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YEAR PORTRAIT OF HAZARDOUS MATERIALS
ACCIDENTS/INCIDENTS AND IMPACTS

Executive Summary

strategic goal of reducing the rate and severity of transportation fatalities and injuries in

hazardous materials (HM) transportation and of reducing the dollar loss from high-
consequence, reportable transportation accidents. The long-term purpose of this project is to assess
the additional risks posed by HM transportation when compared to non-hazardous shipments.

This project was designed to assist the Department of Transportation (DOT) in achieving their

The project has been divided into two phases. The first phase, which has concluded, characterizes
the shipment impacts for one year of Class 3 HM shipments and assesses the feasibility of
conducting a comprehensive risk assessment of HM and non-HM shipments. The characterization
of the one-year of Class 3 shipment impacts is contained in this report. The assessment of the
feasibility of conducting a comprehensive risk assessment of HM and non-HM shipments is
contained in the “Plan for Assessing the Feasibility for Conducting a Comparative Risk Assessment
on Hazardous Materials and Nonhazardous Materials Movements.” The second phase is the actual
comparative risk assessment between HM and non-HM truck shipments.

To estimate the percentage of HM out of all national shipments, the National Fleet Safety Survey
for 1996 was utilized. For 1996, using a weighted average, 7.2 percent of all trucks surveyed
carried HM. To calculate the percentage of Class 3 (flammable and combustible liquids) materials
carried by truck for 1996, five regional HM commodity flow surveys were used. Based on the

5 surveys, a figure of 52 percent HM vehicles for the entire country was represented by flammable
and combustible liquids.

An initial step in developing a risk assessment is to reliably estimate the number of incidents for

a defined period of time. For Phase I, an estimate was developed for Class 3 truck shipment
incidents and accidents in 1996. The Hazardous Materials Information System (HMIS ) database
served as the baseline database. The HMIS represents the only national database of hazardous
materials highway transportation incidents with details of the material, packaging and consequences
involved. The data found in the HMISs is not comprehensive and was supplemented with data from
other federal and state databases. The most important was the Safetynet, Motor Carrier Manage-
ment Information System (MCMIS) accident database that provides accident information for both
spill and no spill accidents.

To effectively supplement the HMIS data, a year, 1996, and a sample of 8 states were selected to
focus on for more intensive examination. Six of the states, Colorado, Indiana, Iowa, Minnesota,
Pennsylvania and Oregon are part of the Performance and Registration Information Systems
Management (PRISM) program; an OMC program designed in part to improve state participation in
Safetynet. In addition both Ohio and California were selected because of access to separate state
databases to supplement the HMIS data.

Final Report — April 1999 1



Using this method, the U.S. Class 3 accidents and incidents for 1996 were estimated as:

e Spill accidents: 490
e No spill accidents: 953
e Incidents both enroute and associated with loading unloading: 1,961.

Most of the accidents are associated with cargo tank shipments. For the total number of enroute
accidents, an estimate of 88 percent involved cargo tanks.

In order to derive an estimate of the annual economic impact of 1996 incidents/accidents involving
truck shipments of Class 3 hazardous materials, impact categories were selected which could be
compared among the accidents. The impact categories selected were:

Injuries and Deaths
Cleanup Costs

Property Damage
Evacuation

Product Loss

Traffic Incident Delay
Environmental Damage.

Several sources of information were reviewed in order to establish reasonable estimates of the
economic impacts of each consequence. A literature review was conducted, as was an evaluation
of the utility of the federal and state databases. Impacts not readily available from the above
sources, such as incident delay, were modeled to develop impact estimates. Finally, all impacts
were converted to dollars to permit comparison and preparation of total impacts.

The HMIS proved to be an important source of impact costs for product loss, cleanup costs, and
property damage. Injuries and deaths were valued to be the amount the DOT would be willing to
spend to avoid an injury or death. This averaged out to be $200,000 for accident injuries and
$32,000 for incident injuries. Avoidance of a fatality was valued at $2,000,000.

Traffic incident delay was established as the total number of people delayed at an incident or
accident multiplied by $15 per hour. Environmental damage was estimated based on the size of an
average spill and the value placed on environmental contamination as determined by an average of
30 settlements.

For 1996, the dollar value placed on the impacts for the estimated 3,766 Class 3 accidents and
incidents totaled about $482,000,000. The costs for avoiding injuries and fatalities accounted for
about 69 percent of the total costs. Carrier damage and incident delay costs together accounted
for about 25 percent of the total estimated cost for the year. The cost related to accidents is
considerably higher than that for incidents. Both spill related and no spill accidents account for
about 95 percent of the estimated costs for 1996.

Impact estimates related to the fact that the cargo is a hazardous material are important for both the
current analysis and any future risk assessments or modeling. An analysis of the accident and
incident impacts determined which impacts were the result of the hazardous material cargo being
shipped. All of the impacts from the incidents were determined to result from the hazardous
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materials cargo. Only about half of the incident delay and none of the remaining impact from the no
spill accidents were placed in the hazardous materials category. Finally, about 37 percent of the
injuries and fatalities in the spill accident case and all of the remaining impacts were attributed to
hazardous materials. About $142, 800,000 of the impact costs can be related directly to the
hazardous nature of the cargo. This represents about 30 percent of the impact costs for the major
Class 3 accidents and incidents estimated for 1996.

This report has demonstrated a process to evaluate the full impacts of HM incident/accidents by
sampling a single HM class for one year. By characterizing the shipment impacts for one year of
Class 3 HM shipments, it demonstrates the implementation of a process which could be applied to
determining the impacts of other hazardous materials classes as well as for non-hazardous materials.
Specifically the report demonstrates the feasibility of obtaining data and conducting analysis in the
following areas:

e Estimation of the number of accidents and incidents for one year
e Estimation of the type and magnitude of impacts from accidents and incidents
¢ Estimation of data needed for the full risk assessment.

Both the estimates of accident and incident numbers and total impacts provide a profile that can

be duplicated for other HM categories and for non-NM shipments. This information will provide an
essential ingredient for the risk analysis to be accomplished in the second phase. This report
provides a foundation for the second phase. The report shows that data exists which will enable a
comparative risk assessment of HM and non-HM shipments.

As is indicated above, this project has two phases. The first characterizes the shipment impacts for
one year of Class 3 HM shipments and assesses the feasibility of conducting a comprehensive risk
assessment of HM and non-HM shipments. The characterization of the one year of Class 3 HM
shipment impacts is in this report. The “Plan for Assessing the Feasibility for Conducting a
Comparative Risk Assessment on Hazardous Materials and Nonhazardous Materials Movements”
is a separate report and provides a detailed plan for the approach that is recommended for the risk
assessment in Phase II.
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1.0 Introduction

1.1 Purpose and Organization

recognizes safety as its most important strategic goal and commits to promoting the public

health and safety by working towards the elimination of transportation related deaths,
injuries, and property damage (U.S. DOT, 1997). This project was designed to assist DOT in
achieving this strategic goal by reducing the rate and severity of transportation fatalities and injuries
in hazardous materials transportation and by reducing the dollar loss from high-consequence
transportation accidents.

The United States Department of Transportation"s (U.S. DOT) 1997 Draft Strategic Plan

The long-term purpose of this project is to assess the additional risks posed by hazardous materials
(HM) transportation when compared to non-hazardous materials (non-HM) shipments. Specifi-
cally, the project focuses on benchmarking the risk associated with HM transportation as compared
to the shipment of non-HM. Additionally, the Office of Motor Carriers (OMC) must be able to
break down the HM risk assessment into hazard classes so that a comparison can be made between
the costs associated with accidents/incidents for each class. The distinction among hazard classes is
based on the regulatory hazard classification systems listed in the Code of Federal Regulations
(49CFR).

The project has been divided into two phases.

o The first phase characterizes the shipment impacts for one year of Class 3 HM shipments and
assesses the feasibility of conducting a comprehensive risk assessment of HM and non-HM
shipments. The characterization of the one-year Class 3 HM shipment impacts is contained in
this report. The assessment of the feasibility of conducting a comprehensive risk assessment of
HM and non-HM shipments is contained in the “Plan for Assessing the Feasibility for
Conducting a Comparative Risk Assessment on Hazardous Materials and Nonhazardous
Materials Movements.”

e The second phase is the actual comparative risk assessment between HM and non-HM truck
shipments.

For the Phase I portrait of hazardous materials accidents and incidents in terms of death, injury and
damages, the project focused on estimating the impacts of one year of HM transportation for only
Class 3 (Flammable liquids and Combustible liquids) materials. Class 3 materials were selected
because of their relative importance amongst HM shipments in terms of shipment volume and their
potential for injury and damages during an accident.

1.2 Hazardous Materials Transportation

A hazardous shipment is where part or all of the cargo is considered hazardous according to the
49CFR. An incident is an event involving the transportation of hazardous material that may or may
not result in the release of hazardous material to the environment. An accident is an incident that
occurs when the vehicle transporting the goods is involved in a collision. Any incident involving
the shipment of HM would be considered as a HM incident regardless of whether any of the
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material was spilled or was exposed to the atmosphere. Similarly, a non-HM shipment would be
considered as non-HM shipments even if fuel from the tractor spilled during an accident.

In 49CFR, Part 172, Table 101, hazardous materials are broken into the following classes:

Class 1 — Explosives

Class 2 — Gases

Class 3 — Flammable liquids (and Combustible liquid)

Class 4 — Flammable solids; Spontaneously combustible materials and Dangerous when wet
materials

Class 5 — Oxidizers and Organic peroxides

Class 6 — Toxic (poison) materials and Infectious substances

Class 7 — Radioactive materials

Class 8 — Corrosive materials

Class 9 — Miscellaneous dangerous goods.

1.3 Hazardous Material Flow

An essential element of the characterization of Class 3 shipments for 1996 is a description of traffic
flows. Unfortunately, the current data provides only a partial picture of HM flows for 1996.
However, the estimate of transportation flows for all truck traffic, and for all hazardous materials,
can be derived from several sources.

. One source is the Commodity Flow Survey (CFS) (U.S. Department of Commerce, 1996). The
(CFS) is a component of the quinquennial Census of Transportation that is designed to sample the
economic activity of the transportation of goods by mode of transportation. The 1993 Commeodity -
Flow Survey provides an estimate of ton-miles for all commodities shipped and an approximate
estimate of the percentage of HM shipments of this total volume. The report shows that all
commodities were shipped an estimated 869,536,000,000 miles in 1993, with hazardous materials
comprising about 74,410,000,000 miles of this total. Hazardous materials represent about
8.5 percent of the total ton-miles. Unfortunately, the data for calculating the percentage of the

"HM which is allocated to the various HM classes is limited, so the Commodity Flow study does not
provide a reasonable number in this regard.

Another source for vehicle miles traveled is the Highway Statistics for 1996 which provides

annual vehicle miles for 1996. All trucks, which include combination trucks, are at
118,789,000,000 miles, and single unit trucks, with 6 or more tires, are at 63,967,000,000 miles.
The total for all trucks is 182,756,000,000 miles (U.S. DOT, 1997b). In order to estimate the
percentage of HM, the National Fleet Safety Survey for 1996 was utilized (Star Mountain Inc.,
1997). For 1996, using a weighted average, 7.2 percent of all trucks surveyed carried HM.

To calculate the percentage of Class 3 materials carried by truck for 1996, five regional HM
commodity flow surveys were used. Based on the 5 surveys, a figure of 52 percent of HM vehicles
was represented by flammable liquids. Appendix A summarizes the information from these flow
studies.
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Assuming that the VMT for all trucks in 1996 was 182,756,000,000 miles, HM alone would
account for 13,158,432,000 miles and Class 3 flammable liquids would account for an estimated
6,842,384,640 miles traveled in 1996. This analysis assumes that the proportion of VMT
attributable to HM vehicles represents the proportion of vehicles carrying HM.

Another source, the Research and Special Program Administration’s (RSPA’s) Office of Hazardous
Materials Safety, provides an estimate for the number of daily shipments of hazardous materials and
the number of tons shipped (RSPA 1998). Their estimate, which is based on a number of sources,
estimates all hazardous materials truck shipments to account for about 769,000 shipments per day
and about 1.4 billion tons shipped annually. Petroleum products, that comprise the major part of the
Class 3 shipments, accounted for an estimated 314,000 of these daily shipments and about

1.04 billion annual tons shipped. Chemical and allied products accounted for about 445,000 daily
shipments and “other’ for about 10,000 daily shipments. The RSPA study calculates that although

43 percent of all HM tonnage is transported by truck, approximately 94 percent of the individual
shipments are transported by truck.
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2.0 Report Methodology

methodology include the review, selection and analysis of available data sources, the
estimation of the number of Class 3 accidents and incidents for 1996, and the measurement
of impacts from these accidents and incidents.

The methodology for this report is described in this section. Crucial portions of the

2.1 Accident and Incident Data Sources

An initial step in developing a risk assessment is to reliably estimate the number of accidents and
incidents for a defined period of time. For Phase I, an estimate of accidents and incidents was
developed for Class 3 truck shipments in 1996. The estimate focused on the Hazardous Materials
Information System (HMIS) database, and utilized several sources of data to adjust the incidents
and accidents reported in the HMIS to more realistically reflect their actual number in a one-year
period. The following sections describe the databases used in this effort.

Data identified and reviewed during initial research efforts associated with OMC’s hazardous
materials risk assessment study were from multiple sources and categories with varying detail.
Sources of data reviewed consisted of Federal and state databases as well as research studies and
analytical reports. The categories reviewed were numerator data, characterized as hazardous
materials accidents/incidents or general commodity highway crashes, and denominator data,
consisting of the flow or movement of hazardous materials and general commodities. These data
sources will be employed to conduct a risk assessment of a highway accident involving hazardous
materials vs. general commodities.

The data that was assembled and reviewed may be categorized as generally being a Federal or state
database, with input in some instances by local authorities or private companies. The Federal
databases are collected and maintained by multiple administrations within the U.S. DOT as well as
the Commerce Department’s Census Bureau. These data are collected under different regulations
utilizing disparate definitions under programs that have varying missions. The state databases have
issues of incompleteness and inconsistency primarily due to jurisdictional reporting variances
among the states as well as diversity in data processing capability. A review of the various
pertinent databases initially assembled for this project follows.

2.1.1 Federal Databases

Hazardous Materials Information System (HMIS). The HMIS is a system of databases main-
tained and managed by the Office of Hazardous Materials Safety (OHMS) within the RSPA.

The major database in the HMIS and the most pertinent for the OMC risk assessment study is the
incident/ accident database. This database dates back to 1971, contains about 280,000 records and
currently adds approximately 14,000 reports annually. Although the HMIS is a multi-modal
database, about 80 percent of the records are in the highway mode. The HMIS consists of incidents
where an unintentional release of a hazardous material in commerce occurs during the course of
transportation, or is possibly imminent and results in the closure of a major artery or an evacuation
of the general public. Recently the HMIS has received an average of 250 reports annually that
represent highway accidents with the great majority (approximately 200) involving cargo tanks.
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Motor carriers are obliged to file a HMIS report under the current reporting requirement
encompassing motor carriers that have interstate operations and those that transport certain highly
hazardous materials interstate. This reporting requirement is due to be extended to intrastate motor
carriers on October 1, 1998. In 49CFR, Sections 171.15 and 171.16 provide the specific reporting
requirements (49CFR, Part 171). As a result of the distribution practices of some hazardous
materials, such as gasoline, fuel oil, propane, and fertilizers, that are distributed in large volumes
by intrastate motor carriers, a substantial increase in HMIS reports can be expected. The HMIS is
specifically designed to capture information concerning the unintentional release of a hazardous
material. Although an accident checkbox is available on the HMIS report form, the only detailed
information involving the causation of an accident may be found in the narrative section or in

attachments.

For the purposes of OMC’s risk assessment study, the HMIS represents the only national database
of hazardous materials highway transportation accidents and incidents with details of the material,
packaging and consequences involved. This database is mature, well maintained and has been
extensively examined; as a result, its limitations can be identified. The consequences associated
with an incident are not comprehensive and in many instances the report form may not even be
complete. This deficiency, together with the lack of accident information, intrastate carrier
incidents and no non-spill incidents, requires input from additional databases whose strengths will
complement the HMIS for conducting the risk assessment. Thus, several other databases were

- analyzed to supplement the 1996 Class 3 database from HMIS.

Registration Database. The registration database for carriers, shippers, and offerors of certain
types or quantities of hazardous materials is contained within RSPA’s HMIS. An annual registration
form must be completed and submitted to RSPA that indicates the company’s primary activity,

and the states that the company operates in. The registration database contains approximately
26,500 records annually and may be sorted by primary activity, whether the registrant is a carrier,
offeror or both and if a carrier operates.inter- or intrastate. Recent annual tabulations show that of
the 26,500 registrations received by RSPA, 2,820 are intrastate carriers and 731 indicate that they
are both carriers and offerors on an intrastate basis. This database may prove useful in estimating
the lack of intrastate incidents not currently recorded.

News Clippings Database. The RSPA contracts with a private clipping service to provide
nationwide coverage of newspaper reports of hazardous material incidents. Copies of these
incidents are forwarded to RSPA for entry into an electronic database. This database supplements
HMIS data by compiling hazardous materials incidents not reported to RSPA. Paper copies of this
database were obtained from RSPA, and after review, data elements were entered into a separate
database for comparison with the HMIS database.

Safetynet MCMIS Database. The Motor Carrier Management Information System (MCMIS) is a
system of databases - not unlike RSPA’s HMIS- managed by the OMC. The Safetynet database,
also known as the accident file, is comprised of police accident reports (PAR) assembled by the
states and forwarded to the OMC. Each state has adopted the National Governors Association’s
(NGA) twenty-two uniform truck accident data elements on their PAR. This database was designed
to provide a census of truck accidents nationwide. Among the states there is a wide variance among
the local jurisdictions that provide PARs for a state’s submittal into Safetynet. Because of this wide
diversity of reporting jurisdictions within the states, some states have a more comprehensive data
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set in Safetynet than others. This database captures the general details of a crash as well as
information on the vehicle and hazardous material cargo involved.

For the purposes of the OMC risk assessment study, Safetynet data files were requested for eight
selected states (PA, IN, IA, MN, CO, OR, OH, and CA). Six of these states belong to the
Performance and Registration Information Systems Management (PRISM) program that links

U.S. DOT’s information system to the states’ systems. The PRISM program began as a mandate
from Congress in the Intermodal Surface Transportation Efficiency Act ISTEA) of 1991 to explore
the potential of linking the commercial vehicle registration process to motor vehicle safety. The
PRISM program includes two major processes: the Commercial Vehicle Registration Process and
the Motor Carrier Safety Improvement Process (MCSIP). These two processes work in parallel to
identify motor carriers and to hold them responsible for the safety of their operations. The six states
participating in the PRISM program are also part of an effort to improve the accuracy and timeli-
ness of data reported to the federal government. The two non-PRISM states selected, OH and CA,
were chosen because they produce additional state databases that were expected to be useful for the
purposes of the OMC risk assessment study. The Safetynet database proved very useful in adjusting
the HMIS database, by adding intrastate carrier accidents and non-spill accidents.

Trucks in Fatal Accidents. The Trucks in Fatal Accidents (TIFA) is a database developed by the
University of Michigan Truck Research Institute (UMTRI) from the Fatal Accident Reporting
System (FARS) compiled by the U.S. DOT. Under contract to the U.S. DOT, UMTRI identifies
truck accidents in FARS and does extensive follow up on details of the fatal truck accident
including the presence of hazardous materials as cargo. TIFA does not however contain any details
on the consequences resulting from a hazardous materials spill.

Commodity Flow Survey (CFS). The CFS is a component of the quinquennial Census of
Transportation that is designed to sample the economic activity of the transportation of goods by
mode of transportation. The recently completed 1997 CFS sampled 100,000 establishments in
manufacturing, wholesaling and other industries. In the 1997 CFS, the respondent was requested to
identify by UN/NA number a hazardous material shipment. The addition of the UN/NA number on
the CFS report form will allow for the effective aggregation and sorting of CFS hazardous material
responses. This is a vast improvement over the coding scheme employed in the 1993 CFS, which
utilized railroad STCC codes.

The processing of the 1997 CFS is currently underway. A number of hazardous material products
have been proposed that would provide much needed data about the flow of hazardous materials for
risk assessment studies. Proposed hazardous materials data from the 1997 CFS include the
following tabulations and figures.

Hazardous material shipments by hazard class/mode

Bulk/non-bulk shipments by hazard class/mode

Top ten UN/NA numbers by hazard class/mode

Poisonous by Inhalation shipments by UN/NA number by mode

State to state hazardous material shipments by mode

Interstate vs. intrastate highway shipments by hazard class UN/NA number
Packing group 1 shipments by mode.
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The proposed 1997 CFS tabulations listed above assumes a standard CFS breakout by tons, ton
miles, average shipment distance and weight. This data, provided it meets the Census Bureau’s
disclosure tests, should provide data for highway risk assessment studies heretofore unavailable.
Census Bureau officials welcome suggestions for additional tabulations of 1997 CFS data.

Truck Inventory and Use Survey (TIUS). The TIUS is a component of the quinquennial Census of
Transportation and complements the CFS. The TIUS conducted by the Census Bureau provides
data on the physical and operational characteristics of the nation’s truck population in the year
subsequent to their use. Therefore, the 1997 TIUS data collection is currently underway and will be
completed by the end of 1998. The 1997 TIUS is not likely to be available for use in the OMC risk
assessment study. :

The 1992 TIUS is available for use in the OMC study and was conducted utilizing the same size
probability sample as well as the identical collection format for hazardous materials data. The
format for hazardous materials data collection in the TIUS involves an indication of whether the
truck was used to transport placarded hazardous materials, with a hazard class breakout. A broad
breakout of the national percentage of trucks used to transport hazardous materials by hazard class
and equipment type is available. Limitations of this database include definitional issues, a truck
may also include a pickup, and a placard must be used, as well as a limited sample of 150,000
registered private and commercial trucks to draw on.

2.1.2 State Databases

State reports and databases were utilized for Ohio, California, and Colorado. They included reports
from the Public Utility Commission of Ohio and databases from the California Highway Patrol and
Colorado State Patrol. These databases focus on hazardous material incidents and provide an
independent source of data.

California Highway Patrol (CHP). The CHP maintains a database of all reported hazardous
material incidents. A subset of the CHP database was obtained from the CHP for analysis in
OMOC’s risk assessment study. This database includes information on the actual incident, hazardous
material, and casualties, but was lacking carrier information, and whether the incident was actually
an incident or accident. However, the database was able to provide enough information on 1996
Class 3 accidents to supplement the HMIS database.

Colorado State Patrol. The Colorado State Patrol also maintains a database of all reported
hazardous material incidents. The 1996 hazardous material incidents database was obtained for
analysis for Phase I of OMC’s risk assessment study. The database contains information
concermng the actual incident, along with detailed information on the hazardous material, and
carrier information. Thus, the database was able to provide enough information to supplement
HMIS.

The Public Utilities Commission of Ohio (PUCO) Incident Reports. The PUCO provided copies
of HM incident reports from January 1, 1996 to mid 1998. These reports contained information on
the incident and carrier along with evacuation and road closure details. The reports were also very
valuable in that they typically contained a detailed description of the incident, an item missing in
most of the other databases. The PUCO reports were reviewed and data was extracted and entered
into a database for comparison to HMIS.
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2.1.3 Other Databases

Dialogue (Newspaper Clippings). A search of newspaper clippings from the eight states was
completed to identify Class 3 accidents/ incidents in 1996. Those that were identified were
included in the adjustment of the HMIS database. Most of the articles also provided additional
detailed information on the accident/incident.

2.2 Methodology for Estimating Accidentsllncidents

The following sections describe the methodology used in the effort to estimate acmdents/' ncidents
for the one-year period.

2.2.1 Selection of Reference Database

The first step was to select a reference database. For the purposes of OMC’s risk assessment study,
the HMIS represents the only national database of hazardous materials highway transportation
incidents with details of the material, packaging and consequences involved, although these
consequences may not be comprehensive. The database is well maintained and carrier participation
is required. Deficiencies include a lack of accidents or incidents involving intrastate carriers
(although this deficiency is being corrected for FY 1999) and lack of coverage for no spill HM
accidents. No spill HM accidents should be included in an analysis because law enforcement and
fire protection officials often treat any HM accident as a potential spill even if no release of material
is apparent and any accident involving a truck transporting HM should receive serious scrutiny from
officials and the DOT.

2.2.2 Selection of Additional Databases

Additional databases whose strengths complement the HMIS for conducting the risk assessment
were consulted to supplement HMIS data with data on non-spill accidents and intrastate accidents.
In addition, other databases were examined to determine if accidents which should have been
included in the HMIS were deemed not reportable or excluded through an oversight. Thus, several
other databases were analyzed to supplement the 1996 Class 3 database from HMIS.

As indicated in the previous section, an estimate was developed for 1996 Class 3 truck shipment
accidents during Phase I. The estimate relied on the HMIS as the primary source of accident data,
but utilized several sources of data to adjust the accidents reported in the HMIS to more realistically
reflect the actual number of accidents in a one-year period.

The search criteria used to identify the 1996 Class 3 truck shipments for each database is located

in Appendix B. Since each database has it’s own field characteristic, individual queries were
generated to identify the 1996 Class 3 truck shipments. Criteria used across each database included
the following:

Year = 1996

Accident (vs. Incident)

Class=3

Placarded vehicle

Enroute (traveling from origin to destination).
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2.2.3 Approach for Estimating Accidents

The specific approach to supplementing the HMIS data involved focusing on the eight-state sample
and more intensively on California, Colorado, and Ohio because of additional state database
availability. The HMIS data for the eight states was systematically compared with respect to
specific accidents, which were found in one or more of the additional databases. By identifying
accidents, which appeared in other databases and probably should have also appeared in the HMIS,
a portion of those underreported accidents were identified. The Safetynet data proved to be the
most useful of the other databases because it included both intrastate and no spill, non-reportable
accidents involving HM. After analyzing the data in the various databases described above, the
accident count for the eight states was used as a measure to calculate the number of accidents for
the nation. This process required four steps:

e First, the number of accidents for the eight states was estimated by supplementing the HMIS
data with data from the other databases. Tables 1 through 8 provide the tables for each of the
eight states which summarize the accident information used to estimate the number of accidents
for 1996. (Note that the three states where state databases and dialogue information were used
were weighted heavier for the analysis.) .

e Second, a proportion of the national accidents represented by the eight states was calculated.
Commodity flow and truck registration data for the eight states were both used to estimate the
portion of the total HM traffic represented by the 8 states. The 1993 Commodity Flow Study
tabulation of ton-miles provides an estimation of the total commodity ton-miles allocated to HM
for each of the eight case study states. The total ton-miles within the eight states represent about
30 percent of the total ton-miles for the United States. California, Ohio, and Pennsylvania alone
represent about 19 percent of the total US ton-mileage. (Note that the analysis assumed that the
number of HM accidents is proportional to the commodity ton-miles.)

e Third the accident estimates for each of the eight states were totaled.

e Fourth, the total estimated national accident number was calculated by assuming the additional
70 percent of the national accidents occurred at the same rates and types and then by adding the
estimate for the remaining 42 states to the eight-state estimate.

2.2.4 Approach for Estimating Incidents

Incidents were estimated in a more direct manner. Because the HMIS is the best source for enroute
and loading/unloading incidents, these numbers were used for the fifty states. For loading and
unloading incidents, 6 “accidents” were included in this category. They were augmented by the
percentage represented by the number of intrastate incidents that would not be covered in the HMIS
for the 1996 data. Utilizing the Safetynet data for the eight states the percentage of accidents

_represented by intrastate carriers was about 22 percent. Thus the incidents for the fifty states were
supplemented by 22 percent.

Final Report — April 1999 12



el 6661 141dy — voday eury
pauodos 10N , ‘ON=N S9A = A :puaday
jue) 03589 j10u ¢ Uy, SAes [oned ANLIS OpLIO|O) ¢

xog pasojduArRA N
osed |3 PY Asjpeig M ‘ou]
ol , 0l /, papiodal joN '8 PAIg S1amod /| A | 'wodsuesy axhpusols | 96/0¢1y
puels)
olo s 0|0 Vs Buwwaiy | 291 dN OF AMH SN L1 A ‘ouj ‘Buonit O ¢ [ 96/6L1Y
auualay)n oy AMH
0] 0| sl siism euushayp | Auedwod lo g0 | £ A | Auedwog 110 sswied | 96/50/y
yed 891 dW
olol ~ papodal JON |  NE' G8Z opeiojon | 4 A “ouf 'O 19ZYamg | 96/0/Y
se|bnog 881 ou)
ojor] ~ payjodal joN | diN 8 GZ OPEI0j0D 2 | A | ‘wodsues} ayApusoso | 96/g1/e
sofouo) S ou)
olz]l »~ papodal JoN | d '§ 82 OpeI0joD LA ‘wnejonad ODLVN | 96/50/8
swepy IAY
olel~ payodal JoN | /2 9 PY uoyBug 2| A1 _‘ouj'spodsuel) |1SA §96/50/€
puei 191
0 I Va umtono._ JON dW '8 OF opelojo) LA U .mem_.. 96/61/2
nnoy
olo Vs olo r1o01]o0 Vs uapAeH 6} dW 22 HOY £ A | ou 0D 1O 1ydsiaH | 96/LL12
1elon €8 Auedwo)
ojo} ~ papodal JON | W B €1 OpeI0joD LA 11O JusWnuoW | 96/#0/2
Jawe €62 |
ojlo} ~ papodal JoN | diN B G2-| OPeIOjoD /2| A} ‘wodsuely 10 £ajooq | 96/0€/1
pueso 191
olol £ olo]| papodasjoN | dIN % O opelojo) 2lA "0U| ‘uIBiSaM uiseq | 96/82/1
y}aa1) Jes) 1ze
olt]~ payodai joN | 11X3 ’ 0L OPEIOjOD /1AL 0D1uBiaid Apeaanz | ge/52/)
3319 Jesin (174 podsuesy
ol ~ paypodal joN | N B OF OpeiojoD LA Hemals preyary | 96/61/4
uosiayar *ou| ‘018G
o] £ epEAlY M8 0092 02-1 LA wbta14 Apeaianl | 96/80/1
3931 Jea|d 0. ope1ojod
ojo| ~ payoda JoN 2 9 opesojo) / | N | oul ssaidx3 Kempeoy | 96/£0/)
wn|lo]ln]ls|lo|e nlnlsloulold]|s|oloe funo) joenls clgis|o . OWeN : - eje
2|28 ...u.um. 2|3 ElE m EI2|E[5 22| miowepray weppov | E F(8]  sewen a
NN K 111 A R R N AR R R S e e m a m.. °
5§ 5|5 # | [5|F] | |57
= spoedwy Lo, spedwp ¥ sjoeduy -
SNy +joned S ASNALIAVS | SINHC

0pE.I0[0)) 10J UOTJRULIOJU] JUIPINY °C SSELD ‘0661 T 2IqEL



b1 6661 [udy — uoday [euty
povodaioN , ON=N ‘S35 = A puadaq
%9819 Je3|D andw3
ojo]| ~ pauodal JoN 2 O OpelojoD rMA 110 dluy3 | 96/vLizs
elins0d €12
olo /, 0] ¢ VA papodal JoN | JIN B 09} Oopelojo) 2 1AL oul 'no AsiieA JUBUM | 96/22/L 1
i G [TETYY 611 opeiojo) ,
ol | ~ payodas joN B GZ 0peIojo) L1 A ] o ‘sauijuel emo) | 96/92/81
swiepy Uy
olol| ~ ej0Iny £82 dN * 02-1 21 A ‘semsnpu) puejuued | 96/60/0L
04310
ol ~ papodai JoN | Z YD B 0} OPeI0j0D A | doog Asjjen sesuexiy | 96/£0/01
18AURQg ouy
ol 2, JaAuag 602 diN B SZ-1 21A ‘sour yuel 0199)S | 96/91/6
esap
olo /7 uoounp puels | peod % 1€ 2 904 2L AL oup ‘useisom uiseq | 96/1L0/6
swepy GZ opeiojo) Uy
ol ]~ payodai J0N '8 9/ OPEJ0I0D /| A | ‘wodsuely exApuaoi9 | 96/02/8
ejed
0lo L eluoed eel AmH LA "ou| ‘0007 | 96/61/8
PIOM
ol o 2 UOSPNH JO 1S9M IEWWEeS| 2 A wna3|013d €101 | 96/+0/8
aoyedesy peoy Jaxied S *ou|
olol ~ elony 9 aay Aouind 3 21 A | 'wodsues] ayApuaoio) | 96/62/L
uosiayse “oug
ofo| ~ EpEAY | |Z) OPeIojoD B 0.4 L2 A ] ‘Auedwo) yo 19dieH |96/82/L
PloM 9t1 ¥D PI9M Hodsuel).
olo , poyodasjoN | NZ oscHDPIaM | £ A % Buipes] ooexal | 96/L2/L
9|6e3 9yl dN 36° (%)
olol ~ papodal JoN g3 0s0pei00n | £ A | uononisuog anbog | 96/81/L
3331 Jes|)d U}
0io0 21010 /, sbuudg oyep| 0Ll LA oD% D yues4 way | 96/60/L
}931) Je’|)d
0lz2 rslolo /, siied pnoyueg orsn LA "oup “yoepew | 96/22/9
swepy
Ao sosowwon S8 AMH g 00y, K unjpog sewoyl | 96/€4/9
uosie) M ou|
2lo]o /, BUOA | NI ZIb I1S8M 02| £l A ] “opuodsuesy 19914 | 96/01/9
BMOIY £02
_payodai JoN 2LA doog ejsin S1UOW | 96/90/5
g AHEBEE HEHHEB
= =123 =1.= ) 3 m
1 11 A1 m m -
=< =< 2| < )
) 8 °l8 _ =
- spedwy . : sjoedui
“ SNY3 + loned - 13NALTIVS o SINH
.QSWOUEO_OQA R e e

(ponunuod) ope.1ojo)) 10j UOHELWLIOJU] JUIPIIIY °C S ‘9661 °I dqEL




< 6661 [11dy — Lodoy [euly
paucdos 10N , 'ON =N 'S9A = A :puase]

wwng
ol 21010 , ausoyuanIS | 6 AMH 0D 6Z1L dW L1A "0U| ‘uI3)sap uiseq | 96/62/21
uosIayar iddississiy M
ojo] ~ poomaxeq | g pAlg uepusys s LA 00 1AL ssaiaad | 96/92/21
swepy
<]l £ papodaijoN | L opeswojogiegei| A A umouyun | 96721121
uosiayer
olo /, abpry jeaym Suidiy 08¢ 21 A | ouj'sauipjue) emol | 96/21/24
aoyedesy aoyedeiy 3 ouy
ol ]l . abeyjiA poomuaai B GZ-1 Y18 0069 2| A | 'podsues) a%Apuaoso | 96141121
PIoM 662 dW
ol , zus_oae 1IN | NId ¥ Gzopewojod | £ A "ou| ‘sawer 196/91/2)
lTelr|sle 73 B oldlz|e wlmn nl unoyg ...: | .o 0008 - lels|s|Q -+ eweN - . eyeq .
1 B RN K R EIRA NN ki I el8lgls T
KEL 2] < < Szl x| < j|s|s|a
3 i o ) ﬂ °l8 2 [ I
— soedw ~ woedun
<L Bogeyg i | -SNU3 +joned - o 13NALIAVYS

(panunuoed) opelo[o)) 10j UOHEWLIOJUL JUIPIIIY ‘¢ SSBL) ‘9661 °I AIqEL




# 6661 11dy — uoday |eur|
pouodas 10N , ‘ON=N ‘S9A = A :puada]

neII ML), ueA )
_ .
SS0Y
i 210 Vs Bingsyerd BEL# HS 21 AL sauryuey Jsaiwuaid [96/0€/21
ebejiod 961
0 / Buusayenively |  WW/aNIdung oo LA Auedwo) ung | 96/8L/L1
Aiswiobjuop
uoieg AT LA 1O Ams | 96/20/11
8|qe|leAy JON
dm] uosuiey eAug aIgyuoN | 2 A ajqejieAy 10N | 96/90/L L
uojuld
0 , uojBulwipg €2 9Inoy sjels L1 A "0 |10 eiquinjod | 96/0€/04
bupior
b 210 VA SJIASIDUIY ZZ1 WIN/OL- L1 A "oul oepew | 96/62/0L
uosiieH
W dm] pjayaloopn 00'500 dW L1A -ou) ‘sajeg ybiald | 96/£2/6
upjuesd
snquinjon gicanod | £ A o|qejieAy 10N | 96/50/6
eueiquin|od uU|
0 Vs uipjues4 3615 ) L1 A ] ‘uonepodsuely jNg | 96/62/8
POOM
spidey pueso |py ejauoxedepvg i | £ A uvapy Aajes | 96/92/8
[TENT:TYY
} 210 Vs ojqeiieAy JoN | dwey L/-11e b Y LA ‘0D 10 SUMAY | 96/0€/9
uosipew 8@ dio) sAemjybialy
0 Vs Buipalg Junopy PUNOQUUON | /- 21N pajepliosuoD | 96/¥1/9
uojjiuse
sawwAg 12 L1A ssaidx3 pue|aixiq | 96/52/y
PiawIe "ouy
0 /, snquinjo EOWIN aN L2 2| A | ‘Buiseaq yoni) saping | 96/SLY
uosipepny "ouj
ol » diysumo | piopawog 00'€20 dW 2| A |'saun yuey abejueapy | 96/L0/Y
AusH peoy
0 Vs P134yory SIAIOIY £L62 2 | N 09 Bunpniy uojsald | 96/90/2
euipayn
0 Vs weyjeyo ZoL 1y Vs 09 'O d 8 | 96/€0/14
E[NqeIYsSY
0ol 2 a_ﬁ_ﬁﬁ yewuaqg 00'900 dN Vs Jonuy eysuad | 96/20/1
s|lolo [ uno: e ween | VF LT s | - @Ry
W. 2 E 2 110 UoRIB9Y a:.u_w.a_uw(_ 3 Hm W .
S ) LI
o gjoedw
©43NALTAVS

01Y() 10J UOHEULIOJU] JUIPINY ‘¢ SB[ ‘9661 T IABL




£ 6661 111dy — podoy jeut
pauodaioN , (ON=N 'S9X = A :pusse]
1oHEILONIY, UBA, |

e|qejieAy JoN opanby
ocls|~ ousad BluIopIBD/96 L 1 L1 A1 suued o)A OISeA | 96/b2IE
6jqejieny JoN
oclo}| ~ sgjabuy so Ad oYoV/LoL 1Y L1 A | Auedwod o pajiun | 96/22/8
] usay
Ll e 211 /, way| £2Z /8 1 L1 A 0paj0) 8SOr | 96/61/€
e|qepeAy JON
ojo| ~ sajabuy s07 | ia PUBHOUINAYGOY 1Y L1 A leag uap|o9 | 96/91/¢
8|qejieAy JoN sia1dodyaH
o , sbuiy AY BPRASN/AY OF Vs A uinbeor ueg | 96/¢1/¢
alqeieay 10N
olo] ~ r euspesed aIpeW/01Z 3y L1A "ouj "Jing SeRY | 96/EL/E
9|qe|ieAy 10N
ol V|~ yoeag Buoq |  gop Runas oLL L1A ellv | 96/50/€
8|qejieAy JON Ay
oloi ~ 0oIyD | ued /H/HOAS 66 1Y /1 A | ouj wnsjonad ssoiD | 96/22/2
a|qejieny 10N
olol] ~ yoeag 6uoq Ay obuei0/16 1o 2l A podsues] swayshs | 96/92/2
8|qelleny 10N
oli]~ lamoylieg AV JRIPOOANLE 1M L1 A "2ug 09 110 X0D | 96/5Z/2
a|qe|ieAy 10N
olo] ~ ouipleulag ueg PY YOIPSO/S6E 1 2| A | aut 0D 110 ¥AQ UeA | g96/vEIZ
8|qe|ieny JON Jonno
ol{o}] »~ zni) ejueg poomua|9// | 1y / A_| ‘0D sionpoid 110 119uS | 96/80/2
a|qejleay JoN abewlbjd
ot~ sajebuy so [H/uogN L0L 3 / * | -ou| 'spodsuely 100D | 96/0€/1
ele|) ejueg "ouj ‘saui
0}o / hoio peoy uosnbiagj 2|N WB1a14 Aoy 181N | 96/€2/1
a|qejieAy JoN .
0lo] ~ sajabuy soj Uk oku/G 1y , A "0u| ‘0D 4 H | 96/42/L
a|qe|ieAy 10N
ojez| ~ uosiey uosIen/5op I /, A aur jue) aoJead | 96/0Z/1
ajqejieAy JoN
ojo} ~ s9jabuy 07|  8AY Jsupny/gLL 21 A x0D 4H | 96/ZL/L
s|qeieAy 10N
olol ~ sajabuy s07 yuomsleyos/gL | 1y 2, A "0u] ‘YSN U0IASYD | 96/0L/1
8|qe|leAy JON U1 <00
olo] ~ 5 90UEL0L | 8AY SIPUELLION/GOY 1 / A _{ wnajoned Juioed ued | 96/60/1
B By | o (7] mn =3 (7NN B (2] [/} uno : (=N ) ’ ; . 9)e
121 & 2E E|E m. 22| E|E E_ouc%n_vog ;:auﬂ_ww<, 3 m .m. . - oEa
L, D) Bl 8 1Y B D g HHEE
3 | %% gl | 18|81 | |88 el D DA
: SouaE_ |o53ed coospedwp o T spoedwy
KemyBiH vo AINALIAVS SIAH -

BIWLIOJI[B)) 10J UOHEULIOJU] JUIPIIIY °C SSBLD ‘9661 °€ e,



6661 11dy — poday [pulg

81 patodalioN o ON=N ‘S2A =A :pusdy
XOg] PISOjoUuRA :
8|qejieAy JON
[ s eliouog *Ja Plowv/9L1 1o / A "0Q 10 POOMPAY | 96/90/8
aung
0]0 / 9[lA0IO nxg 02 Amy 2| N| "ou| 0D eualg swol | 96/62/L
oujpseuag ues
, oueuQ S| 2 A o|qe|ieAy 10N | 96/62/4
o|qejieAy JON peoy ejwojied
ol 1| ~ sajabuy so1 | opueuwsad ueg/piopxn) LA JO o1j3d suel) | 96/92/L
ouop peoy aAaxong
0l 0 / 0]l0 ,/]01]0 , Yodabpug | jO N sajiwi 9°1/S6€ I 2 |A | 0D Bunjons) ezzesed | 96/64/L
e|qejieAy JON
olol ~ [ ousal4 | Ay swepyjay Jepag A A ‘ou] ‘s66u9 oer | 96/81/L
usey
0]t ,£101]0 / Jojen yinos 66 AMH L1 A "ouj ‘ojouag | 96/S1/L
ojqe|ieAy 10N
ojol}l ~ oBsiq ueg | DO Ay SWEPY/S08 M L1A ‘ouj ‘Hing seny | 96/80/4
BWOUOS
, L]t]0 Vs euwinjejed 101 L1 A "ou| ‘Ning Seny | 96/¢0/L
9|qe|ieAy JON
0ol / sajabuy so1 00 g 00Z/G 3 L1A ‘0D spnpoid 03y | 96/60/9
a|qejieay JoN
ojlol}l »~ elape 9 AV/91 PY / A "ou| 'sI9AW M | 96/20/9
8|qe|ieAy JON an Buynquysia
o|o , H esea|d | 18 uBWNUOW/089 1d Va N Bunjools 08 | 96/0€/5
Q[qe|ieAY JON
0olo] »~ SpISIBAIY U enuade|d/uiei Vad A ‘ou| 09 UM d M | 96/€2/S
ajqe|ieAy JON
010 Vs sojabuy so 021/50¥ W LA ayjoy 98 Aueq | 96/EL/G
9|qe|leAy JIoN swajshg
olol ~ poomuky Ay SWeH/S0L ™ /21N Wbta14 MolioA | 96/L LIS
8|qejieay JON
olo| ~ esapye] 1g UIBABS/8 1Y Pl A sau juel sikW | 96/22/v
elapep 66 HS
0}0 / elliyamoyy jojseg pg enuaay | £ A 8|qejieAy JON | 96/ELIY
9|qejieAy 0N
ojo{| ~ apisiany | pY Bds uewio/o9 1M Vs N Bunaauibul 93N | 96/04/Y
8|qe|leAy 10N Auedwo)
|3 Vs BUWOUOS |pY Oluojuy ueg/iol 1o Vs A 'O POOMP3aY | 96/£0/Y
9|qElIBAY JON
/ % peqsped U A |eduayd umoid | 96/82/€
oflmn | o 7] nlold]siolel - Aunoy | clslg 1. o1eq"
H BRI 1% EI1E 8|2 |E|E] momerov | HHH g o
NEIE RN g AR AN A
<. Zz|'= =< zZ| <] z] =< g|8|w
gl | |°|8 18] [ |e|8) | |°|8 A el g !
- syoedwy joned - s syoedwy- s o - sjoedwy
= KemyBIH v “1INALIIVS ] o SINHC

(panuyuod) BIULIOjI|E)) J10J UO)BULIOJUY JUIPIIIY ‘€ SSBLD ‘9661

't IlqEL



61 6661 [1dy — uoday (eury
pouodasjoN , (ON =N S94 = A :puado]
lepedw)
tlo L 9|qelieAY JON 8L] £ A ajqefeay 10N [ 96/22/1 1
8|qe|IeAY JON PY [13uu0QoK "ouj 'uol)
o|l¢v [ 2 [eyaduy [pY uoibuIyHoMm / A | -epodsues) ¢ Buikid [96/2L/8L
alqeyieAy JoN Py Y2y
oloi ouelog syieds/py s19n91S / Al -ouj*oQ g sowey |96/LL/LL
ejseys w3 *ou| ‘Hodsuely
0lo|»|= 0]o0 / usug,0 | uaug,0 @ G dieIsIf| LA wnsjonad $501J | 96/50/4 L
a|qejieAy JoN 8pIap oyl
ojtLt] ~ {euadw) Ojed umol/g/ 3 2| A |00 podsuesy [ejseod | g6/10/11
a(qeieAy JoN
ol ~ opisiany D0 uIpjueI/S L 3 / A saul yue| ojauag 96/10/41
alqejreAy JoN
ol ~ s9jabuy so1|  uko ejsoeidsyl 1y /, A U] 'x00 d H {96/12/0L
ajgejieAy 10N
olo] » ofaigues | DO AV SWOH/YE 1Y /2 A | "oul “elusopied jo ejen | 96/02/01
9|qelieAy JON CETVER)
ojlol} ~ sajabuy soq 18 021d/01 1 3 VA » suedosd pasaq | 96/51/01
a|qejieAy 10N
olo 2 8|qe|leAy 10N 0S Amy sn 21 A wnajonad aeisig | 96/80/01
Kassjuoy
L1 0 s 9|qeliEAY JON 86| £ A 9|qelleAy JON | 96/20/01
8a|qejieAy 10N
olo] ~ oulpieusag ueg 8E1 /5L I / » | "oul 0D (IO ¥AQ ueA | 96/10/01
a|qejleAy JON on
ojof » sajabuy 507 | py sulpy uelnd/p| 1 / A | seuryjuey swelim | 96/LL/6
a|qejieny JON _
olol ~ SNESIUE)S S /| A | d18uedoid uesuswy | g6/t 1/6
a|qejieAy JON COTVES
ojlo] ~ yoeag buon 19 yog buo/i16 1y / A suedoud pasaq | 96/80/6
ajqejleAy JoN Py
ojlo| ~ i3y | [eusje sumoIg/9y Iy Va A We|Q ueq | 96/1L/8
8iqe|leAY JON .
clo] ~ s9jabuy soq ‘Ay eBoued/LoL 1 VA A sties ), 1somyInos | 96/0€/8
ajqejieay JoN
olt]|~ oupseussg ueg ON IW/SLZ I /, A “d103 11O I190W | 96/91/8
aiqejleay JoN ou|
olo , a%e] [py a6pny 19)1epV0Z 1M /| A | 's1aydodiiay elquinio | 96/£1/8
a|qe|leAy JoN
olo s oulpiewssg Ueg | /2 J4/1Q usaplaqy / A “ouj ‘uinen | 96/80/8
BJSseys
olo]| «] = m_»_.%om ‘oulun ualqo OIS St S| £ A aiqefieAy 10N | 96/.0/8
MmMis|lojojnis|lo|loln|s|lelegnis|leoe]loldnls|ovo]|on unoy 1861 leltsls oweN —ajeq .
Bl212 2 E|5 (2|2 g|2 | 8|5|2|E|E|E|2|2| momepoy | wemov |3 i mm o) T
HE N H RN EHME D AR E B R
F3 m 3 W m v, F3 m z M 3|s ® m.
sjoedw) sjoedwy jojed o syoedwp - spoedw|’ o
Bojeiq KemyBiH v~ L1INALILVS SINH

(panunuod) eruIo0jI[E)) 10§ UOHEBWLIOJU] JUIPINIY ‘€ SSELD) ‘9661

‘€9IqeL




6661 judy — woday jeuty

0F papodal joN &« ON=N S9A=A pusgat
a|qejieAy 10N ‘0D ‘sued]
olo] ~ ousald | ON AV ASlunpPW/LY 1M L1A ousald eiwojiieD 196/LE/24
8jqe|ieAy 10N 20 ‘ou|
_ ojo} ~ ojsopopy | py sejuadied/es 1 L, A 'ssurnduel sweli | 96/62/2)
_ 8|qejieny JoN
olol ~ sajebuy soq Ay Aempeoig/s 14 A | Auedwo) o AqsoD | 96/v2iZL
8jqe|leAy JON anuaAy
0 2 Zaulle | II9YS pue ejsIA eulep A "ou] 'l Meysuly | 96/z2/2)
OIqE|iBAY 10N Py di0)
olo] » sojabuy s07 | uAD opipuodsa/yL N| leoway) saysakiod | 96/91/21
epawely
0 /2 al0ulaAN pAg Asjuels 3 682 21LA "0Q SPNpold 001y | 96/bLIZL
8|qejleAy JON PY di100) asoys
olz| ~ ey | uo ejsIA eusng/g 1 N| 1sepwuosiered 1Q | 9621121
sajabuy s07 eiydiepejiud
Vs BUOWOd ®© Jioatesay
) O 1o - ‘ol vl AQuno)
E B 2 2 22| a0 AR
_syoedw| josjed o sgoedup e - gjoedw)
- KeMUBIH ¥ 1ANALTLVS SINH

(panunuod) BUIOjI[e)) 10J UOHBULIOJU] JUIPINY “E SSE[D ‘9661

R LA A



Iz 6661 111dy — tiodoy jeury
popodas 10N , ‘ON=N ‘S9A = A :puoday

sopeILpjorLL URA

XOg] PISOJOUF/UBA |

o]~ uojjiweH a|iIASaIqON | 98NS 9} 1SeT 6155 ,| » | "oul "0 uononssuo) AsneH |96/60/04
ot~ aye Jown|e) M 08-1 0} 8N S9-I LA "ouj "yoenew | 96/80/0L
(Y
olz|~, uioqieaq "dm]_sejua) | ueboH yHoON B 0SE-US LA "ouy ‘Bupjoru ). s19Y | 96/+2/6
1 10 21t o , uojjiwey piayisam [ AeseD joise3 ze-us LA doo) ov 1aiwald | 96/94/6
‘au] ‘saoIAIeg
0|z ,2lo Vs juelg uainguep WWZL 69-1 s A uonepiodsues | [|9MOH | 96/60/6
0 21 18y0d Jogieq suing | 0Z anoy SN @ v6-1 A EY "ou| *ssaidx3 sajelS-piN | 96/20/6
of[tL]~ uea(ng wnqays as 1-sn 21N *ou] “"09 Buiyoniy uoisald | 96/¥0/6
0]¢ /, uosxoer nowAag WWES 8S §9-1 2N “ou] *Bupioni1 OQ | 96/62/8
oo}~ souedaddi| ERTE] 82-SN ? 26-SN LA saur yue | Aawobjuon 196/.2/8
o]~ uoue sijodeueypuj WINBLE M SOt /N -ouj ‘Bunnyos rd [ 96/9z/8
ol , uebiop EINOJUOW ZhiL-HS B 6€-4S LA yseld |eyshi) 96/62/L
0|z 1o , phoi4 Aueq|y maN WWs'22l 83 ¥9-1 LA "ou] ‘podsuei Jaysn {96/50/9
0 , ae uole;s ayen WWZL 83081 LA "ou} ‘s1awue) Jouadng | 96/ L/G
0 / uouep wowsd|D [ fres) Apueq ie ggl SN LA "ou| ‘wodsuest @9y |96/L0/S
1S3\ wa)sAg
0 , ydjopuey apunpy 002Z-490 pPue gg-sn 2N uonepodsues ) uopnquisia | 96/€2/y
0 , apode a|sted maN | WWZ'6S PY 1101 euelpuj 2N "ou ‘Buponi . ueypjodona | 96/S0/t
0 , Japod Ao uebiyaiy WW6Z aM +6-1 /N "ou| 00 Bunjoni] uojsaid | 96/92/1
0 , qexaq oyoe GOZ-US/E-HS LA ‘0D abepe) Alyels |96/2z/1
0 /, weund 8]epIanol) 1€2-SN LA swepy ‘Q JaAIO | 96/F0/L
0 , e Bingsiaies WWZL 8N 591 /[N '00 [edway) puelysy | g6/c0/1
HEREEE Biowepoy | jeensuepiosy [ gl 5l 5f @ oeweNJewes | eied
= EL B = =) : & m 2148
AL e aAREN 2|1gls “...M
Zzli=< 2| m o &8
5 Q % 1.9 ”._.w SR PR L m_q
goedw; | =moedu e
CvdiL ] 1INALIAVS

BUEIPU] 10§ UOHBULIOJU] JUIPINY ‘E SSE[D ‘9661 ¥ d1qeL




2z 6661 11idy — podoy jeuy
poModaIJON , 1. i S9A = A ipudBa]
[ 0|0 , uosuyor poomuaal9 W86 SS9-I LA uonepodsuel ) |aiueqo | 96/62/21
| oo~ aye Aieg WWZ.'ZL 9MW 061 s A Auedwod (10 94n1 [96/61/2L
| W2y
olv] uouen sijodeueipuy | jo yinos ,00zZ 9S 9541 LA *ou| ‘Auedwo) IO uosuyor |96/61/21
. j19a)s € 3
olz]|~ uouepn syiodeuelpu B peoy upueld ‘N LA "ou| ‘podsuel] yiog |96/Z2L/Z)
ol ~ weuind ajseoudaio | 19ans euelpul N 009 N "ou| 'd0-09 puejpIW |96/20/21
ou| .co_am_OOmw<
o]~ xouy| S3UUIDUIA SL¥-Sn pIO /| A | dO-00 neaing wise4 ‘00 xouy | 96/L2/41
olol ~ uouep sijodeuelpu| B)OSauUlN °9 Sqqtl /[N *ou| ‘sAemyybialq uesuswy | 96/22/L )
olol, Jadsep uojbuiway [ WIN00Z JO N GN 591 LA "ou) ‘poomsuel} [96/02/1 4
am WINL'9E}L
olo]| usqnajg puepo Py lioL eueipu) 2N "ou| ‘puejioH 4SN |96/60/1 1
NOOE-YD
olz]|~, uosipepy "dm | apakejen §01s3M N 005-H0 LA do-09 auQ Bv (96/20/11
olof~r e alAlIaN WWISZ 95 §9-1 Ll Wodsuel) 49y |96/62/0)
oltL]~ apafeq a|liAs1auU0) M p-YS 2A do-09 AjunoD aysAed | 96/82/01
*ou|
, ua|ly aukep Hod "PAIg uosiayar , 00 ‘shemjybiar4 ueouswy | 96/1.2/01
21 2 uepioay|( Ao Juepiaay uepoy | 5121 3| oweNJoprey . | ejeq
=t b 3| 8] @
i 1 m B| 8

1aNALIdY

(panunuod) vueipu] 10J UOHBULIOJU] JUIPIIY “C SSBD ‘9661 ‘¥ IqBL



£z 6661 11dy — podoy [euly
pauodarioN , ON=N S04 = A :puede]
oJo]~ uosyoer o|qejleAy 10N AmH swellim LA asnoH 10 8YL |96/64/1 1
0ol , uosuayar o|qe|leAy JoN 9|qe|leAy JoN LA “0uj ‘podsues) uesuswy |96/61/11
o1~ Yewouynpyy 9|qe|leAy 10N j9a4s pjoseH LA Auedwo |10 JelS |96/50/11
IH
ot~ seweoe|) algelieAy 10N | Axsium B gy mopeg £l x| 971 'buiwiog susmo eydyy | 96/p0/L1
ot~ aue ajqejieAy 1oN | peoy Jaxed M 14 OF LA "ou ‘uidexuiyd [96/91/01
0]l , uosxoer 8|qelfeAy J1oN o|qejleAy JoN Ll "ouj 'Wbiai4 BuiIA | 96/52/6
olo] ~ uouew a|qelieAy JoN G-| JeaN LA "ouj ‘sjonpoid 1O | 96/21/6
o1~ yiod 3|qe|ieAy JoN 2z Amy gz LLA *ouj ‘Alddng wiue4 (1eadny [ 96/11/6
Auedwon
olo] ., Yewouynpy a|qelieAy 10N | 1eaus 9 3 Aempeoig £ A | Bunoysep  Buiuyey 00s0] |96/50/6
_ AmH
/ Yrewepy uinbojy) |1aAy anbesdg uo WINEL LA SauIq jue] sweliiM | 96/0€/8
/, uoun 1opmod YHoN 682 diN Jeau pg-| 3 /| A|_Bunoxren g Buiuyay odexa) |96/zz/8
0]t /, laxeg 3|qejieAy JoN 0£-SN 362 2| A ] Bunoxepy @ buluyay ooexay [96/12/8
olL]|~ auydasor ajqe|ieAy JoN Aajiep Auung NG| AP ‘ouj ‘Aemeppay 4Sn |96/1€/L
. "ou
olo]l~ uolun a|qejieAy 10N a|qe|ieAy JON /| » |'eowuag yodsues) AemsuoneN | 96/0€/L
ol /, / elnewn uewploH | €1 AN L€ AmH 31815 /| A | Bunayep @ buuyay ooexa) [96/22/L
o|lL|~ ejinewn a|qejieay JoN peoy KoH MG /| « | "oul 00 uonepodsues] yims |g6/g1/L
o] /, J8[93UM a|qelieAy JoN 20Z AmH / A "ouj ‘jend yisso | 96/92/9
olol~ seweyoe|) a|qejleAy JoN PEOY 3|IAUOS|IM LA "ouj 09 [1Q uosieD |96/22/S
ol / jueig a|qejieay JoN | peoy Japy PiO S 00'L LA "ou] ‘Buppni| IO uosxoer [96/81/5
*ou|
olo L aye a|qe|ieAy JoN 62 PHOINE /] A | ‘wnsjonad suog @ p3 ‘qnels |ge/zz/vy
o]~ uojbulysepy a|qe|ieAy JON %909 0042 LA "ouj ‘ue | 96/02/8
olez]|~ uouew 9|qe|leAy JON pJemewayn LA "ou] ‘uodsues) uesuswy | 96/vez/e
olo]|~ aue] a|qe|leAy JON a|qejieny JoN LA "00 MY ‘saheH | 96/0€/L
olol|~ se|bnoQ a|qe|leAY JON | Bpawely % ‘IS 19sung / A 30IMBS 10 19n4 sauleg [96/c2/1
clelr elqunjoy a|qe|leAy JON peoy Uospoop 32 LA Auedwog |10 uosuyor [g6/02/L
3l ele o Runog jusppay| - Mg jusppay | jeans eppay | € W. : M Q ‘oweN Japue) = o | 8jeq
sidlele 2 et g e | a : 3| 5| &3
—3 B & : o
F|1Z3 0 0 g LR
B ON Wm m 9 m.w.. m...
L3NALILVS ©

u0321(Q) 10J UCI}BULIOJU] JUIPINY °C SSBLD ‘9661 'S 2[qEL



44

6661 111dy — 1oday [eury

pauodal 10N , ‘ON=N S9A = A pudda]

BPIBILPAOL WA |

01t 1/ ouel SIGe|IeAY 10N AvHewsa| [,£] A D71 ‘Iejsuel) apeose) | 96/0€/2)
0111/ UBULISUS OIGElleAY 10N a|qE|ieAY 10N 1A "00) UONEWOdSUE) | SWIEH | 96/.2/Z)
0¥ v sewexoe|o | 9iqejieAy 1oN Wedsidoor] |~ [A 5u] 00 110 S,0500M | 96/E2/ZL
0 Vi 1axeg Aqioupeam ££€ 150d O ¥8-] /N Sosudia)us] JoUoM | 96/E0/Z)
o100l 2~ : 09SEBM ajqe|leAy JON a|qejleAy 10N TA 5u] “|anJ aby 20edg [96/0Z/LL
AR AR AL ©|Runodjueppoy|  Agjueppoy. | SIEER -
‘B|E SAR-A b B , 3l 3| 3(& ejeq
< 2kl ._A m BB
o8y 8 B 82
" syoedun
13NAL3VS

(ponunuod) woSa1() 10§ UOHBULIOJU] JUIPIIY ‘€ SSBLD ‘9661 °S dIqE.L



Y4

6661 [11dy — uoday jeut]

pauodas joN % ON=N ‘598 = A :puada
19]res] Monsy uep ¢
XOg] PIsopIugARA .

0|0 Vs uojuid PUNO puels) 0€ Am /N ouf ssaidx3 9 B 9O |96/22/01
0]} £]10]o0 / Aiojg Ao hiojg YInos Ge ajejsiajul LA "Ouj poomsuel| | 96/1.2/6
anusAY BLO03d 3
ot~ uosunIg aye1 idg 12€'1L pue g AMH LA ou| spodsues| sukep |96/01/8
A uosep jo
ojle| » 0oplog oua) OpIoH 013Y | UINOS 9wl g/} G9 AMH /N Jajsues) sbnoq | 96/60/8
01! /1010 Va uojueg eueqin | op Jaxyiewa)iN gN '0e-| LA ou) Bupponu | wpy |96/62/8
L{o]| 2~ jlod Saulopy saq G AMH pY 1s0d Auny LA Sa|jsnpuj puejuiie | 96/.2/¢
ojt| 2 j3lysamod s|qejieae jou WWG.L/8L g3081 /| ,N| ouledoinias podsuel | auuAp [ 96/€2/2
o}l o Vs Jlod 9|sie)d | 9¥G VI Jo YUoN w271 | S HA OUu| saulpjue ) emo| |96/€2/C
0 /1010 Vs O)jy ojed Japuilhko 09 N 2 81 AmH Val DN Hodsuel} [8ssap Auuaq [96/61/2
0 /, opJo9 oud) Ao uosepy 69 AmH pue geg LA 0) podsuel] Jejos [ 96/92/1
. dM,W. m W_ | m .m... . | dM .m... b::wv ucwu_oo< w [ STTe) u:wu,_uo< uca.aw u.mwm._ow% W W wwﬂ WJ oEu..z. Japiey Eun
D S D R HEE
- oN &l |-1°|% °18 LR
o spoedwy | oo spoedwy sjoedw) - |
oWl ] LTINALSAYS ~ SINH

€MO] 10§ UONEULIOJU] JUIPIIIY ‘E SSEID ‘9661 "9 IqEL



9T

6661 11dy — poday [eut,

powodol 10N , 'ON =N $98 = A :puada]

mEm_mI SIBUPBA

0]t lals Asswey 3°PY0D3 A Auedwo 110 wnooA [ge/yereL
2y Py
0]0 WBUM obasio ‘00 @ AN 101 AMH LA "0uj ‘podsuel usjyeqd | 96/62/01
ojlo Aaswey uojybug maN | v1Aluno % 88 AMH LA "ou| ‘spodsuel | auAem [ 96/61/01
olo sino7 1S uoJj Uielunop 20L HYSD LA "09 O 3420y | 96/02/6
0lo ejoxed Ined IS yinos ¥6¥ 8 pIOOU0D LA "0D 110 MBI | 96/90/6
ol¢ Jane) AuBwIoO MON L AmH ejosauully 21 A ‘09 yodsues ) auey [96/62/8
ol / Aod 2 Amy A wodsuel) uopQ | 96/€2/8
L olo 19MOW auey PUNOQULON €9 LA "ou| ‘Wodsues | usjyeq | 96/20/8
olo uosyoer piayaxe ¥ dN 98 AmH /1A "ouf “'09 podsuel) udsuar 196/12/S
aAu(g Juol4
0jo ype3 anig oje)uel |  JaAry '@ BAY UOSIpEN LA "ouj ‘podsues) uajyeq | 96/v1/E
yodsuesy
ojt]|x«]|~]OlioO se|bnog BUOIIN | Z0L PN "D ¥ 'PYH "0D L1A payisiong yuapuadapuy
e Jaiel
ojo S3I90N plemag 311N 06 BlelsIaj L1A "ouj ‘oiqar
AR Aunog juepady| - A1) jusplooy - Je0ng JuBp|OdY - 31.9 weN Jopuen .
B|§ 1 Blal
c=| a2 dlo
-3 8o
=

£J0SoUUIA] 10] UOHEULIOJU] JUIPIDY ‘€ SSBID ‘9661 °L AqEL



LZ

6661 |11dy — poday jeury

pauodoijoN , ‘ON=N 597 =

A puada

xog PIsOROURABA

0jo0j~/ HOA Biaqiapiay Py Janouey LA di0D sseH epesswy| 96/g1/L0
olof|~ aqua) uouepy 0800 3jejsiay| LN ouj wasAs wbiaiy Mo|IdA | 96/21L/1L0
ol euquen A ybingsuid ojeyng LLA ou] 00 I!O IYeIS | 96/21/10
o{t]/ ybyaq IleY3iUM MH uuad weipm LA ou| sesudiajuz uayeS | 96/11/10
ojo|”/ swazni mained Lep08noy| [/ A ouj 110 '8 seQ S1318d | 96/L L/10
ojti/ uoueqa uoueqa] 1S inUlepy LA QU] JOUNH | 96/LL/10
Buisea
ol ybiya Biaquasiopm 8.00 @JejsJaju| 2N %8 Bupionu} soug njpued| 96/4 1/10
o|o]|/ ulpueld uojiweH P J8iqeo L1 A ouj Auedwo 10 Jawea1D | 96/L 1/10
a0UapIAOld
0joj~” alemerag JBYISN PY souspinod! | A A 18n4 vSN jeuiued 1 96/LL/1L0
ojo]| ~ swepy PIOJXQ MBN py Aemujooury LA ou| saoinag Aysoouog| 96/1L/1.0
ojofl~/ syleg umoiZiny| ivispueg| [/ A “Qu| peiuo) 3 [19ssSNY | 96/0L/10
0|l Lv]| 2 uopbununy uoun IN 1S sud LA du) uostoquie 7 3 (96/01/L0
0ji {7/ uojBuiysepy 11930 6200 ajejssau| LA VSN 03 uoxx3|96/01/10
0|t~/ aouaIMe KioyotH PY poomaye] LA 110 P33y 196/60/10
0joj~/ uoueqs| I|iAuLY yinog Ad 90ysasioH| |/ A ‘ouj s2KaN 1 "H| 96/60/10
ojv|/ Jajseoue] uletsjod 2Ly0 9inoy LA Seg (1994} 96/60/L0
0ojo0]|~” syleqg uosaqoy pY uoiZ LA Auedwo? 10 euueor | 96/90/10
ojlo}|~/ syong UOXIWEYOON py Jabny Auad 2Ll A ou| sjan4 s1ayuug | 96/90/L0
o|L]~/ pue|aIowSapy uuad ayiduin] ysapanses 2 A saseo) xod | 96/90/L0
ojec|”/ puepaquny|  Buudg Janng L00y oy | |, A 00 |0 UOJIdNS [T | 96/50/10
L{ol~/ Japng puepeo 1101 8noy LA sjonpo.d Abieug Aemby | 96/50/10
o0jo}~/ Aswobjuopy|  uouap saddn 2020 8inoy LA sauisnpul QO¥IV | 96/0/10
olL]|~ uojdweyyioN uojse3 Igd2mBd| |, A "0 |an4 uolun | 96/20/10
011! aoJuoly uojjiwey ¥00Z anoy| [/ A ou) Buisea v O]96/20/L
D5 - Auno jueppay. .| 410 EoEou«« 1994)G JUPIOIY - sl5 ”,m& . ojeq
A - . ik
12! R
LIKIR-
) K

BIUBA[ASUUI J J0] UOIJBULIOJU] JUIPINY “E sSe[D ‘9661 '8 dIqelL




6661 11dy — uoday jeury

pouodas 10N , ‘ON=N ‘S9A = A ‘puada]

asnjoyeBeqrepn ¢

ojLv| /2 10019 obejuwsaH 2900 8inoy 21N ou| Buisea ssaidx S N | 96/21720

ojv |~/ ybya a1bundepy Isuew| |~ » | ‘09 Buyesy wnajoned vaad|96/2L/20

ojo!l ~ aouaIme] Bujuoyep ¥2z0 anoy 2| A | uonesodiod wnajosad 1o)ng | 96/24/20
olez|~” uoue|y uoueln 0800 8jeisiaju| 2N ssaidx3 ueyl | 96/11/20
ofo|”/ anahey sebi0a9 Z10g 8Inoy L1 A 0D IIQ UoldY | 96/60/20
ojL}{~”/ ewydiapejiud elydiapeiyd 19 }ioneso0y / A 8Uads0Ja) | 96/1€/1L0
o|jL]~/ Kiawobjuopy weysioH py usiem| |~ A uog % JoAoW | 96/0€/1L0

oz} ~/ Janng uosyoep 6,00 8jejsio| LA "ouj nexeid | 96//¢/10
oi{o§{~/ Joyseoue oydey ayiduin] Jsepmase 21N ssaidx3 Jojoly uuad MaN | 96/22/10
oLt~/ BunuooA]| wodsweyip oS ISuen| |-/ A "ouj sJ9jiIH ] 96/92/10
0jo0i~/ Kiswobjuopy | ppauime) JamoT jNd umopauwng| | A A suog puy Jaxiep 3 gl 96/52/10

oL ]|/ asemelaQ Joupey Ay ueyy| LA Jayioig '@ 19)ing M 11 96/¥2/10
olo]|~” sopng| pueeo 8900 anoy /1N xeld | 96/€2/10
0jci|”/ piojpag ilemadoH 9200 9oy LA jopuuad | 96/2¢/10
ojo]|”/ aug Auo) IS uoun LA dioduj 1ys|emoy| M |BYdIN | 96/02/1L0
olvi~/ KawoBjuow pleyieH PY Yung LA 00 suel] wnajonad s83ed|96/61/10

ot 1|~/ PUBJ2JOWISAMN uojBuiysep 99€0 anoy 21N uoneuodsues ) njeasadns | 96/81/10
olo]|/ 90IUo diod 6020 aInoy LA 110 |8n4 1s88{96/81/10

ojL| /2 Auad pooMUDID) MH uuad Weliiny 21N 09 uonepodsuest aUIBAO | 96/LL/L0

O V]slw Syieg yamuasal9 8200 9jejsisjy| £, N "ou| ssasdx3 Aempeoy | 96/91/L0

oje| / apafe sijodoAnagd 1500 N0y LA U] S2IAI9S Wied uo}sanig i 66/91/10

oli1 ]~ ybiya sheww3 1S Yluanag , N ouj ssaidx3 uepeds | 96/SL/L0

ojol ~/ Buiwookq yooseho] PAASINOUON PIO] |~ A 0D 921M3G |10 INOJUON | 96/G1/10
ofL|~/ elydjape|iyd elydiapenyd 1S WIUIN * 9u| suog g JaILN Q ydasor| 96/51/10
oo}~/ s)¥ong Aingajog PY YOA Jamo) A ou| sejeg g | 96/FL/L0
ojtL]|~/ uod auaal9 0800 ajeisiau| N "ou| ssause) Jouadng | 96/EL/L0

v .m dm % ..ml.. ..ma. dm funonp “u_mc!yu_ﬁ .a._o mcwm._ou&_ . ”.,,loo.b..w Juap|20yY M o ; aweN ._a_tumu oeq

| ,_ L I W.”_. ; m. m_
~ spoedwy T spoedwy :
L s | TLINALIAVS

(panunuod) BIUBA[ASUUd J 10J UOHBULIOJU] JUIPIIIY ‘€ SSELD) ‘9661 ‘8 dIqEL



6661 111dy — uoday feury

pauodarjoN , ‘ON=N ‘S9A =& :pusda]
IjEIAOL IBA
yuey 035es 504 sAvs SINH i

0] / ausal9 uosiayar 8800 8oy LA ou) 09 seo g 110 iddez] 96/t/40
ol 210/0 / ueaxyon Binqyssen 0L LA _ oujf Nassol) | 96/52/€0
Ly 2 uaLBM an0Ig) auld 2900 8oy LA s1ayjoig 6oz18H | 96/22/£0
olo / Jajseoue] IiH uuad LA ou| ssaidx3 sHaqoY | 96/91/£0
ojle|/ Jelg Japhug 6600 21| | A A ssayjoig ddeus | 96/€1/€0
ol |~/ syieg uapilL 8200 djeissaqu) /N 09 Buisea) onu| aysuad| 96/E4/€0
ol |~ Auayba)ly eu)3 1S J8jng 2| A | oujeowuag |and asswssels | 96/EL/E0
ojv|~2 1215949 uleD 1Sam pY ydeibapy| |, A ou| S,9%49Z | 96/21/€0
ol ]|~ alemejaq piooua) pY Asukayp 2| »+ | 0D Bunaxyiep @ Buiuyay ung| 96/21/€0
0/0 / anua Bangsajin 08 siejsIay| LN ou| ssaidx3 olO-PId | 96/2L/E0
ojL]|~2 Jayseoue] YOIMIEM pY IIH Jophug| |/ A 0D 110 |3nd uyeg| 96/L /€0
oje|~2 awazn BI0AY ISuew| |, A oy _zo_om r A| 96/60/€0
10
00|~/ Auaybajly uoueqa IN QY puepejonN £, | » | Bunaxiew g Buluyay o_EN_% 96/L0/€0
olo}|~ uipues pioying LA 9u| 09 |10 Je uuad | 96/90/€0
ojzl|~ olo / 13009\ Joos0 08! /e au| 110 YieaH | 96/90/€0
0j]0]~/ eiydiepejyd eiydjapejyd G600 d1e)sIa| VAR "0u] yues | 96/20/€0
ojt]|~ lgjsey)|  uapie9 maN Ad HodmaN deg LA ‘0D 00IS 3Y1 | 96/82/20
olo}~2 Japng uojbuiysep 8£00 8inoy 21 A "0D suljosey a|6uel ] | 96/02/20
ol 2101l0 / uaJeMm aA0I9 auld 29 2oy LA 9u| 09 |10 0.d | 96/02/20
Ljol 2/ uojbuiysep ss98dg 8800 9jnoy LA 09 |10 Uewyn9 | 96/61/20
ofoj|~/ syang [oysug ayjiduin ysapvises £ | N | 0D Bupjoni) jepownsaju) ajeH | 96/51/20
o|lo}|~/ 19phug uuad 1| euueyanbsng LA ouj uoljepodsuely youAl w| 96/L120
ojo}~ anua uouep 0800 @1eisia| 21N ouj Buip|om OH | 96/¥1/20
ojz|~ Jiejg Auayba)iy ys ¥9.048| |/ A auj 09 110 ASAIRNOW | 96/E 1120
o|tL ]|~/ aouaimen Suiuoyeny MH IDjueld4 uiweluag 2| A oul Auedwod 10 uobuiwing | 96/21720
TZlg|e|Z|2[g ||z |28 g Runmooioprov [ Aiowepoy [ jeensiuspoy  |cia(afQ|  eweNJoued - | eq -
Bi5|2|=|8|5(=|=|E|5|F| & . : : wmmu.m. . :
SIS LE|IT L LT 2|8 B o
1 1EEL | (BIFL | |BlE 5%%
spoedw) - | .. spoedwy . |- spoeduy |
Sl LINALIIVS _SIWH

(panunuod) BIUBAJASUUIJ 0] UO)RULIOJU] JUIPIY ‘E SSBLD ‘9661 °8 2IqeL




0€

6661 111dy — poday jeut
pauodas 10N , ‘ON = N ‘S9A = A :pudda
poqield
dung :
olvi~2 uoueqa esfwjed 1S uley V. A s34 o sope | 96/50/90 |
olo]|/ Jajseoue Jajseoue Nd SjIASIONIN LA ouj Jape1 o soned | 96/#0/90
o|L}2 uojbuiysepy| suegeing yinog 6200 @jejssaju| 21A saur yue) abejueapy | 96/¥0/90
ol 2 alemejaq uojsy / A auj 09 puy Jebnen | 96/€0/90
olo|/ Jenod 93sauan) 60 aInoy 2N ou| >madm< 96/62/S0
0D
L/ Ljof|/ U Aueg 2zt /1N sAemjybia14 pajepliosuo) | 96/52/50
0] / alemejaq J8)sayn G600 9je)siajuy) Ll ouj jeyuay xoru 1epAy| 96/v2/S0
o|Lv]| 7/ au3 uojbuiysem 900€ 9Inoy 2 |N ouj |uay) uyor| 96/¥2/S0
ojol~/ Jeysayy JUSDUIA Jse] Py sielg usnag / A ‘00 Assw3 *D Ined | 96/91/50
oltLv|~2 KswoBuopy | ppauime saddn Nd umolauwing LA ou] AjlueH aaeq | 96/51/50
oft1| anuan sbbog MH Jajsnys png 2rA aur yue} abejueapy | 96/51/50
ool 2 MOA JOSPUIN\ Py JOSPUIA 2rA piojoeiuon obemauon | 96/¢1/50
0|0 / awozn yinowhyd 6z00@mnoy| |A| |eN abeajeg xon4 saybejien | 96/€1/50
0l s eiydjapeiyd eydiapejiyd Ay aun Ao £ 1N bie14 ysed a9y | 96/01/50
o(tL]~2 Jajsayd|  uaysoo ISaM 3d lloed / A "0u| suog % |12 | 96/€2/#0
wnajonad
o|+|/ eiydiepeliyd eiydiapeiyd Ay sjauwieyp / ¥ ouj yodsuel] O B 9| 96/2Z/0
olz|~”/ Jasayn uaysog jsej pY J81say) / oN 09 IO Hops|0.1 | 96/L1/40
0jo]|~/ Jgjseoue elqun|o) MH ujoou LA sipue | 96/G1/¥0
o} / Auaybajly Jajeys MH uulj4 welip Ll ssa1dx3 1sD | 96/01/+0
ojol 2 AuayBa)|y uosuiqoy LA *ou) saul yuey abjeueapy]| 96/04/¥0
0| ¢ /, J9q0d Auebajly LLOY @noy /|sN Aaysioy uuky ditud| 96/6/40
0[] ~2 Ausybayly sijodoeso Ay Yyunod LA Ouj UallY V 0Bl | 96/6/¥0
o(o]|/ uiydneqg| esejemg Jamo ayiduiny Jsapvises LA ‘0D 10 043Y| 96/6/40
110 / J32I9N Asjpui4 21N 09 auo) Aor| 96/8/+0
121gl2|2|12|€ £ [ Runoojueppoy. A0 Jusppooy S m a9 €D
HHEERE 2 EIHE
N 1 o L T 1 3| 8 2
sjoedw) | spoedun - 1
“wdil ] 1aNAL34YS

(panunuod) BIuBAjASuud J 10J uoneuLIoyu] JudPIIY ‘g ssel) ‘9661 °8 AIqeL



1€

6661 11dy — poday jeury

pauodal JoN + ON=N 808 = A :pusdo
Lt/ Auayba)iy uosuiqoy 6200 8jeisiaju| 2N oul xeld | 96/61/80
0o(o0}|/ uosiayar uojbuysem 0800 3jejsIgu) /| WN | ouj swayshs ybiaig mojiaA | 96/24/80
olt]| 7/ Jajseoue yiagezi|3 Py IH8deuny| |4 A "0 0918 3U1196/21/80
o|ltv] 2 JosIaWog %9510Au0)S 0910 8Inoy LA di09 wnajonad Aemby | 96/z1/80
0]0o / uojbulysep piaymojied 0400 8ieisisy| L1 A ‘0D 110 uewnng) | 96/60/80
ojel|~”/ uojdweyyioN liMysng €160 8Inoy £ N Jsled joequod puesaal) | 96/60/80
ojlo|~ upjuesd|  uoidweyinog £ES03IN0Y| |, A “ouj |10 suowwt] | 96/20/80
0] ¢ / Auad jooduiaany L 100 8Inoy 2N "Ouj J9ysuel] UNOH | 96/0€/L0
0|¢ / Auad loodJaAn 1100 8jnoy £ [WN | 09 Bunyons) 6ineg uopion | 96/0€/20
ol / ualepp obuemauo?n Py uojsald VAP If UBUSSH A ydasor| 96/22/20
olo]~ uossayar pa.p3 9€00 3Inoy LA 09 Buisea aspsyes | 96/61/L0
ojt1~/ apahey 8||iAs|i8uUU0D Ad pjaybuudg LA di0) piepuels j1assny | 96/81/20
ojti7/ $)¥ong Puelyory 19 PU3 1S9 £ [N | ouj ssaidx3 Jojopy uuad maN | 96/91/20
olLt]/ BuiwooAy neid 0zzo8Inoy| 1A A 0D 8JINBSS (I INOJUOW | 96/51/L0
o|jvy/ uouly 33340 auld MH J8isnyg png LA duj Jape o soed | 96/51/L0
0jo0ti~/ uoue|9 uoj)buiuiey 9900 8jnoy LA ‘00 110 134041 96/€1/20
ou] 9)a1ou0)
0|0}/ Kiswobjuopy ybnoiogquepn py abpiy Jaddn LA 2 |an4 uewdweq Y | 96/€1/20
0jo}~/ MOA uuad IS alownjeg| |/ A du| 3IAIG 10 ZUalY | 96/80/20
ojz|~/ Jaaeag uoybug 0900 8oy L£1A ou) Buiiney Jeujow | 96/90/20
o
014 |7 Aawobjuopy|  uouapy samoT 9200 diejsid| LA Buyayiely puy Bujuyay ::M 06/82/90
gljoj”/ uopBununy uoun 1N ISl | (£ A |10 saysel4 puy Jsupsebwng| 96/82/90
o]/ euqued swepy y6ingsyid ojeyng LA du) 09 110 @6puqysy | 96/2/90
ojo]|~/ puepaquing | ologsuuad jsel Py ejoug LA Bupions) JejuiaQ | 96/12/90
ol € / syieg ulag PY 8jiiauiag £ 1WN duj sJ811e) DD | 96/61/90
110 110 /1010 / aouaIme] m_«mmw MaN e LA d109 wnsjonad zuai4 | 96/81/90
alie
01”7 pJojpag ucm__onc___z\nw 0220 anoy LA sioinquisig auaysdweH | 96/ 1/90
A ENEAES Aunog juepjooy ”b_o Jusplody | . 934§ Juspjooy S35 9 : . aE v
glE | == . g x 3| 8lg
=P T T HEEIE
2l LiL 2|8kl o
glg 1%1%18

13INALTAVS

(panunuod) vlueAjAsuuaJ 10j UOHBWLIOJU] JUIPINY ‘€ SSELD ‘9661 °8 IqEL




43

6661 11dy — podoy jeuty
Pauodos 10N o ‘ON=N !S9A=A :pusdri
0 / MI0A maned €800 9jejsiauj LN Ju| sued} yoopped ped | 96/+2/0)
0 / / opakey juowaly SOL WIN 18- /N QU N TIM|96/6L/0)
0 / uluel4 winuy 1800 8jejsisiy| £ 1N ouj waysAg wbaa4 BupiA [ 96/51/0)
0 / KiswoBjuop uqng saddn 60£0 2)noy 2N uonepodsues] AINSF] 96/80/01
0 / puejaJounsapy Auaybayy €60 91n0Yy /2 | A [9u) sjonpoid wnajonad 3 B 0| 96/80/0L
0 / ybingsid AYygidy |/ oN Quj 0Je7 uuad 1S3MA | 96/20/01
0 / dnojuo Auaqny 0800 ajejsto| 2 |WN | ou| soimag suei) Aep-uod | 96/v0/0L
0 / pioymesd s|asniy }S suyor juleg LA ouj 199 | 96/0€/60
0 / Kiswobjuon UMO)SILION 1s Ay LA 110 139V | 96/0€/60
dmi
0 d / 13019 A anoig euld 8081 @ €11 IS LA du| !0 YieaH | 96/22/60
0 / Jajseoue) wiayuepy MH utoour LA saul jue] preoqeas| 96/52/6
0 / josiawog ybnewsuo 6E0¥ SIN0Y /N Quj [19sSNY H ) 96/2/60
dmj
0 4 pueloquing | UOI3PPIN YInog 1800 3jejsisiy| £ N BuieH 1 3| 96/€2/60
0 / josoWog }9s18W0S 1820 anoy LN asudiayug uewayisen | 96/£2/60
AsjlepA
0 4 piojpag puepaquind MH 18jsnyg png LA Auedwo 110 |leysJeW | 96/02/60
0 / elqunjoy juesesid 1N 0800 31ejsJajuyj /N ou| ssaldx3 oIO Wid | 96/21/60
0 / sophug Janeag 2250 8oy LA Auedwo) 10 AUBRIN| 96/L1/60
0 / UIN injedag yooZ eInoy| |/ A JypoN dioD 1onpoid wnajonad | 96/94/60
0 / uolun uolun myea sdio) auuep 2N "oy sesudiajug ssedwod | 96/91/60
0 / elydjiapejiud elydjepejiyd PY $s930Y LN Bupjons | JaWs|9 uyor| 96/6/60
0 / uoueqa llemuio) 6110 2oy VK ue M auabnl! 96/6/60
0 / ewydjapeiiud eiydjapenyd anuany Auaybajly /| » | diog wnajosad jeuoneussiul | 96/50/60
0 / Auaybayy uosuiqoy Ad 8liIAUBQNBIS £ | » | owo saun yue) abejueapy | 96/+0/60
0 / MIOA obemauo) £800 9jelssau| 2, {oN dio) ssoH epesawy | 96/22/80
0 211 / / PUBJ3IOWNSIM uojuels maN LA ou| JeujoiN | 96/62/80
0 / KiswoBluop | puejsiop Jaddn PY I Jielg L1A 'ou 09 |10 JojAe ] | 96/£2/80
21213 o .m b:_,.oo..amou.oo,x ; >.=.v Japdy 199435 JusplIdy S 3 W m.u_ B aeq
z|lzl8l|s|&|= HEIEE
17T 1T ol & 4o
BR(ER Ed e N R HEE
gl | |38 ® %2
EouaE_ .&o,«nE_
S AL ] 1INALSAVS

(panunuod) BlueAjASUud J 10§ UONBULIOJU] JUIPINY ‘€ SSELD ‘9661 ‘8 dIqeL



£c 6661 111dy — podoy [eury
pauodasjoN , ‘ON =N 'S9A = A :puada
olo] / J9)seoue wisyuep LA dio9 wnajonag Aemby | 96/50/2L
0|0 / awezng supjuspe 1202 8Inoy / Buijoni ) s19A91S | 96/40/21
ol Ve Ausybajiy eJeH,0 / N ejoD B30 uosiawen | 96/¥0/21
0j0]~/ Bujwoim Auedooysiy SO0y /N0y 2A oU] suIqqoy 33V | 96/20/ZL
01 / Ausybajiy eueipu| PY pueg|DoN LA 1ond SO | 96/0€/11
ojv]~/ Ausybajiv| eyeked yuoN MH uuad wellim LA 0D I'0 48| 96/0€/1}
anoibsyod :
0j0}”/ Kiawobjuopy Jamoi PY playury LA Sjeusiely puoweiqi96/6¢/L 1
olo|~/ syeg nuing df 3Joyg 1S8py LA S)onpoid sxiag | 96/8¢/1 4
Roouuemeoe
0|+ |~/ Jaola }seq 0800 aieisiau| LA ou| saa1nag Aysoduod | 96/52/L 1L
Ll /2 NOA uosyoep MH ujooun L1A 0Q I'Q 013y | 96/€2/1L 1
oliv]~2 Syieg|  8oesjy Jamo Py wesguy LA Quj UBUWIM " 0| 96/61/L1
oLt |~/ Auaybajiy Hodsse|o Ay 0l4O LA Sjonpodd 10 M '8 4| 96/91/L1
oj|0}{~/ . ejydiapejiyd ewydiapejiyd Ay uojusig /| A | ouj swayskg podsues) eueq|96/5L/L1L
0|0 / Buiwoipp Kuedooyapy 183 SN LA QU 0D |IIN SelIsM | 96/FL/LL
au
0yt 7]0]o0 / Ul umojsiman €29 B 22€ N0y SN /| A | ssujuey uewean _mo_EmEo_ 96/EL/LL
ofel|”/ uossayar uosJapusH ybingsiid ojeyng LA ou) Aiddng yn9 nyar 1 4| 96/LL/LL
Qlti] 2 aug aukep | MH gnday Auuy puelg L1A |edlway) oNad 1 96/1 L/LL
0/l0jj~/ syong umojsajioq PY delS JamoT / A "Ou| s|an4 Jaxuug | 96/60/L 1
olL]|~/ ajeme|aq aidiep py a|diepy 2rA Bupaysepy g Buluyay ung | 96/80/L1
o|jlo]| /2 J9)sayn| SA0IL) uopuoT] py HodmapN deo £ A syond| 96/80/1 4
0j0}|~/ syieg Buipesy I1SjieH Yjuasjuansg / A [eng Awend sjauseg | 96/90/L |
0O / AawobBuop uouap Jaddn 900 9}e)si9ju) 2AA ouf Auedwo) ung | 96/v0/L1
ojo / uojbuiysem 11999 pY manlep /N $B1ua0Y T M| 96/10/LL
olL] 2 Jsjseoue) 80UapINOIg 3d A3jjeA J1aaeag V. A 09 §0I9) 3 psemoH | 96/10/1 L
0l / uiydneqg paay 1100 @0y £ WN |  Auedwog Bunjoniy aysuad | 96/.2/0L
olol|~” Auayboayly ajiAeN LA "au] 0 110 N1-qoM | 96/¥2/01
HEEEHEHEEEEE sl il B e S FE R SWEN 10WED o[ o1®a
- s WY -3 AT 8 E-d et W i
LB|EL ] |B|E | |5)E %1% 8
- spoedwy | o sjoedwy . spoedw) -
CWAIL S L AINALGAYS ] - SINH

(panunuod) BIUBAJASUUI ] 10] UOHBULIOJU] JUIPIIIY ‘€ SSe]D) ‘9661 °S 2IqEL




6661 [dy — Loday [eury

143
pauodasioN , 'ON=N ‘S9A=A :puada]
4 eboiy SIUOW vivoamoy| |A| | A auf 09 10 1004 | 96/22/ZL
/ Auaybo)ly 193 1S9M €101 anoy LA ou| 9JIAI9G |9Nn4 aJawsse|o) | 96/¢2/2L
/ apahey umojuoseN 1200 3noy LA ouj 09 |an4 wodx3| 96/21/2L
/ sijodoeso) IS Jnojuoy LA sjonpold |10 esjod | 96/L1/C)
/ Jnojuoly - Kajjlep Zrooanoy| |/ A 09 1apsuyels 9 ol gs/eizL
/ KiawoBjuoy utediym 3d yoeddps Vs A ‘00 10 pooSy | 96/ LIZL
s euuemexoe] Jojhel py dwey axdwiny 2 |N Auedwog Buppons) v 8 v!96/LLIZL
/ puepaqun) Bupdg Jon)ig pY umojsaboH £1A ou| Jaya o soued | 96/90/Z)
2lalele | A I | .b::oo Juepaay | K10 Juep|ody | - 1934 Jusplooy el s W..m. alWweN Jojue) ‘ajeq
B|S|E|= ElE]1 8] : : x| 3| 8la
=< IEY A AR we.ﬂ”o
S EF 5l 85
STl o | TIINALIIVS

(panunuod) BluvAjASuud 4 10J UOHJBULIOJU] JUIPINIY ‘€ sSE[)) ‘9661 °8 dlqeL



2.3 Impact Methodology

In order to derive an estimate of the annual economic impact of incidents/accidents involving truck
shipments of Class 3 hazardous materials, a number of incident/accident consequences must be

taken into consideration.

To develop the impacts of class 3 accidents and incidents tallied for 1996, a six-step process was
followed.

1. Impact categories were selected which could be compared among the mc1dents/acmdents
The impacts categories selected were:

Injuries And Deaths

Cleanup Costs

Property Damage

Evacuation

Product Loss

Traffic Incident Delay

Environmental Damage.

2. Several sources of information were reviewed in order to establish reasonable estimates of the
economic impacts of each consequence. A comprehensive literature review was conducted to
identify unit costs that have been used in prior economic evaluation studies related to transporta-
tion, environmental health and safety. In addition, the HMIS and several state databases were
analyzed to the extent that economic consequences have been reported.

3. Impacts reported in federal and state databases were tallied.

4. Impacts derived from the literature sources and interviews with knowledgeable sources were
used to supplement the impacts found in the databases.

5. Impacts not readily available from the above sources were modeled to develop impact estimates.
For example, incident delay was modeled because HMIS and the other databases do not report
this parameter.

6. All impacts were converted to dollar values to enable comparison among the impacts and the
preparation of a total impact figure for the sample year of 1996.

Where feasible, an attempt was made to compensate for accidents whose impacts are unlikely to be
representative using a single year’s data. For example several years of HMIS data were used to
estimate average property loss costs.

The following sections will present the parameters and background that was used to calculate
impacts for the 1996 sample year. Based on this review and analysis, “ball park” unit costs of
hazardous materials transportation events can be established.
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2.3.1 Injuries and Deaths

Injuries and fatalities from HM shipments can be attributed to the effects of the hazardous cargo or
to other non-hazardous material related causes. This differentiation is sometimes clear-cut. For
example as a result of a traffic accident, a LPG tank rocketed into a trailer park, exploded and the
ensuing fire injured and killed several people. They would not have been injured or killed if the
material involved in the accident was not hazardous. The place where the differentiation becomes
especially difficult is when the traffic accident involves flammable material. For example, if after
a truck carrying Class 3 material collides with a car, trapping a person, and a fire ensues burning
that individual fatally, can we attribute this death directly to the hazardous cargo? Since there is
gasoline associated with the car, the individual might have died in a non-HM accident as well.

Or perhaps it was the leaking cargo from the truck that caused the car fuel to burn. Although the
HMIS attributes fatalities only to the HM, other databases such as Safetynet do not. For the purpose
of this evaluation, injuries and fatalities associated with all Class 3 accidents were tabulated
regardless if they were caused by the HM.

Injuries and deaths were tabulated from the major Federal and state databases and estimated through
the analysis of the data for the eight states. To accomplish this, the HMIS data for the eight selected
states was used as the reference case and data from the other databases were used to estimate the
total fatalities and injuries for those states. As was the case for the accident numbers, the numbers
of fatalities and injuries were extrapolated for the entire country. The national estimate for spill and
non-spill enroute accidents for Class 3 truck shipments totaled 67 fatalities and 953 injuries. As a
check of the reliability of the estimate, TIFA fatalities for 1996 were compared with the estimate of
fatalities derived from the “bottom up” estimate. For 1996, there were 139 fatalities recorded by the
TIFA system for all placarded HM shipments. Since approximately 52 percent of the HM
shipments are Class 3, one would expect 72 of the fatalities to be associated with Class 3 shipments.
This number is quite close to 67 and indicates the reasonableness of the estimate.

The value placed on an injury or fatality suffered in an accident varies considerably. Part of this
discrepancy can be attributable to different approaches to calculating the value. One approach is to
see an injury or fatality in terms of lost income and economic productivity to society. Another more
comprehensive approach collects data not only on lost productivity, but also quality of life. This
estimate might more closely approximate compensation awarded by the courts for fatalities and
injuries in accidents. Finally, a third approach considers the cost of a fatality or injury as the
amount of money required preventing it from happening.

The National Highway Transportation Safety Administration (NHTSA) estimated the cost of
fatalities and injuries in 1994 and presented these estimates in terms of lost productivity. In 1996
dollars, a fatality would be worth about $913,000 and a critical injury about $780,000 (NHTSA,
1994). An earlier report, The Cost of Highway Crashes, (FHWA, 1991), utilizes a comprehensive
approach. In 1996 dollars this report estimates that a fatality would be worth about $3,170,000 and
an incapacitating injury about $225,000.

Another source is the National Safety Council. The National Safety Council is a primary source
for obtaining estimates of the impacts of deaths and injuries in economic terms (National Safety
Council, 1996). One approach presented is based on comprehensive costs, which indicate what
people are actually willing to pay to reduce their safety and health risks. The cost estimates include
wage and productivity losses (i.e., wages and fringe benefits, replacement cost and travel delays
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caused by the accident), medical expenses (i.., doctor fees, hospital charges, cost of medicines,
future medical costs and other emergency medical services), administrative expenses (i.e., insurance
premiums and paid claims, police and legal costs), motor vehicle damage (i.e., property damage to
vehicles), and employer costs (i.e., time lost by uninjured workers, investigation and reporting time,
production slowdowns, training of replacement workers and extra costs of overtime for uninsured
workers). Comprehensive costs tend to be 3-4 times higher than historical costs for each human
health consequence category because of a societal desire to avoid these consequences in the future.
The 1996 estimates of comprehensive costs are:

$2,790,000 per death

$138,000 per incapacitating injury
$35,700 per non-incapacitating injury
$17,000 per possible injury

$1,700 per non-injury.

It is important to recognize that these estimates are based on motor-vehicle accidents as a whole.
As a result, the impact of a truck accident is likely to be more severe across several of the
components, which comprise these unit costs. Moreover, a truck accident involving the transport
of hazardous materials would add to the economic considerations because of the inherent danger of
cargo spill. Therefore, these numbers should be considered low-end estimates of the economic
consequences for this portrait.

Finally, a third approach, which estimates the cost of avoiding the fatality or injury, resulted in an
estimate of $2,000,000 for a fatality and $400,000 for an injury requiring hospitalization. This
estimate is used by some portions of the DOT to estimate the cost of avoiding a fatality or serious
injury ( Zebe, P., 1998).

For the purposes to this report, this latter estimate of the cost for avoiding the fatality or serious
injury is used as a means to estimating the overall cost for the accidents during the sample year of
1996. For minor injuries an estimated value of $4,000 is used. The distribution of major and minor
injuries in the HMIS for 1995, 1996 and 1997 was used to determine the ratio of major to minor
injuries. During those 3 years the two types of injuries are evenly distributed. Thus an estimated
cost of $200,000 is used as the cost of avoiding an accident injury. For incidents during the same
three years, approximately 92 percent of the injuries were minor and 8 percent major. An estimated
cost of $32,000 per incident/accident injury was used.

2.3.2 Cleanup Costs

Cleanup costs are assumed to encompass the costs of both stopping the spread of a spill and
removing spilled materials. Cleanup costs vary widely depending on the size, the type of materials
and the location of the spill.

Different approaches exist to placing financial value on these considerations. Clean-up can include
initial response costs, soil and groundwater remediation, incineration and restoration. Our literature
review surfaced the following relevant statistics:
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e A New York State Department of Environmental Conservation Study placed clean-up costs for
small trucks at $6,717 per vehicle and large trucks at $13,437 per vehicle (U.S. EPA, 1996).
These costs were reported in 1987 dollars and converted to 1996 dollars for this report. They
apply only to the removal of the vehicle from the scene.

e The same study reports clean-up costs as $40.38, $57.26 and $78.40 per square meter of impact
area if the incident/accident occurs in an urban, suburban or farmland setting, respectively.
Furthermore, clean-up costs associated with environmental impairment are estimated to be
$131.01, $61.83 and $429.47 per square meter of affected woodland, park, or river/lake
respectively. These figures were also reported in 1987 dollars and converted to 1996 dollars.

Private environmental contractors provide yet another source for cleanup estimates. For example,
PRO TERRA, a Columbus based environmental contracting company, estimates the average cost of
a cleanup at about $14,000. However, their record cost was $102,000 to clean up a jet fuel spill at
the Rickenbacker AFB that required 10 men at the site (Hogue, J., 1998). The average cleanup cost
is about $1,000 per hour. '

The HMIS database includes a field for cleanup costs. Although this data is submitted by the
carrier, it should be accurate since the carrier is responsible for paying the cleanup costs. For the
three-year period for 1995, 1996, and 1997, cleanup costs averaged $34,000 per enroute accident
cleanup, $1,100 per cleanup for an enroute incident spill and $660 for an unloading and loading
accident and incident spill cleanup. For the sake of conservatism these figures were applied as the
average cleanup cost for all spills.

2.3.4 Evacuation

Evacuation of people and business operators during a HM accident is one important impact of HM
transportation that occurs during a small percentage of HM accidents. The HMIS database and the
Ohio PUCO are among the few databases which provide evacuation data. Of the two, the HMIS
provides a comprehensive picture. For the three years of HMIS data (1995, 1996, 1997), for

498 records of Class 3 shipment accidents, about 8 percent resulted in an evacuation. These
evacuations encompassed 1,974 people, which is an average of 51 per evacuation.

For incidents, of the 1320 records about 1 percent resulted in evacuations. Thus a total of 431
people were evacuated with an average of 25 people per evacuation.

The cost of evacuations is very difficult to estimate since there are numerous variables. These costs
include the expense for temporary lodging and food, losses due to lost wages and business disrup-
tions, inconvenience to the public and the cost of agencies assisting with the operation. The US
Nuclear Regulatory Commission for example, uses a range of from $600 to $1,800 per person
evacuated. A reasonable estimate would be $1,000 per person evacuated (Transportation Research
Board, 1993). This $1,000 estimate is also used by the Federal Railroad Administration (FRA) to
estimate impacts from railroad evacuations.
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2.3.5 Product Loss

Product loss refers to the quantity and value of the Class 3 material lost during a spill. The HMIS
provides estimates for product loss in its cost estimates. For enroute accident related spills, the
average cost of product lost per spill during a three-year period was $3,800. For enroute incident
spills, the average cost of product lost during the same three-year period was $130. Incidents and
accidents during loading and unloading accounted for average product loss of $80 over the three

years.

2.3.6 Public Property Damage

Property damage encompasses damage to other vehicles, which may have been involved in the
accident, and damage to both public and private property in addition to the vehicles involved in the
accident. For example, this could include damage to a private building, public utilities, and a public
roadway and related structures.

Environmental damage to property that results in economic losses, is another category of damage
that could be included in this section. However, this topic is addressed in section 2.3.9 under
environmental damage.

The HMIS provides estimates of property damage in one of its fields. This estimate appears to be
reliable for damage to vehicles involved in the accident but perhaps less reliable when estimating
public property damage. However, these estimates have been used as the basis for calculating the
impacts to property and the amount of damage. For the three-year period for which the HMIS was
analyzed, the average property damage for enroute accidents was $5,900 while the average property
damage for enroute incident spills was $90. Property damage for leaks occurring during loading
and unloading incidents and accidents was $90.

2.3.7 Carrier Damage

Carrier damage encompasses damage to the truck transporting the Class 3 materials and associated
equipment.

A New York State Department of Environmental Conservation study reported the economic loss
from damaged vehicle downtime as $7,887 per large truck, expressed in 1996-dollar terms
converted for this report from the original 1987 dollars of the study (U.S. EPA 1996).

This estimate provided by the HMIS database is probably the most reliable of the estimates. For
the three-year period for which the HMIS was analyzed, the average carrier damage for enroute
accidents was $36,000 while the average carrier damage for enroute incident spills was $130 and
$130 for spills associated with unloading and loading accidents and incidents.

2.3.8 Traffic Incident Delay

Although an aspect of these costs are embedded in the National Safety Council estimates, it is
important to isolate this effect because HM spills (or suspected spills) typically require a different
type of emergency response which tends to lengthen traffic delays considerably. To aid in this
effort, HM incident delay was extracted from data collected by the states of California and Ohio.
This was supplemented by several studies reported in the literature (Agent, K.R, 1995; Grenzeback,
L.R., 1990).
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Traffic incident delay had no relatively simple method of estimating the costs of incident delay
induced by an accident. Consequently, a model was adapted to be able to estimate the number of
hours and the cost of incident delay. For Section 2.3.8, all accidents and incidents are referred to as
incidents.

Delay Estimation. There are two groups of approaches to estimating incident delays, namely
deterministic and stochastic. The former approach is simpler and easier to apply and is intended for
after — incident evaluation where information of traffic flow is assumed known. Incident delay is
affected by a number of factors, including incident duration, road capacity, arrival pattern, traffic
volume, functional class of the road, and the time of day. A deterministic approach developed by
Morales (1977) is used in this study because of its simplicity relative to other methods e.g., Fu et al.
(1997). Moreover, the data requirements for the deterministic approach can be more easily obtained
or derived. '

In this study, incident delay is estimated assuming the condition of simple lane closure. This
assumption is practical given that HM incidents involve trucks and invariably result in lane or road
closures. For this condition, estimates for three types of traffic flow are required:

@) Demand traffic flow that would have gone through a point if the incident had not occurred,
829

(i1) Reduced traffic flow resulting from the incident, S3,

(iii) The gateway flow after the incident has been cleared, S;.

This flow is assumed to be equal to the capacity of the roadway. The demand and bottleneck flows
are assumed steady state flows for the particular time of day. These are illustrated in Figure 1.
In addition to the flows, the duration of the incident, T, is required to estimate the delay.

S

S:

5

Cumulative traffic volume

5 |
le— 1 — Time

Figure 1. Demand and Bottleneck Traffic Flows

Information on practical capacity was obtained from the Highway Capacity Manual (1994) and
actual traffic flow data from 1996 Highway Statistics (U.S. DOT, 1997b). First, the capacity of
each functional class was used to estimate the average demand traffic flow for levels of service
expressed as traffic volume (v) to service flow (sf) v/sf ratios between 0.5 and 0.9. The demand
traffic values are then compared with ADT data in Highway Statistics to establish reasonableness.
The v/sf ratio range is chosen to include the threshold value above which congestion occurs i.e., v/sf
= 0.80 and free-flow conditions reflecting non-peak flows which occur at v/sf less than 0.80.
Bottleneck traffic flow is assumed to be about 60 percent of the actual (demand) flow. This
assumption is consistent with earlier observations (Jacobson, 1992) that about 80 percent of
incidents reduce capacity by at least one-third regardless of whether a lane was blocked.
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Incident delay is estimated as function of level of service offered for four functional highway
classes: (i) urban interstate, freeways and expressways; (ii) other urban roads; (iii) rural interstate
and (iv) other rural roads. It is important that incident delay be considered within the context of
highway functional class because of differences in the level of service, the volume of traffic and the
average annual vehicle miles traveled (VMT). VMT is a measure of utilization of the highway
facility therefore an indication of the level of exposure or the risk of being involved in an incident.

Incident delay can be estimated from the following equations for simple lane closure condition
(Morales, 1977).
D= Tk
(Sl - Ss) (Sz - Ss)
2(S,-S,)

Figure 2 shows the variation of k with v/sf ratio for the four functional highway classes. For a
given demand traffic flow, first calculate the v/sf ratio for the particular highway class and then
determine the x from the graphs in Figure 2. The range of v/sf used in constructing this figure cover
the practical range of v/sf values. This value can be multiplied by the incident duration, T, to obtain
an estimate of the incident delay in veh-hr on the particular highway class. Figure 3 shows the
variation of incident delay in vehicle-hours with incident duration for the congestion threshold v/sf
value of 0.80. This v/sf ratio represents a typical operating condition on the interstate system. Data
from the 1966 Highway Statistics indicate that 95 percent of the rural interstate, 66 percent of the
urban interstate and 75 percent of other freeways and expressways operate at v/sf ratios less than
0.80. As noted in the equation and depicted in the figure, incident delay is a linear function of the
duration of the incident. Figures 2 and 3 are developed based on service flows (or capacity) that are
considered typical minimum values for each functional highway class as derived from the Highway
Capacity Manual (1994). The curves may be considered conservative given the differences in
traffic flows, HM types, and type of incident and incident response management.

In order to obtain the user costs for various road users resulting from incident delays, information
on the occurrence or probability of occurrence of incidents or the split between trucks and other
vehicles on the various highway systems will be required. In this regard, data on VMT for trucks
and other vehicles for the various functional highway classes is used to obtain the distribution of
incident delay costs between trucks and other vehicles. Table 9 summarizes the percent of VMT
by trucks and other vehicles on the four groups of functional highway classes and the distribution
of VMT among on the functional classes using both truck VMT data only and total VMT.

Table 9. Distribution of VMT by functional class and vehicle type

.:Percent of:VMT:by vehicle type (%) :.:
e Trucks HE :Other vehicles:

Rural Interstate 18.22 81.78
Other Rural highways 7.97 92.03
Urban Interstate 8.33 91.67

Other Urban highways 4.63 95.37

LR e e .- Percent of VMT by highway class (%) - -
‘ ional Highway class s Truck VMT o] wede Total VMT o
Rural Interstate 22.6 9.2
Other Rural highways 31.8 29.4
Urban Interstate 15.8 14.0
Other Urban highways 29.8 47.4

Source: 1997 HCAS Base Case VMT data (U.S. DOT, 1997c)
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Incident Delay Cost. The cost associated with incident delay can be estimated by applying the unit
cost of delay by the values obtained from the graphs in Figures 2 or 3. These delay costs due to
traffic are based on value of time and do not include the costs of removal of the incident. Earlier
studies (Grenzeback, L.R. et al., 1990), assumed the cost of incident delay to be about $20 for
trucks and $10 for other vehicles. A study of the congestion costs estimated average unit cost to be
$14.43 per vehicle-hour of delay. This is calculated from a unit cost per vehicle hour of $10.92
(1990 dollars) from the Highway Economic Requirements System (HERS) multiplied by a CPI of
1.25 to adjust the figure to 1998 dollars. To account for the increase fuel consumption due to
congestion, add [(0.7 gal/hour) * $1.11 per gallon (1998 dollars)]. The unit delay cost includes
value of time and fuel costs.

Available Incident Data. Data on HM incidents in the California Highway Patrol database, the
Ohio PUCO Incident Reports, and literature indicate the following:

e California data (1994 to 1998)
—  Average duration of HM incidents, specifically DOT Hazard Class 3 (flammable and
combustible liquids) is 4.8 hours with a standard deviation of 2.1 hours.
—  Only 4 percent of HM incidents have duration less than 1 hour and about 6 percent have
duration greater than 12 hours.
— 75 percent of HM incidents resulted in partial or full road closures.

e Ohio data (1995-1998)

— Duration of incidents on rural interstates is 2 to 18 hours with 70 percent lane or road
closures

—  Duration of incidents on other rural roads is 3 to 22 hours with 60 percent lane or road
closures ‘

— Duration of incidents on urban interstates is 0 to 4 hours with 100 percent lane or road
closures

—  Duration of incidents on other urban roads is 2 to 20 hours with 75 percent lane or road
closures.

e Literature

—  Major incidents constitute 5 to 10 percent of all truck incidents (Grenzeback, L.R. et al.,
1990). A major incident is one that blocks two or more lanes of the freeway for 2 hr or
longer.

—  Average duration of major incidents is 3 hr 39 minutes and it triggers an average of
2,800 veh-hr of delay on freeways around it. Major incidents lasting 10 to 12 hrs
triggered 30,000 to 40,000 veh-hr delay (Recker et al., 1988).

—  Average duration of a common incident is 1 hour with an average 1,200 veh-hr delay
(Recker et al., 1988).

—  About two thirds of major incidents are the result of overturns, spills, or shifted loads.

Input Data Summary. The following is a summary of inputs for estimating incident delays based
on the limited data discussed above. These are for the purposes of obtaining rough estimates of
incident delays and associated costs using the process described in Delay Estimation.

e Average duration of all incidents — 5 hrs
e Average duration of major incidents (those requiring closure of all lanes) — 12 hours
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o Average duration of common incidents - 2 hours
e About 5 percent of all incident can be classified as major incidents
e Average unit cost of delay is $15 per vehicle-hour
e Minimum service flows (or capacities) expressed in vehicles per hour (vph) per direction used
in developing the curves are:
— Rural interstate — 3,200 vph
— Rural other highways — 900 vph
—  Urban interstate — 4,000 vph
—  Urban other highways - 600 vph

These values are used to calculate the v/sf ratio and determine x from Figure 2.

Hlustration. The following illustration describes the sequential steps followed to calculate incident
delay and the associated cost for a given situation. Assume that average traffic volumes shown
above are representative of the respective groups of functional highway classes. Assume average
duration of 5 hours per incident regardless of the functional class of highway. The steps in
estimating the incident delays are summarized in Table 10 and described below.

Step 1 — Determine the design service flow (vph in each direction of travel) for the functional
highway class in question.

Step 2 — Determine the average actual traffic flow (vph) per direction for that highway.
Step 3 — Calculate the v/sf ratio by dividing the value of step 2 by that of step 1.
Step 4 — With the v/sf ratio read off the corresponding x-value from Figure 2.

Step 5 — Obtain the average duration of incidents for the type of incident and/or highway from
historical data.

Step 6 — Multiply the x-value from step 4 by the duration in step 5. The product is delay in veh-hr
per incident on that highway class.

Step 7 — Multiply delay by unit cost of $15 to obtain cost per incident on each highway.

Step 8 — Determine the number of incidents on each highway class for the time period under
consideration.

Step 9 — Multiply cost of incident by the number of incidents to obtain the total cost of incidents on
the highway class for the given time period.

Step 10 — Sum total cost to obtain the grand total for all highway classes.
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Table 10. Example Summarizing the Steps for Incident Delay and Cost Estimation.

)i # of I
incidents | - , '$
ey |t gy

408 18,819,000|
Interstate
Rural 900 | 450| 0.5 125 5 625 $9,375 574 | 5,381,250
other
Urban 4000 | 3200 0.8| 1660 5 8300 | $124,500 285 | 35,482,500
Interstate
Urban 6oo| 400 0.7 160 5 800 | $12,000 538 6,456,000'
other
{(10) Grand Total | 66,138,750 }

2.3.9 Environmental Damage

Environmental damage is considered to be damage to the environment that remains after cleanup
has been completed. This damage can be calculated in terms of loss of economic productivity as in
agricultural production lost and/or in loss of habitat or ecosystem deterioration. Most estimates of
environmental damage have been conducted for major ecological disasters such as major oil spills
in oceans or large lakes. Some estimates of environmental damage have been assembled for such
contaminated sites as superfund and CERCLA sites where penalties have bqen levied.

Three estimates of environmental damage costs are presented for this section. The loss of
agricultural productivity can be estimated as the crops that could not be grown during a 20-year
period due to contamination. If wheat was used as an example, a field could produce 35 bushels per
acre with a value of $5 per bushel. This wheat crop for an acre would amount to a gross income of
$3,500 over a 20-year period. For corn, a field could produce 128 bushels per acre with a value of
$2.50 per bushel. Thus, it would be worth $320 for one year and $6,400 of gross income for a
twenty-year period. Of course, the net income would be considerably less.

A New York State Department of Environmental Conservation study reported property damage to
the incident/accident site as subsequent economic loss of 8.3 percent of the annual net revenue
generated per square meter of property impacted, with a corresponding property devaluation of

5 percent of the resale value of property per square meter (EPA, 1996). The same study reported
further that economic loss due to environmental impairment was estimated as $7.37 per square
meter of impacted area in woodland, park and river/lake settings. This would mean an additional
loss of approximately $469 per acre. These figures were reported in 1987 dollars and converted to
1996 dollars for this report.

Natural resource damage settlements were selected as presenting a more conservative estimate

of environmental damage. Damages were collected for 18 cases where environmental damage
settlements were completed (Battelle Compilation of Environmental Settlements, 1998). These
settlements were primarily against companies that had damaged the environment and were now
paying a fine. The average per acre settlement price was $3,792. This average per acre settlement
price could be for more serious pollution cases than that represented by a spill of Class 3 materials.
However, the average figure represents one conservative estimate of environmental damage. This
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figure was selected as one estimate of environmental damage that could be used as a representative
number. A table listing all of the settlements is shown in Appendix C.

In order to calculate the natural resource environmental damage from a truck of Class 3 materials,
its necessary to know how much material was spilled, where the spill occurred and what sort of
surface it covered. An assumption was made that all of the spills would occur on land and on a dirt
surface. In reality, a certain proportion of the spills would occur in water or a paved surface.
Furthermore, at least one barrel, or 55gallons, had to escape in order for the spill to be considered.
Below this threshold no damage was considered to occur.

HMIS data was consulted to determine spill size and distribution. For 1996, and for enroute
accidents resulting in a spill, the average spill greater than 55 gallons was 3,031 gallons, although
the largest spill was 9,200 gallons. The data shows that 170 spills took place during an enroute
accident and that 69 percent of the spills are represented by the 3,031 figure.

For the material covered and the spill size, a formula was used which assumed that the surface
would be dirt and that the spill would spread at about one centimeter in thickness. The area covered
by the average spill size of 3,031 gallons would be about .21 acres. For the sake of conservatism,
this estimated area of coverage was increased to .7 acres. Thus for an average spill exceeding

55 gallons, $2,654 dollars of environmental damage would occur, calculating this spill as a
percentage of the $3,792 figure cited earlier. However, since this estimate was applied to only

69 percent of the enroute spills, all spills over 55 gallons would average about $1,800 of
environmental damage. For the 490 spill accidents estimated for the nation in 1996, this represents
approximately $882,000 of damage.

For the typical full tanker spill of 8,000 gallons, an estimated $7,000 of environmental damage
would be done.

Enroute incidents would result in considerably smaller environmental damage. For 442 enroute
incident spills recorded in HMIS for 1996, only 28, or 6 percent, exceeded the 55-gallon minimum.
Of these spills, the average spill size was 432 gallons of Class 3 materials. The largest spill was
5,000 gallons.

The area covered by the average spill size of 432 gallons would be about .03 acres. For the sake of
conservatism this estimated area of coverage was increased to .1 acres. Thus for an average spill
exceeding 55 gallons, $379 dollars of environmental damage would be done. However since this
estimate was applied to only 6 percent of the enroute spills, all spills over 55 gallons would average
about $20 dollars of environmental damage. For the 362 leaks enroute estimated for the nation in
1996, this represents approximately $7,240 in environmental damage.

2.4 Impact Summary Discussion

The primary objective of this effort is to estimate the annual economic impact of transportation
safety involving truck transport of Class 3 hazardous materials. While the goal is to establish a high
degree of confidence in these estimates, the reality is that the quality of available data limits the
ability to do so. Among the reasons for this are:
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e Concems about the non-reporting of incidents/accidents to HMIS, as well as the accuracy of the
reports that have been filed.

e The impacts of catastrophic events on these estimates; the absence or existence of a single
catastrophic event can significantly alter the reported estimates.

e The vintage of the literature being used, and its implications in terms of safety investments
which may have been made since then, as well as the net present economic value of the reported
costs.

e The study sample and its relevance to truck transport of Class 3 hazardous materials on a
national level.

Taking these observations into consideration, one should view the results in the context of
establishing a general estimate or bound on the financial impact of this problem rather than a
precise valuation. As such, it represents a valid attempt to benchmark the financial implications of
the problem based on best available data. Consequently, even if the results are within an order of
magnitude, we believe that meaningful inferences can be derived for evaluation purposes.
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3.0 Accident and Incidents Totals and Impacts

3.1 Accident and Incident Totals

his section summarizes the analysis of the accident and incidents for 1996 and the tabulation
of impacts and associated costs. It also includes some specific cases and the estimated
impact costs.

Table 11 shows the estimated unique accidents for 1996 for both spill and no spill accidents. The
table also shows how these numbers were converted into national numbers.

Table 11. Class 3 Truck Shipments — Estimated Unique Accidents for 1996

(HMIS used as a base)

. Data Source and Accident Numbers . Summary Accident Numbers

- d 1 SAFETYNET"® g 1 No Spills
et 3 1 8pill | No | Spill:|-'No | Spill | “No No. | =14« F = Neo. |« 1| - F
Colorado 4 21 4 1 0 1 17 10 0 23 21 0
Ohio 3 3 2 1 2 2 17 6 0 6 5 1
California 7 8 46 1 1 2 3 21 4 4 50 31 1

TIFA 3

Indiana* 6 6 20 3 2 2 1 17 11 1 23 21 0
Oregon* 4 7 19 1 1 1 1 13| 11 0 21 13 2
lowa* 5 0 5 1 1 1 1 7 3 ] 7 5 1
Minnesota® 10 1 1 3 1 1 1 15 5 1 3 1 0
Pennsylvania 11 25 | 151 3 1 1 1 40 35 3] 153 | 104 6
Totals | 147 | 85 9| 286 | 201 11

| = injuries; F = fatalities
* HMIS spill accidents increased by 26 percent to compensate for no state database. No spills increased
12 percent. News clippings number increased by 10 percent to compensate for Dialogue.
8 states represent 30 percent of the total U.S. accidents.
147 + 0.30 = 490 spills spill injuries = 283 fatalities
286 + 0.30 = 953 no spills no spill injuries = 670 fatalities

30
37

Using this method, the number of U.S. Class 3 accidents with spills for 1996 was estimated at 490
and the number of no spill accidents 953.

Both the estimated accidents and incidents for 1996 are shown in Table 12.

Table 12. Estimated Accidents and Incidents in 1996

1996, Accidents, En Route, Class 3 — Placard -+ /%
With Spill 490
No Spill 953
1996 Incidents, Enroute and Loading and Unloading |
Leak Enroute 362
Leak Loading and Unloading 1,961
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An analysis was also done to determine the percentage of Class 3 shipments that were cargo tanks
or not cargo tanks, in order to better characterize Class 3 shipments. This information appears in
Table 13, which shows the percentage of Class 3 materials carried by cargo tanks involved in
accidents for each state, Federal, and TIFA databases used for this report. Safetynet has the lowest
percentage of 74 percent with the Ohio PUCO and the California database showing 100 percent of
the shipments involved in accidents being transported by cargo tank. For the total number of
enroute accidents, an estimated 88 percent of listed accidents involved cargo tanks. This does not
include the approximately 3.5 percent of accidents where this information is unavailable.

Table 13. Cargo/Non-Cargo Results
Accidents, En Route, 1996, Class 3
(Number of records correspond to Tables 1-8)

HMIS Cargo
Not Cargo
Total
Not Cargo = Van/Trailer

Safetynet | Cargo 253 74 %
Not Cargo 88 26 %
Total 341

Not Cargo = Van/Enclosed Box, Fiatbed,
Dump, Garbage/Refuse, Other and Blank

California | Cargo 5 100 %
Not Cargo o 0 %
Total 5

Ohio Cargo 7 100 %

PUCO Not Cargo o 0%
Total 7

Colorado | Cargo 8 89 %
Not Cargo 1 11 %
Total 9
Not Cargo = Tank

TIFA Cargo 9 90 %
Not Cargo 1 10 %
Total 10

Not Carg& = Van/Enclosed Box

3.2 Impact Summary

Table 14 summarizes the impacts in terms of dollars for the estimated Class 3 accidents in 1996.
As shown in the table, the cost for the 1996 portrait year was about $481,796,985. The costs for
avoiding injuries and fatalities accounted for about approximately 69 percent of the total cost.
Carrier damage and incident delay costs together accounted for about 25 percent of the total
estimated cost for the year. The cost related to accidents is considerably higher than that for
incidents. Both spill related and no spill accidents account for about 95 percent of the estimated
costs for 1996. No spill accidents alone account for about 58 percent of the costs. This is primarily
because the number of no spill accidents is almost twice the number of spill accidents and results in
considerably more injuries and slightly more fatalities. Although there are no cleanup costs for the
product or environmental damage costs, the costs are still considerably more than for the spill
accidents.
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The estimated impacts for 1996, which are presented in Table 14, are based on the use of the
databases discussed earlier and average costs for the various categories of impacts. In order to
compare these costs with the estimated costs for enroute accidents in the HMIS alone, three small
tables were prepared. Table 15 presents the total estimated costs for enroute accidents from the
HMIS database alone. Cost estimates were assigned for deaths and injuries although the database
itself doesn’t include them. However, the table did not include estimates for environmental
damage. Table 16 shows the 1996 costs for the enroute accidents from the comprehensive analysis.
Finally, Table 17 presents comparative costs for enroute accidents for the comprehensive case and
for the HMIS together. Note that the comprehensive case includes the impact costs for the HMIS.
Table 17 indicates that the enroute accident impact costs associated with the HMIS database alone
represent only about 5.3 percent of the impact costs calculated for the comprehensive case.

The discussion above relating to Table 14 does not specifically separate the impacts related directly
to the hazardous nature of the cargo. This estimate is important for both the current analysis and
any future risk assessments or modeling. The process followed to separate out the impacts directly
related to the HM cargo begins with identifying those impacts that are clearly, directly related to the
hazardous material. These include impacts due to leaks from unloading and loading and leaks
enroute.

The accident categories for spill and no spill are not quite as obvious. The assignment of impacts to
the hazardous cargo for the no spill accidents focuses on incident delay. All of the other impact
categories would be unrelated to the fact that the truck transported HM. Only incident delay could
be assigned to the HM category since first responders often react to an accident with a truck
carrying HM as if there was a spill or the potential for a spill even if no spill occurred. The
assumption made here is that at least half of the delay cost for no spill accidents can be related to
the fact that the cargo is hazardous.

For spill accidents, all of the impact categories except for fatalities and injuries can be directly
related to the HM cargo. For fatalities, HMIS only includes fatalities that are known to be caused
by the HM. However, for the 1996 estimate, the number of fatality accidents was expanded based
on the use of other databases and sources of information. This analysis assumed that the fatalities in
the no spill category would provide data that could be used to calculate the probability of a fatality
without the influence of hazardous material. About 39 percent of all spill accident fatalities would
be unrelated to the cargo. Thus, about 12 of the fatalities could be assumed to be caused by factors
other than the hazardous cargo and 18 of the 30 fatalities would be caused by the HM cargo. About
60 percent of the fatalities from spill accidents are estimated to be related to the cargo. Similarly,
for the injuries sustained from spill accidents, about 170 could be estimated to be related to the HM
character of the cargo. ’
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Table 18 presents the impact costs related to the nature of the hazardous material. About
$122,800,000 of the impact costs can be related directly to the hazardous nature of the cargo.
This represents about 30 percent of the impact costs for the major Class 3 accidents estimated for

1996.

Table 18. Impact Costs Related Directly to Hazardous Materials Cargo

Enroute Leak

$13,264,343

$607,140

$13,871,483

Leak from loading - | NA $6,000,000 $96,000 $2,539,440 $8,645,440 i
or unloading

No Spill Accident $17,459,899 - [ NA NA NA $17,459,899 i
Spill Accident $17,954,564 $22,000,000 $21,000,000 | $41,885,000 | $102,839564 |
Total Incidents and $48,678,806 $28,000,000 $21,096,000 | $45,031,680 | $122,816,386 I
Accidents

The data clearly indicates that impact costs covered in the HMIS are considerably higher for cargo
tanks than for non-cargo tank Class 3 shipments. Tables 19 through 27 show the distinctions in
impact costs between cargo and non-cargo tank Class 3 accidents and incidents. The data in the
‘tables indicate this greater cost is attributable to the far fewer number of accidents involving non-
cargo tank shipments. For example, for cargo tanks, 273 accidents over the three-year period
caused $12,803,912 of carrier damage. Non-cargo tank accidents accounted for $915,260 from
only 30 accidents. Average cost per accident is also lower for non-cargo with the numbers being
$46,901 and $30,509, respectively, for carrier damage. For both product loss and cleanup costs,
however, the costs per accident are both lower for cargo tank shipments than for non-cargo tank
shipments.

For enroute incidents, the non-cargo tank total costs are higher than cargo tank costs in most cases
because of the greater number of incidents. However, carrier damage, property loss and cleanup
costs are considerably higher per incident for cargo tanks as compared to incidents for non cargo
tanks as shown in Tables 21 and 22.

Table 19. Accident, Cargo Tank, En Route, 19951997, Class 3.

Average Cost:
per Accident
Product Loss 279 $931 741 $3,340
Carrier Damage 273 $12,803,912 $46,901
Public/Private 119 $2,063,536 $17,341
Property Damage
Decontamination/ 258 $10,849,5680 $42,053
Cleanup
Other Damages 39 $362,215 $9,288
Total Damages 316 $27,010,984 $85,478
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Table 20. Accident, Non-Cargo Tank, En Route, 1995-1997, Class 3.

Product Loss

37 $518,025 $14,001 |
Carrier Damage 30 $915,260 $30,509
Public/Private 12 $192,010 $16,001 |
Property Damage
Decontamination/ 37 $2,179,673 $58,910 I
Cleanup
Other Damages 10 $44,129 $4,413 |
Total Damages 43 $3,849,097 $89,514 |

Table 21. Incident, Cargo Tank, En Route, 1995-1997, Class 3.

Co

Product Loss 69 $16,251

Carrier Damage 17 $103,243

Public/Private 11 $45,139

Property Damage

Decontamination/ 96 $339,098 $3,632
Cleanup .
Other Damages 12 $10,375 $865
Total Damages 129 $514,106 $3,985

Table 22, Incident, Non-Cargo Tank, En Route, 1995-1997, Class 3.

- Cost

Product Loss 307 $101,835

Carrier Damage 23 $12,620

Public/Private 11 $32,076

Property Damage

Decontamination/ 345 $633,689 $1,837
‘ Cleanup

Other Damages 53 $23,256 $439

Total Damages 445 $803,476 $1,806
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Table 23. Incident, Cargo Tank, Loading/Unloading/
Temporary Storage/Terminal, 1995-1997, Class 3.

-~ Number of ‘Average Cost
e “Incidents “‘per Incident
Product Loss 1,397 $191,884 $137
Carrier Damage 39 $464,001 $11,897
Public/Private 64 $760,929 $11,890
Property Damage
Decontamination/ 1,010 $2,347,793 $2,325
Cleanup ’
Other Damages 40 $26,984 $675
Total Damages 1,552 $3,791,591 $2,443

Table 24. Incident, Non-Cargo Tank, Loading/Unloading/
Temporary Storage/Terminal, 1995-1997, Class 3.

.z Number of | sAverage Cost
: ~ Incidents . “'per Incidents "
Product Loss 1,592 $165,169 $104
Carrier Damage 43 $25,003 $581
Public/Private 5 $11,210 $2,242
Property Damage )
Decontamination/ 1,659 $583,590 $374
Cleanup
Other Damages 597 $173,104 $290
Total Damages 1,924 $958,076 $498

Table 25. Accident, En Route, 1995-1997, Class 3
(Cargo + Non-Cargo).

Number of - Total: - Average Cost

s " Accidents .. Cost | perAccident
Product Loss 316 $1,449,766 $4,588
Carrier Damage 303 $13,719,172 $45,278
Public/Private 131 $2,255,546 $17,218
Property Damage
Decontamination/ 295 $13,029,253 $44,167
Cleanup
Other Damages 49 $406,344 $8,293
Total Damages 359 $30,860,081 $85,961
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Table 26. Incident, En Route, 1995-1997, Class 3
(Cargo + Non-Cargo).

ta verage Cost
Se . Cost. . |. perlincidents.
Product Loss 376 $118,086 $314
Carrier Damage 40 $115,863 $2,897
Public/Private 22 $77,215 $3,510
Property Damage
Decontamination/ 441 $972,787 $2,206
Cleanup
Other Damages 65 $33,631 $517
Total Damag_;es 574 $1,317,682 $2,295

Table 27. Accidents and Incidents, Loading/Unloading/
Temporary Storage/Terminal, 1995-1997, Class 3
(Cargo + Non-Cargo).

Number of. ‘otal, - = Average Cost .
. cidents - Cost - per Incident
Product Loss 3,001 $373,100- $124
Carrier Damage 89 $609,154 $6,844
Public/Private 74 $800,639 $10,819
Property Damage
Decontamination/ 2,579 $3,125,693 $1,212
Cleanup
Other Damages 638 $200,388 $314
Total Damages 3,490 $5,108,974 $1,464

3.3 Impact Case Examples

This section of the report presents impact summaries for four actual class three accidents in 1996.
The examples were selected to provide an indication of the range of impacts for Class 3 accidents.
Field values were obtained from newspaper clippings and different Federal and state databases.
However, estimations of some impact costs were added when data was unavailable. These values
are annotated with an asterisk. For example, if a tractor and trailer were destroyed, an estimated
value for the equipment was added even if HMIS reported the value as $0. The case examples
indicate that there is considerable variability among the particular accidents, but that serious injuries
can dominate the cost, even in the case of the Kirkersville, Ohio, accident, where impact delay costs
are high where a major interstate was affected. Tables 28 to 31 provide a summary of the impacts
for each case.
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3.3.1 Impact Case Example 1

October 29, 1996, 4:50 a.m., Near Kirkersville, OH. A tanker truck, traveling east bound on I-70,
went into the median and rolled onto its side. The cargo tank was carrying 6,800 gallons of acetone.
Less than 100 gallons of the hazardous cargo was released through the tank’s pressure relief valve.
The driver apparently had fallen asleep and lost control of the vehicle. He was taken to the hospital
for injuries. Both the east- and westbound lanes of I-70 were closed starting at 5 a.m., and were
expected to open by 2 p.m. An environmental contractor was called to clean up the spill.

Table 28. Kirkersville, OH.

. s FieldE :
HM Information | Commodity Acetone :
Class 3; Flammable — Combustible Liquid
Quantity Spilled Less than 100 gallons
Accident Location 1-70 Eastbound, 122 MM, East of
Information SR1568, near Kirkersville OH
{Rural community)
Fatalities 0
Injuries 1 person = $400,000
Evacuation 0 '
Damages Product Loss $500
Carrier Damage $2,000
Public/Private $0
Property Damage
Decontamination/ $1,500
Cleanup
Incident Delay $83,025
Environmental $88
Damage
Total Estimated Cost $487,113

* Values based on data and assumptions in Section 2.3 and an assessment of likely costs for this case.
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3.3.2 Impact Case Example 2

Thursday, March 14, 1996, 12:00 p.m., Mankato MN. A tractor-semi-tanker, carrying

8,500 gallons of gasoline, tipped while turning off Riverfront Drive onto Madison Avenue.

The tanker was punctured, spilling approximately 235 gallons of gasoline onto Riverfront Drive.
Approximately 25 gallons went into a storm sewer, while none appeared to flow into the river or
contaminate any ground or soil. Although the driver was only traveling at 10 mph, speed may have
been a factor in the accident. Parts of Riverfront Drive and Madison Avenue were closed from
noon to 10 p.m. Several businesses and families were evacuated along the 700, 800 and 900 blocks
of Riverfront Drive and one side of 2™ Street for approximately six hours. The only injury involved
the driver, who was treated at the scene of the accident. An environmental contractor was called to
drain the remaining fuel from the tanker. The city billed the trucking company $13,212 for the spill
clean up, which included police and fire personnel hours, equipment and supplies; the trucking
company paid this bill in May of 1996.

Table 29. Mankato, MN.

EEEY Fields e :Value®
HM Information | Commodity Gasoline

Class 3; Flammable — Combustible Liquid

Quantity Spilled 235 gallons
Accident Location Riverfront Dr. and Madison Ave.,
Information Mankato MN (Suburban community)

Fatalities 0

Injuries {Minor) 1 person = $4,000

Evacuation 75 people for 6 hours = $75,000
Damages Product Loss ] $425

Carrier Damage $60,000

Public/Private $1,000

Property Damage
Decontamination/ $6,000

Cleanup
Other Damages $13,212 City bill
Incident Delay $12,000
Environmental $208
Damage

Total Estimated Cost $171,846

* Values based on data and assumptions in Section 2.3 and an assessment of likely costs for this case.
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3.3.3 Impact Case Example 3

June 22, 1996, 5:15 a.m., Berthoud Falls, CO. A tanker truck traveling along U.S. 40 and carrying
8,200 gallons of diesel fuel ran off the road and rolled approximately % times, before catching fire.

The first person at the scene, a passerby, was able to safely pull the two injured passengers from the
tractor before flames engulfed it. The tanker had melted due to the heat of the fire. The spilled fuel

and fire traveled down the roadside ditch and proceeded to burn out a car and home; fortunately
there were no injuries due to the spreading fire. The fire continued to burn 50 — 60 yards of the
surrounding area. Approximately 50 residents were evacuated from the rural community, and the
road was closed for approximately 2 hours. Colorado State Highway Patrol noted that the road

surface was wet from rain, and that the driver’s condition appeared normal. The truck was reported
as traveling at 35 mph. An environmental contractor was called to clean up the spill.

Table 30. Berthoud Falls, CO.

Fiold [ Valge® T e
HM Information | Commodity Diesel Fuel
Class 3; Flammable — Combustible Liquid
Quantity Spilled 8,200 gallons
Accident Location U.S. 40 & milepost 249, Berthoud
Information Falls, CO (Rural community)
Fatalities 0
Injuries 2 people
$400,000
Evacuation 50 people
$50,000
Damages Product Loss $8,000

Carrier Damage

$107,000 (assumes total damage)

Public/Private
Property Damage

$60,000

Decontamination/ | $30,000
Cleanup

Incident Delay $46,125
Environmental $3,697

Damage

(assumes half of leaked cargo burned)

Total Estimated Cost

$704,722

* Values based on data and assumptions in Section 2.3 and an assessment of likely costs for this case.
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3.3.4 Impact Case Example 4

Saturday, September 7, 1996, 3:30 p.m., Burns Harbor, IN. A tractor-trailer rig was exiting [-94
onto U.S. 20 via a full circular exit ramp, traveling at 30 mph, when the contents of the trailer
shifted to the left, causing the tractor-trailer to roll over onto its left side. The trailer contained ten,
600-gallon containers of a flammable resin solution. Three of the containers ruptured at the seams,
spilling 1,200 gallons of the resin solution. No other vehicles were involved in the accident,
however the driver of the vehicle and his two children traveling with him were hospitalized for
minor injuries, and released Saturday evening. The resin solution was also thought to be toxic if
inhaled in large quantities. Thus, three homes and a fireworks warehouse were evacuated shortly
after the spill. Evacuees were allowed to return late Sunday afternoon. The resin solution spilled
onto U.S. 20, closing the road from Ind. 149 to just east of the I-94 interchange until 5 p.m. on
Sunday. The solution also contaminated some of the surrounding land. By nightfall a dump truck
with sand was brought to the site to construct a dike to contain the resin, which had been covered
with foam. At least 30 firefighters, hazardous materials experts and paramedics remained at the
scene through Saturday night. To remove the containers and tractor-trailer from the highway the
vehicle’s owner hired an environmental contractor.

Table 31. Burns Harbor, IN.

“Field st Value®. s
HM Information | Commodity Resin Solution
Class 3; Flammable — Combustible Liquid
Quantity Spilled 1,200 gallons
Accident Location U.S. Route 20 at |-94, Burns Harbor,
Information IN {Rural community)
Fatalities )
Injuries 3 people
$96,000
Evacuation Three households and a fireworks
warehouse.
Damages Product Loss $1,200
Carrier Damage $28,419
Public/Private $0
Property Damage
Decontamination/ | $74,0569
Cleanup
Other Damages $2,179
Incident Delay $46,875
Environmental $1,053
Damage
Total Estimated Cost $265,785

* Values based on data and assumptions in Section 2.3 and an assessment of likely costs for this case.
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4.0 Conclusions

4.1 Estimation of Class 3 Shipment Accident and
Incident Numbers and Impacts

by sampling a single HM class for one year. By characterizing the shipment impacts for one

year of Class 3 HM shipment impacts, it demonstrates the implementation of a process which
could be applied to determining the impacts of other hazardous materials classes as well as for non-
hazardous materials. Specifically the report has demonstrated the feasibility of obtammg data and
conducting analysis in the following areas:

This report has demonstrated a process to evaluate the full impacts of HM incident/accidents

o Estimation of the number of accidents and incidents for one year
¢ Estimation of the type and magnitude of impacts from accidents and incidents
e Estimation of data needed for the full risk assessment

4.1.1 Number and Type of Accidents and Incidents

The report has demonstrated the usefulness of a methodology for effectively estimating the number
of accidents and incidents for a one-year or longer period. This methodology focuses on the use of
existing national databases and the selection of sample states that can be used to provide data to
supplement national databases. The methodology uses the HMIS database and the Safetynet

" database supplemented by state databases and news clippings to put together an annual number of
accidents from an eight-state sample. The state sample was selected because six of the states are -
participants in an OMC demonstration project or had other good supplemental sources of state data.
This eight-state accident count was then assigned a likely proportion of the national accidents and
extrapolated to the national level to develop a national estimate of accident and incident numbers.

The number of incidents were estimated with greater reliance on the HMIS database since the
Safetynet database and most state databases don’t include incidents. The eight-state sample was
used to tally HMIS incidents and the shortfall of incidents representing intrastate carriers was added
to the HMIS numbers. National incident totals were extrapolated in a similar manner as for the
accidents.

The application of this methodology for this report shows that a similar approach can be used both

for estimating the annual number of accident and incidents for the other HM classes as well as for
estimating the number of accidents for non-hazardous material shipments.

4.1.2 The Type and Magnitude of Impacts from Accidents and Incidents

The report has estimated the number and type of impacts for Class 3 accidents and incidents. Impact
estimates were made for the following impacts:
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Injuries And Deaths
Cleanup Costs

Property Damage
Evacuation

Product Loss

Traffic Incident Delay
Environmental Damage.

Based on available data, impact magnitudes were estimated in terms of dollar cost for each of the
impact categories and translated into a per accident or incident cost. Then the total cost for the
impact was calculated based on the number of accidents or incidents. '

As stated earlier in this report, these observations should be viewed in the context of establishing
a general estimate or bound on the financial impact of this problem rather than a precise valuation.
This is a valid attempt to benchmark the financial implications of the problem based on best
available data. Consequently, even if the results are within an order of magnitude, meaningful
comparisons can be derived for evaluation purposes.

This approach can also be used to estimate the impacts for the other HM classes and for non-HM
shipments. Impact measures can be refined for second phase work through the supplementing of
estimates through additional impact estimates from private sector sources such as insurance
companies and trucking companies.

4.1.3 Estimation of Data Needed For the Full Risk Assessment

The report provided an opportunity to evaluate the range of data available for conducting the full
risk assessment in phase II. As indicated above, the data for estimating the number and impacts of
incidents and accidents is good as long as several databases can be used to assemble a reliable
picture. Unfortunately, the same does not apply to the description of traffic flows for Class 3 HM
shipments. Although there is some representative data in regional studies, there is no good national
source of traffic flow data comparable to HMIS and Safetynet for accidents and incidents. The
regional studies as well as estimates from trucking companies will be able to be used to provide
traffic flow estimates for the phase 2 studies. However, the best data should result from the 1997
Commodity Flow Survey. That data should be available for use during 1999.

4.2 Numbers of Accidents and Incidents
and Magnitude of Impacts

For 1996, there were an estimated 3,766 accidents and incidents for Class 3 HM materials in the
United States. Of these, 1,443 were enroute accidents (490 spill accidents and 953 no spill
accidents), 362 were enroute incidents and the remainder, 1,961, were incidents associated with
loading and unloading. Enroute accidents accounted for about 38 percent of the total accidents and
incidents.

The magnitude of impacts for enroute accidents in 1996 show that these impacts are considerably
greater than those for both enroute incident and incidents associated with loading and unloading.

In fact, the impact costs of enroute accidents accounted for 95 percent of all incidents and accidents.
Impact costs also indicated that the no spill accidents exceeded the spill accidents in costs due to the
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greater number of injuries for the larger number of no spill accidents. Of the total costs for the 1996
portrait year of about $481,796,985, the costs for avoiding injuries and fatalities accounted for about
approximately 69 percent. Carrier damage and incident delay costs together accounted for about

25 percent of the total estimated cost for the year.

About $142,800,000 of the impact costs can be related directly to the hazardous nature of the cargo.
This represents about 30 percent of the impact costs for the major Class 3 accidents and incidents
estimated for 1996.

Both the estimates of accident and incident numbers and total impacts provide a profile that can be
duplicated for the other HM categories and for non-NM shipments. This information will provide
an essential ingredient for the risk analysis to be accomplished in the second phase.

4.3 Recommendation to Proceed with Phase Il

The project has been divided into two phases. The first phase characterized the shipment impacts
for one year of Class 3 HM shipments and assesses the feasibility of conducting a comprehensive
risk assessment of HM and non-HM shipments. The characterization of the one-year of shipment
impacts is contained in this report. The assessment of the feasibility of conducting a comprehensive
risk assessment of HM and non-HM shipments is contained in the “Plan for Assessing the
Feasibility for Conducting a Comparative Risk Assessment on Hazardous Materials and
Nonhazardous Materials Movements.” This report provides a solid beginning for the comparative
risk assessment scheduled for the second phase. The data and descriptions included here indicate
that a substantial quantity of data exists which will enable a comparison of risks between HM and
non-HM shipments. The “Plan for Assessing the Feasibility for Conducting a Comparative Risk
Assessment on Hazardous Materials and Nonhazardous Materials Movements,” which has been
prepared under a separate cover, provides a detailed plan for the approach that is recommended for
the risk assessment in Phase II. The Plan recommends the development of a model that will be able
to be periodically updated for the comparison of risks.
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Appendix A
State Hazardous Material Flows

Truck Transportation of Hazardous Materials:
Traffic and Commodity Flow

his appendix summarizes the results of the regional HM flow studies that have been
| conducted in recent years and some of the data from the national databases.

Summary of State and Local Flow Studies

Colorado

Mesa County Local Emergency Planning Committee. Hazardous Materials in Mesa County.
August 1997

A survey was conducted on two major roadways through Mesa County, which is located in western
Colorado. Two inspection stations were set up on I-70 and Highway 6 & 50 for two days
(12 hours/day) in August, where each truck was classified by hazard class.

For both survey locations, HM vehicles comprised 7 percent of observed vehicles. Commodities in
Hazard Class 2 (Gases) and Class 3 (Flammable Liquids) accounted for 43 percent and 36 percent
of HM vehicles.

Delaware

State Emergency Response Commission. Delaware Hazardous Material Transportation Flow
Study. June 1994

The Delaware Hazardous Material Transportation Flow Study consisted of statewide survey of HM
trucks on highways in March of 1994. Trucks were classified by placard/hazard class and counted
during a 4-day (8 hours/day) survey at eighteen intersections on Interstate or Principal Arterials.

For all sites, the results of the highway truck survey showed that HM vehicles accounted for 6
percent of the total truck traffic. Petroleum products, specifically gasoline, fuel oil and propane,
consisted of more than 55 percent of all HM vehicles observed. Furthermore, 59 percent of all HM

vehicles were carrying flammable liquids.

Kentucky

Kentucky Emergency Response Commission. Corridor Commodity Flow Analysis Final Reports.
I-24, January 1998

I-71, December 1997

I-75, November 1995

I-65, September 1995

I-64, June 1995
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Each corridor study consisted of 600 hours of observations at weigh stations along the Interstate
highway. Each survey recorded placard information for HM vehicles.

For all 5 corridors, HM vehicles consisted of 3.4 percent of total truck traffic. Most frequently
observed placards were for gasoline and motor fuel and for flammable materials consisting of
approximately 17 and 12 percent of HM trucks respectively. Trucks carrying flammable liquids
consisted of 57 percent of all HM vehicles.

Ohio |
“Growth Fuels Talk or Route Review”. Columbus Dispatch. July 21, 1996

Observations at I-70 and I-71 interchanges with I-270 through Columbus showed that 47 percent
of placarded trucks were carrying flammable liquids. No information regarding date, time and
duration of the observation period was specified.

Oregon

Public Utility Commission of Oregon and the Oregon Department of Transportation. Hazardous
Material Movements on Oregon Highways. 1987

A statewide survey was conducted at 11 truck weigh scale locations for 3 days in both March and
August. The survey recorded the hazard class, the specific material’s shipping name and
identification number of each HM truck.

For all sites combined, hazardous materials were being carried by 6 percent of the trucks observed.
Fifty-four percent of placarded trucks carried goods in the flammable or combustible hazard class.
Gasoline and fuel oil, followed by paint and hazardous wastes, were the most common materials
being transported. '
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Summary of State and Local Flow Studies

Table A-1. Traffic Statistics

- Hazardous Materials

Colorado

Delaware

Kentucky

Columbus, Ohio

Oregon

National Fleet Safety Survey 7.2 -

Summary of National Commodity Flow Sources

National Fleet Safety Survey
Office of Motor Carriers
Federal Highway Administration, March 1997.

This survey randomly sampled over 10,000 trucks in 11 states to assess the level of compliance with
Federal Motor Carrier Safety Regulations and with Hazardous Materials Regulations. The survey
found 5.6 percent of all sampled trucks to be carrying hazardous materials.

The national weighted estimate of the percentage of operating trucks carrying HM was determined
to be 7.2 percent. The weighting procedure considered the location of the inspections along with
VMT by state and by highway functional class.

1993 Commodity Flow Survey (CFS)
Census of Transportation, Communications and Utilities
U.S. Department of Commerce, Bureau of the Census.

The CFS provides data on the movement of goods by mode of transportation. Information
regarding volumes and ton-miles of hazardous commodities transported by truck was taken from
Table 6 (Shipment Characteristics by Commodity and Mode of Transportation) compiled for the
United States. The HM volumes and ton-miles were under estimated because data for crude
petroleum, and natural gas shipment was lacking. As well, the major commodity groupings

(two digit codes) did not readily disaggregate into detailed commodity types (three digit codes)
that would be considered solely hazardous but that would also include materials that were not
hazardous. Similarly, the determination of flammable liquids was inaccurate. Detailed commodity
information was not available at the state level.

1987 and 1992 Truck Inventory and Use Survey (TIUS)
Census of Transportation
U.S. Department of Commerce, Bureau of the Census.

TIUS measures the operational characteristics of the nation's truck fleet. The study consisted of
a mail survey of about 154,000 selected trucks including large trucks and small trucks (pickups
and vans). Published information is reported as national totals and by state of registration. The
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unaggregated database is available as a microdata file. The information is a result of the number
of trucks and truck-miles reported during 1992. TIUS reports only the number of vehicles used to
transport various commodities rather than the amount of commodity moved over a distance (ton-
miles for example). As well, the trucks reported may be used to transport more than one hazardous
commodity.

The 1992 survey showed that 2 percent of all trucks including small trucks carried HMs. Of'the
HM carriers, 35 percent carried commodities that could be considered flammable liquids. Analysis
showed that 18 percent of large trucks carried HMs and that 20 percent of them were placarded as
flammable.

Truck Transportation of Hazardous Materials: A National Overview
Transportation Systems Center
US DOT, December 1987.

The report presents and overview of HM transport on highways. Information and estimates of truck
traffic divisions are derived from the U.S. Department of Commerce (Bureau of the Census). The
report develops truck flows and traffic patterns using commodity and truck operating characteristics
from the CFS and TIUS of 1977.

The study reported that HM commodities accounted for 17 percent of truck ton-miles. Of that,
28 percent of HM ton-miles could be considered flammable liquid movements.

Table A-2. Selected National Commodity Flow Statistics
Commodity Statistics

1992 CFS

Ton-miles 4.9 13.7
{excludes petroleum products)

1992 TIUS

All registered trucks (includes large 2.2 13.7
and small trucks)

Large trucks 17.8 20.0
Truck-miles of HM - 2.2
1987 TIUS

All registered trucks (includes large 29 156.3

and small trucks)
Large trucks 12.1 29.8

Truck-miles of HM - 8.8

Truck Transportation of Hazardous
Materials (1977)

Ton-miles {factored volumes) 16.4 27.5

Final Report — April 1999 Appendix A A4



~Appendix B

Database
Search Criteria







Appendix B
Database Search Criteria

ppEndix B includes a set of tables that summarize the search criteria used to identify the
1996 Class 3 truck shipments for each database. Since each database has its own field
characteristics, Tables B-1 to B-6 each cover a database.

Table B-1. HMIS

“Field @as it | HMIS Field Name ‘and Criteria™ oo siiid
Accident ACCDR = YES

Source HMIS

Interstate Assumed Yes

Spill Assumed Yes

Date IDATE = */*/96

Time ITIME

Accident Street IROUTE

Accident City ICITY

County ICOUNTY

Accident State IST = CA, CO, OR, IA, IN, MN, OH, PA
Carrier Name CARRI

Census Number CRPNO

Carrier State CARST '
HZMT Placards Assumed Yes

HZMT Name COMOD

HZMT Trade TRADE

HZMT 4-Digit # UNNUM

HZMT 1-Digit # | CMCL = 30 (Class 3)

Cargo Cargo = Yes or No

# Fatalities DEAD

# Injuries INJURY: [MJING + MNING]

Phase PHASE = 261 (Enroute Between Origin and Destination)
Others VANTRL (= Yes or No)

Final Report — April 1999 Appendix B



Table B-2. Safetynet

‘FiollE - e 5

Safetynet Field Name and Criteria = 5

Acc— e ~<dent

Assumed Yes

Sows: S CE

State

INnte =ee——state

Interstate {= Yes or No)

Spil N

Hazardous Material Release of Cargo (= Yes or No)

Datee—m——————

Accident Date/Year = 96; Accident Date/Month;
Accident Date/Day

Tim: -eossme———

Accident Time/ Hour : Accident Time/ Minute

Acc——ummmm- dent Street

Accident Street Location

Acc= —=—mmmm -dent City

Accident/ City Name

Cotlmm- —===m—1tY

Accident County Code

AccE - <dent State

Accident State

Carew—— Smer Name

Carrier Name

Cerms: - ————sys Number

Census Number

Carme— =aer State

Carrier Address/ State

HZ N w==2 7T Placards Hazardous Material Placard = Y

HZN ==2T Name Hazardous Material Name

HZNa we=g T Trade N/A

HZ N w==2T 4-Digit # Hazardous Material 4-Digit Number

HZ M =2 T 1-Digit # Hazardous Material 1-Digit Number = 3
| Care—————mmwo Cargo Body Type

# Fe——=————— talitics Number of Fatalities
| # lnm =Sl uries Number of Injuries

Pha ——————e

N/A '

O th -eonmme—————rg

Truck/Bus = t (truck)
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Table B-3. California Highway Patrol

:Field

i|: california Highway Patrol Field Name and Criteria - -

Accident

Assuming Yes (Since all Property Use is Highway) !
Source CA
Interstate Cannot determine if Interstate or Intrastate 2
Spill Extent of Release and Release Factor
Date Indate = */*/96
Time Time Notified
Accident Street Address
Accident City City
County County

Accident State

CA by default

Carrier Name

Not available

Census Number

Not available

Carrier State

Not available

HZMT Placards

Placards Required = -1 (Yes)

HZMT Name Chemname

HZMT Trade N/A

HZMT 4-Digit # DOTID

HZMT 1-Digit # DOT Hazard Class = 3

Cargo Container Type

# Fatalities Fatality

# Injuries Injury

Phase N/A

Others Surrounding Area (Property Use Description)

Property Use code = 961, 962, 963
(freeway, county/city road, private road)

Mobile Property (Description)
Code/mobile = 20, 99, 00 (Freight Vehicle/road,
Other, Undetermined)

Equipment Type (Description)
Code, equipment = Not 97 (not Vehicle Fuel System)

ConDescribe = not 1 (not fixed).

Contype = not 41 {not vehicle fuel tank).

Conlevel = not 40 (not below ground).

1. Assuming all records pulled are accidents since all occurred on highways.
2. Cannot determine if Interstate of Intrastate carrier.
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Table B-4.

Public Utilities Commission of Ohio (PUCO)

Field ik ]- PUCO Field Name and Criteria
Accident Accident = Yes

Source OH PUCO

Interstate Interstate (= Yes, No, or Unknown)
Spill Released (= Yes or No)

Date Date = */*/96

Time Time

Accident Street Route/Milepost

Accident City City

County County

Accident State

OH by default

Carrier Name

Carrier name

Census Number

Not available

Carrier State

Carrier State

HZMT Placards

Not available - Assumed Yes

HZMT Name Materials Involved
HZMT Trade N/A
HZMT 4-Digit # Not available
HZMT 1-Digit # Not available '
Cargo Cargo = Yes or Unknown and Packaging
# Fatalities Fatalities
# Injuries Injuries
Phase N/A
Others Enroute = Yes
Gallons
Carrier City

1. Materials Involved: Using the 1996 North America Emergency Response Handbook,
the Materials Involved field was analyzed to see if was Class 3. If not class 3, then
the entry was deleted from the search.
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Table B-5. Colorado State Patrol

v Field Colorado State Patrol Field Name and Criteria
Accident Assuming Yes {Since all Property Use is Highway) !
Source CoSP
Interstate Can not determine if Interstate or Intrastate
Spill Relfact: 71, 94, 98, or Is Null

{Collision/Overturn, Fire/explosion, No Release, Nuil) 2
Date Incident Date (All 1996 records)
Time Incident Time
Accident Street Location
Accident City City/Town
County County

Accident State

CO by default

Carrier Name

Carriers/Facility Name

Census Number

Not available

Carrier State

Carr/Facil St

HZMT Placards

Placds Reqd = Y (1% & 2" HZMT Entries)

HZMT Name Chem/TradeName

HZMT Trade N/A

HZMT 4-Digit # DOT ID No (1% & 2™ HZMT Entries)

HZMT 1-Digit # DOT HZRD Class = 3 (1™ & 2" HZMT Entries)
Cargo Container Type

# Fatalities Fatality: [responders killed + others killed]

# Injuries Injury: [responders injured + others injured]
Phase N/A

Others Property Use = 961, 962, 963, 098 or Is Null

(freeway, county/city road, private road, other or Null}

Type of Incident = Transportation or Null

Veh Type = 20 or Is Null (Freight Veh/Road)

Container Type {1% & 2™ HZMT Entries)

Extent of Release (1% & 2™ HZMT Entries)

Car/Facil City

US DOT #

1. Assuming all records pulled are accidents since all occurred on highways

2. Spill field manually entered as y/n based on Relfact field plus other information.
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Table B-6.

Trucks Involved in Fatal Accidents (TIFA)

“ Field &

~TIFA Field Name and Criteria

Accident Assuming Yes

Source TIFA

Interstate Can not determine if Interstate or Intrastate '

Spill Spill/Spill

Date ‘Date: [Accident Month, Accident Day, Accident Year]
Time Time: [Accident Hour, Accident Minute]

Accident Street Case Street

Accident City Case City

County Case County/ Name

Accident State

Case State/ ABBREV

Carrier Name

Not available

Census Number

Not available

Carrier State

Not available

HZMT Placards

HZMT Placard/ Has Placard

HZMT Name Spec Cargo

HZMT Trade N/A

HZMT 4-Digit # Not available

HZMT 1-Digit # Determined by User 2
Cargo V132/Cargo Body Type
# Fatalities Fatalities

# Injuries Injuries

Phase N/A

Others Hazardous Cargo = 1

PU HZMT Cargo/ PU Has Cargo
1T HZMT Cargo/ 1T Has Cargo
2T HZMT Cargo/ 2T Has Cargo
3T HZMT Car{o/ 3T Has Cargo

1. Cannot determine if Interstate or Intrastate carrier.
2. Looked up HZMT Name in 1996 North American Emergency Response

Handbook to determine which HZMT Names were class 3. Deleted non-class 3

entries and no placard entries.
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Appendix C
Natural Resource Damages Settlements

The following table (C-1) presents 30 natural resource settlements from sites around the
country. The settlements are representative of the magnitude of settlement characteristic of
sites where environmental damage has occurred. The settlements are often the result of
complex environmental damage that would likely be more serious than that anticipated from
a HM spill after cleanup has occurred. However the damages provide a useful conservative
estimate of damage associated with specified acreage.
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