will be done. The model from above
contains facilities and population in the numerator of the equation, and the road mileage is in the
denominator. None of the user inputs are used. Looking at the upper left of this screen, look for
the yellow blocks two rows high and six columns wide. The six columns are for the six data
types (critical facilities, population, road mileage, and user inputs #1, #2, and #3). The two rows
are for the numerator and the denominator. If the model calls for the data type in the numerator,
put a "1" in the top box and a "0" in the bottom. Likewise, if the model calls for a data type in
the denominator, put a "0" in the top box and a "1" in the bottom. If the model does not use the
data type, then a "0" should be placed in both boxes. So for Facilities and Population enter a "1"
on top and a "0" down below, for Roads put a "0" on top and a "1" below, and for User Input #1,
#2, and #3 put "0" in both spaces.

Note that if a data type is placed in the numerator, than a higher value in that data leads to a
higher priority. If the data were placed in the denominator, a higher value in the data would
receive a lower priority.
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For ease of viewing, zoom out or zoom in as desi red

return to tvlenu-"

Enter a 1in the below table to include that factor in the prioritization score,
otherwise leave it blank or enter a 0 for the factors that aren't needed in the final

Numerator

Denominator

o

Facilities ~ Population ~

Roads

"Note: If numerator or denominator is Ieft empty, then the resultant fracti on will be one by default

Figure B.3 Summary worksheet

The output, shown in Figure B.4, gives priorities for this model. Most of the cells are white
because of no data in those cells - meaning there are no Interstate highways passing through
those cells. Of the cells that do have data, we see high priorities in Red (darkest shade), medium
in yellow (moderate shade), and low in green (lightest shade). In this setup, the top 20% of cells
with data get red, the bottom 20% get green, and the middle 60% get yellow. Looking back at
Figure B.3 shows how to change those distributions. Look to the upper left, and remember to
only change cells shaded yellow. You can adjust the lower bounds (bottom always stays at
0.0%) to change how the output is perceived. The right side shows the numbers from the left
with the map in the background. The colors do not show through but the numbers can still be
examined and it really helps to locate the roads beneath the numbers.

Figure B.4 Output of the sample prioritization model
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To get a good feeling of what this model can do, the user needs to run many, many different
models and examine the outputs. The user should experiment with combinations that might not
originally make sense. The user really wants to know what spots are continually hot spots and
what spots rarely if ever are high on the priority lists. If certain cells continually stay as vitally
important then the model is producing a robust answer, but if it changes all the time then the
model is not a robust solution.

Sample Models

There are literally thousands of different combinations of models that could be used as criteria
for the prioritization. There are various combinations of facilities, road types, and whether or not
to include population and the various user inputs, which could be anything. One of the
objectives for this project is to prioritize disaster recovery on a short, medium, and long-term
basis. The table below contains several suggestions for short-term, medium-term and long-term
recovery models.

Table B.I Sam Ie models
Time domain

Short-term

Medium-term

Long-term

Exam Ie riorit settin model
I) Emergency facilities * population / interstate mile
2) (Ops. + Trans. + Mil.) / primary route mile
3 Schools Evac. Shelters * 0 ulation / interstate mile
I) Schools * population / US highway mile
2) (Comm. + Trans.) * population / primary route mile
3) Emer . + 0 s. + Mil.) * User In ut dama e indicator
I) Commercial * population / primary route mile
2) (All facilities) * population / User Input [recovery cost]
3 All facilities * 0 ulation / seconda mile

The models shown in Table B.I are only samples, though they are all practical models. The
point of Table B.I is to show examples of how the user can go about creating models and also
how many possible models exist.
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APPENDIX C. DEPENDENCY SCENARIOS

The complete list of researched dependency scenarios is shown in Table C.l. Following
it are descriptions of scenarios 1 through 25 were taken from the interview responses (the contact
name and agency are included), and scenarios 26 through 48 were taken from NC DOT's report
of lessons learned from Hurricane Floyd and from an interview with one if its authors, Kelly
Hutchinson. The scenario descriptions are listed chronologically by their associated dependency
scenario number, which can be found in the first column of Table C.l. Their "names", which
correspond to the entries in the second column of Table C.l ("Dependency Scenario Name"), are
indicated in bold.

Table C.2 contains each dependency scenario, and the primary organizational function of
the state DOT that was involved along with a secondary function associated with the scenario.
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Descriptions of Scenarios

Virginia

DSI. Sandbag Requests-- A potential delay could take place between the time when the
Henrico County Division of Fire requests materials over the phone from VDOT such as sand
bags and the time when they actually receive it. (R. C. Dawson, Jr., Deputy Fire Chief, Henrico
County Division of Fire)

DS2. Barricade Requests-- A potential delay could take place between the time when the
Henrico County Division of Fire requests equipment over the phone from VDOT such as traffic
barricades and the time when they actually receive it. (R. C. Dawson, Jr., Deputy Fire Chief,
Henrico County Division of Fire)

DS3. On-call personnel-- A potential delay could take place between Henrico County Division
of Fire if there are an inadequate number of on-call personnel at VDOT during emergency
response. (R. C. Dawson, Jr., Deputy Fire Chief, Henrico County Division of Fire)

DS4. Updated Road Status Information-- Obici Hospital had to wait on VDOT for the
availability to current, updated road status and closure information following Hurricane Floyd.
(Randy Vick, Obici Hospital)

DS5. Inaccurate Road Status Information-- Obici Hospital experienced delays following
Hurricane Floyd because the road status information that was provided by VDOT was
inaccurate. (Randy Vick, Obici Hospital)

DS6. Bridge Failure-- The response of the Office of Emergency Medical Services in the future
to an isolated area could be delayed if there is a road or bridge failure that is waiting to be
repaired by VDOT. (C. Everette Vaughan, Jr., Director of Emergency Operations at the Office
of Emergency Medical Services)

DS7. Available Road Status Information-- The Office of Emergency Medical Services had to
wait on VDOT for the availability of current, updated road status information following
Hurricane Floyd. (C. Everette Vaughan, Jr., Director of Emergency Operations at the Office of
Emergency Medical Services)

DS8. Inaccurate Road Status Information-- The Office of Emergency Medical Services'
response to Franklin, VA following Hurricane Floyd was delayed because the road status and
closure information provided by VDOT was inaccurate. (C. Everette Vaughan, Jr., Director of
Emergency Operations at the Office of Emergency Medical Service)

DS9. Road Access-- The Department of Conservation and Recreation could potentially be
waiting on VDOT in the future to make a bridge or road passable. (Corey Garyotis, Senior
Floodplain Engineer, Department of Conservation and Recreation)
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DSIO. Geological Information-- VDOT could potentially be waiting on the Department of
Mines, Minerals, and Energy in the future to provide geological information or information on
where road building materials can be found. (Cheryl Cashman, Department of Mines, Minerals,
and Energy)

California

DSII. Road Access-- The California Department of Health Services medical response could
potentially be delayed if roads are impassable. (Dave Abbott, CA Department of Health
Services)

DS12. Long Term Road Access-- The Hall Ambulance Service, Inc. of Bakersfield is still
experiencing delays from closed and almost non- accessible roads due to flooding 2 years ago.
(Louis Cox, Hall Ambulance Service, Inc.)

DS13. Road Access and Authorization-- The Glendale-Crescenta Valley Chapter of the
Redcross has waited on CalTrans to clear roads and to give them authorization for use in order to
provide equipment and supplies where necessary. (Robert Reynoso, Glendale-Crescenta Valley
Chapter, Redcross)

DS14. Convoy Use-- The California National Guard could potentially be waiting on CalTrans in
the future, because their convoys cannot be used until the roads are passable. (Maj Terry
Edinboro, CA National Guard)

DS15. Road Repairs-- Roseville Transit has waited on CalTrans for highway repairs and
openings of overcrossings. (Michael Wixon, Roseville Transit)

DS16. Road Access and Status Information-- The Department of Water Resources has
experienced delays due to blocked roads, and a lack of communication and information
regarding road status. (Sonny Fong, Department of Water Resources)

North Carolina and South Carolina

DS17. Transmitter Sites-- When trying to access transmitter sites in order to provide two-way
communication for government and utility officials, SCANA Communications waited on the SC
DOT to clear roads. (George Crouch, SCANA Communications)

DS18. Crawler Tractor Use-- During major snow disasters, the Division of Forest Resources
has waited on NC DOT for a request before bringing out their crawler tractors. (Vic Owen,
Division of Forest Resources)

DS19. Road, Bridge, and Flood Status Info.-- When directing relief radio operators to affected
areas in order to provide backup communication, the ARES has waited on NC DOT for
information on road closures, damaged bridges, and flooded highways. (David Fleming,
Amateur Radio Emergency Service)
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DS20. Obtaining Environmental Permits-- NC DOT has waited on the Division of Coastal
Management to provide permits. There is potential for the delay to increase since the DCM must
meet legislated requirements for public notification and comment. If the proposed new
development for recovery is thought to cause significant negative environmental impacts, NC
DOT experiences further delays. (Ted Sampson, Division of Coastal Management)

DS21. Sandbag Debris-- The DCM is currently still waiting on NC DOT to remove sandbag
debris from the coast. (Ted Sampson, Division of Coastal Management)

DS22. Coastal Inlet Stabilization-- The DCM waited on NC DOT following Hurricane Fran to
stabilize and close a storm generated inlet under SR 1568. (Bob Stroud, Division of Coastal
Management)

DS23. Environmental Violations-- The environmental unit has waited on the Division of
Coastal Management for information regarding what recovery activities violate coastal
development restrictions. Various repairs were delayed due to a lack of information regarding
new environmental requirements. Some repairs were made before NC DOT was aware of the
requirement changes. (NC DOT report, 2000)

DS24. Resource Depletion-- Franklin County Emergency Management experienced delays
when they were left with few equipment and personnel after NC DOT requested that they aid
another larger county. (Angie Callihan, Franklin County Emergency Management)

DS25. Deadstock Removal-- The NC Extension Service was delayed in delivering feed and
removing deadstock due to blocked roads. (W. Simmons, NC Extension Service)

DS26. Detour Information-- Local emergency service providers experienced travel delays
because they were not informed that a certain route had become a detour, and subsequently they
unexpectedly faced added volumes of traffic. (NC DOT report, 2000)

DS27. Chainsaw Crews-- The Department of Natural Resources were delayed in evaluating
environmental hazards and distribute chain saw crews due to a lack of accessible ground routes
and information from NC DOT. Specifically, NC DOT lacked updated information regarding
floodplain locations. (Mike Kelly, Department of Natural Resources)

DS28. Conflicting Road Information-- Widespread delays occurred during the height of the
flooding due to conflicting road condition information from NC DOT and the NC State Highway
Patrol. (NC DOT report, 2000)

DS29. Fund Reimbursements-- Finance unit had to wait and is still waiting on FEMA and
FHWA for fund reimbursements. (NC DOT report, 2000)

Intra-Agency, NC DOT

The following intra-agency dependency scenarios concern North Carolina's Department of
Transportation efforts following Hurricane Floyd.
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DS30. Ineffective Equipment-- Field operations experienced a delay repairing roads and
bridges, because the equipment provided were ineffective due to the water impacts. (NC DOT
report, 2000)

DS31. Relocated Personnel-- Areas needing assistance waited on personnel, because many of
the reinforcement workforce coming from the western, less affected area of the state were
initially sent to the wrong location, only to be relocated to another. (NC DOT report, 2000)

DS32. Equipment Distribution-- Because of the large transfer of equipment between districts,
there were delays in the distribution of supplies, Le. in getting the right supplies to the right
people. (NC DOT report, 2000)

DS33. Undefined Roles-- Widespread delays occurred with fields units' tasks such as debris
removal, EOC staffing, and signs and signals because internal miscommunication resulted in the
field force lacking a clearly defined role. (NC DOT report, 2000)

DS34. Excessive Workloads-- In the months following Hurricane Floyd, the responsibilities of
the field units increased to include not only routine tasks and recovery efforts, but special
reporting as well. Various duties performed by the field units were subsequently delayed in the
long term because of their excessive workload. (NC DOT report, 2000)

DS35. Structure Repairs-- The repairs of structures were delayed because the loss control unit
did not effectively communicate needs to the structure units. (NC DOT report, 2000)

DS36. Insufficient Traffic Management-- Evacuation was delayed from insufficient traffic
management resources, a lack of real-time road condition information, and a lack of
communication among surrounding states regarding traffic information. In particular, lane
closures for work zones were reopened later than planned due to miscommunication. (NC DOT
report, 2000)

DS37. Fuel Confusion-- A lack of communication resulted in field units refueling their vehicles
only when their tanks approached empty. They were not informed that they were authorized to
refuel at any time, regardless of the amount in their tank. This could have caused unnecessary
setbacks due to vehicles running out of fuel. (NC DOT report, 2000)

DS38. Conference Calls-- Communication among administration units and officials was
delayed due to conference call participants waiting on each other to assemble for the call. (NC
DOT report, 2000)

DS39. Email Communication-- Communication among units was delayed when using email.
(NC DOT report, 2000)

DS40. Unconfirmed Equipment-- Equipment units experienced unnecessary setbacks because
they filled equipment requests from other state agencies that were not verified first, causing
supplies to be sent that were not needed. (NC DOT report, 2000)
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DS41. Road Closure Reports-- Road repairs by field units were delayed because they were
spending too much time reporting road closures. (NC DOT report, 2000)

DS42. Restricted Access-- Personnel delays occurred because the DOT emergency staff s ID
badges only gave them access to NC DOT facilities during limited hours. (NC DOT report,
2000)

DS43. Inconsistent Barricades-- Field units had to wait on the equipment unit for
reinforcement barricades because suppliers sent barricade parts that were not standardized. (NC
DOT report, 2000)

DS44. Refueling-- Poor road conditions forced field units to wait for fuel. The field units could
be delayed further in the future if fuel resources are too low. (NC DOT report, 2000)

DS45. Restricted Communication-- The central office experienced delays obtaining various
information from field units because communication lines were frequently all tied up. (NC DOT
report, 2000)

DS46. HazMat Information-- NC DOT's administrative officials waited on commercial
entities to provide accurate locations of hazardous materials within the proximity of areas
needing repair. Field units were subsequently delayed waiting for authorization on these
locations. (NC DOT report, 2000)

DS47. Disposal Sites-- Because landfills and disposal sites had limited access and hours of
operation, field units experienced delays with debris removal. (NC DOT report, 2000)

DS48. Processing Reimbursements-- The finance unit experienced delays for reimbursement
even before submission to FEMA due to the extensive manual work involved with compiling the
necessary documents. (NC DOT report, 2000)
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APPENDIX D. ENHANCEMENT COMPARISON TOOL

This section describes the components of the spreadsheet program for evaluating
enhancement alternatives. The beginning of the spreadsheet program contains a welcome page
followed by the individual worksheets. The "Welcome Page" is shown in Figure D.1.

The main methodology that this model follows involves comparing the enhancement of a
single road system to different levels with respect to wind speed, storm surge and traffic wear.
This model cannot compare the costs and benefits of multiple road systems against a different
array of alternatives. It is limited to analyzing the enhancement capabilities of one road system
at a time. For example, the sample alternative that was given in the previous section, in Table
D.3, can be used indirectly with this tool. The user may decide to evaluate that sample
alternative and thus utilize this tool to evaluate each individual road system within it. This tool
has the flexibility to analyze any road system with respect to any enhancement option. VDOT
may consider using additional options other than wind speed, storm surge, and traffic flow. The
tradeoff analyses, at the end of the tool, can provide VDOT with important information about the
costs, risks, and benefits of enhancing a road system.

Figure D.l Welcome page of the Cost, Risk, and Benefit Decision Tool
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The spreadsheet software is partitioned into three electronic worksheets that take input
from the user and another two worksheets that display results. The sequence of analysis is
clearly identified in the worksheets. This section will use a step-by-step approach to describe
each step of the spreadsheet, its functionality, and the results.

If the width of the screen is not big enough or the text is too small for the screen, click on
View from the menu bar and select Zoom. Enter a zoom value that is appropriate for the screen.

Wind Speed

The first worksheet is User Input, which takes the majority of the input required from
the user to begin the analysis. The main input to this worksheet is the type of road system to
consider. Figure D.2 shows the very first portion of the worksheet. Shown in the figure is the
introduction, which provides an area to enter the type of road system to consider (Step 1). When
entering the type of road system, the user can input any road system. The other worksheets are
automatically titled with the respective road system.

User Input Worksheet
STORM SURGE .III11I1I11I1I11L----....

Yellow Filled Cells Indicate User In ut Area

1. What road system is being consid_er_ed_? ----.,

ICantilever 51 gns

2. Enter ultimate storm surge levels and costs of alternatives for storm surge impact analysis

The cost of an alternative is an annualized cost in thousands

Figure D.2 The top of the User Input worksheet
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Figure D.3 shows the Wind Impact portion of the worksheet, which includes Step 2
completely and part of Step 3. Step 2 involves entering the design alternatives. For each design
alternative, the user supplies the name, the cost of reconstruction, and the design load, which is
the wind speed in miles per hour that the road system is designed to withstand without having
significant damage. In Step 3, the user answers questions in order to assess the relationship
between wind speed and damage. The questions are:

1. What is the greatest wind speed that results in no damage cost?
2. What is the repair cost of VDOT equipment for a wind speed equal to the design

load?
3. What is the lowest wind speed that results in total reconstruction cost?

The answers to these questions give three points on a graph of (repair cost) /
(reconstruction cost) versus (impact force) / (design load) as shown in Figure D.4. The user
answers the first and third questions in terms of percentages of design load. The answer to the
second question is in terms of a percentage of reconstruction cost. With respect to Figure D.4,
the answer to the first question gives a point on the horizontal axis from where the function
begins to increase linearly. The next question locates a point where the horizontal coordinate is
1 because the wind speed is equal to the design load. The answer to the question gives the value
for the vertical component of the point. Answering the third question locates a point where the
vertical component is always 1 but the horizontal component depends on the answer. An
assumption, which is stated below the questions in the spreadsheet underlying the assessed
relationship, is that the non-dimensional relationship assessed in Step 3 is applicable to all of the
relevant alternatives.

The questions ask for minimum, most likely, and maximum numerical estimates.
Supplying the three types of answers characterizes the uncertainty of the assessment. However,
it is not absolutely necessary to enter minimum and maximum estimates as they are only used to
make the graph shown in Figure D.5. Only the most-likely estimates are used in the
mathematical model for calculating damage, which is expressed as the ratio of repair cost to
reconstruction cost.
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WIND IMPACT

2. Enter Ultimate Wind Impact levels for the alternatives for hurricane analysis
Ultimate Wind Impact level is the maximum wind speed that a road system can withstand before damage occurs. The
cost of the alternatives includes the basic cost of the road system itself

Alternatives

Not

3. Answer the following questions to estimate a function that
relates damage to wind impact.

What is the greatest wind velocity that results in no damage cost? 50 100 90 ok design load (e.g., 100%)
What is the repair cost of VDOT equipment for a wind speed equal to

100 90 % of equipment reconstruction cost (e.g.
the design load?
What is the lowest wind speed that causes the need for total

120 180 120 % design load (e.g., 100%)
reconstruction?

Similar to the user input section for storm surge analysis in step 3, it is assumed that the relationship assessed in step 10 applies to all

Figure D.3 Input areas for design alternatives and questions to support calculating damage due
to wind speeds.

Step 4 shown in Figure D.4 asks the user to enter any historical data on actual wind
speed-related incidents. As indicated in Step 4, the data should be relevant to impacts on the
road system of concern because impacts on other road systems might not have the same repair
cost. The historical data is then plotted along with the relationship assessed in Step 3. From the
plot, the user can assess how close his/her estimated relationship is to the historical data. Step 5,
the next step, is to compare the estimated relationship, which is called the damage function, to
the historical data, and to modify the answers in Step 3 if they are too different. The historical
data is not used to calculate damage directly; it helps in the modeling only as a basis for
comparison with the estimated relationship. It is assumed that a straight-line interpolation of the
points assessed in Step 3 is sufficiently accurate to describe the relationship. The minimum and
maximum estimates are also plotted in the graph. See Figure D.5 for a more detailed look at the
graph. If the historical data are mostly lying outside of the left and right bounds, then the user
may decide to reconsider the answers to the questions in Step 3. However, the historical data
may actually not be very close to the real relationship when there is little relevant data on actual
wind speed impacts. This is the case for the example seen in Figure 3 of Figure D.4.

104



4. Enter any historical data on actual hurricanes that caused damage to the road system. The
data should be for the type of road system under consideration. It is not necessary to enter four
hurricane accidents.

Hurricane 3

Hurricane 4

5. Compare the damage function with the historical data in Figure 3. If they are very different, go
back to step 10 and modify the answers until the user feels comfortable that hislher input is close
to the historical data.

~ o.~ :========:~:.......:====:-=2 0.8 -+-------.--+---~-----'
~ 0.7 +--------:,....-+---.,.....-------{

8 ;-0.6
~ ~ 0.5 +-----+----:=--------i
::::- (J 0.4 +---~--t-_:-'--------i

i' 0.3 +---...--4--.:.-------{
<3 0.2 +--~--t---=---------i
"iii 0.1 +----"--j+-.-------i
2" °_-.....----i....---.-----j
~ 0 0.5 1.5

---+-Damage Function

/I Historical Data

•• "': •• Left Bound

•• ~ •• Right Bound

(Actual Wind Velocity) I (Ultimate •Chart Area I
Wind Velocity)

Figure 3. Damage Function for Hurricane Analysis

A straight line interpolation is performed among the points assessed in step 10.

Figure D.4 Historical data and comparison with assessed relationship
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Figure D.5 Damage function plotted along with historical data for user to modify the estimates
entered in Step 3 accordingly if necessary
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In Step 6 the user is asked several questions in order to assess the relationship between
wind speed and time to recover. Time to recover is the time it takes to repair the road system so
that it is functional and operable. In Step 7, there is the opportunity to enter any historical data
on the time to recover after wind speed impacts (up to four accidents). Figure D.6 shows Steps 6
and Step 7.

A straight line interpolation is performed among the points assessed in step 10.

% design load (e.g.• 150%)

% design load (e.g.• 100%)

6. Answer the following questions to estimate a function to
relate the time to recover to wind impact.

What is the greatest wind velocity that results in no recovery time?

What is the time to recovery that results from a wind velocity equal
to the design load?

What is the lowest wind velocity that results in a time to recovery
of 8 weeks or more?
Similar to the user input section for storm surge analysis in step 6, it is assumed that the relationship assessed in step 13 applies to all
alternatives. The relationship is between time to recover and (actual wind velocity) I (ultimate wind velocity). This assumption enables
the calculation for time to recover due to any hurricane for any alternative.

7. Enter any historical data on actual hurricanes that damaged a road system for. The data
should be for the type of road system under consideration.

Figure D.6 Assessment questions for time to recover and historical data

In Step 8, a plot is displayed for the user to check whether his/her input in Step 6 is close
to the historical data (see Figure D.7). Similar to the damage function, a straight-line assumption
is made on the points assessed previously. The historical data is then plotted along with the
relationship assessed in Step 6. From the plot, the user can assess how close his/her estimated
relationship is to the historical data. Step 8, the next step, is to compare the estimated
relationship, which is called the damage function, to the historical data, and to modify the
answers in Step 6 if they are too different. The historical data is not used to calculate damage
directly; it helps in the modeling only as a basis for comparison with the estimated relationship.
It is assumed that a straight-line interpolation of the points assessed in Step 6 is sufficiently
accurate to describe the relationship. The minimum and maximum estimates are also plotted in
the graph. If the historical data are mostly lying outside of the left and right bounds, then the
user may decide to reconsider the answers to the questions in Step 6. However, the historical
data may actually not be very close to the real relationship when there is little relevant data on

106



actual wind speed impacts. There is no difference between how this plot is used and how the
damage function is used except that the value to calculate here is time to recover (plotted on the
vertical axis).

• • X·· Left Bound

--...-lime to Recowr
Function

• Historical Data

• • X··Right Bound
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0
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(Actual Wind Velocity) I( Ultimate
Wind Velocity)

Figure D.7 Plot of time to recover versus wind impact for historical data and estimated
relationship

Figure D.7 shows the last major step on this worksheet, which is to enter information
about closure costs. For different lengths of closure of the road system, the user needs to enter
an estimate of the cost to industry. The data available in Figure D.7 was created from an
example that was derived in order to show the user this closure analysis capability. After
completing this step, the user should click on the button on the screen to open the next
worksheet, which is called Storm Surge.
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9. Enter the following information to determine the relationship between cost to users/stakeholders and length of
closure. Only costs to users/stakeholders are necessary for calculation in this tool.

Click here now to go to the Storm Surge Worksheet ----.

The above closure information uses the followin exam Ie:
Example Scenario
1 out of a 100 people at an intersection, 'v\Iith 20,000 vehicles traveled daily,
'v\Ii1l get confused by a missing sign.
The knowled e cost for this incident is rou hly $2.00

Figure D.8 Closure cost entry table

Shown in Figure D.9, the Wind Impact worksheet displays the values that are calculated
from the input on the User Input worksheet. These values are the costs of reconstruction of the
alternatives and various risk metrics. The reconstruction cost is plotted on the vertical axis,
while a risk metric is plotted on the horizontal. In this way, the user could see the present
investment and the risk of a wind speed accident. There are four risk metrics that describe the
consequences of a wind speed impact. They are:

1. Repair Cost / Reconstruction Cost
2. Repair Cost
3. Time to Recover
4. Cost to Industry

In Step 9, the user enters three scenarios of wind speed under which to evaluate the
alternatives. For each scenario, the hurricane magnitudes and the return period of the event are
pre-set as hurricane categories [I to II], [III], and [IV to V]. Information pertaining to the return
periods is provided below in Figure D.10.
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Hurricane Wind Velocity Impact Risk Metric Values for

9. The alternatives that were defined in step 9 are evaluated under different hurricane scenarios. Define three scenarios
by giving the magnitudes and return periods. The hurricane categories are recommended for scenarios

Alternative

Figure D.9 Top of Wind Impact worksheet with scenario entry boxes

Figure D.I0 shows the table providing information on the return periods of various
hurricane categories in different states.

Area
Category Number

1 234 5
All Major

U.S. Texas to Maine 58 36 47 15 2 158 64
...... , ···"Tex·iis···· w········· ..······1·2···· ·s········· "s" ,.. .. ······6 ····0 3·6········ ., 1'5"

····{ou·lsiiin·a·· 8' ·······5· . " ·s····· "3 .. ····1· '25" 12'
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..................................... ····'Fitirida .. . 17' . . ·1·6······· "1'7""" 6 . . ········ ..0 ·.. 57 .. . ."'24"

.... ····'G·eci"rgla· w

..... . '.'. 1 ··········~f·····'· '··6···· .. ·· . "0"" ··········cf········ ·5···· 0
............ ··s·outh··c~irciii·r,.ci·· ···..6 ···············4···· 2 :2" Cj"" 14 '" 4······

, '. N'orth"Caroiina'" 10 4 10 .... ············1· 0 .. ············25 11
'" ·vli~gl·n·ici· .. . 2".. . f' ·····1············ ··········6 . ····0 "o!f'" 'r"

t·· .. ···········•········· ·················································M····aryi'ilnd" .. . ... "0" 1" .. . 6 .. "0-" 0'" "1 .. "6'
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·New··Jeresey···· . "1" 0-........ .. 0 ····0·· . ..······ 0· . ········1·· ·· "6'
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........................ ·· ····'Malne······,·· ·············5···· 6'" .. ·······0···· "6 . 0 '" ·····5···· 6'

Figure D.I0 U.S. Mainland Hurricane Strikes by States, 1900 - 1996 (NRC, 1999)

109



Tradeoff Analysis for Wind Speed

The next worksheet, Tradeoff - Wind Velocity, contains graphs that show the tradeoffs
between the alternatives under the wind speed scenarios. Figure D.11 shows the first graph: cost
of alternative versus (repair cost) / (reconstruction cost). A key on the right hand side of the
screen describes the components of the legend that accompany each graph. The way to interpret
the curves in the graphs is to view the cost of an alternative on the vertical axis as the present
investment for that alternative and the value on the horizontal axis as a consequence of a wind
speed-related incident provided that the alternative was chosen. The consequence can be any of
the risk metrics such as (repair cost) / (reconstruction cost), repair cost, time to recover, or cost to
industry. The three curves are associated with the three scenarios entered previously in Step 9.
These three scenarios are three probable wind speed incidents that have different probabilities of
occurrence, and therefore different return periods. For example, referring to the graph in Figure
D.11, the user can tell what the ratio of repair to reconstruction cost is for different levels of
investment under the different wind speed scenarios. It should be noted that this view of
investment versus consequences is limited by the quality of the alternatives. If all the
alternatives entered are not cost-effective, then the curves will give a skewed picture of the
tradeoffs. In this case, the curves could only be interpreted strictly as cost of alternative versus
the ratio of repair to reconstruction cost. However, if the entered alternatives are some of the
best ones, then the user can confidently interpret the curves as showing the tradeoffs between
current investment and future consequence. The statements above are true for all the tradeoff
curves in the tool.

Again referring to the graph in Figure D.11, the user could see that if an extensive wind
speed impact occurred (see the middle curve), investing $45,100 instead of$53,100 would mean
having a ratio of repair cost to reconstruction cost of 0.4 instead of O. In other words, a potential
damage in the future equal to 40% of the reconstruction cost is traded off for a cost saving of
$8,000 in the present. Also, the user could notice that for the moderate wind speed impact case
(curve on the left), investing more than $45,100 does not lessen the repair cost. For example, if
the user is only concerned about moderate wind speed impacts because the more severe cases
have insignificant probabilities of occurrence in the design life span of the road system and
possible wind destruction is not a concern, then the user will probably choose an alternative that
does not exceed $45,100. If the user has reason to believe that an extensive or even extreme
wind speed impact would occur during the road system's life span, it may make sense to invest
over $45,100. The user should look at the tradeoffs involving these two scenarios. Consider the
moderate wind speed impact scenario, there is a reduction in expected repair cost for investing
more than $45,100. The final choice of a design is based on the user's best judgment after
looking at the tradeoffs under the different scenarios. This decision is usually not fully
determined by the tool. There may be "softer" factors that cannot be measured which affect the
decision. For example, a user or stakeholder of the industry might not choose any enhancement
that has even a small-expected downtime because of the "dread" of tedious work involved. This
dread of work is hard to measure.

This analysis assumes that any damage however minor will be repaired. If the
assumption is not true, then repeated occurrences of a certain type of event such as a moderate
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wind speed impact could cause greater consequences than the model in the tool predicts. The
model assumes that the road system is in undamaged condition before an event occurs.

Tradeoffs amon Alternatives under Wind Velocity Scenarios

24. Graphs of cost of alternative versus each risk metric under the earthquake scenarios are shown below. An explanation of
legend is found on the right.

Components of Legend

• Moderate Wind Speeds 74-110 mp
33 years
.. Extensive Wind Speeds 111-130
mph 100 years

Extreme Wind Speeds >130 mph
150 years

Return Period

"Legend I
Category IV & V 130
mph 150 years

-+-- Category I & II 92 mph
33 years

.....•.... Category III 120 mph
100 years
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Figure D.II Tradeoff graph of the cost of the alternative versus the repair cost, reconstruction
cost ratio.

Storm Surge

The following section describes the storm surge portion of the tool. This tool has the
flexibility to evaluate the enhancement effects of a variety of options on a single road system.
For example, the user may wish to see the impacts that both wind speed and storm surge have on
traffic signal systems - a task that is easily achieved with this tool. VDOT may also consider
additional options such as sustainable traffic flow.

The first worksheet is User Input, which takes the majority of the input required from
the user to begin the analysis. The main input to this worksheet is the type of road system to
consider. Figure D.I2 shows the very first portion of the worksheet. Shown in the figure is the
introduction, which provides an area to enter the type of road system to consider (Step 1). For
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this scenario, a beachfront facility was used to be evaluated. The other worksheets are
automatically titled with the respective road system.

User Input Worksheet
STORM SURGE

1. What road system is being consr.:-:id:..=.;er:....=.e.=....::d? ___

I·.·· . boachfront facUltY
Press hereto go

to tile V'{lIld

2. Enter ultimate storm surge levels and costs of alternatives for storm surge impact analysis

The cost of an alternative could be either a lump sum or an annualized cost. Once the type of cost is chosen, the
cost for all alternatives should be consistently used throughout the design selection process. The original cost of
the road system should also be incorporated into the cost.

Alternatives

Figure D.I2 The top of the User Input worksheet

Figure D.I3 shows the storm surge portion of the worksheet, which includes Step 2
completely and part of Step 3. Step 2 involves entering the design alternatives. For each design
alternative, the user supplies the name, the cost of reconstruction, and the design load, which is
the storm surge in feet that the road system is designed to withstand without having significant
damage. In Step 3, the user answers questions in order to assess the relationship between wind
speed and damage. The questions are:

1. What is the greatest storm surge that results in no damage cost?
2. What is the repair cost of VDOT equipment for a storm surge equal to the design

load?
3. What is the lowest storm surge that results in total reconstruction cost?

The answers to these questions give three points on a graph of (repair cost) / (reconstruction
cost) versus (impact force) / (design load) as shown in Figure D.14. The user answers the first
and third questions in terms ofpercentages of design load. The answer to the second question is
in terms ofa percentage of reconstruction cost. With respect to Figure D.14, the answer to the
first question gives a point on the horizontal axis from where the function begins to increase
linearly. The next question locates a point where the horizontal coordinate is 1 because the
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storm surge is equal to the design load. The answer to the question gives the value for the
vertical component of the point. Answering the third question locates a point where the vertical
component is always 1 but the horizontal component depends on the answer. An assumption,
which is stated below the questions in the spreadsheet underlying the assessed relationship, is
that the non-dimensional relationship assessed in Step 3 is applicable to all of the relevant
alternatives.

The questions ask for minimum, most likely, and maximum numerical estimates.
Supplying the three types of answers characterizes the uncertainty of the assessment. However,
it is not absolutely necessary to enter minimum and maximum estimates as they are only used to
make the graph shown in Figure D.I5. Only the most-likely estimates are used in the
mathematical model for calculating damage, which is expressed as the ratio of repair cost to
reconstruction cost.

The cost of an alternative could be either a lump sum or an annualized cost. Once the type of cost is chosen, the
cost for all alternatives should be consistently used throughout the design selection process. The original cost of
the road system should also be incorporated into the cost.

3. Answer the following questions to estimate a function that
relates damage to storm surge impact.

What is the greatest storm surge that results in no damage cost? I--~---:""::'~~% design load (e.g., 100%)

What is the repair cost ofVDOT equipment for a storm surge equal % of equipment reconstruction cost (e.g.,
to the design load? 80%)

What is the lowest storm surge that causes the need for total % design load (e.g., 150%)
reconstruction?

Figure D.I3 Input areas for design alternatives and questions to support calculating damage due
to wind speeds

Step 4 shown in Figure D.I4 asks the user to enter any historical data on actual storm
surge-related incidents. As indicated in Step 4, the data should be relevant to impacts on the
road system of concern because impacts on other road systems might not have the same repair
cost. The historical data is then plotted along with the relationship assessed in Step 3. From the
plot, the user can assess how close his/her estimated relationship is to the historical data. Step 5,
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the next step, is to compare the estimated relationship, which is called the damage function, to
the historical data, and to modify the answers in Step 3 if they are too different. The historical
data is not used to calculate damage directly; it helps in the modeling only as a basis for
comparison with the estimated relationship. It is assumed that a straight-line interpolation of the
points assessed in Step 3 is sufficiently accurate to describe the relationship. The minimum and
maximum estimates are also plotted in the graph. See Figure D.15 for a more detailed look at the
graph. If the historical data are mostly lying outside of the left and right bounds, then the user
may decide to reconsider the answers to the questions in Step 3. However, the historical data
may actually not be very close to the real relationship when there is little relevant data on actual
storm surge impacts.

4. Enter any historical data on actual storm surge accidents on the road system. The
data should be for the type of road system under consideration. It is not necessary to
enter four storm surge accidents.

5. Compare the damage function with the historical data in Figure 1. If they are very
different. go back to step 3 and modify the answers until the user feels comfortable that
hisJher input is close to the historical data.
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Figure D.14 Historical data and comparison with assessed relationship
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Figure D.15 Damage function plotted along with historical data for user to modify the estimates
entered in Step 3 accordingly if necessary

In Step 6 the user is asked several questions in order to assess the relationship between
storm surge and time to recover. Time to recover is the time it takes to repair the road system so
that it is functional and operable. In Step 7, there is the opportunity to enter any historical data
on the time to recover after storm surge impacts (up to four accidents). Figure D.16 shows Steps
6 and Step 7.
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A straight line interpolation is performed among the points assessed in step 3.

weeks

% design load (e.g .. 50%)

% design load (e.g.. 150%)

What is the greatest storm surge that results in no recovery time?

6. Answer the following questions to estimate a function that
relates time to recover to storm surge.

What is the time to recover that results from a storm surge
equal to the design load?

What is the lowest storm surge that results in a recovery time of
half a year or more?
Similar to the assumption stated in step 3 0 it is assumed that the relationship assessed in step 6 applies to all alternatives. The
relationship is betvveen time to return to normal functionality (time to recover) and (impact force) I (design load). This assumption
enables the calculation of time to recover due to any storm surge for any alternative.

7. Enter any historical data on actual hurricane accidents. The data should be for the type of
road system under consideration. It is not necessary to enter four hurricane accidents.

Figure D.16 Assessment questions for time to recover and historical data

In Step 8, a plot is displayed for the user to check whether his/her input in Step 6 is close
to the historical data (see Figure D.17). Similar to the damage function, a straight-line
assumption is made on the points assessed previously. The historical data is then plotted along
with the relationship assessed in Step 6. From the plot, the user can assess how close his/her
estimated relationship is to the historical data. Step 8, the next step, is to compare the estimated
relationship, which is called the damage function, to the historical data, and to modify the
answers in Step 6 if they are too different. The historical data is not used to calculate damage
directly; it helps in the modeling only as a basis for comparison with the estimated relationship.
It is assumed that a straight-line interpolation of the points assessed in Step 6 is sufficiently
accurate to describe the relationship. The minimum and maximum estimates are also plotted in
the graph. If the historical data are mostly lying outside of the left and right bounds, then the
user may decide to reconsider the answers to the questions in Step 6. However, the historical
data may actually not be very close to the real relationship when there is little relevant data on
actual storm surge impacts. There is no difference between how this plot is used and how the
damage function is used except that the value to calculate here is time to recover (plotted on the
vertical axis).
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Figure D.17 Plot of time to recover versus storm surge for historical data and estimated
relationship

Shown in Figure D.19, the Storm Surge worksheet displays the values that are calculated
from the input on the User Input worksheet. These values are the costs of reconstruction of the
alternatives and various risk metrics. The reconstruction cost is plotted on the vertical axis,
while a risk metric is plotted on the horizontal. In this way, the user could see the present
investment and the risk of a storm surge accident. There are four risk metrics that describe the
consequences of a storm surge impact. They are:

1. Repair Cost / Reconstruction Cost
2. Repair Cost
3. Time to Recover
4. Cost to Industry

In Step 9, the user enters three scenarios of storm surge under which to evaluate the
alternatives. For each scenario, the hurricane magnitudes and the return period of the event are
pre-set as hurricane categories [I to II], [III], and [IV to V].
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Hurricane storm Surge Impact Risk Metric Values for

Yellow Filled Cells Indicate User Input Area

9. The alternatives that were defined in step 2 are evaluated under din-erent storm surge scenarios. Define three
scenarios by giving the magnitudes and return periods. Figure 5 can be used to obtain the return period of any
storm surge-related event. The hurricane categories are recommended for scenarios

Alternative

0.00 0.00 0.00 0.00
0 0 a a

0.0 0.0 0.0 0.0
0 0 0 0

1.00 1.00 0.90 0.49
650 720 765 466
18.1 16.4 15.0 1.4
51 46 42 4

1.00 1.00 1.00 1.00
650 720 850 950
22.6 20.4 18.7 17.2
63 57 52 48

Area All Major

Figure D.19 Top of Wind Impact worksheet with scenario entry boxes

Tradeoff Analysis for Storm Surge

The next worksheet, Tradeoff - Storm Surge, contains graphs that show the tradeoffs
between the alternatives under the storm surge scenarios. Figure D.20 shows the first graph: cost
of alternative versus (repair cost) / (reconstruction cost). A key on the right hand side of the
screen describes the components of the legend that accompany each graph. The way to interpret
the curves in the graphs is to view the cost of an alternative on the vertical axis as the present
investment for that alternative and the value on the horizontal axis as a consequence of a storm
surge-related incident provided that the alternative was chosen. The consequence can be any of
the risk metrics such as (repair cost) / (reconstruction cost), repair cost, time to recover, or cost to
industry. The three curves are associated with the three scenarios entered previously in Step 9.
These three scenarios are three probable storm surge incidents that have different probabilities of
occurrence, and therefore different return periods. For example, referring to the graph in Figure
D.20, the user can tell what the ratio of repair to reconstruction cost is for different levels of
investment under the different storm surge scenarios. It should be noted that this view of
investment versus consequences is limited by the quality of the alternatives. If all the
alternatives entered are not cost-effective, then the curves will give a skewed picture of the
tradeoffs. In this case, the curves could only be interpreted strictly as cost of alternative versus
the ratio of repair to reconstruction cost. However, if the entered alternatives are some of the
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best ones, then the user can confidently interpret the curves as showing the tradeoffs between
current investment and future consequence. The statements above are true for all the tradeoff
curves in the tool.

Again referring to the graph in Figure D.20, the user could see that if an extensive storm
surge impact occurred (see the middle curve), investing $850,000 instead of $950,000 would
mean having a ratio of repair cost to reconstruction cost of 0.8 instead of 0.07. In other words, a
potential damage in the future equal to around 91 % of the reconstruction cost is traded off for a
cost saving of $100,000 in the present. Also, the user could notice that for the moderate storm
surge impact case (curve on the left), investing more than $500,000 does not lessen the repair
cost. For example, if the user is only concerned about moderate storm surge impacts because the
more severe cases have insignificant probabilities of occurrence in the design life span of the
road system and possible flooding is not a concern, then the user will probably choose an
alternative that does not exceed $500,000. If the user has reason to believe that an extensive or
even extreme storm surge impact would occur during the road system's life span, it may make
sense to invest over $500,000. The user should look at the tradeoffs involving these two
scenarios. While, there is no reduction in expected repair cost for investing more than $500,000
in the case of a moderate storm, there is significant reduction in repair cost for investing over
$850,000 in the case of an extensive storm. The final choice of a design is based on the user's
best judgment after looking at the tradeoffs under the different scenarios. This decision is
usually not fully determined by the tool. There may be "softer" factors that cannot be measured
which affect the decision. For example, a user or stakeholder of the industry might not choose
any enhancement that has even a small-expected downtime because of the "dread" of tedious
work involved. This dread of work is difficult to measure.

It is assumed that any damage however minor will be repaired. If the assumption is not
true, then repeated occurrences of a certain type of event such as a moderate storm surge impact
could cause greater consequences than the model in the tool predicts. The model assumes that
the road system is in undamaged condition before an event occurs.
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22. Graphs of cost of alternative versus each risk metric under the storm surge scenarios are shown below. An explanation
of the legend is found on the right.

Graphs are automatically updated as user input or any other parameters are changed

Components of Legend

Magnitude of Impact

• Moderate Storm Surge 4 to 8 feet
33 years
II Extensive Storm Surge 9 to 12

feet 100 years
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Figure D.20 Tradeoff graph of the cost of the alternative versus the repair cost, reconstruction
cost ratio.
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