COMPARATIVE RISKS OF
HAZARDOUS MATERIALS
AND NON-HAZARDOUS
MATERIALS TRUCK SHIPMENT
ACCIDENTS/INCIDENTS

Final Report

Prepared for
Federal Motor Carrier Safety Administration

March 2001

w< bdllelle
- . . Putting Technology To Work
505 King Avenue, Columbus, OH 43201




Table of Contents

Page

EXECULIVE SUMIMEAIY ...ttt sttt be e e sae et e s bt e beeneesreebeeneesneeneas ES1
IS0 B 1 11 0o U Tox 1 o o SRR 1-1
1.1 Purpose and OrganiZalion .........ccoceeeeerieeeeseesieseeseeseeseesseessesessseessesesssesssesnsens 1-1

1.2 Hazardous Materials TranSportation ...........cccveeeereeresieeseesesseeseeseeseesseessesneens 1-2

1.3  Hazardous Material FIOW .......ccccoiiiiiriiiiiieeeeeeee e 1-3

22O IS (10 V1V =1 a0 o (o] 1o | /8PP URR 2-1
2.1 Accident and INCident Data SOUICES .........coverieerienierieenie e s see e 2-1

2.2 Methodology for Estimating Accidents/INCIdents..........ccccevveveeieerecieseeseenns 2-5

YZRC T 117 =Toi \V/T= 1 0 0 (o] oo 1V 20PN 2-10

2.4 Impact SUMMArY DiSCUSSION.......cciiiiitieieeeesieesieseesteeseeseesseesaesseesseesesseessesssens 2-25

3.0 High Consequence Low Probability ACCIAENES.......ccceueieeieeie e e 31
130 N 100 o [FTox 1 o o PSPPI 31

3.2  EVeNt Tree APPIICALION ....cceeeiiieieeeestee ettt 31

4.0 Accident and Incident Numbers and IMpPactS.........cccceverininienien e 4-1
4.1  Accident and Incident LiKelinOOd..........ccooeiiiiiiinieeee e 4-1

4.2 Shipment IMPact SUMMEIY ........cccoiveieiieieeeseere e es 4-2

5.0 Impact SuUmmary by HM Cal@QOry........ccceeierierieseeriesiesteesieeeeseeseeseesseessesaesseessesneens 51
ST R 1 010 [FTox 1 o o PSPPI 5-1

52 HM Category 1.1, 1.2, 1.3ttt sne e 51

53  HM Category 1.4, 1.5, 1.6....ccceeiiiiiiiiisie ettt s 5-1

5.4 HM CaEQOIY 2.1.... ettt ettt be e e sbe e san e e sbe e s sneesseesnneens 51

5.5  HM CEEQOIY 2.2, ettt sns e s nnn e e sneeeens 59

5.6 HM CaEQOIY 2.3.... ettt st e e b e e san e e sbe e s neesneesnnaens 59

5.7 HM CEIEQOIY ...ttt ettt e b e saae e s sss e e snneeesreeenns 59

5.8 HM Category 4.1, 4.2, 4.3ttt sre s ne e 5-10

5.9  HM CaegOry 5.1, 5.2.....iciiiiieieieie sttt 5-10

5.10 HM Category 6.1, B.2.....cccueiiiieiiieieeiee ettt e e se e sre e neesaeesnneens 5-10

5.11 HM CEIEQOTY 7.ttt ettt st st e s s s e s ssne e s snseesaneeesnneeenns 5-10

5.12 HM CELEJOIY 8. .ottt sttt s b e be e e sbe e saeeesbeesseeesseesnneens 5-10

5.13 HM CaEEQOIY ...ttt ettt sns e s nnee e sneeeens 511

5.14 All HM CalEQOIES ...c.ueiiueeieeiesieeiesee sttt s st ee e ee s sseesesseesbesneesseessesnsans 5-11

Final Report — March 2001 i



Table of Contents (Continued)

Page

6.0 Non-Hazardous Materials Accident Totals and IMPacts..........ccceeeveeeveececceeseecie s 6-1
G300 N 1 0 oo [FTox 1 o o PSPPI 6-1

6.2 Accident and INCIAENt TOAIS......ccoviiiririieie e 6-1

6.3  NON-HM AcCCIAent IMPACES......ccceiieierieieeeeseesie et sae e sae e 6-1

6.4 Non-HM Accident Risk and Cost per Mile........ccoooiiriiiiininiineeee e 6-2

7.0 Comparative Impacts and Risk of HM and Non-HM Shipments..........c.cccceeceeiieinenns 7-1
% R 1111 oo (8 o1 o o U SPRRPPRRR 7-1

7.2 COMPAAIVE COSS ...ocuviiueeireiesieesieeeesteeteseesseeste s e sseeseseesseesesseesseesesseessennsens 7-1

7.3 Comparative Risk and Cost per Mil€........cocoiieiiiiiieieeeeeeeee e 7-1

B4 I B 1= o0 Lo o PSPPI 7-4

8.0  SafeStat APPliCALIONS........cccieeieieeieeieee e ere e ee s e ste e s ste e seesse e e sseesteeeesneenseeneens 8-1
8.1  INtroduCtion t0 SAfESIAL........ccceeeeeeiierierie e 8-1

8.2 Current Role of HM in the SafeStat Algorithm ... 8-1

8.3  SAEStAl HM ANAIYSIS....cciiiiiiiiiieiiesie sttt 8-2

8.4 Changesin SafeStat APPIICALIONS.......c.coiiiieiierienie e 8-4

9.0 HM Database Assessments and Recommendations...........cccceceveenenieneenenieeseesieneens 9-1
9.1 Purpose and OrganiZation ..........ccoeeeereerieseeseesieseesieesee e ssesseeseesresessseessesssens 9-1

9.2 Opportunities for Database IMProvement ..........ccccceveererieseeseseese e 9-2

9.3 Recommendations and CONCIUSIONS..........cccueieerinieneeiie e 9-5

0 X0 o g Tox 11 o] o SRR 10-1
10.1 ProjeCt SIgNIfiCANCE......ccueieeiieeiieeeestee ettt sre e enne 10-1

10.2 ProjeCt RESUILS.......ceeiveeieceeceeie ettt et e e te e e sneenneennen 10-2

10.3 Recommendations for FULUre PrOJECES.........cooiieeieeiieeee e 10-3

List of Appendices

Appendix A. State Hazardous Material FIOWS .........cooeeiiiiiininneeeeeee s A-1
Appendix B Database Search Criteria.........ccevvreeieeie et e e B-1
Appendix C. Accident Information for Class 3, Class 2.1, and Class 8...........cccccevvrevnienen. C-1
Appendix D Natural Resource Damages Settlements..........cccvecvveeveeceneese e D-1
AppendiX E ClassS 2.1 REIEASES ......cceoiiiiiceeece e e E-1
Appendix F Impact Case EXAMPIES ......cccuv et F-1
APPENAIX G REFEIEINCES ... .ot ettt r et ne e neeneas G-1

Final Report — March 2001 ii



Table 1.
Table 2.
Table 3.
Table 4.
Table 5.
Table 6.

Table 7.

Table 8.

Table 9.

Table 10.
Table 11.
Table 12.
Table 13.
Table 14.
Table 15.

Table 16.
Table 17.
Table 18.
Table 19.
Table 20.
Table 21.
Table 22.
Table 23.
Table 24.
Table 25.
Table 26.
Table 27.
Table 28.
Table 29.
Table 30.
Table 31.
Table 32.
Table 33.
Table 34.
Table 35.
Table 36.
Table 37.
Table 38.
Table 39.
Table 40.

Table of Contents (Continued)

List of Tables

Page
Class 3 Truck Shipments — Estimated Unique Accidentsfor 1996 .................. 2-9
Class 2.1 Truck Shipments — Estimated Unique Accidents for 1995-1997 ..... 2-9
Class 8 Truck Shipments — Estimated Unique Accidents for 1995-1997 ........ 2-10
Distribution of VMT by Functional Classand Vehicle Type.......ccccvcveiienenne 2-18
SUMMEANY OF SEEPS ....uveeeeiieie ettt e e e saeenaennee s 2-22
Initiating Event Frequency and Event Tree Branch Probabilities
for Various Classes/Divisions of HM Being Transported by Truck................... 39
Initiating Event Frequency and Event Tree Branch Probabilities
for Division 2.3 (Poison Gases) DY TruCK.........cccveveveeeieiiere e 3-10
Initiating Event Frequency and Event Tree Branch Probabilities
for Class 7 (Radioactive) Dy TIUCK ........cceveeveeeseese e 3-10
HM Accident and Incident LiKelinood............ccooviiiiiiiinieeeee e 4-1
Enroute Release ACCIAENT TYPES......coivereieeieeeeeeseesee e ste e ste e sree e ennens 4-2
Estimated Annual Accident and Incident Impacts (COSES).....cccvveererienreeienenns 4-3
Estimated Annual Release Accident Impact COSES.......ccvvveveeveeceesieeie s 4-3
Average Accident/Incident Costs for the Portrait Year.........ccoccoveevenieieenenenne 4-5
Average Accident Costs for the Portrait Year........cccocveevveeveeceseese s 4-5

Average Impacts per Accident asif the High Consequence/Infrequent Accident
had Occurred in the Portrait Y ear Compared to Average Costs for that Year.... 4-6

Enroute Accidents: Total HM (Release/Non-Release) Impact Components...... 4-7
Enroute Accident: Total Releases, Impact Components.........ccccevevveveseesennens 4-9
Enroute Accident: Release Only, Impacts Components..........cceeeveeveseesenens 4-9
Enroute Accident: Fire, Impact COMPONENES.........cccccvevereereerirseeseeeesee e 4-10
Enroute Accident: Explosion Impact COmMPONENtS.........cccceveereerieenerienseesiennens 4-10
Enroute Accidents Non-Release Accidents Impact Components...........cccceeeee.. 4-11
Leak Enroute Impact COMPONENES.........ooireererieiiesieeiee e seeeee s ee e e e 4-11
Loading/Unloading INCIAENLS...........ceieeieieeseee e eee e 4-12
HM Accident Rate Per Mile.........c.ooiiiiiiieeeeee e 4-13
HM Accident/Incident Risk Per Mile (Includes Leak Enroute Incidents).......... 4-13
HM Accident COost Per Mile........ccooiiiieeeeeee e 4-14
HM Accident/Incident Cost Per Mile (Includes Leak Enroute)...........cccccevueneee 4-14
Category 1.1, 1.2, 1.3 ...ttt r e e nne e nane e 5-2
Category 1.4, 1.5, 1.6 ....oooiiiieiieie ettt 5-2
(O 10 (0] Y2 SR PRTUUPURTRRRPRN 5-3
CAEGONY 2.2 ... ettt et e et e e s na e s na e nnee s 5-3
CALEOOIY 2.3 ...ttt sttt et e e s s e e e be e s ae e e sae e sar e e beeeneennnenaneen 54
(02 1< 0 (0] V2 1O TP 54
Category 4.1, 4.2, 4.3 ... nne e 55
CalEOONY 5.1, 5.2 .t 55
CAEOOIY 6.1, 5.2 ...ttt e e e sr e e nrn e nne e 5-6
(O 1< o [0V APPSR 5-6
(O 10 (0] YK TSP P TR 5-7
(012 1< o[04 VK ISP 5-7
All HM CalBQOIIES ...ttt sttt sttt snaesreense e 5-8

Final Report — March 2001 iii



Table 41.
Table 42.
Table 43.
Table 44.
Table 45.

Table 46.
Table47.

Table 48.
Table 49.

Figure 1.
Figure 2.
Figure 3.
Figure 4.

Figure5.
Figure 6.
Figure7.
Figure 8.

Table of Contents (Continued)

List of Tables (Continued)

Page
Estimated Non-HM AcCCIdentSin 1996 ........cccoeverenenienineneneeeese s 6-1
Estimated Annual Non-HM Accident IMpactsS .........coeeeeeeneeienieeneee e 6-2
HM and Non-HM Accident Rate per Mil€........cccoooveieeieceeveeie e 7-2
HM Accident and Non-HM Accident Cost per Mile........ccooceeviieeneninneeienne 7-4
Effect of Removing All HM Weightings
from the SafeStat Scoring AIQOrithm ..o 8-7
Effect of Adding Non-Spill Accidentsto the Accident SEA Algorithm............ 8-8
Effect of Doubling Weight of Spill and Non-Spill Accidents
to the Accident SEA AIQOrithm .........oovveeiieeeecee e 8-8
Effect of Scoring all Bulk HM with Accident SEA >70.......cccccvvevierinneenenene 8-10
Effect of Including Bulk Carriers with ACSEA Scores >70 and
Adding Non-Spill to the Spill Accidents and Doubling the Weighting.............. 8-10

List of Figures

Demand and Bottleneck TraffiC FIOWS ........c.coeeiiiiiiiciecereee e 2-16
Level of Service Versus Delay Traffic Volume..........ccccoeoeveeveiceese e 2-19
Level of Service Versus Delay Traffic VolUMe..........cocoviiieniinieneee e 2-20
Event Tree Used to Model Division 1.1, 1.4, 2.1,
Class 3 and Class 9 ACCIHENES........c.eeieieerieie et 32
Event Tree Used to Model Division 2.2, Classes 5, 6, and 8 Accidents............. 33
Event Tree Used to Model Class 4 ACCIAENS.........cooeevereirerieneeseeie e 34
Event Tree Used to Model Division 2.3 ACCIAENES..........ccoverererieerienenenenieniens 35
Event Tree Used to Model Class 7 ACCIAENS.........cooeevereenenieeneene e 3-6

Final Report — March 2001 iv



COMPARATIVE RISKS OF HAZARDOUS MATERIALS AND
NON-HAZARDOUS MATERIALS TRUCK SHIPMENT
ACCIDENTS/INCIDENTS

o T——
Executive Summary

achieving their 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, transportation accidents. The purpose of this project is to assess the additional
risks posed by HM transportation when compared to non-hazardous shipments. The results will
also be used to assist the Federal Motor Carrier Safety Administration (FMCSA) in identifying high
risk motor carriers.

T his project was designed to assist the U.S. Department of Transportation (USDOT) in

The project has been divided in three phases.

The initial portion of the first phase characterized for one year the shipment impacts of Class 3
shipments and assessed the feasibility of conducting a comprehensive risk assessment of HM
and non-HM shipments. The feasibility study results were published in the Plan for Assessing
the Feasibility for Conducting a Comparative Risk Assessment on Hazardous Materials and
Non-hazardous Materials Movements, June 1999.

The second part of the first phase characterized the one-year shipment impacts of Class 2.1 and
Class 8 and provided a preliminary estimate of the impacts of non-HM shipments. Two white
papers, Potential for Integrating Hazmat Transportation Risk Assessment into Safestat and
Incorporating Severe Class 3 and Class 2.1 Accidents into the Truck Transportation Risk
Assessment were produced by the project in 1999.

The project’ s second phase was the actual comparative risk assessment between HM and non-
HM truck shipments. To obtain the overall HM risk, the study calculated the risk associated
with each class/division of hazardous material. With the completion of the second phase of the
project, the risk associated with the shipment of any class/division of HM can be compared to
the risk associated with other classes/divisions as well as to the shipment of non-HM materials.

The third phase of the project focused on a possible application of the HM risk results.
Specifically, the study assessed how HM risk information is currently being used in the SafeStat
program to identify potentially unsafe HM carriers. With these results in hand, the assessment
then focused on how the HM risk information obtained during the first two phases of the study
could be applied to the SafeStat algorithm to better identify “high risk” HM carriers.

For comparative purposes, the risk assigned was applied to 12 HM categories, consisting of
classes and divisions or groups of divisions as follows:
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Class 1. Divisons1.1, 1.2, 1.3 — all have the potential for mass detonation

Class 1. Divisions 1.4, 1.5, 1.6 — characteristics make mass detonation unlikely

Class 2: Division 2.1 — Flammable gases

Class 2: Division 2.2 — Non-flammable gases

Class 2: Division 2.3 — Poisonous gases

Class 3: Flammable liquids (and combustible liquids)

Class4: Division 4.1, 4.2, 4.3— Flammable solids; spontaneously combustible materials
and dangerous when wet materials

Class5: Division 5.1, 5.2 — Oxidizers and organic peroxides

Class 6: Division 6.1, 6.2— Toxic (poison) materials and infectious substances

Class 7: Radioactive materials

Class 8. Corrosive materials

Class 9: Miscellaneous dangerous goods.

Adding non-HM transport brought the total number of categories of materials being assessed to 13.

This report analyzes events involving the transportation of hazardous material that may or may not
result in the release of hazardous material to the environment. These events are defined as accidents
and incidents. An accident is defined here as an event that occurs when the vehicle transporting the
goodsisinvolved in acollision. Any accident involving the shipment of HM would be considered
asaHM accident regardless of whether any of the material was spilled or was exposed to the
atmosphere. Similarly, anon-HM shipment accident would be considered as a non-HM shipment
accident even if fuel from the tractor spilled during an accident. An event that occurs when the
vehicle transporting the goods spills some of the HM cargo but is not involved in acollisionis
termed an enroute incident. An event resulting in the spill or release of HM materia during loading
or unloading is defined as aloading/unloading incident.

Aninitial step in developing arisk assessment is to estimate reliably the number of accidents and
incidents across a defined period of time. For the first phase, estimates were developed for Class 3,
Division 2.1, and Class 8 truck shipment incidents and accidents for arepresentative year. The
Hazardous Materias 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 consequencesinvolved. To be more complete,
the datafound in the HMIS were supplemented with data from other federal and state databases.
The most important of these was the Motor Carrier Management Information System (MCMIYS)
accident database that provides accident information for both spill and no-spill accidents. The study
determined underreporting rates for Class 3, Division 2.1, and Class 8 accidents and incidents by
examining the same accident in several databases. These underreporting factors were then applied
to the other HM categories to devel op accident and incident likelihoods for an annual portrait.

A key portion of this assessment was the consideration of the impacts of high consequence/low
frequency accidents. First, these severe accidents were identified through an examination of the
historical record during the past fifty years. Next, the study obtained the likelihood of occurrence
by estimating the fraction of the accidents represented by the accident sequence that would, based
on the historical record, likely to be severe. Thus, atotal likelihood of accidents for the portrait year
was developed for all of the HM categories.
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The average annual enroute HM accident frequency was estimated to be 2,484 accidents. The
release accidents are estimated at 768. Average annual enroute leak incidents totaled 1,455 and
loading/unloading incidents totaled 10,746.

Class 3 shipments account for about 64 percent of the enroute accidents with releases and about 52
percent of the non-release accidents. Class 3 shipments along with categories 2.1, 2.2, 5.1, 5.2, 8,
and 9, represent about 94 percent of all enroute accidents with releases and about 93 percent of al
enroute non-release accidents.

Classes 3 and 8 alone are involved in about 77 percent of all of the enroute leaks in the year. For
loading and unloading incidents, these two classes were involved in about 84 percent of all
incidents.

To derive an estimate of the economic impact of incidents/accidents for the annual portrait, the
following impact categories were considered:

Injuries and Deaths
Cleanup Costs

Property Damage
Evacuation

Product Loss

Traffic Incident Delay
Environmental Damage.

The study reviewed several sources of information 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. Impact estimates not readily available from the
above sources, such asincident delay, were modeled. Finally, al impacts were converted to dollars
to permit comparison and to compile total impact cost.

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 USDOT would be willing
to spend to avoid an injury or death. This averaged out to be $200,000 to avoid an injury and
$2,800,000 to avoid afatality.

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

Total HM annua impacts for the portrait year are estimated at about $1.2 billion. Enroute accidents
with total impacts of just over $1 billion account for about 89 percent of the total impacts.
Accidents with arelease of HM with impacts of $416 million account for atotal of about 40 percent
of the enroute accident impacts. Within the release accident category, accidents with afire and
accidents with an explosion have total impacts of $139 million or about 34 percent of the total cost
of enroute release accidents. The consequences of these accidents are important because they make
up only about 12 percent of the total number of enroute release accidents. Non-release accidents
make up about 60 percent of the total enroute accident impacts in the annual portrait.
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Leaks enroute at $72 million account for an additional six percent and loading/unloading incidents
at $53.5 million accounts for about five percent of the impacts.

Class 3 represents 56 percent of all of the impacts, while categories 8, 2.1, 2.2, and 9 represent 13
percent, 9 percent, 6 percent, and 7 percent respectively. These five categories alone account for
approximately 91 percent of the estimated annual impacts for HM shipments. No other category
accounts for more than three percent of the total impacts.

Injuries and fatalities dominated the impact costs. For both release and non-rel ease accidents
combined, injuries represent about 40 percent of the impact costs. Fatalities represent about 40
percent of all impact costs for enroute accidents. Thus, injuries and fatalities together account for
about 80 percent of the impact cost. Incident delay for both rel ease and non-rel ease enroute
accidents add up to about nine percent of the total cost. Carrier, property damage, and product loss
together represent about eight percent of thetotal. Clean up, environmental damage, and
evacuations account for the remaining three percent of impacts.

Non-HM shipments experienced an estimated 126,880 accidents in the portrait year. After
compensating for underreporting, there were an estimated 5,009 fatalities and 109,779 injuries.
These injuries and fatalities result in impact costs of about $43 billion. All but $7 billion of that
cost results from injuries and fatalities.

All release and non-release enroute accidents for all of the HM categories for the annual portrait
year have an average value of about $414,000 per accident, while non-HM accidents averaged
about $340,000 per accident. This difference is magnified when non-HM accident impacts are
compared with HM release impacts. In the annual portrait year, the average cost per HM accident
release is about $536,000. The average impact cost of arelease accident with afire or one with an
explosion compared to the average cost of anon-HM accident shows an even greater contrast.

The non-HM accident rate of 0.73 per million vehicle milesis more than double the average HM
accident rate of 0.32 per million vehicle miles. This comparison is based on estimated mileage
figures from the 1997 Commodity Flow Survey (CFS). As stated above, the annual economic
impact of non-HM truck accidentsis over $43 billion, considerably higher than for HM truck
incidents. Although due primarily to a much larger volume of transport activity, the estimated non-
HM truck accident rate is also reflected in the impact cost per vehicle-mile.

Hazardous material shipments make up between four and eight percent of all shipments. Given this
small percentage, the cost of non-HM accidents clearly dominates the cost of HM accidents.
Although the average cost of an accident is higher for HM, these higher costs are not nearly enough
to overcome the large disparity in shipment volume between HM and non-HM shipments by truck.

Taking these observations into consideration, one should view the results of thisrisk assessment in
the context of establishing a genera estimate or bound on the financial impact of this problem
rather than a precise valuation. This project represents a systematic attempt to benchmark the
financial implications of the problem based on the best available data. We anticipate that
meaningful research and policy inferences can be derived for risk management purposes.

The SafeStat algorithm was evaluated to determine the appropriate inclusion of the risk of
hazardous materials shipmentsin the FMCSA carrier selection process. Potential changesin how
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HM isused in the algorithm were the focus of this effort. At the present time, about 1.6 percent of
the bulk HM carriers are identified as potentially unsafe carriers and are therefore subjected to a
compliance review. However, the risk assessment results show that the cost associated with the
transport of bulk HM by truck represents over two percent of the total truck accident risk. Thus, the
current SafeStat algorithm under represents bulk HM carriers. Several alternative scenarios for
increasing this percentage were subsequently defined and evaluated. Based on these results, the
recommendations formulated state that al bulk HM carriers with a D score should undergo a
compliance review. In addition, the scoring algorithm should be changed for bulk HM carriersto
include all ACSEA scores greater than 70. Finally, the accident weighting for HM accidents should
be expanded to include both spill and non-spill accidents. Currently, SafeStat uses only HM spil|
accidents in the accident weighting.

The HM risk assessment results presented in this study made extensive use of DOT, Census Bureau
and State supported databases. While these results would not be possible without the availability of
these databases, limitations of the study can in part be linked to their deficiencies. The study
concludes with recommendations, such as investigating ways to cross-reference the TIFA, MCMIS,
and HMI S databases and determining the causes of HM accidents. These would enable FMSCA to
improve its safety performance monitoring capabilities. The benefit of such improvements would
be areduction in the expense associated with maintaining the databases and in the availability of
additional information, such as causal factors, that could be used to develop programs to improve
the safety of both HM and non-HM truck transport.
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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. 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 the dollar loss from high-consequence transportation accidents. Additionally, the
FMCSA 2000-2001 Hazardous Materials Program Plan stresses the identification of high risk
carriers for compliance reviews as a primary strategy for the reduction of hazardous materials
incidents. The information developed in this project will be directed toward that strategy.

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) highway truck shipments when compared to non-hazardous materials (non-HM) highway
truck shipments. Specifically, the project focuses on benchmarking the risk associated with HM
highway transportation as compared to the transportation of non-HM. A second purpose of the
project isto develop atransportation risk assessment model that will enable the Federal Motor
Carrier Safety Administration (FMCSA) to identify programs that can result in the greatest
improvement in safety. Additionally, the FMSCA must be able to break down the HM risk
assessment into hazard classes so that experts can compare the costs associated with accidents/
incidents for each class. The distinction among hazard classes is based on the regulatory hazard
classification system that includes nine classes with divisions contained in the Code of Federal
Regulations (CFR) part 172.101 (49CFR Part 172).

The project was divided into three phases.

Theinitial portion of Phase | characterized the shipment impacts for one year of Class 3 HM
shipments and assessed the feasibility of conducting a comprehensive risk assessment of HM
and non-HM shipments. Class 3 materials were selected because of their relative importance
among HM shipmentsin volume and their potential for injury and damage during an accident.
The characterization of the one-year of impacts of Class 3 HM shipmentsis 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, April 1999.

The second portion of Phase | characterized the shipment impacts for one year of Class 2.1 and
Class 8 shipments as well as a preliminary annual portrait of non-HM shipments. These
characterizations are also contained in this report.

The project’ sfirst phase aso produced the two white papers. Potential for Integrating Hazmat
Transportation Risk Assessment into SafeStat and The Identification of High Consequence Low
Frequency Class 3 Hazmat Transportation Accidents. The papers were produced in late 1999.
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Phase Il of the project produced the actual comparative risk assessment between HM and non-
HM truck shipments. The overall HM risk depends on the risk associated with each class/
division of hazardous material. They are calculated for thisreport. Thus, with the completion
of Phase 1 of the project, the risk associated with the shipment of any class/division of HM can
be compared to the risk associated with other classes/divisions as well as to the shipment of
non-HM materials.

Phase |11 of this project uses the information developed for the first two phases and anayzes the
SafeStat algorithm to determine the appropriate inclusion of the risk of hazardous materialsin
the FMCSA carrier selection process.

1.2 Hazardous Materials Transportation

A hazardous material shipment is cargo that is part or all hazardous material according to the Code
of Federal Regulations (49CFR). An incident involving the shipment of HM is defined in 49 CFR
parts 171.15 and 171.16 and includes criteria for non-spill accidents. In the CFR, hazardous
materials are separated into the following classes (49CFR Part 171):

Class 1 — Explosives

Class 2 — Gases

Class 3 — Flammable liquids (and combustible liquids)

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 materias

Class 9 — Miscellaneous dangerous goods.

The majority of classes are segmented into divisions. For purposes of comparing risks, this analysis
employed afiner categorization of hazardous materials. Specifically, risks were developed for the
following classes and divisions or groups of divisions of HM. These are called categoriesin the
report.

Class1: Divisions1.1, 1.2, 1.3 - al have the potential for mass detonating
Class 1: Divisions 1.4, 1.5, 1.6 - characteristics make mass detonation extremely unlikely
Class 2: Division 2.1 - Flammable Gases

Class 2: Division 2.2 - Non-flammable Gases

Class 2: Division 2.3 - Poisonous Gases

Class 3

Class4: Divison4.1,4.2,4.3

Class5: Divisonb5.1,5.2

Class 6: Divison6.1, 6.2

Class7

Class 8

Class9
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Thisrisk assessment considered atotal of 12 different categories of hazardous materials. Adding
non-HM transport brings the total number of categories of materials assessed to 13.

1.3 Hazardous Material Flow

An essential element of the annual characterization of HM shipments is a description of traffic
flows. An estimate of transportation flows for all truck traffic and for all hazardous materials can
be derived from several sources.

One sourceis the 1993 Commodity Flow Survey (CFS) (U.S. Department of Commerce, 1996).
The (CFS) is acomponent 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
Commodity 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 ton-milesin 1993 with hazardous
materials comprising about 74,410,000,000 ton miles of thistotal. Hazardous materials represent
about 8.5 percent of the total ton-miles. Unfortunately, the datafor calculating the percentage of the
HM allocated to the various HM classesis limited, so the 1993 Commodity Flow study does not
provide a reasonable number in thisregard. In addition, average shipment tonnages are not
available for calculating the mileage.

The 1997 CFS (U.S. Department of Commerce, 2000) is a more recent source of data. The report
shows that all commodities shipped by truck comprised an estimated 1,023,506,000,000 ton miles
in 1997, with hazardous materials comprising about 74,939,000,000 ton miles of thistotal. This
represents about 7 percent of the total truck ton mileage. Utilizing average tonnage values per
shipment supplied by the Census Bureau and assuming an average of about two shipments per
truckload, the ton mileage for all truck shipmentsin 1997 can be converted into an estimated
182,132,216,586 vehicle miles. HM shipments constitute approximately 7,763,282,762 vehicle
miles, or approximately 5 percent of the total mileage. The data clearly indicate that HM
shipments, although on average heavier than non-HM shipments, tend to travel shorter distances.
Thisis especialy true for Class 3 shipments that involve gasoline and fuel ail.

Another source for vehicle milestraveled is the Federal Highway Administration’s (FHWA)
Highway Statistics for 1996, which provides annual vehicle milesfor 1996. The total for all
combination and single unit trucksis 182,756,000,000 miles (U.S. DOT, 1997b). During the first
phase of the project, the study utilized the National Fleet Safety Survey for 1996 to estimate the
percentage of HM (Star Mountain Inc., 1997). For 1996, using a weighted average, 7.2 percent of
al 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 five surveys, the
project team estimated that 52 percent of HM vehicles carried flammable liquids. Appendix A
provides additional information from these flow studies.

The Research and Special Program Administration’s (RSPA) Office of Hazardous Materials Safety
in their 1998 study “Hazardous Materials Shipments’ (US DOT, 1998) provided an estimate for
the number of daily shipments of hazardous materials and the number of tons shipped. This study,
based on a number of sources, estimates that all hazardous material truck shipments accounted for
about 769,000 shipments per day and about 1.4 billion tons shipped annually. Petroleum products,
which comprise the major part of the Class 3 shipments, accounted for an estimated 314,000
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of these daily shipments and about 1.04 billion annual tons shipped. Chemical and alied products
accounted for about 445,000 daily shipments and “ other” for about 10,000 daily shipments. The
RSPA study found that although only 43 percent of all HM tonnage is transported by truck, this
accounts for approximately 94 percent of all the individual shipments transported by truck.

Final Report — March 2001 1-4



2.0 Study Methodology

his section describes the methodology used for thisreport. Crucial portions of the
I methodol ogy include the
* review, selection and analysis of available data sources;
» estimation of the number of hazardous material and non hazardous material accidents and
incidents for the annual portrait; and
* measurement of impacts from these accidents and incidents.

2.1 Accident and Incident Data Sources

In this report, an incident is defined as an event involving the transportation of hazardous material
that resultsin an unanticipated cost to the shipper, carrier or any other party. An accident isan
incident that occurs when the vehicle transporting the goods isinvolved in a collision. The study
included HM accidents with arelease, HM accidents with no release, |oading/unloading with
release, and enroute leaks not caused by a vehicular accident. Non-spill accidents warranted
consideration in this study because severe consegquences (e.g., injuries and fatalities) can still occur.
In addition, law enforcement and fire protection officials often treat any HM accident as a potential
spill even if no release of material is apparent.

Aninitial step in developing arisk assessment is estimating the number of accidents and incidents
reliably for adefined period of time. In theinitial part of Phase |, an estimate of accidents and
incidents was developed for Class 3 truck shipments for the annual portrait. The estimate focused
on the Hazardous Materials Information System (HM1S) database and utilized several sources of
data to adjust the incidents and accidents reported in the HMIS. The adjustment was made in an
effort to reflect the actual number of incidents and accidents in a one-year period. During the
second part of Phase I, the methodology developed for Class 3 was applied to two additional
classes/divisions of HM: Division 2.1 - Flammable Gases and Class 8 - Corrosives.

Findings during Phase | affected the Phase |1 risk assessment work. Data analysis revealed that the
impacts from fires and explosions represented a series of impacts that should be separately assessed
whenever the data could support such a breakout. Another finding was the necessity of using more
than one year of accident data for the other 11 classes/divisions of HM, if similar accident statistics
were to berealized. For the analyses of Division 2.1 and Class 8 transport, initially three years of
datawere used. Eventually, over nine years of data were used to obtain the statistics for al

12 categories of HM.

As the studies began to focus on the categories with less shipping exposure, some techniques
adjusting for underreporting had to change aswell. Rather than look at several databases and
determine the amount of underreporting directly, the underreporting was estimated using factors
obtained from the detailed look at the first three categories of hazardous material, Classes 3 and 8
and Division 2.1. Even if time and money permitted using the accident reporting comparisons for
the other categories of hazardous material, it would have not been possible because only the HMIS
data covered the entire nine-year study period. For most of the other databases, only one or two
years of data were obtainable. The following sections describe the databases used in this effort.
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Dataidentified and reviewed during initial research efforts associated with FMCSA'’ 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 commaodities.

The data assembled and reviewed may be categorized as generally being from afederal or state
database with input in some instances by local authorities or private companies. The federa
databases are collected and maintained by multiple administrations within the U.S. DOT aswell 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 jurisdictiona 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 isasystem of databases main-
tained and managed by the Office of Hazardous Materials Safety (OHMS) within the RSPA.

The major database in the HM IS and the most pertinent for the FMCSA risk assessment study is the
incident/accident database. This database dates back to 1971, contains more than 300,000 records,
and currently adds approximately 14,000 reports annually. Although the HMIS is a multi-modal
database, about 85 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 amajor artery or an evacuation
of the general public. Although the HMIS annually adds more than 10,000 truck transport-related
reports, an average of 250 reports represent highway accidents with the great majority
(approximately 200) involving cargo tanks.

Until recently, the intrastate carriers, those operating in only one state, were not required to file

HM incident reports. Thus, for most of the recording period, the HMIS reports encompassed motor
carriers that operate interstate and those that transport certain highly hazardous materials interstate.
This reporting requirement was extended to intrastate motor carriers on October 1, 1998. In

49CFR, Parts 171.15 and 171.16 provide the specific reporting requirements. As aresult of the
distribution practices of some hazardous materials, such as gasoline, fuel oil, propane, and fertilizers
that are transported in large volumes by intrastate motor carriers, a substantial increasein HMIS
reports was predicted but has not been immediately realized. 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 isfound in the narrative section or in attachments.

For the purposes of FMCSA'’ srisk assessment study, the HMIS represents the only national
database of hazardous materials highway transportation accidents and incidents with details of the
material, packaging, and consequencesinvolved. This database is mature, well maintained, and has
been extensively examined; as aresult, its limitations can be identified. The consequences
associated with an incident are not comprehensive and in some instances the report form may not
even be complete. This deficiency, together with the lack of accident information, intrastate carrier
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incidents and non-spill incidents, requires input from additional databases whose strengths will
complement the HMIS for conducting the risk assessment. Of all the databases, this database is one
of the more thoroughly checked and most inconsistencies have been eliminated. Whileitisclear
that some accidents must be reported, two carriers might experience essentially the same minor
incident and one will report it and the other will not. The minor incidents that are reported
dominate the truck transport records contained in the HM IS database.

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 registra-
tion form must be completed and submitted to RSPA that indicates the company’s primary activity
and the states in which the company operates. The registration database collects approximately
26,500 records annually and may be sorted by primary activity, whether the registrant isa carrier,
offeror or both and whether the registrant 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 recorded in 1999.

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 MCMI S Database. The Motor Carrier Management Information System (MCMIS) isa
system of databases - not unlike RSPA’s HMIS - managed by the FMCSA. The Safetynet database,
also known as the accident file, is comprised of police accident reports (PAR) assembled by the
states and forwarded to the FMCSA. 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 awide 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 comprehen-
sive data set in Safetynet than others. This database captures the general details of a crash, aswell
as information on the vehicle and hazardous material cargo involved.

For the purposes of the FMCSA risk assessment study, Safetynet data files were requested for

eight selected states (PA, IN, 1A, 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’ sinformation system to the states' systems. The PRISM program began as a mandate
from Congressin 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
timeliness 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 FMCSA risk assessment study. The Safetynet database proved very useful
in adjusting the HM S database by adding intrastate carrier accidents and non-spill accidents.
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Trucksin Fatal Accidents. The Trucksin Fatal Accidents (TIFA) is adatabase 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 accidentsin 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. This makes it difficult to compare
TIFA with other databases containing HM data.

Commodity Flow Survey (CFS). The processing of the 1997 CFS hazardous materials report was
completed in the spring of 2000. Much needed data regarding the flow of hazardous materials for
risk assessment studiesis now available from the 1997 CFS. The largest contribution to hazardous
materials data comes from the highway data produced from the 1997 CFS. In sharp contrast to a
single HM table produced from the 1993 CFS, atotal of 26 HM tables were produced from the 1997
CFS. All but four of the 1997 CFS HM tables had some application to hazardous material
transportation in the highway mode.

The 1997 CFS hazardous materials tables included fourteen tables concerned with HM class or
division, six mode specific tables, three state/geographic tables, and three tables on selected
materials. The tabulations of the 1997 CFS hazardous materials data was compiled using the
standard CFS breakout of tons, ton miles, average shipment distance and weight. These data were
tabulated utilizing the data set assembled in the 1997 CFS from responses containing a UN/NA
entry. Presentations of the 1997 CFS hazardous materials data were constructed from the UN/NA
data set.

In addition to the 1997 CFS hazardous material s tables, estimates were derived and employed in
this risk assessment study to establish the approximate number of miles hazardous materials were
transported by truck to help in the identification of the exposure level of hazardous materials on our
nations’ highways. The hazardous material tables from the 1997 CFS can be found in the document
1997 Commodity Flow Survey issued April 2000, EC97TCF-US (HM) RV. Included in this report
are twenty-six tables, an overview of the 1997 CFS, areview of the sample design, data collection,
and an estimation methodology and sample report forms and instructions.

Vehicle Inventory and Use Survey (VIUS). The Vehicle Inventory and Use Survey (VIUS), known
asthe Truck Inventory Use Survey (TIUS) until 1992, is a component of the quinquennial Census
of Transportation and complements the CFS. The name change occurred because other vehicles
such as buses and recreational vehicles were intended to be added to the sample frame in 1997.
However vehicles other than trucks were not included in the sample so VIUS remains solely atruck
survey.

The 1997 VIUS was released in early 2000 and is now available for review and analysis. A hard
copy report has been published and the micro datais available on aCD ROM. The VIUS provides
figures for the number and type of trucks in operation, together with the physical and operating
characteristics of the country’ s truck population. The format for hazardous materials data collection
in the VIUS 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 that
have carried hazardous materials by hazard class and equipment type isavailable. Limitations
associated with this database include definitional issues (e.g., atruck may also include a pickup, and
aplacard must have been used) and little trailer information, as well as alimited sample of about
131,000 registered private and commercial trucks to draw on.
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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 analysisin
FMCSA'’srisk assessment study. This database includes information on the actual incident,
hazardous material, and casualties but lacked carrier information and whether the incident was
actualy an incident or accident. However, the database was able to provide enough information on
1996 Class 3 accidents to supplement the HM IS 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 | of FMCSA’ s risk assessment study. The database contains information
concerning 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
theincident 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.

2.1.3 Other Databases

Dialogue (Newspaper Clippings). A search of newspaper clippings from the eight states was
completed to identify Classes 3, 2.1, and 8 accidents/incidents for the annual portrait. Those that
were identified were included in the adjustment of the HMIS database. Most of the articles aso
provided additional detailed information about the accident/incident.

2.2 Methodology for Estimating Accidents/Incidents

The following sections describe the methodology used in the effort to estimate accidents/incidents
for the one-year period.

2.2.1 Selection of Reference Database

Thefirst step was to select areference 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 iswell maintained and carrier participation
isrequired. Deficienciesinclude alack of accidents or incidents involving intrastate carriers
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(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 materia
isapparent. Any accident involving atruck transporting HM should receive serious scrutiny from
officialsand the DOT.

DOT has done an excellent job maintaining the integrity of the database as various changes have
been made in the definition of the classes/divisions of Hazardous Materials and as additional fields
have been added. For example, when the explosive categories were changed from A, B, and C to
numerical categories, the 1982 through 1990 records were modified to show the A through C class
accidents as 1.7 through 1.9. This enables a database search to go back asfar as 1982 and get
meaningful accident data on the classes of HM.

When the project was started, 1996 was chosen as the base year for the analysis. At that time it
happened to be the last year for which complete data were available from all data sources. The first
analysiswas for Class 3, flammable and combustible liquid transport. Because this single class
represents more than 50 percent of all HM truck transport, good statistics could be obtained by
looking at just one year. Thefirst study during the second part of Phase | added two additional
classed/divisions of HM to the analysis, Division 2.1 (flammable gases) and Class 8 (corrosives).
Because these materials are involved in fewer accidents, the analysis base was expanded to 3 years
of records, 1995 - 1997. During Phase I, this analysis was subsequently extended to all classes/
divisions of HM truck transport. In the expanded categories of HM, some categories have few
incidents occurring in agiven year. Thus, for the final analysis, data from 1990 through

March 1999 were used to create an annual portrait of HM impacts. This provided the greatest
quantity of HM incident data from which consequence and likelihood values could be obtained.

While data from 1982 on could have been used, prior to 1990, only total impact costs were
provided. Since breaking the total cost out into multiple cost categoriesis crucia for the risk
assessment, and pre-1990 data did not have thisinformation, it was not used. While more than nine
years of data were used to evaluate consequences and likelihoods, the risk portrait continued to
describe one year. Whenever the approach isto collect data that covers several yearsin order to
consider the results to be representative of a year portrait, there is always a concern about trends.
Accident rate changes and cost escal ation trends might be expected to be mgor concerns. However,
the datafor the period 1982 to 1998 shows that the average total cost of an accident remained
constant. Furthermore, the total number of accidents reported each year did not seem to change
significantly over the 17-year period. While this result was somewhat surprising given the
significant cost increases in parameters such as the vehicle cost, the HMIS data provided no basis
for the selection of an escalation factor, so none was used. Although the costs were checked with
other sources to determine reasonableness, subsequent research and analyses should be conducted to
confirm whether increased accident costs occurred during these years.

2.2.2 Selection of Additional Databases

Additional databases with strengths complementing the HMIS for conducting the risk assessment
were consulted to supplement HMIS data with data on other spill accidents (especially intrastate
accidents) and non-spill accidents. In all cases, the additional databases covered fewer years.
However, because it was always possible to reduce the statistics to cover asingle year, this
limitation was not significant. The greatest limitation was in the time period covered by the
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databases. Where the databases covered the same time period, it was feasible to look at data from
asingle year in awide variety of databases and, in so doing, evaluate the underreporting that was
present in the databases. However, it was not feasible to continue to compare databases over many
years of dataand for all HM classes. First of all, most databases, particularly the state databases,
are generated for a specific purpose and the information may only have been collected for a year or
two. Secondly, if accidents are very infrequent, which is the case for some of the classes/divisions
of HM, when one database misses one accident, the correction factor for underreporting of that
class/division of HM would be large and making such corrections would not be an accurate
representation of reality. Thusin the second part of Phase I, two additional classes/divisions —
Division 2.1, flammable gases and Class 8, corrosives — were used to compare multiple databases
for estimating the number of accidents/incidents occurring in ayear. When added to the data from
Class 3, the comparison represents more than 75 percent of all the HM shipped by truck in agiven
year. Given thelarge fraction of HM shipments represented by these categories of HM, it was felt
to be appropriate to apply the underreporting factors devel oped for these three HM categoriesto all
the remaining HM categories.

The search criteria used to identify the 1996 Class 3 and 8 and Division 2.1 truck shipments for
each database is located in Appendix B. Because each database hasits own field characteristic,
individual queries were generated to identify the truck shipments. Criteria used across each
database included the following:

* Year
» Accident (vs. Incident)
* Class

* Placarded vehicle
» Enroute (traveling from origin to destination).

2.2.3 Approach for Estimating Accidents

As stated in the previous section, two distinct approaches were used to estimate the frequency of
accidents for a given hazard class. Using the datafor Classes 3 and 8 and Division 2.1 in each
database, underreporting factors were developed for accidents and incidents in HMIS and non-spill
accidentsin MCMIS. These underreporting factors were developed by using the HM IS database
and comparing additional spill accidents that were present in the other databases. Accidents that
appeared in the other databases but not in HM IS were assumed to represent underreporting. These
underreporting factors were then applied to the other classes/division of HM. The following
paragraphs describe this process in more detail.

The specific approach to supplementing the HM IS data involved focusing on the eight-state sample
and more intensively on California, Colorado, and Ohio because of additional state database
availability. The HMIS datafor the eight states were 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,
aportion 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 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 cal culate the number of accidents for the nation.
This process required four steps:

Final Report — March 2001 2-7



1. The number of accidents for the eight states was estimated by supplementing the HMIS data
with data from the other databases.

Tables C-1 through C-24 provide the tables for each of the eight states which summarize the
accident information used to estimate the number of accidents for the annual portrait. (Note that
for the analysis, the three states where state databases and dial ogue information was used were
weighted more heavily.)

2. A proportion of the national accidents represented by the eight states was calcul ated.
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 eight 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 aone represent about 19 percent of the total US ton-mileage.

3. Theaccident estimates for each of the eight states were totaled.

4. Thetotal 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.

Tables 1, 2, and 3 show the estimated unique accidents for 1996 for both release (spill) and non-
release (no-spill) accidents for Classes 3, 2.1, and 8. The tables also show how these numbers were
converted into national numbers.

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. They were
augmented by the percentage represented by the number of intrastate incidents that were not
covered in the HMIS for the 1996 data. Utilizing the Safetynet datafor 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.
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Tablel. Class3 Truck Shipments— Estimated Unique Accidentsfor 1996
(HMISused as a base)

Data Source and Accident Numbers Summary Accident Numbers
News

HMIS SAFETYNET State Clippings Spills No Spills
State and TIFA | Spill No | Spill No | Spill No # | F # | F
Colorado 9 4 21 4 1 0 1 17 | 10 0 23 21 0
Ohio 10 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 0 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| 163 | 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

286 + 0.30 = 953 no spills

spill injuries

no spill injuries

283
670

fatalities
fatalities

30
37

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

Table2. Class2.1 Truck Shipments— Estimated Unique Accidentsfor 1995-1997
(HMISused asabase)

Data Source and Accident Numbers Summary Accident Numbers
News

HMIS TIFA SAFETYNET State Clippings Spills No Spills
State Spill | Spill No | Spill No | Spill No | Spill No # | F # | F
Colorado 0 0 0 4 19 0 0 0 0 4 2 0 19 12 7
Ohio 2 0 2 2 7 1 2 1 1 6 4 1 12 7 2
California 4 0 2 2 15 1 0 1 0 8 6 1 17 14 3
Indiana* 1 0 1 1 18 0 0 1 0 3 0 0 19 13 1
Oregon*® 2 0 0 0 8 0 0 0 0 2 0 0 8 5 1
lowa* 2 0 0 1 6 0 0 0 0 3 0 0 6 5 1
Minnesota* 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0
Pennsylvania 3 0 1 7 47 0 0 0 0 10 7 0 48 33 2
Total | 37 19 2 129 89 16

| = injuries; F = fatalities

* HMIS spill accidents increased by 26 percent to compensate for no state database. No-spills increased

12 percent.

3 years of data averaged to represent 1996

42 - 3 = 14

139 - 3 = 46
8 states represent 30 percent of the total U.S. accidents.
14 + 0.30 = 47 spills
46 + 0.30 = 154 no spills

Using this method, the number of Class 2.1 accidents with spills for 1996 was estimated at 47 and
the number of no spill accidents 154.

spill injuries
no spill injuries

= 23
= 106

fatalities
fatalities

2
18
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Table 3. Class8 Truck Shipments— Estimated Unique Accidentsfor 1995-1997
(HMISused asabase)

Data Source and Accident Numbers Summary Accident Numbers
News

HMIS TIFA SAFETYNET State Clippings Spills No Spills
State Spill Spill o | Spill No | Spill No | Spill No # | F # | F
Colorado 3 0 0 1 6 0 0 1 0 5 2 1 6 2 1
Ohio 8 0 0 0 8 3 5 5 0 16 1 1 13 18 6
California 3 0 0 3 11 8 0 3 1 17 3 0 12 5 1
Indiana* 3 0 0 5 16 0 0 1 1 9 3 1 17 17 0
Oregon*® 0 0 0 2 8 0 0 0 0 2 1 0 8 4 0
lowa* 1 0 0 0 7 0 0 0 0 1 0 0 7 4 0
Minnesota* 2 0 0 1 0 0 0 0 0 3 0 0 0 0 0
Pennsylvania 4 0 0 2 51 0 0 1 0 7 4 1 51 50 2
Total 50 14 4 | 114 | 100 10

| = injuries; F = fatalities

. HMIS spill accidents increased by 26 percent to compensate for no state database. No-spills increased

12 percent.
3 years of data averaged to represent 1996
66 + 3 = 22
124 - 3 = 41
8 states represent 30 percent of the total U.S. accidents.
22 - 0.30 = 73 spills spill injuries =18 fatalities = 5
41 + 0.30 = 138 no spills no spill injuries = 121 fatalities = 11

Using this method, the number of Class 8 accidents with spills for 1996 was estimated at 73 and the
number of no spill accidents at 138.

2.3 Impact Methodology

To derive an estimate of the annual economic impact of incidents/accidents involving truck
shipments of hazardous materials, a number of incident/accident consequences must be taken into
consideration.

To develop the impacts of accidents and incidents, a six-step process was followed. The study

1. Selected impact categories that could be compared among the incidents/accidents. The impacts
categories selected were:

* Injuries and Deaths

» Cleanup Costs

* Property Damage

e Evacuation

* Product Loss

e Traffic Incident Delay

e Environmental Damage.
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2. Reviewed several sources of information to establish reasonable estimates of the economic
impacts of each consequence. It also conducted a comprehensive literature review to identify
unit costs that have been used in prior economic evaluation studies related to transportation,
environmental health, and safety. In addition, the study analyzed the HM IS and several state
databases to the extent that economic consequences were been reported.

3. Talied impacts reported in federal and state databases.

4. Supplemented impacts found in the databases with impacts derived from literature sources and
interviews with knowledgeabl e sources.

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

6. Converted all impactsinto dollar values to enable comparison among the impacts and the
preparation of atotal impact figure for the annual portrait year.

Where feasible, an attempt was made to compensate for accidents whose impacts are unlikely to be
representative when asingle year’ sdatais used. For example, several years of HMIS datawere
used to estimate average property |0ss costs.

The following sections present the parameters and background used to calculate impacts for the
annual portrait year. Based on thisreview and analysis, “ball park” unit costs of hazardous
materials transportation events can be established.

2.3.1 Injuries and Deaths

Injuries and fatalities associated with 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-cuit.
For example, in 1978 in Spain as aresult of atraffic accident, a LPG tank rocketed into atrailer
park and exploded. The ensuing fire injured and killed more than two hundred people. They would
not have been injured or killed if the material involved in the accident were not hazardous.

Differentiation becomes especially difficult when the traffic accident involves flammable material.
For example, if atruck carrying Class 3 material collides with a car, trapping a person, and afire
ensues and burns and kills that individual, can we attribute this death directly to the hazardous
cargo? Because gasoline is associated with the car, the individual might have died in a non-HM
accident aswell. Or perhaps it was the leaking cargo from the truck that caused the car fuel to burn.
Although the HMIS tabul ates only those fatalities attributable to HM, other databases such as
MCMIS include fatalities regardless of the direct cause. For the purpose of this evaluation, injuries
and fatalities associated with all accidents were tabulated whether or not they were known to have
been caused by HM.

Injuries and deaths were tabulated from the major federal and state databases and estimated through
analysis of the data for the eight states. To accomplish this, the HMIS data for the eight selected
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states were used as the reference case and data from the other databases were used to estimate the
total fatalities and injuries for those states. Aswas the case for the accident numbers, the numbers
of fatalities and injuries were extrapolated for the entire country. Injuries and deaths were estimated
in detail for Classes 3, 2.1, and 8.

Preparation of impact estimates for al 12 groups of HM classes/divisions employed a two-tiered
approach. This approach involved tabulating injuries and fatalities for accidentsin HMIS,
developing arate per accident and using these as representative of injuries and fatalities caused by
HM. For these, accidents, an injury and fatality rate per accident was calculated from MCMIS for
non-HM and used to represent all injuries and fatalities that could be expected to develop as a result
of the truck crash itself. Both rates were added to give the total injury and fatality rate for HM
shipments.

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 isto
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
injuriesin accidents. Finally, athird approach considers the cost of afatality or injury asthe
amount of money required to prevent it from happening.

The National Highway Transportation Safety Administration (NHTSA) estimated the cost of
fatalities and injuriesin 1994 and presented these estimatesin terms of lost productivity. In 1996
dollars, afatality would be worth about $913,000 and a critical injury about $780,000 (NHTSA,
1996). 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.

The National Safety Council is considered another 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 actualy willing to pay
to reduce their safety and health risks. The cost estimates include wage and productivity |osses
(i.e., wages and fringe benefits, replacement cost and travel delays caused by the accident), medical
expenses (i.e., 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., timelost by uninjured workers, investigation and reporting time, production slowdowns,
training of replacement workers and extra costs of overtime for uninsured workers). Comprehen-
sive costs tend to be three to four 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:

o $2,790,000 per death
e $138,000 per incapacitating injury
»  $35,700 per non-incapacitating injury
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e $17,000 per possible injury
e $1,700 per non-injury.

It isimportant to recognize that these estimates are based on motor-vehicle accidents as awhole.
The impact of atruck accident is likely to be more severe across several of the components that
comprise these unit costs. Moreover, atruck accident involving the transport of hazardous
materials would add to the economic considerations because of the inherent danger of a cargo spill.
Therefore, for this portrait, these numbers should be considered |ow-end estimates of the economic
conseguences.

Finally, athird approach, developed by NHTSA, that estimates the cost of avoiding the fatality
or injury, resulted in an estimate of $2,800,000 for afatality and $400,000 for an injury requiring
hospitalization. This estimate is used by some portions of the USDOT to estimate the cost of
avoiding afatality or seriousinjury (NHTSA, 1996).

For the purposes to this report, the latter estimate of the cost for avoiding the fatality or serious
injury is used as a means to estimate the overall cost for the accidents during the annual portrait
year. For minor injuries, an estimated value of $4,000 isused. The distribution of major and minor
injuriesin the HMIS for 1995, 1996, and 1997 was used to determine the ratio of major to minor
injuries. During those three 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/incident injury.

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, type of materials, and
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 identified the following relevant statistics:

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 thisreport. 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
areaif the incident/accident occursin 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
acleanup at about $14,000. However, their record cost was $102,000 to clean up ajet fuel spill at
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the Rickenbacker AFB that required 10 men at the site (Hogue, J., 1998). The average HM cleanup
costs about $1,000 per hour.

The HMIS database includes afield for cleanup costs. This datais submitted by the carrier and it
should be accurate since the carrier is responsible for paying the cleanup costs. For 1990 t01999,
cleanup costs averaged about $24,000 per enroute accident cleanup, $1,300 per cleanup for an
enroute incident spill, and $260 for an unloading/loading accident and incident spill cleanup. To
create a conservative estimate, these figures were applied as the average cleanup cost for all spills.

2.3.3 Evacuation

A small percentage of HM accidents causes the evacuation of people and business operations. This
is one important impact of HM transportation. 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 example, three years of HMIS data (1995, 1996, 1997), 498 records of Class 3
shipment accidents showed that about eight percent resulted in an evacuation. These evacuations
involved 1,974 people, an average of 51 per evacuation.

For the 1320 incidents recorded, about one percent resulted in evacuations. Thus, atotal of
431 people were evacuated with an average of 25 people per evacuation.

The cost of evacuationsis 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 U.S.
Nuclear Regulatory Commission, for example, uses arange of $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 aso used by the Federal Railroad Administration (FRA) to estimate
impacts from railroad evacuations. For this report, evacuations were also assumed to be possible
for al HM classes whether or not arelease occurred. Evacuations for non-release accidents were
assumed to occur at the same rate as evacuations for release accidents.

2.3.4 Product Loss

Product loss refers to the quantity and value of the HM material lost during aspill. The HMIS
provides estimates for product lossin its cost estimates. For example, for Class 3 enroute accident
related spills, the average cost of product lost per spill 1990 to 1999 was $3,208. For enroute
incident spills, the average cost of product lost during the same three-year period was $117.
Incidents and accidents during loading and unloading accounted for average product |oss of about
$61 over the more than nine years. Similarly, for Class 2.1 accidents, the average cost of product
lost per enroute accident related to a spill accident during the same period was $1,140. For enroute
Class 2.1, incident spills, the average cost of product lost during the same three-year period was
$1,656; for incidents and accidents during loading and unloading, it was $171. During the same
period, Class 8 spill accidents averaged $4,910 in product loss while product lost during enroute
incidents averaged $124; for loading and unloading incidents, it averaged $62.
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2.3.5 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, or apublic
roadway and related structures. Environmental damage to property that results in economic losses
is another category of damage that will be addressed in Section 2.3.9.

The HMIS provides estimates of property damage in one of itsfields. This estimate appears to be
reliable for damage to vehiclesinvolved 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 over nine-year period for which the HM IS
was analyzed, the average property damage for Class 3 enroute accidents was $16,041, while the
average property damage for enroute incident spills was $274. Property damage for leaks occurring
during loading and unloading incidents and accidents was $68. Average property damage for

Class 2.1 enroute accidents, enroute spills, and loading and unloading incidents were $3,147, $173,
and $2,315, respectively. For Class 8, the average values for enroute accidents, enroute spill
incidents, and loading and unloading incidents were $3,104, $67, and $17, respectively.

2.3.6 Carrier Damage

Carrier damage includes damage to the truck and associated equipment transporting the Class 3,
Class 2.1, and Class 8 materials.

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).

The estimate provided by the HMIS database is probably a more reliable estimate. For the 1990 to
1999, the more than 9-year period for which the HMIS was analyzed, the average carrier damage
for Class 3 enroute accidents was $33,013; the average carrier damage for enroute incident spills
was $174; and the damages for spills associated with unloading and loading accidents/incidents was
$37. Class 2.1 carrier damage for enroute accidents, enroute spills, and for loading and unloading
incidents averaged $25,582, $1,407, and $815 respectively. Class 8 carrier damage averaged
$25,541 for enroute accidents. Class 8 carrier damage for enroute spills and for loading and
unloading incidents averaged $165 and $17.

2.3.7 Traffic Incident Delay

Although an aspect of these costsis 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 that tends to lengthen traffic delays considerably. To aid in this effort,
HM incident delay was extracted from data collected by the states of Californiaand Ohio. Thiswas
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, amodel was adapted to be able to estimate the number of
hours and the cost of incident delay. For Section 2.3.7, al 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 ssmpler 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 ssmple 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:

1. Demand traffic flow that would have gone through a point if the incident had not
occurred, S,

2. Reduced traffic flow resulting from the incident, S;

3. The gateway flow after the incident has been cleared, S;.

Thisflow 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 areillustrated in Figure 1.

In addition to the flows, the duration of the incident,

T, isrequired to estimate the delay.

Cumulative traffic volume

I& T %| Time

Figurel. Demand and Bottleneck Traffic Flows

Information on practical capacity was obtained from the Highway Capacity Manual (1994) and
actual traffic flow datafrom 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 datain Highway Statistics to establish reasonableness.
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The v/<f ratio range is chosen to include the threshold value above which congestion occursi.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 alane was blocked.

Incident delay is estimated as a function of the level of service offered for four functional highway
classes. (1) urban interstate, freeways and expressways; (2) other urban roads; (3) rural interstate;
and (4) other rural roads. It isimportant that incident delay be considered within the context of
highway functional class because of differencesin the level of service, the volume of traffic, and the
average annual vehiclemilestraveled (VMT). VMT is autilization measure 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

= 8-9)(5-S)
2(5-3)

Figure 2 shows the variation of x with v/sf ratio for the four functional highway classes. For a
given demand traffic flow, the v/sf ratio on a particular highway class and the x can be determined
from the graphsin Figure 2. 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 showsthe
variation of incident delay in vehicle-hours with incident duration for the congestion threshold v/sf
value of 0.80. ThisV/sf ratio represents atypical 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. Asnoted in the equation and depicted in the figure, incident delay is alinear function of the
duration of the incident. Figures 2 and 3 are devel oped 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 differencesin
traffic flows, HM types, and type of incident and incident response management.

To obtain the user costs resulting from incident delays, information on the occurrence or probability
of an occurrence of an incident or the split between trucks and other vehicles on the various
highway systems may be required. Dataon VMT for trucks and other vehicles for the various
functional highway classes may be used to obtain the distribution of incident delay costs between
trucks and other vehicles. Table 4 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.
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Table4. Distribution of VMT by Functional Classand Vehicle Type

Percent of VMT by vehicle type (%)

Functional Highway class Trucks 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

Percent of VMT by highway class (%)
Functional Highway class Truck VMT Total VMT
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, 1997¢)

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 graphsin Figures 2 or 3. These delay costs due to
traffic are based on value of time and do not include the clean up costs of theincident. Earlier
studies (Grenzeback, L.R. et a., 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. Thisis 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. Dataon HM incidentsin the California Highway Patrol database, the
Ohio PUCO Incident Reports, and literature indicate the following:

e Cadiforniadata (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 partia or full road closures.

¢ Ohio data (1995-1998)

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

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

— Duration of incidents on urban interstatesis up to 4 hours with 100 percent lane or road
closures

—  Duration of incidents on other urban roadsis 2 to 20 hours with 75 percent lane or road
closures.
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* Literature

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

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

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

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

Input Data Summary. The following isasummary 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.

» Average duration of all incidents—5 hours.

» Average duration of major incidents (those requiring closure of all lanes) — 12 hours.

* Average duration of common incidents - 2 hours.

» About 5 percent of all incidents can be classified as major incidents.

* Average unit cost of delay is $15 per vehicle-hour.

* Minimum service flows (or capacities) expressed in vehicles per hour (vph) per direction used
in developing the curves are:

— Rurd 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.

[llustration. The following illustration describes the sequential steps followed to calculate incident
delay. 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 stepsin estimating the incident delays are summarized in
Table 5 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.

Sep 4 — With the v/sf ratio read off the corresponding x-value from Figure 2.

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

Sep 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 al highway classes.

Table5. Summary of Steps

sf \ T D Cost # of

(vph) (vph) v/sf K (hr) (veh-hr) @ $15 incidents | Total cost $
Highway class ) 2 3) 4 (5) (6) @) (8) ©)
Rural Interstate 3200 1900 0.6 615 5 3075 | $46,125 408 18,819,000
Rural Other 900 450 0.5 125 5 625 $9,375 574 5,381,250
Urban Interstate 4000 3200 0.8 | 1660 5 8300 | $124,500 285 35,482,500
Urban Other 600 400 0.7 160 5 800 | $12,000 538 6,456,000

(10) Grand Total | 66,138,750

For calculating incident delay in this report, the following incident delay durations were used:

* HM release accident, explosion 12 hours
* HM release accident fire only 8 hours
* HM release only accident 5 hours
* HM non-release accident 5 hours
* HM leak enroute incident 5 hours
*  Non-HM accidents 2 hours

2.3.8 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 |oss of economic productivity asin
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 been 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 were used as an example, afield could produce 35 bushels
per acre with avaue of $5 per bushel. Thiswheat crop for an acre would amount to a gross income
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of $3,500 over a 20-year period. For corn, afield could produce 128 bushels per acre with avalue
of $2.50 per bushel that 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
that economic loss due to environmental impairment was estimated as $7.37 per square meter of
impacted areain woodland, park and river/lake settings. This would mean an additional |oss of
approximately $469 per acre. These figures were reported in 1987 dollars and converted to 1996
dollarsfor 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 afine. 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, Class 2.1,
or Class 8 materials. However, the average figure represents one conservative estimate of environ-
mental damage. Thisfigure was selected as a simple estimate of environmental damage that could
be used as a representative number. A tablelisting all of the settlementsis shown in Appendix D.

To calculate the natural resource environmental damage from atruck release of Class 3, Class 2.1,
or Class 8 materials, its necessary to know how much material was spilled, where the spill occurred,
and what sort of surfaceit covered. An assumption was made that all of the spills would occur on
land and on adirt surface. In reality, a certain proportion of the spills would occur in water or a
paved surface. Furthermore, at |east one barrel, or 55 gallons, 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 Class 3 enroute
accidents resulting in a spill, the average spill greater than 55 gallons was 3,031 gallons, athough
the largest spill was 9,200 gallons. The data shows that 170 spillstook 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, aformula was used which assumed that the surface would be dirt and that
the spill would spread to about one centimeter in thickness. The area covered by the average spill
size of 3,031 gallons would be about .21 acres. To be conservative, 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, al spills
over 55 gallons would average about $1,800 of environmental damage where only arelease
occurred.

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

The area suffering environmental damage from Class 2.1 materials would be expected to be smaller
than for Class 3 materials. Appendix E provides adiscussion of the likely behavior of Class 2.1
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materialsin an accident. Class 2.1 represents liquefied petroleum gases. The most common
materials are Liquefied Petroleum Gas (LPG) and Liquefied Natural Gas (LNG). LPGis
predominately propane and LNG is predominately methane. For this report, we assume the spill
areais 60 percent of the areawe used for Class 3 flammable liquids, such as gasoline. The LNG
calculation indicates that 70 percent is a reasonabl e estimate but when the LNG is released from the
tank, there will be some mixing with air that decreases the spill percentage. Thiswill result in
additional vaporization for the colder LNG and will bring the two estimates closer together.

Class 2.1 accidents enroute spills averaged about 2144 gallons per spill. The 2144 gallon spill
would cover about 0.09 acres (assuming 60 percent coverage of a Class 3 spill). The 0.09 acres
are increased to 0.30 acres to be conservative. This represents a cost of about $1,138 per spill.
However, only about 35 percent of the spills exceeded 55 gallons and the average spill size
distributed among all of the accidents was estimated to be 750 gallons per spill. Consequently, the
average cost of environmental damage per spill for an enroute Class 2.1 accident spill is $398.

Unlike Class 2.1 spills, Class 8 (corrosives) spills are assumed to cover about the same area as
Class 3 spills. For Class 8 incidents enroute, an average spill totaled about 496 gallons. Thus,
each spill would affect about 0.12 acres. This areawas increased to 0.4 acres to ensure a
conservative estimate. This amounts to about $1,517 of environmental damage per spill. 1n 1996,
only 66 accidents had spills greater than 55 gallons (about 13 percent). Thus, the average
environmental damage for each of the 522 enroute incident spills would be $191.

Class 8 accidents enroute registered 60 spills over the 1995 to 1997 period. These spills averaged
911 gallons. Sixty-seven percent of all spill accidents had spills greater than 55 gallons. Each
911-gallon spill would cover about 0.06 acres, which was then increased by 3.33 timesto 0.21 acres
to be conservative. Thisamountsto $796 per average spill. However, since only 67 percent of all
spill accidents would have an average spill greater than 55 gallons, the value of environmental
damage for an average spill accident for 1996 would be $533.

The analysis of environmental damage assumed that rel ease-only accidents (no fire or explosion)
for the other nine HM classes/divisions would be similar to either Class 3, Class 2.1, or Class 8 in
environmental damage. For Class 7 radioactive materials, environmental damages are estimated to
be about the same as for a spill-only accident for Class 3.0, while damages for a Class 2.2 spill-only
accident averages about the same as Class 2.1, $398 in environmental damage. All of the other HM
groups except for Class 2.3 have an average environmental damage for a spill-only accident of
about $533, the same as for Class 8.

HM release accidents with afire and those with an explosion, result in greater environmental
damage, due to thermal damage from fire and blast damage from explosions. Accidents with afire
result in an average environmental damage of about $7,584, while damages from explosions
average an estimated $30,336.

Class 2.3 (poison gas) rel eases constitute the greatest environmental damage. Dispersion models
for chlorine gas indicates that an average of $53,336 of environmental damage will result.
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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, Class 2.1, and Class 8 hazardous materials. While the
goal isto establish ahigh 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:

» Concerns about the non-reporting of incidents/accidents to HMIS, as well as the accuracy of the
reports that have been filed.

» Theimpacts of catastrophic events on these estimates; the absence or existence of asingle
catastrophic event can significantly alter the reported estimates.

» Thevintage 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.

» The study sample and its relevance to truck transport of Class 3, Class 2.1, and Class 8
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. Assuch, it represents a valid attempt to benchmark the financial implications
of the problem based on best available data.
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3.0 High Consequence Low Probability Accidents
3.1 Introduction

comprehensive risk assessment. To determine the likelihoods and sequencing of these

accidents, the first step was to develop event trees for each of the HM class/division groups used
for thisanalysis. Next, ahistorical record of severe accidents was compiled. These severe events are
logical appendagesto the event trees. Then the likelihood of severe accidents occurring was calculated
by looking at the record of severe accidents and the likelihood of an accident sequence. Then the study
staff estimated the fraction of the accidents represented by accident sequences of the severity
documented by the historical record. For many of the classes/divisions of hazardous materials, the
historical record identified no severe accidents. In these cases, no appending was performed. The
special analysis section describes the approach that was used in the few cases where the above process
failed to produce the needed resuilts.

The consideration of high consequence/low probability accidents is essential for completing a

The appending of the severe accidents to the event treesis considered to be an important step in the
risk assessment since these severe accidents get extensive media coverage. Asaresult, the publicis
more aware of these accidents than the less severe accidents that occur much more frequently. Aswill
be shown, these tragic and sensational events are not the events that control the risk level. However,
the general public would consider any assessment that did not explicitly include severe accidents to be
incomplete.

Most of the probabilities shown on the event trees were obtained from the databases maintained by the
Department of Transportation. The primary source of information on non-release accidents was the
MCMIS Accident File. The primary source of information on rel ease accidents was the HMIS
database. Both databases were corrected for underreporting, using additional secondary sources that
also should have captured the same accidents recorded by DOT. Numerous queries were run to
identify any relationships that might enable the model to better represent the accident risk. Evaluations
of accident likelihood as a function of time identified no significant trends. Similar evaluations of
accident cost over time aso showed no significant trend. While this was somewhat surprising given
the known increases in the costs of vehicles, property, and materials, no trend was observed. So no
corrections were made. 1n actuality, the absence of time-related trends simplified the analysis because
no time weighting was needed. This enabled the queries to use an extended time period without
correction.

3.2 Event Tree Application

Although there seemed to be no overall cost or accident frequency trends, queries showed that the
severity of an accident was afunction of whether or not afire or explosion occurred as part of the
accident sequence. Thus, where the data supported breaking out explosions and fire as separate
accident sequences, the breakout was made. One way to show accident sequencesis by event trees.
An analysis of the datafor all the classes/divisions of HM material being shipped, reveaed that all the
classeg/divisions could be presented using four event trees. These event trees are shown in Figures 4
though 8. All begin with “accident occurs.” Figure 4 is representative of the event tree structure for
five of the 12 HM categories being considered in this analysis. These classes or divisions represented
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by the Figure 4 event tree structureare 1.1, 1.4, 2.1, 3, and 9. For each of these HM categories, the
second branch is “release occurs,” the next set of branches are “fire occurs’ and the third set of
branches are “ explosion occurs.”

Explosion

Fire

Release No Explosion

No Fire

Accident Occurs

No Release

Figure 4. Event Tree Used to Model Division 1.1, 1.4, 2.1,
Class 3 and Class 9 Accidents
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Fire

Release

No Fire

Accident Occurs

No Release

Figure 5. Event Tree Used to Model Division 2.2, Classes 5, 6, and 8 Accidents
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Release

Accident Occurs

No Release

Figure 6. Event Tree Used to Model Class 4 Accidents

Although the structure is the same, the branch probabilities are different for each HM category. The
branch probabilities are presented in Table 6. The second event tree structure is very similar to the
first except that there is not enough information to develop the “ explosion occurs’ branches. This
smaller event tree is presented as Figure 5. It isrepresentative of the structure used for five additional

HM categories, specifically 2.2, 5, 6, 8, and 4. The event tree probabilities for these HM categories are
presented at the bottom of Table 6.
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Urban Area

Large Release

Release Rural Area

Small Release

Accident Occurs

No Release

Figure 7. Event Tree Used to Model Division 2.3 Accidents
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Release

Class A
No Release
Release
Accident Occurs Class B
No Release
Release
Class C
No Release

Figure 8. Event Tree Used to Model Class 7 Accidents

Distinct event trees are presented for the two remaining HM categories, Division 2.3 — “Poison Gases,”
and Class 7 — “Radioactive.” Asshown in Figure 6, the event tree branches for “ Poison Gases”
considers “Release,” “Large Release” and “Urban Release” as subsequent branches on the event tree.
Table 7 presents the probabilities for the HM Division 2.3 event tree branches.

Table 8 presents the event tree branch probabilities for Class 7 shipments. For Class 7 shipments, the
initial set of branches consider three types of radioactive material “A,” “B” or “C;” the subsequent
branches consider “release occurs.” The event tree probabilities presented in Tables 6 through 8 form
the basis for the risk analysis that is developed in subsequent chapters of this report.

3.21 Explosions

When the event trees for the various categories of hazardous material were compared, sufficient
accident data were available to divide the fire category into an additional branch “explosion occurs’ for
Class 1, Division 2.1, Class 3, and Class 9. In the case of Class 1 materials, no explosions occurred
during the study period of 1990 t01999. However, there were several National Transportation Safety
Board reports on truck explosions that occurred during the past 50 years. Based on the historical

Final Report — March 2001 3-6



record, there will be one explosion of Division 1.1, 1.2, or 1.3 explosives every 10 years. The impacts
reported for the explosion scenario were obtained by averaging the impacts associated with the
explosions that have occurred over the last 50 years.

3.2.2 Fire and Explosion Relationships

Comparisons of the impacts from different classes/divisions of material were made by analyzing fire
without explosion scenarios and explosion scenarios. |f the comparisons showed trends that did not
seem to be representative of the accident environment, the results were handled in one of two ways. In
some cases, where there were only one or two accidents in aten-year period, the decision was made to
not break out the fire and explosion accidents as a separate accident category with independent impact
costs. In other cases, there were quite afew accidents but some of the impact categories had smaller
impacts than the non-fire scenario. When this occurred, an average impact ratio from a class with
more data, i.e., Class 3 was used to adjust the data for that cost category. One such category was
personal property damage. The amount of damage is dependent on where the accident occurs. For
example, afireinvolving atruck and severa other vehiclesin an urban setting could result in
considerably higher costs than one involving fewer vehicles that occurred in arural setting. When
there are not many records for a category, often these records are from accidents that occurred in rural
areas with low population density and dispersed built-up areas and, therefore, show low impacts.
However, in the case of Class 3, there are enough data for the historical record to capture some
accidents in areas where the population density, and therefore the personal property damage, is likely
to be high.

3.2.3 Special Analyses

There are a couple of categories where special analyses were performed to devel op the event trees.
Over the last 50 years, there have been afew releases following truck accidents involving Division 2.3
material—poisonous gases. However, none of these releases have been large, and none have occurred
in populated areas. |If such arelease occurred in apopulated area, fatalities could be expected. Given
the limited quantity of division 2.3 hazardous material being shipped by truck, the absence of alarge
release with subsequent fatalities is consistent with the historical record. Thus, the procedure used for
other divisions/classes of hazardous material does not yield the desired result for division 2.3
shipments. The containers for shipping poisonous gases of division 2.3 are quite similar to the
containers used to ship large quantities of flammable gases, of division 2.1 Therefore, probabilities that
could not befilled in on the division 2.3 event tree could be taken from the 2.1 event tree. The
probability that one of the accidentsin division 2.1 would be severe was then estimated using the
constructed 2.3 event tree as the starting point. Once the probability of alarge release was obtained,
the study transformed the accident location into a highly populated area by assuming that nine percent
of the transport would be in such an area. This figure corresponds to percentages used in routing
models such as HIGHWAY . The number of fatalities was then estimated assuming the material
released was chlorine.

The final category for which there was no release data was Class 7, radioactive materials. The vast
majority of radioactive material shipments are small packages, many of which are transported by
package delivery services. If the material being shipped isaliquid, there must be sufficient absorbent
material in the packaging to prevent the material from being released as afreeliquid. Thus, the
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impacts are very small. There are very infrequent accidents that have larger impacts. What was done
was to model one of each, neither of which, it turns out, adds significantly to the overall risk of
shipping hazardous materials.

3.2.4 Incorporation of High Consequence Accidents

While the event trees enable the modeling of accidents with varying severity within the same hazard
class or division, the approach is to use average impact numbers and not extremes. Furthermore,
because it was recognized that some very severe accidents might not be present in the database

records, an effort was made to look at accidents around the world that have been recorded during the
last 50 years to seeif any significant accidents have been missed. Asaresult, several severe, less
frequent events were added. As each was added, a check was made to see if the addition presented a
type of significant accident that had not been previously considered. As more and more accidents were
added, fewer accidents could be considered distinct. Therefore, additional scenarios contributed less to
the overall risk of transporting hazardous material. For example, a bus-gasoline truck accident in
which many of the bus passengers were trapped in the ensuing fire was added because a similar
accident killed more than 50 peoplein Brazil in 1998. Once that accident scenario was added, a
similar accident scenario could be added to consider the situation where the truck was carrying other
types of flammable material, for example, flammable gas, division 2.1. That scenario presented arisk
similar to that of the bus--flammable gasoline truck fire scenario Therefore, that accident scenario was
not added. Once professional judgement indicated that all of the various types of accident scenarios
had been evaluated, the process of identifying additional accidents for inclusion ended, based on the
assumption that no significant risks (ones that would significantly increase the overall risk) of shipping
hazardous materials had been neglected.
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for Various Classes/Divisions of HM Being Transported by Truck

Table 6. Initiating Event Frequency and Event Tree Branch Probabilities

c . Branc_r! . Branch . Branch

lass or | Accident | Release |Probability| Fire Probability Explosion Probability Branch
Division |Frequency| (Y/N) (Rsl;:le;se (Y/N) (Fire Y/N) (YIN) (Explosion Y/N) Frequencies
1.1 142 Y 1.55E-01] Y 9.10E-02] Y 5.00E-01 1.00E+00}
Y 1.55E-01] Y 9.10E-02 N 5.00E-01 1.00E+00}
Y 1.55E-01] N 9.09E-01 2.00E+01
N 8.45E-01 1.20E+02
1.4 321 Y 2.84E-01] Y 1.10E-02] Y 1.00E-02 1.00E-02
Y 2.84E-01] Y 1.10E-02 N 9.90E-01 9.93E-01
Y 2.84E-01] N 9.89E-01 9.02E+01
N 7.16E-01 2.30E+02]
2.1 276 Y 1.70E-01] Y 1.92E-01] Y 2.20E-01 1.98E+00j
Y 1.70E-01] Y 1.92E-01 N 7.80E-01 7.03E+00]
Y 1.70E-01] N 8.08E-01 3.79E+01
N 8.30E-01 2.29E+02]
3 1380 Y 3.55E-01] Y 1.47E-01] Y 3.06E-01 2.20E+01
Y 3.55E-01] Y 1.47E-01 N 6.94E-01 5.00E+01
Y 3.55E-01] N 8.53E-01 4.18E+02]
N 6.45E-01 8.90E+02]
9 179 Y 3.36E-01] Y 2.20E-02] Y 2.30E-01 3.04E-01
Y 3.36E-01] Y 2.20E-02 N 7.70E-01 1.02e+00j
Y 3.36E-01] N 9.78E-01 5.88E+01]
N 6.64E-01 1.19+02}
2.2 178) Y 1.46E-01] Y 7.70E-02 2.00E+00]
Y 1.46E-01] N 9.23E-01 2.40E+01]
N 8.54E-01 1.52E+02}
5 61 Y 475E-01] Y 6.90E-02 2.00E+00]}
Y 475E-01] N 9.31E-01 2.70E+01]
N 5.25E-01] 3.20E+01]
6 50, Y 3.00E-01] Y 6.70E-02 1.01E+00}
Y 3.00E-01] N 9.33E-01 1.40E+01}
N 7.00E-01 3.50E+01]
8 257, Y 2.84E-01] Y 2.70E-02 1.97E+00}
Y 2.84E-01] N 9.73E-01 7.10E+01]
N 7.16E-01 1.84E+02}
4 33 v 2.42E-01 7.99E+00}
N 7.58E-01 2.50E+01])
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Table 7. Initiating Event Frequency and Event Tree Branch Probabilities
for Division 2.3 (Poison Gases) by Truck

Branch Large Branch Urban Branch
Class or | Accident | Release | Probability 9 Probability Probability Branch
L Release Release .
Division | Frequency | (Y/N) Release (YIN) Large Release (YIN) Urban Release | Frequencies
YIN -YIN Y/N
2.3 1.20E-01 Y 1.68E-01 Y 2.20E-01] Y 9.10E-02 4.04E-O4I
Y 1.68E-01 Y 2.20E-01] N 9.09E-01] 4.03E-03|
Y 1.68E-01 N 7.80E-01, 1.57e-02}
N 8.32E-01] 9.98E-02|
Table 8. Initiating Event Frequency and Event Tree Branch Probabilities
for Class 7 (Radioactive) by Truck
Branch Branch
Class or Accident Tvoe Probability| Release | Probability Branch
Division Frequency yp Release (Y/N) Release |Frequencies
Y/N Y/N

7 1.20E-01] A 9.00E-01 Y 2.20E-01]  2.38E-02

A 9.00E-01] N 7.80E-01]  8.42E-02

B 9.00E-02 Y 1.00E-01]  1.08E-03}

B 9.00E-02 N 9.00E-01] 9.72E-03|

C 1.00E-02 Y 6.00E-05 7.20E-08|

C 1.00E-02, N 1.00E+00|  1.20E-03}
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4.0 Accident and Incident Numbers and Impacts

his chapter summarizes the analysis of the annual impacts of accidents and incidents for the
12 categories of HM classes and divisions selected for analysis.

4.1 Accident and Incident Likelihood

This section presents an overview of the estimated annual number of HM accident and incidents.

Table 9 shows the breakdown by the 12 categories of accidents and incidents. It includes enroute
release accidents broken into release (spill), non-release (no spill) accidents, leaks enroute, and
loading and unloading incidents. Totals are presented for each HM category and accident/incident

type.

Table 9. HM Accident and Incident Likelihood

Enroute Accident Total For | % of Total
Release/Non Leak Loading/ | All Hazmat (by
HM Category Release | No Release Release Enroute |[Unloading| Incidents |Categories)
1.1,1.2,1.3 2.200 12.000 14.200 1.00 1 16.200 0.11%'
1.4,15,1.6 9.101 23.000 32.101 3.00 3 38.101 O.26%|
2.1 47.000 229.000 276.000 15.00 67 358.000 2.44%'
2.2 26.000 152.000 178.000 19.00 126 323.000 2.20%'
2.3 2.020 10.000 12.020 5.00 20 37.020 0.25%'
3 490.021 889.000 1,379.021 587.00 4855 6,821.021 46.45%'
4.1,4.2,4.3 8.000 25.000 33.000 13.00 92 138.000 O.94%|
5.1,5.2 29.000 32.000 61.000 50.00 372 483.000 3.29%'
6.1,6.2 15.000 35.000 50.000 125.00 760 935.000 6.37%'
7 6.001 6.000 12.001 4.00 4 20.001 O.14%|
8 73.000 184.000 257.000 539.00 4130| 4,926.000 33.55%'
9 60.300 119.000 179.300 94.00 316 589.300 4.01%'
All Categories 767.642 1,716.000 2,483.642 1455.00 10746( 14,684.642 100.00%'
% of Total 5.23% 11.69% 16.91% 9.91% 73.18% 100.00%
Incidents
% of Total Enroute 30.91% 69.09% 100.00%
Accidents

Likelihood is the number of accidents that occur in one year. Enroute accident likelihood accounts
for 2,483.6 accidents. The 0.6 accident represents accidents that are not expected to occur each
year. Therelease accidents are estimated at 767.6 and non-release at 1,716. Enroute leak incidents
totaled 1,455 and loading/unloading incidents 10,746.

Class 3 accounts for about 64 percent of the enroute accidents with releases and about 52 percent of
the non-release accidents. Class 3 along with categories: 2.1, 2.2, 5.1, 5.2, 8, and 9 represent about
94 percent of all enroute accidents with releases and about 93 percent of al enroute non release
accidents.
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Classes 3 and 8 alone are involved in about 77 percent of all of the enroute leaks in the year. For
loading and unloading incidents, these two classes were involved in about 84 percent of all

incidents.
Table 10 shows the Table 10. Enroute Release Accident Types
breakdown of enroute release Release-
accident types Thetable HM Category Fire Explosion Only Total
. . 1.1,1.2,1.3 0.1 0.1 2 2.200
breaks release accidentsinto 14,15 16 0.1 0.001 9 9.10]
three types. release only, fire 21 7 2 38 47.00]
but no explosion, and 2.2 2 0 24 26.00§
explosion. Approximately 2:.%3 58 22 ozog 24% 4938%
eight percent of _all re_Iease 41,42, 43 0 0 8 8.004
accidentsresult in afire. . 51,5.2 2 0 27 29.00]
About three percent result in 6.1,6.2 1 0 14 15.00§
an explosion. Thus, about 12 ! ol 0.0005 - 72-88=
percent of all release '

) N . 9 1 0.3 59 60.30}
accidents result in either afire All Categories 65.2] 24422  678.02 767.64]
or explosion. However, for % of Total Enroute | 8.49% 3.18%| 88.33% 100.00%
categories 2.1 and 3. the Release Accidents

' % of Total Hazmat | 2.63% 0.98%| 27.30% 30.91%
percentages are 19 percent Accidents "I

and 15 percent respectively.
The number of accidents with

fire or explosion is especially important because of their association with larger impacts. These

impacts are discussed in following sections of the report.

4.2 Shipment Impact Summary

This section summarizes the annual shipment impacts for each of the HM categories.

4.2.1 Total Impact Costs

Tables 11 and 12 provide a summary of the total annual estimated impacts for HM shipments.
Table 11 shows dollar values for the following categories. enroute release accidents, non-release
accidents, leak enroute, loading/unloading. In Table 12, enroute release accidents are broken into
release-only, fire, and explosion. The costs are totaled for each category and for each type of

accident.

In addition, the percentage that each category contributes to the total HM accident pictureis

displayed. Total HM annual impacts are estimated at about $1.2 billion. Enroute accidents with
impacts of about $1 billion account for about 89 percent of the total impacts. Release accidents
with impacts of approximately $416 million account for atotal of about 40 percent of the enroute
accident impact. Within the release accident category, accidents with afire and accidents with an
explosion have total impacts of nearly $140 million, about 34 percent of the total cost of enroute
release accidents. However, individually these accidents are important because their impact is
greater. The total number of these accidents represents only 12 percent of the total number of
enroute release accidents but 34 percent of cost. Non release accidents make up about 60 percent of
the total enroute accident impacts for the annual portrait.
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Table 11. Estimated Annual Accident and Incident Impacts (Costs)

Enroute Accident Total For All
Release/ Loading/ Hazmat % of Total (by
HM Category Release No Release NonRelease Leak Enroute | Unloading Accidents Category)
1.1,1.2,1.3 $3,700,000 $6,000,000 $9,700,000 $100,000 $0 $9,800,000 0.84%)
1.4,15,1.6 $4,100,000 $7,900,000 $12,000,000 $100,000 $100,000 $12,200,000 1.05%
2.1 $25,500,000 $81,100,000 $110,000,000 $800,000 $1,000,000 $110,000,000 9.31%
2.2 $9,600,000 $55,000,000 $64,600,000 $1,500,000 $2,100,000 $68,200,000 5.85%
2.3 $3,100,000 $3,400,000 $6,500,000 $2,000,000 $2,300,000 $10,800,000 0.93%)
3 $290,300,000| $320,000,000 $610,000,000 $26,100,000( $12,600,000( $650,000,000 55.78%
4.1,4.2,4.3 $3,000,000 $10,000,000 $13,000,000 $700,000 $700,000 $14,500,000 1.24%)
5.1,5.2 $10,600,000 $7,700,000 $18,300,000 $2,500,000 $2,000,000 $22,800,000 1.96%
6.1, 6.2 $8,800,000 $9,800,000 $18,600,000 $5,700,000 $6,400,000 $30,700,000 2.63%)
7 $2,100,000 $2,400,000 $4,500,000 $200,000 $0 $4,700,000 0.40%
8 $31,200,000 $66,700,000 $97,900,000 $27,900,000 $24,200,000 $150,000,000 12.88%
9 $23,700,000 $45,300,000 $68,900,000 $4,500,000 $2,100,000 $75,500,000 7.13%)
All Categories | $415,800,000( $616,000,000| $1,031,800,000 $72,100,000( $53,500,000( $1,157,300,000 100.00%
% of Total 35.93% 53.23% 89.15% 6.23% 4.62% 100.00%
Costs
% of Total 40.30% 59.70% 100.00%
Enroute
Accidents
Table 12. Estimated Annual Release Accident Impact Costs
Enroute Release Accidents I
HM Category Fire Costs Explosion Release-Only Total
1.1,1.2,1.3 $710,000 $1,820,000 $1,190,000 $3,720,000|
1.4,15,1.6 $710,000 $18,000 $3,360,000 $4,090,000§
2.1 $4,500,000 $7,720,000 $13,360,000 $25,540,000|
2.2 $810,000 $0 $8,820,000 $9,630,000|
2.3 $0 $0 $3,050,000 $3,050,000|
3 $63,600,000 $52,500,000 $174,200,000 $290,300,000|
41,42, 4.3 $0 $0 $3,000,000 $3,000,000§
5.1,5.2 $780,000 $0 $9,840,000 $10,610,000|
6.1, 6.2 $2,830,000 $0 $5,970,000 $8,800,000|
7 $0 $10,000 $2,090,000 $2,100,000|
8 $2,900,000 $0 $28,400,000 $31,230,0000
9 $380,000 $130,000 $23,200,000 $23,690,000|
All HM Categories $77,200,000 $62,200,000 $276,400,000 $415,800,0004
%of Total Enroute 18.56% 14.96% 66.48% 100.00%I
Release Accident Costs
% Total Enroute 7.42% 5.99% 26.59% 40.00%'
Accident Costs

L eaks enroute account for about $72 million, an additional 6 percent; loading/unloading incidents
cost $53.5 million or about 4.6 percent of the impacts.

Class 3 represents 56 percent of al of the impacts, while categories 8, 2.1, 2.2, and 9 represent
about13 percent, 9 percent, 6 percent and 7 percent respectively. These five categories alone
account for approximately 91 percent of the estimated annual impacts for HM shipments. No other
category accounts for more than three percent of the total impacts.
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For Class 3 enroute rel ease accidents, the importance of impacts from fires and explosionsis
dramatic. Of the $290 million impact value (about 70 percent of the impacts from enroute release
accidents), fire and explosion accidents account for an estimated $114.5 million or about 40 percent
of the value. Fire and explosion accidents constitute about 15 percent of the 490 Class 3 release
accidentsin ayear. Similarly, for Division 2.1, fire and explosion impacts represent about 48
percent of the $25.5 million release accidents impact value, although it only represents about 19
percent of the accidents.

4.2.2 Average Impact Costs

This subsection describes the average costs of HM accidents for the portrait year. The total impact
was divided by the accident likelihood to calculate the average cost. Each high consequence/low
frequency accident represents one accident even though only afraction (based on its likelihood of
occurring in one year) of the full accident cost has been allocated to impacts for the portrait year.
Table 13 shows the average costs by HM category for annual accidents and incidents; Table 14
shows average costs for the different types of release accidents.

The tables demonstrate that for the two types of materials that could result in catastrophic impacts
in an accident, average impacts are high. These include Categories 1.1, 1,2 and 1.3 (explosives) and
Division 2.3 (poison gas). Table 14 shows that for Category 1.1, 1.2, 1.3, the average cost of
arelease accident is about $930,000 and for Division 2.3, the average cost of arelease accident is
about $1,020,000. However, Table 14 shows Class 3 with far greater total impacts and with many
more accidents. The average cost per release accident for Class 3 is about $590,000.

The tables also demonstrate that the average cost is considerably higher for an enroute accident with
an explosion than for an accident with only afire. The tables also show that an accident with only a
release has considerably lower average cost per accident than one with afire. AsTable 14 shows,
accidents with explosions have the highest average cost per accidents. Table 14 shows that
accidents with explosions average $2,070,000; those with fires, $1,150,000; and those with arelease
only, $410,000 per accident. All release accidents together averaged $540,000 in annual impacts.
Enroute accidents without a release averaged about $359,000 per accident in the portrait year.
Appendix F provides case study descriptions of selected Class 3, Division 2.1, and Class 8
accidents. Incidents have the lowest average cost. Leak enroute average about $50,000 per
incident, while loading/unloading incidents average only about $5,000 per incident.
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Table 13. Average Accident/Incident Costs for the Portrait Year

Enroute Accident Sum: (x,y,z)
(\ () (incidents %
(x) Release/ Leak Loading/ being Difference
HM Category Release | No Release |Non Release| Enroute | Unloading constant) |from Mean
11,12,1.3 $930,000 $501,000 $608,000 $80,000 $0 $688,000 46.8%)
14,1516 $372,000 $343,000 $352,000 $48,000 $24,000 $424,000 -9.6%]
2.1 $543,000 $354,000 $386,000 $52,000 $15,000 $453,000 -3.3%1
2.2 $370,000 $362,000 $363,000 $77,000 $17,000 $457,000 -2.59%4
2.3 $1,017,000 $341,000 $497,000( $409,000{ $115,000{ $1,021,000 118.0%}
3 $590,000 $361,000 $443,000 $44,000 $3,000 $490,000 4.5%]
4.1,4.2,4.3 $375,000 $402,000 $395,000 $57,000 $7,000 $460,000 -1.8%l
5.1,5.2 $366,000 $240,000 $300,000 $50,000 $6,000 $355,000 -24.1%]}
6.1,6.2 $587,000 $279,000 $371,000 $45,000 $8,000 $425,000 -9.3%]
7 $300,000 $400,000 $346,000 $39,000 $1,000 $386,000 -17.6%]
8 $428,000 $362,000 $381,000 $52,000 $6,000 $439,000 -6.4%1
9 $388,000 $380,000 $383,000 $47,000 $7,000 $437,000 -6.7%4
All Categories $536,000 $359,000 $414,000 $50,000 $5,000 $469,000 0.0%4
I
Table 14. Average Accident Costs for the Portrait Year
Enroute Release Accidents
HM Category Fire Costs Explosion Release-Only Total Releases
1.1,12,1.3 $710,000 $1,820,000 $590,000 $930,0004
14,1516 $710,000 $18,200 $370,000 $370,0000
2.1 $640,000 $3,860,000 $350,000 $540,0000
2.2 $400,000 N/A $370,000 $370,000]
2.3 N/A N/A $1,020,000 $1,020,000]
3 $1,270,000 $2,190,000 $420,000 $590,0000
4.1,4.2,4.3 N/A N/A $380,000 $380,0000
5.1,5.2 $390,000 N/A $360,000 $370,000]
6.1, 6.2 $2,830,000 N/A $430,000 $590,0000
7 N/A $7,200 $350,000 $300,0000
8 $1,430,000 N/A $400,000 $430,0000
9 $380,000 $130,000 $390,000 $390,0000
All Categories $1,150,000 $2,070,000 $410,000 $540,000]
% inc./dec. relative to Average 183% 409% 0.00% 32%]
Release-Only Accident Cost
% inc./dec. relative to Average HM 176% 397% -2.4% 28%)
Enroute Accident Cost

As stated above, the full cost of high consequence/infrequent accidents were not included in Tables 13
and 14. Table 15 shows average impacts per release accident asif the infrequent accident had occurred
in the portrait year and all of its value was assigned to that year. The table presents a comparison
between what average impacts could have been if these high consequence accidents had happened in
the portrait year and the average values based on the fraction of the total accident impacts allocated to
that year. The comparisons are greatest for those HM materials that can result in catastrophic impacts
in an accident but have alow likelihood, such as Division 2.3 and category 1.1, 1.2, 1.3. Although
there are very high consequence/low frequency accidents associated with Class 3, the average cost per
accident doesn’t increase as much when the full cost of a high consequence accident is added to the
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total because of the high likelihood. For example, as Table 15 shows, for category 1.1, 1.2, 1.3 the
average cost of arelease accident for the portrait year would have been $6.6 million and for Division
2.3, $26.9 million if the full impacts of the high consequence accidents were included in the
calculation of the average impacts. These average accident impacts compare to $930,000 for Category
1.1, 1.2, 1.3 (14 percent of the cost) and $1,020,000 for Division 2.3 (about 4 percent of the cost). The
averages were calculated after the cost of the high consequence/infrequent accident was distributed

according to the likelihood of occurrence. For Class 3, the two figures are closer. There are an
estimated $1,030,000 in average impacts per accident when the full value of high consequence
accident impacts are included in the average and $590,000 of impacts (about 57 percent of the cost)
when only the fraction of the high consequence accident is included.

Table 15. Average Impacts per Accident as if the High Consequence/Infrequent
Accident had Occurred in the Portrait Year Compared to Average Costs for that Year

Portrait Year Average
Average Release Release Cost High Consequence
Number of High Cost with with Percentage of Accident
Consequence |High Consequence| High Consequence Accidents Likelihood
HM Category Accidents |Accidents In 1 year| Relative to its Likelihood (number per year)
11,12,1.3 2 $6,600,000 $930,000 A1 /A
14,1516 2 $2,600,000 $370,000 1/ 0.001
2.3 1 $26,900,000 $1,020,000 0.02
3 2 $1,030,000 $590,000 .02 / .005
7 1 $2,400,000 $300,000 0.0005
9 1 $390,000 $390,000 0.3

4.2.3 Accident and Incident Major Impact Components

This subsection discusses the major components of the impacts for both accidents and incidents.
Tables 16 through 23 present the major impact components for total enroute release and non-release
accidents, total enroute release accidents, enroute rel ease accidents without fire or explosion, enroute
release accidents with afire, enroute release accidents with an explosion, non-rel ease accidents, leak
enroute incidents, and loading/unloading incidents. Table 16 provides an overview of the major
impact components for all HM accidents, including rel ease and non-release accidents. The tables
include the following impact categories. cleanup, product loss, carrier damage, property damage,
environmental damage, injuries, fatalities, evacuations, and incident delay. Analyzing impacts by
major components confirms that injuries and fatalities account for the major part of the impacts.

For both release and non-rel ease accidents combined, injuries represents about 40 percent of the
impact costs. Fatalities represent about 40 percent of all impact costs for enroute accidents. Thus,
injuries and fatalities together account for about 80 percent of the impact cost. Incident delay for both
rel ease and non-rel ease enroute accidents add up to about nine percent of the total cost. Carrier,
property damage, and product loss together represent about eight percent of the total; clean up,
environmental damage, and evacuations account for the remaining approximately three percent of
impacts.
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Examining release accidents by themselves reveal s differences with all HM enroute accidents. Table
17 shows that clean-up costs alone account for about 4.5 percent of the impacts. Although
environmental damage only accounts for about 0.5 percent of all impacts, it is more then twice the
relative importance compared with environmental damage for all HM accidents. Table 18 shows that
the distribution of impacts for enroute accidents, release-only, is similar to that shown for total releases
except that the percentage of impacts related to fatalities and injuries differ. Injury impacts for enroute
accident release-only account for more that 46 percent and fatality account for about 30 percent of the
impacts, compared to about 37 percent for injuries and 41 percent of the fatalities for total release-only.

Enroute release accident with afire and no explosion indicates the relative importance of fatalitiesin
this accident type. Table 19 shows that fatalities account for more than 61 percent of impacts and
injuries only about 19 percent. Incident delay accounts for only about five percent of the impacts for
this category. Enroute release accidents with explosions are characterized by a similar impact
relationship between fatalities and injuries, as occurs with fire only accidents. Table 20 shows that
fatalities in explosion accidents account for more than 67 percent while injuries only about 16.5
percent. Asmight be expected, carrier and property damage and product loss are higher and accounts
for about 10.5 percent compared to about eight percent for release accidents with fire-only. Incident
delay represents less that four percent of the impact total for explosions compared to about five percent
of the total for accidents with fires.

Table 21shows the impacts for enroute accidents without arelease. For these accidents, fatalities and
injuries still account for most of the impacts and together total about 82 percent of the impacts.
Incident delay represents about 10 percent of the total. Unlike the release accidents, there are no
impacts attributed to clean-up costs, product loss, and environmental damage.

The distribution of the costs differs for leak enroute incidents when compared to enroute accidents.
Table 22 shows that about 74 percent of the cost for leak incidents enroute is composed of incident
delay cost. About 22 percent of the cost relatesto injuries, 2.6 percent to cleanup costs, and about 1.25
to the cost of product loss, carrier damage, and property damage combined.

Table 23 shows that for loading and unloading incidents, there are no incident delay costs but the cost
to avoid injuries accounts for about 91 percent of the costs. Cleanup accounts for about five percent of
the impact costs and product loss; carrier and property damage add up to about three percent of the
total.
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4.2.4 Accident Risk and Cost Per Mile

This subsection discusses accident risk and cost per mile for each of the HM categories. Table 24
shows the mileage traveled for 1996, the likelihood for an HM enroute accident (both release and non-
release), and the risk per mile for each of the 12 HM categories. Risk of an accident per mile ranges
from 1.3E-07 for Division 2.2 to 7.2E-07 for Class 9. The average accident rate for HM is 3.2E-07. If
enroute incidents are included, as shown in Table 25, the risk increases to an average risk of 5.0E-07.
Thus, without including enroute incidents, the accident/incident rate for accidents on the road declines
by about 37 percent.

Table 24. HM Accident Rate Per Mile

Hazmat Total Hazmat Hazmat Accident Rate
HM Category Miles Accidents Accident./Mile
1.1,1.2,1.3 23,000,000 14.200 6.15453E-07
1.4,15,1.6 46,000,000 32.101 7.00887E-07
2.1 805,000,000 276.000 3.42784E-07
2.2 1,400,000,000 178.000 1.30091E-07
2.3 50,000,000 12.020 2.38753E-07
3 2,800,000,000 1,379.021 4,96414E-07
41,42, 4.3 48,000,000 33.000 6.85756E-07
5.1,5.2 201,000,000 61.000 3.03833E-07
6.1,6.2 218,000,000 50.000 2.29576E-07
7 30,000,000 12.001 3.94605E-07
8 1,900,000,000 257.000 1.32109E-07
9 250,000,000 179.300 7.16646E-07
All Categories 7,800,000,000 2,483.642 3.19922E-07

-

Table 25. HM Accident/Incident Risk Per Mile

(Includes Leak Enroute Incidents)

Hazmat Total Hazmat Hazmat Accident Rate
HM Categories Miles Accidents Accident/Mile
1.1,1.2,1.3 23,000,000 15.200 6.58794E-07
1.4,15,1.6 46,000,000 35.101 7.66388E-07
2.1 805,000,000 291.000 3.61413E-07
2.2 1,400,000,000 197.000 1.43977E-07
2.3 50,000,000 17.020 3.38068E-07
3 2,800,000,000 1,966.021 7.0772E-07
41,42, 4.3 48,000,000 46.000 9.55902E-07
5.1,5.2 201,000,000 111.000 5.52876E-07
6.1,6.2 218,000,000 175.000 8.03516E-07
7 30,000,000 16.001 5.26134E-07
8 1,900,000,000 796.000 4.09178E-07
9 250,000,000 273.300 1.09236E-06
All Categories 7,800,000,000 3,938.642 5.07342E-07

_________________
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Table 26 shows the average cost per mile of HM accidents. Costs range from a high of 43 cents

per milefor category 1.1, 1.2, and 1.3 to alow of 5 cents per mile for categories 5.1, 5.2, 6.1, and 6.2.
The estimated average accident cost per mile for HM is 13 cents per mile traveled. Asshownin
Table 27, if enroute leak enroute incidents are added to enroute, additional costs per mile are relatively
small due to the average low cost per enroute incident.

Table 26. HM Accident Cost Per Mile

Hazmat Accident

Hazmat Total Hazmat Rate

HM Category Miles Accidents Accident/Mile
1.1,1.2,1.3 23,000,000 $9,700,000 $0.42
1.4,15,1.6 46,000,000 $12,000,000 $0.26
2.1 805,000,000 $106,600,000 $0.13
2.2 1,400,000,000 $64,600,000 $0.05
2.3 50,000,000 $6,500,000 $0.13
3 2,800,000,000 $611,000,000 $0.22
41,42, 4.3 48,000,000 $13,000,000 $0.27
5.1,5.2 201,000,000 $18,300,000 $0.09
6.1,6.2 218,000,000 $18,600,000 $0.09
7 30,000,000 $4,500,000 $0.15
8 1,900,000,000 $97,900,000 $0.05
9 250,000,000 $68,900,000 $0.28
All Categories 7,800,000,000 $1,032,000,000 $0.13

Table 27. HM Accident/Incident Cost Per Mile

(Includes Leak Enroute)

Hazmat Accident

Hazmat Total Hazmat Rate

HM Category Miles Accidents Accident./Mile
1.1,1.2,1.3 23,000,000 $9,800,000 $0.43
1.4,15,1.6 46,000,000 $12,100,000 $0.26
2.1 805,000,000 $107,400,000 $0.13
2.2 1,400,000,000 $66,100,000 $0.05
2.3 50,000,000 $8,500,000 $0.17
3 2,800,000,000 $637,200,000 $0.23
41,42, 4.3 48,000,000 $13,800,000 $0.29
5.1,5.2 201,000,000 $20,800,000 $0.10
6.1, 6.2 218,000,000 $24,200,000 $0.11
7 30,000,000 $4,700,000 $0.15
8 1,900,000,000 $125,800,000 $0.06
9 250,000,000 $73,400,000 $0.29
All Categories 7,800,000,000 $1,111,400,000 $0.14
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Chapter 5.0 Impact Summary by HM Category
5.1 Introduction

for thisreport. Differencesin HM impacts within the HM categories are analyzed and

explained where feasible. For each HM category, a table compares the accident/incident
likelihood and impacts for release accidents, non-release accidents, leaks enroute, and loading/
unloading incidents. Release accidents are subdivided into accidents characterized by arelease-
only, afire, or an explosion. Total impacts for all release accidentsin that group are al'so provided.
The dataincluded in Tables 28 through 39 present the impacts for one of the 12 HM categories.
Table 40 provides a summary for all HM categories.

This chapter describes and summarizes the impacts for each of the 12 HM categories analyzed

5.2 HM Category 1.1,1.2, 1.3

Divisons 1.1, 1.2, 1.3, explosives, are characterized by relatively few accidents and incidentsin the
portrait year but with relatively great importance placed on the impact of explosions. Table 28
shows the distribution of impacts for Divisions 1.1, 1.2, 1.3. Asisthe casefor all of the categories,
injuries and fatalities account for most of the impacts, about 54 percent for Divisons 1.1, 1.2, 1.3.
As Table 28 shows, enroute explosion accidents account for about 49 percent of the impacts of all
enroute rel ease accidents and about 19 percent of all impacts and incidents for the category. This
compares to about 15 percent of the impacts represented by accidents with explosions for all
enroute release accidents in all HM categories and about five percent of al impacts for accidents
and incidentsin al HM categories.

Evacuation costs are an important component of the impact costs for Divisions 1.1, 1.2, 1.3.
Evacuation costs represent more than 30 percent of the total impacts for this category. This
compares to less than one percent of the impacts for all HM impacts. Category 1.1, 1.2, 1.3 account
for less than one percent of the total accident/incident impacts for all HM categories.

5.3 HM Category 1.4, 1.5, 1.6

Divisons 1.4, 1.5, 1.6, explosives and blasting agents, are also characterized by relatively few
accidents and incidents in the portrait year. Table 29 provides a summary of accident/incident
impacts for explosions. Explosionsin this category account for less than one half percent of the
impacts for enroute release accidents. Accidents with fire represent more than 17 percent of this
value. Impactsfrom Divisions 1.4, 1.5, 1.6 account for alittle more than one percent of the impacts
from all HM categories.

5.4 HM Category 2.1

Division 2.1, flammable gas, was involved in an estimated 47 enroute accidents resulting in releases
and 229 non release accidents for the portrait year. Division 2.1 ismainly transported in bulk
carriers and approximately 64 percent of all listed accidents involved cargo tanks. Table 30
summarizes the impacts in terms of dollars for the estimated Division 2.1 accidents and incidents
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for the portrait year. As shown in the table, the cost for the year was $108,388,564. Injuries and
fatalities accounted for approximately 83 percent of the total cost. Carrier damage and incident
delay costs together accounted for about 15 percent of the total estimated cost for the year. The cost
related to accidents is considerably higher than that for incidents. Both release and non release
accidents account for about 98 percent of the estimated costs for the portrait year. Release accidents
with explosions or firestotal only seven and two respectively but represent about 48 percent of the
impacts for all enroute release accidents and about 11 percent of the annual impacts for all Division
2.1 incidents and accidents.

Non release accidents alone account for about 75 percent of the costs. Thisis primarily because the
number of non release accidents is more than three times the number of spill accidents and resultsin
more injuries and 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.

Impacts from Division 2.1 represent about nine percent of the impacts from all HM incidents and
accident impactsin the portrait year.

5.5 HM Category 2.2

Division 2.2, non-flammable gas, was involved in an estimated 24 enroute release accidents and 152
non-release accidents in the portrait year. As Table 31 shows, none of the release accidents resulted
in an explosion and only two in fires. Release accidents represent about 14 percent of the impacts;
non-release accidents represent more than 80 percent of the total impacts for the portrait year.

5.6 HM Category 2.3

Trucks shipping Division 2.3, poison gas, experienced an estimated two enroute accidents and 10
non-release accidents in the portrait year. Because of the nature of the hazard, catastrophic impacts
are possible. One high consequence accident with an estimated probability of once every 50 years
was added to the release accidents. The total enroute release impact for the portrait year, as shown
in Table 32, is estimated at about 28 percent of the total impact cost.

5.7 HM Category 3

Class 3, flammable and combustible liquids, accident and incident impacts are the most important
single category of the 12 categories examined in this report. Impacts from Class 3 accidents and
incidents account for about 56 percent of al of the impactsfor HM in the portrait year. Class3
materials travel predominantly in bulk carriers. For the total number of enroute accidents estimated
for the year, an estimated 88 percent of listed accidentsinvolved cargo tanks. This does not include
the approximately four percent of accidents for which thisinformation is unavailable.

As Table 33 shows, Class 3 accidents include an estimated 490 rel ease accidents and about

889 non-release accidentsin the portrait year. Total accidents and incidents totaled more than
6,620. The cost related to accidentsis considerably higher than that for incidents. Both release and
non rel ease accidents account for about 94 percent of the estimated costs for the portrait year.
Enroute rel ease accidents account for about 45 percent of all Class 3 impacts. Impacts from fires
and explosions are important. I|mpacts from enroute release fire and explosion accidents account for
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an estimated 40 percent of the cost of all Class 3 release accidents, although they only represent

15 percent of these accidents. Asshown in table 33, the cost for the portrait year for all Class 3
impacts was about $650 million. The costs of injuries and fatalities accounted for about 77 percent
of the total.

5.8 HM Category 4.1,4.2,4.3

Divisons 4.1, 4.2, 4.3%flammabl e solids, spontaneously combustible, and dangerous when wet
material s¥4 accounted for only an estimated 33 enroute accidents in portrait year. Eight were
release accidents. These eight accidents represented about 21 percent of the total impacts for the
year. AsTable 34 shows, there were no enroute rel ease accidents associated with either an
explosion or afire. Non-release accidents represented about 70 percent of the impact value.

5.9 HM Category 5.1, 5.2

Divisons 5.1, 5.2, oxidizers and organic peroxides, experienced an estimated 56 accidents in the
portrait year. Table 35 showsthat 27 of these were release accidents. Of these 27 accidents,

two resulted in fires. Asshown in Table 35, release accident accounted for about 46 percent of the
total impacts, compared to only about 34 percent for the non-release accidents. Total impacts for
these divisions amounted to about $23 million in the portrait year

5.10 HM Category 6.1, 6.2

Divisions 6.1, 6.2, toxic materials and infectious substances, had atotal of 50 accidentsin the
portrait year of which only 15 were release accidents. One of the release accidents resulted in afire.
In addition to the enroute accidents, there were 125 leak enroute incidents and 760 loading and
unloading incidents. As Table 36 shows, although aimost 61 percent of the impacts were associated
with the accidents, more than 39 percent were associated with incidents. Impacts for Divisions 6.1,
6.2 in the portrait year totaled about $30,500,000.

5.11 HM Category 7

Class 7, radioactive materials, experienced only about 12 enroute accidents in the portrait year.

Half of these resulted in releases. One high consequence accident was added to the release
accidents. However, it was judged to occur once in a couple of thousand years. As Table 37 shows,
the impact from release accidents totals about 45 percent of the total impacts. Enroute accidents
represent almost 97 percent of all the impacts. Impact costs for the portrait year totaled about $4.6
million.

5.12 HM Category 8

Class 8, corrosive materials, represents the HM category with the second greatest proportion of the
impacts after Class 3. Asshown in Table 38, the cost of the Class 8 category for the portrait year
was about $150 million. This constitutes about 13 percent of the total impact cost for all of the HM
categories. There were an estimated 257 rel ease accidents in the portrait year of which 73 were
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release accidents and two were associated with afire. As Table 38 shows, enroute accidents
accounted for more than 65 percent of the total impacts. Enroute leaks and |oading/unloading
incidents alone accounted for about 35 percent of the total impacts. Costs for avoiding injuries and
fatalities accounted for approximately 74 percent of the total costs with injury costs alone
representing an estimated half of all impact costs.

5.13 HM Category 9

Class 9, miscellaneous dangerous goods, represents about seven percent of the total HM impacts.
For the portrait year, Table 39 shows an estimated 179 accidents of which about 60 were release
accidents. One accident was associated with a fire and one explosion with alikelihood of 0.3 was
estimated for the year. More than 91 percent of the impacts for the class are associated with enroute
accidents. Non-release accidents represented about 60 percent of the total Class 9 impacts and
release accidents about 31 percent of thetotal. Total Class 9 impacts for the portrait year amounted
to about $76 million.

5.14 All HM Categories

Table 40 summarizes the impacts for all HM categories. The table follows the same format as
Tables 28 through 39 and therefore, facilitates comparisons among the 12 categories.

The HM category summaries show clearly that more detail can be developed for some categories of
HM because those classes or divisions have more accident exposure. For example, fire and
explosion statistics were developed for Division 2.1, Classes 3 and 9, but it was not possible to
separate out the accident statistics for many other categories. For these other categories, the impact
costs for fire and explosion accidents are included in the class or division impact costs. If the
likelihood of occurrence is greater than about 0.2 per year, they have been included. If all accidents
were captured by the databases, this number would be about 0.1 since about 10 years of accident
history were analyzed. However, because of under reporting, this number should be significantly
higher. For fire and explosion to be segmented into separate categories, one should have at least
five actual records of fires or explosions reported during the almost 10-year evaluation period. |If
there were fewer accidents, the only cases where fire and explosion were separated out was for
groups of HM divisions in which the severity was sufficient to generate many detailed accident
reports over the last 50 years.

The 1.1, 1.2, and 1.3 HM category fell into this category. In all other cases, the fire and explosion
impacts were not broken out. Thus, when comparing the 12 categories of HM analyzed,
comparisons of the average impacts among HM categories might be the only valid comparison that
can be made. Where maximum impacts are presented, they are based on the historical record and
are made only where data support the results. Thus, categories for which maximum impacts are not
presented could have accidents that are of similar severity to those that are captured in the database.
The absence of such maximum impact cases does not distract from the results, as long as the
limitation that isimbedded in analyses based on historical information is recognized.
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6.0 Non-Hazardous Materials Accident Totals and Impacts
6.1 Introduction

consistency within the HM risk assessment methodology to allow for valid comparisons.

Annua non-HM accident counts were derived from the MCMI S data and subsequently
modified to reflect under reporting using the same factors that were applied to HM non-release
accident counts. The economic consequences of each non-HM accident were derived by using the
same impact considerations as for HM. However, cleanup costs, environmental damage and
evacuation costs were omitted from consideration since they occur to a much lesser degree in non-
HM accidents. For the remaining financial considerations (e.g., delay costs, injuries, etc.), the study
derived impact ratios of non-HM accidents to HM accidents from the results of research performed
by Harwood and Russell (Harwood et a, 1989). The study then derived the overall annual nhon-HM
risk by taking the aforementioned estimates and applying exposure measures reported in the CFS.

I n estimating the annual non-HM truck transport risk, the study attempted to establish

6.2 Accident and Incident Totals

This section summarizes an analysis of hon-hazardous material truck shipment accidents for the
annual portrait year and the tabulation of impacts and associated costs. To determine the impacts
from non-HM accidents for the annual portrait, 1996 was used as a representative year. One year of
data was judged to be sufficient due to the high frequency of non-HM accidents in one year.

Table 41 shows the estimated non-HM accidents for 1996. These numbers were derived from the
MCMIS database. The number of truck accidents was increased using factors suggested in a GAO
report for accidents without fatalities and those with fatalities. The 92,127 truck accidents were
increased to 126,880 to compensate for estimated underreporting of 38 percent for accidents
without fatalities (122,732) and 30 percent for accidents with fatalities (4,148) (GAO June 1999).
Numbers of fatalities and injuries were increased using a similar approach. The 3,853 fatalitiesin
MCMIS wereincreased by 30 percent to 5,009. The 79,766 injuriesin MCMIS were increased to
compensate for underreporting in two steps. First the 75,732 injuries not associated with afatality

were increased to 104,510 injuries, and
second the 4,053 injuries associated with Table 41. Estimated Non-HM Accidents in 1996

fatal accidents were increased to 5,269

... . . 1996 Estimate of Non-HM Truck Accidents, Deaths, Injuries
Injuries. 'T.hIS. resulted in atotal of Accident Numbers Deaths Injuries
109,779 injuries. 126,880 5,009 109,779

6.3 Non-HM Accident Impacts

This section provides an estimate of the impacts of non-HM truck transportation accidents. Impact
estimates for non-HM accident product loss, carrier and property damage have been estimated
relative to impacts for HM accidents. During late 1999 and early 2000, information needed for a
more detailed analysis was requested from major trucking companies. Unfortunately, the
companies were unable or unwilling to provide accident impact data.
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Table 42 summarizes the impacts in terms of dollars for the estimated non-HM accidentsin 1996.
As shown in the table, the estimated cost for the annual portrait year was about $43 billion. The
costs for avoiding injuries and fatalities accounted for approximately 83 percent of the total cost.
Carrier and property damage together accounted for about nine percent of the total. Incident delay
and product loss each contributed about four percent of the total for the year. Despite an average
product loss that is higher for non-HM accidents, incident delay costs are considerably lower and
environmental damage and decontamination costs are absent. Thus, al but $7 billion of the impact
cost of about $43 billion results from injuries and fatalities.

The impact of anon-HM accident averages about $340,000 per accident.

Table 42. Estimated Annual Non-HM Accident Impacts

Annual Carrier/Property

Number Product Loss Damage Injury Fatal Incident Delay

126,880 | $12,416 per’ $29,125 per2 $200,000 per’ $2,800,000 per” $15/Eer person
(estimated) (estimated) 109,779= 5,009 fatalities = hour® =
$1,575,342,080 $3,695,434,558 $21,955,800,000 $14,025,200,000 1,860,948,960

Total | $43,112,725,598

1 HMIS database, four times average cost for Class 3 accident in 1990 to 1999

2 HMIS database, 68 percent of average cost per accident for 1990 to 1999 (Harwood et al, 1989)
3 Vaue placed on avoiding injury

4 Value placed on avoiding a fatality

5 Includes passenger vehicles and trucks

6.4 Non-HM Accident Risk and Cost per Mile

Based on the 1997 Commodity Flow Survey, non-HM materials traveled an estimated 174 billion
milesin 1997. With an estimated 126,880 accidentsin 1996, this results in an accident risk of
7.3E-07 per mile traveled.

Based on the total impact cost of $43 billion, the estimated average accident cost per mile for non-
HM is 25 cents per mile traveled.
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7.0 Comparative Impacts and Risk of HM
and Non-HM Shipments

7.1 Introduction

nation’s highways. Due to some inherent data uncertainties with respect to material flows,
these comparisons are preliminary. Future research will be needed to present more definitive
risk comparisons. Section 9.0 presents data needs and opportunities.

T his section examines the comparative impacts of shipping HM and non-HM cargoes on the

7.2 Comparative Costs

Although non-HM shipments have afar greater cumulative impact than HM shipments,
approximately $43.1 billion as compared to $1.1 billion in the portrait year, the cost per individual
accident differs considerably.

Despite an average product loss that is higher for non-HM accidents, incident delay costs for non-
HM accidents are considerably lower and environmental damage and decontamination costs are
usually limited. For examplein the portrait year,

e al release and non-release enroute accidents for all HM categories have an average
value of about $414,000 per accident;

e non-HM accidents averaged about $340,000 per accident; however

e theaverage per HM release accident costs about $536,000

There is alarge difference when non-HM accident impacts are compared with HM release accident
impacts.

An even greater contrast occurs when the average impact costs of arelease accident with afire or
one with an explosion are compared to the average cost of anon-HM accident. In the portrait year,
the average cost of

e an HM release accident with afire was about $1,152,000. This average cost is almost
three times as much as for the non-HM accident.

e an HM release accident with an explosion is about $2,100,000 or more than five times
the average cost of anon-HM accident.

7.3 Comparative Risk and Cost per Mile

The non-HM accident rate of 0.73 per million vehicle milesis more than double the average HM
accident rate of 0.32 per million vehicle miles. These accident rates are shown in Table 43. The
table also compares accident rates for each of the 12 HM categories with the accident rate for non-
HM. The table showsthat for all HM classes, the accident rate is lower than for non-HM. However
differences vary from about four percent higher for Divisions 1.4, 1.5, 1.6 to almost 80 percent
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higher for Class 8. Table 43 also indicates that the average accident rate is about 56 percent lower
for al HM classes when compared with non-HM shipments.

Table 43. HM and Non-HM Accident Rate per Mile

% Decrease
Relative to Non-
Hazmat Accident Hazmat

Hazmat Total Hazmat Rate Accident Rate

HM Class/Division Miles Accidents Accident/Mile (7.27652E-07)
1.1,1.2,1.3 23,100,000.00 14.2 6.15E-07 -15.4%}
1.4,15,1.6 45,800,000.00 32.101 7.01E-07 -3.7%|
2.1 805,000,000.00 276 3.43E-07 -52.9%|
2.2 1,368,000,000.00 178 1.30E-07 -82.1%]J
2.3 50,300,000.00 12.02 2.39E-07 -67.2%|
3 2,778,000,000.00 1,379.02 4.96E-07 -31.8%|
41,42, 4.3 48,100,000.00 33 6.86E-07 -5.8%|
5.1,5.2 201,000,000.00 61 3.04E-07 -58.2%]
6.1,6.2 218,000,000.00 50 2.30E-07 -68.5%'
7 30,400,000.00 12.001 3.95E-07 -45.8%|
8 1,945,000,000.00 257 1.32E-07 -81.8%|
9 250,000,000.00 179.3 7.17E-07 -1.5%]
All Classes 7,763,000,000.00 2,483.64 3.20E-07 -56.0%'

The biggest uncertainty associated with the comparison of accident ratesisthe reliability of the
mileage estimate derived from the Commaodity Flow Study. The Commodity Flow Survey provides
ton-miles by HM class and for non-HM shipments. To convert the ton-miles to mileage, ton-miles
must be divided by the average weight of cargo that trucks carry. The Census Bureau was able to
supply the average shipment weight for each HM class as well asfor non-HM. However, trucks
often carry more than one shipment. Consequently, the average number of shipments per truck
must be used to multiply the average shipment weight to obtain an average weight per truckload.
Thisweight converted into tons was divided into the ton-miles to estimate mileage. The uncertainty
of the mileage estimates applied here rests in determining an accurate average number of shipments
per truckload.

The entire analysis is based on the assumption that two shipments constitute a single truckload. The
selection of two as the average number of shipments associated with atruckload is based on expert
knowledge and assumptions about shipping patterns of HM carriers. Varying HM shipping
considerations make assumptions difficult. For example, for bulk shipments, i.e. gasoline, the cargo
tank may transport the gasoline to two separate service stations and then return, still placarded, but
empty. That is defined as two shipments but the return placarded empty trip would still be
considered as part of HM mileage. On the other hand, a different scenario might be occurring for
corrosives. The truckload leaving the shipper might be placarded as a corrosive shipment on its
outgoing leg and the placards might be removed and a non-HM cargo transported to some other
facility after delivering the corrosive shipment to its destination. In this case, the factor of two
assumes that the load of corrosive containers would, on average, be delivered to two receivers. The
factor of two could be too low. Thereis nothing to prevent bulk carriers from dropping gasoline off
at three service stations; it is aso reasonable to assume that the corrosive truckload might drop off
product at many locations.
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Using the factor of two causes the total HM mileage to be about five percent of the total truck
mileage during ayear. There are many checks on the total truck mileage. The best is the collection
of diesel road taxes. It'sreasonable to assume that adiesel truck gets about six miles per gallon. In
addition, several past surveys have estimated that the HM shipments constitute about five percent of
the total truck milestraveled. To make the accident rate the same as the non-HM accident rate, the
total HM truck mileage would have to be cut in half to less than 2.5% of the total mileage. No
survey has estimated the HM truck mileage to be that small a fraction of the total truck mileage.
Such areduction would also require that the assumption be made that there is only one shipment per
truck. Thisisknown to beincorrect.

Perhaps the difference in accident rate per mile results from underreporting. If twice as many HM
accidents went unreported as non-HM accidents, then the accident rates would be the same.
However, the underreporting would be expected to be greater for non-HM accidents. Thus, even
after considering the uncertainties, the lower accident rate shown for HM shipments appears to be
significant.

The differences in the accident rates among hazard classes/divisions are more uncertain. First of all,
some hazard classes/divisions might have alarger number of shipments on atruck when it leaves
the shipping dock. Whereas the 30 percent lower rate might be reasonable for Class 3 shipments, if
there were four shipments per truck for corrosives instead of two, then the accident rate for
corrosives would be 40 percent less than the non-HM accident rate. This can be compared with the
80% lower rate calculated by using the two shipment average. A similar factor might be reasonable
to use for Division 2.2 truck transport. If the truck is delivering liquefied gases, there are probably
many cases where the facility, i.e., a hospital receiving liquefied oxygen, would not receive the
entire content of the cargo tank. The cargo might be split among several facilities. Similarly, a
truck delivering standard portable industrial gas cylinders might drop one or two cylinders at each
of 10 to 20 facilities. Low numbers are easier to explain away than numbers approaching the non-
HM accident rate. Sinceit isdifficult to envision a scenario where the number of shipments per
truck isless than two, particularly for a specialized vehicle such as a bulk cargo tank, the high
accident rate for Class 9 materials compared to other HM classes/divisions might be significant.
Before such a conclusion can be made, additional data is needed.

As shown in Table 44, the non-HM accident cost per mileis about 25 cents. The average HM
accident cost per mileisabout 13 cents. Thus, the non-HM cost per mileis nearly twice that of the
average HM accident cost per mile. The dlight change in ratio by moving from accident rates to
cost rates is due to the fact that HM accidents have only a dlightly higher average cost associated
with them. Thisis due to the fact that accident-induced injuries and fatalities associated with both
HM and non-HM accidents drive the mgjority of the economic impacts.
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Table 44.

HM Accident and Non-HM Accident Cost per Mile

% Difference
Hazmat Relative to Non-
Hazmat Hazmat Costs per Hazmat
HM Class/Division Miles Road Costs Mile Cost per Mile ($0.25)
1.1,12,1.3 23,100,000 $9,730,000 $0.42 70.6%4
1.4,15,16 45,800,000 $12,000,000 $0.26 5.7%)
2.1 805,000,000 $107,000,000 $0.13 -46.4%]
2.2 1,368,000,000 $64,600,000 $0.05 -80.9%]
2.3 50,300,000 $6,460,000 $0.13 -48.1%])
3 2,778,000,000 $611,000,000 $0.22 -11.0%]
4.1,4.2,4.3 48,100,000 $13,000,000 $0.27 9.7%]
5.1,5.2 201,000,000 $18,300,000 $0.09 -63.1%]
6.1, 6.2 218,000,000 $18,600,000 $0.09 -65.5%]
7 30,400,000 $4,500,000 $0.15 -40.2%]
8 1,945,000,000 $97,900,000 $0.05 -79.6%]
9 250,000,000 $76,500,000 $0.31 23.7%]
All Classes 7,763,000,000 $1,039,000,000 $0.13 -45.8%])

7.4 Discussion

Comparisons between hazardous and non-hazardous transport must be made by utilizing multiple
databases prepared for different purposes by several organizations. For example, the carrier files
the HMIS accident/incident report and a police agency completes an accident report that is
assembled by a state and submitted to MCMIS. The Commodity Flow Survey was conducted by
the Census Department whose focus is primarily economic. In thefirst phase of this study, an
investigation was conducted to determine how many unique accidents were reported in all
databases. The results were key for the comparison of HM and non-HM impacts. In most
situations, the accident was reported by two sources but seldom by all. These differences make it
challenging to compare non-hazardous and hazardous transport risk.

Though it is difficult to compare hazardous and non-hazardous transport risk, the differences appear
to be significant enough to conclude that the shear magnitude of non-hazardous transport accidents
dominates highway transport risk. Furthermore, although data uncertainties are evident, the
difference in accident rates for non-hazardous and HM truck shipments appear to be meaningful.
Perhaps the specific hazardous material trucking regulations and the additional care provided by
carriers and shippers are effectively reducing the accident rate for hazardous material shipments.
This may indicate that these improvements in safety could possibly be applied to reduce non-HM
shipment accident rates.

While an effort was made to collect shipment and accident information for various categories of
HM over aten-year-period, uncertainties remain. The approach taken in this analysis was to base
the results on actual data as opposed to theoretical modeling. For HM categories with only afew
accidentsin a 10-year period, large uncertainties develop. Furthermore, it iseasier to model bulk
material transport as opposed to shipments containing many packages. This can be seen in the
comparison of Class 3 and Class 8. Together they make up over 75 percent of the overall HM truck
shipment risk. About 90 percent of the Class 3 shipments are bulk but only 50 percent of the Class
8 shipments are bulk. When a Class 8 shipment gets involved in an accident, many of the releases
are from one or two packages. Although this accident enters into the statistics of estimated accident
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rates, the actual cost of these accidentsisrelatively small. Thisis seeninthe low cost per mile rates
for Class 8 as compared to Class 3. Some of the other categories with low rates are also probably
influenced by non-bulk shipment.

Most analyses show that hazardous material shipments make up between four and eight percent of
all shipments. Consequently, the cost of non-HM accidents dominates that of HM accidents. As
shown in other sections of the report, the average cost of an accident is higher for HM, but these
higher costs are not nearly large enough to overcome the large disparity in shipment volume
between HM and non-HM shipments by truck. This dominanceisillustrated by an assumption
embedded in the analysis. In the HMIS database, all non-HM related injuries and fatalities are
excluded. Therefore, the non-HM related fatalities and injuries were added back into the analysis.
Thiswas done by calculating the injury and fatality rate per accident from MCMI S and then adding
thisrate to the injury and fatality rate for HM, as reported in the HMIS database. The importance of
this assumption is realized only after the total cost of injuries and fatalities for non-HM accidents
have been obtained. These two costs dominate the impacts. As shown in the anaysis, unless the
HM costs for other impact categories are much higher, these two impact costs will dominate the
HM risk aswell.
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8.0 SafeStat Applications

he economic impact of incidents and accidents associated with the truck transport of HM in
the United States is substantial. The magnitude of thisimpact underscores the importance of

effectively managing HM transportation risk. One mechanism for improving safety
performance in HM transportation is making more effective use of existing programs, such as the
FMCSA'’s Safety Status (SafeStat) M easurement System compliance initiative.

The purpose of this chapter isto explore

how the findings of this study correlate with assumptions about HM carriers contained in
the current SafeStat algorithm; and,

if appropriate, suggest enhancements to the SafeStat algorithm that might improve its
effectivenessin identifying high risk HM carriers.

This chapter isintended to serve as a conceptual discussion rather than a prescription for change.

8.1 Introduction to SafeStat

The SafeStat Program was conceived under a research project at the U.S. Department of
Transportation, Volpe National Transportation System Center to monitor motor carrier safety
fitness. SafeStat is designed to incorporate current on-road safety performance, enforcement
history, and on-site compliance review information in an automated, data-driven analysis system for
measuring the relative safety fitness of motor carriers. The objective of thisinitiative isto enable
the Federal Motor Carrier Safety Administration (FMCSA) to target inspection resources more
effectively by improving identification of those carriers with high risk profiles.

SafeStat ranks the relative performance of motor carriersin four areas: (1) accident history,

(2) driver performance, (3) vehicle safety, and (4) safety management. While SafeStat algorithms
do contain entries related to hazardous material transport, the impact of the HM entries on the final
rankingsisunclear. This makesit difficult for regulators to determine if the SafeStat algorithm is
targeting sufficient resources at HM carriers, specifically bulk carriers that have been shown in
previous analyses to make up about 75 percent of the HM Risk. This study will help determineif
the ratio of HM to non-HM carriers being placed in the various ranking categories is commensurate
with the relative risk.

8.2 Current Role of HM in the SafeStat Algorithm

As mentioned above, SafeStat evaluates carrier performance across four Safety Evaluation Areas
(SEAS): Accident, Driver, Vehicle and Safety Management. Within each SEA, the performance of
an individual carrier iscompared to its peers. A carrier SEA scorein each category is obtained by
dividing the carriersinto groups with similar experiences (i.e. carriers having a similar number of
accidents). Then the rating compares the performance of al carriersin the group, ranking them in
ascending order and assigning each a corresponding percentile ranking from 0 to 100. For example,
the carrier in the group with the worst performance would be assigned a score of 100.
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Carrierswith a SEA score above 75 in at least one of the four safety evaluation areas are placed in
an A through G category, based on its score in each of the four areas. Not all the evaluation areas
are weighted equally in calculating a carrier’ s score. A carrier’s Accident SEA score is doubled and
the carrier’ s Driver SEA scoreis multiplied by 1.5 when the total scoreis calculated. The other two
categories have a weighting of one.

To be assigned to:

A Category, acarrier must have aweighted score in excess of 350. (Includesall 4 SEAs
or 3 SEAs that result in aweighted score > 350)

B Category, its score must be less than 350 but greater than 225. (Includes 3 SEAs that
result in aweighted score of < 350 or 2 SEAs that result in aweighted score > 225).

C Category, its score must be less than 225 and greater than 150. (2 SEAsthat result in
aweighted score < 225)

The remainder of the scored carriers have a score above 75 in only one area. If its scoreis above 75
in the accident, driver, vehicle or safety management areas, the carrier isassigned to the D, E, F or
G Category respectively.

Carriersin the A and B Category receive an on site compliance review by FMCSA inspectors.
Carriers assigned to a lower category are candidates for a compliance review as resources allow.
Occasionally, D Category carriers, those that have an accident and score from 75 to 100 points, are
reviewed by FMCSA inspectors.

The information used in the SEA calculation is obtained from accident data, compliance reviews,
enforcement actions and roadside inspections. The accident data are time weighted so that poor
performance during the last six-month period is more important than poor performance earlier. For
the other three safety evaluation areas, a carrier’s score is not time weighted.

HM is already considered in the SEA calculations to alimited extent. Inthe Accident SEA, if an
accident results in an HM release, then points are added to the severity index component of the
scoring algorithm. Similarly, the Safety Management SEA (SMSEA) contains an HM review
indicator (HMRI) that is based on the number and severity of hazardous material-rel ated
acute/critical violations cited at a carrier’s most recent compliance review.

8.3 SafeStat HM Analysis

To understand these relationships and their implications, an analysis was conducted to: (1) evaluate
the current SafeStat algorithm in terms of the percentage of HM carriers that have been scored, (2)
examine these carriers and determine if they adequately reflect HM transportation risk as
demonstrated in this comparative risk assessment study and, if appropriate, (3) assess how the
algorithm could be adjusted to target high risk HM carriers more effectively.

In the discussion below, the contribution of HM accidents, HM related enforcement actions, and
HM on-site compliance reviews to the scoring and ranking of HM carriersis systematically
determined. Sensitivity analyses are subsequently performed on the scoring and ranking algorithms
to determine how changes in the algorithms would affect the scores assigned to HM carriers and
thelr respective category ranking.
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8.3.1 The Contribution of HM to SafeStat

To determine the impact of HM within SafeStat, the contribution of HM was first removed from the
algorithm. To accomplish this, new Safety Evaluation Area (SEA) values were calculated without
HM. The HM contribution to SafeStat most directly affects ACSEA and SMSEA.

The HM contribution to SMSEA isthe easiest to remove. Rather than calculate SMSEA based on
the maximum of the Enforcement History Indicator (EHI), Hazardous Material Review Indicator
(HMRI), and Safety Management Review Indicator (SMRI), the SMSEA value without HM is
based on the maximum of EHI and SMRI. In the recent SafeStat run of 09/23/2000, the net effect
of adding HMRI to the calculation of SMSEA resulted in 26 additional carriers requiring a
compliance review because their scoresfell in the A or B Category as aresult of the poor HM
performance. The analysis also showed that 42 carriers went from unscored to scored because of
thisfactor. When considering that there are about 1,850 known HM carriersincluded in the 9/23/00
SafeStat run, the effect of HMRI is limited because it only affects the value of SMSEA when itis
greater than EHI, the enforcement indicator, plus SMRI, the non-HM compliance review score. Itis
further limited because the SMSEA has no effect on the carrier’s score if it isless than 75.

The contribution of HM to the ACSEA is similar but the logic of when to use the component with
the HM factor is more involved. The time weighted number of accidents, Total Consequence/Time
Weighted Accidents (TCTWA), is determined by a number of factors. The TCTWA is calculated
by first determining the severity of acrash. The severity score is the sum of two different
components of the accident. A score of 1 isassigned to the accident if the truck involved in the
accident was towed but no injuries or fatalities occurred. A score of 2 isassigned if an injury or
fatality occurred. If there was a hazardous materia release, a score of 1 isthen added to this
severity score. The severity scoreisthen “time weighted.” The TCTWA is*increased” by
multiplying the severity score by

3 if therelease occurred in the last six months,
2 if the release occurred in the period of time between 7 and 18 months, and

1 for accidents that resulted in an HM release 19 to 30 months prior to the SafeStat run
date.

Note, accidents that occurred more than 30 months before the review date are not considered.

To remove HM releases from TCTWA, the MCMI S accident file was searched to identify releases
that occurred in each of the three time periods. These were weighted and then added together to
produce the effect on TCTWA.. It was assumed that the HM releases occurred when both the
accident fields, HM Placard and HM Cargo were“Y.” The next step was to subtract the HM
contribution to TCTWA from every carrier that had an HM release during the 30-month period.
The results were placed in the “TCTWANEW?” field. This number was then divided by the number
of power units operated by the carrier to obtain New Accident Involvement Measure, “AIMNEW.”
Since the number of accidentsis not changed by the occurrence of an HM spill, the carrier’s
accident group is not changed. Thus, the next step is to recalculate the New Accident Involvement
Indicator “AIINNEW?” for each carrier based on its accident group.

ACSEA iscalculated from “AIINEW” and “RAI.” Although “RAI” is called the reportable
accident indicator, it might more accurately be called the recent accident indicator. It contains no
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HM component and is calculated based on the number of reported accidents the carrier has
experienced since the last compliance review. “RAI” isthe percentile ranking of “RAR,” which is
calculated by dividing the number of accidents since the review by the annual mileage driven by the
carrier inmillions. “ACSEANEW” is

set equal to “AIINEW” if there has been no compliance review in the last 12 months or
set to be the higher of “RAI” and “AlINEW” if a compliance review has occurred in the
last 12 months, but there has been no reported accident since the last compliance review.

When this methodology was applied to the 9/23/00 SafeStat run, only 24 ACSEA scores for carriers
changed and of those, only 7 required a compliance review because they fell inan A or B Category.
Thus, only 7 carriers, about one percent, required a compliance review because of their poor HM
performance.

When HM contributions to SafeStat were removed from both the SMSEA and ACSEA values, only
29 had their scores elevated into the A, B, C, or D scoring categories.

8.3.2 Expected Influence of HM in the SafeStat Scoring from the Comparative Risk
Analysis

Previous sections of this report have compared the risk of hazardous and non-hazardous material
truck shipments. The analysis results provided insights into how HM could be weighted in the
SafeStat algorithm.

The estimated annual accident impact for non-HM shipmentsis $43.1 billion as compared to $1.1
billion for HM shipments. Thus, HM comprises approximately 2.5% of the total impacts. It
logicaly follows that HM should represent about 2.5% of the Accident SEA in SafeStat. However,
a higher inspection fraction might be justifiable. As described in Chapter 7, HM accidents
individually represent greater costs than non-HM accidents. Comparing the average $536,000 cost
of an HM accident (including only rel ease accidents) with the average $400,000 cost of a non-HM
accident, shows that the HM accident has an impact that averages about 34% greater than that for
the non-HM accident. The high consequence HM accident poses an increased transportation risk
that should also be considered. The average cost of an HM accident with an explosion is about
$2.1million. Thisis more than five times the cost of the average non-HM accident.

8.4 Changes in SafeStat Applications

There are several approaches to making HM more representative in SafeStat. They include the
following:

Selecting appropriate methodol ogies for identifying HM carriers.

Segmenting bulk and non-bulk HM carriers.

Evaluating the performance of non-bulk carriers that move both HM and non-HM
Deciding on the vintage of “historical” datato use in the algorithms.

Determining inputs into SEA category scoring algorithms.

Weighting of respective SEA category scores.

Standardizing criteriafor counting a SEA score towards the overall SafeStat score.
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Each of the approaches is discussed in the following sections.

8.4.1 Selecting Appropriate Methodologies for Identifying HM Carriers

If HM carriers are to be ranked, it isimportant to consider how they can be identified. This might
seem like a straightforward process. However, there are many possible sources and the question
arises asto which oneisthe best source. Oneisthe MCMIS Censusfile. Inthisfile, carriers
register their intent to carry various classes of HM. In SafeStat there are two fields-one called “H-
B” and the other “HM Review.” Thefirst field usesa“H” to designate Interstate HM carriers, an
“1” to designate Intrastate HM carriersand a*“B” to identify intercity commercia bus operators.
The“HM Review” field isfilled out if acarrier has had arecent HM compliance review. The last
source, the MCMI S accident file has several fields that could be used. Since states sometimes
report the release of diesel fuel from cargo tanks as an HM release, the HM Placard field was
ultimately used to identify carriers that have had HM accidents.

Of the methods for identifying HM carriers, the datain the Census file did not match well with the
others and was eliminated from further consideration. The two SafeStat fields tended to identify the
same carriers with some exceptions. When these records were checked against the MCMIS
Accident file, more HM carriers were identified. Thus, this method was used to identify the HM
carriers for this analysis.

There was one other source, the RSPA registration file. Previous attempts to match MCMIS and
RSPA records were unsuccessful, resulting in many unmatched carriers. Asthe quality of the
MCMIS data has improved significantly since this earlier attempt, the comparison might be
reattempted in the future. For now, the HM carriersidentified from the MCMIS Accident file have
been used.

8.4.2 Segmenting Bulk and non-Bulk HM Carriers

The sources for identifying bulk and non-bulk carriers are much more limited. One source was the
RSPA HMIS database. The second was the MCMIS Accident file. While agreat deal of use of the
RSPA database has been made in the previous chapters of this report, since the MCMI S accident
file contains both spill and non-spill accidents, the MCMIS Accident file was selected as the most
comprehensive source for identifying bulk and non-bulk carriers that have had accidents. In making
this distinction, the study recognized that many carriers transport bulk HM, non-bulk HM and
genera freight (i.e. non-HM shipments). Thus, alist of bulk HM carriers could contain some of the
same carriers listed on anon-HM carrier list.

8.4.3 Evaluating the HM Performance of Carriers that Move both HM and non-HM

One of the problems faced when attempting to identify whether sufficient resources are being
directed at HM carriersisthat a carrier’s poor HM performance can be easily masked by a carrier’s
good performance in the non-HM area. Thiswould be particularly true if the HM component of the
carrier’ s business represented a very small fraction of its overall business. To determine whether or
not this was the case, a query was run to determine the ratio of HM to non—HM accidents for 3,695
bulk carriers. The 3,695 carriers were identified by searching the MCMI S accident file for carriers
that had bulk accidents over the last nine years. For 75 percent of the carriers, it was found that the
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ratio of HM accidentsto total accidents was greater than 50%. This suggests that, for most carriers,
if they have a poor HM accident record, it will be very difficult to hide that record based on their
non-HM accident record.

8.4.4 Deciding on the Vintage of “Historical” Data to Use in the Algorithms

The current SafeStat algorithm uses time weighted data collected over the last 30 months for the
accident, driver and vehicle SEA determinations. For the Safety Management SEA, the HM and
SM compliance measures are based on reviews over the last 12 months. For the enforcement
indicator, the third measure used to cal cul ate the safety management score, enforcement actions that
have occurred over the last six years are considered in a time weighted manner. These time periods
and time weighting factors have been selected for evaluating all carriers and no evidence has been
collected to justify using different time periods and time weighting factors for HM shipments.

8.4.5 Determining Inputs into the SEA Category Scoring Algorithms

Currently, the mgjor HM inputs into the scoring are in the Accident and Safety Management SEAS.
The extent to which a carrier complies with the HM regulations enters into the Safety Management
SEA. Thetime weighted number of HM spill accidents enters into the Accident SEA. While the
weighting on the HM compliance scores could be increased, there seems to be no justification for
making such a change.

HM bulk carriers were selected to investigate the effect of removing HM weightings or modifying
the SafeStat algorithm because bulk carriers account for about 75% of all HM risk. Currently, al
carrierswith A or B SafeStat rankings receive a compliance review. Table 45 showsthat if thereis
no HM contribution to the SafeStat scoring, then eight bulk HM carriers drop from the list of
carriers that receive a compliance review. Theimplication isthat only eight of the 4,457 (432 A’s +
4,025 B’s) carriers that are subjected to a compliance review are being reviewed because of poor
HM performance. Thisislessthan 0.2% of the carriers. Furthermore, only 1.5% of the carriers
subjected to a compliance review are bulk HM carriers. In the previous chapters, it was found that
approximately 2.5 % of the accident risk, expressed in dollars, is associated with HM transport. It
followsthat if 4,457 carriers are being subjected to a compliance review, about 110 carriers should
be HM carriers. Inthe current SafeStat run, only eight carriers were identified because of their HM
performance. To inspect 2.5% of the carriers because of poor HM performance, it follows that the
number of HM carriers being inspected should be about 4%, since several will be identified for poor
performance in areas other than their HM.
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One approach to increasing the number of eligible bulk HM carriersisto subject all bulk HM
carriers with aD score to a compliance review automatically. SEA category D are those deficient
in the accident area. Accidents have been shown to be areliable indicator for identifying unsafe
carriers. The C category carriers can not have the accident SEA as one of itstwo SEAS since once
the 75 point minimal accident score is doubled, there are insufficient points available to include the
other required SEA. However, as can be seen from Table 45, although 139 carriers would now be
subjected to a compliance review, 126 of these carriers are being inspected because of poor accident
rate performance in the non-HM area. This strategy does not accomplish the objective of
identifying 110 more bulk HM carriers to include in the compliance reviews.

Table 45. Effect of Removing All HM Weightings from the SafeStat Scoring Algorithm

Scores in 09232000 Run Base Case Remove all Bulk HM from Scoring
Bulk HM Rows in : Bulk HM Rows in :
SEA CAT | All Carriers | Carriers |Percentage|Weighted V\/Selghted Carriers |Percentage|Weighted BB
Scores Score cores Scores Score SEElE
A 432 3 0.69% 3 0.69%
B 4025 70 1.74% A-B 1.64% 62 1.54% A-B 1.46%f
C 3176 30 0.94%| A-B-C 1.35% 29 0.91%| A-B-C 1.23%'
D 2371 139 5.86%| A-B-D 3.10% 126 5.31%| A-B-D 2.80%]
E 10202 58 0.57% 63 0.62%
F 17880 265 1.48% 267 1.49%
G 1924 77 4.00% 69 3.59%
H 113677 1939 510 2711 0.69%
411102 749
Sum 564789 3330 0.59% 3330 0.59%

If the Accident SEA isthe best indicator of future accidents, then it follows logically that the
number of non-spill HM accidents a carrier is experiencing would be a good precursor to spill
accidents. Tables 46 and 47 show the results of assigning equal weight to spill and non-spill
accidents in the SafeStat Accident Category scoring agorithm.

In Table 46, by comparing the last three columns to the previous three and placing equal weight on
non-spill and spill accidents, the fraction of bulk carriers that are placed inthe A, B, and D
categories increases from 2.4 to 3.7 %. Furthermore, 39 additional bulk HM carriers have been
identified for a compliance review. The greatest portion of these carriers was previously unscored.
Thetotal of the unscored bulk HM carriersin the base case is 2688 (1939+749) and that number
decreases by 28 to 2,660 as aresult of this scoring change. Furthermore most go into the D
category. Thiswould be expected, since only the ACSEA scoreis being affected by these changes.
The ability to identify unscored carriers that have had HM accidents but no releases is an important
finding because future accidents may result in HM spills.
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Table 46. Effect of Adding Non-Spill Accidents to the Accident SEA Algorithm

Scores in 09232000 Run Base Case Equal Weight to Spill and Non-Spill
Bulk HM Rows in . Bulk HM Rows in .
SEA_CAT |All Carriers | Carriers |Percentage|Weighted WSe|ghted Carriers |Percentage|Weighted HEgEe
Scores Score COTeS | Scores Score Scores
A 432 3 0.69% 3 0.69%
B 4025 70 1.74% A-B 1.64% 74 1.84% A-B 1.73%}
C 3176 30 0.94% A-C 1.35% 29 0.91%| A-B-C 1.39%|
D 2371 139 5.86% A-D 2.42% 174 7.34% A-B-D 3.68%)
E 10202 58 0.57% 60 0.59%
F 17880 265 1.48% 262 1.47%
G 1924 77 4.00% 68 3.53%
H 113677 1939 5104 2660  0.51%
411102 749
Sum 564789 3330 0.59% 3330 0.59%

In Table 47, the HM bulk weighting in the ACSEA agorithm is doubled if a carrier has abulk HM
accident. This strategy identifies 107 new bulk HM carriers that would be subjected to a
compliance review. One could accept this strategy as meeting the target of inspecting 110
additional bulk HM carriers. The basisfor this conclusion isthat, in the base case, the total number
of bulk HM A, B, and D carriersinspected is 212. The number of A, B, and D bulk HM carriers
inspected if the spill and non-spill accidents are weighted double is 319 for a difference of 107. The
percentage of A, B, and D bulk HM carriers that would be inspected is 4.7% of all the A, B, and D
carriers scored. Aswith the previous case, the number of unscored carriers that became scored
increased by 85 (2,688 —2,603). In addition, there were 10 “F’ scored (Vehicle) carriers and 10
“G” scored (Safety Management) carriers that would now be subjected to a compliance review. As
was the case with the previous changes to the algorithm, the only way to ensure that a significantly
higher fraction of the inspected carriers are bulk HM carriersisto include “D” scored bulk HM
carriersin the compliance review program.

Table 47. Effect of Doubling Weight of Spill and Non-Spill Accidents
to the Accident SEA Algorithm

Scores in 09232000 Run Base Case - Bulk HM Carriers Double Weight to BUI.k HM Spill
and Non-Spill
Bulk HM Rows in . Bulk HM Rows in .
SEA CAT | All Carriers | Carriers |Percentage| Weighted bl T Carriers |Percentage|Weighted oS
Scores Scores
Scores Score Scores Score
A 432 3 0.69% 4 0.93% |
B 4025 70 1.74% A-B 1.74% 84 2.09% A-B 1.97%|
C 3176 30 0.94%| A-B-C 1.39% 28 0.88%| A-B-C 1.52%|
D 2371 139 5.86%| A-B-D 3.10% 231 9.74%| A-B-D 4.67%)]
E 10202 58 0.57% 58 0.57%
F 17880 265 1.48% 255 1.43%
G 1924 77 4.00% 67 3.48%
H 118677 1939 5y, 2603  0.69%
411102 749
Sum 564789 3330 0.59% 3330 0.59%
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8.4.6 Weighting of Respective SEA Category Scores

The Volpe Transportation Systems Center, the devel opers of SafeStat, have performed extensive
studies of accident precursors and have found that the accident and driver performance measures
used in SafeStat are more important than the other two as predictors of future poor carrier
performance. Accordingly, the weighting factors have been set at 2 and 1.5 for the Accident and
Driver SEA respectively. Without additional study requiring the collection of agreat deal more
data, there is no justification for moving away from the Volpe SEA SafeStat weighting factors.

8.4.7 Standardizing Criteria for Counting a SEA Score Toward the Overall SafeStat
Score

At the present time, only those carriers with a score above 75 are counted. Furthermore, some
groups of carriers (e.g. those with only one accident over the past 30 month period) are assigned to
accident Group 1; the highest score attainable for thisgroup is 74. If all Accident SEA scores above
70, instead of the current 75, were used for bulk carriers, then there would be an additiona 5% of
the Group 1 carriers that scored between 70 and 74 as well as the carriersin the other accident
groups that scored above 70 that would be counted. The effect of such a scoring algorithm is shown
in Table 48 and discussed in the following paragraphs.

Table 48 shows that scoring all bulk HM Carriers with ACSEA scores above 70 creates aresult
similar to that observed when the bulk non-spill accidents were added. The number of bulk HM
carriers that would undergo a required compliance review, A and B scored carriers, would increase
from 1.6 to 1.8 percent. If the A, B, and D bulk HM carriers were subjected to a compliance
review, the number of carriers reviewed would increase from 3.1 to 3.9 percent. More importantly,
as aresult of this change, the 2,688 bulk HM carriers unscored (H = 1,939 + 749 = 2,688) is
reduced by 43. Most of the newly scored carriers are scored asa“D.” However, what is different
in this case is the change in the number of A-B scored carriers. There are three more carriers that
become “As,” and three more that become “Bs,” and thus are automatically subjected to a
compliance review. However, asin the previous cases, the greatest change is in the number of
carriers that went from “H,” unscored, to “D.” Thus asin the past cases, the only way to guarantee
that a“high risk” HM bulk carrier is subjected to a compliance review is to inspect the “D” scored
bulk HM carriers. Interms of the target of identifying 110 new bulk HM carriers subject to a
compliance review, this algorithm identifies only 54 new carriers (268 A, B, and Dsin the
augmented case minus 212 A, B, and Dsin the base case).

Table 49, shown below, combines two of the cases analyzed above. First, both bulk HM spill and
non-spill accidents are included in the ACSEA score and the HM weighting for both spill and non-
spill accidentsis doubled. Second all ACSEA scores greater than 70 when calculating the overall
SafeStat score for bulk HM carriers are added. As can be seen from the table, the number of A and
B scored carriers increases from 1.6 to 2.0 percent, about the same as was observed by doubling the
weighting on spill and non-spill accidents. By far the biggest change wasin the totals for the A, B,
and D scoresfor bulk HM carriers. If all bulk HM carriers with an A through D score were
subjected to a compliance review, the number inspected would more than triple, increasing from 1.6
to 5.2 percent. As stated above, 1.6 percent is considered the base case because that is the number
of bulk HM carriers that are being inspected using the current SafeStat algorithm.
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Table 48. Effect of Scoring all Bulk HM with Accident SEA >70

Scores in 09232000 Run Base Case - Bulk HM Carriers Score Bulk Carriers with ACSEA>70
Bulk HM Rows in . Bulk HM Rows in .
SEA_CAT | All Carriers | Carriers |Percentage|Weighted V\éelghted Carriers |Percentage|Weighted HEgEe
Scores Score COTES | Scores Score SO
A 432 3 0.69% 6 1.39%
B 4025 70 1.74% A-B 1.64% 73 1.81% A-B 1.77%j
C 3176 30 0.94% A-B-C 1.35% 29 0.91% A-B-C 1.41%|
D 2371 139 5.86% A-B-D 3.10% 189 7.97% A-B-D 3.93%]
E 10202 58 0.57% 59 0.58%
F 17880 265 1.48% 260 1.45%
G 1924 77 4.00% 69 3.59%
H 113677 1939 4 5y 2645  0.69%
411102 749
Sum 564789 3330 0.59% 3330 0.59%

Table 49. Effect of Including Bulk Carriers with ACSEA Scores >70 and
Adding Non-Spill to the Spill Accidents and Doubling the Weignting

Scores in 09232000 Run Base Case — Bulk HM Carriers Bulk Carriers ACSEA>70 & All Accidents
Bulk HM Rows in . Bulk HM Rows in .
SEA CAT | All Carriers | Carriers |Percentage|Weighted V\/Selghted Carriers |Percentage|Weighted BEEILEE
Scores Score cores Scores Score SHES
A 432 3 0.69% 6 1.39%
B 4025 70 1.74% A-B 1.64% 85 2.11% A-B 2.04%
C 3176 30 0.94% A-B-C 1.35% 29 0.91% A-B-C 1.57%
D 2371 139 5.86% A-B-D 3.10% 265 11.18%| A-B-D 5.21%
E 10202 58 0.57% 57 0.56%
F 17880 265 1.48% 252 1.41%
G 1924 77 4.00% 67 3.48%
H 113677 1939 54, 2569 0.69%
411102 749
Sum 564789 3330 0.59% 3330 0.59%

In addition, 191new bulk HM carriers would be subjected to a compliance review (356 A, B, and
Dsminus 212 A, B, and Dsin the base case).

When comparing the base case with the case shown in Figure 49, several pieces of information are
worth noting. For the base case, the number of A and B carriers requiring an inspection totaled
4,457. Of thistotal 73 were HM bulk carriers. With the new run, adding non-spill HM accidents,

doubling the weighting for them and including ACSEA scores >70, resulted in 4,391 A and B

carriers. However, when the 265 HM bulk carriersin the D category are added, there would be a
total of 4,656 carriers that would now require an inspection. Because the accident threshold was
changed to 70, in afew cases carriers with an accident score of 70 could now fall into the C
category. Thisappliesto two carriersin the C category. If thesetwo C carriers are required to have
a compliance review, there would be an increase of 201 carriers requiring compliance reviews.
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With the new run, 358 HM bulk carriers would be inspected because they wereinthe A, B, C, or D
categories. Of these, 138 of the carriers were previoudly in the D category and 127 were previously
unscored and moved into the D category. As stated above, two HM bulk carriers moved into the C
category with the new run. One of these went from the F category and the other the G category to
the C category. Seventy-two of the HM bulk carriers from the A or B Category in the base case are
combined with 19 new HM carriersthat rose to A or B resulting in 91 A and B HM bulk carriers
subject to a compliance review. (One carrier that was on the base case list dropped off the list).
Thus, atotal of 283 new bulk carriers would be subject to inspection.

8.4.8 Conclusions and Recommendations

In summary, the SafeStat Algorithm has two major HM entries: (1) compliance review indicator
that is part of the Safety Management SEA and (2) aweighting applied to HM spills that have
occurred over the last 30 months that is incorporated into the Accident SEA. The analysis showed
that using the current SafeStat algorithm resulted in about 3.1 % of the carriersreceiving an A, B, or
D score being bulk HM carriers. If al these carriers were being reviewed because of their poor HM
performance, then simply adding the bulk HM carriers with D scores to the compliance review
program would meet the arbitrary target of having the percentage of bulk HM carriers inspected
equal the percentage of the total accident cost attributable to HM carriers. However, it was shown
in the analysis that most of the carriers are not being identified because of poor HM performance.
The analysis also showed that if the target were to be reached, then at least 110 new bulk HM
carriers would have to be added to the carriers being subjected to a compliance review. Several
sensitivity analyses were performed to identify possible changes in the scoring agorithm that would
enable thistarget to be met. The study found that by adding the non-spill accidents to the HM
scoring and having all A, B, and D bulk HM carriers subjected to a compliance review, the number
of bulk HM carriers falling into those categories increased to 3.7%. However, this change alone
would not meet the target of identifying 110 new bulk HM carriers for a compliance review. Since
most of the increase occurs because unscored bulk HM carriers are now scored in the D category
due to their high HM non-spill accident rate, the change in the algorithm is clearly identifying
carriersthat previously went unidentified and are very likely to have an accident that resultsin a
spill inthe future. Thus, this change fits very well into SafeStat’ s target of identifying those carriers
to prevent future accidents, in this case future HM spill accidents. Two additional changes were
evaluated that would identify 110 new bulk HM carriers. One was a doubling of the accident spill
and non-spill score. The second was to decrease the threshold for bulk HM carriersin the ACSEA
areato 70.

Of al the possible changes, three changes came closest to attaining the target of identifying 110
new bulk HM carriers to be subjected to a compliance review. First, including non-spill HM
accidents and equating them to spill accidents. Second, doubling the weighting for both of these
categories of accidents. Third, combining the spill and non-spill accident weighting and the
ACSEA > 70. These changes together result in an identification of over 140 new bulk HM carriers
that had not been included in the A, B, C, or D categories for the base case. Rather than just
increasing the weighting, these changes provide a balanced approach.

Based on the analyses that were performed for this study, the following change to the SafeStat
algorithm are recommended in order to make the number of bulk HM carriers being inspected more
commensurate with the risk of accidents posed by this group of carriers.
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Thus, the final recommendations are:

Add non-spill HM accidents as well as spill HM accidents to the Accident SEA scoring
algorithm and double weight all of these HM accidents;

Include all bulk HM ACSEA scores >70; and

Expand those carriers subjected to a compliance review to include all bulk HM carriers
inthe A, B and D Categories as well asthose in the C Category that include an accident
component.
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9.0 HM Database Assessments and Recommendations

9.1 Purpose and Organization

his chapter summarizes the recommendations formulated as a result of completing this risk
assessment of HM and non-HM transport by truck.

9.1.1 Background

Accurate and comprehensive data is the most essential component in the production of arisk
assessment. Experiential datais necessary to document the consequences and likelihood of HM
accidents. Meaningful assessments of the safety of hazardous materials transportation on the
nation’s highways require such data. The ability to make informed decisions and to develop
effective safety policies and regulations concerning hazardous material transportation can be
seriously compromised if it is not based on reliable information.

This risk assessment reviewed numerous databases, managed and maintained in multiple public
agencies. These agencies collect data for varying purposes, using disparate definitions under
limited jurisdictional authority. Asaresult, much of the dataavailable for this risk assessment was
inconsistent, fragmented, and incompl ete.

Databases should standardize definitions to reduce the differences in the definition of

what constitutes an accident,
which accidents must be reported, and
what information must be reported.

Until this standardization occurs, it will not be possible for DOT to realize fully the benefits of a
relational database structure. If such a structure were developed, the reporting requirements would
be greatly simplified, accuracy would be increased, there would be fewer databases, and the overall
size of the databases would be dramatically smaller.

9.1.2 Approach

The review and comparison of the databases assembled and analyzed for this risk assessment could
be used to develop aroad map to better data collection in the future. The limitations of the
databases assembled and reviewed provided the analysts involved in this project with an overview
of potential improvementsto existing databases. The limitations associated with these databases
became readily apparent as they were employed in the risk assessment. Possible improvements to
these existing public databases are discussed in the following section.

Extensive efforts were also made by the research team to identify and obtain datafrom private
sector sources. Solicitations were made of companies in the trucking and insurance industries for
data involving the costs associated with highway accidents of both hazardous materials and non-

Fina Report— March 2001 9-1



hazardous commodities. In all cases, despite repeated efforts, no data was obtained regarding
accident costs from the private sector.

The lack of any positive response to attempts to acquire cost figures for highway accidentsisin
keeping with past resultsin thisarea. In the Transportation Research Board' s Special Report #229
“Safety Research for a Changing Highway Environment,” this was succinctly discussed with the
statement that from the private sector, “Detailed information is not available....” Although the
empirical cost data maintained by the private sector would be invaluable in conducting a risk
assessment, concerns about confidentiality and competitiveness ensure that these data are viewed as
proprietary information and not releasable. Absent a major and substantial outreach program by a
government safety agency to solicit private companies to cooperate and provide data for safety
research, it does not appear any useful information will be forthcoming from the private sector.
Therefore, as alesson learned from efforts made in conducting this report, researchers should focus
exclusively on public databases to obtain data for future studies.

9.2 Opportunities for Database Improvement

Although public databases containing information useful for conducting risk assessments are
deficient in anumber of areas, they can be improved. Better coordination among the multiple
agencies that collect data would allow for the correction of definitional differences and the
coordination of inconsistent reporting requirements. The collection of data, whether it isby a
survey or in a census database, should be done with consideration and planning for consistency and
coordination with other datasets. Substantive improvements to existing data sources and the
implementation of useful new data sources is most effectively derived by addressing data gaps and
existing database shortcomings. Opportunities that currently exist for improved hazardous material
highway data might include considering the following recommendations.

Improvements in the DOT databases should be made now, anticipating the successful completion of
anumber of on-going initiatives. For example, thereis arequirement that all carriers reregister over
the next two years. Thiswill enable DOT to update its listing of motor carriers. In anticipation of
this event, the MCMI S accident file, HMIS database, and the MCMI S registration database should
be restructured so al are linked by the shippers and carriers DOT registration number

9.2.1 The Trucks in Fatal Accidents (TIFA) Database

The Trucksin Fatal Accidents (TIFA) database could modestly expand the number of questions on
its questionnaire that concern hazardous materials. The TIFA database currently consists of only
one additional hazardous material question, “Was there arelease of the material?” Thisis asked
after the Fatal Accident Report yes/no field of “Was hazardous material present in the cargo?’
Additional questions that could be asked might include a request for the identification number of the
material transported, the DOT specification of the truck or trailer, and a more detailed explanation
of the consequences resulting from a spill. Thiswould be a modest effort that could result in greater
knowledge of the circumstances and consequences associated with a serious incident.

Annually, about four to five percent of the FARS truck accidents followed up onin TIFA involve
trucks transporting hazardous materials and only a quarter of these or one percent of all TIFA
accidents result in arelease of the material. Based on approximately 5,300 TIFA records from the
most recent year’ s data, additional queries would need to be made of approximately 250 cases.
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DOT should investigate ways of coupling the TIFA, MCMIS and HMI S databases so information
can be shared between the databases. One potential solution might be to request that the MCMIS
accident report number filed by the local law enforcement agency be included as arecord in the
TIFA file. Assuming DOT has already coupled the HMIS and MCMI S accident files, adding the
MCMIS accident report number to the TIFA file would effectively couple TIFA with HMIS.
Through such coupling, the unique information compiled by each database could be shared without
requiring significant additions to any database. This effort would compensate for HMIS not
containing all the fatal HM accidentsin TIFA dueto HMIS s exclusion of fatalities that were not
caused by the hazardous material.

9.2.2 The Vehicle Inventory and Use Survey (VIUS)

The Vehicle Inventory and Use Survey (VIUS) can also with a modest expansion in the hazardous
material section contribute new and useful data. A single question is currently asked of the
respondent, “...was this vehicle (or combination) used to haul hazardous materials in quantities large
enough to require a hazmat placard ...” A rephrasing of the question to request the respondent to
provide the percentage of the time the vehicle or combination was used to haul hazardous materials
would be helpful. Additional improvementsto VIUS hazardous materials data could include
finding away to control for the double counting associated with the placarding responses and to
somehow obtain the DOT specification numbers on responses involving cargo tanks.

9.2.3 The Motor Carrier Management Information System (MCMIS)

Under the Motor Safety Improvement Act of 1999, the Federal Motor Carrier Safety Administration
(FMCSA) isobligated to require refiling of the motor carrier identification report form MCS-150
starting December 9, 2000. The current registration file in the Motor Carrier Management
Information System (MCMIS) iswoefully out of date and contains many cases of inaccurate
information. Once an update has been completed to the MCMIS registration file, a detailed analysis
should be undertaken. Thisanalysis should include comparisons with other existing hazardous
material registration databases, such as RSPA’ s registration database, which has recently been
substantially expanded.

The accuracy of the MCMI S database should be improved by using “pick lists” when entering the
data. In addition, the record should not be accepted if certain required fields are not filled out. Use
of the “pick list” would reduce errors. Asthe person using a“pick list” startsto type in the data,
such as a company name or chemical, the selection of choices narrows until the correct nameis
displayed among the list of choices showing on the input screen. By using a cursor, the data entry
person then selects the correct entry. At the moment that is not how the system works. If you query
the current database, it is evident that every field isfilled out uniquely. For example,

If the current database is queried to look for the company name and address of alarge
carrier associated with a specified DOT registration number, the list of variations will fill
pages. Some variations concern only the presence or absence of a period at the end of
“Inc.”

If the current database is queried asking for “Like‘Carrier Name,”” several DOT
registration numbers will be listed for the same carrier.
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If UN number 1005 queries the database, “ammonia’ will pop up, entered at least in 25
different ways. In many cases, ammoniais misspelled. Data entry personnel should not
be expected to know how to spell the names of thousands of chemicals.

The use of “pick lists” will improve the accuracy of the database and also improve the accuracy of
the queries because the fields will be filled out accurately. In acase where HM isinvolved, there
should be arequirement that certain fields, such as hazard code and chemical name, be filled out
before the record can be entered. Currently, the HM field is often checked in association with
blank entriesin all the other HM related fields.

When the accident involves HM, one of the required fields entered in the MCMI S accident file
should be the HMI'S report number. 1f none has been assigned, then it should be possible to assign
one and place the relevant accident datain the HMISfile. Later on, when the HMIS report is
submitted, the first step would be to see if the HMIS number had already been assigned. Given this
simple coupling, it would be possible to identify carriers that are not reporting their HMIS accidents
and formally request that they do so. It should also be possible to identify law enforcement
agencies that are not filing MCMIS reports for HM accidents.

9.2.4 The Hazardous Materials Information System (HMIS)

The Hazardous Materials Information System (HMIS), the primary incident database for collecting
data on hazardous materials incidents nationwide, is currently undergoing arevision of its form.
Thisrevision of the F 5800.1 form will have far reaching consequences for hazardous materials
incident data for a decade or more to come. Major efforts need to be exerted to assure that the
revisions to the form include critical data fields that will aid in conducting future risk assessments.
Thisis enormously important to the highway mode, since approximately 85 percent of HMIS
reports now involve highway transportation.

There are anumber of important fields that are being considered for inclusion on the DOT F 5800.1
form. Two additional questions that would prove very useful for future research:

1. The addition of afield to capture the police accident report (PAR) number for accidents
and
2. A field to record the amount in a container at the time of the release.

DOT should make the database more relational in the future. One areain particular exemplifiesthe
need for making this significant improvement. There are many standard DOT specification
containers that are used in the shipping of HM. If a standard specification container isinvolved in
an accident, all that should be required isto list the container number. The rest of the information
should be in the database. If there is concern about possible variations anong containers designed
to the same specification, as a minimum, all the generic information should pop up so the person
entering the data can edit those fields that are different.

9.2.5 The 1997 Commodity Flow Survey (CFS)

The 1997 Commaodity Flow Survey (CFS) was recently released and utilized for the estimation of
mileage traveled by both HM and non-HM shipments. Although the CFS represents a major
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expansion in highway denominator or flow data, the data did not provide a calculated mileage
estimate for truckload shipments. The datafor tons miles had to be converted into mileage by
dividing tons-miles by the average truck load weight of a particular hazard class. Average shipment
weight was available for shipments but information regarding the number of shipments per truck
was unavailable. In the future, this additional data should be made available to facilitate the
assembly of reliable denominator datafor future risk investigations. A review of the highway data
contained in the CFS with input from data users should help identify other improvements that might
be made to future surveys in both the collection and processing of responses.

Recommendations for improvements to hazardous material highway data can aso be broader than
enhancements to specific databases. Thereisaneed for much better data on the costs and
consequences associated with incidents involving hazardous material highway incidents. Whether
thislack of reliable data is addressed by better reporting on existing forms or achieved through
other means, such as greater use of survey methodology, thisis atopic that should be addressed. It
should be self evident that it isin everyone' sinterest for a coordinated effort to be made among the
responsible public agencies and the private sector to identify and obtain better data for improving
the safety of hazardous materials transportation on our nation’s highways.

9.3 Recommendations and Conclusions

This project demonstrated that to date, no single database is able to provide al of the data required
to conduct arisk analysis. For example, to catalogue the total number of accidents, the project team
selected the HMI S database as the reference database and supplemented this information with data
from the MCMIS and TIFA databases, as well as selected state accident databases. This was done
to obtain a more compl ete portrait of the HM accidents for one year. This exercise demonstrated
clearly that it was necessary to use more than one database to obtain the full portrait of annual
accidents. Thiswas especially true for HMIS and MCMI S because, athough both included spill
accidents, only MCMIS include the no-spill accident. Therefore, in order to obtain a portrait of spill
and non-spill accidents for a period of time, the researcher would have to use at a minimum the
HMIS and MCMIS databases. The databases should be linked through the use of a common field,
such as the MCMI S accident number, so queries can be made using unique information. To
accomplish this, asmall committee could be formed, consisting of FMCSA and RSPA steff, to
devel op recommendations for an approach to link the databases. Clearly, a key will be to ensure
that common fields, such asthe DOT Registration Number and a unique accident number, are used
so that al records related to those numbers can easily be retrieved.

The recommendations identified for the specific databases in this chapter are summarized below.

1. Over time, definitionsin accident databases such as HMIS, MCMIS and TIFA should be
standardized so there is areduction in the differences in the definition of (a) what constitutes an
accident, (b) which accidents must be reported, and (c) what information must be reported.

2. Accident databases should have sufficient common fields so that information about the accident
entered in one database can be shared rather than duplicated in the other databases.

3. DOT should determine a viable mechanism for using carrier records for the purpose of verifying
that HMIS and MCMI S reports are complete and accurate.
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4. Improvementsin the DOT databases should be made now, anticipating the successful
completion of a number of on-going initiatives, i.e., the reregistering of carriers and shippers
that started in December 2000.

5. Theaccuracy of the MCMI S database should be improved by using “pick lists’or other aids to
improve the accuracy of entered data.

6. Electronic filing should be available for HMIS and MCMI S reports.

7. Databases should be coupled to allow DOT enforcement staff to have instant access to complete
accident information in more than one database.
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10.0 Conclusion

10.1 Project Significance

in the context of key risk contributors within the industry. The study approach and

corresponding results allow for comparisons to be made across several dimensions: (1) HM
vs. non-HM, (2) by HM category, and (3) by HM incident type. These results are portrayed both as
estimates of annual economic impact and on a per vehicle-mile basis.

T his report has presented the results of a project designed to better understand HM truck safety

The report al'so demonstrates the usefulness of a methodology for effectively estimating the number
of accidents and incidents for aone-year or alonger period. This methodology focuses on the use
of existing national databases and the selection of datafrom sample states to supplement national
databases. The methodology uses the HMIS database and the MCMI S accident file supplemented
by state databases and news clippings to assemble an annual number of accidents from an eight-
state sample. This eight-state accident count was then assigned a likely proportion of the national
accidents and extrapolated to develop a national estimate of accident and incident numbers.

The report has estimated the number and type of impacts for accidents and incidentsin 12 HM
categories of HM classes or divisions. HM impact estimates were made for the following:

Injuries and deaths
Cleanup costs
Carrier/Property damage
Evacuation

Product loss

Traffic incident delay
Environmental damage

An impact estimate was aso made for accidents involving non-HM accidents. For non-HM
accidents, impacts were estimated for:

Injuries and deaths
Cargo loss
Carrier/Property damage
Traffic incident delay

Based on available data, dollar cost estimates were made for each of the impact categories and
trandated into a per accident or incident cost. Then, the total cost for the impact was calculated
based on the number of accidents or incidents.

While this study represents avalid attempt to benchmark the financial implications of the problem
based on best available data, these observations should be viewed in the context of establishing
agenera estimate or bound on the financial impact of this problem rather than a precise valuation.
Consequently, if the results are within an order of magnitude, meaningful comparisons can be
derived for evaluation purposes.
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Impact measures can be refined in the future by supplementing available data with impact estimates
obtained from private sector sources, such as insurance companies and trucking companies.

10.2 Project Results

The annual number of non-HM accidents is estimated to be 126,880, in contrast with the
approximately 15,000 HM accidents and incidents estimated to occur each year. Of these HM
incidents and accidents, about 75% are represented by loading and unloading incidents. Enroute
HM accidents total about 2,500 annually with about 700 (28%) of these being spill accidents.

The estimated number of annual incidents (and accidents) can be converted into rates by using
annual vehicle miles of HM operation. The 1997 Commodity Flow Survey (CFS) was used for this
estimate. The mileage numbers provide a general measure of differences but more rigorous
comparisons must await further refinements in the accuracy of CFS mileage numbers.

The average HM accident rate is 0.32 accidents per million vehicle-miles and the average HM
incident rate is 0.51 accidents per million vehicle-miles. When comparing across HM categories,
Class 9 has the highest accident and incident rates, and Class 2.2 has the lowest. However, the HM
category accident and incident rates are all within the same order of magnitude.

Several findings can be reported from reviewing the analysis results, including:

HM truck incidents cost society nearly $1.2 billion on an annual basis.
e Injuries and fatalities comprise the largest components of this cost.
e Class 3 contributes the largest economic impact associated with HM incidents.

e Bulk shipments account for about 75% of the risk for HM shipments. Class 3 and Class
8 make up over 75% of the overall HM truck shipment risk. About 90% of the Class 3
shipments and 50% of Class 8 shipments are bulk. Class 2.1 gases, representing about
9% of all HM risks, is transported in bulk shipments about 64% of the time.

e Release-causing enroute accidents have the highest average cost, followed by enroute
accidents in which arelease does not occur. Leaks enroute are an order of magnitude
lower in average cost with the average cost of loading/unloading incidents an order of
magnitude lower than that. The greatest economic impact is associated with accidents
enroute where a release does not occur, due to the higher frequency of these events.

e Of those enroute accidents resulting in arelease, explosions have the highest per incident
cost, followed by fires and then rel eases where neither afire or explosion ensue;
however, the release-only incidents contribute more to the annual economic impact
because of the frequency of such events. Explosions result in the greatest economic
impact, with an average cost of over $2.1 million per accident. The average cost of an
enroute accident resulting in afireis nearly $1.2 million, while enroute accidents that
have a release without fire or explosion have an average cost of slightly over $400,000.
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The annua economic impact of non-HM truck accidents is over $43 billion, considerably higher
than for HM truck incidents. The annual number of non-HM accidentsis 126,880 in contrast with
the approximately 15,000 HM incidents. Although due primarily to a much larger volume of
transport activity, the estimated non-HM truck accident rate is more than twice the HM truck
accident rate, arelationship aso reflected in the impact cost per vehicle-mile.

Hazardous material shipments make up between four and eight percent of all shipments. Given this
small percentage, the overall cost of non-HM accidents clearly dominates the cost of HM accidents.
However, although the average cost of an accident is higher for HM, these higher costs are not
nearly enough to overcome the large disparity in shipment volume between HM and non-HM
shipments by truck.

10.3 Recommendations for Future Projects

This section describes five future initiatives that follow from the HM risk assessment project
described in this report.

1. Database Enhancements

This project effort demonstrated the need to improve the data used for HM truck safety
evaluations. To promote continuous improvement in HM safety data quality, the study makes
the following recommendations:

I ncident/accident databases, such as HMIS and MCMIS, should contain standardized
definitions to provide greater compatibility in

(1) What constitutes an incident/accident,
(2) Which incidents/accidents must be reported, and
(3 What incident/accident attributes must be reported.

Different incident/accident databases should have sufficient common fields to expedite
sharing of information. DOT should investigate ways to cross reference the TIFA, MCMIS,
and HMIS databases.

DOT should develop a system to verify the accuracy and completeness of HMIS reports by
comparing the data with the carrier records.

The quality and completeness of the MCMI S database should be improved. Quality control
protocols should be developed for inclusion in MCMI S accident file to ensure that required
fields are properly completed.

2. HM Risk Management Policy Development

Results of the HM Risk Assessment Study provide an opportunity to establish this foundation,
leading to the devel opment of future HM risk management initiatives within FMCSA.
Although the FMCSA has adopted a risk-based approach for enhancing the safety of hazardous
materials truck transport, the principal objective of this approach is to assign priorities and
allocate resources to policies and programs that are cost-effective in satisfying the agency’s

Final Report — March 2001 10-3



safety mission. A key to success is athorough understanding of the likelihood and severity of
incidents involving the truck transport of HM cargo.

By systematically evaluating the focus of its current risk management activities, FMCSA will
have an opportunity to validate the significance of ongoing initiatives, while taking corrective
actionsto improve areas of deficiency. The bottom line will be a more targeted use of
resources, directed at problems that cause the greatest threat to the safety of HM truck
shipments.

3. HM Risk Management Training

Federal, state and local HM program managers are being asked to implement risk management
methods and practices, often with little knowledge or awareness of the concept of risk
management. Thisrestricts their ability to lead this effort, which reduces the potential
effectiveness of corresponding programs. Education is needed to improve understanding of risk
management concepts and methods.

This could be addressed with the development of a2 to 1-day executive management training
course covering HM risk management concepts and methods. The curriculum could include
findings and implications from the HM Risk Assessment study as well as best practicesin risk
management being used in government and industry. As part of the course, the risk assessment
model developed in the study could be made available for attendees to use in their own
operations.

4. Determination of HM Accident Causation

If the FMCSA is going to reach its goal of reducing the average number of truck related
fatalities by 50 percent, then it is necessary to identify and address the causal factors associated
with accidents.

As part of the Phase | activities, the remarks file in HMIS was examined to identify the
precursor events for serious accidents. Although the precursor cause of an accident, such asa
tanker rollover, could be determined, the root cause could not. For example, if the cause of the
accident was driver error or some type of equipment failure on the vehicle, we could not identify
why there was driver error or equipment failure. Did the driver make a mistake because he had
been driving for 10 hours? Was the cause of the equipment failure poor maintenance or just a
random failure? FMCSA could use other sources of data, such as police accident reports and
personal interviews with driversinvolved in selected accidents, to compile root causes for major
HM accidents.

5. Augmentation of “HM Model”

A product of this study has been the development of the essential elements of a Hazardous
Material Truck Transportation Risk Model. In any model, some elements of the model are more
important than others. The most cost-effective way to improve a model isto develop better
algorithms in the areas that are most important to consider. In thisway, the model becomes a
better risk management tool for FMCSA.
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The proposed project would begin by performing sensitivity studies on the parameters
incorporated in the current risk model. For example, currently mean values are being used for
al the parameters. However, some parameters can take on a broad range of values, i.e., the
delay cost from an HM accident. In some cases, it isjust afew hours delay, but there are
frequently times when the traffic flow patterns can be disrupted for weeks or longer when a
critical structure, damaged by the accident, is replaced.

The development of such distributed models must be balanced by the proportion of the overall
risk represented by traffic delay. If the dominant risk component isinjuries, which isindicated
by the current model, then collecting better data on injuries might be the most cost effective way
to improved the accuracy of the model. Such an analysis would look at the extent to which the
number of injuries is underreported.

The anticipated benefit of the project is the development of a more accurate risk model for
hazardous material transport by truck that could be used by FMCSA to more precisely develop
programs designed to reduce transportation risk and improve truck safety.
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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 Materialsin Mesa County.
August 1997

A survey was conducted on two major roadways through Mesa County, which islocated in western
Colorado. Two inspection stations were set up on 1-70 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. Commoditiesin
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
Sudy. 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.
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Kentucky

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

[-71, December 1997

[-75, November 1995

[-65, September 1995

[-64, June 1995

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 five 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 1-70 and I-71 interchanges with 1-270 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 three 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 six 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 Flammable Liquids
Percentage of total Percent of HM
truck traffic vehicles

Colorado 7.1 43.0
Delaware 6.0 59.4
Kentucky 3.4 56.6
Columbus, Ohio - 47.5
Oregon 4.9 52.9
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 Ultilities
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 commaodities 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 underestimated because data for crude
petroleum and natural gas shipment was lacking. Aswell, 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.
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1997 Commodity Flow Survey (CFS)
Census of Transportation, Communications and Utilities
U.S. Department of Commerce, Bureau of the Census.

The 1997 CFS provides the first comprehensive view of hazardous materials flows in the United
States. Hazardous materialstotaled 1.6 billion tons, or 14.1 percent of all commodities measured in
the 1997 CFS, with 80 percent being flammable liquids. These data are identified by mode, hazard
class, division, and selected identification numbers to serve as exposure measures for risk
assessments. The hazardous materials data represent amagjor expansion in the availability of safety
data, particularly in the air and highway modes.

For the 1997 CFS, approximately 100,000 domestic establishments were sampled from a universe
of about 800,000 establishments in mining, manufacturing, wholesale, and selected retail industries.
Also included were auxiliary locations (warehouses) of multi-establishment companies. The CFS
does not cover farms, forestry, fisheries, governments, households, foreign establishments, and most
establishmentsin retail and services. The sampling frame was the Standard Statistical
Establishment List (SSEL) of business establishments with paid employees, maintained by the
Census Bureau.

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
amail 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
unaggregated database is available as amicrodata file. The information isaresult 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). Aswell, the trucks reported may be used to transport more than one hazardous
commodity.

The 1992 survey showed that two percent of al 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 HM s and that 20 percent of them were placarded as
flammable.

1997 Vehicle Inventory and Use Survey (VIUS)
Census of Transportation
U.S. Department of Commerce, Bureau of the Census.

Thisisformerly known as the Truck Inventory and Use Survey (TIUS). It contains data about
vehicles--physical characteristics, including date of purchase, weight, number of axles, overal
length, type of engine, and body type. Operational characteristics datainclude type of use, lease
characteristics, operator classification, base of operation, gas mileage, annual and lifetime miles
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driven, weeks operated, commodities hauled by type, and hazardous materials carried. Less
detailed physical characteristics data are collected for pickups, vans, minivans, and sport utility
vehicles because they are relatively homogenous in design and use.

A mail-out/mail-back surveyed selected trucks. Largetruck owners receive a standard form, and
small truck owners (pickups, vans, minivans, and sport utility vehicles) receive ashort form. A
stratified random sample of registered trucks is selected from all 50 states and the District of
Columbia. Samples are selected by state and stratified mainly by body type. Datacollectionis
staggered as state records become available. Owners report data only for the vehicles selected.

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

Hazardous Materials Flammable Liquids
Percentage of total Percent of Hazmat
commodity commodity
1993 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 2.9 15.3
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 — March 2001 A-5



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 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 single database.

TableB-1. HMIS

Field HMIS Field Name and Criteria
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)
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Table B-2. Safetynet

Field Safetynet Field Name and Criteria
Accident Assumed Yes
Source State
Interstate Interstate (= Yes or No)
Spill Hazardous Material Release of Cargo (= Yes or No)
Date Accident Date/Year = 96; Accident Date/Month;
Accident Date/Day
Time Accident Time/ Hour : Accident Time/ Minute

Accident Street

Accident Street Location

Accident City

Accident/ City Name

County

Accident County Code

Accident State

Accident State

Carrier Name

Carrier Name

Census Number

Census Number

Carrier State

Carrier Address/ State

HZMT Placards

Hazardous Material Placard = Y

HZMT Name

Hazardous Material Name

HZMT Trade

N/A

HZMT 4-Digit #

Hazardous Material 4-Digit Number

HZMT 1-Digit #

Hazardous Material 1-Digit Number = 3

Cargo Cargo Body Type

# Fatalities Number of Fatalities
# Injuries Number of Injuries
Phase N/A

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

Field 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 determineif Interstate of Intrastate carrier.
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TableB-4

. Public Utilities Commission of Ohio (PUCO)

Field 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

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, Null) 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 (15t & 2™ HZMT Entries)

HZMT Name

Chem/TradeName

HZMT Trade

N/A

HZMT 4-Digit #

DOT ID No (15t & 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 (15t & 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.

TrucksInvolved 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 Minutel

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 Cargo/ 3T Has Cargo

1. Cannot determineif 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

Accident
Information for
Class 3,
Class 2.1,
and Class 8
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Appendix D
Natural Resource Damages Settlements

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
aHM gspill after cleanup has occurred. However the damages provide a useful conservative
estimate of damage associated with specified acreage.

T able (D-1) presents 30 natural resource settlements from sites around the country.
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Appendix D
Natural Resource Damages Settlements

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
aHM gspill after cleanup has occurred. However the damages provide a useful conservative
estimate of damage associated with specified acreage.

T able (D-1) presents 30 natural resource settlements from sites around the country.
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Class 2.1 Releases

lass 2.1 represents liquefied petroleum gases. The most common materials are Liquefied

Petroleum Gas (LPG) and Liquefied Natural Gas (LNG). LPG is predominately propane

and LNG is predominately methane. Propane can be shipped as aliquid under pressure
without refrigeration. At 70°F its vapor pressure is about 120 psig. The gas cylinder for the
common barbecue grill isliquefied propane.

LPG

A transportation accident involving LPG can result in four scenarios that can have major
consequences.

1 The LPG can be released into a pool which evaporates and disperses without ignition.

A simple energy balance shows that about 40 percent of the released liquid immediately
flashes into vapor. The resultant liquid pool on the ground is only 60 percent of the size of a
pool associated with spilling asimilar quantity of gasoline. While the size of the pool is
smaller, the damage to the environment will be severe because all the vegetation will be
frozen. The temperature of the liquid pool of propane will be —44 °F.

2. Secondly, the LPG can be released and if the flammable cloud contacts an ignition source,
the flame front can flash back and set the liquid pool on fire. For the quantities of LPG
shipped by truck, the vapor cloud explosion would not be a major concern.

3. A boiling liquid expanding vapor explosion (BLEVE) can occur. For aBLEVE to occur,
the tank containing the LPG must be engulfed in afire and the rate of pressure buildup in the
tank must exceed the capacity of therelief valve. This scenario is more likely to occur
during rail transportation where the released fuel from one car can form aburning pool that
engulfs another.

4, As aresult of the accident, the tank ruptures and rockets away from the accident scene and
ignites.

Of these four scenarios, the second and the fourth are most likely to result in significant
consequences, the second if there are alarge number of people trapped in the immediate vicinity of
the accident and the fourth if the tank that rocketed from the accident scene lands in a popul ated
area. It should be pointed out that because the LPG is stored under pressure, the probability the
tank will rupture in an accident is much lower than the probability atank carrying Class 3 liquids
will rupture.

LNG

LNG must be shipped as arefrigerated liquid since its critical temperature, the highest temperature
at which it can exist in the liquid state at any pressure, is—117°F. Itsnormal boiling point is—
260°F. The LNG is being loaded into the double walled highly insulated transport vessel at
atmospheric pressure. Thus the temperature of the LNG immediately after filling is—260°F. The
temperature of the LNG is maintained at this temperature by evaporation of the boiling liquid and
venting of the evaporated material. The vent must be closed for shipment. Thus, during shipment
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the pressure in the tank will gradually build and the temperature of the liquid will rise as the boiling
point rises with pressure. The cryogenic tanks are rated based on the pressure buildup over a
specified period of time. A typical cryogenic tank rating is 75 psig pressure rise over a 100 hour
time period. Thus, if atypical transport distance were 500 miles at an average speed, considering
stops, of 40 mph, the pressure in the tank at the end of the run would be approximately 10 psig.
Given the amount of insulation associated with the cryogenic tanks, the carrier probably does not
wait for equilibrium to be attained. Thus, the pressure buildup will probably be higher than 10 psig
over thetime the LNG is being shipped. For purposes of this analysis, it will be assumed that the
average pressure in the LNG tank is 30 psig. The temperature of the LNG at a pressure of 30 psig is
—230°F, an increase of 30 degrees from its normal boiling point. In the case of the LNG,
approximately 30% will flash into vapor when rel eased.

The same scenarios considered for the LPG can be considered for LNG. Because of the amount of
insulation on the tank, the BLEVE will be more likely for LNG. Basically what would have to
happen is for an accident to occur between two trucks, one carrying gasoline and the other LNG.
The gasoline would have to spill and burn, fully engulfing the LNG tank. The fire would then have
to last over an hour. There arereally two competing phenomena occurring. At some point,
probably below 300 psig, therelief valve will rise and slow the rate of pressure buildup. The
second phenomenon is the weakening of the walls of the tank by heating. BLEVE failures occur in
the upper region of the tank in an area not cooled by the boiling LNG remaining in the tank.

In term of likelihood of arelease, the double walled construction of the LNG tank will reduce the
likelihood of arelease when compared to a L PG tank. However, once released, the consequences of
the two releases will be similar. The area covered by released liquid will be killed by exposure to
very low temperatures. Thereisreally not much difference between the effects of —40 and

—260 °F. Direct exposure to either temperature will kill anything living.

Since the one year profile will probably not have any of these serious accidents, most of the above
discussion will be relevant to the section addressing catastrophic, less likely accident scenarios.
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accidents. These three categories were selected because of their importance within HM

accident impacts. The three categories together account for aimost 78 percent of the total
impacts from accident/incidents for the portrait year. These examples provide an indication of the
range of impacts from 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
datawas unavailable. These values are annotated with an asterisk. For example, if atractor 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 particular
accidents, but that serious injuries can dominate the cost, even in the case of the Kirkersville, Ohio,
accident, where impact delay costs were high because a mgjor interstate was affected. A similar
situation applies to the Northwood, Ohio, accident, which is dominated by the single fatality,
although 100 people were evacuated. Tables F-1 to F-8 provide a summary of the impacts for each
case.

Thisappendix presents impact summaries for actual Class 3, Division 2.1, and Class 8

October 29, 1996, 4:50 a.m., Near Kirkersville, OH. A tanker truck, traveling eastbound 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 am. and were
expected to open by 2 p.m. An environmental contractor was called to clean up the spill.

Table F-1. Kirkersville, OH.

Field Value*
HM Information Commodity Acetone
Class 3; Flammable — Combustible Liquid
Quantity Spilled Less than 100 gallons
Accident Location I-70 Eastbound, 122 MM, East of SR158,
Information 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

* Dollar values based on data and assumptions in Section 2.3 and an assessment of likely costs for this case.
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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 stormsewer, 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 afactor 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 thisbill in May of 1996.

Table F-2. Mankato, MN.

Field 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

* Dollar values based on data and assumptions in Section 2.3 and an assessment of likely costs for this case.
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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 ¥4 times, before catching fire.
Thefirst person at the scene, a passerby, was able to pull the two injured passengers from the tractor
before flames engulfed it. The tanker 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 F-3. Berthoud Falls, CO.

Field Value*
HM Information Commodity Diesel Fuel

Class 3; Flammable — Combustible Liquid

Quantity Spilled 8,200 gallons
Accident Location U.S. 40 & milepost 249, Berthoud Falls, CO
Information (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 $60,000

Property Damage

Decontamination/ $30,000

Cleanup

Incident Delay $46,125

Environmental $3,697

Damage (assumes half of leaked cargo burned)
Total Estimated Cost $704,722

* Dollar values based on data and assumptions in Section 2.3 and an assessment of likely costs for this case.
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Saturday, September 7, 1996, 3:30 p.m., Burns Harbor, IN. A tractor-trailer rig was exiting 1-94
onto U.S. 20 viaafull 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 itsleft side. Thetrailer contained ten,
600-gallon containers of aflammable 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 F-4. Burns Harbor, IN.

Field Value*
HM Information Commodity Resin Solution
Class 3; Flammable — Combustible Liquid
Quantity Spilled 1,200 gallons
Accident Location U.S. Route 20 at I-94, Burns Harbor, IN
Information (Rural community)
Fatalities 0
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/ $74,059
Cleanup
Other Damages $2,179
Incident Delay $46,875
Environmental $1,053
Damage
Total Estimated Cost $265,785

* Dollar values based on data and assumptions in Section 2.3 and an assessment of likely costs for this case.
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February 5, 1995, 9:00 a.m., Emeryville, CA. A tanker truck carrying more than 8,000 gallons

of liquefied petroleum gas was trying to change lanes from 1-80 to the MacArthur Maze when it
skidded out of control and crashed into the center divide at the Cypress Street off-ramp. Sparks
ignited the gas gushing form the ruptured tanker. A fireball, estimated at more than a hundred feet
across, engulfed the truck and cars on the connector ramp between westbound 1-80 and eastbound |-
580 (MacArthur Maze). The driver of the truck died when the tractor plunged off the interstate.
Authorities closed the Cypress Street off-ramp and the ramp between westbound 1-80 and eastbound
[-580, creating a massive traffic jam that persisted through most of Sunday. At least six people
were treated for first- and second-degree burns, and flying debris and fire damaged seven cars. A
crane took an hour on the afternoon of Sunday, February 5™, to lift the wreckage of the tanker.
CALTRANS workers spent Sunday and early Monday clearing adebristrail that stretched
approximately an eighth of amile. The explosion damaged el ectrical wires that run along the road,
destroyed three signs spanning the highway, and ripped away a section of guardrail from its
concrete moorings, leaving a gaping hole. A 40-member repair team was on the job all night
repairing the roadway. The connector ramp was reopened at 5:04 am. on Monday, in time for rush
hour. However, there was till alot of work to be done along the highway.

Table F-5. Emeryville, CA

Field Value*
HM Information Commaodity Liquefied Petroleum Gas
Class Flammable Compressed Gas
Quantity Spilled 1,100 CFT
Accident Information Location I-580 and 1-80, Emeryville City, Alameda
County, CA
Fatalities 1 person
$2,800,000
Injuries 6 people
$1,200,000
Evacuation 0
Damages Product Loss $3,500
Carrier Damage $95,000
Public/Private Property $120,000
Damage
Decontamination/ $3,870
Cleanup
Incident Delay $498,000
Environmental Damage $4,200
Total Estimated Cost $4,724,570

*Dollar values based on data and assumptions in Section 2.3 and an assessment of likely costs for this case.
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October 28, 1996, 8:28 a.m., Northwood, OH. A flatbed truck carrying cylinders of dissolved
acetylene wasin an accident at SR 579 and Williston Road, arural agricultural area. Due to a spill
and vapor cloud of the hazardous material, an evacuation of 100 people occurred. There were no
road closures noted. However, there were two injuries and one fatality.

Table F-6. Northwood, OH

Field Value*
HM Information Commaodity Dissolved Acetylene
Class Flammable Compressed Gas
Quantity Spilled 370 CFT, plus a vapor
Accident Information Location SR 579 and Williston Rd, Northwood
City, Wood County, OH
Fatalities 1 person
$2,800,000
Injuries 2 people
$400,000
Evacuation 100 people
$100,000
Damages Product Loss $60
Carrier Damage $60,000
Public/Private Property $4,000
Damage
Other Damage $11,900
Decontamination/ $40,000
Cleanup
Incident Delay $9,375
Environmental Damage $398
Total Estimated Cost $3,425,773

*Dollar values based on data and assumptions in Section 2.3 and an assessment of likely costs for this case.
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October 14, 1996, 9:00 a.m., Lehigh, PA. A tanker truck, traveling on Route 248, separated from
its tractor and skidded 30 feet, causing aleak from avalve. The tanker was carrying 8,000 gallons
of an ammonia solution (approximately 30 percent ammoniaand 70 percent water). A leak trickled
from avalve, while simultaneously causing a hazardous ammoniavapor to form. An estimated 5 to

10 gallons of the load |eaked from the tanker. Shortly after the accident, firefighters started

evacuating homes; 10 to 15 homes within a half-mile radius were evacuated, causing 35 peopleto

leave the area. Timberline Road and Route 248 between Routes 946 and 145 were immediately
closed. An employee from the tanker filling station arrived in a self-contained suit within
15 minutes of the accident and stopped the leak. By noon, the trucking companies hazardous

materials team arrived to transfer the chemical onto another tanker. By 5:30 p.m., the chemical was

transferred to the other truck, the roads were opened and the residents were allowed to go home.

No onewas injured or killed. In all, 130 fire and emergency personnel responded.

Table F-7. Lehigh, PA

Field Value*

HM Information Commaodity Ammonia Solutions 10-35%

Class Corrosive Material

Quantity Spilled 5-10 gallons, plus a vapor
Accident Information Location Route 248, Lehigh City, Northampton

County, PA

Fatalities 0

Injuries 0

Evacuation 35 people

$35,000

Damages Product Loss $0

Carrier Damage $4,500

Public/Private Property $0

Damage

Other Damages $13,500

Decontamination/ $0

Cleanup

Incident Delay $15,938

Environmental Damage $0
Total Estimated Cost $55,438

*Dollar values based on data and assumptions in Section 2.3 and an assessment of likely costs for this case.
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August 6, 1997, 2:00 p.m., Michigan City, IN. An auto carrier truck slammed into the back of a
tanker truck stopped in congested traffic on the eastbound lane of 1-94. The tanker truck was
carrying sodium hydroxide (50 percent solution); 3,000 — 4,000 gallons of the corrosive chemical
spilled from the tanker as aresult of the accident. All six lanes of 1-94 were closed, starting alittle
after two o-clock along a nine-mile stretch between Chesterton and Michigan City. The three
westbound lanes were reopened on Wednesday, August 6", around 5:30 p.m. At 11:00 p.m. on
Wednesday, the center and |eft lanes of the eastbound side were reopened; the right hand lane was
still closed well into Thursday. About 500 to 1,000 gallons of sodium hydroxide remained in the
tanker after the accident and was transferred to another tanker. Cleanup of the accident included
removing all contaminated soil along the side of the interstate. Two tractor-trailer loads of soil had
aready been removed by 3:30 p.m., and the cleanup was still underway. Water samples were also
taken from asmall creek to check for any contamination. OSI Environmental conducted the
cleanup; the Porter County Hazardous Materials Team and the Indiana Department of
Environmental Management oversaw the cleanup. The tank truck company was said to be
responsible for the payment of the cleanup. The sodium hydroxide, which will burn skin on
contact, affected three people who received minor burns when some of the chemical spilled on
them. The auto carrier truck veered to the right after the collision, crashed through a guardrail,
overturned, and burst into flames. The driver of the auto carrier died of multiple injuries.
Firefighters came from three neighboring township volunteer fire departments.

Table F-8. Michigan City, IN

Field Value*
HM Information Commodity Sodium Hydroxide Solution
Class Corrosive Material
Quantity Spilled 3,000 — 4,000 gal.
Accident Information Location Mile marker 29 on [-94, Michigan City,
La Porte County, IN
Fatalities 1 person
$2,8 00,000
Injuries 3 people minor injuries
$12,000
Evacuation 0
Damages Product Loss $35,000
Carrier Damage $107,000
Public/Private Property $2,300
Damage
Other Damage $11,940
Decontamination/ $13,500
Cleanup
Incident Delay $83,025
Environmental Damage $3,063
Total Estimated Cost $3,067,828

*Dollar values based on data and assumptions in Section 2.3 and an assessment of likely costs for this case.
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