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(ABSTRACT) 

The number of hazardous materials transported by truck mode and also the 

quantities shipped continues to grow every year. In recognition to the potential 

disasters associated with the occurrence of release of hazardous materials, several. 

studies have been conducted on various aspects of the problem - assessment of risk, 

container safety, emergency response, disaster assistance, regulations, routing etc. 

Development of mitigation measures is a relatively new area in hazardous materials 

research in the sense that it has not been studied comprehensively. 

The objective of this study is to determine the appropriateness and effectiveness 

of different steps to be taken to reduce either the likelihood of hazardous materials 

accidents/incidents or the damage which would ensue from a release for different 

hazardous materials. This work attempts to identify, or flag, potentially high risk 

locations due to spills of hazardous materials, and to evaluate the alternatives to be 

designed and implemented in order to reduce risk. Appropriate type of roadway 

improvements for the safe transportation of hazardous material trucks and protective 

systems that might be incorporated into new or reconstructed highway segments in 

order to mitigate consequences, are presented for various generalized scenarios. 

The output of mitigation is the reduced risk value.



This work forms a part of a comprehensive decision making framework 

integrating the risk identification, calculation and mitigation that can apply to both 

urban and rural areas.
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1.0 INTRODUCTION 

Among the new materials being produced to satisfy the needs of modern life are 

many that have dangerous properties. These are stored, transported by various 

modes and used in manufacturing plants. It is inevitable that when these hazardous 

materials are produced, stored or shipped, there will be spills. These spills, 

commonly referred to as incidents, are usually capable of causing damage to people, 

property and environment and invariably receive widespread attention. 

In recognition of the potential disasters associated with the occurrence of release 

of hazardous materials, a number of studies are being conducted at the state and 

federal level on various aspects of hazardous materials problem - assessment of 

regulations, risk, container safety, emergency response, clean-up, disaster 

assistance, vehicle inspection, routing, data collection, and highway design. Two 

primary questions are usually raised by the authorities in the transportation of 

hazardous materials; 

e = What is the level of risk ? 

¢ What mitigation measures will reduce the identified risk ? [13]. 

The Pennsylvania Department of Transportation through its research project 

“Hazardous Materials Movement”, wants to develop a decision-making framework 

that can address these questions for the movement of hazardous materials on its 

highways. 
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The Commonwealth of Pennsylvania as shown in Table 1.1, accounted for the 

highest number of hazardous material incidents in the nation between 1971 and 1983 

with 90 % of incidents being highway related. Also, the state ranks 6th as either the 

origin state or the destination state of hazardous material shipments involved in 

incidents nationwide in 1983. There are over 6000 companies and businesses in 

Pennsylvania who deal or produce hazardous materials, ranging from small 

dry-cleaning companies to major firms such as U.S. Steel. Anywhere from one or two 

drums to thousands of tons of hazardous substances may be produced or used by 

any Pennsylvania firm during the year. This indicates that the movement of 

hazardous materials in the Commonwealth of Pennsylvania is sizable and needs to 

be addressed to avoid potential catastrophic events [13]. 

1.1 Objectives 

The objective of this project is to develop a comprehensive decision making 

framework integrating risk identification, analysis and mitigation measures that will 

apply to both rural and urban areas. The project was divided into nine tasks which 

were to be performed in order to accomplish the overall objective. 

Task 1: Event Definition - This concerns the definition of suitable, aggregate classes 

of hazardous materials to be studied as well as establishing quantifiable values for 

the behavior of each class. 

Task 2 : Macro-analysis (Statewide comparative analysis) - Developing a modeling 

scheme which can evaluate the relative magnitude of risk and vulnerability for each 

jurisdiction in the state in order to identify areas deserving more detailed study. 
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Table 1.1 

DISTRIBUTION OF HAZARDOUS MATERIAL INCIDENTS IN VARIOUS STATES 
(Top 10 States) 

State Total % Highway % Rail 
Incidents Related Related 

Pennsylvania 13,459 . 90 3 

Ohio 9,439 95 4 

Hlinois 7,142 85 14 

Texas 6,885 78 20 

California 6,147 77 20 

New York 5,979 94 4 

Tennessee 5,635 85 4 

North Carolina 5,318 94 6 

Georgia 5,207 91 8 

Michigan 4,917 94 6     
  

Source: U.S. Department of Transportation, Materials Transportation Bureau. 
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Task 3 : Data Source Identification - This refers to locating potential sources of 

information for detailed risk modeling at the local level as well as the collection of 

field data when necessary. 

Task 4 : Micro-analysis (Local Analysis) - Developing a modeling scheme which can 

evaluate the magnitude of risk for a local highway network (e.g., a county’s network). 

Such an analysis should be able to find minimum risk paths in the network and 

consider those routes which have not been associated with hazmat releases. 

Task 5 : Mitigation Measures - Involves studying of the effectiveness and 

appropriateness of different steps to be taken to reduce either the likelihood of 

incidents or the damage which would ensue from a release for different hazardous 

materials. The results of this study would aid in determining the most effective 

strategy to be implemented for previously modeled situations. 

Task 6: Area Identification - Testing, validation, and refinement of the model 

achieved from Micro analysis and Mitigation measures on five specific sites identified 

by the department. 

Task 7: Detailed Analysis - Site specific information for five selected areas will be 

collected to meet the needs of the Risk Assessment model for calculating and 

analyzing the risk levels. 

Task 8 : Action Recommendation - Recommended mitigation measures will be 

provided for reducing the risks determined in the detailed analysis, Task 7. 

Task 9 : Model Refinement / Final Reports - The model structure and the mitigation 

measures might be revised or redefined based on Pennsylvania DOT (Penn DOT) 

recommendations and public comments where requested. 
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1.2 Scope of this Research 

This research covers task 5 - Mitigation Measures. This involves development 

of protective systems in order to reduce risk due to the movement of hazardous 

materials. The risk is made up of two parts - probability of occurrence and 

consequence of an incidence. The objective is to reduce either the probability of an 

incident occurring, or the consequences after an incident has occurred, or both. This 

objective can be met by either physical systems such as barrier rail or regulatory 

measures such as routing restrictions that can: 

¢ Reduce the probability of an accident occurring, 

e Reduce the probability of release given an accident (incident), or 

¢ Reduce the severity of the consequence. 

In addition to these there are a wide spectrum of emergency response measures 

which can be considered. However, these are not within the scope of this research 

because, this task was intended to develop measures which are a_ direct 

responsibility of the department of transportation or highway department and can 

provide long term protection when constructed and/or implemented. 

This narrow focus of this project has posed problems of little or no available 

literature. There are very few protective systems available now which corresponds 

to our needs, and no measure of effectiveness are available. Hence an expert system 

approach has been adopted in order to obtain ideas about protective systems and 

estimate of their effectiveness. In order to reduce accident probability, there is 

literature on highway elements and their relationship to accidents. However, there 

is no literature on the effectiveness of improved highway elements in terms of truck 

accident reduction. 
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1.3. Organization of the Work 

Chapter two deals with various improvements that can be can considered in 

general as obtained through a literature review. This includes geometric design 

considerations for trucks, available protective systems and their effectiveness. 

Chapter three presents an analysis of databases conducted as a part of the whole 

project. This is helpful in the development of a risk model and mitigation measures. 

This also provides the reader with an Insight into characteristics of hazardous 

material accidents/incidents in Pennsylvania. 

Chapter four presents an overview of the proposed risk model. The model is 

used to determine risks associated with hazardous materials transportation on a 

highway segment or route. 

Chapter five deals with various mitigation measures. This includes the approach 

towards development of protective measures, methodology used in their selection, 

and their effectiveness, as well as the effectiveness of ordinary improvements to 

highway geometry and maintenance. Chapter six shows the results of the model 

when applied to some sites in Pennsylvania. 

Conclusions and possible extension of the work are presented in Chapter seven 
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2.0 LITERATURE REVIEW 

The objective of this task was to find protective systems that reduce the likelihood 

of an incident and the ensuing consequences and to determine the effectiveness of 

such improvements. A major criteria was that the recommended improvements be 

of protective system type and not emergency response measures. The difference 

among the two being that emergency measures will be initiated after the accident has 

taken place whereas protective system type measures are already in place in the 

highway system and play an important role in reducing the risk. In order to 

accomplish the above objectives, literature review has been concentrated in the 

following areas: 

e §6 Effect of current geometric design standards on truck safety 

e Effectiveness of geometric design improvements on truck accidents 

e §6©Protective systems available to reduce accidents or accident severity and to 

mitigate the consequences due to hazardous material incident. 

Though the study involves safety of hazardous materials transportation, this 

literature considers movement of trucks in general, since there is no literature 

specific to movement of hazmat carrying trucks within the context of the study, and 

also because most of the hazardous materials considered in this study are carried 

by trucks that have same accident probability and characteristics as all trucks. 
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2.1 Geometric Design Considerations for Trucks 

Parallel to recent improvements in the highway system, and vehicle technology, 

the trend has been toward ever larger trucks and toward growth in the volume of 

freight, moved by trucks including hazardous materials. Though increases in vehicle 

size have yielded substantial improvements in transport productivity, they have 

always raised concern about safety. This is because the highway system Is a fixed 

entity and incorporating changes in it due to changes in the vehicle fleet that exceed 

past design criteria or policy would be a very expensive venture. Hence many states 

have established regulations limiting truck travel on their highways. However, the 

Surface Transportation Assistance Act (STAA) of 1982, has authorized the U.S. 

Secretary of Transportation to designate a national network of interstate and other 

major highways on which trucks approved by the act (STAA vehicles) could travel 

without restriction. The act also required states to provide “reasonable access” from 

this network to terminals and to also provide facilities for food, fuel, repairs and rest 

(service facilities) [30]. This act has brought forward the issue of the adequacy of 

safety of current geometric design standards and a number of studies have been 

carried out. 

The primary guide or policy on highway geometric design is the American 

Association of State Highway and Transportation Officials (AASHTO) “A policy on 

Geometric Design of Highways and Streets; 1984”, better known as the green book. 

The minimum geometric requirements and design policies for safe movement of 

vehicles are listed in the book. However, the major emphasis has been on the 

automobile as it accounts for a majority of travel. Also, the current technical data 

were essentially completed before the enactment of the act (STAA of 1982), which 
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increased the allowable maximum dimensions for truck, tractor-trailer combinations 

[27]. Thus, these larger trucks were not given as much consideration as they 

probably should have when determining the design considerations. 

The physical characteristics of a vehicle and the proportions of variously sized 

vehicles using the highways are positive controls on geometric design. The following 

elements were identified as those that may be affected by a change in vehicle 

dimension and weight, based on the current principles and practices [8, 27, 30): 

e Lane and Shoulder width and type 

e Stopping sight distance 

e Passing sight distance 

e Horizontal curves 

e Vertical grades 

e Intersections 

¢ Roadsides and sideslopes. 

2.1.1 Lane Width 

The following observations were made on the lane width in many studies: 

1. Only on 24-ft pavements were drivers apparently satisfied with both edge and 

body clearance. 

2. Drivers of passenger cars prefer a body clearance of about 5 ft when meeting 

other vehicles. This cannot be attained on pavements that are less than 22-ft 

wide [27]. 

AASHTO recommends a lane width of 11-13 ft. However, for safe and tension-free 

operation of 102-in wide trucks, lane width of 12 ft has to be provided. On lanes with 
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that of less than 12 ft width it may be necessary to control the number and movement 

of trucks [1]. 

2.1.2 Shoulders 

Shoulders are mainly provided to accommodate stopped vehicles, for emergency 

use including emergency response to incidents, and for lateral support of the 

pavement base and surface courses. AASHTO recommends that, for heavily traveled 

and high-speed highways, the usable shoulder width should be at least 10 ft but 

preferably 12 ft [1]. It has been found in past studies that as right-shoulder width 

increases on curves, the accident rate decreases and paved shoulders produce fewer 

accidents than unpaved shoulders. 

Hence for safe operation of trucks, it is considered necessary to have a paved 

shoulder with width of at least 10 ft. 

2.1.3 Stopping Sight Distance 

Design stopping distance is the minimum distance required for a vehicle 

traveling near the design speed to stop before reaching an object in its path (1]. 

SSD =147 x Vx 25 + —“YXY_ (2.1) 
30 x (f + g) 

where: 

SSD = stopping sight distance 
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V = vehicle speed (miles/h) 

2.9 = value assumed to represent perception and reaction times (s) 

f = coefficient of friction between the tires and the roadway surface, and 

g = percentage grade divided by 100 

The first part of the formula gives distance travelled during the driver’s perception 

reaction time. The second part gives distance required to stop after brake 

application. 

The above formula and measuring criterion for minimum stopping distance were 

derived for passenger car operations, AASHTO states that, although trucks require 

larger stopping distance from a given speed, the additional braking distance is 

balanced by the higher eye of the truck operator. Hence there is no change in 

stopping sight distance requirement for trucks. 

2.1.4 Passing Sight Distance 

Passing sight distance is the sight distance required to safely complete 

overtaking of a slower-moving vehicle on a two-lane highway with an operator eye 

height of 3.50 ft and an object height of 4.25 ft [1]. 

PSD = d(1) + d(2) + d(3) + d(4) (2.2) 

where: 

PSD = passing sight distance 

d(1) = initial maneuver distance (ff) 

= 1.47 xt(V-m + ax t/2), where 

t = initial maneuver time (s) 
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V = average speed of passing vehicle (miles/h) 

m = speed differential between the two vehicles (miles/h) 

a = average acceleration (miles/h/s) 

d(2) = distance traveled in the left lane by the passing 

vehicle (ft) = (Lf + Ls + 150)V/Vi 

where: 

Lf = Length of faster vehicle (ft) 

Ls = Length of slower vehicle (ft) 

V = speed of faster vehicle (miles/h) 

Vi = speed difference between the 

vehicles (miles/h), and 

150 = additional distance between the two vehicles 

before and after the passing maneuver (ft) 

d(3) = distance at the end of the passing maneuver between the 

passing vehicle and an opposing vehicle 

d(4) = distance traversed by an opposing vehicle 

Whereas an increase in vehicle weight and width will have no effect on the elements 

defined above, an increase in vehicle length will have a pronounced effect on d(2) and 

d(4). 

Since, it is common practice for cars to overtake trucks, additional length will be 

needed or more abortive passing maneuvers will result when truck length is 

increased. According to present design standards, the passing sight distance is 

based on a passenger car passing a passenger car. These should be changed by 

considering the scenario of a passenger car passing a large truck. Pavement 

markings that prohibit passing maneuvers should be provided in areas where a 

successful passing cannot be accomplished. The minimum passing sight distance 
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requirements considering trucks has been calculated in a study done by Gericke et 

al. [8] and the values are shown in Table 2.1. 

2.1.5 Horizontal Curves 

Pavements on curves have to widened sometimes to make operating conditions 

on curves comparable to those on tangents (AASHTO). This is justified based on 

truck operating characteristics: 

e that the rear wheels track inside of the front wheels (off-tracking). 

e §=6 tthe difficulty of steering the vehicle. [1] 

The extra width of pavement required is necessary because of the probability of 

rollover if the vehicle moves onto the shoulder. This is a very serious problem in 

trucks carrying hazardous material as is evident from an analysis of accidents 

presented in the next section. 

2.1.6 Vertical Grades 

According to AASHTO, climbing lanes should be provided on the upgrade side 

of a two-lane rural highway when: 

1. The length of upgrade causes a speed reduction of 10 miles/h or more or 

2. The added cost is justified by the volume of traffic and the percentage of trucks. 

The size, power, gradeability, and entrance speed of trucks contribute to the 

performance of trucks on a grade. AASHTO uses a nationally representative truck 

with a ratio of Gross Vehicle Weight (GVW) in pounds to net horsepower of 300:1 to 
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evaluate the performance (acceleration and deceleration) of trucks on grade. This is 

reasonable due to the current availability of engines to provide 300:1 ratio. [1] 

2.1.7 Intersections 

A substantial share of accidents occur at intersections - 55 percent of urban 

accidents and 32 percent of rural accidents [30). The longer-wheelbase 

tractor-semitrailers have greater difficulty in negotiating many intersection turns than 

do passenger cars or shorter-wheelbase tractor-semitrailers because of offtracking 

problems. However, the number of accidents caused by offtracking is unknown, and 

predicting whether intersection improvements will reduce accidents is difficult 

because so many factors, such as sight distance, number of lanes, lane width, traffic 

volume, and traffic signalization, affect the safety of turns at intersections [30]. 

AASHTO considers three general cases of required sight distance at 

intersections, and the designer must ensure that for different assumptions there will 

be an unobstructed view of both roads. The three cases are: 

1. Enabling the vehicles to adjust speed, in which case only reaction plus 

perception time and one additional second for acute braking is considered; 

2. Enabling vehicles to stop, in which case safe stopping sight distance plays a role; 

and 

3. Enabling the stopped vehicle to cross a major highway, in which case the formula 

used to obtain the required sight distance is 

d= 147 x Vx [J + 7] (2.3) 

where: 
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d = minimum sight distance along the major highway (ft) 

< Il design speed 

J = sum of perception time and the time required to 

shift to first gear or actuate an automatic shift 

Ta = Time required to accelerate and traverse the 

distance S required to clear the major roadways 

S=D+t+WeH+L 

D = distance from the near edge of the pavement to the 

front of the stopped vehicle 

W = width of pavement along the path of the crossing veh 

L = overall vehicle length 

From the above, it can be seen that only case 3 will be influenced by vehicle 

length and acceleration capability. If the acceleration capabilities of trucks are 

assumed to be at least the same as that of the critical vehicle, the sight distance has 

to be adjusted for increased vehicle length. 

2.1.8 Roadsides and Sidesilopes 

It has been found through the analysis of databases that combination vehicles are 

more likely to be involved in single-vehicle accidents than are passenger cars and 

that most of the releases of hazardous materials have been caused by single-vehicle 

accidents. Thus, adequate recovery areas at the road edge that are smooth, flat or 

without steep sideslopes, and clear of fixed objects, are important to truck safety. 
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Correcting pavement edge drops, that is, vertical discontinuities at the edge of the 

paved surface, may also have important safety ramifications [30]. 

2.2 Truck Accident Studies 

The primary objective of this literature review was to determine if and to what 

extent the magnitude of urban freeway truck accidents had been established by prior 

reports. Specifically, literature search was conducted: 

® To determine if the magnitude of large truck accidents on urban highways had 

previously been quantified and 

e §6To identify problems, biases and reliability of previous large truck studies. 

Few research efforts were identified which concentrated on urban freeway truck 

accidents. Also, the review revealed that the conclusions of truck accident studies 

are often based on misleading or inappropriate analysis strategies. For example, 

accidents were frequently categorized by only one type of vehicle involved in the 

accident. If the accident involved a passenger car and a truck, it is categorized as a 

truck accident. Subsequent analysis will typically treat it as a truck accident using 

only truck exposure factors to normalize the data. Thus it does not account for all the 

elements involved in the accident [9]. 

Implicit in the use of exposure factors in accident analysis is the premise that, the 

greater the amount of travel on a given facility, the greater is the amount of risk or 

exposure to accidents to which vehicles on the facility are subjected. The proper use 

of rates must reflect the varying amounts of travel, or exposure to risk of each 

element involved in the accident [9]. 
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Another problem which hinders the analysis of truck accidents is the data. The 

data are, or are anticipated to be, used to develop statistics that are analyzed for 

present trends, to identify problems, develop relationships, and perform evaluations. 

In any evaluation of highway safety using accident rates as a measure, there are two 

types of data. The first is the accident data. Depending on the issue, various data 

on accidents may be required. This may range from a simple count of accidents 

involving a certain vehicle type to a specific aspect of the accident (e.g., when it 

occurred, type of accident, actions before the accident, driver condition) [19]. 

Accident measures are typically expressed as accident rates (i.e., accidents per 

mile of highway or more commonly accidents per million vehicle miles traveled). The 

denominator that provides the rate calculation is typically called the exposure value. 

Thus, the second principal type of data is the exposure of vehicles. 

Exposure data are important because they are crucial in calculating the likelihood 

of an accident. To be meaningful, the exposure data must be related to the variable 

(issue) being evaluated. For example, if an accident rate on a particular route or 

section for double trailer trucks with a van trailer configuration is being sought, then 

the volume of these trucks over that route or section is needed as well as the number 

of accidents. If accident rates are “borrowed” or transferred from other data, its 

reliability or applicability must be carefully examined [11]. 

In order to obtain relationships between the truck accidents and other 

characteristics such as type of highway, geometric features etc., a large statistically 

valid sample is usually necessary. Accident files such as the National Highway Traffic 

Safety Administration’s (NHTSA’s) Fatal Accident Reporting System (FARS) and the 

BMCS accident files are commonly referred to because they are “the best files we 

have”, They may be biased or limited in scope because of the lack of investigative 

experience and may not provide important information necessary for analyzing 
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�l�o�w�-�c�o�s�t� �r�o�a�d�s�i�d�e� �s�a�f�e�t�y� �i�m�p�r�o�v�e�m�e�n�t�s� �o�n� �h�i�g�h�w�a�y� �c�u�r�v�e�s� �m�a�y� �b�e� �o�n�e� �o�f� �t�h�e� �m�o�s�t� 

�e�f�f�e�c�t�i�v�e� �R�e�s�u�r�f�a�c�i�n�g�,� �R�e�s�t�o�r�a�t�i�o�n� �a�n�d� �R�e�h�a�b�i�l�i�t�a�t�i�o�n� �(�R�R�R�)� �s�a�f�e�t�y� �i�m�p�r�o�v�e�m�e�n�t�s�.� 

�T�h�e� �a�c�c�i�d�e�n�t� �r�a�t�e� �r�e�d�u�c�t�i�o�n� �i�s� �p�a�r�t�i�c�u�l�a�r�l�y� �t�r�u�e� �f�o�r� �i�m�p�r�o�v�e�m�e�n�t� �o�f� �l�o�w�-�h�e�i�g�h�t� �f�i�l�l� 

�s�l�o�p�e�s� �a�n�d� �r�e�m�o�v�a�l� �o�f� �t�r�e�e�s� �t�o� �i�m�p�r�o�v�e� �t�h�e� �c�l�e�a�r�-�z�o�n�e� �w�i�d�t�h� �o�n� �t�h�e� �o�u�t�s�i�d�e� �o�f� �c�u�r�v�e�s� 

�c�a�r�r�y�i�n�g� �m�o�r�e� �t�h�a�n� �2�,�0�0�0� �v�e�h�i�c�l�e�s� �p�e�r� �d�a�y� �[�2�9�]�.� 

�T�h�e�r�e� �a�r�e� �a� �n�u�m�b�e�r� �o�f� �s�t�u�d�i�e�s� �o�n� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �g�e�o�m�e�t�r�i�c� �e�l�e�m�e�n�t�s� 

�a�n�d� �a�c�c�i�d�e�n�t� �f�r�e�q�u�e�n�c�i�e�s�.� �I�n� �N�C�H�R�P� �p�r�o�j�e�c�t� �3�-�2�5� �[�1�7�]�,� �l�i�t�e�r�a�t�u�r�e� �r�e�v�i�e�w�s� �o�f� �o�v�e�r� �4�0�0� 

�r�e�p�o�r�t�s� �a�n�d� �p�u�b�l�i�c�a�t�i�o�n�s� �a�r�e� �p�r�e�s�e�n�t�e�d�.� �H�o�w�e�v�e�r�,� �a�s� �m�e�n�t�i�o�n�e�d� �a�l�l� �o�f� �t�h�e�m� �c�o�n�s�i�d�e�r� 

�m�o�t�o�r� �v�e�h�i�c�l�e� �t�r�a�v�e�l� �i�n� �g�e�n�e�r�a�l�,� �a�n�d� �a�r�e� �n�o�t� �s�p�e�c�i�f�i�c� �t�o� �m�o�v�e�m�e�n�t� �o�f� �t�r�u�c�k�s�.� �I�t� �w�a�s� 

�d�e�c�i�d�e�d� �t�h�a�t� �t�h�e�s�e� �b�e� �u�s�e�d� �a�t� �p�r�e�s�e�n�t� �i�n� �t�h�e� �m�o�d�e�l� �a�s� �d�e�f�a�u�l�t� �v�a�l�u�e�s� �a�n�d� �c�a�n� �b�e� 

�r�e�p�l�a�c�e�d� �l�a�t�e�r� �b�y� �t�r�u�c�k� �a�c�c�i�d�e�n�t� �r�e�d�u�c�t�i�o�n� �f�a�c�t�o�r�s� �w�h�e�n� �a�v�a�i�l�a�b�l�e�.� 

�L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �2�0



�2�.�2�.�2� �P�r�o�t�e�c�t�i�v�e� �S�y�s�t�e�m�s� �t�o� �M�i�t�i�g�a�t�e� �S�p�i�l�l� �C�o�n�s�e�q�u�e�n�c�e�s� 

�T�h�e� �c�o�n�c�e�p�t� �o�f� �d�e�s�i�g�n�i�n�g� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� �i�n�t�o� �h�i�g�h�w�a�y� �s�y�s�t�e�m�s� �s�p�e�c�i�f�i�c�a�l�l�y� �t�o� 

�p�r�e�v�e�n�t� �o�r� �m�i�t�i�g�a�t�e� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l� �s�p�i�l�l�s� �i�s� �a� �n�e�w� �a�n�d� �u�n�i�q�u�e� �c�o�n�c�e�p�t�.� �N�o� 

�p�u�b�l�i�s�h�e�d� �l�i�t�e�r�a�t�u�r�e� �e�x�i�s�t�s� �t�h�a�t� �d�i�r�e�c�t�l�y� �a�d�d�r�e�s�s�e�s� �t�h�i�s� �c�o�n�c�e�p�t�.� �R�u�s�s�e�l�l� �a�t� �K�a�n�s�a�s� 

�S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y� �c�o�n�d�u�c�t�e�d� �a� �s�t�u�d�y� �f�o�r� �F�H�W�A� �b�u�t� �t�h�e� �f�i�n�a�l� �r�e�p�o�r�t� �h�a�s� �n�o�t� �b�e�e�n� 

�p�u�b�l�i�s�h�e�d� �[�2�4�]�.� �I�n� �t�h�i�s� �s�e�c�t�i�o�n�,� �l�i�t�e�r�a�t�u�r�e� �o�n� �s�y�s�t�e�m�s� �t�h�a�t� �c�o�u�l�d� �b�e� �a�d�a�p�t�e�d� �t�o� �t�h�e� 

�c�o�n�c�e�p�t�,� �s�u�c�h� �a�s� �d�r�a�i�n�a�g�e� �c�o�n�t�a�i�n�m�e�n�t� �s�y�s�t�e�m�s�,� �h�i�g�h�-�s�t�r�e�n�g�t�h� �b�a�r�r�i�e�r� �r�a�i�l�,� �e�t�c�.� �a�r�e� 

�p�r�e�s�e�n�t�e�d�.� 

�2�.�2�.�2�.�1�.� �M�a�i�n�t�e�n�a�n�c�e� �o�f� �W�a�t�e�r� �C�a�t�c�h�m�e�n�t� �A�r�e�a�s� 

�A� �p�a�r�t� �o�f� �t�h�i�s� �l�i�t�e�r�a�t�u�r�e� �i�s� �b�a�s�e�d� �o�n� �a� �G�e�r�m�a�n� �r�e�p�o�r�t� �o�n� �p�r�o�t�e�c�t�i�n�g� �p�o�t�a�b�l�e� �w�a�t�e�r� 

�s�u�p�p�l�i�e�s� �[�3�2�]�.� �I�t� �i�s� �i�m�p�o�r�t�a�n�t� �b�e�c�a�u�s�e� �i�t� �s�p�e�c�i�f�i�c�a�l�l�y� �a�d�d�r�e�s�s�e�s� �m�i�t�i�g�a�t�i�o�n� �o�f� 

�h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l� �(�h�a�z�m�a�t�)� �r�u�n�o�f�f� �i�n�t�o� �p�o�t�a�b�l�e� �w�a�t�e�r� �s�u�p�p�l�y� �a�r�e�a�s� �a�n�d� �s�e�n�s�i�t�i�v�e� 

�e�n�v�i�r�o�n�m�e�n�t�a�l� �a�r�e�a�s�.� �G�e�r�m�a�n� �l�a�w� �r�e�q�u�i�r�e�s� �t�h�a�t� �h�i�g�h�w�a�y� �a�l�i�g�n�m�e�n�t� �m�u�s�t� �a�v�o�i�d� 

�d�e�s�i�g�n�a�t�e�d� �s�e�n�s�i�t�i�v�e� �w�a�t�e�r� �c�a�t�c�h�m�e�n�t� �a�r�e�a�s� �(�a�n�y� �p�a�r�t� �o�f� �t�h�e� �w�a�t�e�r�s�h�e�d� �f�e�e�d�i�n�g� �a� 

�p�o�t�a�b�l�e� �w�a�t�e�r� �s�u�p�p�l�y�)� �i�f� �p�o�s�s�i�b�l�e�.� �I�f� �n�o�t� �p�o�s�s�i�b�l�e�,� �t�h�e� �h�i�g�h�w�a�y� �m�u�s�t� �b�e� �d�e�s�i�g�n�e�d� �t�o� 

�e�n�s�u�r�e� �h�a�z�m�a�t� �c�a�r�r�y�i�n�g� �v�e�h�i�c�l�e�s� �h�a�v�i�n�g� �a�n� �a�c�c�i�d�e�n�t� �w�i�l�l� �b�e� �c�o�n�t�a�i�n�e�d� �w�i�t�h�i�n� �t�h�e� 

�r�i�g�h�t�-�o�f�-�w�a�y� �b�y� �b�a�r�r�i�e�r� �r�a�i�l�,� �b�e�r�m�s� �e�t�c�.� �I�n� �t�h�e� �c�a�s�e� �o�f� �a� �s�p�i�l�l� �o�c�c�u�r�r�i�n�g�,� �t�h�e� �s�p�i�l�l�e�d� 

�m�a�t�e�r�i�a�l� �w�i�l�l� �e�n�t�e�r� �s�o�m�e� �c�l�o�s�e�d� �d�r�a�i�n�a�g�e� �s�y�s�t�e�m� �t�h�a�t� �m�u�s�t� �b�e� �p�r�o�v�i�d�e�d� �t�o� �p�r�e�v�e�n�t� 

�a�n�y� �s�p�i�l�l�e�d� �m�a�t�e�r�i�a�l� �f�r�o�m� �e�n�t�e�r�i�n�g� �t�h�e� �w�a�t�e�r� �s�u�p�p�l�y� �b�y� �s�u�r�f�a�c�e� �r�u�n�o�f�f� �o�r� �g�r�o�u�n�d�w�a�t�e�r� 

�f�l�o�w�.� 

�I�n� �h�i�g�h�w�a�y�s� �i�n� �l�o�w� �l�y�i�n�g� �a�r�e�a�s�,� �t�h�e� �p�e�r�m�i�s�s�i�b�l�e� �t�h�i�c�k�n�e�s�s� �o�f� �n�a�t�u�r�a�l� �s�o�i�l� �l�e�f�t� �a�b�o�v�e� 

�g�r�o�u�n�d�w�a�t�e�r� �d�e�p�e�n�d�s� �u�p�o�n� �t�h�e� �g�e�o�l�o�g�i�c�a�l� �f�o�r�m�u�l�a�t�i�o�n� �a�n�d� �o�n� �t�h�e� �h�y�d�r�o�l�o�g�i�c�a�l� 

�L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �2�1



�c�o�n�d�i�t�i�o�n�s� �o�f� �t�h�e� �s�u�b�s�o�i�l�.� �T�h�e� �r�o�a�d�b�e�d� �h�a�s� �t�o� �h�a�v�e� �a� �s�u�f�f�i�c�i�e�n�t�l�y� �t�h�i�c�k� �u�p�p�e�r� �l�a�y�e�r� �o�f� 

�s�o�i�l� �c�o�v�e�r� �a�b�o�v�e� �t�h�e� �g�r�o�u�n�d�w�a�t�e�r� �s�u�c�h� �t�h�a�t� �s�p�i�l�l�e�d� �h�a�z�m�a�t� �w�i�l�l� �n�o�t� �r�e�a�c�h� �t�h�e� 

�g�r�o�u�n�d�w�a�t�e�r�.� �S�t�u�d�i�e�s� �o�f� �s�p�e�c�i�f�i�c� �m�a�t�e�r�i�a�l�s� �a�n�d� �s�o�i�l� �t�y�p�e�s� �s�h�o�u�l�d� �b�e� �m�a�d�e�.� �I�n� �c�a�s�e� 

�s�u�f�f�i�c�i�e�n�t� �u�p�p�e�r� �l�a�y�e�r� �o�r� �s�o�i�l� �c�o�v�e�r� �d�o�e�s� �n�o�t� �e�x�i�s�t�,� �t�h�e� �s�u�b�s�o�i�!� �h�a�s� �t�o� �b�e� �s�e�a�l�e�d� �b�y� 

�c�o�n�s�t�r�u�c�t�i�n�g� �a� �w�a�t�e�r�t�i�g�h�t� �p�r�o�t�e�c�t�i�o�n� �l�a�y�e�r� �m�a�d�e� �o�f� �i�m�p�e�r�v�i�o�u�s� �m�a�t�e�r�i�a�l�.� 

�2�.�2�.�2�.�2�.� �H�i�g�h� �P�e�r�f�o�r�m�a�n�c�e� �B�r�i�d�g�e� �R�a�i�l� �S�y�s�t�e�m�s� 

�B�r�i�d�g�e� �r�a�i�l�s� �a�r�e� �g�e�n�e�r�a�l�l�y� �d�e�s�i�g�n�e�d� �t�o� �r�e�s�t�r�a�i�n� �a�n�d� �r�e�d�i�r�e�c�t� �p�a�s�s�e�n�g�e�r� �c�a�r�s�.� 

�C�o�l�l�i�s�i�o�n�s� �o�f� �l�a�r�g�e� �t�r�u�c�k�s� �w�i�t�h� �s�u�c�h� �r�a�i�l�s�,� �i�n� �t�h�e� �p�a�s�t�,� �h�a�v�e� �r�e�s�u�l�t�e�d� �i�n� �c�a�t�a�s�t�r�o�p�h�i�c� 

�a�c�c�i�d�e�n�t�s�.� �F�o�r� �t�r�u�c�k�s� �c�a�r�r�y�i�n�g� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s�,� �a� �p�o�t�e�n�t�i�a�l�l�y� �c�a�t�a�s�t�r�o�p�h�i�c� 

�o�c�c�u�r�r�e�n�c�e� �i�s� �e�v�e�n� �m�o�r�e� �l�i�k�e�l�y�.� �C�o�n�s�e�q�u�e�n�t�l�y�,� �h�i�g�h�w�a�y� �r�e�s�e�a�r�c�h�e�r�s� �a�n�d� �d�e�s�i�g�n�e�r�s� 

�h�a�v�e� �s�h�o�w�n� �c�o�n�c�e�r�n� �f�o�r� �r�e�d�u�c�i�n�g� �t�h�e� �s�e�v�e�r�i�t�y� �o�f� �t�h�e�s�e� �a�c�c�i�d�e�n�t�s� �b�y� �s�t�u�d�y�i�n�g� 

�c�o�n�t�a�i�n�m�e�n�t� �a�n�d� �r�e�d�i�r�e�c�t�i�o�n� �o�f� �l�a�r�g�e� �t�r�u�c�k�s� �a�t� �s�e�l�e�c�t�e�d� �l�o�c�a�t�i�o�n�s� �[�2�4�]�.� 

�T�h�e� �g�r�a�v�i�t�y� �o�f� �t�h�e� �p�r�o�b�l�e�m� �w�a�s� �e�v�i�d�e�n�t�,� �w�h�e�n� �a� �t�a�n�k� �t�r�u�c�k� �c�a�r�r�y�i�n�g� �a�m�m�o�n�i�a� �w�e�n�t� 

�t�h�r�o�u�g�h� �a�n� �u�p�p�e�r� �d�e�c�k� �b�r�i�d�g�e� �r�a�i�l� �o�n� �a� �H�o�u�s�t�o�n� �f�r�e�e�w�a�y� �o�v�e�r�p�a�s�s� �a�n�d� �o�v�e�r�t�u�r�n�e�d� �a�n�d� 

�r�u�p�t�u�r�e�d� �o�n� �t�h�e� �f�r�e�e�w�a�y� �b�e�l�o�w� �i�n� �1�9�7�6�.� �S�i�x� �p�e�o�p�l�e� �w�e�r�e� �k�i�l�l�e�d�,� �7�8� �h�o�s�p�i�t�a�l�i�z�e�d� �a�n�d� 

�m�o�r�e� �t�h�a�n� �1�0�0� �w�e�r�e� �i�n�j�u�r�e�d�.� �R�e�s�e�a�r�c�h� �o�n� �b�r�i�d�g�e� �r�a�i�l� �t�o� �r�e�s�t�r�a�i�n� �a�n�d� �r�e�d�i�r�e�c�t� �l�a�r�g�e� 

�t�r�u�c�k�s� �h�a�s� �b�e�e�n� �c�a�r�r�i�e�d� �o�u�t� �w�i�t�h� �e�n�c�o�u�r�a�g�i�n�g� �r�e�s�u�l�t�s� �[�1�2�]�.� �I�n� �g�e�n�e�r�a�l�,� �t�h�e� �o�b�j�e�c�t�i�v�e� 

�o�f� �m�o�s�t� �o�f� �t�h�e� �r�e�s�e�a�r�c�h� �o�n� �h�i�g�h� �p�e�r�f�o�r�m�a�n�c�e� �b�r�i�d�g�e� �r�a�i�l� �s�y�s�t�e�m�s� �h�a�s� �b�e�e�n� �t�o� �s�e�l�e�c�t� 

�a�n� �e�x�i�s�t�i�n�g� �b�r�i�d�g�e� �r�a�i�l� �s�y�s�t�e�m�,� �r�e�d�e�s�i�g�n� �a�n�d� �m�o�d�i�f�y� �o�r� �s�t�r�e�n�g�t�h�e�n� �i�t� �t�o� �g�i�v�e� �i�t� �t�h�e� 

�c�a�p�a�c�i�t�y� �t�o� �r�e�d�i�r�e�c�t� �b�u�s�e�s� �a�n�d�/�o�r� �t�r�u�c�k�s�.� 

�S�e�v�e�r�a�l� �b�r�i�d�g�e� �r�a�i�l�s� �w�h�i�c�h� �w�i�l�l� �r�e�s�t�r�a�i�n� �a�n�d� �r�e�d�i�r�e�c�t� �l�a�r�g�e� �t�r�u�c�k�s� �h�a�v�e� �b�e�e�n� 

�d�e�s�i�g�n�e�d� �r�e�c�e�n�t�l�y�.� �A� �b�r�i�d�g�e� �r�a�i�l� �w�a�s� �d�e�s�i�g�n�e�d�,� �b�u�i�l�t�,� �a�n�d� �t�e�s�t�e�d� �t�o� �c�o�n�t�a�i�n� �a�n�d� 

�r�e�d�i�r�e�c�t� �a�n� �8�0�,�0�0�0� �I�b� �v�a�n� �t�y�p�e� �t�r�a�c�t�o�r�/�t�r�a�i�l�e�r� �c�o�m�b�i�n�a�t�i�o�n� �i�m�p�a�c�t�i�n�g� �a�t� �1�5� �d�e�g�r�e�e�s� �a�n�d� 

�5�0� �m�i�/�h� �[�1�2�]�.� 

�L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �2�2



�2�.�2�.�2�.�3� �O�t�h�e�r� �P�r�o�t�e�c�t�i�v�e� �S�y�s�t�e�m�s� 

�A�n�o�t�h�e�r� �a�r�e�a� �o�f� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m� �d�e�v�e�l�o�p�m�e�n�t� �i�s� �d�e�t�e�c�t�i�o�n� �a�n�d� �c�o�m�m�u�n�i�c�a�t�i�o�n� 

�e�q�u�i�p�m�e�n�t�.� �T�o� �f�a�c�i�l�i�t�a�t�e� �q�u�i�c�k� �r�e�p�o�r�t�i�n�g� �o�f� �a�n� �a�c�c�i�d�e�n�t� �b�y� �t�h�e� �m�o�t�o�r�i�s�t�s� �p�r�e�s�e�n�t�,� 

�i�n�s�t�a�l�l�a�t�i�o�n� �o�f� �e�m�e�r�g�e�n�c�y� �p�h�o�n�e�s� �h�a�s� �b�e�e�n� �r�e�c�o�m�m�e�n�d�e�d�.� �A� �q�u�i�c�k� �r�e�s�p�o�n�s�e� �o�f�t�e�n� 

�m�i�t�i�g�a�t�e�s� �g�r�e�a�t�e�r� �d�a�m�a�g�e�.� �R�a�p�i�d� �t�r�a�n�s�m�i�s�s�i�o�n�s� �o�f� �a�l�a�r�m�s� �f�r�o�m� �f�i�r�e� �s�c�e�n�e� �t�o� �p�r�o�p�e�r� 

�a�u�t�h�o�r�i�t�i�e�s� �e�n�h�a�n�c�e�s� �t�h�e�i�r� �e�f�f�e�c�t�i�v�e�n�e�s�s�.� �F�i�r�e� �a�l�a�r�m� �p�u�l�l� �b�o�x�e�s� �s�h�o�u�l�d� �b�e� �l�o�c�a�t�e�d� 

�b�e�s�i�d�e� �e�a�c�h� �t�e�l�e�p�h�o�n�e�.� �F�u�r�t�h�e�r� �r�e�s�e�a�r�c�h� �i�s� �b�e�i�n�g� �c�a�r�r�i�e�d� �o�u�t� �i�n� �o�r�d�e�r� �t�o� �d�e�v�e�l�o�p� �s�p�i�l�l� 

�s�e�n�s�o�r�s� �w�h�i�c�h� �c�a�n� �b�e� �u�s�e�d� �t�o� �m�o�n�i�t�o�r� �l�o�c�a�t�i�o�n�s� �w�h�e�r�e� �i�n�c�i�d�e�n�t�s� �w�o�u�l�d� �c�a�u�s�e� 

�c�a�t�a�s�t�r�o�p�h�i�c� �c�o�n�s�e�q�u�e�n�c�e�s�.� �T�h�e� �c�u�r�r�e�n�t� �s�t�a�t�e� �o�f� �t�h�e� �a�r�t� �o�f� �a�m�b�i�e�n�t� �c�h�e�m�i�c�a�l� 

�i�n�s�t�r�u�m�e�n�t�a�t�i�o�n� �a�n�d� �m�e�t�e�o�r�o�l�o�g�i�c�a�l� �s�e�n�s�o�r�s� �o�f�f�e�r�s� �m�a�n�y� �p�o�s�s�i�b�i�l�i�t�i�e�s� �f�o�r� �i�m�p�r�o�v�i�n�g� 

�t�h�e� �a�b�i�l�i�t�y� �o�f� �r�e�s�p�o�n�s�e� �t�e�a�m�s� �t�o� �p�r�e�d�i�c�t� �t�h�e� �i�n�t�e�n�s�i�t�y� �a�n�d� �l�o�c�a�t�i�o�n� �o�f� �d�a�n�g�e�r�o�u�s� 

�s�u�b�s�t�a�n�c�e�s�.� �T�h�e�s�e� �i�n�s�t�r�u�m�e�n�t�s� �a�r�e� �n�o�t� �n�o�r�m�a�l�l�y� �u�s�e�d� �a�s� �p�e�r�m�a�n�e�n�t� �d�e�v�i�c�e�s� 

�i�n�s�t�a�l�l�e�d� �w�i�t�h�i�n� �h�i�g�h�w�a�y� �s�y�s�t�e�m�s�,� �b�u�t� �t�h�e�y� �c�o�u�l�d� �b�e� �a�d�a�p�t�e�d� �f�o�r� �s�p�e�c�i�f�i�c�,� 

�h�i�g�h�-�c�a�t�a�s�t�r�o�p�h�i�c� �p�o�t�e�n�t�i�a�l� �s�c�e�n�a�r�i�o�s� �w�h�e�r�e� �q�u�i�c�k� �w�a�r�n�i�n�g� �w�o�u�l�d� �m�i�t�i�g�a�t�e� 

�c�o�n�s�e�q�u�e�n�c�e�s� �[�6�,� �1�7�,� �2�1�,� �2�2�]�.� 

�I�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �a�b�o�v�e�,� �a� �n�u�m�b�e�r� �o�f� �r�e�g�u�l�a�t�o�r�y� �m�e�a�s�u�r�e�s� �a�r�e� �i�n� �e�f�f�e�c�t� �i�n� �s�p�e�c�i�a�l� 

�a�r�e�a�s� �o�f� �c�a�t�a�s�t�r�o�p�h�i�c� �p�o�t�e�n�t�i�a�l� �s�u�c�h� �a�s� �t�u�n�n�e�l�s�.� �F�l�a�m�m�a�b�l�e� �a�n�d� �c�o�m�b�u�s�t�i�b�l�e� �l�i�q�u�i�d�s� 

�a�r�e� �n�o�t� �p�e�r�m�i�t�t�e�d� �i�n� �t�u�n�n�e�l�s� �a�n�d� �t�h�e�r�e� �a�r�e� �r�e�s�t�r�i�c�t�i�o�n�s� �o�n� �t�h�e� �a�m�o�u�n�t� �o�f� �m�a�t�e�r�i�a�l� 

�c�a�r�r�i�e�d�.� �O�t�h�e�r� �r�e�g�u�l�a�t�o�r�y� �m�e�a�s�u�r�e�s� �i�n�c�l�u�d�e� �r�e�s�t�r�i�c�t�i�n�g� �t�h�e� �h�o�u�r�s� �o�f� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�,� 

�b�y�p�a�s�s�i�n�g� �h�i�g�h� �d�e�n�s�i�t�y� �a�r�e�a�s�,� �e�n�v�i�r�o�n�m�e�n�t�a�l�l�y� �s�e�n�s�i�t�i�v�e� �a�r�e�a�s� �e�t�c�.� 

�T�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �t�h�e� �a�b�o�v�e� �m�e�n�t�i�o�n�e�d� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� �i�s� �n�o�t� �a�v�a�i�l�a�b�l�e� �a�t� 

�p�r�e�s�e�n�t� �b�e�c�a�u�s�e� �o�f� �i�n�s�u�f�f�i�c�i�e�n�t� �h�i�s�t�o�r�y�.� �T�h�e�r�e� �i�s� �a� �n�e�e�d� �f�o�r� �r�e�s�e�a�r�c�h� �i�n� �t�h�i�s� �a�r�e�a�.� 

�L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �2�3



�3�.�0� �A�N�A�L�Y�S�I�S� �O�F� �D�A�T�A�B�A�S�E�S� 

�T�h�r�e�e� �d�a�t�a�b�a�s�e�s� �o�f� �h�a�z�m�a�t� �a�c�c�i�d�e�n�t�s�,� �t�r�u�c�k� �a�c�c�i�d�e�n�t�s� �i�n� �g�e�n�e�r�a�l� �a�n�d� �a�c�c�i�d�e�n�t�s� 

�i�n�v�o�l�v�i�n�g� �h�a�z�m�a�t� �c�a�r�r�y�i�n�g� �v�e�h�i�c�l�e�s� �i�n� �p�a�r�t�i�c�u�l�a�r� �w�e�r�e� �a�n�a�l�y�z�e�d� �i�n� �o�r�d�e�r� �t�o� �r�e�v�i�e�w� �t�h�e� 

�r�e�a�s�o�n�s� �f�o�r� �t�r�u�c�k� �a�c�c�i�d�e�n�t�s� �a�n�d� �c�o�n�t�a�i�n�e�r� �f�a�i�l�u�r�e�s� �o�n� �h�i�g�h�w�a�y�s� �l�e�a�d�i�n�g� �t�o� �t�h�e� �r�e�l�e�a�s�e� 

�o�f� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s�,� �t�y�p�e� �o�f� �m�a�t�e�r�i�a�l� �r�e�l�e�a�s�e�d� �a�n�d� �t�h�e�i�r� �p�o�t�e�n�t�i�a�l� �t�o� �c�a�u�s�e� �h�a�r�m�f�u�l� 

�e�v�e�n�t�s� �i�n� �t�h�e� �s�t�a�t�e� �o�f� �P�e�n�n�s�y�l�v�a�n�i�a�.� �T�h�e� �d�a�t�a�b�a�s�e�s� �a�r�e� �R�e�s�e�a�r�c�h� �a�n�d� �S�p�e�c�i�a�l� 

�P�r�o�g�r�a�m�s� �A�d�m�i�n�i�s�t�r�a�t�i�o�n ��s�  ��H�a�z�a�r�d�o�u�s� �M�a�t�e�r�i�a�l� �I�n�c�i�d�e�n�t� �R�e�p�o�r�t�s �� �(�H�M�I�R�)�,� �B�u�r�e�a�u� �o�f� 

�M�o�t�o�r� �C�a�r�r�i�e�r� �S�a�f�e�t�y� �(�B�M�C�S�)� �t�r�u�c�k� �a�c�c�i�d�e�n�t� �d�a�t�a�b�a�s�e�,� �a�n�d� �P�e�n�n�s�y�l�v�a�n�i�a� �D�e�p�a�r�t�m�e�n�t� 

�o�f� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� �T�r�a�f�f�i�c� �A�c�c�i�d�e�n�t� �d�a�t�a�.� 

�R�S�P�A� �H�a�z�a�r�d�o�u�s� �M�a�t�e�r�i�a�l�s� �I�n�c�i�d�e�n�t� �R�e�p�o�r�t�s� �i�s� �t�h�e� �d�a�t�a� �s�o�u�r�c�e� �a�t� �n�a�t�i�o�n�a�l� �l�e�v�e�l� 

�w�h�i�c�h� �f�o�c�u�s�e�s� �o�n� �v�a�r�i�o�u�s� �i�n�c�i�d�e�n�t�s� �r�e�s�u�l�t�i�n�g� �i�n� �r�e�l�e�a�s�e� �o�f� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s�.� 

�B�M�C�S� �t�r�u�c�k� �a�c�c�i�d�e�n�t� �d�a�t�a�b�a�s�e� �i�s� �a�l�s�o� �a�t� �n�a�t�i�o�n�a�l� �l�e�v�e�l�,� �w�h�i�c�h�,� �i�n� �a�d�d�i�t�i�o�n� �t�o� �d�e�t�a�i�l�s� 

�o�f� �a�n� �a�c�c�i�d�e�n�t�,� �a�l�s�o� �h�a�s� �d�a�t�a� �a�s� �t�o� �w�h�e�t�h�e�r� �o�r� �n�o�t� �a� �h�a�z�m�a�t� �c�a�r�r�y�i�n�g� �v�e�h�i�c�l�e� �w�a�s� 

�i�n�v�o�l�v�e�d� �i�n� �t�h�e� �a�c�c�i�d�e�n�t� �a�n�d� �w�h�e�t�h�e�r� �o�r� �n�o�t� �a� �r�e�l�e�a�s�e� �h�a�d� �o�c�c�u�r�r�e�d� �d�u�e� �t�o� �t�h�e� 

�a�c�c�i�d�e�n�t�.� �P�e�n�n�s�y�l�v�a�n�i�a� �D�O�T� �T�r�a�f�f�i�c� �A�c�c�i�d�e�n�t� �d�a�t�a� �h�a�s� �i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �a�l�l� �t�r�a�f�f�i�c� 

�a�c�c�i�d�e�n�t�s� �o�c�c�u�r�r�i�n�g� �i�n� �t�h�e� �s�t�a�t�e� �o�f� �P�e�n�n�s�y�l�v�a�n�i�a� �a�n�d� �a�l�s�o� �d�a�t�a� �a�s� �t�o� �w�h�e�t�h�e�r� �o�r� �n�o�t� 

�a� �h�a�z�m�a�t� �s�u�b�s�t�a�n�c�e� �w�a�s� �i�n�v�o�l�v�e�d�.� �H�o�w�e�v�e�r�,� �t�h�e�r�e� �i�s� �n�o� �m�e�n�t�i�o�n� �a�s� �t�o� �w�h�e�t�h�e�r� �a� 

�h�a�z�m�a�t� �r�e�l�e�a�s�e� �h�a�s� �o�c�c�u�r�r�e�d�.� 

�T�h�e� �f�o�l�l�o�w�i�n�g� �a�r�e� �t�h�e� �r�e�p�o�r�t�i�n�g� �r�e�q�u�i�r�e�m�e�n�t�s� �o�f� �t�h�e� �t�w�o� �f�e�d�e�r�a�l� �d�a�t�a�b�a�s�e�s� 

�s�e�l�e�c�t�e�d� �f�o�r� �a�n�a�l�y�s�i�s�.� 

�A�N�A�L�Y�S�I�S� �O�F� �D�A�T�A�B�A�S�E�S� �2�4



�R�S�P�A� �H�M�I�R� �D�a�t�a�:� �A�n�y� �i�n�c�i�d�e�n�t� �t�h�a�t� �o�c�c�u�r�s� �d�u�r�i�n�g� �t�h�e� �c�o�u�r�s�e� �o�f� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� 

�(�i�n�c�l�u�d�i�n�g� �l�o�a�d�i�n�g�,� �u�n�l�o�a�d�i�n�g�,� �a�n�d� �t�e�m�p�o�r�a�r�y� �s�t�o�r�a�g�e�)�,� �w�h�i�c�h� �r�e�s�u�l�t�s� �i�n� �a�n� 

�u�n�i�n�t�e�n�t�i�o�n�a�l� �r�e�l�e�a�s�e� �o�f� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l� �f�r�o�m� �a� �p�a�c�k�a�g�e� �o�r� �t�a�n�k� �s�h�a�l�l� �b�e� �r�e�p�o�r�t�e�d� 

�i�n� �w�r�i�t�i�n�g� �w�i�t�h�i�n� �1�5� �d�a�y�s� �o�f� �t�h�e� �d�a�t�e� �o�f� �d�i�s�c�o�v�e�r�y� �o�f� �t�h�e� �i�n�c�i�d�e�n�t� �[�3�]�.� 

�M�o�r�e�o�v�e�r�,� �i�f� �a�n�y� �o�f� �t�h�e� �f�o�l�l�o�w�i�n�g� �o�c�c�u�r�s�,� �a�s� �a� �r�e�s�u�l�t� �o�f� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l� 

�r�e�l�e�a�s�e�,� �t�h�a�t� �i�n�c�i�d�e�n�t� �s�h�a�l�l� �b�e� �r�e�p�o�r�t�e�d� �i�m�m�e�d�i�a�t�e�l�y�.� 

�e� �A� �p�e�r�s�o�n� �i�s� �k�i�l�l�e�d� 

�e� �A� �p�e�r�s�o�n� �r�e�c�e�i�v�e�s� �i�n�j�u�r�i�e�s� �r�e�q�u�i�r�i�n�g� �h�o�s�p�i�t�a�l�i�z�a�t�i�o�n� 

�e� �E�s�t�i�m�a�t�e�d� �c�a�r�r�i�e�r� �o�r� �o�t�h�e�r� �p�r�o�p�e�r�t�y� �d�a�m�a�g�e�s� �e�x�c�e�e�d� �$� �5�0�0�0�0� 

�e� �F�i�r�e�,� �b�r�e�a�k�a�g�e�,� �s�p�i�l�l�a�g�e�,� �o�r� �s�u�s�p�e�c�t�e�d� �c�o�n�t�a�m�i�n�a�t�i�o�n� �o�c�c�u�r�s� �i�n�v�o�l�v�i�n�g� �s�h�i�p�p�i�n�g� 

�o�f� �R�a�d�i�o�a�c�t�i�v�e� �M�a�t�e�r�i�a�l� �a�n�d�/�o�r� �e�t�i�o�l�o�g�i�c� �a�g�e�n�t�s� �(�v�i�a�b�l�e� �m�i�c�r�o�o�r�g�a�n�i�s�m� �o�r� �i�t�s� �t�o�x�i�n� 

�w�h�i�c�h� �m�a�y� �c�a�u�s�e� �h�u�m�a�n� �d�i�s�e�a�s�e�)� 

�¢� �A�c�o�n�t�i�n�u�i�n�g� �d�a�n�g�e�r� �t�o� �l�i�f�e� �e�x�i�s�t�s� �a�t� �t�h�e� �s�c�e�n�e� �o�f� �t�h�e� �i�n�c�i�d�e�n�t�.� 

�T�h�e�r�e� �i�s� �n�o� �m�i�n�i�m�u�m� �r�e�q�u�i�r�e�m�e�n�t� �f�o�r� �r�e�p�o�r�t�i�n�g� �t�h�e� �i�n�c�i�d�e�n�t�.� �A�n�y� �i�n�c�i�d�e�n�t�,� 

�h�o�w�e�v�e�r� �s�m�a�l�l� �t�h�e� �s�p�i�l�l�a�g�e� �m�i�g�h�t� �b�e�,� �w�i�l�l� �b�e� �c�o�n�s�i�d�e�r�e�d� �i�f� �r�e�p�o�r�t�e�d�.� 

�T�h�e� �r�e�p�o�r�t�i�n�g� �i�s� �n�o�t� �m�a�n�d�a�t�o�r�y�,� �b�u�t� �v�o�l�u�n�t�a�r�y�.� 

�B�M�C�S� �d�a�t�a�:� �T�h�i�s� �d�a�t�a� �c�o�n�t�a�i�n�s� �d�e�s�c�r�i�p�t�i�v�e� �d�a�t�a� �o�f� �a�c�c�i�d�e�n�t�s� �i�n�v�o�l�v�i�n�g� �m�o�t�o�r� �c�a�r�r�i�e�r�s� 

�r�e�p�o�r�t�e�d� �t�o� �t�h�e� �F�e�d�e�r�a�l� �H�i�g�h�w�a�y� �A�d�m�i�n�i�s�t�r�a�t�i�o�n�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �t�y�p�e�s� �o�f� �m�o�t�o�r� �v�e�h�i�c�l�e� 

�a�c�c�i�d�e�n�t�s� �a�r�e� �t�e�r�m�e�d�  ��r�e�p�o�r�t�a�b�l�e ��:� 

�¢� �A� �f�a�t�a�l� �a�c�c�i�d�e�n�t� 

�e� �A�n� �a�c�c�i�d�e�n�t� �w�i�t�h� �i�n�j�u�r�y� �t�o� �a� �p�e�r�s�o�n�,� �w�h�o� �a�s� �a� �r�e�s�u�l�t�,� �r�e�c�e�i�v�e�d� �m�e�d�i�c�a�l� �t�r�e�a�t�m�e�n�t� 

�a�w�a�y� �f�r�o�m� �t�h�e� �s�c�e�n�e� �o�f� �a�c�c�i�d�e�n�t� 

�e� �A�n� �a�c�c�i�d�e�n�t� �w�i�t�h� �t�o�t�a�l� �d�a�m�a�g�e� �t�o� �p�r�o�p�e�r�t�y� �e�x�c�e�e�d�i�n�g� �$� �4�4�0�0�.� 

�T�h�e� �t�e�r�m�  ��r�e�p�o�r�t�a�b�l�e �� �a�c�c�i�d�e�n�t� �d�o�e�s� �n�o�t� �i�n�c�l�u�d�e�:� 
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�¢� �A�n� �o�c�c�u�r�r�e�n�c�e� �i�n�v�o�l�v�i�n�g� �o�n�l�y� �b�o�a�r�d�i�n�g� �a�n�d� �a�l�i�g�h�t�i�n�g� �f�r�o�m� �a� �s�t�a�t�i�o�n�a�r�y� �m�o�t�o�r� 

�v�e�h�i�c�l�e� 

�e�®� �A�n� �o�c�c�u�r�r�e�n�c�e� �i�n�v�o�l�v�i�n�g� �o�n�l�y� �l�o�a�d�i�n�g� �o�r� �u�n�l�o�a�d�i�n�g� �o�f� �c�a�r�g�o� 

�¢� �A�n� �o�c�c�u�r�r�e�n�c�e� �i�n� �t�h�e� �c�o�u�r�s�e� �o�f� �f�a�r�m�-�t�o�-�m�a�r�k�e�t� �a�g�r�i�c�u�l�t�u�r�a�l� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �b�y� 

�m�o�t�o�r� �c�a�r�r�i�e�r� 

�e� �A�n� �o�c�c�u�r�r�e�n�c�e� �i�n� �t�h�e� �c�o�u�r�s�e� �o�f� �o�p�e�r�a�t�i�o�n� �o�f� �a� �p�a�s�s�e�n�g�e�r� �c�a�r� �b�y� �a� �m�o�t�o�r� �c�a�r�r�i�e�r� 

�a�n�d� �n�o�t� �t�r�a�n�s�p�o�r�t�i�n�g� �h�a�z�m�a�t�.� 

�T�h�e� �r�e�p�o�r�t�i�n�g� �r�e�q�u�i�r�e�m�e�n�t�s� �o�f� �B�M�C�S� �e�s�p�e�c�i�a�l�l�y� �t�h�e� �m�i�n�i�m�u�m� �d�a�m�a�g�e� 

�r�e�q�u�i�r�e�m�e�n�t�s� �w�a�s� �c�h�a�n�g�e�d� �a� �c�o�u�p�l�e� �o�f� �t�i�m�e�s� �i�n� �t�h�e� �p�a�s�t� �4� �y�e�a�r�s�.� �B�e�t�w�e�e�n� �1�9�7�3�-�1�9�8�5�,� 

�t�h�e� �m�i�n�i�m�u�m� �d�a�m�a�g�e� �r�e�q�u�i�r�e�m�e�n�t� �w�a�s� �$� �2�0�0�0�.� �T�h�i�s� �w�a�s� �c�h�a�n�g�e�d� �t�o� �$� �4�2�0�0� �f�r�o�m� 

�J�a�n�u�a�r�y� �1�9�8�6� �a�n�d� �r�e�m�a�i�n�e�d� �s�o� �t�i�l�l� �M�a�r�c�h� �1�9�8�7�.� �S�t�a�r�t�i�n�g� �M�a�r�c�h� �1�9�8�7�,� �t�h�e� �m�i�n�i�m�u�m� 

�d�a�m�a�g�e� �r�e�q�u�i�r�e�m�e�n�t� �w�a�s� �a�g�a�i�n� �c�h�a�n�g�e�d� �t�o� �$� �4�4�0�0�.� 

�P�e�n�n�.� �D�O�T� �T�r�a�f�f�i�c� �A�c�c�i�d�e�n�t� �D�a�t�a�:� �P�e�n�n�s�y�l�v�a�n�i�a� �D�e�p�a�r�t�m�e�n�t� �o�f� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� �T�r�a�f�f�i�c� 

�A�c�c�i�d�e�n�t� �d�a�t�a� �i�s� �b�a�s�e�d� �o�n� �p�o�l�i�c�e� �a�c�c�i�d�e�n�t� �r�e�c�o�r�d�s�.� �T�h�e�r�e� �i�s� �n�o� �m�i�n�i�m�u�m� �r�e�p�o�r�t�i�n�g� 

�r�e�q�u�i�r�e�m�e�n�t�s�.� �A�l�l� �t�h�e� �a�c�c�i�d�e�n�t�s� �h�a�v�e� �t�o� �b�e� �r�e�p�o�r�t�e�d� �t�o� �t�h�e� �p�o�l�i�c�e� �a�n�d� �t�h�e�n� �w�i�l�l� �b�e� 

�r�e�c�o�r�d�e�d� �i�n� �t�h�e� �P�e�n�n� �D�O�T� �A�c�c�i�d�e�n�t� �d�a�t�a�.� �H�o�w�e�v�e�r�,� �i�n� �t�h�i�s� �d�a�t�a�b�a�s�e�,� �t�h�e�r�e� �i�s� �n�o� 

�i�n�f�o�r�m�a�t�i�o�n� �a�s� �t�o� �w�h�e�t�h�e�r� �o�r� �n�o�t� �a� �h�a�z�m�a�t� �r�e�l�e�a�s�e� �h�a�s� �t�a�k�e�n� �p�l�a�c�e�.� �T�h�e� �o�n�l�y� 

�i�n�f�o�r�m�a�t�i�o�n� �r�e�l�e�v�a�n�t� �t�o� �h�a�z�m�a�t� �a�n�a�l�y�s�i�s� �i�s� �w�h�e�t�h�e�r� �o�r� �n�o�t� �a� �h�a�z�m�a�t� �w�a�s� �i�n�v�o�l�v�e�d� �i�n� 

�t�h�e� �a�c�c�i�d�e�n�t�.� 

�A�N�A�L�Y�S�I�S� �O�F� �D�A�T�A�B�A�S�E�S� �2�6



�3�.�1� �A�n�a�l�y�s�i�s� �o�f� �H�a�z�a�r�d�o�u�s� �M�a�t�e�r�i�a�l� �I�n�c�i�d�e�n�t� �R�e�p�o�r�t� �d�a�t�a� 

�T�h�e� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l� �i�n�c�i�d�e�n�t�s� �o�c�c�u�r�r�e�d� �i�n� �t�h�e� �s�t�a�t�e� �o�f� �P�e�n�n�s�y�l�v�a�n�i�a� �o�b�t�a�i�n�e�d� 

�f�r�o�m� �t�h�e� �H�M�I�R� �d�a�t�a� �h�a�v�e� �b�e�e�n� �a�n�a�l�y�z�e�d� �f�o�r� �t�h�e� �y�e�a�r�s� �1�9�8�3�-�1�9�8�7�.� �T�h�e� �H�M�I�R� �d�a�t�a� �h�a�s� 

�r�e�p�o�r�t�s� �o�f� �a�l�l� �u�n�i�n�t�e�n�t�i�o�n�a�l� �h�a�z�m�a�t� �r�e�l�e�a�s�e�s� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �w�h�e�t�h�e�r� �t�h�e�y� �t�a�k�e� �p�l�a�c�e� 

�d�u�r�i�n�g� �t�h�e� �h�i�g�h�w�a�y� �s�h�i�p�m�e�n�t� �o�f� �t�h�e� �h�a�z�m�a�t� �(�o�n� �h�i�g�h�w�a�y�)� �o�r� �i�n� �o�t�h�e�r� �l�o�c�a�t�i�o�n�s� �(�o�f�f� 

�h�i�g�h�w�a�y�)�.� �A�s� �o�u�r� �s�t�u�d�y� �f�o�c�u�s�e�s� �m�a�i�n�l�y� �o�n� �i�n�c�i�d�e�n�t�s� �o�c�c�u�r�r�i�n�g� �o�n�-�h�i�g�h�w�a�y�,� �a�l�l� �t�h�e� 

�f�o�l�l�o�w�i�n�g� �t�a�b�l�e�s� �s�h�o�w� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �h�a�z�m�a�t� �i�n�c�i�d�e�n�t�s� �o�c�c�u�r�r�i�n�g� �o�n�-�h�i�g�h�w�a�y�.� �I�n� 

�t�h�e� �f�o�l�l�o�w�i�n�g� �s�e�c�t�i�o�n�s�,� �h�a�z�m�a�t� �i�n�c�i�d�e�n�t�s� �a�r�e� �d�i�s�t�r�i�b�u�t�e�d� �b�a�s�e�d� �u�p�o�n� �t�h�e�i�r� �c�a�u�s�e�,� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�,� �r�e�s�u�l�t� �o�f� �a�c�c�i�d�e�n�t�s�,� �a�m�o�u�n�t� �o�f� �s�p�i�l�l� �e�t�c�.� �T�h�i�s� �s�t�r�a�t�i�f�i�c�a�t�i�o�n� �w�o�u�l�d� 

�p�r�o�v�i�d�e� �a� �g�o�o�d� �i�d�e�a� �a�b�o�u�t� �t�h�e� �r�e�s�u�l�t�s� �a�n�d� �c�o�n�s�e�q�u�e�n�c�e�s� �o�f� �h�a�z�m�a�t� �i�n�c�i�d�e�n�t�s� 

�o�c�c�u�r�r�i�n�g� �i�n� �P�e�n�n�s�y�l�v�a�n�i�a�.� 

�3�.�1�.�1� �C�a�u�s�e�s� �o�f� �H�a�z�m�a�t� �I�n�c�i�d�e�n�t�s� 

�T�a�b�l�e� �3�.�1� �p�r�e�s�e�n�t�s� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �h�a�z�m�a�t� �i�n�c�i�d�e�n�t�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �H�M�I�R� �d�a�t�a� 

�b�y� �t�y�p�e� �o�f� �f�a�i�l�u�r�e�.� �T�h�e� �m�a�j�o�r� �f�a�i�l�u�r�e� �t�y�p�e�s� �a�r�e� �v�a�l�v�e� �o�r� �f�i�t�t�i�n�g� �f�a�i�l�u�r�e� �(�3�7�.�9�%�)� �a�n�d� 

�c�a�r�g�o� �s�h�i�f�t�i�n�g� �(�3�0�.�8�%�)� �f�o�l�l�o�w�e�d� �b�y� �b�o�d�y� �o�r� �t�a�n�k� �f�a�i�l�u�r�e� �(�2�0�.�1�%�)�.� �T�r�a�f�f�i�c� �a�c�c�i�d�e�n�t�s� 

�c�o�n�s�t�i�t�u�t�e� �o�n�l�y� �5�.�5�%� �o�f� �a�l�l� �i�n�c�i�d�e�n�t�s�.� �H�o�w�e�v�e�r�,� �w�h�e�n� �s�e�v�e�r�e� �i�n�c�i�d�e�n�t�s� �a�r�e� 

�c�o�n�s�i�d�e�r�e�d�,� �t�r�a�f�f�i�c� �a�c�c�i�d�e�n�t�s� �a�c�c�o�u�n�t� �f�o�r� �5�6�.�9�%� �o�f� �t�h�e� �i�n�c�i�d�e�n�t�s�.� 

�A� �s�e�v�e�r�e� �i�n�c�i�d�e�n�t� �i�s� �o�n�e� �t�h�a�t� �i�n�v�o�l�v�e�s�:� 

�1�.� �a� �f�a�t�a�l�i�t�y� �o�r� �i�n�j�u�r�y� �c�a�u�s�e�d� �b�y� �h�a�z�m�a�t� �r�e�l�e�a�s�e�,� �o�r� 

�2�.� �p�r�o�p�e�r�t�y� �d�a�m�a�g�e� �o�f� �$� �1�0�0�0�0� �o�r� �m�o�r�e� �c�a�u�s�e�d� �b�y� �h�a�z�m�a�t� �r�e�l�e�a�s�e�,� �o�r� 

�3�.� �a� �f�i�r�e� �o�r� �e�x�p�l�o�s�i�o�n�.� �[�1�1�]� 
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�I�n� �T�a�b�l�e� �3�.�2�,� �h�a�z�m�a�t� �i�n�c�i�d�e�n�t�s� �a�r�e� �d�i�s�t�r�i�b�u�t�e�d� �b�y� �c�a�u�s�e� �o�f� �f�a�i�l�u�r�e�.� �M�o�s�t� �o�f� �t�h�e� 

�h�a�z�m�a�t� �i�n�c�i�d�e�n�t�s� �a�r�e� �c�a�u�s�e�d� �b�y� �h�u�m�a�n� �e�r�r�o�r� �a�n�d� �d�o� �n�o�t� �r�e�s�u�l�t� �i�n� �s�e�v�e�r�e� �i�n�c�i�d�e�n�t�s�.� 

�O�n�l�y� �1�.�4�%� �o�f� �t�h�e�s�e� �i�n�c�i�d�e�n�t�s� �a�r�e� �c�o�n�s�i�d�e�r�e�d� �s�e�v�e�r�e�.� �T�r�a�f�f�i�c� �a�c�c�i�d�e�n�t�s�,� �t�h�o�u�g�h� 
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�i�n�c�i�d�e�n�t�s� �h�a�v�e� �i�n�s�i�g�n�i�f�i�c�a�n�t� �s�p�i�l�l�s�.� �T�h�i�s� �r�a�i�s�e�s� �q�u�e�s�t�i�o�n�s� �o�f� �u�n�d�e�r�r�e�p�o�r�t�i�n�g� �o�f� �s�p�i�l�l� 

�d�a�t�a�.� 

�T�h�e� �c�a�u�s�e�s� �a�n�d� �e�f�f�e�c�t�s� �o�f� �h�i�g�h� �v�o�l�u�m�e� �s�p�i�l�l�s� �(�s�p�i�l�l�s� �g�r�e�a�t�e�r� �t�h�a�n� �1�0�0�0� �g�a�l� �o�r� �1�0�0�0� 

�l�b�s�)� �w�e�r�e� �i�n�v�e�s�t�i�g�a�t�e�d�.� �T�h�e�r�e� �w�e�r�e� �2�9� �i�n�s�t�a�n�c�e�s� �o�f� �s�p�i�l�l�s� �g�r�e�a�t�e�r� �t�h�a�n� �1�0�0�0� �g�a�l� �o�r� 

�1�0�0�0� �I�b�s�.� �O�f� �t�h�e�m� �2�5� �(�8�6�.�2�%�)� �w�e�r�e� �c�a�u�s�e�d� �b�y� �t�r�a�f�f�i�c� �a�c�c�i�d�e�n�t�s�.� �T�h�e�r�e� �w�e�r�e� �s�i�x� 

�i�n�s�t�a�n�c�e�s�,� �a�l�l� �d�u�e� �t�o� �t�r�a�f�f�i�c� �a�c�c�i�d�e�n�t�s� �i�n� �w�h�i�c�h�,� �t�h�e�r�e� �w�a�s� �a� �f�i�r�e� �o�r� �e�x�p�l�o�s�i�o�n�,� �o�r� �b�o�t�h�,� 

�i�n� �a�d�d�i�t�i�o�n� �t�o� �s�p�i�l�l�a�g�e�.� �T�h�i�s� �c�l�e�a�r�l�y� �s�h�o�w�s� �t�h�a�t� �s�e�r�i�o�u�s� �c�o�n�s�e�q�u�e�n�c�e�s� �a�r�e� �p�r�i�m�a�r�i�l�y� 

�d�u�e� �t�o� �t�r�a�f�f�i�c� �a�c�c�i�d�e�n�t�s� �e�v�e�n� �t�h�o�u�g�h� �t�r�a�f�f�i�c� �a�c�c�i�d�e�n�t�s�,� �a�r�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �o�n�l�y� �5�.�5�%� 

�o�f� �a�l�l� �i�n�c�i�d�e�n�t�s� �i�n� �t�h�e� �H�M�I�R� �d�a�t�a� �a�n�d� �t�h�e� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �t�h�e� �e�v�e�n�t� �o�c�c�u�r�r�i�n�g� �i�s� �l�o�w�.� �T�h�e� 

�m�o�s�t� �c�o�m�m�o�n� �h�a�z�m�a�t� �i�n�v�o�l�v�e�d� �i�n� �t�h�o�s�e� �s�p�i�l�l�s� �w�e�r�e� �g�a�s�o�l�i�n�e� �a�n�d� �o�t�h�e�r� �f�l�a�m�m�a�b�l�e� 

�l�i�q�u�i�d�s� �a�n�d� �h�a�z�a�r�d�o�u�s� �w�a�s�t�e�.� 

�3�.�1�.�3� �C�o�n�s�e�q�u�e�n�c�e�s� �o�f� �I�n�c�i�d�e�n�t�s� 

�T�a�b�l�e� �3�.�5� �s�h�o�w�s� �a� �s�u�m�m�a�r�y� �o�f� �c�o�n�s�e�q�u�e�n�c�e�s� �o�f� �h�a�z�m�a�t� �i�n�c�i�d�e�n�t�s� �r�e�p�o�r�t�e�d� �t�o� 

�H�M�I�R� �d�u�r�i�n�g� �t�h�e� �p�e�r�i�o�d� �1�9�8�3�-�8�7�.� �A� �t�o�t�a�l� �o�f� �t�h�r�e�e� �d�e�a�t�h�s� �h�a�s� �o�c�c�u�r�r�e�d� �o�n� �h�i�g�h�w�a�y� 

�d�u�r�i�n�g� �t�h�i�s� �p�e�r�i�o�d�,� �a�l�l� �o�f� �t�h�e�m� �b�e�i�n�g� �t�h�e� �r�e�s�u�l�t� �o�f� �t�r�a�f�f�i�c� �a�c�c�i�d�e�n�t�s�.� �T�h�e� �a�v�e�r�a�g�e� 

�n�u�m�b�e�r� �o�f� �d�e�a�t�h�s� �p�e�r� �i�n�c�i�d�e�n�t� �i�s� �0�.�0�0�2�6� �o�r� �o�n�e� �d�e�a�t�h� �p�e�r� �3�8�5� �i�n�c�i�d�e�n�t�s�.� �T�h�e� �n�u�m�b�e�r� 

�o�f� �i�n�j�u�r�i�e�s� �i�s� �1�7� �w�i�t�h� �t�h�e� �a�v�e�r�a�g�e� �b�e�i�n�g� �0�.�0�1�5� �p�e�r� �i�n�c�i�d�e�n�t� �o�r� �1� �i�n�j�u�r�y� �p�e�r� �6�7� �i�n�c�i�d�e�n�t�s�.� 

�T�h�e� �a�v�e�r�a�g�e� �p�r�o�p�e�r�t�y� �d�a�m�a�g�e� �i�s� �$� �2�1�7�0� �p�e�r� �i�n�c�i�d�e�n�t�.� 
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� � 

� � 

�T�a�b�l�e� �3�.�5� 

�S�U�M�M�A�R�Y� �O�F� �C�O�N�S�E�Q�U�E�N�C�E�S� �O�F� �H�A�Z�M�A�T� �I�N�C�I�D�E�N�T�S� 
�I�N� �P�E�N�N�S�Y�L�V�A�N�I�A� �-� �H�M�I�R� �D�A�T�A�*� �-� �(�1�9�8�3�-�1�9�8�7�)� 

�N�u�m�b�e�r� �o�f� �I�n�c�i�d�e�n�t�s� �I�n�c�i�d�e�n�t�s� 
�i�n�c�i�d�e�n�t�s� �c�a�u�s�e�d� �c�a�u�s�e�d� �d�u�e� 

�b�y� �t�r�a�f�f�i�c� �t�o� �o�t�h�e�r� 
�a�c�c�i�d�e�n�t� �c�a�u�s�e�s� 

�N�u�m�b�e�r� �o�f� �i�n�c�i�d�e�n�t�s� �1�1�3�6� �6�2� �1�0�7�4� 

�N�u�m�b�e�r� �o�f� �f�a�t�a�l�i�t�i�e�s� �3� �3� �0� 

�F�a�t�a�l�i�t�i�e�s�/�i�n�c�i�d�e�n�t� �0�.�0�0�2�6� �0�.�0�4�8� 

�N�u�m�b�e�r� �o�f� �i�n�j�u�r�i�e�s� �1�7� �1� �1�6� 

�i�n�j�u�r�i�e�s�/�i�n�c�i�d�e�n�t� �0�.�0�1�5� �0�.�0�1�6� �0�.�0�1�5� 

�T�o�t�a�l� �p�r�o�p�e�r�t�y� �d�a�m�a�g�e� �(�$�)� �2�4�6�3�2�9�0� �1�6�9�0�2�4�2� �7�7�3�0�4�8� 

�P�r�o�p�e�r�t�y� �d�a�m�a�g�e�/�i�n�c�i�d�e�n�t� �2�1�7�0� �2�/�2�6�0� �7�2�0� 

�*�O�n� �h�i�g�h�w�a�y� �i�n�c�i�d�e�n�t�s� �o�n�l�y� 

� � 

�A�N�A�L�Y�S�I�S� �O�F� �D�A�T�A�B�A�S�E�S� �3�4� 

� 



�3�.�2� �A�n�a�l�y�s�i�s� �o�f� �B�u�r�e�a�u� �o�f� �M�o�t�o�r� �C�a�r�r�i�e�r� �S�a�f�e�t�y� �D�a�t�a� 

�T�h�e� �a�c�c�i�d�e�n�t� �d�a�t�a� �o�b�t�a�i�n�e�d� �f�r�o�m� �B�u�r�e�a�u� �o�f� �M�o�t�o�r� �C�a�r�r�i�e�r� �S�a�f�e�t�y� �(�B�M�C�S�)� �f�o�r� �t�h�e� 

�s�t�a�t�e� �o�f� �P�e�n�n�s�y�l�v�a�n�i�a� �f�o�r� �t�h�e� �y�e�a�r�s� �1�9�8�3�-�1�9�8�7� �w�a�s� �a�n�a�l�y�z�e�d�.� �A�s� �m�e�n�t�i�o�n�e�d� �e�a�r�l�i�e�r�,� 

�B�M�C�S� �d�a�t�a�b�a�s�e� �h�a�s� �r�e�p�o�r�t�s� �o�f� �t�r�u�c�k� �a�c�c�i�d�e�n�t�s�,� �a�n�d� �a�l�s�o� �h�a�s� �i�n�f�o�r�m�a�t�i�o�n� �a�s� �t�o� 

�w�h�e�t�h�e�r� �o�r� �n�o�t� �a� �h�a�z�m�a�t� �c�a�r�r�y�i�n�g� �t�r�u�c�k� �w�a�s� �i�n�v�o�l�v�e�d� �a�n�d� �w�h�e�t�h�e�r� �o�r� �n�o�t� �a� �r�e�l�e�a�s�e� 

�o�c�c�u�r�r�e�d� �d�u�r�i�n�g� �t�h�e� �a�c�c�i�d�e�n�t�.� 

�3�.�2�.�1�.� �T�y�p�e� �o�f� �C�a�r�g�o� �I�n�v�o�l�v�e�d� 

�T�a�b�l�e� �3�.�6� �s�h�o�w�s� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �B�M�C�S� �r�e�p�o�r�t�e�d� �t�r�u�c�k� �a�c�c�i�d�e�n�t�s� �b�y� �t�y�p�e� �o�f� 

�c�a�r�g�o�.� �O�f� �a�l�l� �t�r�u�c�k� �a�c�c�i�d�e�n�t�s� �r�e�p�o�r�t�e�d�,� �3�5�.�2�%� �h�a�d� �g�e�n�e�r�a�l� �f�r�e�i�g�h�t�,� �2�1�.�4�%� �w�e�r�e� �e�m�p�t�y� 

�a�n�d� �3�.�8�%� �w�e�r�e� �c�a�r�r�y�i�n�g� �l�i�q�u�i�d�s� �i�n� �b�u�l�k�.� �H�o�w�e�v�e�r�,� �i�n� �a�c�c�i�d�e�n�t�s� �i�n� �w�h�i�c�h� �a� �r�e�l�e�a�s�e� 

�o�c�c�u�r�r�e�d� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �b�y� �c�a�r�g�o� �t�y�p�e� �i�s� �t�o�t�a�l�l�y� �d�i�f�f�e�r�e�n�t�.� �I�n� �t�h�i�s� �c�a�s�e�,� �6�0�.�7�%� �o�f� 

�r�e�l�e�a�s�e�s� �w�e�r�e� �f�r�o�m� �v�e�h�i�c�l�e�s� �w�h�i�c�h� �c�a�r�r�i�e�d� �l�i�q�u�i�d�s� �i�n� �b�u�l�k� �a�n�d� �2�1�.�4�%� �o�f� �r�e�l�e�a�s�e�s� �w�e�r�e� 

�f�r�o�m� �v�e�h�i�c�l�e�s� �w�h�i�c�h� �c�a�r�r�i�e�d� �g�e�n�e�r�a�l� �f�r�e�i�g�h�t� �a�s� �c�a�r�g�o�.� 

�3�.�2�.�2� �H�i�g�h�w�a�y� �T�y�p�e� �a�n�d� �A�r�e�a� �T�y�p�e� 

�T�a�b�l�e� �3�.�7� �s�h�o�w�s� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �t�r�u�c�k� �a�c�c�i�d�e�n�t�s� �b�y� �h�i�g�h�w�a�y� �t�y�p�e� �a�n�d� �a�r�e�a� �t�y�p�e�.� 

�A�b�o�u�t� �6�3�.�3�%� �o�f� �a�l�l� �t�r�u�c�k� �a�c�c�i�d�e�n�t�s� �a�n�d� �h�a�z�m�a�t� �c�a�r�r�y�i�n�g� �t�r�u�c�k� �a�c�c�i�d�e�n�t�s� �o�c�c�u�r� �i�n� �r�u�r�a�l� 

�a�r�e�a�s�.� �B�u�s�i�n�e�s�s� �a�r�e�a�s� �t�h�e� �n�e�x�t� �m�o�s�t� �p�r�e�d�o�m�i�n�a�n�t� �a�r�e�a�s� �o�f� �a�c�c�i�d�e�n�t� �o�c�c�u�r�r�e�n�c�e� �w�i�t�h� 

�a�b�o�u�t� �2�8�.�8�%� �o�f� �a�c�c�i�d�e�n�t�s�.� �A�l�s�o� �n�o�t�e� �t�h�a�t� �5�7�.�7�%� �o�f� �a�l�l� �a�c�c�i�d�e�n�t�s� �i�n�v�o�l�v�i�n�g� �a� �r�e�l�e�a�s�e� 
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�o�c�c�u�r�r�e�d� �i�n� �r�u�r�a�l� �a�r�e�a�s�,� �f�o�l�l�o�w�e�d� �b�y� �b�u�s�i�n�e�s�s� �a�r�e�a�s� �w�i�t�h� �3�0�.�8�%� �a�n�d� �r�e�s�i�d�e�n�t�i�a�l� �a�r�e�a�s� 

�w�i�t�h� �1�1�.�5�%�.� 

�3�.�2�.�3� �A�c�c�i�d�e�n�t� �T�y�p�e� 

�T�a�b�l�e� �3�.�8� �s�h�o�w�s� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �a�c�c�i�d�e�n�t�s� �b�y� �a�c�c�i�d�e�n�t� �t�y�p�e�.� �C�o�n�s�i�d�e�r�i�n�g� �t�o�t�a�l� 

�a�c�c�i�d�e�n�t�s�,� �c�o�l�l�i�s�i�o�n� �w�i�t�h� �p�a�s�s�e�n�g�e�r� �c�a�r� �i�s� �t�h�e� �m�o�s�t� �c�o�m�m�o�n� �a�c�c�i�d�e�n�t� �t�y�p�e� �w�i�t�h� �3�8�.�5�%� 

�o�f� �a�l�l� �a�c�c�i�d�e�n�t�s� �f�o�l�l�o�w�e�d� �b�y� �c�o�l�l�i�s�i�o�n� �w�i�t�h� �t�r�u�c�k� �(�1�7�.�8�%�)� �a�n�d� �c�o�l�l�i�s�i�o�n� �w�i�t�h� �f�i�x�e�d� �o�b�j�e�c�t� 

�(�1�1�.�3�8�%�)�.� �T�h�e� �m�o�s�t� �c�o�m�m�o�n� �n�o�n�-�c�o�l�l�i�s�i�o�n� �a�c�c�i�d�e�n�t�s� �a�r�e� �o�v�e�r�t�u�r�n� �w�i�t�h� �8�.�2�%�,� �j�a�c�k�k�n�i�f�e� 

�w�i�t�h� �6�.�7�%� �a�n�d� �r�a�n�-�o�f�f�-�r�o�a�d� �w�i�t�h� �5�.�5�%� �o�f� �a�l�l� �a�c�c�i�d�e�n�t�s�.� 

�I�n� �a�c�c�i�d�e�n�t�s� �i�n�v�o�l�v�i�n�g� �h�a�z�m�a�t� �c�a�r�r�y�i�n�g� �t�r�u�c�k�s�,� �c�o�l�l�i�s�i�o�n� �w�i�t�h� �p�a�s�s�e�n�g�e�r� �c�a�r� �i�s� �t�h�e� 

�m�o�s�t� �c�o�m�m�o�n� �(�4�1�.�7�%�)� �f�o�l�l�o�w�e�d� �b�y� �c�o�l�l�i�s�i�o�n� �w�i�t�h� �t�r�u�c�k� �(�1�4�.�3�%�)� �a�n�d� �o�v�e�r�t�u�r�n� �(�1�2�.�5�%�)�.� 

�H�o�w�e�v�e�r�,� �o�f� �t�h�e� �a�c�c�i�d�e�n�t�s� �i�n� �w�h�i�c�h� �a� �r�e�l�e�a�s�e� �o�c�c�u�r�r�e�d� �n�o�n�-�c�o�l�l�i�s�i�o�n� �a�c�c�i�d�e�n�t�s� �a�r�e� 

�m�o�r�e� �p�r�e�d�o�m�i�n�a�n�t� �w�i�t�h� �a�b�o�u�t� �6�4�.�2�%� �o�f� �a�c�c�i�d�e�n�t�s�.� �O�v�e�r�t�u�r�n� �i�s� �t�h�e� �m�a�j�o�r� �n�o�n�-�c�o�l�l�i�s�i�o�n� 

�a�c�c�i�d�e�n�t� �t�y�p�e� �w�i�t�h� �4�1�.�8�%� �o�f� �a�c�c�i�d�e�n�t�s� �r�e�s�u�l�t�i�n�g� �i�n� �r�e�l�e�a�s�e�.� 

�3�.�2�.�4� �C�o�n�s�e�q�u�e�n�c�e�s� �o�f� �A�c�c�i�d�e�n�t�s� 

�A� �t�o�t�a�l� �o�f� �3�1�8� �d�e�a�t�h�s� �a�n�d� �3�7�5�1� �i�n�j�u�r�i�e�s� �o�c�c�u�r�r�e�d� �i�n� �a�l�l� �B�M�C�S� �r�e�p�o�r�t�e�d� �t�r�u�c�k� 

�a�c�c�i�d�e�n�t�s� �i�n� �P�e�n�n�s�y�l�v�a�n�i�a� �f�o�r� �t�h�e� �y�e�a�r�s� �1�9�8�6�-�1�9�8�7�.� �O�f� �t�h�e�s�e�,� �t�h�e� �n�u�m�b�e�r� �o�f� �d�e�a�t�h�s� 

�a�n�d� �i�n�j�u�r�i�e�s� �t�h�a�t� �o�c�c�u�r�r�e�d� �d�u�e� �t�o� �a�c�c�i�d�e�n�t�s� �i�n�v�o�l�v�i�n�g� �h�a�z�m�a�t� �c�a�r�r�y�i�n�g� �t�r�u�c�k�s� �w�a�s� �2�4� 

�a�n�d� �1�7�8� �r�e�s�p�e�c�t�i�v�e�l�y�.� �F�u�r�t�h�e�r� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �t�h�e�s�e� �c�o�n�s�e�q�u�e�n�c�e�s� �i�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� 

�3�.�9�.� �N�o�t�e� �t�h�a�t� �a�c�c�i�d�e�n�t�s� �i�n�v�o�l�v�i�n�g� �h�a�z�m�a�t� �r�e�l�e�a�s�e� �a�r�e� �l�i�k�e�l�y� �t�o� �c�a�u�s�e� �m�o�r�e� �d�e�a�t�h�s� 

�t�h�a�n� �t�h�o�s�e� �i�n�v�o�l�v�i�n�g� �n�o� �r�e�l�e�a�s�e� �o�f� �h�a�z�m�a�t�.� �H�o�w�e�v�e�r�,� �i�t� �i�s� �n�o�t� �p�o�s�s�i�b�l�e� �t�o� �d�e�t�e�r�m�i�n�e� 
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�t�h�e� �a�c�t�u�a�l� �c�a�u�s�e� �o�f� �d�e�a�t�h�s� �o�r� �i�n�j�u�r�i�e�s�,� �i�.�e�.�,� �w�h�e�t�h�e�r� �c�a�u�s�e�d� �d�u�e� �t�o� �h�a�z�m�a�t� �r�e�l�e�a�s�e� �o�r� 

�d�u�e� �t�o� �a�c�c�i�d�e�n�t� �e�t�c�.� 

�3�.�3� �A�n�a�l�y�s�i�s� �o�f� �P�e�n�n�.� �D�O�T� �T�r�a�f�f�i�c� �A�c�c�i�d�e�n�t� �D�a�t�a� �I�n�v�o�l�v�i�n�g� 

�H�a�z�a�r�d�o�u�s� �S�u�b�s�t�a�n�c�e� 

�T�h�e� �t�r�a�f�f�i�c� �a�c�c�i�d�e�n�t� �d�a�t�a� �o�f� �P�e�n�n�s�y�l�v�a�n�i�a� �f�o�r� �t�h�e� �y�e�a�r�s� �1�9�8�6�-�1�9�8�7� �p�r�o�v�i�d�e�d� �b�y� �t�h�e� 

�B�u�r�e�a�u� �o�f� �A�c�c�i�d�e�n�t� �A�n�a�l�y�s�i�s�,� �P�e�n�n� �D�O�T�,� �h�a�s� �a�l�s�o� �b�e�e�n� �a�n�a�l�y�z�e�d�.� �T�h�i�s� �d�a�t�a� �h�a�s� 

�i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �t�h�e� �a�c�c�i�d�e�n�t�s� �i�n� �w�h�i�c�h� �a� �h�a�z�a�r�d�o�u�s� �s�u�b�s�t�a�n�c�e� �w�a�s� �i�n�v�o�l�v�e�d�.� �T�h�e�r�e� 

�i�s� �n�o� �i�n�f�o�r�m�a�t�i�o�n� �i�n� �t�h�e� �d�a�t�a�b�a�s�e� �a�s� �t�o� �w�h�e�t�h�e�r� �o�r� �n�o�t� �a� �r�e�l�e�a�s�e� �t�o�o�k� �p�l�a�c�e� �d�u�r�i�n�g� �a�n� 

�a�c�c�i�d�e�n�t�.� 

�3�.�3�.�1�.� �T�y�p�e� �o�f� �C�a�r�g�o� �I�n�v�o�l�v�e�d� 

�T�a�b�l�e� �3�.�1�0� �s�h�o�w�s� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �t�r�u�c�k� �a�c�c�i�d�e�n�t�s� �i�n�v�o�l�v�i�n�g� �h�a�z�a�r�d�o�u�s� 

�s�u�b�s�t�a�n�c�e� �b�y� �t�y�p�e� �o�f� �c�a�r�g�o�.� �F�u�e�l� �o�i�l� �a�n�d� �g�a�s�o�l�i�n�e� �a�r�e� �t�h�e� �m�o�s�t� �p�r�e�d�o�m�i�n�a�n�t� �c�a�r�g�o�e�s� 

�i�n�v�o�l�v�e�d� �i�n� �t�r�a�f�f�i�c� �a�c�c�i�d�e�n�t�s� �(�4�2�.�1�%�)� �f�o�l�l�o�w�e�d� �b�y� �f�l�a�m�m�a�b�l�e� �l�i�q�u�i�d� �(�1�0�.�0�%�)� �a�n�d� 

�c�o�r�r�o�s�i�v�e� �m�a�t�e�r�i�a�l� �(�7�.�0�%�)�.� �I�n� �m�o�s�t� �o�f� �t�h�e� �f�a�t�a�l�i�t�i�e�s� �t�h�e� �s�a�m�e� �c�a�r�g�o�e�s� �m�e�n�t�i�o�n�e�d� 

�a�b�o�v�e� �a�r�e� �i�n�v�o�l�v�e�d� �(�6�3�.�7�%� �o�f� �t�o�t�a�l� �f�a�t�a�l�i�t�i�e�s�)�.� �O�n�l�y� �s�o�m�e� �i�m�p�o�r�t�a�n�t� �m�a�t�e�r�i�a�l�s� �w�h�i�c�h� 

�h�a�v�e� �b�e�e�n� �c�o�n�s�i�d�e�r�e�d� �i�n� �H�M�I�R� �a�n�d� �B�M�C�S� �d�a�t�a�b�a�s�e� �a�n�a�l�y�s�e�s� �a�r�e� �l�i�s�t�e�d� �i�n� �t�h�e� �t�a�b�l�e�,� 

�o�t�h�e�r�s� �h�a�v�e� �b�e�e�n� �a�g�g�r�e�g�a�t�e�d�.� 

�A�N�A�L�Y�S�I�S� �O�F� �D�A�T�A�B�A�S�E�S� �4�0
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� � 

�T�a�b�l�e� �3�.�1�0� 

�D�I�S�T�R�I�B�U�T�I�O�N� �O�F� �H�A�Z�M�A�T� �A�C�C�I�D�E�N�T�S� �I�N� �P�E�N�N�S�Y�L�V�A�N�I�A� 
�B�Y� �C�A�R�G�O� �T�Y�P�E� �-� �P�E�N�N�.�D�O�T� �D�A�T�A�*� �-� �1�9�8�6�-�1�9�8�7� 

�C�a�r�g�o� �t�y�p�e� �N�u�m�b�e�r� �o�f� �|� �N�u�r�n�b�e�r� �o�f� �|� �N�u�m�b�e�r� �o�f� 
�a�c�c�i�d�e�n�t�s� �f�a�t�a�l�i�t�i�e�s� �(�Y�%�)� �i�n�j�u�r�i�e�s� �(�%�)� 

�O�r�g�a�n�i�c� �p�e�r�o�x�i�d�e� �0� �(�0�.�0�)� �0� �(�0�.�0�)� �0� �(�0�.�0�)� 

�G�a�s�o�l�i�n�e� �7�5� �(�1�3�.�2�)� �6� �(�1�8�.�2�)� �6�5� �(�1�3�.�2�)� 

�F�u�e�l� �o�i�l� �1�6�5� �(�2�8�.�9�)� �3� �(�9�.�1�)� �1�0�6� �(�2�1�.�5�)� 

�F�l�a�m�m�a�b�l�e� �l�i�q�u�i�d� �5�7� �(�1�0�.�0�)� �1�0� �(�3�0�.�3�)� �5�1� �(�1�0�.�3�)� 

�F�l�a�m�m�a�b�l�e� �s�o�l�i�d� �5� �(�0�.�9�)� �1� �(�3�.�0�)� �4� �(�0�.�8�)� 

�O�x�i�d�i�z�e�r� �1�0� �(�1�.�8�)� �1� �(�3�.�0�)� �8� �(�1�.�6�)� 

�N�o�n�-�f�l�a�m�m�a�b�l�e� �g�a�s� �2�9� �(�5�.�1�)� �1� �(�3�.�0�)� �2�6� �(�5�.�3�)� 

�P�o�i�s�o�n� �g�a�s� �6� �(�1�.�0�)� �0� �(�0�.�0�)� �1�1� �(�2�.�2�)� 

�R�a�d�i�o�a�c�t�i�v�e� �m�a�t�.� �8� �(�1�.�4�)� �0� �(�0�.�0�)� �3� �(�0�.�6�)� 

�E�x�p�l�o�s�i�v�e�-�A� �7� �(�1�.�2�)� �0� �(�0�.�0�)� �8� �(�1�.�6�)� 

�E�x�p�l�o�s�i�v�e�-�B� �3� �(�0�.�5�)� �O�Q� �(�0�.�0�)� �5� �(�1�.�0�)� 

�C�o�r�r�o�s�i�v�e� �m�a�t�.� �4�0� �(�7�.�0�)� �2� �(�6�.�1�)� �4�0� �(�8�.�1�)� 

�O�t�h�e�r� �1�6�5� �(�2�8�.�9�)� �9� �(�2�7�.�3�)� �1�6�6� �(�3�3�.�7�)� 

�T�o�t�a�l� �5�7�0� �3�3� �4�9�3� � �  ��I�n�v�o�l�v�i�n�g� �h�a�z�a�r�d�o�u�s� �s�u�b�s�t�a�n�c�e� � � � � 

�A�N�A�L�Y�S�I�S� �O�F� �D�A�T�A�B�A�S�E�S� �4�2



�3�.�3�.�2� �H�i�g�h�w�a�y� �F�a�c�t�o�r�s� 

�T�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �t�r�a�f�f�i�c� �a�c�c�i�d�e�n�t�s� �i�n�v�o�l�v�i�n�g� �h�a�z�m�a�t� �f�o�r� �1�9�8�6�-�1�9�8�7� �b�y� �h�i�g�h�w�a�y� 

�c�l�a�s�s� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �3�.�1�1�.� �M�o�s�t� �o�f� �t�h�e� �a�c�c�i�d�e�n�t�s� �t�a�k�e� �p�l�a�c�e� �o�n� �U�S� �o�r� �S�t�a�t�e� 

�h�i�g�h�w�a�y�s� �(�6�4�.�7�%�)� �f�o�l�l�o�w�e�d� �b�y� �m�u�n�i�c�i�p�a�l� �s�t�r�e�e�t� �o�r� �t�o�w�n�s�h�i�p� �r�o�a�d�s� �(�1�6�.�5�%�)� �a�n�d� 

�i�n�t�e�r�s�t�a�t�e� �h�i�g�h�w�a�y�s� �(�1�6�.�0�%�)�.� �A�l�s�o�,� �m�o�s�t� �o�f� �t�h�e� �f�a�t�a�l�i�t�i�e�s� �a�n�d� �i�n�j�u�r�i�e�s� �d�u�e� �t�o� �t�h�e�s�e� 

�a�c�c�i�d�e�n�t�s� �o�c�c�u�r� �o�n� �U�S� �o�r� �S�t�a�t�e� �h�i�g�h�w�a�y�s�.� 

�T�a�b�l�e� �3�.�1�2� �s�h�o�w�s� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �h�a�z�m�a�t� �a�c�c�i�d�e�n�t�s� �i�n� �P�e�n�n�s�y�l�v�a�n�i�a� �b�y� 

 ��r�e�l�a�t�i�o�n�s�h�i�p� �t�o� �j�u�n�c�t�i�o�n ��.� �A�b�o�u�t� �3�2�.�5�%� �o�f� �a�l�l� �h�a�z�m�a�t� �a�c�c�i�d�e�n�t�s� �t�a�k�e� �p�l�a�c�e� �r�i�g�h�t� �a�t� �t�h�e� 

�i�n�t�e�r�s�e�c�t�i�o�n�s�,� �0�.�3�%� �t�a�k�e� �p�l�a�c�e� �a�t� �r�a�i�l�r�o�a�d� �c�r�o�s�s�i�n�g�s�,� �t�h�e� �r�e�s�t� �o�c�c�u�r�r�i�n�g� �a�t� �o�t�h�e�r� �p�l�a�c�e�s� 

�s�u�c�h� �a�s� �m�i�d�b�l�o�c�k�s�,� �h�i�g�h�w�a�y� �s�e�c�t�i�o�n�s�,� �r�a�m�p�s�,� �e�t�c�.� 

�3�.�3�.�3� �A�c�c�i�d�e�n�t� �T�y�p�e� 

�I�n� �T�a�b�l�e� �3�.�1�3�,� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �h�a�z�m�a�t� �a�c�c�i�d�e�n�t�s� �i�n� �P�e�n�n�s�y�l�v�a�n�i�a� �b�y� �a�c�c�i�d�e�n�t� �t�y�p�e� 

�a�n�d� �m�a�n�n�e�r� �o�f� �c�o�l�l�i�s�i�o�n� �i�s� �s�h�o�w�n�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �a�c�c�i�d�e�n�t� �t�y�p�e�s� �a�r�e� �t�h�e� �m�o�s�t� 

�c�o�m�m�o�n�.� 

�e� �R�e�a�r� �e�n�d� �m�u�l�t�i�p�l�e� �v�e�h�i�c�l�e� �c�o�l�l�i�s�i�o�n� �(�2�6�.�7�%�)� 

�e� �A�n�g�l�e� �m�u�l�t�i�p�l�e� �v�e�h�i�c�l�e� �c�o�l�l�i�s�i�o�n� �(�2�2�.�8�%�)� 

�C�o�l�l�i�s�i�o�n� �w�i�t�h� �f�i�x�e�d� �o�b�j�e�c�t� �(�1�9�.�1�%�)� 

�N�o�n� �C�o�l�l�i�s�i�o�n� �a�c�c�i�d�e�n�t�s� �(�1�0�.�2�%�)� 

�e� �H�e�a�d� �o�n� �c�o�l�l�i�s�i�o�n� �(�8�.�9�%�)� 
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� � 

�T�a�b�l�e� �3�.�1�1� 

�D�I�S�T�R�I�B�U�T�I�O�N� �O�F� �H�A�Z�M�A�T� �A�C�C�I�D�E�N�T�S� �I�N� �P�E�N�N�S�Y�L�V�A�N�I�A� 
�B�Y� �H�I�G�H�W�A�Y� �C�L�A�S�S� �-� �P�E�N�N�.�D�O�T� �D�A�T�A�"� �-� �1�9�8�6�-�1�9�8�7� 

�H�i�g�h�w�a�y� �c�l�a�s�s� �N�u�m�b�e�r� �o�f� �N�u�m�b�e�r� �o�f� �N�u�m�b�e�r� �o�f� 
�a�c�c�i�d�e�n�t�s� �(�%�)� �f�a�t�a�l�i�t�i�e�s� �(�%�)� �i�n�j�u�r�i�e�s� �(�%�)� 

�I�n�t�e�r�s�t�a�t�e� �9�1� �(�1�6�.�0�)�  �� �4� �(�1�2�.�1�)� �8�5� �(�1�7�.�2�)� 
�U�S� �o�r� �S�t�a�t�e� �H�i�g�h�w�a�y� �3�6�9� �(�6�4�.�7�)� �2�7� �(�8�1�.�8�)� �3�3�0� �(�6�6�.�9�)� 
�C�o�u�n�t�y� �r�o�a�d� �4� �(�0�.�7�)� �0� �(�0�.�0�)� �1� �(�0�.�2�)� 
�M�u�n�i�c�i�p�a�l� �s�t�r�e�e�t� �9�4� �(�1�6�.�5�)� �1� �(�3�.�0�)� �6�9� �(�1�4�.�0�)� 
�a�n�d� �t�o�w�n�s�h�i�p� �r�o�a�d� 
�O�t�h�e�r� �1�2� �(�2�.�1�)� �1� �(�3�.�0�)� �8� �(�1�.�6�)� 

�T�o�t�a�l� �5�7�0� �3�3� �4�9�3� 

�*�I�n�v�o�l�v�i�n�g� �h�a�z�a�r�d�o�u�s� �s�u�b�s�t�a�n�c�e� 
� � 

� � 

�T�a�b�l�e� �3�.�1�2� 

�D�I�S�T�R�I�B�U�T�I�O�N� �O�F� �H�A�Z�M�A�T� �A�C�C�I�D�E�N�T�S� �I�N� �P�E�N�N�S�Y�L�V�A�N�I�A� 
�B�Y� �R�E�L�A�T�I�O�N�S�H�I�P� �T�O� �J�U�N�C�T�I�O�N� �-� �P�E�N�N�.�D�O�T� �D�A�T�A�*� �-� �1�9�8�6�-�1�9�8�7� 

�R�e�l�a�t�i�o�n�s�h�i�p� �t�o� �N�u�m�b�e�r� �o�f� �N�u�m�b�e�r� �o�f� �N�u�m�b�e�r� �o�f� 
�j�u�n�c�t�i�o�n� �a�c�c�i�d�e�n�t�s� �(�%�)� �_� �f�a�t�a�l�i�t�i�e�s� �(�%�)� �i�n�j�u�r�i�e�s� �(�%�)� 

�N�o�n�e� �3�8�3� �(�6�7�.�2�)� �2�1� �(�6�3�.�6�)� �3�2�2� �(�6�5�.�3�)� 
�I�n�t�e�r�s�e�c�t�i�o�n� �1�8�5� �(�3�2�.�5�)� �1�2� �(�3�6�.�4�)� �1�6�8� �(�3�4�.�1�)� 
�R�a�i�l�r�o�a�d� �c�r�o�s�s�i�n�g� �2� �(�0�.�3�)� �0� �(�0�.�0�)� �3� �(�0�.�6�)� 

�T�o�t�a�l� �5�7�0� �3�3� �4�9�3� 

�*�I�n�v�o�l�v�i�n�g� �h�a�z�a�r�d�o�u�s� �s�u�b�s�t�a�n�c�e� � � � � � � 
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� � 

�T�a�b�l�e� �3�.�1�3� 

�D�I�S�T�R�I�B�U�T�I�O�N� �O�F� �H�A�Z�M�A�T� �A�C�C�I�D�E�N�T�S� �I�N� �P�E�N�N�S�Y�L�V�A�N�I�A� 
�A�C�C�I�D�E�N�T� �T�Y�P�E� �A�N�D� �M�A�N�N�E�R� �O�F� �C�O�L�L�I�S�I�O�N� 

�P�E�N�N�.�D�O�T� �D�A�T�A�*� �1�9�8�6�-�1�9�8�7� 

�A�c�c�i�d�e�n�t� �t�y�p�e� �a�n�d� �N�u�m�b�e�r� �o�f� �|� �N�u�m�b�e�r� �o�f� �N�u�m�b�e�r� �o�f� 
�m�a�n�n�e�r� �o�f� �c�o�l�l�i�s�i�o�n� �a�c�c�i�d�e�n�t�s� �f�a�t�a�l�i�t�i�e�s� �i�n�j�u�r�i�e�s� 

�S�i�n�g�l�e� �v�e�h�i�c�l�e� 

�N�o�n� �c�o�l�l�i�s�i�o�n� �a�c�c�i�d�e�n�t�s� �5�8� �(�1�0�.�2�)� �4� �(�1�2�.�1�)� �2�9� �(�5�.�9�)� 

�C�o�l�l�i�s�i�o�n� �a�c�c�i�d�e�n�t�s� 

� � 
�H�i�t� �f�i�x�e�d� �o�b�j�e�c�t� �1�0�9� �(�1�9�.�1�)� �2� �(�6�.�1�)� �7�5� �(�1�5�.�2�)� 
�H�i�t� �p�e�d�e�s�t�r�i�a�n� �8� �(�1�.�4�)� �1� �(�3�.�0�)� �8� �(�1�.�6�)� 

�M�u�l�t�i�p�l�e� �v�e�h�i�c�l�e� 

�H�e�a�d�-�o�n� �5�1� �(�8�.�9�)� �1�4� �(�4�2�.�4�)� �6�1� �(�1�2�.�4�)� 
�R�e�a�r�-�e�n�d� �1�5�2� �(�2�6�.�7�)� �1� �(�3�.�0�)� �1�6�3� �(�3�3�.�1�)� 
�S�i�d�e� �s�w�i�p�e� �4�9� �(�8�.�6�)� �0� �(�0�.�0�)� �3�3� �(�6�.�7�)� 
�A�n�g�l�e� �1�3�0� �(�2�2�.�8�)� �1�1� �(�3�3�.�3�)� �1�1�8� �(�2�4�.�0�)� 
�O�t�h�e�r� �c�o�l�l�i�s�i�o�n�s� �1�3� �(�2�.�3�)� �0� �(�0�.�0�)� �6� �(�1�.�2�)� 

�T�o�t�a�l� �5�7�0� �3�3� �4�9�3� 

�*�I�n�v�o�l�v�i�n�g� �h�a�z�a�r�d�o�u�s� �s�u�b�s�t�a�n�c�e� 
� � 

�A�N�A�L�Y�S�I�S� �O�F� �D�A�T�A�B�A�S�E�S� �4�5� 

� 



�3�.�3�.�4� �S�u�m�m�a�r�y� �o�f� �C�o�n�s�e�q�u�e�n�c�e�s� 

�T�a�b�l�e� �3�.�1�4� �p�r�e�s�e�n�t�s� �a� �s�u�m�m�a�r�y� �o�f� �c�o�n�s�e�q�u�e�n�c�e�s� �o�f� �a�c�c�i�d�e�n�t�s� �i�n�v�o�l�v�i�n�g� 

�h�a�z�a�r�d�o�u�s� �s�u�b�s�t�a�n�c�e� �i�n� �P�e�n�n�s�y�l�v�a�n�i�a�.� �A� �t�o�t�a�l� �o�f� �5�7�0� �h�a�z�m�a�t� �a�c�c�i�d�e�n�t�s� �h�a�v�e� �o�c�c�u�r�r�e�d� 

�r�e�s�u�l�t�i�n�g� �i�n� �3�3� �f�a�t�a�l�i�t�i�e�s� �a�n�d� �4�9�3� �i�n�j�u�r�i�e�s� �(�i�.�e�.�,� �0�.�0�5�8� �f�a�t�a�l�i�t�i�e�s�/�a�c�c�i�d�e�n�t� �a�n�d� �0�.�8�6�5� 

�i�n�j�u�r�i�e�s�/�a�c�c�i�d�e�n�t�)�.� 

�T�a�b�l�e� �3�.�1�5� �s�h�o�w�s� �a� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �a�c�c�i�d�e�n�t�s� �i�n�v�o�l�v�i�n�g� �h�a�z�m�a�t� �i�n� �P�e�n�n�s�y�l�v�a�n�i�a� �b�y� 

�s�e�v�e�r�i�t�y� �o�f� �a�c�c�i�d�e�n�t� �b�e�t�w�e�e�n� �t�h�e� �y�e�a�r�s� �1�9�8�6�-�1�9�8�7�.� �S�e�v�e�r�i�t�y� �o�f� �a�c�c�i�d�e�n�t� �i�s� �t�h�e� 

�c�o�n�s�e�q�u�e�n�c�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �a�c�c�i�d�e�n�t� �-� �f�a�t�a�l�i�t�i�e�s�,� �i�n�j�u�r�i�e�s�,� �a�n�d� �p�r�o�p�e�r�t�y� �d�a�m�a�g�e�.� 

�O�f� �t�h�e� �5�7�0� �a�c�c�i�d�e�n�t�s� �r�e�p�o�r�t�e�d�,� �2�9� �w�e�r�e� �f�a�t�a�l�,� �3�2�4� �a�c�c�i�d�e�n�t�s� �h�a�d� �r�e�s�u�l�t�e�d� �i�n� �i�n�j�u�r�i�e�s� 

�a�n�d� �2�1�7� �a�c�c�i�d�e�n�t�s� �h�a�d� �p�r�o�p�e�r�t�y� �d�a�m�a�g�e� �o�n�l�y� �a�s� �t�h�e� �r�e�s�u�l�t� �o�f� �a�c�c�i�d�e�n�t�.� 

�3�.�4� �S�u�m�m�a�r�y� 

�T�h�e� �s�u�m�m�a�r�y� �o�f� �t�h�e� �r�e�s�u�l�t�s� �o�f� �a�n�a�l�y�s�i�s� �o�f� �a�c�c�i�d�e�n�t�/�i�n�c�i�d�e�n�t� �d�a�t�a�b�a�s�e�s� �i�s� 

�p�r�e�s�e�n�t�e�d� �h�e�r�e�.� 

�3�.�4�.�1� �H�M�I�R� �D�a�t�a� 

�A�b�o�u�t� �6�0�%� �o�f� �a�l�l� �h�a�z�m�a�t� �i�n�c�i�d�e�n�t�s� �o�c�c�u�r� �o�n� �h�i�g�h�w�a�y�.� �T�h�e� �p�r�e�d�o�m�i�n�a�n�t� �f�a�i�l�u�r�e� 

�t�y�p�e� �i�s� �v�a�l�v�e� �o�r� �f�i�t�t�i�n�g� �f�a�i�l�u�r�e� �f�o�l�l�o�w�e�d� �b�y� �b�o�d�y� �o�r� �t�a�n�k� �f�a�i�l�u�r�e�.� �M�o�s�t� �o�f� �t�h�e� �h�a�z�m�a�t� 

�i�n�c�i�d�e�n�t�s� �a�r�e� �c�a�u�s�e�d� �b�y� �h�u�m�a�n� �e�r�r�o�r� �w�h�i�c�h� �d�o�e�s� �n�o�t� �r�e�s�u�l�t� �i�n� �s�e�v�e�r�e� �i�n�c�i�d�e�n�t�s�.� 

�T�r�a�f�f�i�c� �a�c�c�i�d�e�n�t�s� �a�r�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �o�n�l�y� �5�.�5�%� �o�f� �a�l�l� �i�n�c�i�d�e�n�t�s�.� �H�o�w�e�v�e�r�,� �t�h�e�y� �a�r�e� �t�h�e� 
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� � 

�T�a�b�l�e� �3�.�1�4� 

�S�U�M�M�A�R�Y� �O�F� �C�O�N�S�E�Q�U�E�N�C�E�S� �O�F� �A�C�C�I�D�E�N�T�S� �I�N�V�O�L�V�I�N�G� 
�H�A�Z�A�R�D�O�U�S� �S�U�B�S�T�A�N�C�E� �-� �P�E�N�N�.�D�O�T� �D�A�T�A �� �-� �1�9�8�6�-�1�9�8�7� 

�N�u�m�b�e�r� �o�f� �a�c�c�i�d�e�n�t�s� �5�7�0� 
�N�u�m�b�e�r� �o�f� �f�a�t�a�l�i�t�i�e�s� �3�3� 
�F�a�t�a�l�i�t�i�e�s� �p�e�r� �a�c�c�i�d�e�n�t� �0�.�0�5�8� 
�N�u�m�b�e�r� �o�f� �i�n�j�u�r�i�e�s� �4�9�3� 
�I�n�j�u�r�i�e�s� �p�e�r� �a�c�c�i�d�e�n�t� �0�.�8�6�5� 

 ��I�n�v�o�l�v�i�n�g� �h�a�z�a�r�d�o�u�s� �s�u�b�s�t�a�n�c�e� � � � � 
� � 

� � 

�T�a�b�l�e� �3�.�1�5� 

�D�I�S�T�R�I�B�U�T�I�O�N� �O�F� �H�A�Z�M�A�T� �A�C�C�I�D�E�N�T�S� �B�Y� 
�S�E�V�E�R�I�T�Y� �O�F� �A�C�C�I�D�E�N�T� �-� �P�E�N�N�.�D�O�T� �D�A�T�A�*� �-� �1�9�8�6�-�1�9�8�7� 

�A�c�c�i�d�e�n�t� �s�e�v�e�r�i�t�y� �N�u�m�b�e�r� �o�f� �a�c�c�i�d�e�n�t�s� 

�F�a�t�a�l� �a�c�c�i�d�e�n�t�s� �2�9� �(�5�.�1�)� 
�I�n�j�u�r�y� �a�c�c�i�d�e�n�t�s� �3�2�4� �(�5�6�.�8�)� 
�P�r�o�p�e�r�t�y� �d�a�m�a�g�e� �9�1� �(�3�8�.�1�)� 

�T�o�t�a�l� �5�7�0� � �  ��I�n�v�o�l�v�i�n�g� �h�a�z�a�r�d�o�u�s� �s�u�b�s�t�a�n�c�e� � � 
� � 
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�m�a�i�n� �c�a�u�s�e�s� �o�f� �s�e�v�e�r�e� �h�a�z�m�a�t� �i�n�c�i�d�e�n�t�s� �-� �a�b�o�u�t� �5�7�%� �o�f� �t�h�e�m� �b�e�i�n�g� �a�t�t�r�i�b�u�t�a�b�l�e� �t�o� 

�t�h�e�m�.� 

�T�h�e� �m�o�s�t� �c�o�m�m�o�n� �c�l�a�s�s�e�s� �o�f� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s� �r�e�l�e�a�s�e�d� �a�r�e� �f�l�a�m�m�a�b�l�e� �a�n�d� 

�c�o�m�b�u�s�t�i�b�l�e� �l�i�q�u�i�d�s�.� �T�h�e� �t�y�p�e�s� �o�f� �m�a�t�e�r�i�a�l�s� �i�n�v�o�l�v�e�d� �i�n� �h�u�g�e� �v�o�l�u�m�e� �s�p�i�l�l�s� �o�f� �h�a�z�m�a�t� 

�b�e�l�o�n�g� �t�o� �t�h�e� �c�o�m�b�u�s�t�i�b�l�e� �l�i�q�u�i�d� �c�l�a�s�s�,� �w�i�t�h� �g�a�s�o�l�i�n�e� �b�e�i�n�g� �t�h�e� �m�o�s�t� �p�r�e�d�o�m�i�n�a�n�t�.� 

�M�o�s�t� �o�f� �t�h�e� �l�a�r�g�e� �v�o�l�u�m�e� �s�p�i�l�l�s� �a�r�e� �c�a�u�s�e�d� �b�y� �t�r�a�f�f�i�c� �a�c�c�i�d�e�n�t�s�.� �O�f� �t�h�e� �l�a�r�g�e� �s�p�i�l�l�s�,� �6� 

�c�a�s�e�s� �r�e�s�u�l�t�e�d� �i�n� �f�i�r�e� �o�r� �e�x�p�l�o�s�i�o�n�.� �T�h�e�r�e� �w�e�r�e� �3�8�6� �i�n�c�i�d�e�n�t�s� �i�n� �w�h�i�c�h� �t�h�e� �a�m�o�u�n�t� 

�o�f� �s�p�i�l�l�a�g�e� �i�s� �z�e�r�o�,� �a�n� �i�n�d�i�c�a�t�i�o�n� �o�f� �u�n�d�e�r�-�r�e�p�o�r�t�i�n�g� �o�f� �d�a�t�a�.� 

�C�a�r�g�o� �t�a�n�k�s� �a�r�e� �t�h�e� �m�o�s�t� �c�o�m�m�o�n� �t�y�p�e� �o�f� �c�o�n�t�a�i�n�e�r�s� �i�n�v�o�l�v�e�d� �i�n� �s�p�i�l�l�a�g�e� �o�f� 

�h�a�z�m�a�t� �e�s�p�e�c�i�a�l�l�y� �w�h�e�n� �t�h�e� �q�u�a�n�t�i�t�y� �o�f� �s�p�i�l�l� �i�s� �c�o�n�s�i�d�e�r�e�d�.� �T�h�e�r�e� �w�e�r�e� �5� �c�a�s�e�s� �o�f� �f�i�r�e� 

�a�s� �a� �r�e�s�u�l�t� �o�f� �s�p�i�l�l�a�g�e� �o�f� �h�a�z�m�a�t� �f�r�o�m� �c�a�r�g�o� �t�a�n�k�s�.� 

�H�a�z�m�a�t� �i�n�c�i�d�e�n�t�s�,� �c�a�u�s�e�d� �b�y� �v�e�h�i�c�u�l�a�r� �a�c�c�i�d�e�n�t�s�,� �w�e�r�e� �f�o�u�n�d� �t�o� �c�a�u�s�e� �m�o�r�e� 

�d�e�a�t�h�s�,� �i�n�j�u�r�i�e�s�,� �a�n�d� �p�r�o�p�e�r�t�y� �d�a�m�a�g�e� �t�h�a�n� �t�h�o�s�e� �d�u�e� �t�o� �o�t�h�e�r� �c�a�u�s�e�s�.� 

�3�.�4�.�2�.� �B�M�C�S� �D�a�t�a� 

�H�a�z�m�a�t� �c�a�r�r�y�i�n�g� �t�r�u�c�k�s� �a�r�e� �i�n�v�o�l�v�e�d� �i�n� �4�.�5�%� �o�f� �a�l�l� �t�r�u�c�k� �a�c�c�i�d�e�n�t�s�.� �O�v�e�r�a�l�l�,� �2�0�%� 

�o�f� �a�c�c�i�d�e�n�t�s� �i�n�v�o�l�v�i�n�g� �h�a�z�m�a�t� �c�a�r�r�y�i�n�g� �v�e�h�i�c�l�e�s� �r�e�s�u�l�t�e�d� �i�n� �r�e�l�e�a�s�e�.� 

�A�p�p�r�o�x�i�m�a�t�e�l�y�,� �6�0�%� �o�f� �a�l�l� �a�c�c�i�d�e�n�t�s� �i�n�v�o�l�v�i�n�g� �h�a�z�m�a�t� �c�a�r�r�y�i�n�g� �t�r�u�c�k�s� �t�a�k�e� �p�l�a�c�e� 

�i�n�  ��d�a�y�l�i�g�h�t �� �a�n�d� �3�5�%� �d�u�r�i�n�g�  ��d�a�r�k�-�n�o�t�-�l�i�g�h�t�e�d �� �c�o�n�d�i�t�i�o�n�s�.� �A�b�o�u�t� �5�4�%� �o�f� �a�c�c�i�d�e�n�t�s� 

�i�n�v�o�l�v�i�n�g� �r�e�l�e�a�s�e� �o�f� �h�a�z�m�a�t� �o�c�c�u�r� �i�n�  ��d�a�y� �l�i�g�h�t �� �a�n�d� �3�8�.�5�%� �d�u�r�i�n�g�  ��d�a�r�k�-�n�o�t�-�l�i�g�h�t�e�d �� 

�c�o�n�d�i�t�i�o�n�s�,� 

�I�n� �a�c�c�i�d�e�n�t�s� �i�n�v�o�l�v�i�n�g� �h�a�z�m�a�t� �r�e�l�e�a�s�e�,� �6�0�.�7�%� �o�f� �v�e�h�i�c�l�e�s� �h�a�d� �l�i�q�u�i�d�s� �i�n� �b�u�l�k� �a�n�d� 

�2�1�.�4�%� �h�a�d� �g�e�n�e�r�a�l� �f�r�e�i�g�h�t� �a�s� �c�a�r�g�o�.� �A�b�o�u�t� �5�7�.�7�%� �o�f� �a�l�l� �a�c�c�i�d�e�n�t�s� �i�n�v�o�l�v�i�n�g� �a� �r�e�l�e�a�s�e� 
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�o�c�c�u�r�r�e�d� �i�n� �r�u�r�a�l� �a�r�e�a�s�,� �f�o�l�l�o�w�e�d� �b�y� �b�u�s�i�n�e�s�s� �a�r�e�a�s� �w�i�t�h� �3�0�.�8�%� �a�n�d� �r�e�s�i�d�e�n�t�i�a�l� �a�r�e�a�s� 

�w�i�t�h� �1�1�.�5�%�.� 

�O�f� �a�l�l� �a�c�c�i�d�e�n�t�s� �i�n�v�o�l�v�i�n�g� �h�a�z�m�a�t�,� �c�o�l�l�i�s�i�o�n� �w�i�t�h� �p�a�s�s�e�n�g�e�r� �c�a�r� �(�4�1�.�7�%�)� �i�s� �t�h�e� 

�m�o�s�t� �c�o�m�m�o�n� �a�c�c�i�d�e�n�t� �t�y�p�e�,� �f�o�l�l�o�w�e�d� �b�y� �c�o�l�l�i�s�i�o�n� �w�i�t�h� �t�r�u�c�k� �(�1�4�.�3�%�)� �a�n�d� �o�v�e�r�t�u�r�n� 

�(�1�2�.�5�%�)�.� �O�v�e�r�t�u�r�n� �i�s� �p�r�i�m�a�r�y� �a�c�c�i�d�e�n�t� �t�y�p�e� �r�e�s�u�l�t�i�n�g� �i�n� �r�e�l�e�a�s�e� �o�f� �h�a�z�m�a�t� �a�c�c�o�u�n�t�i�n�g� 

�f�o�r� �4�2�.�9�%� �o�f� �a�l�l� �h�a�z�m�a�t� �r�e�l�e�a�s�e� �a�c�c�i�d�e�n�t�s�.� �I�n� �h�a�z�m�a�t� �a�c�c�i�d�e�n�t�s� �i�n� �w�h�i�c�h� �a� �r�e�l�e�a�s�e� 

�o�c�c�u�r�r�e�d�,� �8�2�.�8�%� �o�f� �t�r�u�c�k�s� �w�e�r�e� �o�f� �s�i�n�g�l�e� �t�r�a�i�l�e�r� �c�o�m�b�i�n�a�t�i�o�n�.� �T�h�e� �a�c�c�i�d�e�n�t�s� �i�n�v�o�l�v�i�n�g� 

�h�a�z�m�a�t� �r�e�l�e�a�s�e� �a�r�e� �m�o�r�e� �l�i�k�e�l�y� �t�o� �c�a�u�s�e� �m�o�r�e� �d�e�a�t�h�s� �t�h�a�n� �t�h�o�s�e� �i�n�v�o�l�v�i�n�g� �n�o� �r�e�l�e�a�s�e� 

�o�f� �h�a�z�m�a�t�.� 

�3�.�4�.�3� �P�e�n�n� �D�O�T� �D�a�t�a� �I�n�v�o�l�v�i�n�g� �H�a�z�a�r�d�o�u�s� �S�u�b�s�t�a�n�c�e� 

�M�o�s�t� �o�f� �t�h�e� �a�c�c�i�d�e�n�t�s� �(�a�n�d� �f�a�t�a�l�i�t�i�e�s� �a�n�d� �i�n�j�u�r�i�e�s�)� �t�a�k�e� �p�l�a�c�e� �d�u�r�i�n�g� �d�a�y�l�i�g�h�t� �(�6�8�.�2�%�)� 

�f�o�l�l�o�w�e�d� �b�y� �d�a�r�k�-�n�o�t�-�l�i�g�h�t�e�d� �c�o�n�d�i�t�i�o�n�s� �(�1�6�.�1�%�)� �a�n�d� �d�a�r�k�-�l�i�g�h�t�e�d� �c�o�n�d�i�t�i�o�n� �(�1�0�.�7�%�)�.� 

�F�u�e�l� �o�i�l� �a�n�d� �g�a�s�o�l�i�n�e� �a�r�e� �t�h�e� �m�o�s�t� �p�r�e�d�o�m�i�n�a�n�t� �c�a�r�g�o�e�s� �i�n�v�o�l�v�e�d� �w�i�t�h� �4�2�.�1�%�,� 

�f�o�l�l�o�w�e�d� �b�y� �f�l�a�m�m�a�b�l�e� �l�i�q�u�i�d� �(�1�0�.�0�%�)� �a�n�d� �c�o�r�r�o�s�i�v�e� �m�a�t�e�r�i�a�l� �(�7�.�0�%�)�.� 

�M�o�s�t� �o�f� �t�h�e� �a�c�c�i�d�e�n�t�s� �t�a�k�e� �p�l�a�c�e� �o�n� �U�S� �o�r� �S�t�a�t�e� �H�i�g�h�w�a�y�s� �(�6�4�.�7�%�)� �f�o�l�l�o�w�e�d� �b�y� 

�m�u�n�i�c�i�p�a�l� �s�t�r�e�e�t� �o�r� �t�o�w�n�s�h�i�p� �r�o�a�d�s� �(�1�6�.�5�%�)� �a�n�d� �i�n�t�e�r�s�t�a�t�e� �h�i�g�h�w�a�y�s� �(�1�6�.�0�%�)�.� �A�b�o�u�t� 

�6�1�.�4�%� �o�f� �h�a�z�m�a�t� �a�c�c�i�d�e�n�t�s� �o�c�c�u�r� �o�n� �d�r�y� �s�u�r�f�a�c�e� �c�o�n�d�i�t�i�o�n�s�,� �2�3�.�2�%� �i�n� �w�e�t� �c�o�n�d�i�t�i�o�n�s� 

�a�n�d� �1�5�.�4�%� �o�n� �i�c�e� �o�r� �s�n�o�w�.� 

�R�e�a�r�-�e�n�d� �m�u�l�t�i�p�l�e� �v�e�h�i�c�l�e� �c�o�l�l�i�s�i�o�n� �i�s� �t�h�e� �m�o�s�t� �c�o�m�m�o�n� �a�c�c�i�d�e�n�t� �t�y�p�e� �(�2�6�.�7�%�)�,� 

�f�o�l�l�o�w�e�d� �b�y� �a�n�g�l�e� �c�o�l�l�i�s�i�o�n�s� �(�2�2�.�8�%�)�,� �a�n�d� �c�o�l�l�i�s�i�o�n� �w�i�t�h� �f�i�x�e�d� �o�b�j�e�c�t� �(�1�9�.�1�%�)�.� 

�H�o�w�e�v�e�r�,� �h�e�a�d�-�o�n� �c�o�l�l�i�s�i�o�n� �c�a�u�s�e� �m�a�x�i�m�u�m� �n�u�m�b�e�r� �o�f� �f�a�t�a�l�i�t�i�e�s� �(�4�2�.�4�%�)� �f�o�l�l�o�w�e�d� �b�y� 

�a�n�g�l�e� �c�o�l�l�i�s�i�o�n�s� �(�3�3�.�3�%�)� �a�n�d� �n�o�n� �c�o�l�l�i�s�i�o�n� �a�c�c�i�d�e�n�t�s� �(�1�2�.�1�%�)�.� �T�h�e� �n�u�m�b�e�r� �o�f� �f�a�t�a�l�i�t�i�e�s� 

�p�e�r� �a�c�c�i�d�e�n�t� �i�s� �0�.�0�5�8� �a�n�d� �t�h�e� �n�u�m�b�e�r� �o�f� �i�n�j�u�r�i�e�s� �p�e�r� �a�c�c�i�d�e�n�t� �i�s� �0�.�8�6�5�.� 
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�I�n� �o�r�d�e�r� �t�o� �o�b�t�a�i�n� �m�e�a�s�u�r�e�s� �t�o� �m�i�t�i�g�a�t�e� �r�i�s�k�,� �t�h�e� �i�n�c�i�d�e�n�t� �d�a�t�a� �i�s� �i�m�p�o�r�t�a�n�t�.� �T�h�i�s� 

�w�o�u�l�d� �g�i�v�e� �a�n� �i�d�e�a� �a�b�o�u�t� �t�h�e� �t�y�p�e� �o�f� �a�c�c�i�d�e�n�t�s� �t�o� �b�e� �r�e�d�u�c�e�d� �a�n�d� �r�e�q�u�i�r�e� �a�t�t�e�n�t�i�o�n�.� 

�I�f� �i�t� �i�s� �c�l�e�a�r�l�y� �k�n�o�w�n� �t�h�a�t�  ��o�v�e�r�t�u�r�n �� �c�a�u�s�e�s� �t�h�e� �m�a�x�i�m�u�m� �n�u�m�b�e�r� �o�f� �s�p�i�l�l�s� �o�f� 

�h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s�,� �t�h�e�n� �o�n�e� �o�f� �t�h�e� �o�b�j�e�c�t�i�v�e�s� �o�f� �m�i�t�i�g�a�t�i�o�n� �m�e�a�s�u�r�e�s� �i�s� �t�o� �r�e�d�u�c�e� 

�t�h�o�s�e� �a�c�c�i�d�e�n�t�s�.� �H�o�w�e�v�e�r�,� �t�h�i�s� �w�a�s� �n�o�t� �p�o�s�s�i�b�l�e� �b�e�c�a�u�s�e�,� �i�t� �w�a�s� �f�o�u�n�d� �t�h�r�o�u�g�h� �t�h�e� 

�a�n�a�l�y�s�i�s� �o�f� �d�a�t�a�b�a�s�e�s� �t�h�a�t� �t�h�e� �n�u�m�b�e�r� �o�f� �a�c�c�i�d�e�n�t�s� �w�e�r�e� �t�o�o� �f�e�w� �t�o� �m�a�k�e� �s�u�c�h� 

�c�o�n�c�l�u�s�i�o�n�s�.� �H�e�n�c�e�,� �t�h�e� �o�r�i�g�i�n�a�l� �o�b�j�e�c�t�i�v�e� �h�a�s� �b�e�e�n� �c�h�a�n�g�e�d� �t�o�  ��i�m�p�r�o�v�i�n�g� �h�i�g�h�w�a�y� 

�g�e�o�m�e�t�r�i�c� �e�l�e�m�e�n�t�s�, �� �a�s� �i�t� �i�s� �m�o�r�e� �g�e�n�e�r�a�l� �a�p�p�r�o�a�c�h� �a�n�d� �c�a�p�a�b�l�e� �o�f� �r�e�d�u�c�i�n�g� 

�a�c�c�i�d�e�n�t�s� �i�n� �g�e�n�e�r�a�l�.� �S�p�e�c�i�f�i�c� �m�e�a�s�u�r�e�s� �c�a�n� �s�t�i�l�l� �b�e� �c�o�n�s�i�d�e�r�e�d� �i�f� �c�o�n�d�i�t�i�o�n�s� �a�p�p�e�a�r� 

�t�o� �w�a�r�r�a�n�t� �t�h�e�m�.� 

�T�h�e� �c�o�n�s�e�q�u�e�n�c�e�s� �o�f� �a�n� �i�n�c�i�d�e�n�t� �p�l�a�y�s� �a� �m�u�c�h� �l�a�r�g�e�r� �r�o�l�e� �i�n� �t�h�e� �r�i�s�k� �a�n�a�l�y�s�i�s�.� 

�I�n� �o�r�d�e�r� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �c�o�n�s�e�q�u�e�n�c�e�s�,� �w�e� �n�e�e�d� �t�h�e� �i�m�p�a�c�t� �a�r�e�a� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 

�t�h�e� �p�a�r�t�i�c�u�l�a�r� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l� �b�e�i�n�g� �c�o�n�s�i�d�e�r�e�d�.� �F�r�o�m� �t�h�e� �d�a�t�a�b�a�s�e� �a�n�a�l�y�s�i�s�,� �w�e� 

�k�n�o�w� �t�h�e� �v�o�l�u�m�e� �o�f� �s�p�i�l�l� �o�f� �i�n�d�i�v�i�d�u�a�l� �c�h�e�m�i�c�a�l�s�.� �T�h�i�s� �m�u�s�t� �b�e� �e�s�t�i�m�a�t�e�d� �t�o� �o�b�t�a�i�n� 

�t�h�e� �i�m�p�a�c�t� �a�r�e�a� �o�f� �d�i�f�f�e�r�e�n�t� �m�a�t�e�r�i�a�l�s� �[�2�8�]�.� 

�I�n� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �m�i�t�i�g�a�t�i�o�n� �m�e�a�s�u�r�e�s�,� �a�n� �e�x�p�e�r�t� �s�y�s�t�e�m� �t�y�p�e� �a�p�p�r�o�a�c�h� �h�a�s� 

�b�e�e�n� �a�d�o�p�t�e�d� �b�e�c�a�u�s�e� �o�f� �t�h�e� �a�m�b�i�g�u�o�u�s� �n�a�t�u�r�e� �o�f� �d�a�t�a�b�a�s�e�s� �a�n�d� �a�l�s�o� �b�e�c�a�u�s�e� �t�h�e�r�e� 

�i�s� �n�o� �c�l�e�a�r� �d�e�f�i�n�i�t�i�o�n� �o�f� �a�  ��c�a�t�a�s�t�r�o�p�h�i�c� �e�v�e�n�t ��.� �F�o�r� �e�x�a�m�p�l�e�,� �w�e� �c�o�u�l�d� �i�n�f�e�r� �f�r�o�m� �t�h�e� 

�a�n�a�l�y�s�i�s� �o�f� �t�h�e� �d�a�t�a�b�a�s�e�s� �t�h�a�t�  ��o�v�e�r�t�u�r�n �� �i�s� �t�h�e� �m�a�j�o�r� �c�a�u�s�e� �o�f� �h�a�z�m�a�t� �a�c�c�i�d�e�n�t�s�.� 

�H�o�w�e�v�e�r�,� �t�h�e� �c�a�t�a�s�t�r�o�p�h�i�c� �n�a�t�u�r�e� �o�f� �t�h�e� �a�c�c�i�d�e�n�t� �w�o�u�l�d� �b�e� �d�i�f�f�e�r�e�n�t� �b�a�s�e�d� �o�n� �t�h�e� 

�l�o�c�a�t�i�o�n� �a�n�d� �t�y�p�e� �o�f� �e�x�p�o�s�u�r�e�.� �I�t� �w�a�s� �d�e�c�i�d�e�d� �t�h�a�t� �t�h�e� �e�x�p�e�r�t� �s�y�s�t�e�m� �a�p�p�r�o�a�c�h� �u�s�e�d� 

�b�y� �t�h�e� �K�a�n�s�a�s� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y� �s�t�u�d�y� �w�o�u�l�d� �b�e� �a�d�o�p�t�e�d�,� �w�h�e�r�e�i�n� �a� �s�e�t� �o�f� �c�a�t�a�s�t�r�o�p�h�i�c� 

�s�c�e�n�a�r�i�o�s� �w�e�r�e� �d�e�f�i�n�e�d� �a�n�d� �t�h�e�n� �m�i�t�i�g�a�t�i�o�n� �m�e�a�s�u�r�e�s� �c�o�n�s�i�d�e�r�e�d�.� �T�h�e�s�e� �c�o�m�p�r�i�s�e� 

�a� �s�e�t� �o�f� �w�i�d�e� �r�a�n�g�i�n�g� �p�o�s�s�i�b�i�l�i�t�i�e�s� �t�o� �b�e� �c�o�n�s�i�d�e�r�e�d� �a�s� �a� �s�t�a�r�t�i�n�g� �p�o�i�n�t�.� 

�I�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�e�c�t�i�o�n�s� �a�n� �o�v�e�r�v�i�e�w� �o�f� �t�h�e� �m�e�t�h�o�d�o�l�o�g�y� �t�o� �d�e�t�e�r�m�i�n�e� �r�i�s�k� �a�n�d� 

�d�e�v�e�l�o�p� �m�i�t�i�g�a�t�i�o�n� �m�e�a�s�u�r�e�s� �i�s� �p�r�e�s�e�n�t�e�d�.� 

�A�N�A�L�Y�S�I�S� �O�F� �D�A�T�A�B�A�S�E�S� �5�0



�4�.�0� �O�V�E�R�V�I�E�W� �O�F� �T�H�E� �R�I�S�K� �M�O�D�E�L� 

�T�h�i�s� �s�e�c�t�i�o�n� �p�r�o�v�i�d�e�s� �a�n� �o�v�e�r�v�i�e�w� �o�f� �t�h�e� �p�r�o�p�o�s�e�d� �r�i�s�k� �a�s�s�e�s�s�m�e�n�t� �m�o�d�e�l� �a�n�d� 

�v�u�l�n�e�r�a�b�i�l�i�t�y� �e�v�a�l�u�a�t�i�o�n�.� �I�t� �i�s� �a�n� �u�p�d�a�t�e�d� �a�n�d� �i�m�p�r�o�v�e�d� �v�e�r�s�i�o�n� �o�f� �t�h�e� �r�i�s�k� �m�o�d�e�l� �t�h�a�t� 

�i�s� �p�a�r�t� �o�f� �t�h�e� �F�H�W�A� �r�o�u�t�i�n�g� �g�u�i�d�e� �[�1�1�]�.� �T�h�e� �b�a�s�i�c� �r�i�s�k� �a�s�s�e�s�s�m�e�n�t� �f�o�r�m�u�l�a� �i�s�:� 

�R�i�s�k� �=� �P�r�o�b�a�b�i�l�i�t�y� �x� �C�o�n�s�e�q�u�e�n�c�e� �(�4�.�1�)� 

�T�h�e� �c�o�n�s�e�q�u�e�n�c�e�s� �a�r�e� �e�x�p�r�e�s�s�e�d� �i�n� �t�e�r�m�s� �o�f� �e�x�p�o�s�u�r�e� �o�f� �p�e�o�p�l�e�,� �p�r�o�p�e�r�t�y�,� 

�e�n�v�i�r�o�n�m�e�n�t� �e�t�c�.� �T�h�e� �a�b�o�v�e� �f�o�r�m�u�l�a� �i�s� �r�e�w�r�i�t�t�e�n� �u�s�i�n�g� �t�h�e� �n�o�t�a�t�i�o�n� �a�s�:� 

�R�I�S�K�;� �=� �P�(�R�)�;� �x� �(�C�O�N�S�E�Q�U�E�N�C�E�,� �/�L�;�)� �x� �I�W� �(�4�.�2�)� 

�w�h�e�r�e� 

�R�I�S�K�,� �=� �R�i�s�k� �a�l�o�n�g� �a� �s�e�g�m�e�n�t� �i� 

�P�(�R�)�,� �=� �P�r�o�b�a�b�i�l�i�t�y� �o�f� �a�n� �a�c�c�i�d�e�n�t� �i�n�v�o�l�v�i�n�g� �a� �h�a�z�m�a�t� �r�e�l�e�a�s�e� �f�o�r� �r�o�u�t�e� �s�e�g�m�e�n�t� 

�i� 

�L�,� �=� �L�e�n�g�t�h� �o�f� �r�o�u�t�e� �s�e�g�m�e�n�t� �i� �(�m�i�)� 

�I�W� �=� �I�m�p�a�c�t� �w�i�d�t�h� �o�f� �a� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l� 

�T�h�e� �c�o�n�s�e�q�u�e�n�c�e� �i�s� �d�i�v�i�d�e�d� �b�y� �l�e�n�g�t�h� �o�f� �s�e�g�m�e�n�t� �i�n� �o�r�d�e�r� �t�o� �a�v�o�i�d� �d�o�u�b�l�e� �c�o�u�n�t�i�n�g�.� 

�T�h�i�s� �w�i�l�l� �b�e� �e�v�i�d�e�n�t� �f�r�o�m� �t�h�e� �e�q�u�a�t�i�o�n� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �a�c�c�i�d�e�n�t�.� 

�T�h�e�r�e� �a�r�e� �t�h�r�e�e� �s�t�e�p�s� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �r�i�s�k� �u�s�i�n�g� �t�h�i�s� �m�o�d�e�l�:� 

�1�.� �D�e�t�e�r�m�i�n�e� �A�c�c�i�d�e�n�t� �P�r�o�b�a�b�i�l�i�t�y� 

�O�V�E�R�V�I�E�W� �O�F� �T�H�E� �R�I�S�K� �M�O�D�E�L� �5�1



�2�.� �D�e�t�e�r�m�i�n�e� �A�c�c�i�d�e�n�t� �C�o�n�s�e�q�u�e�n�c�e� 

�3�.� �C�a�l�c�u�l�a�t�e� �R�i�s�k�.� 

�4�.�1�.�1� �D�e�t�e�r�m�i�n�e� �A�c�c�i�d�e�n�t� �P�r�o�b�a�b�i�l�i�t�y� 

�T�h�e� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �a� �h�a�z�m�a�t� �i�n�c�i�d�e�n�t� �i�s� �c�a�l�c�u�l�a�t�e�d� �w�i�t�h� �t�h�e� �f�o�l�l�o�w�i�n�g� �e�q�u�a�t�i�o�n� �:� 

�P�(�R�)�,� �=� �T�A�R�,� �x� �P�(�R�/�A�)�,� �x� �L�,� �(�4�.�3�)� 

�w�h�e�r�e� 

�P�(�R�)�,� �P�r�o�b�a�b�i�l�i�t�y� �o�f� �a�c�c�i�d�e�n�t� �i�n�v�o�l�v�i�n�g� �a� �h�a�z�m�a�t� �r�e�l�e�a�s�e� �f�o�r� �r�o�u�t�e� �s�e�g�m�e�n�t� �i� 

�T�A�R�,� �=� �T�r�u�c�k� �a�c�c�i�d�e�n�t� �r�a�t�e� �(�a�c�c�i�d�e�n�t� �p�e�r� �v�e�h�-�m�i�)� �f�o�r� �r�o�u�t�e� �s�e�g�m�e�n�t� �i� 

�P�(�R�/�A�)�,�;� �=� �P�r�o�b�a�b�i�l�i�t�y� �o�f� �a� �h�a�z�m�a�t� �r�e�l�e�a�s�e� �g�i�v�e�n� �a�n� �a�c�c�i�d�e�n�t� �i�n�v�o�l�v�i�n�g� �a� �h�a�z�m�a�t� 

�c�a�r�r�y�i�n�g� �t�r�u�c�k� �f�o�r� �r�o�u�t�e� �s�e�g�m�e�n�t� �i� 

�L�,�;� �=� �L�e�n�g�t�h� �o�f� �r�o�u�t�e� �s�e�g�m�e�n�t� �i� �(�m�i�)� 

�4�.�1�.�1�.�1� �T�r�u�c�k� �A�c�c�i�d�e�n�t� �R�a�t�e�,� �T�A�R� 

�S�i�n�c�e� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n� �o�f� �T�A�R�;� �p�l�a�y�s� �a� �m�a�j�o�r� �r�o�l�e� �i�n� �d�e�t�e�r�m�i�n�i�n�g� �p�r�o�b�a�b�i�l�i�t�y�,� �i�t� 

�s�h�o�u�l�d� �b�e� �u�n�d�e�r�s�t�o�o�d� �c�l�e�a�r�l�y�.� �T�h�e� �v�a�l�u�e�s� �o�f� �T�A�R�,� �i�s� �b�a�s�e�d� �o�n� �t�h�r�e�e� �d�i�f�f�e�r�e�n�t� �o�p�t�i�o�n�s� 

�d�e�p�e�n�d�i�n�g� �o�n� �d�a�t�a�.� �T�h�e�s�e� �a�r�e�:� 

�®� �H�a�z�m�a�t� �t�r�u�c�k� �a�c�c�i�d�e�n�t�s� 

�e� �=� �=�6�A�l�l� �t�r�u�c�k� �a�c�c�i�d�e�n�t�s� 

�¢� �D�e�f�a�u�l�t� �v�a�l�u�e�.� 

�O�V�E�R�V�I�E�W� �O�F� �T�H�E� �R�I�S�K� �M�O�D�E�L� �5�2



�T�h�e� �r�i�s�k� �o�b�t�a�i�n�e�d� �f�r�o�m� �f�i�r�s�t� �o�p�t�i�o�n� �i�s� �r�e�f�e�r�r�e�d� �t�o� �i�n� �t�h�i�s� �s�t�u�d�y� �a�s� �a�s� �O�b�s�e�r�v�e�d� �R�i�s�k�,� 

�w�h�i�l�e� �t�h�e� �r�i�s�k� �f�r�o�m� �t�h�e� �o�t�h�e�r� �o�p�t�i�o�n�s� �i�s� �P�o�t�e�n�t�i�a�l� �R�i�s�k�.� �T�h�e� �T�A�R� �f�o�r� �t�h�e� �f�i�r�s�t� �t�w�o� 

�o�p�t�i�o�n�s� �c�a�n� �b�e� �o�b�t�a�i�n�e�d� �u�s�i�n�g� �t�h�e� �f�o�l�l�o�w�i�n�g� �e�q�u�a�t�i�o�n�:� 

�N�u�m�b�e�r� �o�f� �a�c�c�i�d�e�n�t�,� 
�T�A�R�i� �=� �A�D�T�,� �x� �%� �T�r�u�c�k� �&� �3�6�5� �x� �y�e�a�r�s� �x� �L�,� 
� � �(�4�.�4�)� 

�w�h�e�r�e� 

�T�A�R�;� �=� �T�r�u�c�k� �a�c�c�i�d�e�n�t� �r�a�t�e� �(�a�c�c�i�d�e�n�t� �p�e�r� �v�e�h�-�m�i�)� �f�o�r� �s�e�g�m�e�n�t� �i� 

�N�u�m�b�e�r� �o�f� �a�c�c�i�d�e�n�t�;� �=� �N�u�m�b�e�r� �o�f� �a�c�c�i�d�e�n�t�s� �i�n� �c�h�o�s�e�n� �o�p�t�i�o�n� �f�o�r� �s�e�g�m�e�n�t� �i� 

�T�A�D�T�,� �=� �A�v�e�r�a�g�e� �d�a�i�l�y� �t�r�u�c�k� �t�r�a�f�f�i�c� �o�n� �s�e�g�m�e�n�t� �i� �(�v�e�h�/�d�a�y�)� 

�%� �T�r�u�c�k� �=� �P�e�r�c�e�n�t� �o�f� �t�r�u�c�k� �f�l�o�w� �s�e�g�m�e�n�t� �i� �(�I�f� �a�l�l� �t�r�u�c�k� �o�p�t�i�o�n� �i�s� �c�o�n�s�i�d�e�r�e�d�,� �t�h�e� 

�v�a�l�u�e� �i�s� �1�)� 

�Y�e�a�r�s� �=� �D�u�r�a�t�i�o�n� �o�f� �s�t�u�d�y� �p�e�r�i�o�d� 

�L�,�.�L�e�n�g�t�h� �o�f� �s�e�g�m�e�n�t� �i� �(�m�i�)� 

�T�h�e� �l�a�s�t� �o�p�t�i�o�n�,� �d�e�f�a�u�l�t� �v�a�l�u�e� �i�s� �b�a�s�e�d� �o�n� �e�x�i�s�t�i�n�g� �d�a�t�a� �a�t� �t�h�e� �n�a�t�i�o�n�a�l� �l�e�v�e�l� �s�t�r�a�t�i�f�i�e�d� 

�b�y� �a�r�e�a� �t�y�p�e� �a�n�d� �h�i�g�h�w�a�y� �t�y�p�e�.� �T�h�e� �a�r�e�a� �t�y�p�e� �a�n�d� �h�i�g�h�w�a�y� �t�y�p�e� �f�o�r� �t�h�e�s�e� �d�e�f�a�u�l�t� 

�v�a�l�u�e�s� �w�i�l�l� �b�e� �d�i�v�i�d�e�d� �i�n�t�o� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�a�t�e�g�o�r�i�e�s�.� 

�e� �R�u�r�a�l� �f�r�e�e�w�a�y�s� 

�e� �R�u�r�a�l� �d�i�v�i�d�e�d� �h�i�g�h�w�a�y�s� 

�e� �=�§�6�©�R�u�r�a�l� �t�w�o� �l�a�n�e� �t�w�o� �w�a�y� �h�i�g�h�w�a�y�s� �(�R�u�r�a�l� �u�n�d�i�v�i�d�e�d� �h�i�g�h�w�a�y�)� 

�e� �U�r�b�a�n� �f�r�e�e�w�a�y�s� 

�e� �U�r�b�a�n� �a�r�t�e�r�i�a�l� �s�t�r�e�e�t�s� 

�O�V�E�R�V�I�E�W� �O�F� �T�H�E� �R�I�S�K� �M�O�D�E�L� �5�3



�4�.�1�.�1�.�2� �P�r�o�b�a�b�i�l�i�t�y� �o�f� �R�e�l�e�a�s�e�,� �P�(�R�I�A�)� 

�T�h�e� �s�e�c�o�n�d� �t�e�r�m�,� �P�(�R�/� �A�)�,� �f�o�r� �d�i�f�f�e�r�e�n�t� �a�r�e�a� �t�y�p�e� �a�n�d� �h�i�g�h�w�a�y� �t�y�p�e� �w�i�l�l� �b�e� 

�a�d�a�p�t�e�d� �f�r�o�m� �t�h�e� �n�a�t�i�o�n�a�l� �d�e�f�a�u�l�t� �v�a�l�u�e�s� �d�e�v�e�l�o�p�e�d� �b�y� �M�R�I� �[�1�1�]�.� �T�h�i�s� �i�s� �a�c�c�e�p�t�a�b�l�e� 

�s�i�n�c�e� �t�h�e� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �a� �h�a�z�m�a�t� �r�e�l�e�a�s�e� �f�o�r� �a� �s�p�e�c�i�f�i�c� �h�i�g�h�w�a�y� �a�n�d� �a�r�e�a� �t�y�p�e� �i�s� 

�a�s�s�u�m�e�d� �t�o� �b�e� �n�o�t� �d�e�p�e�n�d�e�n�t� �o�n� �s�i�t�e�-�s�p�e�c�i�f�i�c� �r�o�u�t�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� �M�o�r�e�o�v�e�r�,� �d�a�t�a� 

�f�o�r� �o�b�t�a�i�n�i�n�g� �t�h�i�s� �v�a�l�u�e� �i�s� �a�v�a�i�l�a�b�l�e� �o�n�l�y� �i�n� �t�h�r�e�e� �s�t�a�t�e�s� �i�n� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s�.� �T�h�e� 

�d�e�f�a�u�l�t� �v�a�l�u�e� �o�f� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �r�e�l�e�a�s�e� �f�o�r� �d�i�f�f�e�r�e�n�t� �a�r�e�a� �t�y�p�e�s� �a�n�d� �h�i�g�h�w�a�y� �t�y�p�e�s� �a�r�e� 

�s�h�o�w�n� �i�n� �T�a�b�l�e� �4�.�1�.� 

�4�.�1�.�1�.�3� �L�e�n�g�t�h�,� �L� 

�T�h�e� �l�e�n�g�t�h� �o�f� �s�e�g�m�e�n�t� �i�s� �c�o�n�s�i�d�e�r�e�d� �b�e�c�a�u�s�e� �o�f� �i�t�s� �d�i�r�e�c�t� �r�e�l�e�v�a�n�c�e� �t�o� �t�h�e� 

�e�x�p�o�s�u�r�e� �o�f� �v�e�h�i�c�l�e�s� �t�o� �r�i�s�k� �o�f� �a�c�c�i�d�e�n�t�s�.� �I�f� �a� �s�e�g�m�e�n�t� �i�s� �t�w�i�c�e� �a�s� �l�o�n�g�e�r� �t�h�a�n� �t�h�e� 

�o�t�h�e�r� �s�e�g�m�e�n�t�,� �t�h�e�n� �t�h�e� �r�i�s�k� �i�s� �t�w�i�c�e� �o�n� �t�h�e� �l�o�n�g�e�r� �s�e�g�m�e�n�t� �g�i�v�e�n� �t�h�e� �o�t�h�e�r� 

�c�o�n�d�i�t�i�o�n�s� �a�r�e� �s�a�m�e�.� 

�A�t� �t�h�i�s� �j�u�n�c�t�u�r�e�,� �a� �h�i�g�h�l�y�-�r�e�l�i�a�b�l�e� �h�i�s�t�o�r�i�c�a�l� �d�a�t�a� �f�o�r� �s�p�e�c�i�f�i�c� �r�o�u�t�e� �c�a�n� �b�e� �u�s�e�d�.� 

�H�o�w�e�v�e�r�,� �a�n� �o�p�t�i�o�n� �i�s� �a�v�a�i�l�a�b�l�e� �t�o� �t�h�e� �u�s�e�r� �t�o� �c�h�e�c�k� �t�h�e� �s�i�g�n�i�f�i�c�a�n�c�e� �o�f� �t�h�e� �d�a�t�a� �b�y� �a� 

�s�i�m�p�l�e� �C�h�i�-�s�q�u�a�r�e�d� �t�e�x�t�.� �S�o�,� �t�h�e� �u�s�e�r�s� �h�a�v�e� �t�h�r�e�e� �o�p�t�i�o�n�s� �t�o� �p�e�r�f�o�r�m� �t�h�e� �p�r�o�b�a�b�i�l�i�t�y�.� 

�1�.� �U�s�e� �s�i�t�e�-�s�p�e�c�i�f�i�c� �a�c�c�u�m�u�l�a�t�i�v�e� �h�i�s�t�o�r�i�c�a�l� �v�a�l�u�e� �(�o�p�t�i�o�n�s� �1� �&� �2� �i�n� �T�A�R�)� 

�2�.� �U�s�e� �s�i�t�e�-�s�p�e�c�i�f�i�c� �d�e�f�a�u�l�t� �v�a�l�u�e� 

�3�.� �U�s�e� �C�h�i�-�s�q�u�a�r�e�d� �m�e�t�h�o�d� �t�o� �s�e�l�e�c�t� �o�n�e� �o�f� �t�h�e� �t�w�o� �o�p�t�i�o�n�s�.� 

�B�e�f�o�r�e� �u�s�i�n�g� �s�p�e�c�i�f�i�c� �d�a�t�a� �i�t� �s�h�o�u�l�d� �b�e� �t�e�s�t�e�d� �b�y� �C�h�i�-�s�q�u�a�r�e�d� �t�e�s�t�.� �I�f� �n�o�t� �s�t�a�t�i�s�t�i�c�a�l�l�y� 

�v�a�l�i�d�,� �d�e�f�a�u�l�t� �s�h�o�u�l�d� �b�e� �u�s�e�d�.� �H�o�w�e�v�e�r�,� �i�t� �i�s� �n�o�t� �r�e�c�o�m�m�e�n�d�e�d� �t�o� �u�s�e� �d�e�f�a�u�l�t� �v�a�l�u�e�s� 

�O�V�E�R�V�I�E�W� �O�F� �T�H�E� �R�I�S�K� �M�O�D�E�L� �5�4



� � 

�T�a�b�l�e� �4�.�1� 

�P�R�O�B�A�B�I�L�I�T�Y� �O�F� �R�E�L�E�A�S�E� �B�A�S�E�D� �O�N� �A�R�E�A� �T�Y�P�E� 
�A�N�D� �H�I�G�H�W�A�Y� �T�Y�P�E� 

�H�i�g�h�w�a�y� �&� �A�r�e�a� �T�y�p�e� �P�(�R�/�A�)� 

�U�r�b�a�n� �F�r�e�e�w�a�y� �0�.�0�6�2� 

�U�r�b�a�n� �A�r�t�e�r�i�a�l� �H�i�g�h�w�a�y� �0�.�0�5�9� 

�R�u�r�a�l� �F�r�e�e�w�a�y� �0�.�0�9� 

�R�u�r�a�l� �D�i�v�i�d�e�d� �H�i�g�h�w�a�y� �0�.�0�8�2� 

�R�u�r�a�l� �T�w�o�-�w�a�y� �T�w�o�-�l�a�n�e� �0�.�0�8�6� 

�H�i�g�h�w�a�y� � � � � 
� � 

�S�o�u�r�c�e�:� �H�a�r�w�o�o�d�,� �D�.�W�.�,� �a�n�d� �E�.�R�.� �R�u�s�s�e�l�l�,�  ��P�r�e�s�e�n�t� �P�r�a�c�t�i�c�e�s� �o�f� �H�i�g�h�w�a�y� �T�r�a�n�s�p�o�r�-� 

�t�a�t�i�o�n� �o�f� �H�a�z�a�r�d�o�u�s� �M�a�t�e�r�i�a�l�s�,� �M�i�d�w�e�s�t� �R�e� 

�O�V�E�R�V�I�E�W� �O�F� �T�H�E� �R�I�S�K� �M�O�D�E�L� �5�5



�w�i�t�h�o�u�t� �t�a�k�i�n�g� �h�i�s�t�o�r�i�c�a�l� �d�a�t�a� �i�n�t�o� �c�o�n�s�i�d�e�r�a�t�i�o�n�.� �T�h�e� �t�h�i�r�d� �o�p�t�i�o�n� �m�a�y� �b�e� �t�h�e� �m�o�s�t� 

�r�e�a�s�o�n�a�b�l�e� �a�p�p�r�o�a�c�h� �a�t� �t�h�i�s� �s�t�a�g�e�.� �I�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t� �a�s� �t�h�e� �d�u�r�a�t�i�o�n� �o�f� �a�c�c�i�d�e�n�t� 

�r�e�c�o�r�d� �i�n�c�r�e�a�s�e�s�,� �s�i�t�e�-�s�p�e�c�i�f�i�c� �c�u�m�u�l�a�t�i�v�e�,� �h�i�s�t�o�r�i�c�a�l� �d�a�t�a� �w�i�l�l� �b�e�c�o�m�e� �m�o�r�e� �r�e�l�i�a�b�l�e�.� 

�H�o�w�e�v�e�r�,� �a� �C�h�i�-�s�q�u�a�r�e�d� �t�e�s�t� �s�h�o�u�l�d� �a�l�w�a�y�s� �b�e� �c�o�n�d�u�c�t�e�d�.� 

�T�h�e� �p�r�o�c�e�d�u�r�e� �o�f� �u�s�i�n�g� �a� �h�i�s�t�o�r�i�c�a�l� �d�a�t�a� �a�n�d� �i�t�s� �v�a�l�i�d�i�t�y� �w�i�t�h� �C�h�i�-�s�q�u�a�r�e�d� �t�e�s�t� �a�s� 

�d�e�v�e�l�o�p�e�d� �b�y� �M�R�I� �[�1�1�]� �w�i�l�l� �b�e� �s�u�m�m�a�r�i�z�e�d� �b�e�l�o�w�:� 

�¢� �S�t�e�p� �1�.� �O�b�t�a�i�n� �t�r�u�c�k� �a�c�c�i�d�e�n�t� �d�a�t�a� �f�o�r� �a�s� �l�o�n�g� �a� �t�i�m�e� �p�e�r�i�o�d� �a�s� �p�o�s�s�i�b�l�e� �f�o�r� �a� 

�p�a�r�t�i�c�u�l�a�r� �h�i�g�h�w�a�y� �s�e�g�m�e�n�t�.� �T�h�i�s� �o�b�s�e�r�v�e�d� �a�c�c�i�d�e�n�t� �f�r�e�q�u�e�n�c�y� �i�s� �r�e�f�e�r�r�e�d� �t�o� �a�s� 

�A�.�.� 

�e� �S�t�e�p� �2�.� �C�o�m�p�u�t�e� �t�h�e� �e�x�p�e�c�t�e�d� �t�r�u�c�k� �a�c�c�i�d�e�n�t� �f�r�e�q�u�e�n�c�y� �f�o�r� �t�h�a�t� �s�a�m�e� �t�i�m�e� �p�e�r�i�o�d� 

�u�s�i�n�g� �d�e�f�a�u�l�t� �r�a�t�e�s�.� �T�h�e� �e�x�p�e�c�t�e�d� �t�r�u�c�k� �a�c�c�i�d�e�n�t� �f�r�e�q�u�e�n�c�y� �c�a�n� �b�e� �c�o�m�p�u�t�e�d� �a�s�:� 

�A�,� �=� �T�A�R� �x� �T�A�D�T� �x� �L� �x� �3�6�5� �x� �N� �(�4�.�5�)� 

�w�h�e�r�e� 

�A�,� �=� �e�x�p�e�c�t�e�d� �t�r�u�c�k� �a�c�c�i�d�e�n�t� �f�r�e�q�u�e�n�c�y� 

�T�A�R� �=� �e�x�p�e�c�t�e�d� �t�r�u�c�k� �a�c�c�i�d�e�n�t� �r�a�t�e� �b�a�s�e�d� �o�n� �d�e�f�a�u�l�t� �v�a�l�u�e�s� �i�n� �T�a�b�l�e� �4�.�1� �(�#� 

�a�c�c�i�d�e�n�t�s� �p�e�r� �v�e�h�-�m�i�)� 

�T�A�D�T� �=� �a�v�e�r�a�g�e� �d�a�i�l�y� �t�r�u�c�k� �t�r�a�f�f�i�c� �(�v�e�h�/�d�a�y�)� 

�L� �=� �l�e�n�g�t�h� �o�f� �h�i�g�h�w�a�y� �s�e�g�m�e�n�t� �(�m�i�)� 

�N� �=� �d�u�r�a�t�i�o�n� �o�f� �s�t�u�d�y� �p�e�r�i�o�d� �(�y�r�)� 

�e� �S�t�e�p� �3�.� �I�f� �A�,� �i�s� �l�e�s�s� �t�h�a�n� �5�,� �t�h�e� �C�h�i�-�s�q�u�a�r�e�d� �t�e�s�t� �i�s� �n�o�t� �a�p�p�l�i�c�a�b�l�e�.� �S�o�,� �t�h�e� �d�e�f�a�u�l�t� 

�o�r� �t�h�e� �s�i�t�e�-�s�p�e�c�i�f�i�c� �v�a�l�u�e� �w�h�i�c�h�e�v�e�r� �i�s� �g�r�e�a�t�e�r�,� �s�h�o�u�l�d� �b�e� �u�s�e�d�.� �I�f� �A�,� �i�s� �g�r�e�a�t�e�r� 

�t�h�a�n� �o�r� �e�q�u�a�l� �t�o� �5�,� �c�o�m�p�u�t�e� �C�h�i�-�s�q�u�a�r�e�d� �s�t�a�t�i�s�t�i�c�s� �a�s� �f�o�l�l�o�w�s�:� 

�(�A�,� �~� �A�)� 
�2� �x� �=� �A�,� �(�4�.�6�)� 

�O�V�E�R�V�I�E�W� �O�F� �T�H�E� �R�I�S�K� �M�O�D�E�L� �5�6



�I�f� �X�?� �i�s� �l�e�s�s� �t�h�a�n� �o�r� �e�q�u�a�l� �t�o� �4�,� �t�h�e�n� �t�h�e�r�e� �i�s� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� 

�t�h�e� �e�x�p�e�c�t�e�d� �a�n�d� �o�b�s�e�r�v�e�d� �a�c�c�i�d�e�n�t� �f�r�e�q�u�e�n�c�y� �a�t� �t�h�e� �5�%� �s�i�g�n�i�f�i�c�a�n�c�e� �l�e�v�e�l�.� 

�H�e�r�e�,� �d�e�f�a�u�l�t� �a�c�c�i�d�e�n�t� �r�a�t�e�s� �s�h�o�u�l�d� �b�e� �p�r�e�f�e�r�r�e�d� �a�s� �i�t� �i�s� �b�a�s�e�d� �o�n� �a� �l�a�r�g�e�r� �s�a�m�p�l�e�.� 

�l�f� �X�?� �i�s� �g�r�e�a�t�e�r� �t�h�a�n� �4�,� �t�h�e�n� �t�h�e� �d�e�f�a�u�l�t� �a�n�d� �o�b�s�e�r�v�e�d� �v�a�l�u�e�s� �d�i�f�f�e�r� �s�i�g�n�i�f�i�c�a�n�t�l�y�.� 

�I�f� �t�h�e� �s�i�t�e�-�s�p�e�c�i�f�i�c� �a�c�c�i�d�e�n�t� �r�a�t�e� �i�s� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� �d�e�f�a�u�l�t� �a�c�c�i�d�e�n�t� �r�a�t�e�,� �t�h�e�n� �u�s�e� 

�s�i�t�e�-�s�p�e�c�i�f�i�c� �r�a�t�e� �o�r� �v�i�c�e�-�v�e�r�s�a�.� 

�4�.�1�.�2� �D�e�t�e�r�m�i�n�e� �C�o�n�s�e�q�u�e�n�c�e� 

�I�d�e�a�l�l�y�,� �c�o�n�s�e�q�u�e�n�c�e�s� �w�o�u�l�d� �m�e�a�n� �p�e�r�s�o�n�s� �k�i�l�l�e�d�,� �p�e�r�s�o�n�s� �i�n�j�u�r�e�d�,� �p�r�o�p�e�r�t�y� 

�d�a�m�a�g�e� �e�t�c�.� �H�o�w�e�v�e�r�,� �p�r�e�d�i�c�t�i�n�g� �d�e�t�a�i�l�e�d�,� �s�p�e�c�i�f�i�c� �c�o�n�s�e�q�u�e�n�c�e�s� �o�f� �t�h�i�s� �n�a�t�u�r�e� �i�s� 

�n�o�t� �p�r�a�c�t�i�c�a�l� �w�i�t�h� �t�h�e� �c�u�r�r�e�n�t� �m�o�d�e�l�l�i�n�g� �a�p�p�r�o�a�c�h� �a�n�d� �r�e�q�u�i�r�e�s� �s�e�v�e�r�a�l� �a�s�s�u�m�p�t�i�o�n�s� 

�t�h�a�t� �a�r�e� �o�p�e�n� �t�o� �c�r�i�t�i�c�i�s�m�.� �H�e�n�c�e�,� �c�o�n�s�e�q�u�e�n�c�e� �i�s� �m�e�a�s�u�r�e�d� �i�n� �t�e�r�m�s� �o�f� �p�e�r�s�o�n�s�,� 

�p�r�o�p�e�r�t�y� �e�t�c�.� �e�x�p�o�s�e�d� �t�o� �t�h�e� �r�e�l�e�a�s�e�.� 

�I�n� �m�o�s�t� �c�a�s�e�s�,� �g�o�v�e�r�n�m�e�n�t� �o�f�f�i�c�i�a�l�s� �a�r�e� �m�a�i�n�l�y� �c�o�n�c�e�r�n�e�d� �w�i�t�h� �p�o�p�u�l�a�t�i�o�n� 

�e�x�p�o�s�u�r�e� �a�n�d� �p�r�o�p�e�r�t�y� �e�x�p�o�s�u�r�e�.� �I�n� �t�h�i�s� �s�t�u�d�y�,� �p�o�p�u�l�a�t�i�o�n� �e�x�p�o�s�u�r�e� �i�s� �d�i�v�i�d�e�d� �i�n�t�o� 

�r�e�s�i�d�e�n�t�i�a�l� �p�o�p�u�l�a�t�i�o�n� �a�n�d� �e�m�p�l�o�y�m�e�n�t� �p�o�p�u�l�a�t�i�o�n�.� �A�l�s�o� �i�n�c�l�u�d�e�d� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h� �a�r�e� 

�e�n�v�i�r�o�n�m�e�n�t�a�l� �e�x�p�o�s�u�r�e� �a�n�d� �s�p�e�c�i�a�l� �f�a�c�i�l�i�t�y� �e�x�p�o�s�u�r�e�.� 

�T�h�e�r�e�f�o�r�e�,� �f�i�v�e� �d�i�f�f�e�r�e�n�t� �c�o�n�s�e�q�u�e�n�c�e�s� �a�r�e� �c�o�n�s�i�d�e�r�e�d�:� 

�e� �R�e�s�i�d�e�n�t�i�a�l� �p�o�p�u�l�a�t�i�o�n� �e�x�p�o�s�u�r�e� 

�¢� �E�m�p�l�o�y�m�e�n�t� �p�o�p�u�l�a�t�i�o�n� �e�x�p�o�s�u�r�e� 

�e� �P�r�o�p�e�r�t�y� �e�x�p�o�s�u�r�e� 

�e� �E�n�v�i�r�o�n�m�e�n�t� �e�x�p�o�s�u�r�e� 

�e� �S�p�e�c�i�a�l� �f�a�c�i�l�i�t�y� �e�x�p�o�s�u�r�e� 
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�E�a�c�h� �o�f� �f�i�v�e� �d�i�f�f�e�r�e�n�t� �e�x�p�o�s�u�r�e�s� �c�a�n� �b�e� �e�s�t�i�m�a�t�e�d� �s�e�p�a�r�a�t�e�l�y�.� �H�o�w�e�v�e�r�,� �t�h�e� �g�e�n�e�r�a�l� 

�e�x�p�o�s�u�r�e�,� �c�o�n�s�i�d�e�r�i�n�g� �a�l�l� �e�x�p�o�s�u�r�e�s�,� �c�a�n� �b�e� �e�s�t�i�m�a�t�e�d� �u�s�i�n�g� �w�e�i�g�h�t�e�d� �v�a�l�u�e�s�,� 

�d�e�f�i�n�e�d� �b�y� �t�h�e� �u�s�e�r�.� �T�h�e� �p�r�o�c�e�d�u�r�e� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �p�o�p�u�l�a�t�i�o�n� �e�x�p�o�s�u�r�e� �i�s� 

�p�r�e�s�e�n�t�e�d� �h�e�r�e� �a�s� �a�n� �e�x�a�m�p�l�e�.� 

�4�.�1�.�2�.�1� �R�e�s�i�d�e�n�t�i�a�l� �a�n�d� �E�m�p�l�o�y�m�e�n�t� �P�o�p�u�l�a�t�i�o�n� �E�x�p�o�s�u�r�e� 

�T�h�e� �p�o�p�u�l�a�t�i�o�n� �p�o�t�e�n�t�i�a�l�l�y� �e�x�p�o�s�e�d� �t�o� �a� �r�e�l�e�a�s�e� �c�a�n� �b�e� �e�s�t�i�m�a�t�e�d� �o�n� �t�h�e� �b�a�s�i�s� 

�o�f� �r�e�s�i�d�e�n�t�i�a�l� �p�o�p�u�l�a�t�i�o�n�,� �e�m�p�l�o�y�m�e�n�t� �p�o�p�u�l�a�t�i�o�n�,� �m�o�t�o�r�i�s�t�,� �o�r� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �t�h�e� 

�t�h�r�e�e�.� �T�h�e� �b�a�s�i�c� �a�s�s�u�m�p�t�i�o�n� �i�s� �t�h�a�t� �t�h�e� �p�e�r�s�o�n�a�l� �i�n�j�u�r�y� �c�o�n�s�e�q�u�e�n�c�e�s� �o�f� �a� �h�a�z�m�a�t� 

�r�e�l�e�a�s�e� �a�r�e� �p�r�o�p�o�r�t�i�o�n�a�l� �t�o� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �p�o�t�e�n�t�i�a�l�l�y� �e�x�p�o�s�e�d� �t�o� �a� �r�e�l�e�a�s�e�.� �T�h�e� �s�t�e�p�s� 

�i�n� �d�e�t�e�r�m�i�n�i�n�g� �e�x�p�o�s�e�d� �r�e�s�i�d�e�n�t�i�a�l� �p�o�p�u�l�a�t�i�o�n� �a�r�e� �l�i�s�t�e�d� �b�e�l�o�w�:� 

�1�.� �D�e�l�i�n�e�a�t�e� �t�h�e� �p�o�t�e�n�t�i�a�l� �i�m�p�a�c�t� �z�o�n�e� �o�n� �c�e�n�s�u�s� �t�r�a�c�t� �m�a�p�s� �t�h�a�t� �i�n�c�l�u�d�e� �t�h�e� �a�r�e�a� 

�a�r�o�u�n�d� �t�h�e� �r�o�u�t�e� �s�e�g�m�e�n�t� �i�n� �q�u�e�s�t�i�o�n�.� �T�h�e� �e�x�t�e�n�t� �o�f� �t�h�e� �p�o�t�e�n�t�i�a�l� �i�m�p�a�c�t� �z�o�n�e�s� 

�i�s� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �c�l�a�s�s� �o�f� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�.� 

�2�.� �D�e�t�e�r�m�i�n�e� �t�h�e� �p�o�r�t�i�o�n� �o�f� �e�a�c�h� �c�e�n�s�u�s� �t�r�a�c�t� �l�o�c�a�t�e�d� �w�i�t�h�i�n� �t�h�e� �i�m�p�a�c�t� �z�o�n�e�.� 

�3�.� �M�u�l�t�i�p�l�y� �t�h�e� �c�e�n�s�u�s� �t�r�a�c�t� �p�o�p�u�l�a�t�i�o�n� �b�y� �t�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �t�h�e� �c�e�n�s�u�s� �t�r�a�c�t� �w�i�t�h�i�n� 

�t�h�e� �i�m�p�a�c�t� �z�o�n�e�.� 

�4�.� �S�u�m� �t�h�e� �e�x�p�o�s�e�d� �p�o�p�u�l�a�t�i�o�n�s� �f�o�r� �a�l�l� �c�e�n�s�u�s� �t�r�a�c�t�s� �a�l�o�n�g� �t�h�e� �r�o�u�t�e� �s�e�g�m�e�n�t�.� 

�4�.�1�.�3� �D�e�t�e�r�m�i�n�e� �R�i�s�k�s� 

�A�s� �d�e�f�i�n�e�d� �e�a�r�l�i�e�r�,� �r�i�s�k� �i�s� �a� �p�r�o�d�u�c�t� �o�f� �t�h�e� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �a� �h�a�z�m�a�t� �a�c�c�i�d�e�n�t� �a�n�d� 

�c�o�n�s�e�q�u�e�n�c�e� �o�f� �a�c�c�i�d�e�n�t� �a�n�d� �c�a�n� �b�e� �o�b�t�a�i�n�e�d� �u�s�i�n�g� �e�q�u�a�t�i�o�n� �4�.�2�.� �T�h�e� �c�o�n�s�e�q�u�e�n�c�e� 

�O�V�E�R�V�I�E�W� �O�F� �T�H�E� �R�I�S�K� �M�O�D�E�L� �5�8



�i�n� �t�h�e� �e�q�u�a�t�i�o�n� �c�a�n� �b�e� �r�e�p�l�a�c�e�d� �b�y� �t�h�e� �r�e�q�u�i�r�e�d� �t�y�p�e� �o�f� �e�x�p�o�s�u�r�e� �t�o� �o�b�t�a�i�n� �t�h�e� �v�a�l�u�e� 

�o�f� �t�h�a�t� �t�y�p�e� �o�f� �r�i�s�k�.� 

�4�,�2� �R�e�s�p�o�n�s�e� �C�a�p�a�b�i�l�i�t�y� 

�R�e�s�p�o�n�s�e� �c�a�n� �b�e� �t�r�e�a�t�e�d� �a�s� �a� �s�u�b�j�e�c�t�i�v�e� �f�a�c�t�o�r� �i�n� �p�e�r�f�o�r�m�i�n�g� �v�u�l�n�e�r�a�b�i�l�i�t�y� 

�e�v�a�l�u�a�t�i�o�n�.� �H�o�w�e�v�e�r�,� �t�h�i�s� �v�a�l�u�e� �i�s� �n�o�t� �c�o�n�s�i�d�e�r�e�d� �i�n� �t�h�e� �m�a�t�h�e�m�a�t�i�c�a�l� �f�o�r�m�u�l�a�t�i�o�n� 

�w�i�t�h� �r�i�s�k� �t�o� �p�r�o�d�u�c�e� �a� �v�u�l�n�e�r�a�b�i�l�i�t�y� �v�a�l�u�e� �s�i�n�c�e� �t�h�e� �r�e�s�u�l�t� �m�i�g�h�t� �m�i�s�g�u�i�d�e� �u�s�e�r� �i�f� 

�h�e�/�s�h�e� �r�e�l�i�e�s� �o�n� �t�h�e� �n�u�m�b�e�r� �i�t�s�e�l�f�.� 

�T�h�e� �r�e�s�p�o�n�s�e� �c�a�n� �b�e� �c�l�a�s�s�i�f�i�e�d� �i�n�t�o� �t�h�r�e�e� �d�i�f�f�e�r�e�n�t� �e�l�e�m�e�n�t�s� �a�s� �f�o�l�l�o�w�s�:� 

�1�.� �T�h�e� �n�u�m�b�e�r� �o�f� �f�i�r�e� �c�o�m�p�a�n�i�e�s� �t�r�a�i�n�e�d� �a�n�d� �e�q�u�i�p�p�e�d� �f�o�r� �r�e�s�p�o�n�d�i�n�g� �t�o� �a� �h�a�z�m�a�t� 

�a�c�c�i�d�e�n�t� 

�2�.� �T�h�e� �n�u�m�b�e�r� �o�f� �p�o�l�i�c�e� �c�a�r�s� 

�3�.� �T�h�e� �n�u�m�b�e�r� �o�f� �a�m�b�u�l�a�n�c�e�s� 

�A�n�o�t�h�e�r� �f�a�c�t�o�r� �w�h�i�c�h� �i�s� �i�m�p�o�r�t�a�n�t� �i�n� �r�e�s�p�o�n�s�e� �i�s� �t�h�e� �t�i�m�e� �t�a�k�e�n� �t�o� �r�e�s�p�o�n�d�.� �T�h�e�s�e� 

�d�a�t�a� �a�r�e� �c�o�m�p�i�l�e�d� �f�o�r� �a�l�l� �t�h�e� �c�o�u�n�t�i�e�s� �c�o�n�s�i�d�e�r�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �a�n�d� �a�t�t�a�c�h�e�d� �t�o� �t�h�e� 

�r�e�s�u�l�t�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �r�i�s�k� �a�n�a�l�y�s�i�s�.� 

�H�i�g�h� �r�i�s�k� �s�e�g�m�e�n�t�s� �a�r�e� �i�d�e�n�t�i�f�i�e�d� �t�h�r�o�u�g�h� �r�i�s�k� �a�n�a�l�y�s�i�s� �a�n�d� �t�h�e�n� �a�n�a�l�y�z�e�d� �t�o� 

�d�e�c�i�d�e� �o�n� �m�i�t�i�g�a�t�i�o�n� �m�e�a�s�u�r�e�s�.� �T�h�i�s� �i�s� �t�h�e� �o�b�j�e�c�t�i�v�e� �o�f� �t�h�e� �n�e�x�t� �s�e�c�t�i�o�n� �o�f� �t�h�e� �r�e�p�o�r�t� 

 ��D�e�v�e�l�o�p�m�e�n�t� �o�f� �M�i�t�i�g�a�t�i�o�n� �M�e�a�s�u�r�e�s ��.� �I�t� �u�s�e�s� �t�h�e� �s�a�m�e� �i�d�e�o�l�o�g�y� �i�.�e�.�,� �r�i�s�k� �i�s� �m�a�d�e� 

�u�p� �o�f� �p�r�o�b�a�b�i�l�i�t�y� �a�n�d� �c�o�n�s�e�q�u�e�n�c�e� �.� �H�o�w�e�v�e�r�,� �b�e�c�a�u�s�e� �o�f� �t�h�e� �c�o�m�p�l�e�x� �n�a�t�u�r�e� �o�f� �t�h�e� 

�h�a�z�m�a�t� �a�c�c�i�d�e�n�t� �a�n�d� �t�h�e� �v�a�r�i�o�u�s� �p�o�s�s�i�b�l�e� �c�o�n�s�e�q�u�e�n�c�e�s�,� �i�t� �i�s� �d�i�f�f�i�c�u�l�t� �t�o� �o�b�t�a�i�n� �a�n� 

�a�n�a�l�y�t�i�c�a�l� �m�i�t�i�g�a�t�i�o�n� �m�o�d�e�l�.� �T�h�i�s� �i�n�v�o�l�v�e�s� �m�u�c�h� �m�o�r�e� �i�n�t�e�r�a�c�t�i�o�n� �w�i�t�h� �t�h�e� �u�s�e�r� �a�n�d� 
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�u�s�e�r ��s� �c�h�o�i�c�e� �o�f� �t�h�e� �t�y�p�e�s� �o�f� �m�e�a�s�u�r�e�s� �t�o� �b�e� �c�o�n�s�i�d�e�r�e�d�.� �T�h�i�s� �i�s� �b�e�c�a�u�s�e�,� �i�n� �s�o�m�e� 

�c�a�s�e�s� �i�t� �m�a�y� �b�e� �t�h�e�  ��p�r�o�b�a�b�i�l�i�t�y �� �p�a�r�t� �o�f� �t�h�e� �r�i�s�k� �a�n�a�l�y�s�i�s� �w�h�i�c�h� �i�s� �i�m�p�o�r�t�a�n�t� �a�n�d� �i�n� 

�o�t�h�e�r� �c�a�s�e�s� �i�t� �m�a�y� �b�e� �t�h�e� �c�o�n�s�e�q�u�e�n�c�e�.� �T�h�i�s� �i�s� �e�n�t�i�r�e�l�y� �s�i�t�e�-�s�p�e�c�i�f�i�c� �a�n�d� �r�e�q�u�i�r�e�s� �a� 

�g�o�o�d� �k�n�o�w�l�e�d�g�e� �o�f� �t�h�e� �s�e�g�m�e�n�t� �a�n�d� �a�r�e�a� �a�r�o�u�n�d� �i�t�.� �T�h�i�s� �r�e�s�e�a�r�c�h� �a�t�t�e�m�p�t�s� �t�o� �h�e�l�p� 

�t�h�e� �u�s�e�r� �i�n� �t�h�e� �p�r�o�c�e�s�s� �b�y� �p�r�o�v�i�d�i�n�g� �g�u�i�d�e�l�i�n�e�s� �f�o�r� �d�e�v�e�l�o�p�i�n�g� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s�.� 

�M�o�r�e�o�v�e�r�,� �t�h�i�s� �r�e�s�e�a�r�c�h� �i�s� �l�i�m�i�t�e�d� �t�o� �t�h�o�s�e� �s�y�s�t�e�m�s� �w�h�i�c�h� �a�r�e� �a� �d�i�r�e�c�t� �r�e�s�p�o�n�s�i�b�i�l�i�t�y� 

�o�f� �t�h�e� �h�i�g�h�w�a�y� �d�e�p�a�r�t�m�e�n�t�.� �H�e�n�c�e�,� �e�m�e�r�g�e�n�c�y� �r�e�s�p�o�n�s�e� �m�e�a�s�u�r�e�s� �w�e�r�e� �n�o�t� 

�c�o�n�s�i�d�e�r�e�d�.� 
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�5�.�0� �D�E�V�E�L�O�P�M�E�N�T� �O�F� �M�I�T�I�G�A�T�I�O�N� �M�E�A�S�U�R�E�S� 

�5�.�1� �I�n�t�r�o�d�u�c�t�i�o�n� 

�T�h�e� �r�e�s�p�o�n�s�i�b�i�l�i�t�y� �a�n�d� �c�o�s�t� �o�f� �p�r�o�v�i�d�i�n�g� �h�a�z�m�a�t� �s�a�f�e�t�y� �m�e�a�s�u�r�e�s� �h�a�v�e� �a�l�w�a�y�s� 

�b�e�e�n� �s�h�a�r�e�d� �b�y� �a� �p�a�r�t�n�e�r�s�h�i�p� �o�f� �f�e�d�e�r�a�l�,� �s�t�a�t�e�,� �a�n�d� �l�o�c�a�l� �g�o�v�e�r�n�m�e�n�t�s�,� �a�n�d� �i�n�d�u�s�t�r�y�.� 

�A�t� �p�r�e�s�e�n�t�,� �a� �n�u�m�b�e�r� �o�f� �p�r�o�t�e�c�t�i�v�e� �m�e�a�s�u�r�e�s� �i�n� �t�h�e� �f�o�r�m� �o�f� �r�e�g�u�l�a�t�i�o�n�s� �a�r�e� �i�n� �e�f�f�e�c�t� 

�i�n� �o�r�d�e�r� �t�o� �m�a�k�e� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�a�f�e�r�.� �T�h�e�s�e� �i�n�c�l�u�d�e� �s�u�c�h� �t�h�i�n�g�s� 

�a�s� �p�l�a�c�a�r�d�i�n�g�,� �s�p�e�c�i�f�i�c�a�t�i�o�n�s� �o�f� �c�o�n�t�a�i�n�e�r�s�,� �r�e�r�o�u�t�i�n�g� �e�t�c�.� �H�o�w�e�v�e�r�,� �t�h�e�s�e� �a�r�e� �o�n�l�y� �a� 

�f�e�w� �o�f� �t�h�e� �m�a�n�y� �m�e�a�s�u�r�e�s� �n�e�c�e�s�s�a�r�y�.� �I�n� �o�r�d�e�r� �t�o� �r�e�d�u�c�e� �t�h�e� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �h�a�z�m�a�t� 

�a�c�c�i�d�e�n�t�s�,� �t�h�e�r�e� �s�h�o�u�l�d� �b�e� �s�o�m�e� �s�p�e�c�i�a�l� �i�m�p�r�o�v�e�m�e�n�t�s� �o�n� �h�i�g�h�w�a�y�s�.� �M�e�a�s�u�r�e�s� 

�s�h�o�u�l�d� �b�e� �a�v�a�i�l�a�b�l�e� �t�o� �r�e�d�u�c�e� �a�c�c�i�d�e�n�t� �p�r�o�b�a�b�i�l�i�t�y�,� �r�e�d�u�c�e� �a�c�c�i�d�e�n�t� �s�e�v�e�r�i�t�y� �a�n�d�/�o�r� 

�m�i�t�i�g�a�t�e� �s�p�i�l�l� �c�o�n�s�e�q�u�e�n�c�e�s� �a�n�d� �f�a�c�i�l�i�t�a�t�e� �e�m�e�r�g�e�n�c�y� �r�e�s�p�o�n�s�e�.� 

�M�i�t�i�g�a�t�i�o�n� �f�o�l�l�o�w�s� �r�i�s�k� �a�s�s�e�s�s�m�e�n�t� �a�n�d� �r�o�u�t�i�n�g�.� �D�u�r�i�n�g� �t�h�e� �r�i�s�k� �a�n�a�l�y�s�i�s�,� �r�i�s�k�s� �o�n� 

�v�a�r�i�o�u�s� �h�i�g�h�w�a�y� �s�e�g�m�e�n�t�s� �a�r�e� �c�a�l�c�u�l�a�t�e�d� �u�s�i�n�g� �d�e�f�a�u�l�t� �v�a�l�u�e�s� �o�f� �a�c�c�i�d�e�n�t� �r�a�t�e� 

�(�p�o�t�e�n�t�i�a�l� �r�i�s�k�)� �o�r� �h�i�s�t�o�r�i�c�a�l� �a�c�c�i�d�e�n�t� �r�a�t�e� �v�a�l�u�e�s� �(�o�b�s�e�r�v�e�d� �r�i�s�k�)�.� �M�i�t�i�g�a�t�i�o�n� �m�e�a�s�u�r�e�s� 

�s�h�o�u�l�d� �u�s�u�a�l�l�y� �b�e� �c�o�n�s�i�d�e�r�e�d� �b�a�s�e�d� �o�n� �t�h�e� �p�o�t�e�n�t�i�a�l� �r�i�s�k� �v�a�l�u�e� �u�n�l�e�s�s� �t�h�e� �o�b�s�e�r�v�e�d� 

�r�i�s�k� �v�a�l�u�e� �s�t�a�t�i�s�t�i�c�a�l�l�y� �s�i�g�n�i�f�i�c�a�n�t�.� �B�a�s�e�d� �o�n� �t�h�e� �r�i�s�k� �v�a�l�u�e�,� �a�n�d� �t�h�e� �u�s�e�r ��s� �d�e�f�i�n�i�t�i�o�n� 

�o�f�  ��h�i�g�h� �r�i�s�k ��,� �h�e�/�s�h�e� �c�a�n� �s�e�l�e�c�t� �t�h�e� �h�i�g�h�w�a�y� �s�e�g�m�e�n�t� �t�o� �b�e� �c�o�n�s�i�d�e�r�e�d� �f�o�r� �m�i�t�i�g�a�t�i�o�n� 

�o�f� �r�i�s�k�.� �V�a�r�i�o�u�s� �a�l�t�e�r�n�a�t�i�v�e�s� �f�o�r� �t�h�e� �i�m�p�r�o�v�e�m�e�n�t� �o�f� �h�i�g�h�w�a�y� �s�e�g�m�e�n�t� �i�s� �p�r�e�s�e�n�t�e�d�.� 

�T�h�e� �u�s�e�r� �h�a�s� �t�h�e� �o�p�p�o�r�t�u�n�i�t�y� �t�o� �c�h�o�o�s�e� �t�h�e� �m�e�a�s�u�r�e�s� �t�h�a�t� �s�h�o�u�l�d� �b�e� �i�m�p�l�e�m�e�n�t�e�d�.� 

�D�E�V�E�L�O�P�M�E�N�T� �O�F� �M�I�T�I�G�A�T�I�O�N� �M�E�A�S�U�R�E�S� �6�1



�T�h�e� �o�u�t�p�u�t� �o�f� �m�i�t�i�g�a�t�i�o�n� �i�s� �a� �r�e�d�u�c�e�d� �r�i�s�k� �v�a�l�u�e�.� �T�h�e� �f�r�a�m�e�w�o�r�k� �o�f� �t�h�i�s� �t�a�s�k� �i�s� 

�e�x�p�l�a�i�n�e�d� �b�e�l�o�w�.� 

�5�.�2� �F�r�a�m�e�-�w�o�r�k� 

�T�h�i�s� �s�t�u�d�y� �a�t�t�e�m�p�t�e�d� �t�o� �i�d�e�n�t�i�f�y�,� �o�r� �f�l�a�g�,� �p�o�t�e�n�t�i�a�l�l�y� �h�i�g�h� �r�i�s�k� �l�o�c�a�t�i�o�n�s� �d�u�e� �t�o� 

�s�p�i�l�l�s� �o�f� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s�,� �a�n�d� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� �a�l�t�e�r�n�a�t�i�v�e�s� �t�h�a�t� �c�o�u�l�d� �b�e� �d�e�s�i�g�n�e�d� 

�a�n�d� �i�m�p�l�e�m�e�n�t�e�d� �i�n� �o�r�d�e�r� �t�o� �r�e�d�u�c�e� �t�h�e� �r�i�s�k�.� �A�p�p�r�o�p�r�i�a�t�e� �t�y�p�e� �o�f� �r�o�a�d�w�a�y� 

�i�m�p�r�o�v�e�m�e�n�t�s� �f�o�r� �t�h�e� �s�a�f�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �o�f� �h�a�z�m�a�t� �t�r�u�c�k�s�,� �a�n�d� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� 

�t�h�a�t� �m�i�g�h�t� �b�e� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �n�e�w� �o�r� �r�e�c�o�n�s�t�r�u�c�t�e�d� �h�i�g�h�w�a�y� �s�e�g�m�e�n�t�s� �t�o� �m�i�t�i�g�a�t�e� 

�c�o�n�s�e�q�u�e�n�c�e�s�,� �a�r�e� �p�r�e�s�e�n�t�e�d� �f�o�r� �v�a�r�i�o�u�s� �g�e�n�e�r�a�l�i�z�e�d� �s�c�e�n�a�r�i�o�s�.� 

�T�h�u�s� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �m�i�t�i�g�a�t�i�o�n� �m�e�a�s�u�r�e�s� �i�s� �i�n� �t�w�o� �s�t�a�g�e�s�:� 

�1�.� �R�o�a�d�w�a�y� �i�m�p�r�o�v�e�m�e�n�t�s� �t�o� �i�n�c�r�e�a�s�e� �t�r�u�c�k� �s�a�f�e�t�y� 

�2�.� �P�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� �t�o� �r�e�d�u�c�e� �r�i�s�k� �d�u�e� �t�o� �s�p�i�l�l�s� �o�f� �h�a�z�m�a�t� �i�n� �e�x�t�r�e�m�e�l�y� �h�i�g�h� �r�i�s�k� 

�s�i�t�u�a�t�i�o�n�s� �o�r� �t�o� �m�i�t�i�g�a�t�e� �p�o�t�e�n�t�i�a�l�l�y� �c�a�t�a�s�t�r�o�p�h�i�c� �c�o�n�s�e�q�u�e�n�c�e�s�.� 

�T�h�e� �f�i�r�s�t� �p�a�r�t� �r�e�f�e�r�s� �t�o� �m�e�a�s�u�r�e�s� �w�h�i�c�h� �i�n�v�o�l�v�e� �r�e�d�u�c�t�i�o�n� �o�f� �t�r�u�c�k� �a�c�c�i�d�e�n�t�s�.� �T�h�i�s� 

�t�y�p�e� �o�f� �m�i�t�i�g�a�t�i�o�n� �i�s� �i�m�p�o�r�t�a�n�t� �i�n� �a�r�e�a�s� �w�h�e�r�e� �a�c�c�i�d�e�n�t�s� �o�c�c�u�r� �f�r�e�q�u�e�n�t�l�y� �a�n�d� �c�a�n� �b�e� 

�a�t�t�r�i�b�u�t�e�d� �t�o� �h�i�g�h�w�a�y� �g�e�o�m�e�t�r�i�c� �e�l�e�m�e�n�t�s�.� �D�u�r�i�n�g� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �H�a�z�a�r�d�o�u�s� 

�M�a�t�e�r�i�a�l�s� �I�n�c�i�d�e�n�t� �R�e�p�o�r�t� �(�H�M�I�R�)� �d�a�t�a�,� �i�t� �w�a�s� �f�o�u�n�d� �t�h�a�t� �h�u�m�a�n� �e�r�r�o�r� �i�s� �t�h�e� �m�o�s�t� 

�p�r�e�d�o�m�i�n�a�n�t� �c�a�u�s�e� �o�f� �h�a�z�m�a�t� �a�c�c�i�d�e�n�t�s�.� �H�o�w�e�v�e�r�,� �m�a�r�g�i�n�a�l� �v�e�h�i�c�l�e� �f�a�c�t�o�r�s� 

�c�o�m�b�i�n�e�d� �w�i�t�h� �m�a�r�g�i�n�a�l� �r�o�a�d�w�a�y�,� �e�n�v�i�r�o�n�m�e�n�t�a�l�,� �a�n�d� �h�u�m�a�n� �f�a�c�t�o�r�s�,� �o�f�f�e�n� �c�o�n�t�r�i�b�u�t�e� 

�t�o� �t�h�e� �o�u�t�c�o�m�e� �o�f� �t�h�e� �a�c�c�i�d�e�n�t�s�.� �T�o� �m�i�n�i�m�i�z�e� �t�h�e� �a�c�c�i�d�e�n�t�s� �a�n�d� �t�h�e�i�r� �p�o�t�e�n�t�i�a�l� 

�s�e�v�e�r�i�t�y�,� �f�u�t�u�r�e� �d�e�s�i�g�n� �a�n�d� �m�a�i�n�t�e�n�a�n�c�e� �p�r�o�g�r�a�m�s� �w�i�l�l� �w�a�r�r�a�n�t� �b�r�o�a�d�e�r� �s�h�o�u�l�d�e�r�s�,� 

�f�l�a�t�t�e�r� �s�l�o�p�e�s�,� �l�o�n�g�i�t�u�d�i�n�a�l� �c�e�n�t�e�r� �b�a�r�r�i�e�r�s�,� �l�o�n�g�e�r� �a�c�c�e�l�e�r�a�t�i�o�n� �a�n�d� �d�e�c�e�l�e�r�a�t�i�o�n� 

�D�E�V�E�L�O�P�M�E�N�T� �O�F� �M�I�T�I�G�A�T�I�O�N� �M�E�A�S�U�R�E�S� �6�2



�l�a�n�e�s�,� �h�i�g�h�e�r� �f�r�i�c�t�i�o�n�a�l� �s�u�r�f�a�c�e�s�,� �s�u�f�f�i�c�i�e�n�t� �t�r�a�f�f�i�c� �c�o�n�t�r�o�l� �s�i�g�n�s� �a�n�d� �d�e�v�i�c�e�s�,� �e�t�c�.� �A�l�l� 

�o�f� �t�h�e�s�e� �c�a�n� �b�e� �c�a�t�e�g�o�r�i�z�e�d� �u�n�d�e�r� �g�o�o�d�,� �s�t�a�t�e�-�o�f�-�t�h�e�-�a�r�t� �g�e�o�m�e�t�r�i�c� �d�e�s�i�g�n� 

�c�o�n�s�i�d�e�r�a�t�i�o�n�s� �f�o�r� �t�r�u�c�k�s�.� �I�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t�,� �t�h�o�u�g�h� �t�h�e�s�e� �a�r�e� �r�e�c�o�m�m�e�n�d�e�d� 

�b�y� �A�m�e�r�i�c�a�n� �A�s�s�o�c�i�a�t�i�o�n� �o�f� �S�t�a�t�e� �H�i�g�h�w�a�y� �a�n�d� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� �O�f�f�i�c�i�a�l�s� �(�A�A�S�H�T�O�)�,�  ��A� 

�p�o�l�i�c�y� �o�n� �G�e�o�m�e�t�r�i�c� �D�e�s�i�g�n� �o�f� �H�i�g�h�w�a�y�s� �a�n�d� �S�t�r�e�e�t�s�,� �1�9�8�4 ��,� �(�a�l�s�o� �k�n�o�w�n� �a�s� �g�r�e�e�n� 

�b�o�o�k�)�,� �a� �m�a�j�o�r�i�t�y� �o�f� �d�e�s�i�g�n� �p�r�i�n�c�i�p�l�e�s� �h�a�d� �c�o�n�s�i�d�e�r�e�d� �p�a�s�s�e�n�g�e�r� �c�a�r� �m�o�v�e�m�e�n�t�.� 

�T�h�e�s�e� �s�h�o�u�l�d� �b�e� �u�p�g�r�a�d�e�d� �t�o� �a�c�c�o�m�m�o�d�a�t�e� �s�a�f�e�r� �m�o�v�e�m�e�n�t� �o�f� �t�r�u�c�k�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� �i�n� 

�t�h�e� �e�r�a� �o�f� �b�i�g�g�e�r�,� �l�o�n�g�e�r� �a�n�d� �m�o�r�e� �p�o�w�e�r�f�u�l� �t�r�u�c�k�s� �b�e�i�n�g� �a�l�l�o�w�e�d� �o�n� �t�h�e� �h�i�g�h�w�a�y�s�.� 

�A� �r�e�v�i�e�w� �o�f� �c�u�r�r�e�n�t� �l�i�t�e�r�a�t�u�r�e� �o�n� �g�e�o�m�e�t�r�i�c� �d�e�s�i�g�n� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �f�o�r� �l�a�r�g�e� �t�r�u�c�k�s� 

�w�a�s� �c�o�n�d�u�c�t�e�d� �a�n�d� �s�e�v�e�r�a�l� �g�e�o�m�e�t�r�y� �i�m�p�r�o�v�e�m�e�n�t�s� �a�r�e� �r�e�c�o�m�m�e�n�d�e�d� �a�s� �o�n�e� �p�h�a�s�e� 

�o�f� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m� �d�e�v�e�l�o�p�m�e�n�t�.� �I�t� �s�h�o�u�l�d� �b�e� �e�m�p�h�a�s�i�z�e�d� �t�h�a�t� �t�h�e�s�e� �g�e�o�m�e�t�r�i�c� 

�i�m�p�r�o�v�e�m�e�n�t�s� �a�r�e� �i�n� �a�d�d�i�t�i�o�n� �t�o� �A�A�S�H�T�O ��s� �m�i�n�i�m�u�m�s� �a�s� �p�r�e�s�c�r�i�b�e�d� �b�y� �t�h�e� �g�r�e�e�n� 

�b�o�o�k�.� �T�h�a�t� �i�s�,� �i�t� �i�s� �a�s�s�u�m�e�d� �a�l�l� �p�r�a�c�t�i�c�e�s� �a�s� �p�e�r� �t�h�e� �g�r�e�e�n� �b�o�o�k� �w�i�l�l� �b�e� �m�e�t� �a�n�d� �t�h�e� 

�r�e�c�o�m�m�e�n�d�e�d� �i�m�p�r�o�v�e�m�e�n�t�s� �c�o�n�s�i�d�e�r�e�d� �i�n� �a�d�d�i�t�i�o�n�.� �A�l�l� �t�h�e�s�e� �m�e�a�s�u�r�e�s� �w�i�l�l� �r�e�d�u�c�e� 

�t�h�e� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �h�a�z�m�a�t� �a�c�c�i�d�e�n�t�s� �b�y� �r�e�d�u�c�i�n�g� �t�h�e� �t�r�u�c�k� �a�c�c�i�d�e�n�t� �r�a�t�e�.� 

�I�n� �d�e�v�e�l�o�p�i�n�g� �a�c�c�i�d�e�n�t� �p�r�o�b�a�b�i�l�i�t�y� �r�e�d�u�c�t�i�o�n� �m�e�a�s�u�r�e�s�,� �t�h�e� �m�o�v�e�m�e�n�t� �o�f� �t�r�u�c�k�s� 

�i�n� �g�e�n�e�r�a�l� �i�s� �c�o�n�s�i�d�e�r�e�d�.� �T�h�i�s� �i�s� �d�u�e� �t�o� �u�n�a�v�a�i�l�a�b�i�l�i�t�y� �o�f� �d�a�t�a� �s�p�e�c�i�f�i�c� �t�o� �t�h�e� 

�m�o�v�e�m�e�n�t� �o�f� �h�a�z�m�a�t� �c�a�r�r�y�i�n�g� �t�r�u�c�k�s�.� �I�n� �f�a�c�t�,� �t�h�e�r�e� �i�s� �v�e�r�y� �l�i�t�t�l�e� �l�i�t�e�r�a�t�u�r�e� �s�p�e�c�i�f�i�c�a�l�l�y� 

�r�e�l�a�t�e�d� �t�o� �t�r�u�c�k�s� �i�n� �g�e�n�e�r�a�l�.� �H�o�w�e�v�e�r�,� �a�t� �t�h�e� �a�c�c�i�d�e�n�t� �s�t�a�g�e�,� �t�h�e� �c�a�r�g�o� �c�a�r�r�i�e�d� �b�y� 

�t�r�u�c�k�s� �d�o�e�s� �n�o�t� �p�l�a�y� �a�n�y� �r�o�l�e�.� �I�t� �i�s� �o�n�l�y� �w�h�e�n� �t�h�e� �r�e�s�u�l�t� �o�f� �a�n� �a�c�c�i�d�e�n�t� �i�s� �a� �r�e�l�e�a�s�e�,� 

�t�h�a�t� �t�h�e� �e�f�f�e�c�t� �o�f� �t�y�p�e� �o�f� �c�a�r�g�o� �i�s� �i�m�p�o�r�t�a�n�t�.� �T�h�u�s�,� �i�f� �a� �h�i�g�h�w�a�y� �i�s� �f�o�u�n�d� �t�o� �b�e� �s�a�f�e� �f�o�r� 

�t�h�e� �m�o�v�e�m�e�n�t� �o�f� �t�r�u�c�k�s�,� �t�h�e�n� �i�t� �i�s� �s�a�f�e� �f�o�r� �t�h�e� �m�o�v�e�m�e�n�t� �o�f� �h�a�z�m�a�t� �c�a�r�r�y�i�n�g� �t�r�u�c�k�s�.� 

�T�h�e� �s�u�r�r�o�u�n�d�i�n�g� �p�o�p�u�l�a�t�i�o�n� �a�n�d� �e�n�v�i�r�o�n�m�e�n�t� �p�l�a�y�s� �a� �m�o�r�e� �p�r�o�m�i�n�e�n�t� �r�o�l�e� �i�n� 

�e�v�a�l�u�a�t�i�n�g� �t�h�e� �p�o�t�e�n�t�i�a�l� �c�o�n�s�e�q�u�e�n�c�e�s� �d�u�e� �t�o� �r�e�l�e�a�s�e� �o�f� �h�a�z�m�a�t� �a�n�d� �w�o�u�l�d� �b�e� �a� 

�m�a�j�o�r� �d�e�c�i�d�i�n�g� �f�a�c�t�o�r� �i�n� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �r�i�s�k� �o�f� �a� �p�a�r�t�i�c�u�l�a�r� �h�i�g�h�w�a�y� �s�e�g�m�e�n�t� �d�u�e� �t�o� 

�h�a�z�m�a�t� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �a�n�d� �a�l�s�o� �i�n� �r�o�u�t�i�n�g�.� 
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�T�h�e� �s�e�c�o�n�d� �p�a�r�t� �o�f� �t�h�e� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m� �d�e�v�e�l�o�p�m�e�n�t� �c�o�n�s�i�s�t�s� �o�f� �i�d�e�n�t�i�f�y�i�n�g� �t�h�e� 

�h�i�g�h� �r�i�s�k� �s�i�t�u�a�t�i�o�n�s� �a�l�o�n�g� �r�o�a�d�w�a�y� �s�e�g�m�e�n�t�s� �a�n�d� �d�e�t�e�r�m�i�n�i�n�g� �p�r�o�t�e�c�t�i�v�e� �m�e�a�s�u�r�e�s� 

�t�o� �m�i�t�i�g�a�t�e� �t�h�e� �c�o�n�s�e�q�u�e�n�c�e�s� �d�u�e� �t�o� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l� �i�n�c�i�d�e�n�t�s�.� �T�h�i�s� �w�i�l�l�!� �n�o�t� 

�c�o�v�e�r� �t�h�e� �n�e�a�r�l�y� �i�n�f�i�n�i�t�e� �n�u�m�b�e�r� �o�f� �p�o�s�s�i�b�l�e� �s�c�e�n�a�r�i�o�s� �t�h�a�t� �m�i�g�h�t� �b�e� �e�n�c�o�u�n�t�e�r�e�d�,� �n�o�r� 

�w�i�l�l� �i�t� �g�i�v�e� �a�n�s�w�e�r�s� �t�o� �s�i�t�e�-�s�p�e�c�i�f�i�c� �s�c�e�n�a�r�i�o�s�.� �H�o�w�e�v�e�r�,� �i�t� �w�i�l�l� �g�i�v�e� �t�h�e� �s�t�a�t�e� 

�p�l�a�n�n�e�r�/�d�e�s�i�g�n�e�r� �o�r� �a�d�m�i�n�i�s�t�r�a�t�o�r� �e�n�o�u�g�h� �i�n�f�o�r�m�a�t�i�o�n� �t�o� �a�l�e�r�t� �h�i�m�/�h�e�r� �t�o� �s�i�t�u�a�t�i�o�n�s� 

�w�h�e�r�e� �t�h�e�r�e� �i�s� �h�i�g�h� �r�i�s�k� �o�f� �c�a�t�a�s�t�r�o�p�h�i�c� �o�c�c�u�r�r�e�n�c�e� �a�n�d� �t�o� �a�s�s�i�s�t� �h�i�m�/�h�e�r� �i�n� �t�h�e� 

�d�e�c�i�s�i�o�n�-�m�a�k�i�n�g� �p�r�o�c�e�s�s� �o�f� �d�e�t�e�r�m�i�n�i�n�g� �w�h�e�t�h�e�r� �a� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m� �i�s� �a�p�p�r�o�p�r�i�a�t�e�.� 

�C�u�r�r�e�n�t�l�y�,� �t�h�e�r�e� �a�r�e� �v�e�r�y� �f�e�w� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� �t�h�a�t� �a�p�p�e�a�r� �t�o� �h�a�v�e� �c�l�e�a�r� �c�u�t� 

�m�e�r�i�t� �i�n� �r�e�d�u�c�i�n�g� �h�a�z�m�a�t� �s�p�i�l�l�s� �a�n�d�/�o�r� �m�i�t�i�g�a�t�i�n�g� �c�o�n�s�e�q�u�e�n�c�e�s�.� �T�h�e� �m�a�i�n� �f�o�c�u�s� �o�f� 

�p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m� �d�e�v�e�l�o�p�m�e�n�t� �h�a�s� �b�e�e�n� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �f�o�u�r� �a�r�e�a�s�:� 

�1�.� �K�e�e�p�i�n�g� �t�h�e� �v�e�h�i�c�l�e� �c�o�n�t�a�i�n�e�d� �w�i�t�h�i�n� �t�h�e� �r�o�a�d�w�a�y� �s�y�s�t�e�m� �w�i�t�h� �b�a�r�r�i�e�r�s�,� �b�e�r�m�s� 

�e�t�c�.� 

�2�.� �C�o�n�t�a�i�n�m�e�n�t� �s�y�s�t�e�m�s� 

�3�.� �S�p�e�c�i�a�l� �a�t�t�e�n�t�i�o�n� �t�o� �e�l�e�v�a�t�e�d� �f�r�e�e�w�a�y�s�,� �d�e�p�r�e�s�s�e�d� �f�r�e�e�w�a�y�s�,� �a�n�d� �r�a�m�p�s� �t�o� �a�n�d� 

�f�r�o�m� �t�h�e�s�e� �f�r�e�e�w�a�y�s� 

�4�.� �B�r�i�d�g�e�s� �o�v�e�r� �w�a�t�e�r�w�a�y�s� �o�r� �w�a�t�e�r�s�h�e�d� �a�r�e�a�s� �p�a�r�t�i�c�u�l�a�r�l�y� �i�n� �p�o�t�a�b�l�e� �w�a�t�e�r� �s�u�p�p�l�y� 

�a�r�e�a�s�.� 

�S�c�e�n�a�r�i�o�s� �w�e�r�e� �d�e�v�e�l�o�p�e�d�,� �w�h�i�c�h� �w�i�l�l� �p�r�o�v�i�d�e� �t�h�e� �b�a�s�i�s� �o�f� �a� �c�h�e�c�k� �l�i�s�t� �o�f� 

�p�o�t�e�n�t�i�a�l�l�y� �c�a�t�a�s�t�r�o�p�h�i�c� �o�c�c�u�r�r�e�n�c�e�s� �t�o� �w�h�i�c�h� �p�l�a�n�n�e�r�s�/�d�e�s�i�g�n�e�r�s� �n�e�e�d� �t�o� �b�e� �a�l�e�r�t�e�d�.� 

�T�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �g�e�n�e�r�a�l�i�z�e�d�,� �p�r�i�o�r�i�t�i�z�e�d� �s�c�e�n�a�r�i�o�s� �w�a�s� �b�a�s�e�d� �o�n� �a�n� �e�a�r�l�i�e�r� 

�w�o�r�k� �b�y� �R�u�s�s�e�l�l� �[�2�3�]�,� �w�h�e�r�e� �a� �f�r�a�m�e�w�o�r�k� �w�a�s� �d�e�v�e�l�o�p�e�d� �b�y� �w�h�i�c�h� �a� �s�t�a�t�e� �c�o�u�l�d� 

�| �� �d�e�v�e�l�o�p�  ��f�e�a�s�i�b�l�e�,� �i�m�p�l�e�m�e�n�t�a�b�l�e�,� �a�n�d� �p�r�a�c�t�i�c�a�l �� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s�.� �A�n� �a�d�v�i�s�o�r�y� 

�p�a�n�e�l� �o�f� �c�o�n�t�a�c�t�s� �f�r�o�m� �i�n�t�e�r�e�s�t�e�d� �s�t�a�t�e�s� �w�a�s� �f�o�r�m�e�d� �t�o� �a�s�s�i�s�t� �i�n� �t�h�e� �t�a�s�k�.� �T�h�i�s� 

�a�p�p�r�o�a�c�h� �r�e�f�l�e�c�t�e�d� �t�h�e� �t�r�u�e� �c�o�n�c�e�r�n�s� �o�f� �t�h�e� �s�t�a�t�e�s�.� �T�h�r�o�u�g�h� �q�u�e�s�t�i�o�n�n�a�i�r�e� �s�u�r�v�e�y� �o�f� 

�a�d�v�i�s�o�r�y� �p�a�n�e�l� �m�e�m�b�e�r�s�,� �a� �l�i�s�t� �o�f� �e�l�e�v�e�n� �g�e�n�e�r�a�l�i�z�e�d� �s�c�e�n�a�r�i�o�s� �w�a�s� �a�r�r�i�v�e�d� �a�t�.� �T�h�e� 
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�p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m� �i�d�e�a�s� �w�e�r�e� �t�h�e�n� �k�e�y�e�d� �t�o� �t�h�e� �g�e�n�e�r�a�l�i�z�e�d� �s�c�e�n�a�r�i�o�s�.� �T�h�e� �b�a�s�i�s� �o�f� 

�t�h�i�s�  ��s�h�o�p�p�i�n�g� �l�i�s�t �� �o�f� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m� �i�d�e�a�s� �w�a�s� �t�h�e� �s�a�m�e� �p�a�n�e�l� �t�h�a�t� �w�a�s� 

�i�n�s�t�r�u�m�e�n�t�a�l� �i�n� �d�e�v�e�l�o�p�i�n�g� �t�h�e� �s�c�e�n�a�r�i�o�s� �a�n�d� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �c�o�l�l�e�c�t�i�v�e� �i�d�e�a�s� �o�f� �t�h�e� 

�s�t�a�t�e�s �� �p�e�r�s�o�n�n�e�l�.� �T�h�e�s�e� �i�d�e�a�s� �w�e�r�e� �r�e�f�i�n�e�d� �s�o� �t�h�a�t� �t�h�e� �r�e�s�u�l�t�s� �r�e�l�a�t�e� �d�i�r�e�c�t�l�y� �t�o� 

�P�e�n�n�s�y�l�v�a�n�i�a� �p�r�o�b�l�e�m�s� �a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �o�t�h�e�r� �p�a�r�t� �o�f� �t�h�i�s� �s�t�u�d�y�.� �P�r�o�t�e�c�t�i�v�e� �S�y�s�t�e�m�s� 

�w�e�r�e� �e�x�p�a�n�d�e�d� �t�o� �i�n�c�l�u�d�e� �p�o�l�i�c�y� �a�n�d� �r�e�g�u�l�a�t�o�r�y� �m�e�a�s�u�r�e�s�,� �s�u�c�h� �a�s�,� �a�l�t�e�r�n�a�t�e� �r�o�u�t�i�n�g�,� 

�i�n�c�r�e�a�s�e�d� �e�n�f�o�r�c�e�m�e�n�t�,� �m�a�t�e�r�i�a�l� �d�e�l�i�v�e�r�y� �r�e�g�u�l�a�t�i�o�n�s� �(�c�u�r�f�e�w�s�,� �t�i�m�e� �r�e�s�t�r�i�c�t�i�o�n�s� �e�t�c�.�)� 

�a�n�d� �s�t�r�a�t�e�g�i�e�s� �t�o� �d�e�c�r�e�a�s�e� �e�x�p�o�s�e�d� �p�o�p�u�l�a�t�i�o�n� �n�u�m�b�e�r�s�.� 

�T�h�e� �s�t�u�d�y� �c�o�n�s�i�d�e�r�e�d� �t�h�e�  ��p�r�a�c�t�i�c�a�b�i�l�i�t�y �� �o�f� �a� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m� �i�n�v�o�l�v�i�n�g� �a�n� 

�a�n�a�l�y�s�i�s� �i�n� �t�h�e� �v�a�l�u�e� �o�f� �s�p�e�c�i�f�i�c� �r�e�d�u�c�e�d� �r�i�s�k� �v�a�l�u�e� �o�r� �p�e�r�c�e�n�t� �r�e�d�u�c�t�i�o�n�.� �I�t� �w�a�s� 

�c�o�n�c�l�u�d�e�d� �t�h�a�t� �t�h�e�  ��p�r�a�c�t�i�c�a�b�i�l�i�t�y �� �h�a�d� �t�o� �b�e� �d�e�c�i�s�i�o�n� �b�y� �s�t�a�t�e� �d�e�c�i�s�i�o�n� �m�a�k�e�r� �b�a�s�e�d� 

�o�n� �t�h�e�i�r� �p�e�r�c�e�p�t�i�o�n� �o�f� �r�i�s�k� �a�n�d� �t�h�e� �b�e�n�e�f�i�t�s� �o�f� �r�i�s�k� �r�e�d�u�c�t�i�o�n�.� �T�h�e� �e�f�f�e�c�t�s� �o�f� �t�h�e� �a�b�o�v�e� 

�i�m�p�r�o�v�e�m�e�n�t�s� �o�n� �a�c�c�i�d�e�n�t�s� �a�n�d�/�o�r� �s�p�i�l�l� �c�o�n�s�e�q�u�e�n�c�e� �m�i�t�i�g�a�t�i�o�n� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d�.� 

�H�o�w�e�v�e�r�,� �t�h�e�s�e� �a�r�e� �n�e�w� �c�o�n�c�e�p�t�s� �a�n�d� �t�h�e�r�e� �i�s� �i�n�s�u�f�f�i�c�i�e�n�t� �d�a�t�a�b�a�s�e� �h�i�s�t�o�r�y� �t�o� 

�q�u�a�n�t�i�f�y� �t�h�e� �e�f�f�e�c�t�s� �o�f� �t�h�e�s�e� �i�m�p�r�o�v�e�m�e�n�t�s�.� �T�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �s�e�v�e�r�a�l� �t�y�p�e�s� �o�f� 

�i�m�p�r�o�v�e�m�e�n�t�s� �t�o� �h�i�g�h�w�a�y� �d�e�s�i�g�n� �e�l�e�m�e�n�t�s� �a�r�e� �a�v�a�i�l�a�b�l�e� �i�n� �t�e�r�m�s� �o�f� �a�c�c�i�d�e�n�t� 

�r�e�d�u�c�t�i�o�n� �f�a�c�t�o�r�s� �f�o�r� �a�l�l� �v�e�h�i�c�l�e�s�.� �T�h�e�s�e� �w�e�r�e� �u�s�e�d� �b�e�c�a�u�s�e� �t�h�e�r�e� �i�s� �n�o� �d�a�t�a� �o�n� �t�h�e� 

�e�f�f�e�c�t� �o�f� �t�h�e�s�e� �i�m�p�r�o�v�e�m�e�n�t�s� �s�p�e�c�i�f�i�c�a�l�l�y� �r�e�l�a�t�e�d� �t�o� �t�r�u�c�k� �a�c�c�i�d�e�n�t� �r�e�d�u�c�t�i�o�n�.� �T�h�e� 

�e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� �t�o� �r�e�d�u�c�e� �c�o�n�s�e�q�u�e�n�c�e�s� �a�r�e� �n�o�t� �a�v�a�i�l�a�b�l�e�,� �a�g�a�i�n� 

�b�e�c�a�u�s�e� �o�f� �i�n�s�u�f�f�i�c�i�e�n�t� �h�i�s�t�o�r�y�.� �M�a�n�y� �o�f� �t�h�e�s�e� �c�o�n�c�e�p�t�s� �a�n�d� �d�e�v�e�l�o�p�m�e�n�t�s� �a�r�e� �v�e�r�y� 

�r�e�c�e�n�t� �a�n�d� �h�e�n�c�e� �t�h�e� �d�e�c�i�s�i�o�n� �t�o� �i�m�p�l�e�m�e�n�t� �c�a�n� �b�e� �o�n�l�y� �j�u�d�g�m�e�n�t�a�l�.� �T�h�i�s� �p�r�o�c�e�s�s� 

�w�a�s� �u�s�e�d� �b�y� �a� �p�a�n�e�l� �w�h�o� �r�a�t�e�d� �v�a�r�i�o�u�s� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� �b�y� �g�i�v�i�n�g� �a� �v�a�l�u�e� �o�f� �t�h�e� 

�p�e�r�c�e�n�t� �r�i�s�k� �r�e�d�u�c�t�i�o�n� �t�o� �e�a�c�h� �o�f� �t�h�e�s�e� �i�m�p�r�o�v�e�m�e�n�t�s�.� �T�h�e�s�e� �v�a�l�u�e�s� �s�e�r�v�e� �a�s� �a� 

�s�t�a�r�t�i�n�g� �p�o�i�n�t� �t�o� �a�s�s�i�s�t� �s�t�a�t�e� �d�e�c�i�s�i�o�n� �m�a�k�e�r� �i�n� �t�h�e�i�r� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� 

�o�f� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s�.� �T�h�e� �u�s�e�r� �i�s� �e�n�c�o�u�r�a�g�e�d� �t�o� �u�s�e� �b�e�t�t�e�r� �v�a�l�u�e�s� �o�f� �r�i�s�k� �r�e�d�u�c�t�i�o�n� 

�D�E�V�E�L�O�P�M�E�N�T� �O�F� �M�I�T�I�G�A�T�I�O�N� �M�E�A�S�U�R�E�S� �,� �6�5



�f�o�r� �t�h�e� �s�p�e�c�i�f�i�e�d� �i�m�p�r�o�v�e�m�e�n�t�s�,� �w�h�e�n� �a�v�a�i�l�a�b�l�e� �a�n�d� �t�o� �k�e�e�p� �r�e�c�o�r�d�s� �t�o� �d�o�c�u�m�e�n�t� 

�t�h�e�i�r� �e�f�f�e�c�t�i�v�e�n�e�s�s� �w�h�e�n� �i�m�p�r�o�v�e�m�e�n�t�s� �a�n�d�/�o�r� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� �a�r�e� �i�m�p�l�e�m�e�n�t�e�d�.� 

�T�h�i�s� �w�o�r�k� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �f�o�l�l�o�w�i�n�g� �p�a�r�t�s�:� 

�1�.� �P�r�o�b�a�b�i�l�i�t�y� �r�e�d�u�c�t�i�o�n� 

�e� �G�e�o�m�e�t�r�i�c� �d�e�s�i�g�n� �c�h�e�c�k�.� 

�e� �E�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �g�e�o�m�e�t�r�i�c� �d�e�s�i�g�n� �i�m�p�r�o�v�e�m�e�n�t�s�.� 

�2�.� �C�o�n�s�e�q�u�e�n�c�e� �r�e�d�u�c�t�i�o�n� 

�e� �D�e�v�e�l�o�p�m�e�n�t� �o�f� �s�c�e�n�a�r�i�o�s� �a�n�d� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s�.� 

�e� �§�6�©�E�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �t�h�e� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s�.� 

�F�i�n�a�l�l�y� �a� �s�u�m�m�a�r�y� �o�f� �a� �s�u�g�g�e�s�t�e�d� �d�e�c�i�s�i�o�n�-�m�a�k�i�n�g� �m�e�t�h�o�d�o�l�o�g�y� �t�o� �d�e�c�i�d�e� �o�n� 

�p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� �o�n� �h�i�g�h�w�a�y� �s�e�g�m�e�n�t�s� �i�s� �p�r�e�s�e�n�t�e�d�.� �T�h�i�s� �s�t�a�r�t�s� �w�i�t�h� �c�h�e�c�k�-�l�i�s�t�s� 

�o�f� �v�a�r�i�o�u�s� �i�m�p�r�o�v�e�m�e�n�t�s� �t�o� �b�e� �c�o�n�s�i�d�e�r�e�d�.� 

�T�h�e� �a�b�o�v�e� �p�a�r�t�s� �c�o�n�s�t�i�t�u�t�e� �a� �f�r�a�m�e�-�w�o�r�k� �b�y� �w�h�i�c�h� �t�h�e� �m�e�a�s�u�r�e�s� �t�o� �m�i�t�i�g�a�t�e� �r�i�s�k� 

�d�u�e� �t�o� �h�a�z�m�a�t� �c�a�n� �b�e� �f�o�r�m�u�l�a�t�e�d�.� �I�t� �i�s� �t�o� �b�e� �n�o�t�e�d� �t�h�a�t� �t�h�e�r�e� �i�s� �l�i�t�t�l�e� �o�r� �n�o� �d�a�t�a� �o�n� 

�p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� �a�t� �p�r�e�s�e�n�t� �a�n�d� �t�h�e� �f�r�a�m�e�w�o�r�k� �h�a�s� �t�o� �b�e� �m�o�d�i�f�i�e�d� �a�n�d� �r�e�f�i�n�e�d� �a�s� 

�t�h�e� �t�e�c�h�n�o�l�o�g�y� �i�m�p�r�o�v�e�s�.� �H�o�w�e�v�e�r�,� �t�h�i�s� �s�t�u�d�y� �f�o�r�m�s� �a� �b�a�s�i�s� �f�o�r� �s�u�c�h� �i�m�p�r�o�v�e�m�e�n�t�s�.� 

�9�.�3� �P�r�o�b�a�b�i�l�i�t�y� �R�e�d�u�c�t�i�o�n� 

�5�.�3�.�1� �G�e�o�m�e�t�r�i�c� �D�e�s�i�g�n� �C�h�e�c�k� 

�G�e�o�m�e�t�r�i�c� �d�e�s�i�g�n� �c�h�e�c�k� �i�s� �t�h�e� �f�i�r�s�t� �s�t�a�g�e� �o�f� �m�i�t�i�g�a�t�i�o�n�.� �T�h�e� �i�n�t�e�n�t� �h�e�r�e� �i�s� �t�o� 

�r�e�d�u�c�e� �a�c�c�i�d�e�n�t� �p�r�o�b�a�b�i�l�i�t�y� �a�n�d�/�o�r� �m�i�t�i�g�a�t�e� �t�h�e� �s�e�v�e�r�i�t�y� �o�f� �a�c�c�i�d�e�n�t�,� �t�h�e�r�e�b�y� �r�e�d�u�c�i�n�g� 

�D�E�V�E�L�O�P�M�E�N�T� �O�F� �M�I�T�I�G�A�T�I�O�N� �M�E�A�S�U�R�E�S� �6�6



�t�h�e� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �a� �h�a�z�m�a�t� �i�n�c�i�d�e�n�t�.� �T�h�o�u�g�h� �t�h�e�r�e� �a�r�e� �a� �n�u�m�b�e�r� �o�f� �f�a�c�t�o�r�s� �w�h�i�c�h� 

�c�o�n�t�r�i�b�u�t�e� �t�o� �a�n� �a�c�c�i�d�e�n�t� �a�n�d� �a�s�s�o�c�i�a�t�e�d� �r�e�l�e�a�s�e�,� �t�h�i�s� �r�e�s�e�a�r�c�h� �i�s� �l�i�m�i�t�e�d� �t�o� 

�c�o�n�s�i�d�e�r�i�n�g� �i�m�p�r�o�v�e�m�e�n�t�s� �w�h�i�c�h� �a�r�e� �r�e�s�p�o�n�s�i�b�i�l�i�t�y� �o�f� �h�i�g�h�w�a�y� �d�e�p�a�r�t�m�e�n�t� �o�n�l�y�.� �T�h�e� 

�f�a�c�t�o�r�s� �s�u�c�h� �a�s� �d�r�i�v�e�r� �b�e�h�a�v�i�o�r�,� �e�n�v�i�r�o�n�m�e�n�t�a�l� �f�a�c�t�o�r�s� �e�t�c�.� �a�r�e� �b�e�y�o�n�d� �o�u�r� �c�o�n�t�r�o�l� 

�a�n�d� �h�e�n�c�e� �a�r�e� �n�o�t� �a�d�d�r�e�s�s�e�d�.� �H�o�w�e�v�e�r�,� �s�t�e�p�s� �n�e�e�d� �t�o� �b�e� �t�a�k�e�n� �t�o� �e�n�f�o�r�c�e� �b�a�s�i�c� 

�t�r�a�f�f�i�c� �l�a�w�s� �a�n�d� �w�h�a�t�e�v�e�r� �r�e�g�u�l�a�t�o�r�y� �m�e�a�s�u�r�e�s� �a�r�e� �i�n� �e�f�f�e�c�t�.� �I�n� �c�a�s�e�s� �w�h�e�r�e� 

�a�c�c�i�d�e�n�t�s� �a�r�e� �d�i�f�f�i�c�u�l�t� �t�o� �c�o�n�t�r�o�l�,� �t�h�e� �o�b�j�e�c�t�i�v�e� �h�e�r�e� �i�s� �t�o� �m�a�k�e� �s�u�r�e� �t�h�a�t� �t�h�e� 

�c�o�n�t�r�i�b�u�t�i�o�n� �o�f� �h�i�g�h�w�a�y� �e�l�e�m�e�n�t�s� �t�o�w�a�r�d�s� �t�h�e� �s�e�v�e�r�i�t�y� �o�f� �a�c�c�i�d�e�n�t� �i�s� �m�i�n�i�m�a�l�.� 

�T�h�e�r�e� �a�r�e� �a� �n�u�m�b�e�r� �o�f� �g�e�o�m�e�t�r�i�c� �e�l�e�m�e�n�t�s� �o�n� �h�i�g�h�w�a�y�s� �t�h�a�t� �i�n�f�l�u�e�n�c�e� �a�c�c�i�d�e�n�t� 

�p�r�o�b�a�b�i�l�i�t�y�.� �T�h�e� �d�e�s�i�g�n� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �o�f� �t�h�e�s�e� �e�l�e�m�e�n�t�s� �a�r�e� �d�e�t�e�r�m�i�n�e�d� �b�y� �A�A�S�H�T�O� 

�[�1�]�.� �H�o�w�e�v�e�r�,� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�r�u�c�k�s� �h�a�v�e� �n�o�t� �b�e�e�n� �a�d�e�q�u�a�t�e�l�y� �r�e�p�r�e�s�e�n�t�e�d� �i�n� 

�i�t�.� �I�n� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �g�e�o�m�e�t�r�y�,� �t�h�e� �t�y�p�e�,� �s�i�z�e�,� �w�e�i�g�h�t�,� �g�r�a�d�a�b�i�l�i�t�y�,� �a�c�c�e�l�e�r�a�t�i�o�n�,� 

�d�e�c�e�l�e�r�a�t�i�o�n� �a�n�d� �t�u�r�n�i�n�g� �f�e�a�t�u�r�e�s� �o�f� �t�r�u�c�k�s� �a�l�l� �p�l�a�y� �a�n� �i�m�p�o�r�t�a�n�t� �r�o�l�e�.� 

�I�n� �t�h�i�s� �s�e�c�t�i�o�n�,� �s�o�m�e� �g�e�o�m�e�t�r�i�c� �d�e�s�i�g�n� �e�l�e�m�e�n�t�s� �r�e�q�u�i�r�i�n�g� �s�p�e�c�i�a�l� �a�t�t�e�n�t�i�o�n� �t�o� 

�f�a�c�i�l�i�t�a�t�e� �m�o�v�e�m�e�n�t� �o�f� �t�r�u�c�k�s� �a�n�d� �t�o� �r�e�d�u�c�e� �t�r�u�c�k� �a�c�c�i�d�e�n�t�s� �a�r�e� �a�d�d�r�e�s�s�e�d�.� �T�h�i�s� �h�a�s� 

�b�e�e�n� �o�b�t�a�i�n�e�d� �t�h�r�o�u�g�h� �l�i�t�e�r�a�t�u�r�e� �r�e�v�i�e�w� �o�f� �v�a�r�i�o�u�s� �s�t�u�d�i�e�s� �c�o�n�d�u�c�t�e�d� �a�d�d�r�e�s�s�i�n�g� �t�h�i�s� 

�p�r�o�b�l�e�m�.� �I�t� �i�s� �e�m�p�h�a�s�i�z�e�d� �t�h�a�t�,� �t�h�e� �s�e�g�m�e�n�t� �u�n�d�e�r� �c�o�n�s�i�d�e�r�a�t�i�o�n� �s�h�o�u�l�d� �b�e� �c�h�e�c�k�e�d� 

�w�i�t�h� �t�h�e� �g�e�o�m�e�t�r�i�c� �d�e�s�i�g�n� �e�l�e�m�e�n�t�s� �i�d�e�n�t�i�f�i�e�d� �h�e�r�e� �a�n�d� �s�h�o�u�l�d� �m�e�e�t� �a�l�l� �t�h�e� 

�n�e�c�e�s�s�a�r�y� �r�e�q�u�i�r�e�m�e�n�t�s� �a�s� �s�p�e�c�i�f�i�e�d� �b�y� �A�A�S�H�T�O�.� �T�h�i�s� �w�o�u�l�d� �f�u�r�t�h�e�r� �e�n�s�u�r�e� �t�h�e� �s�a�f�e� 

�m�o�v�e�m�e�n�t� �o�f� �t�r�u�c�k�s�.� 

�T�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �g�e�o�m�e�t�r�i�c� �d�e�s�i�g�n� �e�l�e�m�e�n�t�s� �a�n�d� �a�c�c�i�d�e�n�t� �t�y�p�e�s� �w�a�s� 

�a�l�s�o� �s�t�u�d�i�e�d�.� �I�f� �i�t� �i�s� �f�o�u�n�d� �t�h�a�t� �a� �h�i�g�h�w�a�y� �s�e�g�m�e�n�t� �h�a�s� �a�n� �u�n�u�s�u�a�l�l�y� �h�i�g�h� �n�u�m�b�e�r� �o�f� 

�a� �p�a�r�t�i�c�u�l�a�r� �t�y�p�e� �o�f� �a�c�c�i�d�e�n�t�,� �t�h�e�n� �r�e�l�a�t�e�d� �g�e�o�m�e�t�r�i�c� �e�l�e�m�e�n�t�s� �s�h�o�u�l�d� �b�e� �s�t�u�d�i�e�d� �a�n�d� 

�i�m�p�r�o�v�e�m�e�n�t�s� �c�o�n�s�i�d�e�r�e�d�.� 

�T�h�e� �m�a�i�n� �f�e�a�t�u�r�e�s� �o�f� �t�r�u�c�k�s� �d�e�m�a�n�d�i�n�g� �a�t�t�e�n�t�i�o�n� �i�s� �t�h�e�i�r� �s�i�z�e�,� �w�e�i�g�h�t�,� �a�n�d� 

�w�h�e�e�l�-�b�a�s�e�.� �T�h�e� �s�i�z�e� �a�n�d� �w�e�i�g�h�t� �o�f� �t�r�u�c�k�s� �a�r�e� �i�m�p�o�r�t�a�n�t� �f�a�c�t�o�r�s� �i�n� �l�a�n�e� �a�n�d� �s�h�o�u�l�d�e�r� 
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�d�e�s�i�g�n� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �w�h�e�r�e�a�s� �t�h�e� �w�h�e�e�l�-�b�a�s�e� �i�n�f�l�u�e�n�c�e�s� �t�h�e� �a�l�i�g�n�m�e�n�t� �d�u�e� �t�o� 

�o�f�f�-�t�r�a�c�k�i�n�g� �p�r�o�b�l�e�m�s�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �g�e�o�m�e�t�r�i�c� �d�e�s�i�g�n� �e�l�e�m�e�n�t�s� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d� �a�s� 

�h�a�v�i�n�g� �s�i�g�n�i�f�i�c�a�n�t� �b�e�a�r�i�n�g� �o�n� �t�r�u�c�k� �s�a�f�e�t�y� �[�8�,� �2�7�,� �3�0�]�:� 

�e� �=� �=�6�L�a�n�e� �w�i�d�t�h� 

�e� �=�S�h�o�u�l�d�e�r� �w�i�d�t�h� 

�e� �S�h�o�u�l�d�e�r� �t�y�p�e� 

�e� �D�e�g�r�e�e� �o�f� �c�u�r�v�a�t�u�r�e� 

�®� �S�i�g�h�t� �d�i�s�t�a�n�c�e� 

�®� �B�r�i�d�g�e� �w�i�d�t�h� 

�e� �§�6�V�e�r�t�i�c�a�l� �g�r�a�d�e� 

�e� �6�C�l�e�a�r� �r�o�a�d�s�i�d�e� 

�¢� �M�e�d�i�a�n�/�m�e�d�i�a�n� �b�a�r�r�i�e�r�.� 

�A�l�l� �t�h�e�s�e� �a�r�e� �a�d�d�r�e�s�s�e�d� �i�n�d�i�v�i�d�u�a�l�l�y� �w�i�t�h� �s�p�e�c�i�f�i�c� �r�e�f�e�r�e�n�c�e� �t�o� �t�r�u�c�k�s� �a�n�d� �a�c�c�i�d�e�n�t� 

�t�y�p�e� �a�n�d� �t�h�e� �s�a�f�e� �d�e�s�i�g�n� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �f�o�r� �m�o�v�e�m�e�n�t� �o�f� �t�r�u�c�k�s�.� 

�5�.�3�.�1�.�1� �L�a�n�e� �a�n�d� �S�h�o�u�l�d�e�r� �W�i�d�t�h� �a�n�d� �T�y�p�e� 

�W�i�d�e� �l�a�n�e�s� �a�n�d� �s�h�o�u�l�d�e�r�s� �p�r�o�v�i�d�e� �t�h�e� �d�r�i�v�e�r�s� �w�i�t�h� �i�n�c�r�e�a�s�e�d� �o�p�p�o�r�t�u�n�i�t�y� �f�o�r� �s�a�f�e� 

�r�e�c�o�v�e�r�y� �w�h�e�n� �t�h�e�i�r� �v�e�h�i�c�l�e�s� �s�t�a�r�t� �t�o� �r�u�n� �o�f�f� �t�h�e� �r�o�a�d� �(�a�n� �i�m�p�o�r�t�a�n�t� �f�a�c�t�o�r� �i�n� �s�i�n�g�l�e� 

�v�e�h�i�c�l�e� �a�c�c�i�d�e�n�t�s�)� �a�n�d� �i�n�c�r�e�a�s�e�d� �l�a�t�e�r�a�l� �s�e�p�a�r�a�t�i�o�n� �b�e�t�w�e�e�n� �o�v�e�r�t�a�k�i�n�g� �a�n�d� �m�e�e�t�i�n�g� 

�v�e�h�i�c�l�e�s� �(�a�n� �i�m�p�o�r�t�a�n�t� �f�a�c�t�o�r� �i�n� �s�i�d�e� �s�w�i�p�e� �a�n�d� �h�e�a�d� �o�n� �a�c�c�i�d�e�n�t�s�)�.� 

�A�A�S�H�T�O� �s�t�a�t�e�s� �t�h�a�t� �o�n� �r�u�r�a�l� �t�w�o�-�w�a�y� �h�i�g�h�w�a�y�s�,� �h�a�z�a�r�d�o�u�s� �c�o�n�d�i�t�i�o�n�s� �e�x�i�s�t� �o�n� 

�p�a�v�e�m�e�n�t�s� �t�h�a�t� �a�r�e� �l�e�s�s� �t�h�a�n� �2�2� �f�t� �w�i�d�e� �w�h�e�n� �e�v�e�n� �a� �m�o�d�e�r�a�t�e� �v�o�l�u�m�e� �o�f� �m�i�x�e�d� �t�r�a�f�f�i�c� 

�i�s� �p�r�e�s�e�n�t� �b�e�c�a�u�s�e� �o�f� �i�n�a�d�e�q�u�a�t�e� �b�o�d�y� �c�l�e�a�r�a�n�c�e� �[�1�]�.� �I�n� �e�x�p�e�r�i�m�e�n�t�s� �c�o�n�d�u�c�t�e�d� �i�n� 

�e�a�r�l�i�e�r� �d�a�y�s� �i�t� �w�a�s� �f�o�u�n�d� �t�h�a�t� �t�h�e� �d�r�i�v�e�r�s� �o�f� �p�a�s�s�e�n�g�e�r� �c�a�r�s� �p�r�e�f�e�r� �a� �c�l�e�a�r�a�n�c�e� �o�f� 

�a�b�o�u�t� �5� �f�t� �w�h�e�n� �m�e�e�t�i�n�g� �o�t�h�e�r� �v�e�h�i�c�l�e�s�.� �T�h�i�s� �w�o�u�l�d� �r�e�n�d�e�r� �t�h�e� �2�0� �f�t� �p�a�v�e�m�e�n�t�s� 
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�i�n�a�d�e�q�u�a�t�e� �f�o�r� �s�a�f�e� �m�o�v�e�m�e�n�t� �o�f� �p�a�s�s�e�n�g�e�r� �c�a�r�s� �w�i�t�h� �c�o�m�m�e�r�c�i�a�l� �t�r�a�f�f�i�c�.� �A�A�S�H�T�O� 

�h�a�s� �r�e�c�o�m�m�e�n�d�e�d� �a� �l�a�n�e� �w�i�d�t�h� �o�f� �1�1�-�1�3� �f�f�.� �H�o�w�e�v�e�r�,� �a� �l�a�n�e� �w�i�d�t�h� �o�f� �1�2� �f�t� �c�a�n� �b�e� 

�c�o�n�s�i�d�e�r�e�d� �s�a�f�e�.� �I�f� �t�h�e� �l�a�n�e� �w�i�d�t�h� �i�s� �l�e�s�s� �t�h�a�n� �1�2� �f�t�,� �t�h�e�n� �i�t� �m�a�y� �b�e� �n�e�c�e�s�s�a�r�y� �t�o� 

�c�o�n�t�r�o�l� �t�h�e� �n�u�m�b�e�r� �a�n�d� �m�o�v�e�m�e�n�t� �o�f� �c�o�m�m�e�r�c�i�a�l� �v�e�h�i�c�l�e�s�.� 

�W�i�d�e� �s�h�o�u�l�d�e�r�s� �r�e�s�u�l�t� �i�n� �r�e�d�u�c�e�d� �i�n�t�e�r�r�u�p�t�i�o�n� �f�r�o�m� �e�m�e�r�g�e�n�c�y� �u�s�e�,� �s�t�o�p�p�e�d� 

�v�e�h�i�c�l�e�s� �a�n�d� �r�o�a�d�s�i�d�e� �m�a�i�n�t�e�n�a�n�c�e� �a�c�t�i�v�i�t�i�e�s�,� �i�m�p�r�o�v�e�d� �s�i�g�h�t� �d�i�s�t�a�n�c�e� �a�t� �c�r�i�t�i�c�a�l� 

�h�o�r�i�z�o�n�t�a�l� �c�u�r�v�e�s�,� �a�s� �w�e�l�l� �a�s� �l�a�t�e�r�a�l� �s�u�p�p�o�r�t� �o�f� �p�a�v�e�m�e�n�t� �b�a�s�e� �a�n�d� �s�u�r�f�a�c�e� �c�o�u�r�s�e�s�.� 

�A�d�e�q�u�a�t�e� �s�h�o�u�l�d�e�r� �w�i�d�t�h� �a�l�s�o� �i�n�c�r�e�a�s�e�s� �t�h�e� �o�p�p�o�r�t�u�n�i�t�y� �o�f� �s�a�f�e� �r�e�c�o�v�e�r�y� �w�h�e�n� 

�v�e�h�i�c�l�e�s� �s�t�a�r�t� �t�o� �r�u�n� �o�f�f� �t�h�e� �r�o�a�d�.� �T�h�i�s� �i�s� �o�f� �p�a�r�t�i�c�u�l�a�r� �c�o�n�c�e�r�n� �a�m�o�n�g� �l�a�r�g�e� 

�c�o�m�b�i�n�a�t�i�o�n� �t�r�u�c�k�s�,� �w�h�i�c�h� �h�a�v�e� �a� �h�i�g�h�e�r� �i�n�c�i�d�e�n�c�e� �o�f� �s�i�n�g�l�e� �v�e�h�i�c�l�e� �a�c�c�i�d�e�n�t�s� �t�h�a�n� 

�d�o� �p�a�s�s�e�n�g�e�r� �C�a�r�s�.� 

�I�n� �o�r�d�e�r� �t�o� �a�c�c�o�m�m�o�d�a�t�e� �s�t�o�p�p�e�d� �v�e�h�i�c�l�e�s�,� �A�A�S�H�T�O� �r�e�c�o�m�m�e�n�d�s� �t�h�a�t� �v�e�h�i�c�l�e�s� 

�s�h�o�u�l�d� �c�l�e�a�r� �t�h�e� �p�a�v�e�m�e�n�t� �e�d�g�e� �b�y� �a�t� �l�e�a�s�t� �1� �f�t� �a�n�d� �t�h�a�t� �a� �2� �f�t� �w�o�r�k�i�n�g� �s�p�a�c�e� �s�h�o�u�l�d� 

�b�e� �p�r�o�v�i�d�e�d�.� �A�A�S�H�T�O� �r�e�c�o�m�m�e�n�d�s� �t�h�a�t�,� �f�o�r� �h�e�a�v�i�l�y� �t�r�a�v�e�l�e�d� �a�n�d� �h�i�g�h�-�s�p�e�e�d� 

�h�i�g�h�w�a�y�s�,� �t�h�e� �u�s�a�b�l�e� �s�h�o�u�l�d�e�r� �w�i�d�t�h� �s�h�o�u�l�d� �b�e� �a�t� �l�e�a�s�t� �1�0� �f�t�,� �b�u�t� �p�r�e�f�e�r�a�b�l�y� �1�2� �f�t� �[�1�]�.� 

�T�h�e� �t�y�p�e� �o�f� �s�h�o�u�l�d�e�r� �i�s� �a�l�s�o� �c�r�i�t�i�c�a�l� �f�o�r� �s�a�f�e� �o�p�e�r�a�t�i�o�n� �o�f� �t�r�u�c�k�s� �b�e�c�a�u�s�e� �o�f� 

�o�f�f�-�t�r�a�c�k�i�n�g� �p�r�o�b�l�e�m�s� �a�n�d� �t�h�e� �l�i�k�e�l�i�h�o�o�d� �o�f� �r�o�l�l�o�v�e�r� �i�f� �t�h�e� �t�r�u�c�k� �w�h�e�e�l�s� �l�e�a�v�e� �t�h�e� 

�p�a�v�e�m�e�n�t� �e�d�g�e�.� �P�a�v�e�d� �s�h�o�u�l�d�e�r�s� �a�l�l�e�v�i�a�t�e� �t�h�e�s�e� �p�r�o�b�l�e�m�s�.� �A�l�s�o�,� �d�r�o�p�-�o�f�f�s� �a�t� �t�h�e� 

�p�a�v�e�m�e�n�t� �e�d�g�e� �a�r�e� �J�e�s�s� �p�r�e�v�a�l�e�n�t� �w�h�e�r�e� �t�h�e�r�e� �a�r�e� �p�a�v�e�d� �s�h�o�u�l�d�e�r�s�.� �A�c�c�o�r�d�i�n�g� �t�o� 

�p�r�i�o�r� �r�e�s�e�a�r�c�h� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�o�n�c�l�u�s�i�o�n�s� �h�a�v�e� �b�e�e�n� �f�o�u�n�d�:� 

�¢� �A�c�c�i�d�e�n�t� �r�a�t�e�s� �d�e�c�r�e�a�s�e� �w�i�t�h� �i�n�c�r�e�a�s�e�s� �i�n� �l�a�n�e� �a�n�d� �s�h�o�u�l�d�e�r� �w�i�d�t�h�;� 

�e� �i�n� �t�e�r�m�s� �o�f� �a�c�c�i�d�e�n�t� �r�e�d�u�c�t�i�o�n� �p�e�r� �f�o�o�t� �o�f� �a�d�d�e�d� �w�i�d�t�h�,� �w�i�d�e�n�i�n�g� �l�a�n�e�s� �h�a�s� �a� 

�b�i�g�g�e�r� �p�a�y�o�f�f� �t�h�a�n� �w�i�d�e�n�i�n�g� �s�h�o�u�l�d�e�r�s�;� �a�n�d� 

�e� �S�t�a�b�i�l�i�z�e�d� �s�h�o�u�l�d�e�r�s� �(�p�a�v�e�d�)� �h�a�v�e� �l�o�w�e�r� �a�c�c�i�d�e�n�t� �r�a�t�e�s� �t�h�a�n� �u�n�s�t�a�b�i�l�i�z�e�d� 

�(�u�n�p�a�v�e�d�)� �s�h�o�u�l�d�e�r�s� �[�2�9�]�.� 
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�P�r�e�v�i�o�u�s� �r�e�s�e�a�r�c�h� �f�i�n�d�i�n�g�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �i�n�c�r�e�a�s�i�n�g� �l�a�n�e� �a�n�d� �s�h�o�u�l�d�e�r� �w�i�d�t�h� 

�r�e�d�u�c�e� �c�e�r�t�a�i�n� �t�y�p�e�s� �o�f� �a�c�c�i�d�e�n�t�s�.� �I�n�c�r�e�a�s�i�n�g� �l�a�n�e� �a�n�d� �s�h�o�u�l�d�e�r� �w�i�d�t�h� �i�s� �f�o�u�n�d� �t�o� 

�c�a�u�s�e� �s�i�g�n�i�f�i�c�a�n�t� �r�e�d�u�c�t�i�o�n� �o�f� �r�u�n�-�o�f�f�-�r�o�a�d� �a�n�d� �o�p�p�o�s�i�t�e� �d�i�r�e�c�t�i�o�n� �a�c�c�i�d�e�n�t�s�.� �T�h�e� 

�e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �s�h�o�u�l�d�e�r� �t�y�p�e� �i�n� �t�e�r�m�s� �o�f� �s�p�e�c�i�f�i�c� �a�c�c�i�d�e�n�t� �r�e�d�u�c�t�i�o�n� �i�s� �n�o�t� �k�n�o�w�n�.� 

�H�o�w�e�v�e�r�,� �p�a�v�e�d� �s�h�o�u�l�d�e�r�s� �h�a�v�e� �l�o�w�e�r� �a�c�c�i�d�e�n�t� �r�a�t�e�s� �t�h�a�n� �u�n�p�a�v�e�d� �s�h�o�u�l�d�e�r�s� �[�3�6�]�.� 

�5�.�3�.�1�.�2� �D�e�g�r�e�e� �o�f� �C�u�r�v�a�t�u�r�e� 

�H�i�g�h�w�a�y� �c�u�r�v�e�s� �h�a�v�e� �b�e�e�n� �f�o�u�n�d� �t�o� �e�x�h�i�b�i�t� �h�i�g�h�e�r� �a�c�c�i�d�e�n�t� �r�a�t�e�s� �t�h�a�n� �t�a�n�g�e�n�t� 

�s�e�c�t�i�o�n�s�,� �a�n�d� �t�h�e� �a�c�c�i�d�e�n�t� �r�a�t�e� �i�n�c�r�e�a�s�e�s� �a�s� �t�h�e� �d�e�g�r�e�e� �o�f� �c�u�r�v�a�t�u�r�e� �i�n�c�r�e�a�s�e�s�.� 

�S�h�a�r�p� �c�u�r�v�e�s� �a�r�e� �t�y�p�i�c�a�l�l�y� �f�o�u�n�d� �i�n� �a�r�e�a�s� �w�i�t�h� �t�o�p�o�g�r�a�p�h�i�c�a�l� �c�o�n�s�t�r�a�i�n�t�s�,� �w�h�i�c�h� �r�e�s�u�l�t� 

�i�n� �r�o�a�d�w�a�y� �d�e�s�i�g�n�s� �w�i�t�h� �n�a�r�r�o�w� �l�a�n�e� �w�i�d�t�h�s� �a�n�d� �l�i�m�i�t�e�d� �s�h�o�u�l�d�e�r�s�,� �a�n�d� �a�r�e� �o�f�t�e�n� 

�a�c�c�o�m�p�a�n�i�e�d� �b�y� �s�t�e�e�p� �g�r�a�d�e�s�;� �t�h�e�s�e� �d�e�s�i�g�n� �f�e�a�t�u�r�e�s� �a�r�e� �k�n�o�w�n� �t�o� �c�o�n�t�r�i�b�u�t�e� �t�o� 

�r�o�a�d�s�i�d�e� �e�n�c�r�o�a�c�h�m�e�n�t�s� �[�2�9�,� �3�0�]�.� 

�T�w�o� �o�p�e�r�a�t�i�n�g� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �l�a�r�g�e� �t�r�u�c�k�s� �c�a�u�s�e� �p�a�r�t�i�c�u�l�a�r� �p�r�o�b�l�e�m�s�.� �T�h�e� 

�d�r�i�v�e�r�s� �m�a�y� �h�a�v�e� �d�i�f�f�i�c�u�l�t�y� �i�n� �s�t�e�e�r�i�n�g� �t�h�e�i�r� �v�e�h�i�c�l�e�s� �i�n� �t�h�e� �c�e�n�t�e�r� �o�f� �t�h�e� �l�a�n�e� �a�n�d� �l�o�n�g� 

�t�r�u�c�k�s� �o�c�c�u�p�y� �m�o�r�e� �s�p�a�c�e� �w�h�i�l�e� �n�e�g�o�t�i�a�t�i�n�g� �s�h�a�r�p� �c�u�r�v�e�s� �b�e�c�a�u�s�e� �o�f� �o�f�f�-�t�r�a�c�k�i�n�g� 

�p�r�o�b�l�e�m�s� �o�r� �l�a�t�e�r�a�l� �d�i�s�p�l�a�c�e�m�e�n�t� �o�f� �t�h�e� �r�e�a�r� �p�o�r�t�i�o�n� �o�f� �t�h�e� �t�r�a�i�l�e�r�.� 

�T�h�e� �e�x�t�e�n�t� �o�f� �o�f�f�-�t�r�a�c�k�i�n�g� �d�e�p�e�n�d�s� �o�n� �t�h�e� �g�e�o�m�e�t�r�y� �o�f� �t�h�e� �c�u�r�v�e� �-� �s�h�o�r�t�e�r� �r�a�d�i�i� �a�n�d� 

�l�a�r�g�e�r� �t�u�r�n� �a�n�g�l�e�s� �i�n�c�r�e�a�s�e� �t�h�e� �a�m�o�u�n�t� �o�f� �o�f�f�-�t�r�a�c�k�i�n�g�,� �a�n�d� �t�h�e� �d�i�m�e�n�s�i�o�n�s� �o�f� �t�h�e� 

�v�e�h�i�c�l�e�.� �C�u�r�v�e�s� �s�h�o�u�l�d� �b�e� �s�m�o�o�t�h� �w�i�t�h� �l�o�n�g� �r�a�d�i�i�,� �i�.�e�.�,� �w�i�t�h� �l�o�w� �d�e�g�r�e�e� �o�f� �c�u�r�v�a�t�u�r�e�,� 

�s�o� �t�h�a�t� �t�h�e� �p�r�o�b�l�e�m�s� �o�f� �o�f�f�-�t�r�a�c�k�i�n�g� �a�r�e� �m�i�n�i�m�u�m�.� 

�D�E�V�E�L�O�P�M�E�N�T� �O�F� �M�I�T�I�G�A�T�I�O�N� �M�E�A�S�U�R�E�S� �7�0



�5�.�3�.�1�.�3� �S�i�g�h�t� �D�i�s�t�a�n�c�e� 

�A�d�e�q�u�a�t�e� �s�i�g�h�t� �d�i�s�t�a�n�c�e� �h�a�s� �t�o� �b�e� �p�r�o�v�i�d�e�d� �a�l�o�n�g� �t�h�e� �h�i�g�h�w�a�y�,� �s�o� �t�h�a�t� �d�r�i�v�e�r�s� �c�a�n� 

�c�o�n�t�r�o�l� �t�h�e�i�r� �v�e�h�i�c�l�e�s� �t�o� �a�v�o�i�d� �c�o�l�l�i�s�i�o�n� �w�i�t�h� �o�t�h�e�r� �v�e�h�i�c�l�e�s� �a�n�d� �o�b�j�e�c�t�s� �t�h�a�t� �c�o�n�f�l�i�c�t� 

�w�i�t�h� �t�h�e�i�r� �p�a�t�h�.� �T�h�i�s� �i�s� �a� �f�u�n�c�t�i�o�n� �o�f� �o�p�e�r�a�t�i�n�g� �s�p�e�e�d�s� �a�n�d� �i�s� �a�c�h�i�e�v�e�d� �b�y� �d�e�s�i�g�n�i�n�g� 

�n�o�n�-�r�e�s�t�r�i�c�t�i�v�e� �h�o�r�i�z�o�n�t�a�l� �a�n�d� �v�e�r�t�i�c�a�l� �a�l�i�g�n�m�e�n�t� �a�n�d� �b�y� �a�v�o�i�d�i�n�g� �s�i�g�h�t� �o�b�s�t�r�u�c�t�i�o�n�s� 

�(�v�e�g�e�t�a�t�i�o�n�,� �e�m�b�a�n�k�m�e�n�t�s�,� �w�a�l�l�,� �e�t�c�.�)�.� 

�T�r�u�c�k�s� �g�e�n�e�r�a�l�l�y� �r�e�q�u�i�r�e� �l�o�n�g�e�r� �b�r�a�k�i�n�g� �d�i�s�t�a�n�c�e�s�,� �b�u�t� �b�e�c�a�u�s�e� �t�r�u�c�k� �d�r�i�v�e�r�s� �a�r�e� 

�a�b�l�e� �t�o� �s�e�e� �t�h�e� �v�e�r�t�i�c�a�l� �f�e�a�t�u�r�e�s� �o�f� �o�b�s�t�r�u�c�t�i�o�n�s� �s�u�b�s�t�a�n�t�i�a�l�l�y� �f�u�r�t�h�e�r� �a�h�e�a�d� �b�e�c�a�u�s�e� 

�o�f� �t�h�e� �h�i�g�h�e�r� �p�o�s�i�t�i�o�n� �o�f� �t�h�e� �s�e�a�t� �i�n� �t�h�e� �v�e�h�i�c�l�e�,� �s�e�p�a�r�a�t�e� �s�t�o�p�p�i�n�g� �s�i�g�h�t� �d�i�s�t�a�n�c�e�s� �f�o�r� 

�a�u�t�o�m�o�b�i�l�e�s� �a�n�d� �t�r�u�c�k�s� �a�r�e� �n�o�t� �u�s�e�d� �i�n� �h�i�g�h�w�a�y� �d�e�s�i�g�n� �s�t�a�n�d�a�r�d�s�.� �H�o�w�e�v�e�r�,� �i�t� �w�a�s� 

�f�o�u�n�d� �t�h�a�t� �t�h�e� �d�r�i�v�e�r�s� �o�f� �l�a�r�g�e� �t�r�u�c�k�s� �a�r�e� �a�t� �a� �m�o�d�e�r�a�t�e� �d�i�s�a�d�v�a�n�t�a�g�e� �r�e�l�a�t�i�v�e� �t�o� 

�p�a�s�s�e�n�g�e�r� �c�a�r�s� �o�n� �v�e�r�t�i�c�a�l� �c�u�r�v�e�s� �a�n�d� �a�t� �a� �g�r�e�a�t�e�r� �d�i�s�a�d�v�a�n�t�a�g�e� �o�n� �h�o�r�i�z�o�n�t�a�l� �c�u�r�v�e�s� 

�o�n� �w�h�i�c�h� �t�h�e�i�r� �h�i�g�h�e�r� �e�y�e� �h�e�i�g�h�t� �i�s� �n�o�t� �a� �h�e�l�p� �[�3�0�)�.� 

�S�t�u�d�i�e�s� �b�y� �H�a�r�w�o�o�d� �e�t� �a�l�.� �[�1�0�]� �h�a�v�e� �f�o�u�n�d� �t�h�a�t� �a� �t�r�u�c�k� �w�i�t�h� �c�o�n�v�e�n�t�i�o�n�a�l� �b�r�a�k�e� 

�s�y�s�t�e�m� �d�r�i�v�e�n� �b�y� �a� �p�o�o�r� �p�e�r�f�o�r�m�i�n�g� �d�r�i�v�e�r� �w�o�u�l�d� �r�e�q�u�i�r�e� �4�2�5� �f�t� �m�o�r�e� �s�t�o�p�p�i�n�g� �s�i�g�h�t� 

�d�i�s�t�a�n�c�e� �a�n�d� �l�o�n�g�e�r� �v�e�r�t�i�c�a�l� �c�r�e�s�t� �c�u�r�v�e�s� �a�t� �7�0� �m�p�h�.� �H�o�w�e�v�e�r�,� �a� �s�i�m�i�l�a�r� �t�r�u�c�k� �d�r�i�v�e�n� 

�b�y� �a� �g�o�o�d� �p�e�r�f�o�r�m�i�n�g� �d�r�i�v�e�r� �r�e�q�u�i�r�e�s� �o�n�l�y� �s�l�i�g�h�t�l�y� �m�o�r�e� �s�t�o�p�p�i�n�g� �s�i�g�h�t� �d�i�s�t�a�n�c�e� �a�n�d� 

�s�h�o�r�t�e�r� �c�r�e�s�t� �v�e�r�t�i�c�a�l� �c�u�r�v�e�s� �t�h�a�n� �A�A�S�H�T�O ��s� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�.� �A� �t�r�u�c�k� �w�i�t�h� �a�n� 

�a�n�t�i�-�l�o�c�k� �b�r�a�k�i�n�g� �s�y�s�t�e�m� �h�a�s� �b�e�e�n� �f�o�u�n�d� �t�o� �r�e�q�u�i�r�e� �l�e�s�s� �s�t�o�p�p�i�n�g� �s�i�g�h�t� �d�i�s�t�a�n�c�e� �a�n�d� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �s�h�o�r�t�e�r� �c�r�e�s�t� �v�e�r�t�i�c�a�l� �c�u�r�v�e�s� �t�h�a�n� �t�h�e� �c�u�r�r�e�n�t� �A�A�S�H�T�O� �p�o�l�i�c�y�.� �D�u�e� �t�o� 

�t�h�e�s�e� �m�i�x�e�d� �r�e�s�u�l�t�s�,� �n�o� �c�h�a�n�g�e� �i�n� �s�t�o�p�p�i�n�g� �s�i�g�h�t� �d�i�s�t�a�n�c�e� �r�e�q�u�i�r�e�m�e�n�t� �i�s� 

�r�e�c�o�m�m�e�n�d�e�d�.� 

�T�h�e� �r�e�q�u�i�r�e�d� �s�t�o�p�p�i�n�g� �s�i�g�h�t� �d�i�s�t�a�n�c�e�s� �a�c�c�o�r�d�i�n�g� �t�o� �A�A�S�H�T�O� �a�r�e� �4�0�0� �f�t� �a�t� �4�5� �m�p�h�,� 

�5�5�0� �f�t� �a�t� �5�5� �m�p�h�,� �a�n�d� �7�2�5� �f�t� �a�t� �6�5� �m�p�h� �[�1�]�.� �I�m�p�r�o�v�e�m�e�n�t� �o�f� �s�i�g�h�t� �d�i�s�t�a�n�c�e� �c�a�n� �r�e�d�u�c�e� 

�a� �n�u�m�b�e�r� �o�f� �c�o�l�l�i�s�i�o�n� �a�c�c�i�d�e�n�t�s�,� �e�s�p�e�c�i�a�l�l�y� �r�e�a�r�-�e�n�d� �c�o�l�l�i�s�i�o�n�s�.� 

�D�E�V�E�L�O�P�M�E�N�T� �O�F� �M�I�T�I�G�A�T�I�O�N� �M�E�A�S�U�R�E�S� �7�1



�5�.�3�.�1�.�4� �B�r�i�d�g�e� �W�i�d�t�h� 

�B�r�i�d�g�e� �w�i�d�t�h�,� �b�o�t�h� �a�b�s�o�l�u�t�e� �a�n�d� �r�e�l�a�t�i�v�e� �t�o� �a�p�p�r�o�a�c�h� �r�o�a�d�w�a�y� �h�a�s� �b�e�e�n� �a� �m�a�j�o�r� 

�f�a�c�t�o�r� �a�f�f�e�c�t�i�n�g� �s�a�f�e�t�y� �a�t� �b�r�i�d�g�e� �s�i�t�e�s�.� �T�h�e� �g�r�e�a�t�e�r� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �c�l�e�a�r� 

�b�r�i�d�g�e� �w�i�d�t�h�,� �w�h�i�c�h� �i�n�c�l�u�d�e�s� �t�h�e� �t�r�a�v�e�l� �l�a�n�e�s� �a�n�d� �t�h�e� �u�s�a�b�l�e� �s�h�o�u�l�d�e�r�s� �o�n� �b�r�i�d�g�e� 

�s�t�r�u�c�t�u�r�e�,� �a�n�d� �t�h�e� �w�i�d�t�h� �o�f� �t�h�e� �a�p�p�r�o�a�c�h� �l�a�n�e�s�,� �t�h�e� �g�r�e�a�t�e�r� �i�s� �t�h�e� �a�c�c�i�d�e�n�t� �r�a�t�e�.� 

�N�a�r�r�o�w� �b�r�i�d�g�e�s� �p�o�s�e� �a� �g�r�e�a�t�e�r� �p�r�o�b�l�e�m� �f�o�r� �l�a�r�g�e� �t�r�u�c�k�s� �t�h�a�n� �f�o�r� �p�a�s�s�e�n�g�e�r� �c�a�r�s�.� 

�B�r�i�d�g�e� �w�i�d�t�h� �h�a�s� �b�e�e�n� �c�o�n�s�i�d�e�r�e�d� �b�e�c�a�u�s�e� �o�f� �t�h�e� �p�o�t�e�n�t�i�a�l� �c�o�n�s�e�q�u�e�n�c�e�s� �p�o�s�s�i�b�l�e� 

�d�u�e� �t�o� �a� �h�a�z�m�a�t� �a�c�c�i�d�e�n�t� �a�n�d� �r�e�s�u�l�t�i�n�g� �i�n� �r�e�l�e�a�s�e�s� �o�v�e�r� �a� �b�r�i�d�g�e�.� 

�I�d�e�a�l�l�y�,� �t�h�e� �b�r�i�d�g�e� �w�i�d�t�h� �s�h�o�u�l�d� �b�e� �a�t� �l�e�a�s�t� �t�h�e� �s�a�m�e� �a�s� �a�p�p�r�o�a�c�h� �r�o�a�d�w�a�y� �w�i�d�t�h� 

�f�r�o�m� �t�h�e� �s�a�f�e�t�y� �p�o�i�n�t� �o�f� �v�i�e�w�.� �H�o�w�e�v�e�r�,� �t�h�e� �h�i�g�h� �c�o�s�t�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� 

�c�o�n�s�t�r�u�c�t�i�o�n� �o�f� �b�r�i�d�g�e�s� �r�e�s�t�r�i�c�t� �t�h�e� �w�i�d�t�h�.� �T�h�e� �r�e�l�a�t�i�v�e� �b�r�i�d�g�e� �w�i�d�t�h�,� �i�.�e�.�,� �t�h�e� 

�d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �a�c�t�u�a�l� �b�r�i�d�g�e� �w�i�d�t�h� �a�n�d� �t�h�e� �t�r�a�v�e�l� �w�a�y� �w�i�d�t�h� �s�h�o�u�l�d� �b�e� �a�s� 

�l�a�r�g�e� �a�s� �p�o�s�s�i�b�l�e�.� �[�1�7�]� 

�5�.�3�.�1�.�5� �V�e�r�t�i�c�a�l� �G�r�a�d�e� 

�A� �n�u�m�b�e�r� �o�f� �a�c�c�i�d�e�n�t� �s�t�u�d�i�e�s� �o�n� �v�e�r�t�i�c�a�l� �g�r�a�d�e�s� �h�a�v�e� �b�e�e�n� �c�o�n�d�u�c�t�e�d� �w�h�i�c�h� 

�y�i�e�l�d�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �g�e�n�e�r�a�l� �r�e�l�a�t�i�o�n�s�h�i�p�s�:� �[�2�6�]� 

�1�.� �G�r�a�d�e� �s�e�c�t�i�o�n�s� �h�a�v�e� �h�i�g�h�e�r� �a�c�c�i�d�e�n�t� �r�a�t�e�s� �t�h�a�n� �l�e�v�e�!� �s�e�c�t�i�o�n�s�.� 

�2�.� �S�t�e�e�p� �g�r�a�d�e�s� �h�a�v�e� �h�i�g�h�e�r� �a�c�c�i�d�e�n�t� �r�a�t�e�s� �t�h�a�n� �m�i�l�d�e�r� �g�r�a�d�e�s�.� 

�3�.� �D�o�w�n�-�g�r�a�d�e�s� �h�a�v�e� �h�i�g�h�e�r� �a�c�c�i�d�e�n�t� �r�a�t�e�s� �t�h�a�n� �u�p�-�g�r�a�d�e�s�.� 

�A� �v�e�r�y� �h�i�g�h� �p�e�r�c�e�n�t�a�g�e� �o�f� �a�c�c�i�d�e�n�t�s �� �i�n�v�o�l�v�e �� �t�r�u�c�k�s� �w�i�t�h� �h�i�g�h� 

�w�e�i�g�h�t�-�t�o�-�h�o�r�s�e�p�o�w�e�r� �r�a�t�i�o�.� �T�h�i�s� �i�s� �b�e�c�a�u�s�e� �o�n� �s�t�e�e�p� �u�p�-�g�r�a�d�e�s�,� �a� �l�o�a�d�e�d� �t�r�u�c�k� 

�t�r�a�v�e�l�s� �a�t� �l�o�w�e�r� �s�p�e�e�d�s� �w�h�i�c�h� �c�o�u�l�d� �r�e�s�u�l�t� �i�n� �r�e�a�r�-�e�n�d� �c�o�l�l�i�s�i�o�n� �a�c�c�i�d�e�n�t�s�.� �W�h�e�r�e�v�e�r� 

�D�E�V�E�L�O�P�M�E�N�T� �O�F� �M�I�T�I�G�A�T�I�O�N� �M�E�A�S�U�R�E�S� �7�2



�p�o�s�s�i�b�l�e�,� �i�t� �i�s� �a�d�v�i�s�a�b�l�e� �t�o� �p�r�o�v�i�d�e� �f�l�a�t�t�e�r� �g�r�a�d�e�s�.� �C�l�i�m�b�i�n�g� �l�a�n�e�s� �s�h�o�u�l�d� �b�e� �p�r�o�v�i�d�e�d� 

�i�n� �l�o�c�a�t�i�o�n�s� �w�h�e�r�e� �t�h�e� �s�p�e�e�d� �d�i�f�f�e�r�e�n�t�i�a�l� �b�e�t�w�e�e�n� �t�r�u�c�k�s� �a�n�d� �o�t�h�e�r� �v�e�h�i�c�l�e�s� �i�s� �g�r�e�a�t�e�r� 

�t�h�a�n� �1�0� �m�p�h�.� �O�n� �d�o�w�n�-�g�r�a�d�e�s�,� �t�h�e�r�e� �i�s� �a� �h�i�g�h� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �l�o�s�s� �o�f� �c�o�n�t�r�o�l� �o�f� �t�r�u�c�k� 

�r�e�s�u�l�t�i�n�g� �i�n� �s�e�v�e�r�e� �r�o�l�l�o�v�e�r� �a�c�c�i�d�e�n�t�s� �[�8�]�.� 

�F�l�a�t�t�e�n�i�n�g� �t�h�e� �g�r�a�d�e�s� �h�a�s� �b�e�e�n� �a� �p�a�r�t� �o�f� �R�e�s�u�r�f�a�c�i�n�g� �R�e�c�o�n�s�t�r�u�c�t�i�o�n� �a�n�d� 

�R�e�h�a�b�i�l�i�t�a�t�i�o�n� �(�R�R�R�)� �p�r�a�c�t�i�c�e�.� �I�n� �t�h�i�s� �m�o�d�e�l�,� �g�r�a�d�e� �l�e�s�s� �t�h�a�n� �1�%� �i�s� �d�e�f�i�n�e�d� �a�s� �t�h�e� 

�m�o�s�t� �i�d�e�a�l� �c�o�n�d�i�t�i�o�n�.� 

�5�.�3�.�1�.�6� �C�l�e�a�r� �R�o�a�d�s�i�d�e� �R�e�c�o�v�e�r�y� 

�A�p�p�r�o�x�i�m�a�t�e�l�y� �3�0� �p�e�r�c�e�n�t� �o�f� �a�c�c�i�d�e�n�t�s� �o�n� �t�w�o�-�l�a�n�e� �r�u�r�a�l� �r�o�a�d�s� �i�n�v�o�l�v�e� �s�i�n�g�l�e� 

�v�e�h�i�c�l�e�s� �r�u�n�n�i�n�g� �o�f�f� �t�h�e� �r�o�a�d�.� �A�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �t�r�u�c�k� �a�c�c�i�d�e�n�t� �d�a�t�a�b�a�s�e�s�,� 

�t�h�e�r�e� �i�s� �a� �h�i�g�h� �p�e�r�c�e�n�t�a�g�e� �o�f� �s�i�n�g�l�e� �v�e�h�i�c�l�e� �a�c�c�i�d�e�n�t�s� �r�e�s�u�l�t�i�n�g� �i�n� �a� �r�e�l�e�a�s�e�.� �T�h�e� 

�r�e�l�e�a�s�e� �o�f� �h�a�z�m�a�t� �i�s� �u�s�u�a�l�l�y� �c�a�u�s�e�d� �d�u�e� �t�o� �s�t�e�e�p� �s�i�d�e� �s�l�o�p�e�s�,� �p�r�e�s�e�n�c�e� �o�f� �f�i�x�e�d� 

�o�b�j�e�c�t�s�,� �e�t�c�.� 

�A� �n�u�m�b�e�r� �o�f� �s�t�u�d�i�e�s� �i�n� �t�h�e� �p�a�s�t� �h�a�v�e� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e�r�e� �i�s� �a�_� �s�i�g�n�i�f�i�c�a�n�t� 

�r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �r�o�a�d�s�i�d�e� �r�e�c�o�v�e�r�y� �d�i�s�t�a�n�c�e� �a�n�d� �a�c�c�i�d�e�n�t� �r�a�t�e�s� �a�n�d� �t�h�a�t� 

�i�n�c�r�e�a�s�i�n�g� �c�l�e�a�r� �r�e�c�o�v�e�r�y� �a�r�e�a� �w�o�u�l�d� �r�e�d�u�c�e� �b�o�t�h� �t�h�e� �n�u�m�b�e�r� �o�f� �a�c�c�i�d�e�n�t�s� �a�n�d� 

�s�e�v�e�r�i�t�y�.� �W�h�e�n� �t�h�e�r�e� �i�s� �e�n�o�u�g�h� �c�l�e�a�r� �a�r�e�a�,� �t�h�e� �c�h�a�n�c�e�s� �o�f� �s�a�f�e� �r�e�c�o�v�e�r�y� �o�f� �e�r�r�a�n�t� 

�v�e�h�i�c�l�e�s� �a�r�e� �e�x�c�e�l�l�e�n�t�.� �T�h�e� �r�e�c�o�m�m�e�n�d�e�d� �r�e�c�o�v�e�r�y� �a�r�e�a� �s�h�o�u�l�d� �e�x�t�e�n�d� �o�u�t�w�a�r�d� �a�t� 

�l�e�a�s�t� �3�0� �f�t� �f�r�o�m� �t�h�e� �e�d�g�e� �o�f� �t�r�a�v�e�l�e�d� �l�a�n�e�s� �a�n�d� �h�a�v�e� �s�i�d�e�s�l�o�p�e�s� �n�o� �s�t�e�e�p�e�r� �t�h�a�n� �6�:�1�.� 

�D�E�V�E�L�O�P�M�E�N�T� �O�F� �M�I�T�I�G�A�T�I�O�N� �M�E�A�S�U�R�E�S� �7�3



�5�.�3�.�1�.�7� �M�e�d�i�a�n�!�M�e�d�i�a�n� �B�a�r�r�i�e�r� 

�T�h�e� �p�r�e�s�e�n�c�e� �o�f� �m�e�d�i�a�n�/�m�e�d�i�a�n� �b�a�r�r�i�e�r� �o�n� �a� �h�i�g�h�w�a�y� �i�s� �o�f� �c�r�u�c�i�a�l� �i�m�p�o�r�t�a�n�c�e� 

�b�e�c�a�u�s�e� �i�t� �e�l�i�m�i�n�a�t�e�s� �t�h�e� �p�o�s�s�i�b�i�l�i�t�y� �o�f� �h�e�a�d�-�o�n� �c�o�n�f�l�i�c�t� �u�n�d�e�r� �a�l�m�o�s�t� �a�l�l� �c�o�n�d�i�t�i�o�n�s�.� 

�A� �h�e�a�d�-�o�n� �c�o�l�l�i�s�i�o�n� �a�c�c�i�d�e�n�t� �i�n�v�o�l�v�i�n�g� �a� �h�a�z�m�a�t� �c�a�r�r�y�i�n�g� �v�e�h�i�c�l�e� �c�a�n� �b�e� �p�o�t�e�n�t�i�a�l�l�y� 

�c�a�t�a�s�t�r�o�p�h�i�c�.� �I�t� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� �c�o�n�t�r�o�l� �t�h�e� �n�u�m�b�e�r� �o�f� �p�o�t�e�n�t�i�a�l� �c�o�n�f�l�i�c�t�s� �a�s� �f�a�r� �a�s� 

�p�o�s�s�i�b�l�e�.� �W�i�d�e� �m�e�d�i�a�n�s� �a�r�e� �r�e�c�o�m�m�e�n�d�e�d�.� �H�o�w�e�v�e�r�,� �b�a�r�r�i�e�r� �r�a�i�l�s� �c�a�p�a�b�l�e� �o�f� 

�r�e�s�t�r�a�i�n�i�n�g� �h�i�t�s� �f�r�o�m� �e�i�t�h�e�r� �e�n�d�s� �c�a�n� �a�l�s�o� �b�e� �p�r�o�v�i�d�e�d� �a�n�d� �s�h�o�u�l�d� �b�e� �p�r�o�v�i�d�e�d� �o�n� 

�n�a�r�r�o�w� �m�e�d�i�a�n�s�.� �T�h�e� �w�i�d�t�h� �o�f� �m�e�d�i�a�n� �o�r� �t�y�p�e� �o�f� �b�a�r�r�i�e�r� �i�s� �n�o�t� �c�o�n�s�i�d�e�r�e�d� �b�e�c�a�u�s�e� 

�t�h�e� �m�a�i�n� �f�o�c�u�s� �i�s� �w�h�e�t�h�e�r� �o�r� �n�o�t� �a� �m�e�d�i�a�n�/�m�e�d�i�a�n� �b�a�r�r�i�e�r� �i�s� �p�r�e�s�e�n�t�.� 

�A�l�l� �t�h�e� �a�b�o�v�e� �g�e�o�m�e�t�r�i�c� �e�l�e�m�e�n�t�s� �w�i�l�l� �b�e� �c�o�n�s�i�d�e�r�e�d� �i�n� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� 

�m�i�t�i�g�a�t�i�o�n� �m�e�a�s�u�r�e�s�.� �I�n� �o�r�d�e�r� �t�o� �c�o�l�l�e�c�t� �t�h�e� �d�a�t�a�,� �a� �s�u�r�v�e�y� �f�o�r�m� �i�s� �p�r�e�p�a�r�e�d�.� �B�a�s�e�d� 

�o�n� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �t�h�i�s� �d�a�t�a�,� �n�e�c�e�s�s�a�r�y� �i�m�p�r�o�v�e�m�e�n�t�s� �c�a�n� �b�e� �r�e�c�o�m�m�e�n�d�e�d�.� 

�T�a�b�l�e� �5�.�1� �p�r�e�s�e�n�t�s� �a� �s�u�m�m�a�r�y� �o�f� �t�h�e� �g�e�o�m�e�t�r�i�c� �e�l�e�m�e�n�t�s� �c�o�n�s�i�d�e�r�e�d� �a�n�d� �t�h�e� �s�a�f�e� 

�c�o�n�d�i�t�i�o�n�s� �f�o�r� �t�r�u�c�k� �t�r�a�v�e�l�.� �O�n�c�e� �t�h�e� �g�e�o�m�e�t�r�i�c� �e�l�e�m�e�n�t�s� �h�a�v�e� �b�e�e�n� �i�d�e�n�t�i�f�i�e�d�,� �t�h�e� 

�e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �t�h�e� �i�m�p�r�o�v�e�m�e�n�t�s� �h�a�v�e� �t�o� �b�e� �d�e�t�e�r�m�i�n�e�d�.� �T�h�i�s� �i�s� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� 

�n�e�x�t� �s�e�c�t�i�o�n�.� 

�5�.�3�.�2� �E�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �G�e�o�m�e�t�r�i�c� �D�e�s�i�g�n� �I�m�p�r�o�v�e�m�e�n�t� 

�T�h�i�s� �s�e�c�t�i�o�n� �c�o�v�e�r�s� �t�h�e� �p�r�o�c�e�s�s� �o�f� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� 

�i�m�p�r�o�v�e�m�e�n�t�s� �s�e�l�e�c�t�e�d� �b�y� �t�h�e� �u�s�e�r� �i�n� �t�e�r�m�s� �o�f� �t�h�e� �r�e�d�u�c�t�i�o�n� �o�f� �r�i�s�k�.� �T�h�e� �p�a�r�t� �o�f� �r�i�s�k� 

�w�h�i�c�h� �i�s� �a�f�f�e�c�t�e�d� �b�y� �g�e�o�m�e�t�r�i�c� �i�m�p�r�o�v�e�m�e�n�t�s� �i�s� �t�h�e� �a�c�c�i�d�e�n�t� �p�r�o�b�a�b�i�l�i�t�y� �t�h�a�t� �i�s� 

�a�c�h�i�e�v�e�d� �b�y� �r�e�d�u�c�i�n�g� �t�r�u�c�k� �a�c�c�i�d�e�n�t� �r�a�t�e�.� �T�h�e� �d�a�t�a� �n�e�e�d�s� �t�o� �a�c�c�o�m�p�l�i�s�h� �t�h�i�s� �a�r�e� 

�D�E�V�E�L�O�P�M�E�N�T� �O�F� �M�I�T�I�G�A�T�I�O�N� �M�E�A�S�U�R�E�S� �7�4



� � 

�T�a�b�l�e� �5�.�1� 

�S�A�F�E� �G�E�O�M�E�T�R�I�C� �C�O�N�D�I�T�I�O�N�S� �F�O�R� �T�R�U�C�K� �T�R�A�N�S�P�O�R�T�A�T�I�O�N� 

�G�e�o�m�e�t�r�i�c� �D�e�s�i�g�n� �U�n�i�t� �S�a�f�e� 
�E�l�e�m�e�n�t� �C�o�n�d�i�t�i�o�n� 

�L�a�n�e� �w�i�d�t�h� �f�t� �1�2� 

�S�h�o�u�l�d�e�r� �w�i�d�t�h� �f�t� �1�2� 

�S�h�o�u�l�d�e�r� �t�y�p�e� �P�a�v�e�d�/�U�n�p�a�v�e�d� �P�a�v�e�d� 

�D�e�g�r�e�e� �o�f� �c�u�r�v�a�t�u�r�e� �D�e�g�r�e�e� �0� 

�S�i�g�h�t� �d�i�s�t�a�n�c�e� �1�0�0� �f�t� �5�5�0� �f�t� �(�S�S�m�p�h�)� 

�B�r�i�d�g�e� �w�i�d�t�h� �(�s�h�o�u�l�d�e�r�s�)� �i�t� �1�0� 

�V�e�r�t�i�c�a�l� �g�r�a�d�e� �p�e�r�c�e�n�t� �1� 

�C�l�e�a�r� �r�o�a�d�s�i�d�e� �r�e�c�o�v�e�r�y� �f�t� �3�0� 

�M�e�d�i�a�n�/�M�e�d�i�a�n� �b�a�r�r�i�e�r� �Y�/�N� �Y�e�s� � � 
� � 

�D�E�V�E�L�O�P�M�E�N�T� �O�F� �M�I�T�I�G�A�T�I�O�N� �M�E�A�S�U�R�E�S� �7�5� 

� 



�t�r�u�c�k� �a�c�c�i�d�e�n�t� �r�a�t�e� �r�e�d�u�c�t�i�o�n� �f�a�c�t�o�r�s� �f�o�r� �t�h�e� �i�m�p�r�o�v�e�m�e�n�t� �o�f� �t�h�e� �a�b�o�v�e� �g�e�o�m�e�t�r�i�c� 

�e�l�e�m�e�n�t�s�.� 

�E�x�t�e�n�s�i�v�e� �s�e�a�r�c�h� �o�f� �a�v�a�i�l�a�b�l�e� �l�i�t�e�r�a�t�u�r�e� �w�a�s� �c�a�r�r�i�e�d� �o�u�t� �i�n� �a�t�t�e�m�p�t� �t�o� �q�u�a�n�t�i�f�y� �t�h�e� 

�i�m�p�r�o�v�e�m�e�n�t�s� �i�n� �t�e�r�m�s� �o�f� �t�r�u�c�k� �a�c�c�i�d�e�n�t� �r�a�t�e� �r�e�d�u�c�t�i�o�n�.� �H�o�w�e�v�e�r�,� �t�h�e�r�e� �w�e�r�e� �t�w�o� 

�m�a�i�n� �d�r�a�w�b�a�c�k�s�:� 

�1�.� �a� �m�a�j�o�r�i�t�y� �o�f� �p�r�i�o�r� �r�e�s�e�a�r�c�h� �f�o�c�u�s�e�d� �o�n� �r�u�r�a�l� �h�i�g�h�w�a�y�s�;� �t�h�u�s� �u�r�b�a�n� �h�i�g�h�w�a�y� 

�f�e�a�t�u�r�e�s� �a�r�e� �n�o�t� �s�p�e�c�i�f�i�c�a�l�l�y� �a�d�d�r�e�s�s�e�d�.� 

�2�.� �t�h�e� �s�t�u�d�i�e�s� �w�e�r�e� �p�r�i�m�a�r�i�l�y� �c�o�n�c�e�r�n�e�d� �w�i�t�h� �p�a�s�s�e�n�g�e�r� �v�e�h�i�c�l�e�s�.� 

�T�r�u�c�k� �a�c�c�i�d�e�n�t� �s�t�u�d�i�e�s� �h�a�v�e� �b�e�e�n� �g�i�v�e�n� �p�r�i�o�r�i�t�y� �o�n�l�y� �r�e�c�e�n�t�l�y� �a�n�d� �t�h�e�r�e� �i�s� 

�c�u�r�r�e�n�t�l�y� �n�o� �g�o�o�d� �d�a�t�a� �a�v�a�i�l�a�b�l�e� �t�o� �p�e�r�m�i�t� �s�t�a�t�i�s�t�i�c�a�l�l�y� �v�a�l�i�d� �a�n�a�l�y�s�i�s�.� �I�n� �e�v�a�l�u�a�t�i�o�n� 

�o�f� �h�i�g�h�w�a�y� �s�a�f�e�t�y� �u�s�i�n�g� �a�c�c�i�d�e�n�t� �r�a�t�e�s� �a�s� �a� �m�e�a�s�u�r�e�,� �t�w�o� �t�y�p�e�s� �o�f� �d�a�t�a� �a�r�e� �n�e�e�d�e�d�.� 

�T�h�e� �f�i�r�s�t� �i�s� �a�c�c�i�d�e�n�t� �d�a�t�a�.� �T�h�e� �t�y�p�e� �o�f� �a�c�c�i�d�e�n�t� �d�a�t�a� �n�e�e�d�e�d� �v�a�r�i�e�s� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� 

�i�s�s�u�e�.� �F�o�r� �h�a�z�m�a�t� �a�c�c�i�d�e�n�t� �a�n�a�l�y�s�i�s�,� �d�a�t�a� �s�h�o�u�l�d� �b�e� �a�v�a�i�l�a�b�l�e� �o�n� �a�l�l� �t�r�u�c�k� �a�c�c�i�d�e�n�t�s�,� 

�c�a�t�e�g�o�r�i�z�e�d� �b�y� �t�r�u�c�k� �c�o�n�f�i�g�u�r�a�t�i�o�n�.� �T�h�e� �o�t�h�e�r� �r�e�l�e�v�a�n�t� �d�a�t�a� �n�e�e�d�e�d� �a�r�e� �t�h�e� �t�i�m�e� �a�n�d� 

�l�o�c�a�t�i�o�n� �o�f� �a�c�c�i�d�e�n�t�s�,� �t�y�p�e� �o�f� �a�c�c�i�d�e�n�t�,� �h�i�g�h�w�a�y� �o�r� �s�e�g�m�e�n�t� �t�y�p�e�,� �f�a�c�t�o�r�s� �i�n�v�o�l�v�e�d� �e�t�c�.� 

�T�h�e�s�e� �a�c�c�i�d�e�n�t� �m�e�a�s�u�r�e�s� �a�r�e� �t�y�p�i�c�a�l�l�y� �e�x�p�r�e�s�s�e�d� �i�n� �t�e�r�m�s� �o�f� �a�c�c�i�d�e�n�t� �r�a�t�e�s� �i�.�e�.�,� 

�a�c�c�i�d�e�n�t� �p�e�r� �m�i�l�l�i�o�n� �v�e�h�i�c�l�e� �m�i�l�e�s� �o�f� �t�r�a�v�e�l�.� �T�h�e� �d�e�n�o�m�i�n�a�t�o�r� �o�f� �t�h�e� �r�a�t�e� �e�x�p�r�e�s�s�i�o�n� 

�i�s� �t�h�e� �e�x�p�o�s�u�r�e� �v�a�l�u�e� �w�h�i�c�h� �i�s� �t�h�e� �s�e�c�o�n�d� �p�r�i�n�c�i�p�a�l� �t�y�p�e� �o�f� �d�a�t�a� �r�e�q�u�i�r�e�d�.� �I�n� 

�e�s�t�a�b�l�i�s�h�i�n�g� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �p�o�l�i�c�i�e�s�,� �t�h�e� �i�d�e�a�l� �s�i�t�u�a�t�i�o�n� �w�o�u�l�d� �b�e� 

�r�i�s�k� �m�e�a�s�u�r�e�s� �t�h�a�t� �c�o�u�l�d� �b�e� �b�e� �m�a�d�e� �v�e�r�y� �s�p�e�c�i�f�i�c�.� �A�n� �a�c�c�i�d�e�n�t� �r�a�t�e� �f�o�r� �a� �p�a�r�t�i�c�u�l�a�r� 

�t�y�p�e� �o�f� �t�r�u�c�k� �t�r�a�v�e�l�i�n�g� �o�n� �a� �p�a�r�t�i�c�u�l�a�r� �t�y�p�e� �o�f� �r�o�a�d� �o�r� �r�o�a�d� �s�e�g�m�e�n�t� �c�a�n� �b�e� �o�b�t�a�i�n�e�d� 

�o�n�l�y� �i�f� �b�o�t�h� �t�h�e� �a�c�c�i�d�e�n�t� �a�n�d� �e�x�p�o�s�u�r�e� �d�a�t�a� �a�r�e� �s�t�r�a�t�i�f�i�e�d� �a�c�c�o�r�d�i�n�g�l�y�.� �B�o�t�h� �d�a�t�a� �s�e�t�s� 

�s�h�o�u�l�d� �c�o�v�e�r� �a� �s�u�f�f�i�c�i�e�n�t�l�y� �l�o�n�g� �p�e�r�i�o�d� �o�f� �t�i�m�e� �w�h�i�c�h� �c�a�n� �b�e� �c�h�e�c�k�e�d� �s�t�a�t�i�s�t�i�c�a�l�l�y� �w�i�t�h� 

�a� �C�h�i�-�s�q�u�a�r�e�d� �t�e�s�t� �a�s� �p�r�e�v�i�o�u�s�l�y� �e�x�p�l�a�i�n�e�d� �i�n� �t�h�i�s� �r�e�p�o�r�t�.� �H�o�w�e�v�e�r�,� �v�a�l�i�d� �e�x�p�o�s�u�r�e� 

�d�a�t�a� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �a� �p�a�r�t�i�c�u�l�a�r� �t�r�u�c�k�,� �h�i�g�h�w�a�y� �o�r� �a�c�c�i�d�e�n�t� �t�y�p�e� �a�r�e� �s�e�l�d�o�m� 

�a�v�a�i�l�a�b�l�e� �[�9�,� �1�9�]�.� 

�D�E�V�E�L�O�P�M�E�N�T� �O�F� �M�I�T�I�G�A�T�I�O�N� �M�E�A�S�U�R�E�S� �7�6



�R�e�g�a�r�d�i�n�g� �t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �v�a�l�u�e�s� �o�f� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� �w�h�i�c�h� �h�a�v�e� �t�o� �b�e� 

�i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �t�h�e� �m�o�d�e�l� �t�o� �o�b�t�a�i�n� �r�i�s�k� �r�e�d�u�c�t�i�o�n�,� �d�a�t�a� �a�r�e� �n�o�t� �a�v�a�i�l�a�b�l�e�.� �O�b�t�a�i�n�i�n�g� 

�t�r�u�c�k� �a�c�c�i�d�e�n�t� �r�e�d�u�c�t�i�o�n� �f�a�c�t�o�r�s� �w�i�l�l� �i�n�v�o�l�v�e� �e�x�t�e�n�s�i�v�e� �s�t�u�d�y� �o�f� �a�c�c�i�d�e�n�t�s� �b�e�f�o�r�e� �a�n�d� 

�a�f�t�e�r� �t�h�e� �i�m�p�r�o�v�e�m�e�n�t�s� �a�n�d� �w�i�l�l� �h�a�v�e� �t�o� �b�e� �d�e�v�e�l�o�p�e�d� �o�v�e�r� �t�i�m�e� �i�n� �t�h�e� �f�u�t�u�r�e�.� �T�h�e� 

�o�n�l�y� �o�t�h�e�r� �d�a�t�a� �w�h�i�c�h� �a�r�e� �a�v�a�i�l�a�b�l�e� �i�s� �t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �i�n� �t�e�r�m�s� �o�f� �a�l�l� �v�e�h�i�c�l�e� 

�a�c�c�i�d�e�n�t� �r�e�d�u�c�t�i�o�n� �f�a�c�t�o�r�s�.� �A� �T�R�B� �s�t�u�d�y� �[�2�9�]� �o�n� �t�h�e� �s�a�f�e�t�y� �i�m�p�a�c�t� �o�f� �r�e�s�u�r�f�a�c�i�n�g�,� 

�r�e�s�t�o�r�a�t�i�o�n� �a�n�d� �r�e�h�a�b�i�l�i�t�a�t�i�o�n� �h�a�s� �m�a�d�e� �p�o�s�s�i�b�l�e� �r�e�s�e�a�r�c�h� �d�e�t�e�r�m�i�n�i�n�g� �p�o�s�s�i�b�l�e� 

�a�c�c�i�d�e�n�t� �r�e�d�u�c�t�i�o�n� �p�o�t�e�n�t�i�a�l�s� �o�f� �v�a�r�i�o�u�s� �h�i�g�h�w�a�y� �e�l�e�m�e�n�t�s�.� �I�n� �a� �s�t�u�d�y� �c�o�n�d�u�c�t�e�d� �b�y� 

�S�i�n�h�a� �a�n�d� �H�u� �[�2�6�]�,� �1�4� �m�a�j�o�r� �h�i�g�h�w�a�y� �d�e�s�i�g�n� �e�l�e�m�e�n�t�s� �t�h�a�t� �h�a�v�e� �s�i�g�n�i�f�i�c�a�n�t� �e�f�f�e�c�t� �o�n� 

�s�a�f�e�t�y�,� �w�e�r�e� �s�e�l�e�c�t�e�d�.� �F�o�r� �t�h�e�s�e� �e�l�e�m�e�n�t�s�,� �t�h�e� �i�m�p�r�o�v�e�m�e�n�t� �w�a�s� �m�e�a�s�u�r�e�d� �b�y� �a� �u�n�i�t� 

�m�e�a�s�u�r�e�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �u�n�i�t� �o�f� �l�a�n�e� �w�i�d�t�h� �i�s� �7�1� �f�o�o�t�,� �w�h�i�l�e� �t�h�e� �i�m�p�r�o�v�e�m�e�n�t� �o�f� �s�i�g�h�t� 

�d�i�s�t�a�n�c�e� �w�a�s� �m�e�a�s�u�r�e�d� �b�y� �1�0�0� �f�t�.� �T�h�e�n� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e�s�e� �i�n�d�i�v�i�d�u�a�l� 

�h�i�g�h�w�a�y� �d�e�s�i�g�n� �e�l�e�m�e�n�t�s� �a�n�d� �a�c�c�i�d�e�n�t� �r�e�d�u�c�t�i�o�n� �r�a�t�e� �w�a�s� �d�e�r�i�v�e�d� �u�s�i�n�g� �t�h�e� �l�i�t�e�r�a�t�u�r�e� 

�a�v�a�i�l�a�b�l�e� �i�n� �t�h�e� �N�C�H�R�P� �p�r�o�j�e�c�t� �3�-�2�5� �[�2�0�]�.� �T�h�e� �q�u�a�n�t�i�f�i�e�d� �h�i�g�h�w�a�y� �a�c�c�i�d�e�n�t� �r�e�d�u�c�t�i�o�n� 

�r�a�t�e� �v�a�l�u�e�s� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �N�C�H�R�P� �r�e�p�o�r�t� �w�e�r�e� �r�e�l�a�t�e�d� �t�o� �s�p�e�c�i�f�i�c� �h�i�g�h�w�a�y� �c�l�a�s�s� �a�n�d� 

�d�e�s�i�g�n� �e�l�e�m�e�n�t�.� �T�h�e� �e�x�i�s�t�i�n�g� �d�a�t�a� �i�n�c�l�u�d�e�d� �f�o�u�r� �d�i�f�f�e�r�e�n�t� �h�i�g�h�w�a�y� �t�y�p�e�s�:� �i�n�t�e�r�s�t�a�t�e�,� 

�f�o�u�r�-�l�a�n�e� �u�n�d�i�v�i�d�e�d� �h�i�g�h�w�a�y�,� �t�w�o�-�l�a�n�e� �r�u�r�a�l� �h�i�g�h�w�a�y� �a�n�d� �u�r�b�a�n� �a�r�t�e�r�i�a�l�.� �T�h�e� �a�c�c�i�d�e�n�t� 

�r�e�d�u�c�t�i�o�n� �r�a�t�e�s� �r�e�l�a�t�e�d� �t�o� �t�h�e� �h�i�g�h�w�a�y� �d�e�s�i�g�n� �e�l�e�m�e�n�t�s� �w�e�r�e� �e�v�a�l�u�a�t�e�d� �u�n�d�e�r� �e�a�c�h� 

�c�l�a�s�s� �o�f� �h�i�g�h�w�a�y�.� 

�I�t� �w�a�s� �d�e�c�i�d�e�d� �t�h�a�t� �t�h�e�s�e� �f�a�c�t�o�r�s� �c�a�n� �b�e� �u�s�e�d� �a�t� �p�r�e�s�e�n�t� �a�s� �d�e�f�a�u�l�t� �v�a�l�u�e�s�.� �T�h�i�s� 

�c�a�n� �b�e� �e�a�s�i�l�y� �i�m�b�e�d�d�e�d� �i�n� �t�h�e� �r�i�s�k� �m�o�d�e�l�.� �M�o�r�e�o�v�e�r�,� �a�l�l� �t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �v�a�l�u�e�s� �a�r�e� 

�i�n� �t�e�r�m�s� �o�f� �a� �c�o�m�m�o�n� �u�n�i�t� �-� �n�u�m�b�e�r� �o�f� �a�c�c�i�d�e�n�t�s� �r�e�d�u�c�e�d� �p�e�r� �m�i�l�l�i�o�n� �v�e�h�i�c�l�e� �m�i�l�e�s�.� 

�S�o�m�e� �o�f� �t�h�e�s�e� �v�a�l�u�e�s� �a�r�e� �u�s�e�d� �i�n� �t�h�e� �p�r�o�g�r�a�m�.� �T�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �v�a�l�u�e�s� �f�o�r� �b�r�i�d�g�e� 

�w�i�d�t�h� �a�n�d� �c�l�e�a�r� �r�o�a�d�s�i�d�e� �r�e�c�o�v�e�r�y� �a�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �s�t�u�d�i�e�s� �b�y� �M�a�k� �[�1�7�]� �a�n�d� �t�h�e� �T�R�B� 

�r�e�p�o�r�t� �[�2�9�]� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e�s�e� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �5�.�2�.� �T�h�e� �t�y�p�e� �o�f� �a�c�c�i�d�e�n�t� 

�D�E�V�E�L�O�P�M�E�N�T� �O�F� �M�I�T�I�G�A�T�I�O�N� �M�E�A�S�U�R�E�S� �7�7



�c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �g�e�o�m�e�t�r�y� �e�l�e�m�e�n�t�s� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �5�.�3�.� �A�p�p�e�n�d�i�x� �C� �h�a�s� �a� �m�o�r�e� 

�d�e�t�a�i�l�e�d� �l�i�s�t�i�n�g� �o�f� �t�h�e� �a�c�c�i�d�e�n�t� �t�y�p�e� �a�n�d� �t�h�e� �r�e�l�a�t�e�d� �g�e�o�m�e�t�r�i�c� �d�e�s�i�g�n� �e�l�e�m�e�n�t�s�.� 

�H�o�w�e�v�e�r�,� �i�t� �s�h�o�u�l�d� �b�e� �m�a�d�e� �c�l�e�a�r� �t�h�a�t� �t�h�e�s�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �a�r�e� �f�o�r� �a�l�l� �v�e�h�i�c�l�e� 

�a�c�c�i�d�e�n�t�s� �a�n�d� �h�a�v�e� �t�o� �b�e� �s�u�b�s�t�i�t�u�t�e�d� �b�y� �s�o�m�e� �r�e�l�i�a�b�l�e� �t�r�u�c�k� �a�c�c�i�d�e�n�t� �r�a�t�e� �r�e�d�u�c�t�i�o�n� 

�f�a�c�t�o�r�s� �w�h�e�n� �a�v�a�i�l�a�b�l�e�.� 

�5�.�3�.�2�.�1�.� �C�o�m�b�i�n�i�n�g� �D�i�f�f�e�r�e�n�t� �I�m�p�r�o�v�e�m�e�n�t�s� 

�T�h�e� �a�c�c�i�d�e�n�t� �e�f�f�e�c�t�s� �f�o�r� �s�i�t�u�a�t�i�o�n�s� �i�n� �w�h�i�c�h� �t�w�o� �o�r� �m�o�r�e� �h�i�g�h�w�a�y� �f�e�a�t�u�r�e�s� �a�r�e� 

�i�m�p�r�o�v�e�d� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� �i�s� �d�i�f�f�i�c�u�l�t� �t�o� �e�s�t�i�m�a�t�e�.� �I�n�t�e�r�a�c�t�i�v�e� �e�f�f�e�c�t�s� �o�f� �s�u�c�h� �c�o�m�b�i�n�e�d� 

�t�r�e�a�t�m�e�n�t�s� �h�a�v�e� �n�o�t� �b�e�e�n� �m�o�d�e�l�e�d�.� �I�n� �t�h�e� �a�b�s�e�n�c�e� �o�f� �s�u�c�h� �m�o�d�e�l�s�,� �a�d�-�h�o�c� 

�p�r�o�c�e�d�u�r�e�s� �a�r�e� �r�e�q�u�i�r�e�d� �t�o� �e�s�t�i�m�a�t�e� �t�h�e� �a�c�c�i�d�e�n�t� �r�e�d�u�c�t�i�o�n� �l�i�k�e�l�y� �t�o� �r�e�s�u�l�t� �f�r�o�m� �t�w�o� 

�o�r� �m�o�r�e� �s�i�m�u�l�t�a�n�e�o�u�s� �i�m�p�r�o�v�e�m�e�n�t�s�.� 

�A� �f�i�r�s�t� �o�r�d�e�r� �a�p�p�r�o�x�i�m�a�t�i�o�n� �o�f� �c�o�m�b�i�n�e�d� �e�f�f�e�c�t�s�,� �i�n� �u�s�e� �f�o�r� �m�a�n�y� �y�e�a�r�s� �i�s� 

�i�l�l�u�s�t�r�a�t�e�d� �f�o�r� �t�h�r�e�e� �s�i�m�u�l�t�a�n�e�o�u�s� �i�m�p�r�o�v�e�m�e�n�t�s� �a�s� �f�o�l�l�o�w�s�:� 

�A�R�F�,� �/�1�0�0�=�1 �� �(�1 ��A�R�F�1�/�1�0�0�)� �(�1�  �� �A�R�F�2�/�1�0�0�)� �(�1�  �� �A�R�F�3�/� �1�0�0�)� �(�5�.�1�)� 

�W�h�e�r�e� �A�R�F�,� �i�s� �t�h�e� �a�c�c�i�d�e�n�t� �r�e�d�u�c�t�i�o�n� �f�a�c�t�o�r�,� �e�x�p�r�e�s�s�e�d� �a�s� �a� �p�e�r�c�e�n�t�a�g�e�,� 

�e�x�p�e�c�t�e�d� �f�r�o�m� �t�h�e� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �i�m�p�r�o�v�e�m�e�n�t�s�;� �a�n�d� �A�R�F�1�,� �A�R�F�2� �a�n�d� �A�R�F�3� �a�r�e� 

�s�i�m�i�l�a�r� �f�a�c�t�o�r�s� �r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e� �e�f�f�e�c�t�s� �o�f� �t�h�e� �f�i�r�s�t�,� �s�e�c�o�n�d� �a�n�d� �t�h�i�r�d� �i�m�p�r�o�v�e�m�e�n�t�s�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�.� �H�o�w�e�v�e�r�,� �i�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t� �i�t� �d�o�e�s� �n�o�t� �a�c�c�o�u�n�t� �f�o�r� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� 

�a�m�o�n�g� �t�h�e� �c�o�m�b�i�n�e�d� �i�m�p�r�o�v�e�m�e�n�t�s� �[�2�9�]�.� 

�I�n� �t�h�e� �m�o�d�e�l�,� �o�n�c�e� �t�h�e� �i�m�p�r�o�v�e�m�e�n�t�s� �a�r�e� �s�e�l�e�c�t�e�d�,� �t�h�e� �t�o�t�a�l� �a�c�c�i�d�e�n�t� �r�e�d�u�c�t�i�o�n� 

�i�s� �o�b�t�a�i�n�e�d� �a�n�d� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �r�e�d�u�c�t�i�o�n� �f�a�c�t�o�r� �f�o�r� �e�a�c�h� �d�e�s�i�g�n� �e�l�e�m�e�n�t� 

�i�m�p�r�o�v�e�m�e�n�t� �i�s� �c�o�m�p�u�t�e�d�.� �U�s�i�n�g� �t�h�e� �a�b�o�v�e� �f�o�r�m�u�l�a�,� �t�h�e� �c�o�m�b�i�n�e�d� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� 

�D�E�V�E�L�O�P�M�E�N�T� �O�F� �M�I�T�I�G�A�T�I�O�N� �M�E�A�S�U�R�E�S� �7�8
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�a�l�l� �t�h�e� �i�m�p�r�o�v�e�m�e�n�t�s� �c�o�n�s�i�d�e�r�e�d� �i�s� �o�b�t�a�i�n�e�d�.� �T�h�i�s� �i�s� �u�s�e�d� �t�o� �o�b�t�a�i�n� �t�h�e� �r�e�d�u�c�e�d� �r�i�s�k� 

�v�a�l�u�e�.� 

�9�.�4� �C�o�n�s�e�q�u�e�n�c�e� �R�e�d�u�c�t�i�o�n� 

�T�h�i�s� �i�s� �t�h�e� �s�e�c�o�n�d� �s�t�a�g�e� �o�f� �m�i�t�i�g�a�t�i�o�n� �o�f� �r�i�s�k�.� �T�h�e� �i�n�t�e�n�t� �i�s� �t�o� �r�e�d�u�c�e� �p�o�t�e�n�t�i�a�l� 

�c�o�n�s�e�q�u�e�n�c�e�s� �d�u�e� �t�o� �t�h�e� �r�e�l�e�a�s�e� �o�f� �h�a�z�m�a�t� �o�n� �h�i�g�h�w�a�y�s� �b�y� �d�e�v�e�l�o�p�i�n�g� �p�r�o�t�e�c�t�i�v�e� 

�s�y�s�t�e�m�s� �f�o�r� �v�a�r�i�o�u�s� �s�c�e�n�a�r�i�o�s�.� �T�h�i�s� �t�s� �a�n� �e�x�t�e�n�s�i�o�n� �o�f� �a�n� �e�a�r�l�i�e�r� �w�o�r�k� �d�o�n�e� �b�y� 

�R�u�s�s�e�l�l�  ��P�r�o�t�e�c�t�i�v�e� �S�y�s�t�e�m�s� �f�o�r� �S�p�i�l�l�s� �o�f� �H�a�z�a�r�d�o�u�s� �M�a�t�e�r�i�a�l�s�:� �V�o�l�u�m�e� �|� �F�i�n�a�l� �R�e�p�o�r�t� 

�a�n�d� �V�o�l�u�m�e� �I�!� �G�u�i�d�e�l�i�n�e�s �� �[�2�3�,�2�4�]�.� 

�I�t� �w�a�s� �f�o�u�n�d� �t�h�a�t� �t�h�e� �c�o�n�c�e�p�t� �o�f� �d�e�s�i�g�n�i�n�g� �p�r�o�t�e�c�t�i�v�e� �m�e�a�s�u�r�e�s� �i�n�t�o� �h�i�g�h�w�a�y� 

�s�y�s�t�e�m�s� �s�p�e�c�i�f�i�c�a�l�l�y� �t�o� �p�r�e�v�e�n�t� �o�r� �m�i�t�i�g�a�t�e� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s� �s�p�i�l�l�s� �w�a�s� �n�e�w� �a�n�d� 

�u�n�i�q�u�e�.� �N�o� �U�.�S�.� �l�i�t�e�r�a�t�u�r�e� �e�x�i�s�t�e�d� �t�h�a�t� �d�i�r�e�c�t�l�y� �a�d�d�r�e�s�s�e�d� �t�h�i�s� �c�o�n�c�e�p�t�.� �L�i�t�e�r�a�t�u�r�e� �o�n� 

�s�y�s�t�e�m�s� �t�h�a�t� �c�o�u�l�d� �b�e� �a�d�a�p�t�e�d� �t�o� �t�h�e� �c�o�n�c�e�p�t�,� �s�u�c�h� �a�s� �d�r�a�i�n�a�g�e� �c�o�n�t�a�i�n�m�e�n�t� 

�s�y�s�t�e�m�s�,� �h�i�g�h� �s�t�r�e�n�g�t�h� �b�a�r�r�i�e�r� �r�a�i�l�,� �e�t�c�.�,� �w�a�s� �a�v�a�i�l�a�b�l�e�.� �H�o�w�e�v�e�r�,� �t�h�e� �p�u�b�l�i�s�h�e�d� 

�l�i�t�e�r�a�t�u�r�e� �h�a�s� �n�o� �r�e�f�e�r�e�n�c�e� �t�o� �d�i�r�e�c�t� �u�s�e�s� �o�f� �s�u�c�h� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� �i�n� �t�h�e� �h�i�g�h�w�a�y� 

�e�n�v�i�r�o�n�m�e�n�t� �e�x�c�e�p�t� �f�o�r� �c�o�n�t�a�i�n�m�e�n�t� �b�a�s�i�n�s� �o�r�i�g�i�n�a�l�l�y� �d�e�s�i�g�n�e�d� �t�o� �m�i�t�i�g�a�t�e� �p�o�l�l�u�t�i�o�n� 

�f�r�o�m� �g�e�n�e�r�a�l� �h�i�g�h�w�a�y� �r�u�n�o�f�f�,� �a�n�d� �h�i�g�h�-�s�t�r�e�n�g�t�h� �b�r�i�d�g�e� �r�a�i�l� �t�h�a�t� �c�o�u�l�d� �h�a�v�e� �d�i�r�e�c�t� 

�a�p�p�l�i�c�a�t�i�o�n� �b�y� �c�o�n�t�a�i�n�i�n�g� �h�a�z�m�a�t� �t�a�n�k� �t�r�u�c�k�s� �w�i�t�h�i�n� �t�h�e� �h�i�g�h�w�a�y� �s�y�s�t�e�m�.� �T�h�i�s� 

�r�e�s�e�a�r�c�h� �f�o�c�u�s�e�d� �o�n� �p�o�t�e�n�t�i�a�l� �r�i�s�k�s� �w�h�i�c�h� �w�o�u�l�d� �r�e�s�u�l�t� �i�n� �s�e�v�e�r�e�,� �l�o�n�g�-�t�e�r�m�,� 

�p�e�r�m�a�n�e�n�t�,� �i�r�r�e�p�a�r�a�b�l�e� �o�r� �c�a�t�a�s�t�r�o�p�h�i�c� �c�o�n�s�e�q�u�e�n�c�e�s� �a�n�d� �e�x�i�s�t�i�n�g� �t�e�c�h�n�o�l�o�g�y� �a�n�d� 

�s�t�a�t�e�-�o�f�-�t�h�e�-�a�r�t� �k�n�o�w�l�e�d�g�e� �f�o�r� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �s�e�l�e�c�t�e�d� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s�.� �T�h�e� 

�m�a�t�e�r�i�a�l� �p�r�e�s�e�n�t�e�d� �i�n� �t�h�e�s�e� �r�e�p�o�r�t�s� �s�h�o�u�l�d� �p�r�o�v�i�d�e� �a� �f�r�a�m�e�w�o�r�k� �t�o� �g�u�i�d�e� �t�h�e� �s�t�a�t�e� �t�o� 

�a� �d�e�c�i�s�i�o�n� �o�n� �t�h�e� �p�r�a�c�t�i�c�a�l�i�t�y� �o�f� �d�e�s�i�g�n�i�n�g� �a� �s�p�e�c�i�f�i�c� �s�y�s�t�e�m�.� 

�D�E�V�E�L�O�P�M�E�N�T� �O�F� �M�I�T�I�G�A�T�I�O�N� �M�E�A�S�U�R�E�S� �8�1



�5�.�4�.�1�.� �D�e�v�e�l�o�p�m�e�n�t� �o�f� �S�c�e�n�a�r�i�o�s� �a�n�d� �P�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� 

�5�.�4�.�1�.�1� �D�e�v�e�l�o�p�m�e�n�t� �o�f� �S�c�e�n�a�r�i�o�s� 

�T�h�e� �d�e�s�i�g�n� �a�n�d� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �a� �p�h�y�s�i�c�a�l� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m� �o�n� �a� �r�o�u�t�e� �o�r� 

�r�o�u�t�e� �s�e�g�m�e�n�t� �i�s� �c�o�s�t�l�y� �a�n�d� �p�r�o�b�a�b�l�y� �o�n�l�y� �j�u�s�t�i�f�i�a�b�l�e� �i�n� �h�i�g�h� �r�i�s�k� �a�r�e�a�s� �o�r� �a�r�e�a�s� �w�h�e�r�e� 

�t�h�e�r�e� �i�s� �c�a�t�a�s�t�r�o�p�h�i�c� �p�o�t�e�n�t�i�a�l�.� �T�h�e� �f�i�r�s�t� �t�a�s�k� �i�s� �t�o� �d�e�f�i�n�e� �t�h�e� �c�a�t�a�s�t�r�o�p�h�i�c� �n�a�t�u�r�e� �o�f� 

�s�p�i�l�l�s�.� �I�n� �o�r�d�e�r� �t�o� �a�i�d� �i�n� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �g�e�n�e�r�a�l�i�z�e�d� �s�c�e�n�a�r�i�o�s�,� �R�u�s�s�e�l�l� �[�2�3�]� �u�s�e�d� 

�a�n� �a�d�v�i�s�o�r�y� �p�a�n�e�l� �o�f� �c�o�n�t�a�c�t�s� �f�r�o�m� �2�7� �i�n�t�e�r�e�s�t�e�d� �s�t�a�t�e�s�.� �T�h�i�s� �a�p�p�r�o�a�c�h� �r�e�f�l�e�c�t�e�d� �t�r�u�e� 

�c�o�n�c�e�r�n�s� �o�f� �s�t�a�t�e�s� �i�n� �r�e�g�a�r�d� �t�o� �p�o�t�e�n�t�i�a�l�l�y� �c�a�t�a�s�t�r�o�p�h�i�c� �s�i�t�u�a�t�i�o�n�s� �t�h�a�t� �c�o�u�l�d� �o�c�c�u�r� 

�d�u�r�i�n�g� �t�h�e� �t�r�a�n�s�p�o�r�t� �o�f� �h�a�z�m�a�t� �o�n� �h�i�g�h�w�a�y� �s�y�s�t�e�m�s�.� �T�h�e� �a�d�v�i�s�o�r�y� �p�a�n�e�l� �w�a�s� �a�s�k�e�d� 

�f�o�r� �r�e�a�l� �o�r� �h�y�p�o�t�h�e�t�i�c�a�l� �s�c�e�n�a�r�i�o�s� �t�h�a�t� �t�h�e�y� �f�e�l�t� �w�e�r�e� �o�f� �c�o�n�c�e�r�n� �t�o� �t�h�e�i�r� �s�t�a�t�e�.� 

�A�p�p�r�o�x�i�m�a�t�e�l�y� �6�0� �s�e�p�a�r�a�t�e�,� �i�n�d�e�p�e�n�d�e�n�t� �s�c�e�n�a�r�i�o�s� �w�e�r�e� �s�u�g�g�e�s�t�e�d�.� �T�h�r�o�u�g�h� �s�e�v�e�r�a�l� 

�r�o�u�n�d�s� �o�f� �r�a�n�k�i�n�g�s�,� �t�h�e� �o�r�i�g�i�n�a�l� �6�0� �s�c�e�n�a�r�i�o�s� �w�e�r�e� �n�a�r�r�o�w�e�d� �d�o�w�n� �t�o� �1�1�.� �M�o�s�t� �f�e�l�l� 

�i�n�t�o� �a� �f�e�w� �c�a�t�e�g�o�r�i�e�s� �s�u�c�h� �t�h�a�t� �b�y� �g�e�n�e�r�a�l�i�z�i�n�g� �a� �s�t�a�t�e�m�e�n�t� �c�o�v�e�r�i�n�g� �t�h�e� �c�a�t�e�g�o�r�y�,� 

�s�e�v�e�r�a�l� �o�f� �t�h�e� �o�r�i�g�i�n�a�l� �s�c�e�n�a�r�i�o�s� �f�i�t� �e�a�c�h� �s�t�a�t�e�m�e�n�t�.� �T�h�u�s�,� �t�h�e� �p�r�o�c�e�s�s� �o�f� �n�a�r�r�o�w�i�n�g� 

�d�o�w�n� �t�h�e� �s�c�e�n�a�r�i�o�s� �w�a�s� �m�o�r�e� �a� �p�r�o�c�e�s�s� �o�f� �f�i�t�t�i�n�g� �a�l�l� �6�0� �i�n�t�o� �1�1� �g�e�n�e�r�a�l� �s�t�a�t�e�m�e�n�t�s� 

�r�a�t�h�e�r� �t�h�a�n� �p�i�c�k�i�n�g� �t�h�e� �t�o�p� �1�1� �a�n�d� �d�i�s�c�a�r�d�i�n�g� �4�9�.� �T�h�e�s�e� �w�e�r�e� �t�h�e�n� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� 

�s�i�t�u�a�t�i�o�n�s� �i�n� �P�e�n�n�s�y�l�v�a�n�i�a�,� �a�n�d� �9� �o�f� �t�h�e� �e�l�e�v�e�n� �s�c�e�n�a�r�i�o�s� �w�e�r�e� �f�o�u�n�d� �t�o� �b�e� �a�p�p�l�i�c�a�b�l�e�.� 

�T�h�e�s�e� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �5�.�4�.� �A�l�t�h�o�u�g�h� �t�h�e�s�e� �a�r�e� �b�e�l�i�e�v�e�d� �t�o� �f�i�t� �P�e�n�n�s�y�l�v�a�n�i�a�,� �t�h�e�y� 

�a�r�e� �s�t�i�l�l� �g�e�n�e�r�a�l�.� �H�o�w�e�v�e�r�,� �t�h�e�y� �c�a�n� �e�a�s�i�l�y� �b�e� �m�a�d�e� �s�i�t�e�-�s�p�e�c�i�f�i�c� �a�s� �n�e�e�d�e�d� �b�y� 

�p�l�a�n�n�e�r�/�d�e�s�i�g�n�e�r�.� 

�T�h�i�s� �s�e�t� �o�f� �s�c�e�n�a�r�i�o�s� �i�s� �s�u�f�f�i�c�i�e�n�t�l�y� �c�o�m�p�r�e�h�e�n�s�i�v�e� �a�n�d� �g�e�n�e�r�a�l� �e�n�o�u�g�h� �t�o� �u�s�e� �i�n� 

�s�e�e�k�i�n�g� �a� �s�e�t� �o�f� �c�o�r�r�e�s�p�o�n�d�i�n�g� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� �t�o� �b�e� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �n�e�w� �o�r� 

�r�e�c�o�n�s�t�r�u�c�t�e�d� �h�i�g�h�w�a�y� �s�e�g�m�e�n�t�s�.� �T�h�e� �i�n�t�e�n�t� �i�n� �d�e�v�e�l�o�p�i�n�g� �t�h�e�s�e� �s�c�e�n�a�r�i�o�s� �i�s� �t�o� 

�D�E�V�E�L�O�P�M�E�N�T� �O�F� �M�I�T�I�G�A�T�I�O�N� �M�E�A�S�U�R�E�S� �8�2



� � 

�T�a�b�l�e� �5�.�4� 

�G�E�N�E�R�A�L� �-� �P�O�T�E�N�T�I�A�L�L�Y� �E�X�T�R�E�M�E� �R�I�S�K� �S�I�T�U�A�T�I�O�N�S� �I�N� �P�E�N�N�S�Y�L�V�A�N�I�A� 

�1�)� �P�o�i�s�o�n�o�u�s�,� �t�o�x�i�c� �f�l�a�m�m�a�b�l�e� �o�r� �e�x�p�l�o�s�i�v�e� �m�a�t�e�r�i�a�l� �e�n�d�a�n�g�e�r�s� �l�a�r�g�e� �n�u�m�b�e�r�s� �o�f� �t�r�a�p�p�e�d� 
�m�o�t�o�r�i�s�t�s�,� �e�.�g�.�,� �b�e�t�w�e�e�n� �i�n�t�e�r�c�h�a�n�g�e�s�,� �i�n� �c�u�t� �s�e�c�t�i�o�n� �o�r� �i�n� �t�r�a�f�f�i�c� �j�a�m� �d�o�w�n�w�i�n�d� �i�n� 
�p�o�i�s�o�n�o�u�s� �o�r� �t�o�x�i�c� �g�a�s� �r�e�l�e�a�s�e�.� 

�2�)� �C�h�e�m�i�c�a�l� �s�p�i�l�l�s� �o�f� �p�o�i�s�o�n�o�u�s� �o�r� �e�x�p�l�o�s�i�v�e� �m�a�t�e�r�i�a�l�s� �t�h�a�t� �c�o�u�l�d� �e�n�t�e�r� �b�a�c�k�g�r�o�u�n�d� 
 ��M�E�T�R�O �� �s�t�a�t�i�o�n�s� �o�r� �t�r�a�n�s�i�t� �t�u�n�n�e�l�s� �t�h�r�o�u�g�h� �s�i�d�e�-�w�a�l�k� �v�e�n�t�s�,� �e�t�c�.� �(�I�n�c�l�u�d�e�s� �e�n�t�r�y� �o�f� 
�l�i�g�h�t�e�r�-�t�h�a�n�-�a�i�r� �t�o�x�i�c� �o�r� �p�o�i�s�o�n�o�u�s� �g�a�s�e�s� �i�n�t�o� �a�d�j�a�c�e�n�t� �o�r� �o�v�e�r�h�e�a�d� �t�r�a�n�s�i�t� �s�t�a�l�i�o�n�s�.�)� 

�3�)� �H�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s� �a�c�c�i�d�e�n�l�s� �c�a�u�s�i�n�g� �r�e�l�e�a�s�e� �o�f� �t�o�x�i�c�,� �f�l�a�m�m�a�b�l�e� �o�r� �e�x�p�l�o�s�i�v�e� 
�m�a�t�e�r�i�a�l�s� �i�n� �t�u�n�n�e�l�s�.� 

�4�)� �G�a�s�o�l�i�n�e�,� �L�N�G�,� �p�r�o�p�a�n�e� �(�f�l�a�m�m�a�b�l�e�s�,� �e�x�p�l�o�s�i�v�e� �g�a�s�e�s�)�,� �e�t�c�.�,� �a�c�c�i�d�e�n�t�s� �a�n�d� �r�e�l�e�a�s�e�s� 
�o�n� �e�l�e�v�a�t�e�d� �f�a�c�i�l�i�t�i�e�s�,� �i�n�c�l�u�d�i�n�g� �r�a�m�p�s� �t�h�e�r�e�-�t�o�,� �w�i�t�h� �p�e�o�p�l�e� �a�t� �r�i�s�k� �b�e�l�o�w� �o�r� �i�n� �a�d�j�a�c�e�n�t� 
�b�u�i�l�d�i�n�g�s�.� 

�5�)� �R�e�l�e�a�s�e� �o�f� �p�o�i�s�o�n�o�u�s�,� �t�o�x�i�c� �o�r� �e�x�p�l�o�s�i�v�e� �g�a�s�e�s� �i�n� �p�o�p�u�l�a�t�e�d� �a�r�e�a�s� �i�n� �g�e�n�e�r�a�l� �a�n�d�/�o�r� �i�n� 
�l�o�c�a�t�i�o�n�s� �a�n�d� �s�i�t�u�a�t�i�o�n�s� �w�h�e�r�e� �s�p�e�c�i�a�l� �p�o�p�u�l�a�t�i�o�n�s� �a�n�d�/�o�r� �i�n�s�t�i�t�u�t�i�o�n�s� �s�u�c�h� �a�s� �s�c�h�o�o�l�s�,� 
�h�o�s�p�i�t�a�l�s�,� �h�o�t�e�l�s�,� �n�u�r�s�i�n�g� �h�o�m�e�s�,� �a�p�a�r�t�m�e�n�t� �c�o�m�p�l�e�x�e�s�,� �e�t�c�.�,� �a�r�e� �a�t� �r�i�s�k�.� 

�6�)� �R�e�l�e�a�s�e�s� �f�r�o�m� �a�c�c�i�d�e�n�t�s� �b�e�t�w�e�e�n� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s� �c�o�n�t�a�i�n�e�r�s� �o�n� �h�i�g�h�w�a�y�s� �a�n�d� 
�p�a�s�s�e�n�g�e�r� �t�r�a�i�n�s� �o�r� �t�r�a�i�n�s� �c�a�u�s�i�n�g� �h�a�z�a�r�d�o�u�s� �c�a�r�g�o� �e�i�t�h�e�r� �a�t� �r�a�i�l�-�h�i�g�h�w�a�y� �c�r�o�s�s�i�n�g� �a�t� 
�g�r�a�d�e� �o�r� �i�n� �s�i�t�u�a�t�i�o�n�s� �w�i�t�h� �s�h�a�r�e�d� �r�i�g�h�t�s�-�o�f�-�w�a�y�,� �s�u�c�h� �a�s� �f�r�e�e�w�a�y�s� �w�i�t�h� �t�r�a�n�s�i�t� �i�n� �t�h�e� 
�m�e�d�i�a�n�,� 

�7�)� �E�x�p�l�o�s�i�v�e� �m�a�t�e�r�i�a�l�s� �i�n� �f�a�c�i�l�i�t�i�e�s� �i�n� �p�o�p�u�l�a�t�e�d� �a�r�e�a�s� �p�a�r�t�i�c�u�l�a�r�l�y� �i�n� �s�i�t�u�a�t�i�o�n�s� �a�n�d� �a�r�e�a�s� 
�w�h�e�r�e� �c�a�t�a�s�t�r�o�p�h�i�c� �c�o�n�s�e�q�u�e�n�c�e�s� �c�o�u�l�d� �o�c�c�u�r� �t�o� �h�i�g�h�w�a�y� �s�t�r�u�c�t�u�r�e�s� �o�r� �a�p�a�r�t�m�e�n�t�s� 
�a�d�j�a�c�e�n�t� �o�r� �o�n� �a�i�r� �r�i�g�h�t�s�.� �I�n�c�l�u�d�e�s� �s�i�t�u�a�t�i�o�n� �w�i�t�h� �a�d�j�a�c�e�n�t� �p�e�t�r�o�-�c�h�e�m�i�c�a�l� �p�l�a�n�t� �t�h�a�t� �c�o�u�l�d� 
�r�e�s�u�l�t� �i�n� �c�o�n�f�l�a�g�r�a�t�i�o�n�.� 

�8�)� �S�u�f�f�i�c�i�e�n�t� �q�u�a�n�t�i�t�i�e�s� �o�f� �p�o�i�s�o�n�o�u�s� �m�a�t�e�r�i�a�l�s�,� �s�u�c�h� �a�s� �h�e�r�b�i�c�i�d�e�s�,� �o�r� �d�a�n�g�e�r�o�u�s� 
�b�i�o�l�o�g�i�c�a�l�/�a�g�e�n�t�s� �(�o�r� �a�n�y� �m�a�t�e�r�i�a�l� �c�a�u�s�i�n�g� �l�o�n�g�-�t�e�r�m� �o�r� �p�e�r�m�a�n�e�n�t� �d�a�m�a�g�e�)� �b�e�i�n�g� �r�e�l�a�t�e�d� 
�i�n�t�o� �a� �p�o�t�a�b�l�e� �w�a�t�e�r� �s�u�p�p�l�y�,� �p�a�r�t�i�c�u�l�a�r�l�y� �r�e�s�e�r�v�o�i�r�s� �a�n�d� �s�u�s�c�e�p�t�i�b�l�e� �a�q�u�i�f�e�r�s� �a�n�d�/�o�r� 
�w�a�t�e�r�s�h�e�d�s�.� 

�9�)� �R�u�r�a�l�,� �h�i�l�l�y� �o�r� �m�o�u�n�t�a�i�n�o�u�s� �a�r�e�a�s� �w�i�t�h� �c�i�t�i�e�s� �o�r� �t�o�w�n�s� �a�t� �b�o�t�t�o�m� �o�f� �l�o�n�g� �o�r� �s�t�e�e�p� �g�r�a�d�e�s� 
�w�h�e�r�e� �b�r�a�k�e� �f�a�i�l�u�r�e� �o�f� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l� �c�a�r�r�i�e�r�s� �c�o�u�l�d� �c�a�u�s�e� �c�a�t�a�s�t�r�o�p�h�i�c� 
�c�o�n�s�e�q�u�e�n�c�e�s� �l�o� �t�h�e� �p�o�p�u�l�a�l�e�d� �a�r�e�a�s�,� � � � � 
� � 
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�e�m�p�h�a�s�i�z�e� �t�h�e� �n�e�e�d� �f�o�r� �a� �s�t�a�t�e� �t�o� �b�e� �o�n� �t�h�e� �a�l�e�r�t� �f�o�r� �p�o�s�s�i�b�l�e� �h�i�g�h�-�r�i�s�k� �s�c�e�n�a�r�i�o�s� �t�h�a�t� 

�s�h�o�u�l�d� �b�e� �a�n�a�l�y�z�e�d� �b�y� �r�e�c�o�m�m�e�n�d�e�d� �r�i�s�k� �p�r�o�c�e�d�u�r�e�s� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �p�r�o�t�e�c�t�i�v�e� 

�s�y�s�t�e�m�s� �s�h�o�u�l�d� �b�e� �c�o�n�s�i�d�e�r�e�d�.� �T�h�e� �r�e�s�u�l�t� �s�h�o�u�l�d� �b�e� �a� �s�t�a�t�e� �c�h�e�c�k� �l�i�s�t� �o�f� �h�i�g�h�w�a�y� 

�s�e�c�t�i�o�n�s� �t�o� �b�e� �c�o�n�s�i�d�e�r�e�d� �f�o�r� �r�i�s�k� �a�n�a�l�y�s�i�s� �a�n�d� �p�o�s�s�i�b�l�e� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s�.� �I�t� �s�h�o�u�l�d� 

�b�e� �n�o�t�e�d� �t�h�a�t� �t�h�e� �s�c�e�n�a�r�i�o�s� �m�a�y� �h�a�v�e� �t�o� �b�e� �m�o�d�i�f�i�e�d� �b�a�s�e�d� �o�n� �s�i�t�e�-�s�p�e�c�i�f�i�c� �n�e�e�d�s�.� 

�T�h�i�s� �r�e�p�o�r�t� �w�o�u�l�d� �f�o�r�m� �a� �b�a�s�i�s� �f�o�r� �s�u�c�h� �d�e�v�e�l�o�p�m�e�n�t�s�.� �T�h�e� �t�y�p�e�s� �o�f� �p�r�o�t�e�c�t�i�v�e� 

�m�e�a�s�u�r�e�s� �r�e�c�o�m�m�e�n�d�e�d� �t�o� �b�e� �c�o�n�s�i�d�e�r�e�d� �w�i�l�l� �b�e� �l�i�s�t�e�d� �i�n� �t�h�e� �n�e�x�t� �s�e�c�t�i�o�n�.� 

�D�u�r�i�n�g� �t�h�e� �s�u�r�v�e�y� �b�y� �R�u�s�s�e�l�l� �t�o� �t�h�e� �p�a�n�e�l� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �c�a�t�a�s�t�r�o�p�h�i�c� 

�s�c�e�n�a�r�i�o�s�,� �o�n�e� �p�a�r�t� �o�f� �t�h�e� �s�t�u�d�y� �t�i�e�d� �h�i�g�h�w�a�y� �g�e�o�m�e�t�r�i�c� �e�l�e�m�e�n�t�s� �t�o� �p�o�t�e�n�t�i�a�l�l�y� 

�c�a�t�a�s�t�r�o�p�h�i�c� �s�i�t�u�a�t�i�o�n�s�.� �T�h�e� �g�r�e�a�t�e�s�t� �p�e�r�c�e�i�v�e�d� �d�a�n�g�e�r� �i�s� �f�r�o�m� �e�l�e�v�a�t�e�d� �f�a�c�i�l�i�t�i�e�s�,� 

�f�o�l�l�o�w�e�d� �b�y� �d�e�p�r�e�s�s�e�d� �f�a�c�i�l�i�t�i�e�s� �w�i�t�h� �d�e�v�e�l�o�p�m�e�n�t� �o�v�e�r� �(�a�i�r�-�r�i�g�h�t�s� �s�t�r�u�c�t�u�r�e�s�)�,� �a�n�d�,� 

�l�a�s�t�l�y�,� �r�e�c�e�p�t�o�r�s� �a�d�j�a�c�e�n�t� �t�o� �t�h�e� �f�a�c�i�l�i�t�y�.� �O�n�e� �e�a�s�y� �w�a�y� �t�o� �s�u�m�m�a�r�i�z�e� �t�h�i�s� �s�u�r�v�e�y� 

�r�e�s�u�l�t� �i�s� �t�h�a�t� �a�l�l� �r�e�l�e�a�s�e�s� �a�r�e� �g�o�i�n�g� �t�o� �g�o� �d�o�w�n�,� �u�p�,� �o�r� �l�a�t�e�r�a�l�l�y�,� �a�n�d� �t�h�e� �p�a�n�e�l� �r�a�t�e�d� 

�t�h�e�i�r� �c�a�t�a�s�t�r�o�p�h�i�c� �p�o�t�e�n�t�i�a�l� �i�n� �t�h�a�t� �o�r�d�e�r�.� 

�I�n� �r�e�g�a�r�d� �t�o� �a�d�j�a�c�e�n�t� �f�a�c�i�l�i�t�i�e�s�,� �n�u�r�s�i�n�g� �h�o�m�e�s� �o�r� �h�o�s�p�i�t�a�l�s� �r�e�c�e�i�v�e�d� �t�h�e� �h�i�g�h�e�s�t� 

�r�a�n�k� �f�o�r� �c�a�t�a�s�t�r�o�p�h�i�c� �p�o�t�e�n�t�i�a�l�,� �f�o�l�l�o�w�e�d� �b�y� �s�c�h�o�o�l�s�,� �a�p�a�r�t�m�e�n�t�s�,� �s�h�o�p�p�i�n�g� �c�e�n�t�e�r�s�,� 

�h�o�t�e�l�s�,� �f�a�c�t�o�r�i�e�s�,� �a�n�d� �h�a�z�m�a�t� �s�t�o�r�a�g�e� �f�a�c�i�l�i�t�i�e�s�,� �i�n� �t�h�a�t� �o�r�d�e�r�.� 

�T�h�e� �s�t�u�d�y� �s�h�o�w�e�d� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �m�a�t�e�r�i�a�l�s�,� �i�n�d�i�c�a�t�i�n�g�,� �f�o�r� �t�h�e� 

�m�a�t�e�r�i�a�l�s� �g�i�v�e�n�,� �t�h�e� �l�o�c�a�t�i�o�n� �o�f� �t�h�e� �i�n�c�i�d�e�n�t� �w�a�s� �g�e�n�e�r�a�l�l�y� �p�e�r�c�e�i�v�e�d� �a�s� �b�e�i�n�g� �m�o�r�e� 

�i�m�p�o�r�t�a�n�t� �t�h�a�n� �t�h�e� �m�a�t�e�r�i�a�l�.� �C�h�l�o�r�i�n�e� �w�a�s� �a�n� �e�x�c�e�p�t�i�o�n�;� �i�.�e�.�,� �t�h�e� �r�e�s�p�o�n�d�e�n�t�s� 

�p�e�r�c�e�i�v�e�d� �C�h�l�o�r�i�n�e� �t�o� �b�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �m�o�r�e� �d�a�n�g�e�r�o�u�s� �t�h�a�n� �o�t�h�e�r� �m�a�t�e�r�i�a�l�s� 

�c�o�n�s�i�d�e�r�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� �T�a�b�l�e� �5�.�5� �s�h�o�w�s� �h�o�w� �t�h�e� �r�e�s�p�o�n�d�e�r�s� �r�a�n�k�e�d� �t�h�e� �r�e�c�e�p�t�o�r� 

�f�a�c�i�l�i�t�i�e�s� �a�d�j�a�c�e�n�t� �t�o� �h�i�g�h�w�a�y�s�.� 
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� � 

� � 

�T�a�b�l�e� �5�.�5� 

�G�E�N�E�R�A�L�I�Z�E�D� �H�I�G�H�W�A�Y� �F�A�C�I�L�T�I�E�S� �O�F� �H�I�G�H� �R�I�S�K� 

�E�l�e�v�a�t�e�d� �f�a�c�i�l�i�t�i�e�s� �w�i�t�h� �d�e�v�e�l�o�p�m�e�n�t� �b�e�l�o�w� 

�D�e�p�r�e�s�s�e�d� �f�a�c�i�l�i�t�i�e�s� �w�i�t�h� �d�e�v�e�l�o�p�m�e�n�t� �o�v�e�r� 

�A�n�y� �f�a�c�i�l�i�t�y� �a�d�j�a�c�e�n�t� �t�o� �v�u�l�n�e�r�a�b�l�e� 
�p�o�p�u�l�a�t�i�o�n� �i�n� �o�r�d�e�r� �o�f�:� 

�a�)� �n�u�r�s�i�n�g� �h�o�m�e�s� �o�r� �h�o�s�p�i�t�a�l� 
�b�)� �s�c�h�o�o�l�s� 
�c�)� �a�p�a�r�t�m�e�n�t�s� 
�d�)� �s�h�o�p�p�i�n�g� �c�e�n�t�e�r� 
�e�)� �h�o�t�e�l� 
�{�)� �f�a�c�t�o�r�y� 
�g�)� �h�a�z�m�a�t� �s�t�o�r�a�g�e� �f�a�c�i�l�l�i�t�i�e�s� 

�D�r�a�i�n�a�g�e� �i�n�t�o� �s�e�w�a�g�e� �s�y�s�t�e�m� � � 
� � 
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�5�.�4�.�1�.�2� �D�e�v�e�l�o�p�m�e�n�t� �o�f� �P�r�o�t�e�c�t�i�v�e� �S�y�s�t�e�m�s� 

�A�f�t�e�r� �d�e�v�e�l�o�p�i�n�g� �t�h�e� �g�e�n�e�r�a�l�i�z�e�d� �s�c�e�n�a�r�i�o�s�,� �t�h�e� �n�e�x�t� �t�a�s�k� �w�a�s� �t�o� �d�e�v�e�l�o�p� 

 ��f�e�a�s�i�b�l�e�,� �i�m�p�l�e�m�e�n�t�a�b�l�e�,� �a�n�d� �p�r�a�c�t�i�c�a�l �� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� �k�e�y�e�d� �t�o� �t�h�e� �s�c�e�n�a�r�i�o�s�.� 

�D�e�c�i�d�i�n�g� �o�n� �w�h�a�t� �w�e�r�e� �f�e�a�s�i�b�l�e�,� �i�m�p�l�e�m�e�n�t�a�b�l�e�,� �a�n�d� �p�r�a�c�t�i�c�a�l� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� 

�p�r�o�v�e�d� �t�o� �b�e� �v�e�r�y� �d�i�f�f�i�c�u�l�t�.� �G�i�v�e�n� �u�n�l�i�m�i�t�e�d� �r�e�s�o�u�r�c�e�s� �a�n�d� �m�o�d�e�r�n� �t�e�c�h�n�o�l�o�g�y�,� �a�n�y� 

�s�y�s�t�e�m� �i�s� �f�e�a�s�i�b�l�e� �a�n�d� �i�m�p�l�e�m�e�n�t�a�b�l�e�.� �H�o�w�e�v�e�r�,� �s�t�a�t�e�s� �d�o� �n�o�t� �h�a�v�e� �u�n�l�i�m�i�t�e�d� 

�r�e�s�o�u�r�c�e�s�.� �T�h�u�s� �t�h�e� �p�r�a�c�t�i�c�a�l� �a�s�p�e�c�t� �o�f� �t�h�e� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� �w�a�s� �t�h�e� �k�e�y� �c�r�i�t�e�r�i�o�n�.� 

�T�h�i�s� �c�a�n� �b�e� �d�e�c�i�d�e�d� �o�n�l�y� �b�y� �t�h�e� �s�t�a�t�e� �d�e�c�i�s�i�o�n� �m�a�k�e�r�s� �t�h�e�m�s�e�l�v�e�s� �b�y� �t�a�k�i�n�g� �i�n�t�o� 

�a�c�c�o�u�n�t� �t�h�e� �c�o�s�t�-�b�e�n�e�f�i�t� �o�f� �t�h�e� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m� �w�i�t�h�i�n� �t�h�e� �c�o�n�t�e�x�t� �o�f� �o�v�e�r�a�l�l� �s�t�a�t�e� 

�p�r�i�o�r�i�t�i�e�s� �a�n�d� �r�e�s�o�u�r�c�e�s�.� �I�d�e�a�l�l�y�,� �b�e�n�e�f�i�t� �s�h�o�u�l�d� �b�e� �m�e�a�s�u�r�e�d� �i�n� �t�e�r�m�s� �o�f� �r�i�s�k� 

�r�e�d�u�c�t�i�o�n�,� �b�u�t� �t�h�i�s� �i�s� �d�i�f�f�i�c�u�l�t� �a�t� �p�r�e�s�e�n�t� �b�e�c�a�u�s�e� �t�h�e� �d�a�t�a� �n�e�c�e�s�s�a�r�y� �t�o� �d�o� �a� 

�m�e�a�n�i�n�g�f�u�l� �r�i�s�k� �r�e�d�u�c�t�i�o�n� �a�n�a�l�y�s�i�s� �o�n� �u�n�t�r�i�e�d� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m� �c�o�n�c�e�p�t�s� �i�s� �n�o�t� 

�p�o�s�s�i�b�l�e� �n�o�r� �w�i�l�l� �b�e� �u�n�t�i�l� �t�h�e�r�e� �i�s� �a� �h�i�s�t�o�r�y� �o�f� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �a� �p�a�r�t�i�c�u�l�a�r� �p�r�o�t�e�c�t�i�v�e� 

�s�y�s�t�e�m�.� 

�C�u�r�r�e�n�t�l�y�,� �t�h�e�r�e� �a�r�e� �o�n�l�y� �a� �f�e�w� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� �t�h�a�t� �a�p�p�e�a�r� �t�o� �h�a�v�e� �c�l�e�a�r� �c�u�t� 

�m�e�r�i�t� �i�n� �r�e�d�u�c�i�n�g� �r�i�s�k� �o�f� �h�a�z�m�a�t� �s�p�i�l�l�s� �a�n�d�/�o�r� �m�i�t�i�g�a�t�i�n�g� �c�o�n�s�e�q�u�e�n�c�e�s� �i�n� �s�p�e�c�i�f�i�c� 

�s�i�t�u�a�t�i�o�n�s�.� �T�h�e� �m�o�s�t� �p�r�o�m�i�s�i�n�g� �a�n�d� �t�h�e� �m�o�s�t� �a�p�p�l�i�c�a�b�l�e�,� �t�o� �m�a�n�y� �h�i�g�h�-�r�i�s�k� �s�i�t�u�a�t�i�o�n�s� 

�a�r�e� �i�n� �t�w�o� �g�e�n�e�r�a�l� �c�a�t�e�g�o�r�i�e�s�:� 

�1�.� �H�i�g�h�-�s�t�r�e�n�g�t�h� �r�a�i�l� �t�o� �k�e�e�p� �h�a�z�m�a�t� �v�e�h�i�c�l�e�s� �w�i�t�h�i�n� �t�h�e� �h�i�g�h�w�a�y� �s�e�g�m�e�n�t� �i�n� �t�h�e� 

�e�v�e�n�t� �o�f� �a�n� �a�c�c�i�d�e�n�t�,� �a�n�d� 

�2�.� �C�l�o�s�e�d� �d�r�a�i�n�a�g�e� �s�y�s�t�e�m�s� �t�o� �c�o�n�t�a�i�n� �o�r� �c�o�n�t�r�o�l� �s�p�i�l�l�e�d� �m�a�t�e�r�i�a�l� �t�h�a�t� �m�a�y� �r�e�s�u�l�t� 

�f�r�o�m� �a�n� �a�c�c�i�d�e�n�t�.� 

�T�h�e�s�e� �a�n�d� �o�t�h�e�r�s� �s�h�o�u�l�d� �n�o�t� �b�e� �o�v�e�r�l�o�o�k�e�d�,� �a�s� �p�r�e�v�e�n�t�i�n�g� �o�n�e� �c�a�t�a�s�t�r�o�p�h�i�c� 

�o�c�c�u�r�r�e�n�c�e� �w�h�e�r�e� �h�u�n�d�r�e�d�s� �o�f� �l�i�v�e�s� �c�o�u�l�d� �b�e� �l�o�s�t� �i�s� �w�o�r�t�h� �a� �c�o�n�s�i�d�e�r�a�b�l�e� �e�f�f�o�r�t�.� 

�D�E�V�E�L�O�P�M�E�N�T� �O�F� �M�I�T�I�G�A�T�I�O�N� �M�E�A�S�U�R�E�S� �8�6



�H�e�r�e� �t�h�e� �s�t�a�t�e�s �� �a�d�v�i�s�o�r�y� �p�a�n�e�l�,� �f�o�r�m�e�d� �f�o�r� �t�h�e� �p�u�r�p�o�s�e� �o�f� �s�c�e�n�a�r�i�o� �d�e�v�e�l�o�p�m�e�n�t� 

�a�n�d� �r�a�n�k�i�n�g� �w�a�s� �a�g�a�i�n� �u�t�i�l�i�z�e�d�.� �T�h�e� �o�r�i�g�i�n�a�l� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m� �i�d�e�a�s� �c�a�m�e� �f�r�o�m� �t�h�i�s� 

�p�a�n�e�l�,� �a�n�d�,� �a�f�t�e�r� �t�h�e�s�e� �w�e�r�e� �s�t�o�r�e�d� �a�n�d� �o�r�g�a�n�i�z�e�d�,� �t�h�e� �p�a�n�e�l� �w�a�s� �s�u�r�v�e�y�e�d� �f�o�r� 

�p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m� �i�d�e�a�s�.� �N�i�n�e�t�y� �e�i�g�h�t� �w�e�r�e� �g�e�n�e�r�a�t�e�d�.� �T�h�e� �p�a�n�e�l� �w�a�s� �a�s�k�e�d� �t�o� �r�a�t�e� 

�t�h�e�s�e� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� �o�n� �a� �s�c�a�l�e� �o�f� �1� �t�o� �7�.� �T�h�e� �k�e�y� �t�o� �t�h�e� �1�-�7� �r�a�t�i�n�g� �s�c�a�l�e� �i�s� 

�p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �5�.�6�.� �I�n� �g�e�n�e�r�a�l� �t�e�r�m�s�,� �w�h�e�r�e� �a�l�l� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� �a�r�e� �a�v�e�r�a�g�e�d�,� 

�a� �v�a�l�u�e� �l�e�s�s� �t�h�a�n� �4� �w�o�u�l�d� �s�u�g�g�e�s�t� �t�h�a�t� �t�h�e� �i�d�e�a� �w�o�u�l�d� �b�e� �h�i�g�h�l�y� �d�i�f�f�i�c�u�l�t� �t�o� 

�d�e�s�i�g�n�/�c�o�n�s�t�r�u�c�t� �a�n�d� �i�n�s�t�a�l�l� �o�r� �w�o�u�l�d� �n�o�t� �b�e� �v�e�r�y� �u�s�e�f�u�l�/�d�e�s�i�r�a�b�l�e�;� �i�.�e�.�,� �t�h�r�o�w� �i�t� �o�u�t�.� 

�T�h�e� �n�i�n�e�t�y� �e�i�g�h�t� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m� �i�d�e�a�s� �w�e�r�e� �c�u�t� �d�o�w�n� �t�o� �t�h�i�r�t�y�-�t�w�o� �r�e�s�p�o�n�s�e�s� 

�w�h�i�c�h� �w�e�r�e� �a�n�a�l�y�z�e�d� �a�n�d� �t�h�e� �m�e�a�n�,� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�,� �m�a�x�i�m�u�m� �a�n�d� �m�i�n�i�m�u�m� 

�s�c�o�r�e�s� �o�f� �e�a�c�h� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d�.� �T�h�e�s�e� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �5�.�7�.� �T�h�e� 

�r�e�s�u�l�t�s� �o�f� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� �k�e�y�e�d� �t�o� �g�e�n�e�r�a�l�i�z�e�d� �s�c�e�n�a�r�i�o�s� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� 

�5�.�8�.� 

�P�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m� �i�d�e�a�s� �w�e�r�e� �t�h�e�n� �e�v�a�l�u�a�t�e�d� �b�y� �t�h�e� �p�a�n�e�l� �i�n� �t�e�r�m�s� �o�f� �p�e�r�c�e�n�t�a�g�e� 

�r�e�d�u�c�t�i�o�n� �o�f� �r�i�s�k�.� �T�h�i�s� �e�n�s�u�r�e�d� �t�h�a�t� �t�h�e� �e�s�t�i�m�a�t�e�s� �s�h�o�u�l�d� �n�o�t� �b�e� �t�o�o� �f�a�r� �o�u�t�s�i�d�e� �o�f� 

�w�h�a�t� �a�n� �i�n�d�i�v�i�d�u�a�l� �s�t�a�t�e� �d�e�c�i�s�i�o�n�-�m�a�k�e�r� �w�o�u�l�d� �c�o�n�s�i�d�e�r� �r�e�a�s�o�n�a�b�l�e� �i�n� �a� �r�o�u�g�h� 

�e�s�t�i�m�a�t�e� �o�f� �i�t�s� �c�o�s�t�-�e�f�f�e�c�t�i�v�e�n�e�s�s�.� �D�e�s�i�g�n� �d�e�t�a�i�l�s� �o�f� �t�h�e�s�e� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� �a�r�e� �l�e�f�t� 

�t�o� �t�h�e� �s�t�a�t�e� �a�n�d�/�o�r� �m�a�n�u�f�a�c�t�u�r�e�r�s�,� �s�u�p�p�l�i�e�r�s� �a�n�d� �c�o�n�s�u�l�t�a�n�t�s� �w�i�t�h� �e�x�p�e�r�t�i�s�e� �i�n� �v�a�r�i�o�u�s� 

�s�p�e�c�i�f�i�c� �a�r�e�a�s�.� �S�o�m�e� �a�r�e� �r�e�a�d�i�l�y� �a�p�p�l�i�c�a�b�l�e�;� �o�t�h�e�r�s� �o�b�v�i�o�u�s�l�y� �w�o�u�l�d� �r�e�q�u�i�r�e� �f�u�r�t�h�e�r� 

�s�t�u�d�y� �t�o� �i�m�p�l�e�m�e�n�t�.� 

�C�o�m�m�u�n�i�c�a�t�i�o�n� �a�n�d� �a�u�t�o�m�a�t�i�c� �d�e�t�e�c�t�i�o�n� �s�y�s�t�e�m�s� �w�e�r�e� �m�e�n�t�i�o�n�e�d� �i�n� �t�h�e� 

�r�e�s�p�o�n�s�e�s� �t�o� �a�l�m�o�s�t� �a�l�l� �s�c�e�n�a�r�i�o�s�.� �T�h�e�s�e� �s�y�s�t�e�m�s� �a�r�e� �a�n� �e�x�a�m�p�l�e� �o�f� �s�y�s�t�e�m�s� 

�r�e�c�e�i�v�e�d� �t�o� �h�a�v�e� �g�r�e�a�t� �v�a�l�u�e� �b�u�t� �n�e�e�d� �f�u�r�t�h�e�r� �r�e�s�e�a�r�c�h� �a�n�d� �d�e�v�e�l�o�p�m�e�n�t� �t�o� �b�e� 

�a�d�a�p�t�e�d� �t�o� �h�i�g�h�w�a�y�s�.� 

�B�a�s�e�d� �o�n� �t�h�e� �r�e�s�p�o�n�s�e�s� �o�f� �t�h�e� �p�a�n�e�l�,� �r�e�g�u�l�a�t�o�r�y� �t�y�p�e� �p�r�e�v�e�n�t�i�v�e� �m�e�a�s�u�r�e�s� 

�d�o�m�i�n�a�t�e�d� �s�u�g�g�e�s�t�e�d� �s�o�l�u�t�i�o�n�s�.� �C�o�n�v�e�r�s�e�l�y�,� �i�t� �c�a�n� �b�e� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �t�h�e� �p�h�y�s�i�c�a�l�,� 

�D�E�V�E�L�O�P�M�E�N�T� �O�F� �M�I�T�I�G�A�T�I�O�N� �M�E�A�S�U�R�E�S� �8�7
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 ��N�e�u�t�r�a�l �� 

�E�x�c�e�l�l�e�n�t� 
�(�B�e�s�t�)� � � 

�T�a�b�l�e� �5�.�6� 

�S�C�A�L�E� �T�O� �R�A�T�E� �P�R�O�T�E�C�T�I�V�E� �S�Y�S�T�E�M�S� 

�V�a�l�u�e� 

�1� 

�a
� 

�K�e�y� �G�u�i�d�e�l�i�n�e�s� �t�o� �A�s�s�i�s�t� �R�a�t�e�r�s� 

�N�e�a�r�l�y� �i�m�p�o�s�s�i�b�l�e� �t�o� �i�m�p�l�e�m�e�n�t�,� �n�o�t� �a�t� �a�l�l� 
�p�r�a�c�t�i�c�a�l�,� �w�i�l�l� �s�e�r�v�e� �n�o� �u�s�e�f�u�l� �p�u�r�p�o�s�e� 

�V�e�r�y� �d�i�f�f�u�c�u�l�t� �t�o� �i�m�p�l�e�m�e�n�t�;� �l�i�t�t�l�e� �v�a�l�u�e� 

�D�i�f�f�i�c�u�l�t� �t�o� �I�m�p�l�e�m�e�n�t�,� �s�o�m�e� �v�a�l�u�e� �p�o�s�s�i�b�l�e� �b�u�t� 
�p�r�o�b�a�b�l�y� �n�o�t� �w�o�r�t�h� �t�h�e� �e�f�f�o�r�t� �o�r� �c�o�s�t� 

�H�a�r�d� �t�o� �j�u�d�g�e�;� �n�o�t� �c�l�e�a�r�l�y�  ��g�o�o�d �� �o�r�  ��b�a�d �� �i�d�e�a� 

�P�o�s�s�i�b�l�e� �m�e�r�i�t� �a�s� �p�r�a�c�t�i�c�a�l� �a�n�d� �i�m�p�l�e�m�e�n�t�a�b�l�e� 
�p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�;� �w�o�r�t�h� �f�u�r�t�h�e�r� �t�h�o�u�g�h�t� �o�r� 
�d�e�v�e�l�o�p�m�e�n�t� 

�C�l�e�a�r� �c�u�t� �m�e�r�i�t� �a�s� �p�r�a�c�t�i�c�a�l� �a�n�d� �i�m�p�l�e�m�e�n�t�a�b�l�e� 
�p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m� 

�H�i�g�h�l�y� �f�e�a�s�i�b�l�e�,� �v�e�r�y� �p�r�a�c�t�i�c�a�l�,� �u�s�e�f�u�l� �a�n�d� 
�e�f�f�i�c�i�e�n�t�,� �L�e�.�,� �e�x�c�e�l�l�e�n�t� �a�n�d� �v�e�r�y� �d�e�s�i�r�a�b�l�e� 

� � 
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�p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m� �c�o�n�c�e�p�t� �i�s� �n�o�t� �a�p�p�l�i�c�a�b�l�e� �a�s� �a� �g�e�n�e�r�a�l� �p�r�e�v�e�n�t�i�v�e� �o�r� �m�i�t�i�g�a�t�i�n�g� 

�a�p�p�r�o�a�c�h�.� �I�t� �i�s� �l�i�m�i�t�e�d� �t�o� �a� �f�e�w� �s�i�t�e�-�s�p�e�c�i�f�i�c�,� �h�i�g�h�-�r�i�s�k� �s�i�t�u�a�t�i�o�n�s� �w�h�e�r�e� �t�h�e� �p�r�o�t�e�c�t�i�v�e� 

�a�p�p�r�o�a�c�h� �s�y�s�t�e�m� �i�s� �c�l�e�a�r�l�y� �e�f�f�e�c�t�i�v�e�,� �a�n�d� �t�h�e� �r�i�s�k� �i�s� �d�e�e�m�e�d� �h�i�g�h� �e�n�o�u�g�h� �t�o� �o�f�f�s�e�t� �t�h�e� 

�c�o�s�t�.� �T�h�i�s� �i�s� �a� �p�o�l�i�c�y� �d�e�c�i�s�i�o�n�,� �a�n�d� �i�s� �t�h�e� �h�e�a�r�t� �o�f� �t�h�e� �p�r�a�c�t�i�c�a�b�i�l�i�t�y� �c�r�i�t�e�r�i�o�n� 

�m�e�n�t�i�o�n�e�d� �p�r�e�v�i�o�u�s�l�y�.� 

�A�l�l� �o�t�h�e�r�s� �c�a�n� �b�e� �c�l�a�s�s�i�f�i�e�d� �a�s� �p�h�y�s�i�c�a�l� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s�,� �w�h�i�c�h� �i�n�c�l�u�d�e�s� 

�p�r�e�v�e�n�t�a�t�i�v�e� �(�a�c�c�i�d�e�n�t� �r�e�d�u�c�t�i�o�n� �m�e�a�s�u�r�e�s�)� �a�n�d� �m�i�t�i�g�a�t�i�n�g� �(�c�o�n�s�e�q�u�e�n�c�e� �r�e�d�u�c�t�i�o�n� 

�m�e�a�s�u�r�e�s�)�.� �T�h�e� �l�a�t�t�e�r� �d�o�m�i�n�a�t�e� �t�h�e� �r�e�s�p�o�n�s�e�s�.� �I�t� �i�n�c�l�u�d�e�s� �c�a�t�e�g�o�r�i�e�s� �s�u�c�h� �a�s� 

�d�e�t�e�c�t�i�o�n� �a�n�d� �w�a�r�n�i�n�g� �s�y�s�t�e�m�s�,� �s�y�s�t�e�m�s� �t�o� �f�a�c�i�l�i�t�a�t�e� �e�s�c�a�p�e� �a�n�d� �r�e�s�p�o�n�s�e�,� �s�y�s�t�e�m�s� 

�t�o� �m�i�t�i�g�a�t�e� �f�i�r�e�/�e�x�p�l�o�s�i�o�n� �c�o�n�s�e�q�u�e�n�c�e�s�,� �s�y�s�t�e�m�s� �t�o� �m�i�t�i�g�a�t�e� �s�p�i�l�l� �c�o�n�s�e�q�u�e�n�c�e�s� �a�n�d� 

�s�y�s�t�e�m�s� �r�e�l�a�t�e�d� �t�o� �h�i�g�h�l�y� �s�p�e�c�i�a�l�i�z�e�d� �s�i�t�u�a�t�i�o�n�s�,� �s�u�c�h� �a�s� �e�l�e�v�a�t�e�d� �M�E�T�R�O� �v�e�n�t�s�.� 

�5�.�4�.�2� �E�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �P�r�o�t�e�c�t�i�v�e� �S�y�s�t�e�m�s� 

�T�h�e� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m� �i�d�e�a�s� �o�b�t�a�i�n�e�d� �t�h�r�o�u�g�h� �t�h�e� �p�a�n�e�l� �o�f� �v�a�r�i�o�u�s� �s�t�a�t�e�s �� 

�p�e�r�s�o�n�n�e�l� �i�s� �a� �n�e�w� �c�o�n�c�e�p�t� �i�n� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s� �r�e�s�e�a�r�c�h�.� �M�o�s�t� �o�f� �t�h�e�s�e� �s�y�s�t�e�m�s� 

�h�a�v�e� �n�e�v�e�r� �b�e�e�n� �i�m�p�l�e�m�e�n�t�e�d� �i�n� �h�i�g�h�w�a�y� �s�i�t�u�a�t�i�o�n�s� �a�n�d� �t�h�u�s� �t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� 

�t�h�e�s�e� �a�r�e� �n�o�t� �k�n�o�w�n�.� �I�t� �w�a�s� �d�e�c�i�d�e�d� �t�h�a�t� �t�h�e� �b�e�s�t� �a�l�t�e�r�n�a�t�i�v�e� �i�s� �t�o� �p�r�o�v�i�d�e� 

�a�p�p�r�o�x�i�m�a�t�e� �v�a�l�u�e�s� �f�o�r� �t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �u�n�t�i�l� �b�e�t�t�e�r� �v�a�l�u�e�s� �a�r�e� �o�b�t�a�i�n�e�d� �w�h�i�c�h� �c�o�u�l�d� 

�b�e� �d�o�n�e� �b�y� �t�h�e� �p�a�n�e�l�.� �O�p�t�i�o�n� �i�s� �p�r�o�v�i�d�e�d� �t�o� �t�h�e� �u�s�e�r� �t�o� �i�n�p�u�t� �h�i�s�/�h�e�r� �o�w�n� �v�a�l�u�e�s� �o�f� 

�e�f�f�e�c�t�i�v�e�n�e�s�s�.� �T�h�e� �p�a�n�e�l� �s�h�o�u�l�d� �b�e� �a� �r�e�a�s�o�n�a�b�l�e� �f�i�r�s�t� �e�s�t�i�m�a�t�e�.� 

�Q�u�e�s�t�i�o�n�n�a�i�r�e�s� �w�e�r�e� �a�g�a�i�n� �m�a�i�l�e�d� �t�o� �t�h�e� �p�a�n�e�l� �m�e�m�b�e�r�s� �t�o� �p�r�o�v�i�d�e� �e�s�t�i�m�a�t�e�s� 

�a�b�o�u�t� �p�o�t�e�n�t�i�a�l� �c�o�n�s�e�q�u�e�n�c�e� �r�e�d�u�c�t�i�o�n� �a�n�d� �a�l�s�o� �r�a�t�e� �t�h�e�i�r� �a�n�s�w�e�r�s� �o�n� �a� �s�c�a�l�e� �o�f� �1� �t�o� 

�1�0�,� �w�h�e�r�e�,� �1� �w�o�u�l�d� �m�e�a�n� �s�t�r�i�c�t�l�y� �a� �g�u�e�s�s� �a�n�d� �1�0� �b�e�i�n�g� �t�h�e� �c�a�s�e� �w�h�e�n� �t�h�e� �p�e�r�s�o�n� �i�s� 

�s�u�r�e� �o�f� �t�h�e� �a�n�s�w�e�r�.� �T�h�i�s� �w�a�s� �c�a�r�r�i�e�d� �o�u�t� �i�n� �s�t�a�g�e�s�.� �P�h�y�s�i�c�a�l� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m� �i�d�e�a�s� 

�D�E�V�E�L�O�P�M�E�N�T� �O�F� �M�I�T�I�G�A�T�I�O�N� �M�E�A�S�U�R�E�S� �8�9



� � 

�T�a�b�l�e� �5�.�7� 

�C�A�T�E�G�O�R�I�Z�A�T�I�O�N� �O�F� �P�R�O�P�O�S�E�D� �P�H�Y�S�I�C�A�L� 
�P�R�O�T�E�C�T�I�V�E� �S�Y�S�T�E�M�S� �F�O�R� �H�I�G�H�W�A�Y�S� 

� � 

�C�a�t�e�g�o�r�y� 

�A�.� �D�e�t�e�c�t�i�o�n� �a�n�d� �W�a�r�n�i�n�g� 

�B�.� �S�y�s�t�e�m�s� �t�o� �f�a�c�i�l�i�t�a�t�e� 
�e�s�c�a�p�e� �a�n�d� �R�e�s�p�o�n�s�e� 

�C�.� �S�y�s�t�e�m�s� �t�o� �m�i�t�i�g�a�t�e� 
�f�i�r�e�/�e�x�p�l�o�s�i�o�n� �c�o�n�s�e�q�u�e�n�c�e�s� 

�D�.� �S�y�s�t�e�m�s� �t�o� �m�i�t�i�g�a�t�e� 
�s�p�i�l�l� �c�o�n�s�e�q�u�e�n�c�e�s� 

�E�.� �S�p�e�c�i�a�l�i�z�e�d� �s�i�t�u�a�t�i�o�n�s� 

�A�.� �C�o�n�t�a�i�n�m�e�n�t� 

�B�.� �C�o�n�t�r�o�l� 

�S�y�s�t�e�m� 

�!�.� �M�i�t�i�g�a�t�i�n�g� 

�B�u�i�l�t�-�i�n� �P�A� �s�y�s�t�e�m�s� 
�E�m�e�r�g�e�n�c�y� �c�a�l�l� �b�o�x�e�s� 
�G�a�s� �d�e�t�e�c�t�o�r�s�/�a�l�a�r�m�s� 
�M�o�n�i�t�o�r�i�n�g� �f�o�r� �q�u�i�c�k� �r�e�s�p�o�n�s�e� 
�C�o�m�m�u�n�i�c�a�t�i�o�n� �a�n�d� �d�e�t�e�c�t�i�o�n� �s�y�s�t�e�m�s� 
�C�r�o�s�s�o�v�e�r�s� 

�T�r�a�n�s�v�e�r�s�a�b�l�e� �m�e�d�i�a�n�s� 
�M�e�d�i�a�n� �o�p�e�n�i�n�g�s� 
�H�i�g�h�w�a�y� �e�x�i�t�/�e�n�t�r�a�n�c�e� �r�e�d�e�s�i�g�n� 

�f�o�r� �e�m�e�r�g�e�n�c�y� �r�e�s�p�o�n�s�e� �v�e�h�i�c�l�e�s� 
�E�m�e�r�g�e�n�c�y� �e�x�i�t�s� �w�i�t�h� �h�e�a�v�y� �d�o�o�r�s� 

�(�t�u�n�n�e�l�s�)� 
�A�r�r�o�w�s� �p�o�i�n�t�i�n�g� �t�o� �n�e�a�r�e�s�t� �e�x�i�t� 

�(�t�u�n�n�e�l�s�)� 

�F�o�a�m� �b�l�a�n�k�e�t�i�n�g� �s�y�s�t�e�m�s� 
�L�a�r�g�e� �s�p�r�i�n�k�l�e�r� �s�y�s�t�e�m�s� 
�E�f�f�e�c�t�i�v�e� �v�e�n�t� �s�y�s�t�e�m�s� 

�P�e�a�-�s�l�y�l�e� �v�e�n�t�s� �l�o� �t�r�a�p� �g�a�s�e�s� 
�E�f�f�e�c�t�i�v�e� �v�e�n�t� �s�y�s�t�e�m�s� �(�c�l�o�s�e�d� �a�r�e�a�s�)� 
�R�o�b�u�s�t� �d�r�a�i�n�a�g�e� �w�i�t�h� �h�o�l�d�i�n�g� 

�r�e�s�e�r�v�o�i�r�s� 
�A�v�o�i�d� �u�s�i�n�g� �o�p�e�n� �r�a�i�l�s� �o�n� �s�t�r�u�c�t�u�r�e�s� 
�L�a�r�g�e� �s�u�m�p�s� 
�G�r�e�a�s�e� �t�r�a�p� �s�e�d�i�m�e�n�t�a�l�i�o�n� �b�a�s�i�n�s� 
�F�l�o�a�t�i�n�g� �s�u�r�f�a�c�e� �b�a�r�r�i�e�r�s� 
�D�r�a�i�n�a�g�e� �g�u�t�t�e�r�s� �d�i�r�e�c�t�e�d� �t�o�w�a�r�d� 

�c�o�l�l�e�c�t�i�o�n� �p�o�i�n�t�s� 
�R�e�t�e�n�t�i�o�n� �b�a�s�i�n�s� �t�h�a�t� �a�u�t�o�m�a�t�i�c�a�l�l�y� �c�l�o�s�e� 
�C�l�a�y� �b�l�a�n�k�e�t�s� �o�r� �b�a�r�r�i�e�r� �m�e�m�b�r�a�n�e�s� 

�F�r�e�s�h� �a�i�r� �v�e�n�t�s� �a�t� �e�l�e�v�a�t�e�d� 
�l�e�v�e�l�s� �(�M�E�T�R�O�)� 

�C�o�a�m�i�n�g�s� �o�v�e�r� �s�t�r�e�e�t�-�l�e�v�e�l� �i�n�t�a�k�e� 
�v�e�n�t�s� �(�M�E�T�R�O�)� 

�A�i�r� �i�n�t�a�k�e� �a�w�a�y� �f�r�o�m� �r�o�a�d�s� �(�t�u�n�n�e�l�s�,� 
�M�E�T�R�O�)� 

�M�a�s�s�i�v�e� �b�a�r�r�i�e�r�s� �w�i�t�h� �e�n�e�r�g�y� �a�b�s�o�r�b�i�n�g� 
�m�a�t�e�r�i�a�l� �(�r�u�n�a�w�a�y� �t�r�u�c�k�s�)� 

�I�l�.� �P�r�e�v�e�n�t�i�v�e� 

�H�i�g�h� �p�e�r�f�o�r�m�a�n�c�e� �b�a�r�r�i�e�r� �s�y�s�t�e�m�s� 

�T�r�u�c�k� �e�s�c�a�p�e� �r�a�m�p�s� 
�U�p�g�r�a�d�e� �t�r�u�c�k� �r�u�n�o�f�f�s� 
�W�i�d�e� �s�h�o�u�l�d�e�r�s� 

� � 

�D�E�V�E�L�O�P�M�E�N�T� �O�F� �M�I�T�I�G�A�T�I�O�N� �M�E�A�S�U�R�E�S� �9�0� 
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�T�a�b�l�e� �5�.�8� 

�P�R�O�T�E�C�T�I�V�E� �S�Y�S�T�E�M�S� �K�E�Y�E�D� �T�O� �S�C�E�N�A�R�I�O�S� 

�S�c�e�n�a�r�i�o� �1�:� �P�o�i�s�o�n�o�u�s�,� �t�o�x�i�c� �f�l�a�m�m�a�b�l�e� �o�r� �e�x�p�l�o�s�i�v�e� �m�a�t�e�r�i�a�l� �e�n�d�a�n�g�e�r�s� �l�a�r�g�e� �n�u�m�b�e�r�s� 
�o�f� �t�r�a�p�p�e�d� �m�o�t�o�r�i�s�t�s�,� �e�.�g�.�,� �b�e�t�w�e�e�n� �i�n�t�e�r�c�h�a�n�g�e�s�,� �i�n� �c�u�t� �s�e�c�t�i�o�n� �o�r� �i�n� �t�r�a�f�f�i�c� �j�a�m� �d�o�w�n�w�i�n�d� 
�i�n� �p�o�i�s�o�n�o�u�s� �o�r� �t�o�x�i�c� �g�a�s� �r�e�l�e�a�s�e�.� 

�P�r�o�t�e�c�t�i�v�e� �S�y�s�t�e�m�s� 

�R�a�n�k� �%� �R�e�d�u�c�t�i�o�n� 

�4� �T�r�a�v�e�r�s�a�b�l�e� �m�e�d�i�a�n�s� �5�0� 
�2� �E�m�e�r�g�e�n�c�y� �p�h�o�n�e� �c�a�l�l� �b�o�x�e�s� �o�n� �2�5� 

�a�l�l� �h�a�z�a�r�d�o�u�s� �c�a�r�g�o� �r�o�u�t�e�s� 
�3� �C�r�o�s�s�o�v�e�r�s� �3�0� 
�3� �M�e�d�i�a�n� �o�p�e�n�i�n�g�s� �3�0� 
�4� �H�i�g�h�w�a�y� �e�x�i�t�s� �d�e�s�i�g�n�e�d� �f�o�r� �t�r�a�f�f�i�c� �3�0� 

�e�n�t�r�a�n�c�e� �(�r�e�s�p�o�n�s�e� �t�e�a�m�)� �f�r�o�m� 
�o�p�p�o�s�i�t�e� �d�i�r�e�c�t�i�o�n� 

�R�e�g�u�l�a�t�o�r�y� �m�e�a�s�u�r�e�s� 

�1� �R�o�u�t�i�n�g� �r�e�s�t�r�i�c�t�i�o�n�s� �6�5� 
�2� �P�r�o�h�i�b�i�t�i�o�n� �o�n� �h�o�u�r�s� �(�c�u�r�f�e�w�s�)� �4�5� 
�3� �P�r�o�h�i�b�i�t� �l�a�r�g�e� �t�r�u�c�k�s� �t�h�r�o�u�g�h� �5�5� 

�c�o�n�g�e�s�t�e�d� �a�r�e�a�s� �(�r�o�u�l�i�n�g�)� 

�S�c�e�n�a�r�i�o� �2�:� �C�h�e�m�i�c�a�l� �s�p�i�l�l�s� �o�f� �p�o�i�s�o�n�o�u�s� �o�r� �e�x�p�l�o�s�i�v�e� �m�a�t�e�r�i�a�l�s� �t�h�a�t� �c�o�u�l�d� �e�n�t�e�r� 
�b�a�c�k�g�r�o�u�n�d�  ��M�E�T�R�O �� �s�t�a�t�i�o�n�s� �o�r� �t�r�a�n�s�i�t� �t�u�n�n�e�l�s� �t�h�r�o�u�g�h� �s�i�d�e�w�a�l�k� �v�e�n�t�s�,� �e�t�c�.� �(�I�n�c�l�u�d�e�s� 
�e�n�t�r�y� �o�f� �l�i�g�h�t�e�r�-�t�h�a�n�-�a�i�r� �t�o�x�i�c� �o�r� �p�o�i�s�o�n�o�u�s� �g�a�s�e�s� �i�n�t�o� �a�d�j�a�c�e�n�t� �o�f� �o�v�e�r�h�e�a�d� �t�r�a�n�s�i�t� 
�s�t�a�t�i�o�n�s�.�)� 

�P�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� 

�R�a�n�k� �%� �R�e�d�u�c�t�i�o�n� 

�1� �F�r�e�s�h� �a�i�r� �v�e�n�t�s� �a�t� �e�l�e�v�a�t�e�d� �l�e�v�e�l�s� �5�0� 
�2� �P�r�o�h�i�b�i�t�i�o�n� �i�n� �a�r�e�a�s�;� �a�i�r� �v�e�n�t�s� �5�0� 

�i�n�t�a�k�e�s� �a�w�a�y� �f�r�o�m� �t�h�e� �r�o�a�d�s�,� �a�r�r�o�w�s� 
�i�n� �t�u�n�n�e�l�s� �w�i�t�h� �d�i�s�t�a�n�c�e� �t�o� �e�x�i�t�,� �e�t�c�.� 

�3� �C�o�a�m�i�n�g�s� �o�v�e�r� �s�t�r�e�e�t�-�l�e�v�e�l� �i�n�-�t�a�k�e� �4�5� 
�v�e�n�t�s� �w�i�t�h� �d�r�a�i�n�a�g�e� �a�w�a�y� �f�r�o�m� �v�e�n�t�s� 
�F�o�r� �o�v�e�r�h�e�a�d� �s�t�a�t�i�o�n�s�,� �t�h�e� �a�b�i�l�i�t�y� �t�o� 
�c�r�a�s�h�-�s�t�o�p� �v�e�n�t�i�l�a�t�i�o�n� �a�n�d� �p�r�o�v�i�d�e� 
�p�o�s�i�t�i�v�e� �i�n�t�e�r�n�a�l� �p�r�e�s�s�u�r�e� 
�P�e�a�-�t�r�a�p� �s�y�s�t�e�m� �v�e�n�t�s� �t�o� �t�r�a�p� �g�a�s�e�s� �i�n� �4�0� 
�f�i�r�s�t� �s�e�c�t�i�o�n� 

�a
� 

�R�e�g�u�l�a�t�o�r�y� �m�e�a�s�u�r�e�s� � � �1� �R�e�s�t�r�i�c�t�e�d� �r�o�u�t�i�n�g� �i�n� �t�h�e�s�e� �a�r�e�a�s� �7�0� � � 
� � 
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� � 

�T�a�b�l�e� �5�.�8� �(�C�o�n�t�d�.�.�)� 

�S�c�e�n�a�r�i�o� �3�:� �H�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s� �a�c�c�i�d�e�n�t�s� �c�a�u�s�i�n�g� �r�e�l�e�a�s�e� �o�f� �t�o�x�i�c�,� �f�l�a�m�m�a�b�l�e� �o�r� 
�e�x�p�l�o�s�i�v�e� �m�a�t�e�r�i�a�l�s� �i�n� �t�u�n�n�e�l�s�.� 

�P�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� 

�R�a�n�k� �%� �R�e�d�u�c�t�i�o�n� 

�1� �A�r�r�o�w�s� �p�o�i�n�t�i�n�g� �t�o� �n�e�a�r�e�s�t� �e�x�i�t� �3�0� 
�2� �E�f�f�e�c�t�i�v�e� �v�e�n�t� �s�y�s�t�e�m�s� �4�5� 
�3� �M�o�n�i�t�o�r�i�n�g� �f�o�r� �q�u�i�c�k� �r�e�s�p�o�n�s�e� �5�0� 
�4� �G�a�s� �d�e�t�e�c�t�o�r�s�/�a�l�a�r�m� �s�y�s�t�e�m�s� �3�5� 
�5� �L�a�r�g�e� �s�p�r�i�n�k�l�e�r� �s�y�s�t�e�m�s� �3�0� 
�6� �E�m�e�r�g�e�n�c�y� �e�x�i�t�s� �w�i�l�h� �h�e�a�v�y� �d�o�o�r�s� �2�9� 

�R�e�g�u�l�a�t�o�r�y� �m�e�a�s�u�r�e�s� 

�1� �R�o�u�t�i�n�g� �h�a�z�m�a�t�s� �a�w�a�y� �f�r�o�m� �t�u�n�n�e�l�s� �8�0� 

�S�c�e�n�a�r�i�o� �4�:� �G�a�s�o�l�i�n�e�,� �L�N�G�,� �p�r�o�p�a�n�e� �(�f�l�a�m�m�a�b�l�e�s�,� �e�x�p�l�o�s�i�v�e� �g�a�s�e�s�)�,� �e�l�c�.�,� �a�c�c�i�d�e�n�t�s� �a�n�d� 
�r�e�l�e�a�s�e�s� �o�n� �e�l�e�v�a�t�e�d� �f�a�c�i�l�i�t�i�e�s�,� �i�n�c�l�u�d�i�n�g� �r�a�m�p�s� �t�h�e�r�e�-�l�o�,� �w�i�l�h� �p�e�o�p�l�e� �a�t� �r�i�s�k� �b�e�l�o�w� �o�r� �i�n� 
�a�d�j�a�c�e�n�t� �b�u�i�l�d�i�n�g�s�.� 

�P�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� 

�R�a�n�k� �%� �R�e�d�u�c�t�i�o�n� 

�4� �H�i�g�h� �p�e�r�f�o�r�m�a�n�c�e� �b�a�r�r�i�e�r�/�r�a�i�l� �s�y�s�t�e�m�s� �6�0� 
�t�o� �p�r�e�v�e�n�t� �s�u�c�h� �a�n� �a�c�c�i�d�e�n�t� 

�2� �A�v�o�i�d� �u�s�e� �o�f� �o�p�e�n� �r�a�i�l�s� �o�n� �s�t�r�u�c�t�u�r�e� �4�5� 
�3� �R�o�b�u�s�t� �d�r�a�i�n�a�g�e� �w�i�t�h� �h�o�l�d�i�n�g� �r�e�s�e�r�v�o�i�r�s� �4�0� 

�t�h�a�t� �c�a�n� �b�e� �i�s�o�l�a�t�e�d� �f�r�o�m� �r�e�g�u�l�a�r� 
�s�t�o�r�m� �d�r�a�i�n�s� �(�a�n�d� �l�a�t�e�r� �p�u�m�p�e�d�)� 
�s�h�o�u�l�d� �a� �s�p�i�l�l� �o�c�c�u�r� 

�4� �C�o�n�d�u�i�t� �r�a�i�l�i�n�g� �f�o�r� �a�u�t�o�m�a�t�i�c� �s�p�r�a�y�i�n�g� �2�5� 
�o�f� �w�a�t�e�r� 

�4� �R�e�l�o�c�a�t�e� �o�r� �c�l�o�s�e� �r�a�m�p�s�-�-�i�n� �c�r�i�l�i�c�a�l� �6�0� 
�l�o�c�a�t�i�o�n�s�;� �i�n�s�t�a�l�l� �i�m�p�r�o�v�e�d� �b�a�r�r�i�e�r�s�;� 
�p�r�o�h�i�b�i�t� �t�r�u�c�k� �u�s�e� �o�f� �s�u�c�h� �r�a�m�p�s� 

�R�e�g�u�l�a�t�o�r�y� �m�e�a�s�u�r�e�s� 

�1� �R�e�d�u�c�e�d� �s�p�e�e�d� �4�0� 
�2� �N�o� �h�a�z�m�a�t� �t�h�r�o�u�g�h� �h�i�g�h� �u�r�b�a�n� �a�r�e�a� �5� 

�(�p�r�o�h�i�b�i�t�i�o�n�)� � � � � 
� � 
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� � 

�T�a�b�l�e� �5�.�8� �(�C�o�n�t�d�.�.�)� 

�S�c�e�n�a�r�i�o� �5�:� �R�e�l�e�a�s�e� �o�f� �p�o�i�s�o�n�o�u�s� �t�o�x�i�c� �o�r� �e�x�p�l�o�s�i�v�e� �g�a�s�e�s� �i�n� �p�o�p�u�l�a�t�e�d� �a�r�e�a�s� �i�n� �g�e�n�e�r�a�l� 
�a�n�d�/�o�r� �i�n� �l�o�c�a�t�i�o�n�s� �a�n�d� �s�i�t�u�a�t�i�o�n�s� �w�h�e�r�e� �s�p�e�c�i�a�l� �p�o�p�u�l�a�t�i�o�n�s� �a�n�d�/�o�r� �i�n�s�t�i�t�u�t�i�o�n�s� �s�u�c�h� �a�s� 
�s�c�h�o�o�l�s�,� �h�o�s�p�i�t�a�l�s�,� �h�o�t�e�l�s�,� �n�u�r�s�i�n�g� �h�o�m�e�s�,� �a�p�a�r�t�m�e�n�t� �c�o�m�p�l�e�x�e�s�,� �e�t�c�.�,� �a�r�e� �a�t� �r�i�s�k�.� 

�P�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� 

�R�a�n�k� �%� �R�e�d�u�c�t�i�o�n� 

�1� �C�o�m�m�u�n�i�c�a�t�i�o�n� �a�n�d� �D�e�t�e�c�t�i�o�n� �s�y�s�t�e�m�s� �5�0� 
�2� �D�e�v�e�l�o�p�m�e�n�t� �o�f� �a� �p�u�b�l�i�c� �n�o�t�i�f�i�c�a�t�i�o�n� �5�0� 

�s�y�s�t�e�m� �f�o�r� �e�f�f�i�c�i�e�n�t� �e�v�a�c�u�a�t�i�o�n� 
�p�o�s�s�i�b�l�y� �u�s�i�n�g� �a�i�r� �r�a�i�d� �t�y�p�e� �a�l�a�r�m�s� 
�a�n�d� �p�u�b�l�i�c� �a�d�d�r�e�s�s� �s�y�s�t�e�m�s� 

�R�e�g�u�l�a�t�o�r�y� �m�e�a�s�u�r�e�s� 

�1� �E�v�a�c�u�a�t�i�o�n� �p�l�a�n�n�i�n�g� �5�0� 
�2� �E�m�e�r�g�e�n�c�y� �r�e�s�p�o�n�s�e� �t�r�a�i�n�i�n�g� �5�0� 
�3� �R�e�d�u�c�e�d� �s�p�e�e�d� �w�i�t�h� �s�t�r�i�c�t� �e�n�f�o�r�c�e�m�e�n�t� �4�5� 
�4� �R�o�u�t�i�n�g�/�p�r�o�h�i�b�i�t�i�o�n� �7�5� 
�5� �T�r�a�i�n�i�n�g� �o�f� �p�e�r�s�o�n�n�e�l� �o�f� �s�c�h�o�o�l�s�,� �5�0� 

�h�o�s�p�i�t�a�l�s�,� �h�o�t�e�l�s�,� �n�u�r�s�i�n�g� �h�o�m�e�s� 

�S�c�e�n�a�r�i�o� �6�:� �R�e�l�e�a�s�e�s� �f�r�o�m� �a�c�c�i�d�e�n�t�s� �b�e�t�w�e�e�n� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s� �c�o�n�t�a�i�n�e�r�s� �o�n� 
�h�i�g�h�w�a�y�s� �a�n�d� �p�a�s�s�e�n�g�e�r� �t�r�a�i�n�s� �o�r� �t�r�a�i�n�s� �c�a�r�r�y�i�n�g� �h�a�z�a�r�d�o�u�s� �c�a�r�g�o� �e�i�t�h�e�r� �a�t� �r�a�i�l�-�h�i�g�h�w�a�y� 
�c�r�o�s�s�i�n�g� �a�t� �g�r�a�d�e� �o�r� �i�n� �s�i�t�u�a�t�i�o�n�s� �w�i�t�h� �s�h�a�r�e�d� �r�i�g�h�t�s�-�o�f�-�w�a�y�,� �s�u�c�h� �a�s� �f�r�e�e�w�a�y�s� �w�i�t�h� �t�r�a�n�s�i�t� 
�i�n� �t�h�e� �m�e�d�i�a�n�.� 

�P�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� 

�R�a�n�k� �%� �R�e�d�u�c�t�i�o�n� 

�1� �I�n�s�t�a�l�l�i�n�g� �e�f�f�e�c�t�i�v�e� �b�a�r�r�i�e�r�s� �6�0� 
�b�e�t�w�e�e�n� �p�a�r�a�l�l�e�l� �t�r�a�n�s�p�o�r�t� 
�c�o�r�r�i�d�o�r�s� 

�2� �S�h�a�r�e�d� �r�i�g�h�t�s�-�o�f�-�w�a�y� �s�h�o�u�l�d� �b�e� �6�0� 
�s�e�p�a�r�a�t�e�d� �b�y� �c�o�n�c�r�e�t�e� �b�a�r�r�i�e�r�s� 

�3� �H�i�g�h�e�r�,� �s�t�r�o�n�g�e�r�,� �e�t�c�.�,� �b�a�r�r�i�e�r�s� �6�5� 
�n�e�x�t� �t�o� �t�r�a�n�s�i�t� 

�R�e�g�u�l�a�t�o�r�y� �m�e�a�s�u�r�e�s� 

�1� �S�p�e�c�i�f�i�c� �t�r�a�i�n�i�n�g� �f�o�r� �f�i�r�e� �d�e�p�a�r�t�m�e�n�t�,� �4�5� 
�p�o�l�i�c�e� �e�t�c�.� 

�2� �S�t�a�t�e�-�o�f�-�a�r�t� �c�r�o�s�s�i�n�g� �w�a�r�n�i�n�g� �s�y�s�t�e�m�s� �5�0� 
�3� �S�u�f�f�i�c�i�e�n�t� �w�a�r�n�i�n�g� �i�n�d�i�c�a�t�o�r�s� �4�0� 

�i�n�s�t�a�l�l�e�d� �r�e�a�s�o�n�a�b�l�y� �w�e�l�l� �i�n� �a�d�v�a�n�c�e� 
�o�f� �c�r�o�s�s�i�n�g�s� � � �4� �R�e�s�t�r�i�c�t�i�n�g� �h�a�z�m�a�t� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �6�5� 
�r�o�u�t�e�s� �t�o� �a�v�o�i�d� �h�i�g�h� �h�a�z�a�r�d� �a�r�e�a�s� 

�5� �L�a�w� �r�e�q�u�i�r�i�n�g� �f�u�l�l� �s�t�o�p� �b�e�f�o�r�e� �c�r�o�s�s�i�n�g� �4�0� � � 
� � 
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�R�a�n�k� 

�1� 

�4� 

�2� 

�
o
�
h
�
m

�
 

�®�&
� 

�o
�w

� 

�w�a�t�e�r�s�h�e�d�s�.� 

�P�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� 

�R�a�n�k� 
�1� 

�2� � � 

�a�p�a�r�t�m�e�n�t�s� �a�d�j�a�c�e�n�t� �o�r� �o�n� �a�i�r�-�r�i�g�h�t�s�.� 
�p�l�a�n�t� �t�h�a�t� �c�o�u�l�d� �r�e�s�u�l�t� �i�n� �c�o�n�f�l�a�g�r�a�t�i�o�n�.� 

�T�a�b�l�e� �5�.�8� �(�C�o�n�t�d�.�.�)� 

�C�o�m�m�u�n�i�c�a�t�i�o�n� �a�n�d� �D�e�l�e�c�t�i�o�n� �s�y�s�t�e�m�s� 

�R�e�g�u�l�a�t�o�r�y� �m�e�a�s�u�r�e�s� 

�I�n�c�r�e�a�s�e� �i�n�s�p�e�c�t�i�o�n�s� 
�I�n�s�u�r�e� �i�n�s�p�e�c�t�i�o�n� �a�n�d� �r�e�g�u�l�a�t�i�o�n� �o�f� 
�s�t�o�r�a�g�e� �f�a�c�i�l�i�t�i�e�s� 
�E�s�c�o�r�t� �v�e�h�i�c�l�e� �f�o�r� �e�x�p�l�o�s�i�v�e�s� 
�C�o�n�t�r�o�l� �s�p�e�e�d� 
�M�a�n�d�a�t�e� �r�e�s�t�r�i�c�t�i�v�e� �z�o�n�i�n�g� �p�r�o�h�i�b�i�t�i�n�g� 
�c�e�r�t�a�i�n� �c�h�e�m�i�c�a�l� �s�l�o�r�a�g�e�/�p�r�o�c�e�s�s�i�n�g� 
�a�r�o�u�n�d� �c�e�r�t�a�i�n� �t�r�a�f�f�i�c�/�p�o�p�u�l�a�l�i�o�n� �d�e�n�s�i�t�y� 
�s�i�t�u�a�t�i�o�n�s� 
�Z�o�n�i�n�g� �r�e�s�t�r�i�c�t�i�o�n�s� �t�o� �a�v�o�i�d� �p�o�p�u�l�t�i�o�n� 
�b�u�i�l�d� �u�p�s� �i�n� �s�u�c�h� �a�r�e�a�s�,� �i�.�e�.�,� 
�c�o�g�n�i�z�a�n�t� �o�f� �t�h�e� �r�a�w� �m�a�t�e�r�i�a�l�s� �a�n�d� 
�p�r�o�d�u�c�t�s� �t�h�a�t� �w�i�l�l� �b�e� �k�e�p�t� �i�n� �s�t�o�r�a�g�e� 
�R�o�u�t�i�n�g�/�p�r�o�h�i�b�i�t�i�o�n� 
�T�h�e�r�m�a�l� �p�r�o�t�e�c�t�i�v�e� �c�o�v�e�r�i�n�g�s� �o�n� 
�p�a�c�k�a�g�e�s� 

�D�r�a�i�n�a�g�e� �g�u�t�t�e�r�s� �t�o� �d�i�r�e�c�t� �s�p�i�l�l�e�d� 
�m�a�t�e�r�i�a�l� �t�o�w�a�r�d� �c�o�l�l�e�c�t�i�o�n� �p�o�i�n�t� 
�D�e�s�i�g�n� �w�i�t�h� �c�l�a�y� �b�l�a�n�k�e�t� �o�r� �b�a�r�r�i�e�r� 
�m�e�m�b�r�a�n�e�;� �d�i�r�e�c�t� �d�r�a�i�n�a�g�e� �a�w�a�y� �f�r�o�m� 
�s�e�n�s�i�t�i�v�e� �a�r�e�a�s� 
�F�l�o�a�t�i�n�g� �s�u�r�f�a�c�e� �b�a�r�r�i�e�r� �(�f�o�r� �i�n�s�o�l�u�b�l�e� 
�p�e�t�r�o�l�e�u�m� �o�i�l�s�)� 
�R�o�b�u�s�t� �d�r�a�i�n�a�g�e� �w�i�t�h� �h�o�l�d�i�n�g� �r�e�s�e�r�v�i�o�r�s� 
�t�h�a�t� �c�a�n� �b�e� �i�s�o�l�a�t�e�d� �f�r�o�m� �r�e�g�u�l�a�r� 
�s�t�o�r�m� �d�r�a�i�n�s� �s�h�o�u�l�d� �s�p�i�l�l� �o�c�c�u�r� 
�L�a�r�g�e� �s�u�m�p�s� 
�R�e�t�e�n�t�i�o�n� �b�a�s�i�n�s� �t�h�a�t� �c�a�n� �a�u�t�o�m�a�t�i�c�a�l�l�y� 
�c�l�o�s�e� �t�o� �c�a�p�t�u�r�e� �s�p�i�l�l�a�g�e� 
�G�r�e�a�s�e� �t�r�a�p� �s�e�d�i�m�e�n�t�a�t�i�o�n� �b�a�s�i�n� �(�f�o�r� 
�h�e�a�v�i�e�r� �i�n�s�o�l�u�b�l�e�s�)� 

�S�c�e�n�a�r�i�o� �7�:� �E�x�p�l�o�s�i�v�e� �m�a�t�e�r�i�a�l�s� �i�n� �f�a�c�i�l�i�t�i�e�s� �i�n� �p�o�p�u�l�a�t�e�d� �a�r�e�a�s� �p�a�r�t�i�c�u�l�a�r�l�y� �i�n� �s�i�t�u�a�t�i�o�n�s� 
�a�n�d� �a�r�e�a�s� �w�h�e�r�e� �c�a�t�a�s�t�r�o�p�h�i�c� �c�o�n�s�e�q�u�e�n�c�e�s� �c�o�u�l�d� �o�c�c�u�r� �t�o� �h�i�g�h�w�a�y� �s�t�r�u�c�t�u�r�e�s� �o�r� 

�i�n�c�l�u�d�e�s� �s�i�l�u�a�t�i�o�n� �w�i�t�h� �a�d�j�a�c�e�n�t� �p�e�t�r�o�-�c�h�e�m�i�c�a�l� 

�%� �R�e�d�u�c�t�i�o�n� 

�5�0� 

�4�5� 
�5�0� 

�3�5� 
�4�0� 
�6�0� 

�6�0� 

�6�5� 
�4�0� 

�S�c�e�n�a�r�i�o� �8�:� �S�u�f�f�i�c�i�e�n�t� �q�u�a�n�t�i�t�i�e�s� �o�f� �p�o�i�s�o�n�o�u�s� �m�a�t�e�r�i�a�l�s�,� �s�u�c�h� �a�s� �h�e�r�b�i�c�i�d�e�s�,� �o�r� �d�a�n�g�e�r�o�u�s� 
�b�i�o�l�o�g�i�c�a�l�/�a�g�e�n�t�s� �(�o�r� �a�n�y� �m�a�t�e�r�i�a�l� �c�a�u�s�i�n�g� �l�o�n�g� �t�e�r�m� �o�r� �p�e�r�m�a�n�e�n�t� �d�a�m�a�g�e�)� �b�e�i�n�g� �r�e�l�a�t�e�d� 
�i�n�t�o� �a� �p�o�t�a�b�l�e� �w�a�t�e�r� �s�u�p�p�l�y�,� �p�a�r�t�i�c�u�l�a�r�l�y� �r�e�s�e�r�v�o�i�r�s� �a�n�d� �s�u�s�c�e�p�t�i�b�l�e� �a�q�u�i�f�e�r�s� �a�n�d�/�o�r� 

�%� �R�e�d�u�c�t�i�o�n� 
�6�0� 

�6�0� 

�5�5� 

�5�0� 
�5�9� 

�4�0� 

� � 

�D�E�V�E�L�O�P�M�E�N�T� �O�F� �M�I�T�I�G�A�T�I�O�N� �M�E�A�S�U�R�E�S� �9�4� 

� 



� � 

�T�a�b�l�e� �5�.�8� �(�C�o�n�t�d�.�.�)� 

�S�c�e�n�a�r�i�o� �8� �(�C�o�n�t�d�.�.�)�:� 

�R�e�g�u�l�a�t�o�r�y� �m�e�a�s�u�r�e�s� 

�1� �I�n�s�u�r�e� �i�n�s�p�e�c�t�i�o�n� �a�n�d� �r�e�g�u�l�a�t�i�o�n� �o�f� �5�0� 
�s�t�o�r�a�g�e� �f�a�c�i�l�i�t�i�e�s� 

�S�c�e�n�a�r�i�o� �9�:� �R�u�r�a�l�,� �h�i�l�l�y� �o�r� �m�o�u�n�t�a�i�n�o�u�s� �a�r�e�a�s� �w�i�t�h� �c�i�t�i�e�s� �o�r� �t�o�w�n�s� �a�t� �b�o�t�t�o�m� �o�f� �l�o�n�g� �o�r� 
�s�t�e�e�p� �g�r�a�d�e�s� �w�h�e�r�e� �b�r�a�k�e� �f�a�i�l�u�r�e� �o�f� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l� �c�a�r�r�i�e�r�s� �c�o�u�l�d� �c�a�u�s�e� �c�a�t�a�s�t�r�o�p�h�i�c� 
�c�o�n�s�e�q�u�e�n�c�e�s� �t�o� �t�h�e� �p�o�p�u�l�a�t�e�d� �a�r�e�a�.� 

�P�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� 

�R�a�n�k� �%� �R�e�d�u�c�t�i�o�n� 

�1� �T�r�u�c�k� �e�s�c�a�p�e� �r�a�m�p� �7�0� 
�2� �U�p�g�r�a�d�e� �r�u�n�o�f�f�s� �f�o�r� �d�e�c�e�l�e�r�a�t�i�o�n� �a�n�d� �6�0� 

�e�x�t�r�a� �w�i�d�e� �s�h�o�u�l�d�e�r�s� 
�3� �C�o�n�s�t�r�u�c�t� �m�a�s�s�i�v�e� �b�a�r�r�i�e�r� �a�n�d� �p�u�t� �3�0� 

�e�n�e�r�g�y� �a�b�s�o�r�b�i�n�g� �m�a�t�e�r�i�a�l� �i�n� �f�r�o�n�t� � � 
� � 

�D�E�V�E�L�O�P�M�E�N�T� �O�F� �M�I�T�I�G�A�T�I�O�N� �M�E�A�S�U�R�E�S� �9�5� 

� 



�w�e�r�e� �s�e�n�t� �o�u�t� �f�i�r�s�t�.� �T�h�e� �r�e�s�u�l�t�s� �o�b�t�a�i�n�e�d� �w�e�r�e� �c�o�m�p�l�i�e�d� �a�n�d� �s�e�n�t� �b�a�c�k� �t�o� �t�h�e� �p�a�n�e�l� 

�f�o�r� �t�h�e�i�r� �c�o�n�s�e�n�s�u�s� �a�l�o�n�g� �w�i�t�h� �t�h�e� �r�e�g�u�l�a�t�o�r�y� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m� �i�d�e�a�s�.� �T�h�e� 

�q�u�e�s�t�i�o�n�n�a�i�r�e�s� �u�s�e�d� �a�n�d� �t�h�e� �s�u�m�m�a�r�y� �o�f� �r�e�s�u�l�t�s� �a�t� �v�a�r�i�o�u�s� �s�t�a�g�e�s� �h�a�v�e� �b�e�e�n� 

�a�t�t�a�c�h�e�d� �t�o� �t�h�i�s� �r�e�p�o�r�t� �(�A�p�p�e�n�d�i�x� �A�)�.� �T�a�b�l�e� �5�.�8� �s�h�o�w�s� �t�h�e� �s�u�m�m�a�r�y� �o�f� �r�e�s�u�l�t�s� �o�f� �t�h�e� 

�s�u�r�v�e�y�.� �A�s� �e�m�p�h�a�s�i�z�e�d� �p�r�e�v�i�o�u�s�l�y� �i�n� �t�h�i�s� �r�e�p�o�r�t�,� �t�h�i�s� �i�s� �a� �v�e�r�y� �r�e�c�e�n�t� �c�o�n�c�e�p�t� �a�n�d� 

�h�e�n�c�e� �t�h�e�r�e� �i�s� �n�o� �v�e�r�i�f�i�a�b�l�e� �d�a�t�a� �t�o� �c�o�m�p�a�r�e� �w�i�t�h� �t�h�e�i�r� �r�e�s�u�l�t�s�.� �H�o�w�e�v�e�r�,� �t�h�i�s� 

�p�r�o�v�i�d�e�s� �a� �s�t�a�r�t�i�n�g� �p�o�i�n�t� �t�h�a�t� �w�e� �c�o�n�c�l�u�d�e� �i�s� �r�e�a�s�o�n�a�b�l�e� �a�n�d� �v�a�l�i�d� �f�o�r� �m�a�k�i�n�g� �i�n�i�t�i�a�l� 

�d�e�c�i�s�i�o�n�s� �a�b�o�u�t� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �t�h�e� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s�.� 

�5�.�9� �M�i�t�i�g�a�t�i�o�n� �D�e�s�i�g�n� �M�e�t�h�o�d�o�l�o�g�y� 

�I�n� �t�h�e� �p�r�e�v�i�o�u�s� �s�e�c�t�i�o�n�s�,� �t�h�e� �c�o�n�c�e�p�t� �o�f� �m�i�t�i�g�a�t�i�o�n� �i�s� �i�n�t�r�o�d�u�c�e�d� �a�n�d� �a� �n�u�m�b�e�r� �o�f� 

�m�e�a�s�u�r�e�s� �w�h�i�c�h� �c�a�n� �b�e� �c�o�n�s�i�d�e�r�e�d� �t�o� �m�i�t�i�g�a�t�e� �t�h�e� �r�i�s�k� �d�u�e� �t�o� �t�h�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �o�f� 

�h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s� �i�s� �p�r�e�s�e�n�t�e�d�.� �I�n� �t�h�i�s� �s�e�c�t�i�o�n�,� �a� �d�e�c�i�s�i�o�n� �m�a�k�i�n�g� �m�e�t�h�o�d�o�l�o�g�y� 

�o�f� �d�e�c�i�d�i�n�g� �o�n� �t�h�e� �p�r�o�t�e�c�t�i�v�e� �s�y�s�t�e�m�s� �i�s� �p�r�e�s�e�n�t�e�d�.� 

�M�i�t�i�g�a�t�i�o�n� �m�e�a�s�u�r�e�s� �a�r�e� �a�p�p�l�i�e�d� �t�o� �h�i�g�h�w�a�y� �s�e�g�m�e�n�t�s� �a�n�d� �h�i�g�h� �r�i�s�k� 

�l�o�c�a�t�i�o�n�s�/�s�c�e�n�a�r�i�o�s� �o�n� �h�i�g�h�w�a�y�s�.� �M�i�t�i�g�a�t�i�o�n� �f�o�l�l�o�w�s� �r�i�s�k� �a�s�s�e�s�s�m�e�n�t� �f�o�r� �s�p�e�c�i�f�i�c� 

�r�o�u�t�e� �o�r� �s�e�c�t�i�o�n�.� �U�s�i�n�g� �t�h�e� �r�e�c�o�m�m�e�n�d�e�d� �r�i�s�k� �m�o�d�e�l� �p�r�o�c�e�d�u�r�e�,� �t�h�e� �r�i�s�k�s� �o�n� �v�a�r�i�o�u�s� 

�h�i�g�h�w�a�y� �s�e�g�m�e�n�t�s� �f�o�r� �a� �m�u�n�i�c�i�p�a�l�i�t�y� �o�r� �c�o�u�n�t�y� �a�r�e� �d�e�t�e�r�m�i�n�e�d�.� �T�h�e�s�e� �s�e�g�m�e�n�t�s� �a�r�e� 

�r�a�n�k�e�d� �b�a�s�e�d� �o�n� �t�h�e� �l�e�v�e�l� �o�f� �r�i�s�k�.� �T�h�e�n� �t�h�e� �u�s�e�r� �c�a�n� �s�e�l�e�c�t� �t�h�e� �s�e�g�m�e�n�t�s� �w�i�t�h� �h�i�g�h� 

�r�i�s�k� �a�n�d� �c�o�n�s�i�d�e�r� �t�h�e�m� �f�o�r� �m�i�t�i�g�a�t�i�o�n� �p�u�r�p�o�s�e�s�.� �N�o�t�e� �t�h�a�t� �t�h�e� �u�s�e�r� �m�u�s�t� �d�e�c�i�d�e� �w�h�a�t� 

�l�e�v�e�l� �o�f� �r�i�s�k� �i�s� �h�i�g�h� �e�n�o�u�g�h� �t�o� �w�a�r�r�a�n�t� �a�t�t�e�n�t�i�o�n�.� �I�t� �i�s� �r�e�c�o�m�m�e�n�d�e�d� �t�h�a�t� �d�e�f�a�u�l�t� 

�v�a�l�u�e�s� �b�e� �u�s�e�d� �f�o�r� �r�i�s�k� �a�s�s�e�s�s�m�e�n�t� �a�n�d� �m�i�t�i�g�a�t�i�o�n� �w�h�e�n� �s�t�a�t�i�s�t�i�c�a�l�l�y� �s�i�g�n�i�f�i�c�a�n�t� �d�a�t�a� 

�o�n� �a�c�c�i�d�e�n�t�s� �i�s� �n�o�t� �a�v�a�i�l�a�b�l�e�.� �M�i�t�i�g�a�t�i�o�n� �c�a�n� �a�l�s�o� �b�e� �u�s�e�d� �i�n� �r�o�u�t�i�n�g�.� �T�h�e� �u�s�e�r� �m�a�y� 

�D�E�V�E�L�O�P�M�E�N�T� �O�F� �M�I�T�I�G�A�T�I�O�N� �M�E�A�S�U�R�E�S� �9�6



�c�o�n�s�i�d�e�r� �i�m�p�r�o�v�e�m�e�n�t�s� �o�n� �s�o�m�e� �s�p�e�c�i�f�i�c�,� �h�i�g�h�-�r�i�s�k� �s�e�g�m�e�n�t�s� �s�o� �t�h�a�t� �t�h�e�y� �b�e�c�o�m�e� 

�m�i�n�i�m�u�m� �r�i�s�k� �o�r� �l�o�w� �r�i�s�k� �r�o�u�t�e�s� �a�f�t�e�r� �t�h�e� �i�m�p�r�o�v�e�m�e�n�t�s�.� 

�C�o�n�s�i�d�e�r� �a� �h�i�g�h� �r�i�s�k� �s�t�r�e�e�t� �s�e�g�m�e�n�t� �r�e�q�u�i�r�i�n�g� �m�i�t�i�g�a�t�i�o�n�.� �T�h�i�s� �r�i�s�k� �i�s� �m�a�d�e� �u�p� 

�o�f� �t�w�o� �c�o�m�p�o�n�e�n�t�s�:� �p�r�o�b�a�b�i�l�i�t�y� �a�n�d� �c�o�n�s�e�q�u�e�n�c�e�.� �P�r�o�b�a�b�i�l�i�t�y� �i�s� �b�a�s�e�d� �o�n� �t�h�e� �t�r�u�c�k� 

�a�c�c�i�d�e�n�t� �r�a�t�e� �a�n�d� �c�o�n�s�e�q�u�e�n�c�e� �i�s� �b�a�s�e�d� �o�n� �t�h�e� �e�x�p�o�s�u�r�e� �t�o� �p�o�p�u�l�a�t�i�o�n�,� �p�r�o�p�e�r�t�y�,� 

�e�n�v�i�r�o�n�m�e�n�t� �e�t�c�.� �B�a�s�e�d� �o�n� �t�h�e� �v�a�l�u�e� �o�f� �p�r�o�b�a�b�i�l�i�t�y� �a�n�d� �c�o�n�s�e�q�u�e�n�c�e�,� �t�h�e� �f�o�l�l�o�w�i�n�g� 

�s�c�e�n�a�r�i�o�s� �a�r�i�s�e�:� 

�®� �h�i�g�h� �p�r�o�b�a�b�i�l�i�t�y�,� �h�i�g�h� �c�o�n�s�e�q�u�e�n�c�e� 

�e� �=�6�h�i�g�h� �p�r�o�b�a�b�i�l�i�t�y�,� �l�o�w� �c�o�n�s�e�q�u�e�n�c�e� 

�*� �l�o�w� �p�r�o�b�a�b�i�l�i�t�y�,� �h�i�g�h� �c�o�n�s�e�q�u�e�n�c�e�.� 

�T�h�e� �m�i�t�i�g�a�t�i�o�n� �m�e�a�s�u�r�e�s� �c�a�n� �b�e� �c�o�n�s�i�d�e�r�e�d� �a�c�c�o�r�d�i�n�g�l�y�.� �H�o�w�e�v�e�r�,� �i�t� �i�s� 

�r�e�c�o�m�m�e�n�d�e�d� �t�h�a�t� �b�o�t�h� �p�r�o�b�a�b�i�l�i�t�y� �a�n�d� �c�o�n�s�e�q�u�e�n�c�e� �r�e�d�u�c�t�i�o�n� �m�e�a�s�u�r�e�s� �b�e� 

�c�o�n�s�i�d�e�r�e�d� �f�o�r� �t�h�e� �s�e�g�m�e�n�t� �u�n�d�e�r� �c�o�n�s�i�d�e�r�a�t�i�o�n� �s�i�n�c�e� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l� �i�n�c�i�d�e�n�t�s� 

�a�r�e� �v�e�r�y� �r�a�r�e� �e�v�e�n�t�s� �a�n�d� �o�n�e� �c�a�n�n�o�t� �r�e�l�y� �c�o�m�p�l�e�t�e�l�y� �o�n� �h�i�s�t�o�r�i�c�a�l� �d�a�t�a� �o�n� �t�h�e� 

�p�r�o�b�a�b�i�l�i�t�y� �o�f� �a�n� �i�n�c�i�d�e�n�t� �a�n�d� �t�h�e� �r�e�s�u�l�t�i�n�g� �c�o�n�s�e�q�u�e�n�c�e�s� �i�.�e�.�,� �o�n�e� �c�a�n�n�o�t� �s�a�y� �t�h�e� �r�i�s�k� 

�i�s� �Z�e�r�o� �o�n� �a� �s�e�g�m�e�n�t� �t�h�a�t� �h�a�s� �n�e�v�e�r� �h�a�d� �a� �r�e�c�o�r�d�e�d� �a�c�c�i�d�e�n�t�.� �T�h�i�s� �i�s� �a� �c�a�s�e� �w�h�e�r�e� 

�d�e�f�a�u�l�t� �v�a�l�u�e�s� �o�r� �s�t�a�t�e� �a�v�e�r�a�g�e�s� �s�h�o�u�l�d� �b�e� �u�s�e�d�.� 

�T�h�e� �f�i�r�s�t� �s�t�e�p� �i�s� �t�o� �m�a�k�e� �a� �s�u�r�v�e�y� �o�f� �t�h�e� �s�e�g�m�e�n�t�.� �A� �f�i�e�l�d� �c�h�e�c�k� �f�o�r�m� �i�s� �p�r�o�v�i�d�e�d�,� 

�w�h�i�c�h� �c�a�n� �b�e� �u�s�e�d� �t�o� �o�b�t�a�i�n� �o�r� �c�h�e�c�k� �t�h�e� �d�a�t�a� �o�n� �t�h�e� �e�x�i�s�t�i�n�g� �g�e�o�m�e�t�r�i�c� �c�o�n�d�i�t�i�o�n�s� 

�a�n�d� �h�i�g�h� �h�a�z�a�r�d� �s�c�e�n�a�r�i�o�s�.� �O�n�e� �s�h�o�u�l�d� �a�l�s�o� �b�e� �c�e�r�t�a�i�n� �t�h�a�t� �t�h�e� �s�e�g�m�e�n�t� �m�e�e�t�s� �a�l�l� 

�t�h�e� �m�i�n�i�m�u�m� �r�e�q�u�i�r�e�m�e�n�t�s� �o�f� �g�e�o�m�e�t�r�y� �a�s� �s�p�e�c�i�f�i�e�d� �b�y� �t�h�e� �A�A�S�H�T�O� �[�1�]�.� �T�h�e� 

�g�e�o�m�e�t�r�i�c� �d�e�s�i�g�n� �c�h�e�c�k� �i�s� �d�o�n�e� �t�o� �m�a�k�e� �s�u�r�e� �t�h�a�t� �t�h�e� �s�e�g�m�e�n�t� �i�s� �g�e�n�e�r�a�l�l�y� �s�a�f�e� �f�o�r� 

�t�h�e� �m�o�v�e�m�e�n�t� �o�f� �t�r�u�c�k�s�,� �w�h�e�r�e�a�s� �t�h�e� �h�i�g�h� �h�a�z�a�r�d� �s�c�e�n�a�r�i�o�s� �a�r�e� �c�h�e�c�k�e�d� �f�o�r� �s�p�e�c�i�f�i�c� 

�p�o�t�e�n�t�i�a�l� �c�o�n�s�e�q�u�e�n�c�e�s�.� 

�T�h�e� �d�a�t�a� �o�b�t�a�i�n�e�d� �b�y� �t�h�e� �f�i�e�l�d� �f�o�r�m� �h�a�s� �t�o� �b�e� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �s�a�f�e� �c�o�n�d�i�t�i�o�n�s� 

�f�o�r� �t�r�u�c�k� �t�r�a�v�e�l� �a�n�d� �n�e�c�e�s�s�a�r�y� �i�m�p�r�o�v�e�m�e�n�t�s� �c�a�n� �b�e� �c�o�n�s�i�d�e�r�e�d�.� �T�h�e� �u�s�e�r� �c�a�n� 
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�s�i�m�u�l�a�t�e� �i�m�p�r�o�v�i�n�g� �a�l�l� �o�r� �s�o�m�e� �o�f� �t�h�e� �e�l�e�m�e�n�t�s� �f�r�o�m� �t�h�e�i�r� �p�r�e�s�e�n�t� �c�o�n�d�i�t�i�o�n� �t�o� �t�h�e� 

�r�e�c�o�m�m�e�n�d�e�d� �s�a�f�e� �c�o�n�d�i�t�i�o�n�.� �I�t� �i�s� �r�e�c�o�m�m�e�n�d�e�d� �t�h�a�t� �t�h�e� �a�c�c�i�d�e�n�t� �d�a�t�a� �b�e� �r�e�v�i�e�w�e�d� 

�c�a�r�e�f�u�l�l�y� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �a�n�y� �p�a�r�t�i�c�u�l�a�r� �t�y�p�e� �o�f� �a�c�c�i�d�e�n�t�s� �o�c�c�u�r� �f�r�e�q�u�e�n�t�l�y� �a�n�d� 

�c�o�n�s�i�d�e�r� �a�c�c�i�d�e�n�t� �s�p�e�c�i�f�i�c� �m�e�a�s�u�r�e�s� �t�o� �r�e�d�u�c�e� �t�h�e�m�.� �T�h�i�s� �c�a�n� �b�e� �d�o�n�e� �w�i�t�h� �t�h�e� �h�e�l�p� 

�o�f� �T�a�b�l�e� �5�.�3�.� �T�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �t�h�e�s�e� �i�m�p�r�o�v�e�m�e�n�t�s� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �5�.�2�.� 

�O�n�c�e� �t�h�e� �u�s�e�r� �s�e�l�e�c�t�s� �t�h�e� �i�m�p�r�o�v�e�m�e�n�t�s� �a�n�d� �t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �v�a�l�u�e�s�,� �t�h�e� 

�p�r�o�b�a�b�i�l�i�t�y� �r�e�d�u�c�t�i�o�n� �d�u�e� �t�o� �p�o�t�e�n�t�i�a�l� �r�e�d�u�c�t�i�o�n� �o�f� �t�r�u�c�k� �a�c�c�i�d�e�n�t� �r�a�t�e� �c�a�n� �b�e� 

�c�a�l�c�u�l�a�t�e�d�.� 

�T�h�e�n� �t�h�e� �c�o�n�s�e�q�u�e�n�c�e� �r�e�d�u�c�t�i�o�n� �m�e�a�s�u�r�e�s� �c�a�n� �b�e� �c�o�n�s�i�d�e�r�e�d�.� �I�t� �i�s� �n�e�c�e�s�s�a�r�y� 

�t�h�a�t� �t�h�e� �u�s�e�r� �o�b�t�a�i�n�s� �d�e�t�a�i�l�e�d� �m�a�p�s� �o�f� �t�h�e� �a�r�e�a� �u�n�d�e�r� �c�o�n�s�i�d�e�r�a�t�i�o�n� �a�t� �t�h�i�s� �s�t�a�g�e�.� �T�h�e� 

�s�t�r�e�e�t� �s�e�g�m�e�n�t� �a�n�d� �t�h�e� �s�u�r�r�o�u�n�d�i�n�g� �a�r�e�a� �w�i�t�h�i�n� �t�h�e� �i�m�p�a�c�t� �w�i�d�t�h� �o�f� �h�a�z�a�r�d�o�u�s� 

�m�a�t�e�r�i�a�l� �h�a�s� �t�o� �b�e� �c�o�n�s�i�d�e�r�e�d� �i�n� �c�o�n�s�e�q�u�e�n�c�e� �r�e�d�u�c�t�i�o�n� �m�e�a�s�u�r�e�s�.� �A�l�l� �h�i�g�h� �r�i�s�k� 

�l�o�c�a�t�i�o�n�s� �h�a�v�e� �t�o� �b�e� �i�d�e�n�t�i�f�i�e�d� �a�n�d� �c�o�n�s�i�d�e�r�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e�i�r� �r�e�l�a�t�i�v�e� �i�m�p�o�r�t�a�n�c�e�.� 

�T�h�i�s� �c�a�n� �b�e� �a�c�c�o�m�p�l�i�s�h�e�d� �b�y� �c�h�e�c�k�i�n�g� �f�o�r� �h�i�g�h� �h�a�z�a�r�d� �s�c�e�n�a�r�i�o�s� �w�i�t�h�i�n� �t�h�e� �i�m�p�a�c�t� 

�a�r�e�a�.� �A� �r�o�a�d�w�a�y� �s�e�g�m�e�n�t� �c�a�n� �h�a�v�e� �a�n�y� �n�u�m�b�e�r� �o�f� �t�h�e�s�e� �s�c�e�n�a�r�i�o�s�.� �F�o�r� �e�a�c�h� �o�f� 

�t�h�e�s�e�,� �p�o�s�s�i�b�l�e� �m�i�t�i�g�a�t�i�o�n� �m�e�a�s�u�r�e�s� �a�r�e� �a�v�a�i�l�a�b�l�e� �a�l�o�n�g� �w�i�t�h� �e�s�t�i�m�a�t�e�d� �e�f�f�e�c�t�i�v�e�n�e�s�s� 

�f�a�c�t�o�r�s�.� �B�a�s�e�d� �o�n� �t�h�e�s�e� �v�a�l�u�e�s� �t�h�e� �c�o�n�s�e�q�u�e�n�c�e� �r�e�d�u�c�t�i�o�n� �v�a�l�u�e� �i�s� �o�b�t�a�i�n�e�d�.� 

�T�h�e� �c�o�m�b�i�n�e�d� �e�f�f�e�c�t� �i�s� �t�h�e� �r�e�d�u�c�t�i�o�n� �o�f� �r�i�s�k� �o�n� �t�h�e� �h�i�g�h�w�a�y� �s�e�g�m�e�n�t�.� 
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�6�.�0� �A�P�P�L�I�C�A�T�I�O�N� �O�F� �M�O�D�E�L� 

�C�a�s�e� �s�t�u�d�i�e�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �o�n� �s�o�m�e� �h�i�g�h�w�a�y� �s�e�g�m�e�n�t�s� �i�n� �o�r�d�e�r� �t�o� �g�e�t� �a� �f�i�r�s�t� 

�h�a�n�d� �e�x�p�e�r�i�e�n�c�e� �o�n� �t�h�e� �a�p�p�l�i�c�a�b�i�l�i�t�y� �o�f� �t�h�e� �m�o�d�e�l�.� �T�h�e� �h�i�g�h�w�a�y� �s�e�g�m�e�n�t�s� �w�e�r�e� 

�s�e�l�e�c�t�e�d� �b�a�s�e�d� �o�n� �t�h�e� �v�a�l�u�e� �o�f� �r�i�s�k�.� �T�h�e� �a�c�c�i�d�e�n�t� �d�a�t�a� �o�n� �a�l�l� �t�h�e� �s�e�g�m�e�n�t�s� �w�e�r�e� 

�o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �A�c�c�i�d�e�n�t� �R�e�c�o�r�d� �S�y�s�t�e�m� �f�i�l�e� �s�u�p�p�l�i�e�d� �b�y� �t�h�e� �P�e�n�n�s�y�l�v�a�n�i�a� �D�O�T�.� 

�T�h�e� �c�o�n�s�e�q�u�e�n�c�e� �d�a�t�a� �a�t� �m�u�n�i�c�i�p�a�l�i�t�y� �l�e�v�e�l� �w�a�s� �p�r�o�v�i�d�e�d� �u�n�d�e�r� �c�o�n�t�r�a�c�t� �b�y� �K�e�y�s�t�o�n�e� 

�M�a�n�a�g�e�m�e�n�t� �S�y�s�t�e�m�s�,� �I�n�c�.� �T�h�e�s�e� �d�a�t�a� �w�e�r�e� �u�s�e�d� �t�o� �g�e�t� �v�a�l�u�e�s� �o�f� �r�i�s�k� �f�o�r� �v�a�r�i�o�u�s� 

�h�i�g�h�w�a�y� �s�e�g�m�e�n�t�s�.� �I�t� �i�s� �t�o� �b�e� �n�o�t�e�d� �t�h�a�t� �t�h�i�s� �i�s� �n�o�t� �t�h�e� �a�c�t�u�a�l� �v�a�l�u�e�,� �s�i�n�c�e� �a�v�e�r�a�g�e� 

�c�o�n�s�e�q�u�e�n�c�e� �w�a�s� �u�s�e�d�.� �O�n� �a�n�a�l�y�s�i�s�,� �i�t� �w�a�s� �f�o�u�n�d� �t�h�a�t� �P�h�i�l�a�d�e�l�p�h�i�a� �h�a�s� �t�h�e� 

�m�a�x�i�m�u�m� �n�u�m�b�e�r� �o�f� �s�e�g�m�e�n�t�s� �w�i�t�h� �h�i�g�h� �r�i�s�k�.� �A�b�o�u�t� �5�0�%� �o�f� �t�h�e� �t�o�p� �1�0�0� �h�i�g�h� �r�i�s�k� 

�s�e�g�m�e�n�t�s� �o�f� �P�e�n�n�s�y�l�v�a�n�i�a� �a�r�e� �i�n� �P�h�i�l�a�d�e�l�p�h�i�a�.� 

�S�i�x� �s�e�g�m�e�n�t�s� �o�n� �I�n�t�e�r�s�t�a�t�e� �7�6� �a�n�d� �a� �s�e�g�m�e�n�t� �o�n� �R�o�u�t�e� �3�0�1�9� �i�n� �P�h�i�l�a�d�e�l�p�h�i�a� �w�e�r�e� 

�s�e�l�e�c�t�e�d� �f�o�r� �t�h�i�s� �c�a�s�e� �s�t�u�d�y�.� �T�h�e� �m�a�i�n� �p�u�r�p�o�s�e� �w�a�s� �t�o� �m�a�k�e� �a� �s�u�r�v�e�y� �o�f� �t�h�e� �s�e�g�m�e�n�t� 

�a�n�d� �o�b�t�a�i�n� �t�h�e� �d�a�t�a� �n�e�c�e�s�s�a�r�y� �t�o� �d�o� �d�e�t�a�i�l�e�d� �r�i�s�k� �a�s�s�e�s�s�m�e�n�t� �a�n�d� �m�i�t�i�g�a�t�i�o�n�.� �F�o�r� �r�i�s�k� 

�a�s�s�e�s�s�m�e�n�t�,� �t�h�e� �d�a�t�a� �o�n� �p�o�p�u�l�a�t�i�o�n�,� �p�r�o�p�e�r�t�y�,� �e�t�c�.� �a�l�o�n�g� �t�h�e� �h�i�g�h�w�a�y� �s�e�g�m�e�n�t� �i�s� 

�r�e�q�u�i�r�e�d�,� �w�h�e�r�e�a�s� �f�o�r� �m�i�t�i�g�a�t�i�o�n�,� �t�h�e� �p�o�s�s�i�b�l�e� �c�a�u�s�e�s� �o�f� �a�c�c�i�d�e�n�t�s�,� �h�i�g�h�w�a�y� �g�e�o�m�e�t�r�y� 

�a�n�d� �p�o�t�e�n�t�i�a�l� �c�a�t�a�s�t�r�o�p�h�i�c� �s�c�e�n�a�r�i�o�s� �a�l�o�n�g� �t�h�e� �h�i�g�h�w�a�y� �s�e�g�m�e�n�t� �a�r�e� �t�o� �b�e� �u�s�e�d�.� �T�w�o� 

�s�e�g�m�e�n�t�s� �w�e�r�e� �a�n�a�l�y�z�e�d� �a�n�d� �t�h�e� �r�e�s�u�l�t�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �t�h�i�s� �r�e�p�o�r�t�.� 

�P�o�p�u�l�a�t�i�o�n� �d�a�t�a� �w�a�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �c�e�n�s�u�s� �t�r�a�c�t� �m�a�p�s�.� �T�h�e� �d�a�t�a� �o�n� �p�r�o�p�e�r�t�y� 

�a�n�d� �s�p�e�c�i�a�l� �f�a�c�i�l�i�t�i�e�s� �w�e�r�e� �n�o�t� �a�v�a�i�l�a�b�l�e�.� �T�h�u�s�,� �o�n�l�y� �p�o�p�u�l�a�t�i�o�n� �r�i�s�k� �i�s� �c�o�n�s�i�d�e�r�e�d�.� 

�F�i�g�u�r�e� �6�.�1� �s�h�o�w�s� �t�h�e� �c�e�n�s�u�s� �t�r�a�c�t� �m�a�p� �o�f� �P�h�i�l�a�d�e�l�p�h�i�a� �w�i�t�h� �t�h�e� �s�e�g�m�e�n�t�s� �m�a�r�k�e�d�.� 
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