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Executive Summary 

This study has examined the risk of spills of hazardous 

substances from transport containers which are unmarked . Three 

circumstances could lead to incidents where a reportable quantity 

of a hazardous substance spil l s  from unmarked containers . First , 

the incident could involve multiple spi lls from packages too 

small to require marking . Second , the incident could involve a 

very large spil l  of a mixture or solution which was too dilute to 

require marking . Finally ,  the transport container could be 

unmarked because it was not in .compliance with Federal 

Regulations . The study findings in each of these circumstances 

. are.summarized below . 

Multiple Small-Package Spi l l  Risk 

The MTB regulations on the transportation of hazardous 

substances require packages to be marked with the l etters I I  ROil 

when the package contains more than a reportable quantity of a 

hazardous substance . Packages containing less than a reportable 

quantity are not considered hazardous substances by MTB . 

Further , the MTB requires reporting to NRC when a re�ortable 

quantity of a hazardous substance spil ls from a s ingle package 

or� for bulk shipments , from a single transport vehicle . 
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These regulations present two categories of risk : first , a 

carrier could be involved in an incident where many small , 

unmarked packages spi ll and because the packages are unmarked the 

carrier would be unaware of the hazard : second , multiple spi l ls 

from marked packages could be unreported to NRC because no s ingle 

package spil�ed more than an RQ . 

Table E . l ' shows estimates of the fraction of incidents where 

an RQ or more spills for these categories of risk . The estimates 

were derived from the MTB ' s  HMIR data and the probability 

equation developed in Chapter 3 and the Appendix .  The results 

indicate that less than 0 . 5 3 percent o� all B hazardous substance 

spi l l s  of an RQ or more are from incidents involving multiple 

spills from unmarked packages . Further , the comparable fraction 

is even smaller for A hazardous substances and smaller still for 

X hazardous substances . 

The results are somewhat less complete for incidents 

spi l l ing more than an RQ which are unreported because no single 

spill exceeds an RQ. Only two-spi l l  incidents are included in 

the analysis , but the risk calculations indicate that such cases 

comprise less than three percent (3% )  of all incidents where an 

RQ or more spi l l s  of B hazardous substances . Further , this 

fraction is dominated by the spil ls from marked packages ,  and 

since only the letters "RQ " are marked on the package , it seems 

likely that these spi l l s  would be reported (over reported ) even 

though reporting is not required by current regulations . They 
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Table E . l  Summary of Multiple Spil l  Risks 

Fraction of RQ Spi lls of 
Description of Incident X Substances A Substances B Substances 

1 .  

2 .  

Unmarked and Unreported 
Involving multiple* 
spil ls from unmarked 
packages . 

Unreported 
A .  Involving one 
unmarked package 
spil l  and one spil l  
of less than a n  RQ 
from a marked 
package . 

B .  Involving two 
spil ls of less than an 
RO from marked 
packages 

-5 2 . 7xlO 

-6 2 . 4xlO 

-3 2 . 7xlO 

* Includes 2 , 3 and 4 spill incidents 
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5 . 3xlO-3 

5 . 4xlO-4 3 . 6xlO-3 

1 . 8xlO� 2 2 . lxlO-2 



would be reported because the marking does not indicate the 

category of hazardous substance or the RO threshold , so , as long 

as the package spi l led more than one pound , it could potentially 

be a reportable quantity . 

If the regulations were cha�ged to require marking the 

hazardous substance category as we.ll  "as RO ("RO-X ,  II II RO-A" • • •  ) , 

the over-reporting of small spills could be avoided , but three 

percent (3% ) of all reportable quantity spil l s of B hazardous 

substances would � be reported ( the multiple , small spil l s  

involving marked packages . )  

These results are based on several assumptions . Because the 

probabilities were estimated from hazardous material spill data , 

the most important assumption is that hazardous substances are 

shipped and spi l l  in ways which are the same as hazardous 

materials . An analysi s  of the spil l  data for 42 of the 92 Clean 

Water Act X , A or B hazardous substances supports the .validity of 

this ass�mption . Other assumptions involve the independence of 

probabi lity factors across substances and the. degree to �hich the 

HMIR data is representative of all hazardous material spi l l s . 

Large Dilute Spil l  Risk 

MTB regulations define hazardous substances to be above a 

RO�50 , OOOlb . concentration . Shipments at concentrations below 

this threshold are not sub j ect to regulation , however very large 

spi lls could release an RO of a hazardous substance . 
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Neither the u.s. Coast Guard ' s  Pol lution Incident Reporting 

System ( PIRS ) nor the MTB's HMIR contains information on the 

concentration of the hazardous materials spi l led . However , 

economic considerations ,probably make shipping dilute concen

trations· of hazardous substances unattractive . Because shipping 

costs rise with the weight shipped , only when the substance can 

be used in the di luted form and where concentration costs exceed 

the added shipping costs is it economical to ship dilute concen-

trations of hazardous substances .  Two categories of materials 

meet.these conditions : 1 )  Wastes which can be disposed of in any 

concentration and are shipped short distances1 and 2 )  Additives 

to materials which are not hazardous substances ,  l ike tetraethyl 

lead in gaso1ine* . Both of these categories of material s  could 

be frequently shipped in di lute concentrations . 

In addition to being shipped in di lute form , at least 50, 000 

pounds of the unmarked solution must be released for an RQ to 

spill .  The HMIR data indicates that 0 . 8  percent of truck in

cidents and 4 . 9  percent of rai l  incidents involved' spil l s  of more 

than 5 0 , 000 pounds . The PIRS data indicates that 4. 7 percent of 

the hazardous spi l l s , excluding oil , exceeded 5 0 , 000 pounds . The 

* Tetraethyl lead is a hazardous substance while gasoline is not 
a hazardous substance but it is a hazardous material . 
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large spil l s  in PIRS are mostly from non-transportation sources , 

however .  Thes e percentages represent very loose upper bounds on 

the fraction of spil l s  which are RO or more from dilute unmarked 

packages .  This upper bQund i s  based on the very conservative 

assumption that the concentrations of all shipments are just 

below the marking threshold , RO�50,000 . Certainly many specific 

substances , particularly those in wastes and those used as 

additivies, could have a higher percentage of spi l l s  where an RO 

spills from dilute unmarked shipments but in the aggregate thes e 

percentages represent loose upper bounds . 

Non-Compliance 

The very l imited available inform�tion on non�comp1 iance 

rates in hazardous materials transportation indicate that 

non-compliance is common . The study of hazardous material 

trucking in Virginia* indicated that 10-20% of the trucks did not 

have proper shipping papers, and 30-40% were not proper ly 

placarded . These rates dwarf the fraction� of RO spil l s  from 

multiple packages and from large di lute shipments . 

*Price , Schmidt and Kates IIMu1ti-Moda1 Hazardous Material 
Transportation in Virginia " Sept . 1 981. 
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Though the reasons for non-compliance are even sketchier 

than the non-compliance data , the cost of compliance seems 

to be an important general reason . Table E . 2 shows the important 

activities required by hazardous material regulation in 

transportation and an assessment of their contribution to the 

cost of compliance . 

Table E . 2'also shows how designating new hazardous 

substances under CERCLA might affect the cost of compliance to 

shippers and carriers . The two categories of hazardous sub

stances which were already regulated as hazardous materials wil l  

experience very minor increases i n  the cost o f  compliance . Newly 

des ignated hazardous substances which were not previous ly regu

lated ( ORM-E ) ,  can have a significant impact on the cost of 

compliance for shippers and carriers which did not previously 

handle hazardous materials because these shippers and carriers 

must now become famil iar with the ful l range of MTB's hazardous 

material regulations and , though the regulatory burden is modest 

for ORM-E materia ls , no hazardous material regulations applied 

before des ignation . 

The assignment of the reportable quantity for a' hazardous 

substance determines the fraction of shipments which are sub j ect 

to the medium and low incremental costs in Table E . 2 .  However , 

ad justments to the reportable quantity seem unlikely to affect 

compliance s igni ficantly because training and clas s ification 

costs can not be avoided , and these costs dominate the in

cremental costs that vary with shipment volume . 
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Table E. 2 

Activity 

Training 

Clas si fica-
tion 

Packaging 

Marking 

Labeling 

Placarding 

Shipping 
Papers 

Special 
Handling 

. 

Spill 
Reporting 

Legend: ++ 

+ 
0 

Effect of Designating New Hazardous 
Substances on the Cost of Compliance 

Incremental Costs by Category of 
Hazardous Substances 

( l )  ( 2 )  ( 3 ) 
Impact on ( Regulat-
Total Cost of ed but Not 
Compliance ( On HM Table ) on Table )  ( ORM-E ) 

High + + ++ 

High 0 ++ 

High 0 0 0 

Medium + + ++ 

Medium 0 0 0 

Medium 0 0 0 

Medium . +  + ++ 

Medium 0 0 0 

Low + + ++ 

means signi ficant increase in cost for some shippers 
or carriers 
means minor increase in cost 
means no change or not required 
means minor reduction in cost 
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On the other hand , ad justments to the RO of a hazardous 

substance can affect the number of NRC spi l l  reports dramati

cal ly . For example ,  ch�nging the RO for calcium hypochlorite 

from 100 pounds to 1000 pounds could reduce the number of NRC 

spi l l  reports for that substance by over 20% . 
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1.0 Introduction 

The purpose of this proj ect is to establish the risks of 

hazardous substance spi lls from unmarked packages during 

transportation . The results of this study wi l l  be used by the 

EPA to aid in establishing reportable quantities for newly 

des ignated hazardous substances , to better understand the spi l l  

risks and special issues in regulating the transportation o f  

hazardous substances , and if the risks are serious , t o  suggest 

adjustments to the existing transportation regulations . 

Packages containing nazardous substances might be unmarked 

for any of three reasons . First , the package might contain less 
. * 

than a reportable quant1ty ( RO )  of the hazardous substance . 

Since current regulations require the package to be marked only 

if i� contains an RO or· more , these packages 'cou ld be unmarked . 

Seconq , the package or shipment could contain a mixture or 

solution of a hazardous substance which is so dilute that it does 

not require marking . Table 1 shows the concentrations be low 

which packages do not need marking . Third , a package containing 

a hazardous substance could be unmarked because the shipper is 

not complying with existing regulations . 

* 
Reportable quantities have been established for five categories 
of hazardous substances .  These categories and the associated 
ROls are : 1 )  X--l pound : 2 )  A--10 lbs : 3 )  B--100 lbs; 4 )  C--1000 
lbs : 5 )  D-�5000 lbs . . 
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TABLE. 1: CONCENTRATIONS EXCEEDED BY HAZARDOUS :SUBSTANCES 

RQ POUNDS RQ KILOGRAMS 

5000 2270 

1000 454 

100 -45.4 

10 4.54 

1 0.45 

SOURCE: 49 CFR Part 171.8 

2 

: CONCENTRATION BY. WErGHT 

PERCENT PPM 

10 100,000 

2 20,000 

0.2 2,000 

0.02 200 

0.002 20 



The risks and issues associated with each of these three 

situations wil l  be analyzed in this study , but since each 

situation requires different data and analysis , each wil l  be 

addressed separately . In the first situation , the study wil l  

assess the likelihood that more than an RQ spills  from multiple , 

small ,  unmarked packages . This risk wil l  be contrasted ·with the 

risk of RO spil l s  from larger , marked packages . The Material 

Transportation Bureau's ( MTB's ) Hazardous Material Incident Re

port ( HMIR ) data wil l  be used as the primary data for this 

analysis . 

In the second situation , the study wil l  attempt to assess the 

likelihood that more than an RQ of a hazardous substance spills  

from shipments which are unmarked because the hazardous substance 

is so dilute that it does not require marking . Spil ls of more 

than 50 , 000 lbs could release an RQ of a substance without re

quiring a mark ing . The HMIR data wi l l  be used to estimate the 

risk of these large spills for rail. and truck , and the Coast 

Guard's Pollution Incident Reporting System ( PIRS )  wil l  be used 

to assess the risk for the water modes . 

The third situation , non-compliance , involves issues such as 

the cost of compliance and the relation between RQ level s  and 

compliance rates. 
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The remainder of this introduction presents some legis lative 

background to this study . Section 2 . 0  presents a summary of the 

transportation regulations with respect to hazardous material s 

and substances . Section 3 . 0  presents the results of the analysis of 

the risk of multiple , small package spills . The HMIR data are 

described , important limitations to the data are identified , and 

statistics derived from the data are presented . Section 4 . 0 presents 

some limited data on the risk of very large spills  which are relevant 

to the risk of RO spi l l s  from unmarked shipments of very dilute 

mixtures or solutions of hazardous substances . Section 5 . 0  discusses 

non-compliance with hazardous materials regulations and examines how 

designating new hazardous substances might affect the non-compl iance 

rate . 

1 . 1  Legislative Background 

* 
Section 3 1 1  of' the Clean Water Act ( CWA, PL-9S -2 1 7 ) establishes a 

program for regulating hazardous substances . 297 substances were 

designated as hazardous by EPA pursuant to this legislation . These 

297 substances were categorized into five groups and each group was 
. 

assigned a reportable quantity ( RO ) . The groups and associated ROs 

are: 1 )  X--one pound : 2 )  A--IO Ibs . : 3 )  B--IOO Ibs . :  4 )  C--IOOO Ibs . : 

5 )  0--5000 Ibs . 

* 
The CWA amends the Federal Water Pollution Control Act of 1 972 

( PL-92-S00 ) .  
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The Materials Transportation Bureau ( MTB ) of the DOT incorporated 

these substances into its Hazardous Material Table ( 49 CFR 1 7 2.101 ) .  

Of the 297 substances , approximately 45% were already on the table by 

name . An additional l 5%.were already covered in general .categories , 

not otherwise specified . The remaining 40% were not previous ly 

covered . The Hazardous Materials Table has about 360 entries to cover 

the 297· substances , because many substances have different hazard 

c lasses and/or packing requirements depending on the concentration and 

form . * 

MTB has issued· rules which require shippers to mark packages which 

contain an RQ or more of a hazardous substance . The EPA is concerned 

that significant spills could occur where the transport vehicle 

operator has no knowledge that a hazardous situation exists because 

many small , unmarked package� spi l l . Without knowledge of the hazard 

no clean-up or notification of NRC ( National Response Center ) would 

occur and the public would be left at risk . Assessing the likel ihood 

of this type of spil l  incident is the objective of Section 3 . 0  of this 

report . 

*For example , Aldrin has six entries 1 )  Aldrin ,  Poison B :  2 )  
Aldrin , cast solid , ORM-A: 3 )  Aldrin mixture , dry ( > 6 5% aldrin ) ,  
Poison-B : 4)Aldrin mixture dry « 65% aldrin ) ,  ORM-A : 5 )Aldrin 
mixture , liquid (> 60% aldrin ) ,  Poison-B : 6 )  Aldrin mixture , 
l iquid (! 60% a ldrin ) , ORM-A .  

5 



The Comprehensive Environmental Response Compensation and 
Liability Act of 19 8 0  ( CERCLA) ( PL-9 6-l0)  greatly expands the l i st 
of hazardous substances . Section 1 0 1  ( 1 4 )  adds to the 2 9 7  sub
stances designated by the Clean Water Act ,  

" any element , compound , mixture , solution , or substance 
designated pursuant to section 102 of this Act , ( C )  any 
hazardous waste having the characteristics identified 
under;or listed pursuant to section 3001 of the Solid 
Waste Disposal Act ( but not including any waste the 
regulation which under the Sol id Waste Disposal Act has 
been suspended by Act of Congress ) ,  ( D )  any toxic 
pollutant listed under section 307 ( a )  of the Federal Water 
Pol lution Control Act , {E ) any hazardous air pol lutant 
listed under s ection 1 1 2  of the Clean Air Act ,  and ( F )  any 
imminently hazardous chemical substance or mixture with 
respect to which the Administrator has taken action 
pursuant to section 7 of the Toxic Substances Control 
Act . II 

These additions bring the total number of hazardous substances to 

691 * . Of the 6 91 ,  roughly 607 are chemical substances and the 

remainder are waste streams . All of the additions are assigned an RO 

of one pound until EPA des ignates a more appropriate RO . MTB wil l  

incorporate these additional substances into the DOT regulations after 

the RO levels have been set , though , MTB may make certain 

modi fications to the EPA list . 

*This number will change somewhat under the final list to be 
published in the Proposed Rule . 
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2 . 0  Regu l a tion  of  the Transpo r ta t ion of  Ha zardous Ma te r i a l s  

The Mate r ia l s  Transpo r tat ion Bureau (MTB) of '  the Depa r tment 

of Transpo r ta t ion ( DOT ) i ssue s regulations to assure the sa fe  

transportation  of haza rdous ma te r i a l s  ( HM) . The MTB ha s 

i nco rpora ted EPA-d esigna ted ha za rdous substance s  and wa stes i nto 

DOT ' s Ha za rdous Mate r ia l s  Table ( a  pa r t i a l  l i st o f  DOT- regulated 

ha za rdous ma te r i a l s) the reby mak i ng them subj ect to DOT HM 

regula t i ons when  sh i pped i n  a quant i ty equa l to o r  g reate r than 

the repo r table qua nt i ty establ i shed by the EPA for tha t  

substance . 

Th i s  sect ion wi l l  g ive an ove rview o f  the ha za rdous 

ma te r i a l s  regul a t i ons, empha si z i ng deta i l s  pe r ta i n i ng to 

haza rdous substances. The f i rst subsect i on ident i f i e s  ha za rdous 

ma te r i a l s  regulato ry responsi bil i ty wi th i n  DOT; the second 

subsection  presents requi rements fo r HM transpo rta tion cove red by 

these regul a t ions. Subsect ion 2 . 3  i nd i cates who i s  responsible  

for  comply i ng wi th the requ i rements, and· Subsect ion 2 . 4  outl i nes 

two mechan i sms fo r - r e l i e f  f rom HM regula t ions. The f inal 

subsect ion expl a i n s  the speci f i c  requi rements fo r ha za rdous 

substance s under  the DOT regul a t i ons. 
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2 . i  Regula to r y  Respons i b i l i ty 

Feder a l  reg u l a t i ons pr ior  to 1975 ( U. S . C .  831-835) covered 

only ha za rdous ma ter i a l s  ca r r i ers  engaged in  interstate o r  

foreign commerce and the shi ppers who used the services o f  these 

ca r r i ers . The Ha zardous Ma ter i a l s  Tra nspo rtation  Ac t o f  1975 

broadened thi s scope with  the resul t tha t a l l  int rastate ca r r i ers 

ca n be regula ted by DOT . *  The Depa r tment , however , has l imi ted 

i ts r egul a t ions by excl ud i ng intrasta te mo tor ca r r i ers  except 

when they t ranspo r t  haza rdous wastes * *  and subs tances . I n  the 

i ns tances when i �tr�s ta te ca r r i ers t ranspo r t  these ma ter i a l s , a l l  

regul a t ions per ta i n i ng t o  ha za rdous substances and wastes mus t be 

observed . 

Since i ts crea t ion in 1975, the.Ma ter ials Transpo r ta t ion 

Bureau ( MTB) has been the l ead agency in DOT ' s  haza rdous 

ma teria l s  sa fety program . Al though MTB co-o rd i nates rule-making 

wi th the moda l  adm i n i stra t i ons* * * , a l l  HM regula t i ons a r e  i ssued 

*Lawr.ence W. B i er l ei n ,  Red Book on Transpo rtat ion of  Ha za rdous 
Ma ter ials,  1977. 

**The CFR is amb iguo us on thi s po i nt .  49CFR1 71 . l  exc l ud es 
in trastate mo tor ca r r i ers  from Federal regulation  when a state is 
oper a t i ng a haza rdous was te prog ram und er inter im autho r i zat ion 
in accordance wi th 4 0CFRI 2 3 , F .  However , 4 9CFR171 . 3 ( a )  requ i res 
interstate anc '. trastate transpo r t  of ha za rdous was tes to be i n  
accordance w i th Federal reg ul a t i ons . The MTB pol icy cur rentl y 
requ i res compl iance as stated in  l 71 . 3 ( a) .  

* * * The modal adm i n i s trations ar e:  Federa l Ra i l road 
Adm i n i s trat ion ( FRA) , Federal H i g hway Adm i n i s trat ion ( FHWA),  
Federal Av i a t ion Adm i hi s t rat ion ( FAA) and the u.s. Coa�t Gua rd 
( USCG).  
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by the MTB , wi th the exception of  those per taining to bul k  

transpo rta t i o n  by water which a re i ssued by the u.s. Coa s t  Gua rd . 

MTB a l so regula tes manufacturers of  haza rdous mater i a l  shipping 

conta iners and shipments o f  haza rdous materia l s  wh ich a re 

t ranspo r ted by mo r e  than one mod e ( i ntermoda l).  Enforcement  

a uthority to assure compliance with the regula tions is delegated 

to the modal administra tions , with MTB per fo rming this function 

for container manufactu�ers , intermodal  sh i pments and pipeline. 

Table  2 . 1  s umma r i zes these haza rdous materials  responsibil ities . 

2 . 2  Scope of Haza rdous Materia l s  Regulations Reguirements 

Ha zardous ma ter i a l s  r egula tions cover a l l  aspects of  trans

por ta tion . Responsibility fo r "  compliance general ly f a l l s  to 

sh i ppers , car riers and/or container manu facturer s .  The genera l 

a reas regula ted includ e :  

1. Ma�erial Id entification and Classif ica tion 

2 . Packaging 

3 .  Ma rking 

4 .  Label ing 

5 .  P laca rding 

6 .  prepa ring Shipping Papers 

7. Acc ident  Reporting 

8. Handl ing ( mode-spec i fic requ i rements) 

The following subsections describe these genera l a reas ;  emphasis 

is on the requirements fo r shippers and ca r riers .  
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Table 2 . 1 :  Ha zardous Ma teri a l s  Regula tory Responsi bi l i t i es in  the 
Department of Tra nsporta t ion 

Mode - Rul e-Maki ng I n spec t ion/Enforcement 

Ra i l  MTB/FRA FRA 

Highway MTB/FH'tlA FHWA 

Air  MTB/FAA FAA 

Wa ter USCG USCG 

P i pel i ne MTB MTB 

I n termod a l  MTB MTB 

Conta i ner MTB MTB 
Ma nufacturers 
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2 . 2 . 1  Materia l Id entification and Classification 

Ha za rdous materia l s regulations a re applicable to a l l  
. 

materi�l s  fou�d on the Haza rdous Materia l s  Table  ( 4 9  CFR 172 . 101) 

as wel l as to any material with the chemical properties of a DOT 

haza rd c lass . The HM Table is an a lphabetica l l isting by proper 

DOT shipping name of materia l s  d esigna ted as haza rdous by the 

Depa r tment . Haza rdou� substances designated by the EPA under the 

Clean  Water Act a r e  incl uded in the Table.  I t  is essential fo r a 

s hipper to d etermine the proper shipping name o f  a material , 

which is not necessa rily the brand , trade or  chemical name,  in 

o rd er to fol low the procedures r equired for transpo r ting that 

materia l . The Table  id entifies a materia l 's hazard class , the 

prima ry d eterminant of  most requirements . 

The Tabl e does not list a l l  the specific materia l s  subj ect 

to DOT regulation , however . Any materia l  which has the chemical 

properties of  a DOT- specified ha za rd class is subj ect to 

regulation , �ven tho ug h it does not specifica l l y  appea r on  the HM 

Table. * DOT ha za rd classes are shown in Tabl e 2 . 2 .  I d entifica-

tion and c l a ssification o f  materia l s  not specifical l y  appea ring 

on the 8M Table  is accomplished throug h  resea rch by the 

manufacturer ( s hipper) to see if any hazard class criteria a r e  

met.  After a material  is id entified as belong ing to a haza rd 

class , a l l  regulations pertaining to that class must be observed . 

* I n  these cases ,  the proper shipping name of  the ma teria l  is a 
ha za rd class,  not oth�rwise specified ( n . o . s).  Fo r example,  
flammable liquid , n . o . s .  could be the proper shipping name. 
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Tabl e 2 . 2  DOT Hazard Classes 

Ex plosive,s :  Class A ,  B ,  C and Blas ting Agent ( 173 . 53 ,  

173 . 88,  173 . 1�� , 173 . 114 a) 

Radioac tive Ma teria ls ( 173 . 389) 

Poison A ( 173 . 3 2 6) 

Poison B ( 173 . 3 4 3) 

Flammable Ma terials : Solid , Liquid , Gas 

( 173 . 15� , 173 . 115, 173 . 300)  

Nonflammable Compressed Gas ( 173 . 30 �) 

Oxidizers ( 173 . 151) 

Co r rosive Ma terials ( 173 . 24 0 )  

I r ritat ing Ma terials ( 173 . 3 81) 

Combustible Liquids  ( 173 . 115) 

Etiologic Ag ents ( 173 . 386) 

Organic Perox �d es ( 173 . 15 1) 

Other Regula ted Ma terials ( ORM-A , B ,  C ,  0, E) ( 173 . 5(39) 

Note:  Citation for hazard class definition in 4 9  CFR a re listed 

in pa r entheses . 
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I t  should be noted tha t  DOT ' s reg u l a tory philosophy dif fers 

from tha t of  tha t  EPA . DOT requires tha t manufac turers share the 

HM identification function  thereby shif ting responsibil ity f rom 

the Depa r tment to those invo lved in the transpo rta tion of these 

materia l s. The EPA , however , d esigna tes haza rdous substances and 

wastes and places no responsibil ity for additional identification  

outsid e  the agency. 

2 . 2 . 2 .  packag ing 

DOT specifies construction and qua l ity contro l  requirements 

for  containe�s used in transporting ha za rdous materia l s  ( see 4 9  
. 

eFR Pa rts 178 and 179 for specifica tions). Packaging fo r a 

haza rdous ma teria l  can be selected only a f ter t he proper shipping 

name and haza rd c l a ss have been determined . The HM Table refers 

to the sec tion of Tit l e  49 eFR where packaging requirements for a 

pa rticul a r  ma teria l a re lis ted .  Req�irements are  outlined by 

hazard class or,  in some cases , by individua l commod ity • .  The 

regula tions covering packag ing are very specific and permit 

l ittle o r  no discretion by the shipper . 

Ma teria l s  fo r which no packag ing requirements a r e  specified 

( usua l l y  sma l l  quantities) mus t ,  neverthel ess , sa tisfy minimal 

r equirem�nts by being securely packaged in strong , tight packages 

(see 4 9  eFR 173 . 2 4 ,  " Standard Requirements for Al l Packages " ). 

I t  should be no ted that  ORM-E ma teria l s ,  a l l  o f  .which a r e  

hazardous substances , have n o  packaging requirements and 

therefore a re subj ect. only to the minimal requirements •. 
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2 . 2 . 3  Mark i ng 

DOT regul a t i ons 'requ i re tha t  certa in  informat i o n  be placed 

on eac h  package, portable tank , cargo tank , and tank car. 

Mark i ng may be pri nted on the surface of  the conta i ner or on a 

l abel , tag or sign.  Marking usua l l y  i nc ludes : 

1 .  The proper shi ppi ng name o f  the contents o f  the con
ta i ner . ( From the Hazardous Materials Tabl e) 

2 .  Letters and numera l s  ident i fy i ng the spec i f icat ion 
packag i ng bei ng used . 

3 . " The letters "ROn on ha zardous substance shipments ( a f ter 
July  1,  1983 ).  

4 .  The name and add ress of  the cons ignor or cons ignee 
unl ess the'shi pment does not requi re transfer from one 
carr i er to ano ther. 

s • .  Add i t iona l warn i ngs  e .g . " Thi s End Up , ·  and o t her 
mark i ngs  pertai ning to a spec i f i c  hazard classes , e . g . 
rad ioact ive ma teria l  packages exceed i ng 1 19 l bs .  must 
have the weight marked ; some packag ing o f  flammable 
l i quids must have the f l a sh po i n t  noted . 

2 . 2 . 4  Label i ng 

The ha zardous material  label i s  a co lored 4 "x 4 " squa re

on-po i nt ( d iamond) warn i ng of  the ha zard of the ma terial  being 

shi pped . I t  mus t be pri nted on or a f f i xed to the pac kage near 

the marked proper shi ppi ng name. Labels d i f fer by ha zard cl ass ; 

the color and des ign of each i s  d escri bed in  the HM regul a t i ons. 

More than one label may be requi red if a material  meets the 

d ef i n i t ion o f  more than one ha zard class. 
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2 . 2 . 5  Placard ing 

. 
The pla�a rd , like the label , is a colored wa rning signa l  o f  

the hazard class of  the ma teria l . The square-on-point placa rd 

measures 10 3/4" on each sid e  and must be' a f fixed to the outside 

of the transpo r t  vehicle.  

A placard is requi red if a transport vehic l e  conta i ns 1 , 0 0 0  

pounds o r  mo re  o f  one haza rd class . However , a vehic l e  con-

taining 1 , 099 pound s or mo re of each of two or  more  haza rd 

c lasses can be placa rded " Dangerous " in place of the sepa rate 

placa rds specified fo r each of the classes .  �f , however ,  5,00 0  

pounds o r  mo re o f  a class is loaded at  one facility , the placard 

for that class  must be a f f ixed .  Therefore,  a transpo r t  vehic l e  

may have more  than o n e  placa rd .  

2 . 2 . 6  Shipping Papers 

Al l shipments of  ha za rdous ma terials  mus t  be accompa nied by 

shipping papers .  The exceptions are ORM-A , B, and C materials  

which require shipping papers only  if transpor ted by air or  wa ter 

and ORM-D ma teria l s  which require them only for air shipments 

( un l ess the materia l is a haza rdous subs tance or ha zardous was te 

i n  which case HM shipping papers are always required).  If  other 

non-haza rdous commodit i es appear on the same shipping paper , 

haza rdous ma teria l s  must be entered first  o r  highlighte.d in a . 
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color  contras t i ng wi th the non-ha za rdous sect ion o r  d es ignated by 

an  "X " i n  the col umn capt ioned " HM. " The l et ters " RQ" can 

replace the "X" i f  the mater ial  is a ha za rdous substance. The HM 
. 

sh i pp i ng paper must also i nc l ude :  

1 .  The proper sh i pp i ng name of  the ma teria l  

2 . The haza rd c l ass 

3 .  The ma ter ia l 's identi f ica t ion number ( taken f rom the HM 
Tabl e) 

4 .  The to tal quant i ty bei ng sh i pped 

5 .  Notation  i f  the sh i pment  i s  bei ng made under a L i m i ted 
Quant i ty Exception ( see Sec . 2 . 4. 1) 

6. No ta t i on i f  the sh i pment is  being made und er an exempt ion 
( see Section 2 . 4 . 2 ) 

7 .  The l et ters " RQ" i f  the mater i a l  is  a ha zardous substance,  
entered before o r  a f ter the bas ic d esc r i pt ion . 

8 .  Add i t iona l  i n fo rma t ion wh ich i s  requ i red fo r t ranspo r ta t i on 
by a spec i f i c mode,  e . g . the name of  the sh i pper must  be 
i nc l ud ed i f  the sh i pment is by wa ter . 

9 .  Cer t i f ica t ion by  th .e sh i pper tha t the  ma ter i a l  bei ng tend
ered is in compl i ance wi th DOT ' s  r eg u l a t i ons . 

The fol low i ng a r e  examples o f  shipp i ng paper ent r i es wh ich 

i ncl ude (1) va rying l evel s of  spec i f i c i ty of proper sh i pping 

name , ( 2 )  a ha za rdous substance, ( 3 )  a l im i ted quant i ty sh i pment . 

1 .  N i trogen ,  Non-fl amma ble gas , UN1�66 , 8�� pounds 
Cement ,  l iqu id  n . o . s . , Flammabl e  l i qu id , NA113 3 ,  25 pounds 
Flammable l i quids , n . o . s . , UN1993 , l �g pounds 

2 . RQ, Creso l , Cor rosive ma ter ia l , NA2A76 , 159g pounds 

3. Methyl aceta te,  Flammable l iquid , Ltd . qty . , UN1231 , 10 
g a l lons 
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2 . 2 . 7 Accident ReportiQg 

A carrier is required to report to the MTB , in writing , any 

unintentional release o f  a hazardous material within fifteen days. 

of the date of:the discovery . If the results of the release are 

particularly severe , i . e .  a death , hopital izing injury and/or 

$50 , 000 or more in damages occurs , the incident must be reported 

by telephone as soon as possible . Currently , regulations ( see 

49 CFR l7l . l7� state that a release of a hazardous substance into 

or upon navigable waters or adjoining shorelines , in a reportable 

quantity from one package or from one transport vehicle i f  not 

packaged , must be reported .t·o the u.s. Coast Guard National 

Response Center ( NRC )  as wel l  as to MTB . Due to the CERCLA 

legislation., hazardous substance releases in the future will be 

requi red to be reported to the National Response Center 

regardless of the medium into which they are spilled ,  and DOT/MTB 

regulations wil l  have to be revised to reflect the " all media" 

scope of hazardous substance releases under CERCLA . 

2 . 2 . 8  Mode-Specific Requirements 

Regulations pertaining to the transportation of hazardous 

material s by specific modes are found in 49 CFR, Parts 1 74 . 

( rail ) ,  175  ( air ) , 1 76 ( water ) and 1 77 (motor vehicle ) .  In these 
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Parts , general hazardous materials operating , inspection , hand

ling , and loading requirements are speci fied along with detailed 

requirements by hazard c lass. These regulations are in addition 

to those explained in subsections 2 .2 .1-2 .2 .7 above and are aimed 

at assuring safety in specific modal operating environments. 

2 .3 Compliance Responsibility 

As indicated in Section 2 .2 , the shipper or the carrier is 

responsible for compliance with hazardous material s  regulations. 

In some cases , the shipper has the primary respons ibility for 

compl iance and the carrier is required to check the compliance of 

shipments tendered to him. Table 2 . 3  indicates the parties 

responsible for compliance with the areas of HM regulations 

outl ined in sections 2 .2 .l �2 .2 .8 above. 

2 .4 Relief from Hazardous Materials Regulations 

Partial relief from HM regulations can be gran�ed· through : 

( 1 )  a limited quantity exception or ( 2 )  an exemption. This 

section wi l l  explain the differences between these two mechanisms 

and the degree of regulatory relief granted under each. 
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Table 2 . 3 :  Compliance Responsibilities 

Respons ible P�rty 

Carrier 
Reg:ulator:l Areas ShiEEer Carrier Check 

Material Identi fication x 
and Classification 

Packaging x x 

Marking x x 

Labeling x x 

Placarding x x 

Shipping papers x x 

Mode-Specific Requirements x 

Accident Reporting x 
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2.4. 1 Limited Quantity Exceptions 

Limited quantity exceptions grant partial relief from 
. 

hazardous materi�ls regulations to shippers and carriers based , 

generally, upon hazard class and maximum quantities shipped in 

inside packages .  The principal relief is from packaging re

quirements although for mos t  hazard classes concommitant relief 

from label ing , placarding and mode-specific requirements is also 

granted . Shipping paper and marking requirements , however ,  are 

never excepted . Some specific commodities (as indicated on the 

HM Table ) as wel l  as entire hazard classes , are excluded from 

relief through a limited quantity exception . 

Under some limited quantity exceptions , a maximum "quantity 

is specified for each individual inside package as wel l  as for 

each outside package . In other cases , only the individual inside 

packages have maximum quantity limitations . Table 2 .4 indicates 

by hazard class the requirements from which a shipper or carrier 

can be excepted if quantity limitations are met . The table 

presen�s four subsets of hazard" clas ses : Subset A has eligibi l

ity criteria based only on the quantities in individual inside 

packages . Subset B has eligibi lity limits on both the ins ide and 

outs i�e quantities . The hazard classes in Subset C are not 

eligible for limited quantity exceptions and thos e  in subset D 

have no limited quantity exceptions because speci fication pack-

aging , labeling , placarding and mode-specific procedures are not 

required . 
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Table 2 .4: Limited Quantity Exceptions 

A. Inside max . qnty . 
spec . Outs ide 
quantity not spec . 

- Flam . Liq . , Corr . 
Liq . , Compressed 

Spec . 
Pkg . 

Gas ' Y 

- Poison B ,  Liquid Y 

- Combustible 
Liquid Y 

- ORM ... A ,  -B , -C 

B .  Inside and Outside 
max . quantities 
speci fied 

- Oxidizers , Organ . 
Perox . ,  Flam . 
Solid , Corr . Sol . , 

Y 

Radioactive Y 

- Poison B ,  solid Y 

C .  No limited Qty . 
Except�ons Ailowed 

- Explosives , Pbison 
A ,  Irritating 
Materials , 
Etiologic Agents 

D .  No limited Qty . 
Exceptions Necessary 

- ORM-D , -E 

Y = Exception al lowed 
N = No exception 

Labf,!l Placard 

y y 

N Y 

Y N 

NOT REQUIRED 

Y . Y 

N Y 

NOT REQUIRED 

Modal 
Requirements 

y 

Y 

Y 

Y 

Y 

Note : Shipping Pap�rs and Marking are always require� . 
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2.4.2 Exemptions 

Exemptions from HM regulations are special permits issued 

to individuals granting ' relief from a specific hazardous 

materials regulation . Exemptions differ from limited quantity 

exceptions in that they are offered not to everyone shipping HM 

in an approved manner but only to the person who has app lied for 

and been granted the exemption ( See Table 2.5 for a ful l  compari-

son of the two relief mechanisms ) . * Although any person subject 

to a HM regulation can apply for an exemption from that regula

tion , most exemptions pertain to relief from DOT packaging 

requirements . The burden fal l s  on the appl icant to show that the 

level of safety for the HM transported under the exemption is 

equal to or exceeds the level of safety achieved through the 

customary requirements .  

2 .4.3 Summary of Rel ief Mechanisms 

Table 2 .5 summarizes the major points concerning limited 

quantity exceptions and exemptions . For hazardous materials and 

substances transported under an exemption , the level of safety is 

at least equal to that required by the regulations ( as shown by 

the applicant for the exemption ) .  With l imited quantity 

* Any person who wishes to take advantage of an exemption granted 
to another party or become party to the appl ication may apply to 
do so . 

22 



Table 2 .5 : Summary of Limited Quantity Exceptions and Exemptions 

Limited Quantity Exceptions 

1 .  Automatically granted to 
shippers of eligible commodities 
if package size limitations 
are met . No application 
process required . 

2 . Although primary relief 
is from speci fication 
packaging requirements , 
relief from other regulations 
is generally 
granted concommitant1y . 

3 .  No. time limitation on 
exception . Granted at any 
time that el igibility 
criteria met . 

4. Underlying as sumption 
that risk for eligible 
materials is reduced in 
small package shipments . 
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Exemptions 

1 .  Applied for by , and 
granted to , individuals 
seeking relief from 
a regulation , usually the 
specification packaging 
requirement . 

2 . Rel ie f  only from the ' 
the regulat'ory requirement 
applied for . 

3 .  Exemption expires two years 
from date of issuance , although 
renewals may be granted . 

4.  Burden on applicant 
to show that a required 
level of safety can be 
achieved under the exemption . 



exceptions , small packages are relieved from packaging require-

ments , with concommitant relief from other requirements usually 

granted . The underlying assumption is that the risk of 
. 

transporting elisible materials in smal l  quantities is reduced 

sufficiently to warrant relief from some regulations . 

only hazardous substances which are not in ORM hazard 

classes are affected to any extent by limited quantity 

exceptions . These material s  are usual ly eligible for the ful l 

relief granted to their respective hazard classes i f  package size 

l imitations are met . ORM-D and E materials are not subject to . 

packaging , label ing , placarding , and modal requirements : there-

fore , an exception would be meaningless . ORM-A, B and C 

materials can be relieved only from packaging requirements 

because for these material , l ike ORM-D and E materials , labeling , 

placarding and modal requirements do not apply . 

2 . 5  Hazardous Substances under DOT Regulation 

The incorporation of EPA-des ignated hazardous.substances 

into the DOT ' s  Hazardous Material Table begins with the identi

fication of the common forms and critical concentrations of each 

material and their categorization by DOT hazard classes . Those 

hazardous substances not exhibiting character istics of any other 

hazard class are designated as ORM-E . Table 2.6 i llustrates this 

procedure us ing the 297 Clean Water Act hazardous substances . As 

noted in Table 2. 6,  45% .of these hazardous substances were 
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Table 2 . 6 : How Are Newly Designated Hazardous Substances 

Incorporated into the Regulations· 

1 .  Identi fy th� common forms and critical concentrations of 

each substance . 

a .  For example : Aldrin has six entries : 1) Aldrin : 2 )  

Aldrin , cast sO.lid : 3 )  Aldrin mixture dry (>65% ) : 4} 

Aldrin mixture dry « 6 5% ) : 5 )  Aldrin mixture liquid ( >  

60% ) : 6 )  Aldrin mixture l iquid «60% ) . 

2 .  Classify each hazardous substance into the appropriate 

hazard class . Of the 297  CW� hazardous substances : 

a .  45% were already on the HM Table 

b .  15% were previously regulated but not on the HM Table 

c .  40% were not previous ly regulated and ass igned ORM-E . 
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materials already listed on the HM Table and 40% were des ignated 

as ORM -E because they did not exhibit characteristics of other 

hazard classes . The remaining 1 5% were not speci fi cally l isted 

on the HM Table , but were previously regulated as a result of the 

manufacturer's ( shipper's ) respons ibi l ity for identi fying 

materials which exhibit characteristics of established hazard 

classes . With their incorporation into DOT's Hazardous Materials 

Table , hazardous substances become sub j ect to the hazardous 

material regulations described in Section 2.2 above . 

Table 2 . 7  summarizes the DOT requirements for hazardous · 

substances in transportation . As the table indicates , hazardous 

substances in POT hazard c lasses other than ORM- A , B , C , D and E 

are sub j ect to ful l  regulatory burden whereas the ORM c lasses are 

relieved from many of the requirements . The fol lowing observa

tions on the regulation and des ignation of hazardous substances 

should be noted : 

1 .  For hazardous substances already l isted on DOT's Hazardous 

Materials Table , destgnation increases regulation by 

requiring : 

a .  The letters " RO "  on shipping papers 

b .  The letters " RO "  marked on packages 

c .  Spi l l  reporting to the National Response Center ( NRC )  
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Table 2 .7: Regulatory Requirements for Hazardous Substances 

Reguirement 

Identification & 
Classification* 

Packaging 

Marking 

Labeling 

Placarding 

Shipping Papers 

Accident Reporting 

Modal Requirements 

N = Not Required 
Y = Required 

. 
ORM-E 

N 

N 

Y 

N 

N 

Y 

Y 

N 

Hazard Class All 
ORM-A , B , C  ORM-D Others 

N N N 

Y N Y 

Y Y Y 

N N Y 

N N Y 

Y Y Y 

y Y Y 

N N Y 

*For hazardous substances , EPA designates the material and DOT 
c lassifies it . 
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2 .  For hazardous substances not on the Tab le but previously 

regulated , designation wi l l  increase regulation as in 1 

( above ) but wi l l  s impl i fy class i fication by the addition of 

the materials to the HM Table . 

3 .  For hazard�us substances not previously regulated ( ORM-E ) ,  

designation increases regulation by requiring : 

a. Identi fication of the substance 

b. HM shipping papers with the letters " RO "  marked 

.c. Minimal packaging requirements 

d. HM marking including the letters " RO "  

e. Accident reporting to NRC and MTB . 

ORM-E materials have no packaging , label ing ,  placarding or 

mode-specific requirements� 

4 .  Regulations requi re that only the letters " RO "  be marked on 

the shipping papers.and packages containing a reportable 

quantity. Therefore, a carr.ier spi l ling a hazardous 

substance has no information as to whether a reportable 

quantity has spil led even i f  the size of the spil l  can be 

determined ( unless the entire package spi lls ) .  Therefore, it 

is likely that a carrier wi l l  report all spi l l s  from 

packages marked " RO "  to NRC because reporting is easy and 

reporting all spi l l s  from marked packages quarantees 

compliance with the ,regulations. Replacing the letters " RO "  
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with "RO-X" , ·  " RO-A" , " RO-B , "  "RO-C , "  or "RO-D "  would convey 

the reportable quantity threshold to the carrier and , 

therefore , elicit the intended reporting response .  

5 .  Since spi l ls must be reported to NRC only when an RO spills  

from a s ingle package , there may be incidents in which an RO 

spi l ls from many marked packages which do not require report

ing because no individual package spi lled more than an RO. 

29 



.. 30 



3 . 0 Mul t i  Package Spi ll R i sk 

Thi s chapter assesses the r i sk of reportable quan t i ty ( R Q )  

spills in incidents i nvolving mult i ple spills from unmarked 

packages . The Materials Transportation Bureau ' s/ ( MTB ' s ) 

Hazardous Mater ial Incident R eport ( HMIR ) data i s  used in the 

analys i s . Table 3 . 1  presents a brief descript ion of the 

information contained in each spill report . The items used in 

thi s analys i s  are marked wi th an as terisk . 

The followi ng sect ion presents a review of the lim i tat ions 

of the HMIR data . Thi s is followed by a general summary of the 

spill data . The thi rd section presents the mult i� package spill 

r i sk assessment . F inally , the fourth sect ion presents the 

conclus ions . 

3 . 1 L imitations to the HMIR Data 

The information contained in this sub-sect ion is taken from 

four reports on HMIR data:  

1 )  Programs for Ensuring the Safe Transportat ion of 

Hazardous Materials Need Improving by the Comptroller 

General of the U . S . , 1 980 . 
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NUMRER 
- -----

4 1 
� 2 
.,. :3 
.. 4 

5 
.. 6 
* 7 

.. 8 
9 

1 0 
1 1  
1 2 
1 3 
1 4  
1 5  
1 6  
1 7  

oft 1 8  
.. 1 9  
* 20 

21 
.. 22 
4( 23 
� 24 
� �5 

� 26 
� ., ..,  ... . 

28 
29 
30 
3 1  
32 
33 
34 
35 
36 
37 
38 
39 
4 0  
4 1  
42 
43 
44 
45 
46 
47 
48 

TABLE 3 . 1  - INFORMATION ON A HMIR RECORD 

ATT R I B U TE NAME 
--------- --- -

REPORT_NUMBER 
M UL T I PLE_corlE 
MODE 
[lATE_OF _ I N C I DE��T 
T I ME_OF _ I Nc I IIENT 
I NC I DENT_C I TY 
I NC ID ENT_STATE 
CARRI ERS_DUNS 
SHIPPERS_DUNS 
OR I G I N_C I TY 
O R I G I N_STATE 
DEST I NA T I ON_C I T Y  
DEST I NATI ON_STATE 
I NJUR I ES 
DEATHS 
DAMAGES 
DAMAGE_CODE 
QUAN T I T Y_RELEASED 
UN I TS_OF_QUANT_RELEASED 
COMMODI T Y_CODE 
COMMODI TY_CLASS 
CONTA I NER_1 
F A I L URE_CODE_1 _CONT_ 1 
FAILURE_CODE_2_CONT_l 
CAPA C I T Y_CONTA I NER_1 
CAPA C I TY_UNI TS_CONT_1 
NUMBER_ I N_SHI PMT_CONT_ 1 S  
NUMBER_FA I LED_CONT_ 1 S  
GAUGE_OF_CONTAI NER_l 
MANUFACTURERS_D UNS_ l 
CONTAI NER_2_CODE 
TANK_CAR_ I D_NO 
REGI STRA T I ON_EXEMPT I ON_NO 
I NSPECT I ON_DATE 
LABEL_OR_PLACARD 
COMPLETENES S_CODE 
S I G N I F I CANCE_OF_REPORT 
GENERAL_CAUSE_OF_ I N C I DENT 
RESUL T_OF_RELEASE 
RECOMMENDATI ON_ON_REPORT 
APPARENT_ V I OL A T I ON 
M I SCELLANEOUS_ I NFORMAT ION 
CARRI ERS_NAME 
SHI PPERS_NAME 
COMMOD ITY_NAME 
C ONTROL_NUMBER 
DA TE_ADDED_TO_DATA_BASE- " 
DATE_OF_LA ST_CHANGE 
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ABBREV . TY F'E 
- --- --

RPTNO TEXT 
MTF'L TEXT 
MOIIE TEXT 
I DATE DATE 
I T InE TEXT 
:r C I TY TEXT 
1 S T  TEXT 
CDUN TEXT 
SDUN TEXT 
OCITY TEXT 
OST TEXT 
DC I T Y  TEXT 
DST TEXT 
I NJUR I NTEG 
DEAD I NTEG 
DAMAG I NTEG 
DAMcn TEXT 
RQUAN I NTEG 
RUNI T  TEXT 
CHcn TEXT 
CHCL TEXT 
CONT1 TEXT 
FC1 C l  I NTEG 
FC2Cl I NTEG 
CAP 1 INTEG 
UN I T 1  TEXT 
NSHl INTEG 
NFLl I NTEG 
GAUGl TEXT 
MDUNl TEXT 
C2C TEXT 
TC I D  TEXT 
REGEX TEXT 
I NSP DATE 
lRP TEXT 
COMPL TEXT 
S I GNF TEXT 
CAUSE TEXT 
RSLT TEXT 
REeOM TEXT 
V I OL TEXT 
M I se TEXT 
CARR I TEXT 
SHIPR TEXT 
COMOD TEXT 
eONO I NTEG 
DOE l1ATE 
DOC [lATE 

LENGTH KEYEII 
-- - - - - -- - --

8 · YE S  
1 YES 
1 YES 
6 Y E S  
4 

1 3  
., yeo ' 
- - �  
9 YES 
9 YES 

1 3  
2 YES 

1 3  
2 YES 
4 YES 
3 YES 
8 YES 
1 YES 
7 
3 
5 YES 
2 YES 
8 YES 
2 YES 
2 YES 
6 
3 
5 
5 
6 
9 YES 
1 

" 1 0 
6 YES 
6 
7 
1 
1 
1 YES 
1 YES 
1 
1 
2 YES 
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2 )  . " A  Compar ison of FRA and MTB Reports Regarding Hazardous 

Materials Spi lls i n  1 97 6 "  by Theodore S .  Gli ckman , 

December , 1 97 8 . TSC Report No . SS-223-U5-35 . 

3 )  "Analys is of Hazardous Chemical Spi lls Along the Coasts 

and Major Waterways of the Uni ted States" by Paul Fong , 

Juan Bellantoni and Jeffrey Garl i tz , March , 1 9 8 1 . TSC 

Report No . CG- 1 23- 1 .  

4 ) "An Analys i s  of the Underreport ing of Hazardous Material 

Inc i dents/Acci dents as F i led on DOT F 5800. 1 "  by L i l l i e  

Ward , September , 1 9 80 . TSC Report No . SS-223-U6- 1 24 . 

The f irst report , the GAO report , ident i fied three 

l imi tat ions whi ch are s i gnifi cant for thi s study . 1 )  Only 

inters tate carr iers report to HMIR . Intrastate carri ers are not 

requi red to report .  2 )  Most inci dents whi ch occur in loading,  

unloading and s torage are probably not reported to MTB because 

shippers and freight forwarders are not required to report .  3 )  

1 , 272 highway carriers have reported spill inc i dents to HMI R 

s i nce 1 97 1 . This  i s  only 1 1 % of the hi ghway carriers known to 

carry hazardous materials and all hazardous material carr iers are 

not known . These three points suggest subs tant ial underreporting 

of hi ghway hazardous mater ial spill i nci dents , though they give 

no indication of the s ize of thi s problem . 
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The second report ,  the rai l  report , compares the Rail 

Accident/Inci dent R eporting System ( RAIRS ) data wi th HMIR data . 

I t  reports that in 1 97 6 , only 60% of the reports in RAIRS were 

also in HMIR . Furthe r ,  20% of the HMIR data involving rai l and 
• 

damages of more than . $5K  were not i n  RAIRS . These findings 

suggest substantial underreporting of rai l hazardous material 

spills . Because RAIRS i nvolves spi lls where damages exceed 

$2300 , the s i ze of the HMIR underreporting problem for smal l 

shipments is  unknown though HMIR data probably has at leas t 6 0% 

fewer i nc idents than i t  should . 

The �hi rd report , the water report , compares the U . S . Coas t 

Guard ' s  Pollut ion Incident Report i ng System ( PIRS ) data w i th HMIR 

data . As expected , there i s  very l i ttle overlap : less than 0 . 5% 

of the water spi lls in  one data base are found in the other . The 

other pert inent i tems found in this report relate to the data 

qual i ty in HMI R :  Spill size i s  reported regularly only after 

1 97 6 ;  the use of the mult iple sp i ll report code is unrel iable ; 

and many keypunch errors plague the data . 

The fourth report , the underreport ing study , uses a Z i pf ian 
- -

analys i s  to suggest the total extent of underreporting in  the 

• RAIRS has a lower damage threshold for reporting of $2300 , 
whi le all hazardous mater ial spills should

, 
be reported in  

HMIR . 

* *  Zipf  explored the relat ionship between rank and ci ty s i ze , for 
exampl e ,  and found Rank ( R )  X S i z e  ( S )  : Constant ( C ) . More 
generally , the relationship  i s  expressed RSP : C .  Damage 
replaces s ize in thi s  study of hazmat spi lls . 
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HMIR data . The analys is  suggests that the underreporting i s  

very substant ial and th�t small damage inc idents ( less than $ 1 00 ) 

should account for 99% of the i nci dents rather than the 85% found 

in HMIR data . 

These ; four reports suggest that there are serious 

problems w i th the HMIR data . The mos t  serious i s  the 

underreporting of small damage hi ghway spi ll incidents . The very 

substantial underreport i ng i n  this area should be kept in mind 

as the results presented i n  the next sect ions are �ead . 

3 . 2  Stat istics from HMIR Data Analyis 

This secti on presents a general summary of HMIR data . 

Before present ing the statist ics , some definit ions are necessary . 

There is  a HMIR record for each outside package from whi ch a 

hazardous material spilled . Because outs i de packages are marked , 

this record-outsi de package correspondence works well in the data 

analys i s . 

Mul tiple package sp i ll inci dents have' been def ined , in 

this analys i s ,  as groups of records for which the date , inc i dent 

locat i on ( c i ty and state ) ,  and carrier are the same . Whi le thi s 

is the best defin i t i on whi ch the data permits , two types of 

errors are obvi ously poss i ble . F irst , ' vehicles of a gi ven 

carri er could be involved in more than one i nc ident in a given 

c i ty on a si ngle day , but the definit ion will create a s ingle 

multiple spill incident . Second , vehicles of two carr iers could 

be involved in an acci dent and each could spill hazardous 
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materials . This multiple spill inci dent woul d be treated as two 

single spill inci dents with the above defini t i on .  C ircumstances 

lead ing to these errors .are judged relati vely unl i kely however , 

so the results obtained by us ing the above defin i t ion should be 

dependable . 

The 92  X , 'A , B hazardous substances des ignated pursuant to 

Section 3 1 1  of the Clean Water Act are those treated in  detail  in 

this study . Of these 92  subs tances , 49 have spec i fi c ,  unique , 

commodi ty codes in the HMIR coding system . These 4 9  substances 

are presented in Table 3 . 2  along with their  codes . The remaining 

4 3  X , A ,  B hazardous substances are ass igned HMIR commodi ty codes 

for broad , hazard class , " not-otherwise-specified" (N . O . S . ) categorie s .  

Table 3 . 3  shows the di stribut ion of hazard class for these 4 3  

subs tances . Because the hazard class codes relate t o  many 

mater ials which are not hazardous substances ,  �ata under these 

broad codes will not be included wi th that for the 49 subs tances 

for whi ch there are unique commodi ty codes . Therefore , the data 

presented below on hazardous subs tances relates only to the 49 

substances in Table 3 . 2 .  Forty-two of these 49 subs tances were 

on the Hazardous Material Table pr ior to the inclusion of 

hazardous substances on November 2d, 1 980 , so they provide a 
• 

longer spill history than new addi tions . 

* Only one inci dent was found for the 7 subs tances included 
after November 20 , 1 980 . 
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TABLE 3 . 2  - X,A;B HAZARDOUS SUBSTANCES EXPLICITLY 
IDENTIFIED IN THE HMIR' �TA 

Hazardous Substance , DOT Hazard Class 

Acetone Cyanhydrin, Poison B 
Acrolein, Flammable Liquid 
Acrylonitrite, Flammable ,Liquid 
Allyl Alcohol, Flammable Liquid 
Aldrin, Poison B 
Aldrin Mixtures, Poison B or ORM-A • 

Ammonia Anhydrous, Non-Flammable Gas 
Barium Cyanide, Poiso� B 
Benzyl Chloride, Corrosive 
calcium Cyanide, Poison � 
Calcium Hypochlorite, Hypochlorite Solution, Oxidizer 
carbonry1 (Phosgene) , Poison A 
Ch1ordane, F1am Liq/:ombustable Liquid . 
Chlorine, NonflammablE Gas 
Ch1orobenzo1 ( Ch1orobenzene)" Flammable l iquid 
Copper Acetoarsenite, Poison B 
Copper Ch1oride , OBM-B 
Crotona1dehyde .?lammab1e Liquid 

*Cupric Acetate, OmM-E 
*Cupric Nitrate , lxidizer 
*Cupric Oxalate, ORM-E 
*Cupric Su1fate, ORM-E 
*Cupric Sulfate , ammoniate� QRM-E 
*Cupric Tartrate,ORM-E. DDT, ORloi-Z\ 

Dichlorobenzene, liquid , solid ORM-A 
Dichlorophenoxyacetic acid (2 , 4D acid), OiGf -A 
Dieldrin. ORM-A 
Hydrogen, Sulfide flammable Gas-
Hydrogen Cyanide (Hydrocyanic acid), Poison A 
Lindane , 0m2-A 
Malathion, mM-A 
Marcuric Cyanide , Poison , 
Mercuric Sulfate , Poison S 
Mercurous Nitrate , Oxidizer 
Meth�l Mercaptan , Flammable Gas 
MethYl Parathion , Poison B' 

Parathion , Poison B 
Phosphorous White or Yellow, Flammable Solid 
Phosphorous Pentasu1fide, �lammable Solid 

* Polychlorinated Biphenyls , ORM-E 
Potassium Cyanide . Poison B 
Potassium Permanganate ,OKidizer 
Silver Nitrate , Oxidizer 
Sodium Cyanide, Poison B 
Sodium Nitrite. Oxidizer 
Strychnine, Poison B 
Tetraethy Lead , Motor fuel anti-mock, Poison: .R  
Tetraethyl Pyrophosphate , Poison A O T  B ' 

Zinc Cyanide, Poison B 
*Hazardous substances added after November 20, 1980. 
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Category HMIR Code 

A 01020 
X 01130 
B 01140 
B 01200 
'X:- 012 10, 01214 
X 01220 , 01230 

01233 , 01236 
B 01620 
A 01980 
B 02 150 
A 3800 
B 025 60,05868 , 05870 
B 02662 
X 03135 
A 03140 
B 03169 
B 03690 
A 03705 
B 03750 
B 03781 
B 03782 
B 03783 
A 03784 
B 03785 
B 03786 
X 03980 
B 0405 7 ,04058 
B 04122 
X 0415 6  
B 05860  
A 05730 , 05740 , 05760 
X 06275 
A 06514 
X 06620 
A 06730 
A '  06790 
B 07090 
B 07110 ,07120,0713( 

07131 
X 08100 , 08110 ,08120, 08130 
X 08450,08460 
B 08415 
A 08575 
A 03830 ,03840 
B 08250 
X 09340 
A 03850, 03860 
B 09640,09650,0966( 
A 09872 
B 10130 ,07480 
B 10140 , 10150, 1016 ( 

10170 
A 10950 



TABLE 3 . 3 .  DISTRIBUTION OF HAZARD CLASS FOR THE 43 SUBStANCES 
ASSIGNED TO THE "N . O . S" GROUPS 

Hazardous Substance 

n-Bu ty1 Phthalate 
Cadmium Acetate 
Cadmium Bromide 
Cadmium Chloride 
Cap tan 
Carbofuran 
Ch1orphrifos 
Coumaphos 
Cyanogen Chloride 
2 , 4-D es ters 
Diazinon 
Dich10ne 
Dich1orvos 
Disulfo tan 
Diuron 
Endosulfan 
Endrin 
Ethian 
Ferric Fluoride 
Ferrous Chloride 
Gu thion 
Hep tachlor 
Hexach1orocyclo pentadiene 
Kepone 
Mercap todimethur 
Mercuric nitrate 
Mercuric thiocyanate 
Methoxychlor 
Mevinphos 
Naled 
Naphthenic aicd 
Pentachlorophenol 
Propargite 
Sodium Hypochlorite 
2 , 4 ,S-T acid 
2 ,4 , S-T amines 
2 ,4 , S-T esters 
2 ,4 ,5-T salts 
2 ,4 ,5-TP acid 
2 ,4 ,5-TP acid esters 
TDE 
Toxaphene 
Trich1oropheno1 

Summary : 
21 ORM-E 
10 Poison B 

7 ORM-A 
3 Corrosive 
1 Poison A 
1 Oxidizer 

43 Total 

Category 

B 
B 
B 
B 
A 
A 
X 
A 
A 
B 
X 
X 
A 
X 
B 
X 
X 
A 
B 
B 
X 
X 
X 
X 
B 
A 
A 
X 
X 
A 
B 
A 
A 
B 
B 
B 
B 
B 
B 
B 
X 
X 
A 
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Class 

ORM-E
ORM-E
ORM-E
ORM-E
ORM-E
Poison-B
ORM-A
Poison-B
Poison-A
ORM-E
ORM-A
ORM-E
Poison-B
Poison-B
ORM-E
Poison-B
Poison-B
Poison-B
ORM-E-
ORM-B ,  Corrosive 
Poison-B-
ORM-E
Corrosive
ORM-E-
ORM-E
'Oxidizer
Poison-B-
ORM-E-
Poison-B-
ORM-E-
ORM-E-
ORM-E-
ORM-E-
Corrosive , ORM-B
ORM-A-
ORM-E-
ORM-E-
ORM-E-
ORM-A-
ORM-E-
ORM-A-
ORM-A-
ORM-A-

, 



-

Table 3 . 4  presents some summary s tat i s t i cs derived from the 

HMIR data between 1 97 6  and roughly August , 1 98 1 . Approximately 

1 4% of the records are involved in mult iple spill inci dents 

though only 7% of the inci dents involve multi ple spi l ls . The 4 9  

X ,  A ,  B hazardous substanges were involved i n  only 1 . 8 percent of 

the sp.ill reports and only 1 . 4  percent of the multi ple spill 

reports . Furthermore , only 1 1 % of the hazardous subs tance 

reports were involved in multi ple spill inc idents . 

I tem 4 in  Table 3 . 4  shows that the modal distribut ion of 

inc i dents is  roughly the same for mul t i ple spill in�idents as i t  

i s  for all inci dents . I tem 5 shows that vehi cular acci dents and 

damage by other fre ight are somewhat more l i kely - in multiple 

sp ill  inci dents and that mul t iple spi lls in loading/unloading are 

less l i kely . 

Tables 3 . 5  and 3 . 6 show the ten most frequently spi lled 

mater ials in the full HMIR file and in the multiple spi ll 

incident file respect ively . The same ten materials are found on 

both tables and , wi th the except ion of gasol ine , the order is  

very close to the same . 

Table 3 . 7 shows the most frequently spi lled hazardous 

substances . Over thirty percent of the hazardous substance 

spills are anhydrous ammoni a .  
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1.  

2 . 

3 .  

4 .  

5 .  

TABLE 3 . 4  - SUMMARY STATISTICS ON THE HMIR DATA AND ON 
THE SUBSET OF MULTIPLE SPILL INCIDENTS 

All Hazardous 
Material Spill 
Records 

. 
Number of Ieports 86 , 747 

Number of Incidents 79 , 961 

XAB Hazardous Substance 
Reports (% of File) 1 , 531 (1 .8) 

Mode (% of Incidents ) -

Truck 91 
Rail 8 
Air 1 
Other 1 

Failure' Code 

Unknown (% of Total) 39 . 6  
Known (% of Known) 

External Puncture 19. 6  
Loose Fitting , Valve , etc . 15 . 8  
Damage by Other 1Fre ight 13 . 4  
Defective Fitting, valve , etc .  8 . 8  
Loading/Unloading Spill 7 . 9  
Dropped 7 . 7  
Bottom Failure 6 . 0  
Vehicular Accident 5 . 1  

40  

Records for 
Multiple Spill 
Incidents 

12 , 451 

5 , 655 

169 (1. 4)' 

89 
8 
2 
1 

46. 9 

18. 3  
16 .8  
17 . 9  

8 . 7  
1 . 7  
7 . 7  
5 . 8  
8 . 1  



TABLE 3 . 5 - TEN MOST FREQUENTLY SPILLED· HAZARDOUS MATERIALS 

Code . . 

8 0 6 0  
2 0 30 
349 0 
5130 
5 36 0  
3730 
3560 
2 8 4 0  
9 9 30 
9 0 30 

Material 

Paint , Ename� Laque� or Stain F lam. Liq . 
Battery E lectric Storage Wet 
C leaning Cmpd Liquid Corrosive 
F lammable Liquid N .O . S .  
Gasoline 
Corrosiv.e Liquid N .O . S .  
Compd Paint Remover F lam Liq 
Cement Liq . N .O . S . 
Sulfuric Acid 
Resin Solution 

4 1  

Spill 
Records 

2 1 , 0 36 
5 , 9 9 1  
4 , 8 38  
4 , 30 5  

- 4 , 22 2  
3 , 6 8 5  
3 , 56 5  
2 , 4 61 
2 , 2 4 8  
2 , 011 

Cumulative % 

2 4 . 2  
31 . 2  
36 . 7  
4 1 . 7  
4 6 . 6  
5 0 . 8  
5 4 . 9  

. 57 . 8  
6 0 . 3  
6 2 . 7  



Code 

8060 

203 0  

3490 

5 130 

3560' 

3730 

2840 

9930 

9030 

5360 

TABLE 3 . 6  TEN HAZARDOUS MATERIALS MOST FREQUENTLY 
INVOLVED IN MULTI PLE SP ILL INC IDENTS 

Material ' 

Paint , Enamel ,  Laquer 
Battery , Elec . Storage , 
Cleaning Cmpd , Liq . Cor . 
Flammable Liq . , N . O . S .  
Cmpd Paint Remover Flam. 
Corrosive Liq . N . O . S . 
Cement Liq . N . O . S .  
Sulfuric Acid 
Resin Solution 
Gasoline 

Wet 

Liq . 

Se11l Records 

3 7 6 1  

822 

716 

597 

589 

547 

397 

241 

236 

233 

4 2 

Cumulative % Material ' s  
o f  Multiple Multiele S2ill Records( % )  Se11l Records Total Se11l Records 

30 . 2  17 . 9  

36 . 8  13 . 1  

42 . 6  14 . 8  

47 . 4  13 . 9  

52 . 1  16 . 5  

5 6 . 4  14 . 8  

5 9 . 7  16 . 1  

61 . 6  10 . 7  

63 . 5  11 . 7  

65 . 4  5 . 5  



TABLE 3 . 7  SPILL REPORTS, INVOLVING THE 4 2  X , A, B HAZARDOUS 
SUBSTANCES REPORTED IN THE HMIR 1 9 7 6 -8 1 

Substance 

Ammonia , Anhydrous 
_ ., . ,  Hypochlorite Solu tion & 

Calcium Hypochlorite .- ';�. . I 
Chlorine 
Phosphorous White or Yellow 
Parathion 
Hydrogen Sulfide 
Acrylonitrile 
Motor Fuel anti-knock & tetra ethyl lead 
Methyl Parathion 
Sodium Nitrite 
Sodium Cyanide 
Potassium Cyanide 
Malathion 
Benzyl Chloride 
Tetraethyl Pyrophosphate 
Chlordane 
Chlorobenzol 
Silver Nitrate 
Other 

Total 

Category 

B 

B 
A 
X 

X 

B 
B 
B 
B 
B 
A 
A 
A 
B 
B 
X 

B 
X 

4 3  

Number of Repor ts 
involved in 

Number of Multiple Spill 
Spill Repor ts incidents 

485 43 

381 56 

75 7 

67 9 

· 65 2 

59 3 

57 9 

53 11 

34 2 

34 6 

30 2 

28 4 

19 3 

18 1 

18 0 

16 1 

16 1 

14 1 

6 9  8 

1530 169 



F i nally , Table 3 . 8 shows the percentage of inci dents where 

one , two , three , etc . packages spilled . Only about seven 

percent of the inci dents involved spi l ls from more than one 

package . 

3 . 3 Mul t i-Package Spi ll R i sk Assessment 

3 . 3 . 1 Problem Statement 

The probabi l i ty of a hazardous substance sp i ll relat ive to 

the probabi l i ty of a spill of a hazardous mater ial is not a 

parti cularly mean ingful est imate of relat i ve risk for two 

reasons . Firs t ,  not al l hazardous substances are included in the 

commodity  spec i f i c  HMIR data which we have extracted for thi s 

analys i s . So the estimates of relat i ve probabi li ty are l i kely t o  

b e  inaccurate . Second and most important , the damages which 

result from a spill of hazardous materials may be qui te di fferent 

from the damages from a hazardous subs tance spi ll . R isk should 

measure the expected hazard or damage . Expected hazard i s  the 

probabi l ity of the event mult iplied by i ts severi ty or hazard 

level . So , relat ive probab i l i ty i s  a good measure of relat i ve 

r i sk only when the damages from the events be ing compared are the 
• 

same . 

* For example at the absurd level , i f  water were a hazardous 
ma terial , it would greatly inf late the number of ha zardous 
mate rial spill reports and woul d  dwarf the number of other 
spi l l s  in the f i le , but s ince the damage from a water spill 
i s  so s light compared to hazardous substance s l ike aldrin or 
parathion , the rel ative probabi lity alone would be 
mean ingle ss as a m�asure or re lative r i sk . A more relevant 
example is wet e lectric storage batteries and paint when 
shipped in package s of less than 5 gal lons . The se materials 
accounted for a large share of the spill reports but after 
January 1 ,  1 981 spills of these materia l s  do not need to be 
reported to MTB . 
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TABLE 3 . 8 - DISTRIBUTION OF INCIDENTS BY NUMBER OF PACKAGES SPILLED 

Number of 
Packages Number of Percent of Cumulative 
Spilled . 'Incidents Total Percentage 

1 74 , 29 6  9 2 . 9 2 9 2 . 9 2  
2 4 , 83 1  6 . 04. 9 8 . 9 6  
3 6 5 2  . 81 9 9 . 77 

4 129 . 16 9 9 . 23 
5+ 5 3  . 07 100 . 0 0 

4 5  



with these points in mind , we have chosen to estimate the 

fract ion of a l l  hazardous subs tance spill incidents in which an 

RQ or more spil ls f rom multiple , sma l l , unmarked package s . *  
. 

Stated slightly d � f ferently :  G iven thataspi ll inc ident invo lving 

an X ,  A, or B hazardou s substance has occurred , what is the 

probabil i ty that a reportable quantity spil l ed from multiple 

small unmarked package s .  

There are two important characteri stics o f  thi s  approach which 

are worth noting : 1 )  The probabi lities be ing compared (X , A, B 

spi l l  vs . two or more small package spi l l s  o f  X ,  A,  or B substance s )  

have s imilar consequence s ; * *  2 )  The incomple te reporting to MTB 

shouldn ' t  inf luence the �e lationship be tween spi l l s  o f  a col lection 

of substance s and multiple sma l l  package spi l l s  of tho se substance s . 

The re lative probabi l i ty that we are e s t imating i � the sum 

of 1 )  the probabi lity that an RQ spi lls in an inci dent involving 

" exactly two spi lls of the same X , A , or B substance , plus 2 )  the 

probab i l i ty that an RQ spi lls in an incident involving three 

spills , two or more of the same X ,  A ,  or B substance , plus 3 )  4 

spill incidents and so on . Our approach is  to est imate the 

probab i l i ty for two spill inc i dents , then for three spill 

i nci dents , and so on unt il the add i t i ons appear to be small 

enough to ignore . 

* In thi s chapter , we use " small unmarked" and " unmarked" t o  
mean too small t o  require marking . 

* *  Note that because spill s i ze is  not the same ev.en thi s 
formulat ion of the problem doesn ' t  completely reduce relat ive 
probabi l i t ies to relat ive risk . 

4 6  
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For the two spi ll case , the probabi l i ty to be est imated i s  

the probabi l i ty that an inci dent occurs · involving exactly two 

spi lls of the same hazardous subs tance where each of the two . . 

spi lled packa.ges · contains less than an RQ but where the combined 

spill exceeds an RQ , gi ven that an inci dent involving an X ,A , or 

B hazardous substance spill has occurred . Us i ng the vari able 

defini t i ons presented in Table 3 . 9 ,  thi s probabi l i ty can be 

stated preci sely as : 

( 1 ) k2= y ,  W1 <. RQy , W2 .:. RQy , 

or k2 E S ) 

The HHIR data contains information on all of these 

var iables . So , one approach would be to ident i fy al l inc idents 

involving X ,  A ,  or B hazardous substances and then to ident i fy 

the subset of inci dents whi ch meet the cond i t ions speci fied in  

equation ( 1 ) . T he relative frequency could be used as a measure 

of the relat i ve probab ility.  Unfortunately , there are only 1 53 1  

X ,  A ,  or B hazard�us substance spi lls , too few to rel iably 

measure the relat i ve probabi l i ty .  

The approach which we have taken t o  est imate p ( 2 ) i s  to 

reformulate equation ( 1 )  into a set of factors wh ich can be 

est imated from the data on hazardous material spill inci dents by 

mak ing some conservative approximations and some expl i cit  

4 7  



TABLE 3 . 9  - DEFINITIONS OF SYMBOLS IN THE 
PROBABILITY EQUATIONS 

Definitions: 

S = the set of X, A, B hazardous substances 
VEX = means V is an elellent of S 

k 1 = 1st spilled substance 
k 2 = 2"d spilled substance 

t = number of packages spllled in the incident 
wI = weight of the 1st spilled package 
w 2 = weight of the 2nd spilled package 
Q 1 = weight spilled from the 1st package 
Q2 = weight spilled from the 2"d package 

RQy = reportable quantity for substance Y 
p(J) = Probability that an RQ of an X. A. or B hazardous substance 

spilled from unmarked packages in an incident involving 
exactly I spilled packages . given that an incident involving 
an Xt A, or B hazardous "substance "nas "occured: 
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assump t ions . The Appendix presents thi s  development . The 

factors result from mani pulat ions of the form : 

P r ( A , B , C )  : pr ( A , B I
.
C )  Pr ( C ) 

: ,pr ( A (B , C ) pr ( B I C ) Pr ( C ) 

F i ve assumpt i ons were used to reformulate equation ( 1 ) into 

the following-: 

( 2 )  p ( 2 ) : pr ( t:2 \ t �1 ) p r ( k2: k 1 I t:2 ) 

• �r ( k 1ESX \t� 1 ,  k 1 6S ) pr ( w 1< 1 \t:2 ) 

• Pr ( w2<..1 \ t:2 , k 1 : k2 ' W 1 <.1 ) ( 1 - ( pr ( Q<1 / 2 \ t:2 ,w 41 » 2 ) 

+pr ( k 1ESA ' t�1 , k 1cS )  pr ( w 1 <1 0 \ t: 2 )  

• Pr ( w2<1 0 \t: 2 ,  k 1 : k2 ' W1 <..1 0 )  ( 1 - ( Pr ( Q<5 \t: 2 ,  w<1 0 » 2 ) 

+pr ( k 1 'SB \t �1 ,  k 1cS ) Pr ( w 1 �1 00 t: 2 )  

t pr ( w2<1 00 I t:2 , k 1 : k2 , W 1 �1 00 ) ( 1 -pr ( Q<50 \t:2 , W <1 00 » 2� . 

These f ive assumptions are l i s ted in Table 3 . 1 0 .  All of the 

assump t i ons involve independence of a component factor to 

variat ion with the speci fic substance cons i dered . Note that 

assumptions 3 ) ,  4 ) , and 5 )  depend on RQ and that only assumpt ions 

for X sUbs tances are shown . 

The first assump t ion i s  that the probabi l i ty of a two spi l l  

inci dent is independent o f  the mater i al spi lled . The second 

assump t i on is that the probabi l ity that the second material 

spilled in a two spi ll inci dent is  the same as the first material 

spilled is  independent of the material spilled . The thi rd 
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TABLE 3 . 10 ASSUMPTIONS IN DEVELOPING THE 
PROBABILITY ESTIMATES 

1) pr { t=2I t�1 , k1�Y) = Pr {t= 2 I t �1)  

5 0  



assump t i on i s  that the probab i l i ty that the first paokage spilled 

oontained less than a pound ( for X hazardous substanoes ) i s  

i ndependent of the mate�ial in  the shipment and of whether the 

two spi lled materials are the same . The fourth assumpt ion i s  

that the probab i l i ty that the seoond paokage spi lled oontains 

less than a pound ( for X hazardous substanoes ) is independent of 

the mater ial spi lled . F inally , the f i fth assumpt ion is  that the 

probab i l i ty that ei ther spill is less than 1 / 2 pound ( for X 

hazardous subs tanoes ) i s  independent of the material spi lled or 

the faot that the same material spilled from both ,paokages . 

In add i t ion to these f i ve assumptions , a oonservative 

approximation was also used in  the development of equat i on ( 2 ) . 

This approximation involves the probab i l i ty that the sum of the 

two spi lls Q 1 and Q2 will exoeed an R Q .  Obvi ously ei ther Q 1 or 

Q2 mus t exoeed 1 / 2 RQ if the sum is to exoeed RQ , but one oould 

exoeed 1 /2 RQ whi le the sum was less than RQ . The oonservat ive 

approximati on ' is : 

Pr ( Q 1 + Q2 � RQ ) = Pr ( Q 1 � 1 /2 RQ  .2!: Q2 � 1 / 2 RQ ) 

The probabi l i ty that the sum of the spi lls exoeeds an RQ i s  

approximated b y  the probabi l i ty that one of the two spills 

exoeeds 1 / 2 RQ . This is taken further in equation ( 2 )  where the 

probabil i ty that one of the spills exoeeds 1 / 2  RQ is replaoed by 

one minus the probabi l i ty that both spills are less than 1 /2 RQ . 

5 1  



3 . 3 . 2  Measuring the Faotors 

Evi denoe on the va� i d i ty of the assumptions in Table 3 . 1 0 i s  

presented below i n  Table 3 . 1 3 ,  but before that evi denoe i s  

presented the measures used t o  es timate eaoh faotor must be 

defined . Table 3 . 1 1  defines the terms used in Table 3 . 1 2 whioh 

shows the measures used for the faotor probab i l i ties in equation 

( 2 ) . Note that for eaoh faotor probabil i ty the numbers are 

defi ned over the set of spill reoords for whi oh all needed data 

was ava i lable . This permi t ted the largest sample of  spi lls to be 

used in oaloulat ing eaoh faotor , but as a result the variables 

used are not preoisely the same in eaoh measure . For example , 

the R 1 used in est imating pr ( t= 2 ' t�1 ) i s  somewhat di fferent from 

the R 1 used in est imat ing pr ( w<1 \t �1 ) beoause S , i s not avai labl e 

for all spill reoords . 

A oonservat ive assumption has been introduoed into the 

measurement of the probabi l i ty that 1 / 2 RQ spills from one of the 

paokages . Not ioe in the defini ti on of F ,  that rather than a 1 /2 

RQ spill a 1 / 2 shi pment spill i s  used . Thi s i s  equivalent to 

assuming that al l shi pments of less than an RQ contain exactly an 

R Q .  

The var iables used t o  measure the factor probabi l i ties can 

be accumulated over a var iety of sets of spill reoords . The 

larges t set is  the set of al l hazardous material spi lls . The set 

of all hazardous substance spills is much smal ler but also ' of 

5 2 



Rl 

R2 

R3 

R22 

TABLE' 3 . 11 DEFINITIONS USED TO lmASURE RELATIVE :FREQUENCIES 

= number o f  one spi l l  incident records . ( 1  rec . /incident) 

= number o f  two spi l l  incident records . ( 2 rec . /incident) 

= nUJTlber of three spi 1 l  incident records . ( 3  rec . /incident) 

= number o f  two spi l l  incident records where the s ame material 
spil l s  i n  both records . 

= numbe r o f  records where the shipment weight i s  less than one pound . 

= numbe r of records where the s ame material spi l led i n  a two 
spi l l  incident and where both spi l ls were f rom pack aqe s 
with a shipment weight o f-reis than one pound . 

= number of re��rds that have shipment we iqhts o f  less than on� pound 
' where the same mate rial spil l �d in a two· spi ll incident . 

= numbe r  o f  records where th� shipment we iqht i s  less than one 
: pound and !!!! than hal f of the shipment spi l lea:--

X = number o f  cate90� X haz ardous �ubstance records . 

5 3  



TABLE 3 . 12 '1EASURES OF PROBAB ILITIES : RELATIVE FREQUENCIES 

5 4  

Simi lar 

measures 

are 

developed 

for 

A and B 
substances . 



interest . Further , the measures oan be oaloulated for indivi dual 

materi als to examine the variabil i ty of the estimates of the 

faotor probab i l i ti es wi th mater ial . This is a way of 

qual i tatively testing the key assumption of independenoe of 

mater ial whi oh was used to develop equat i on ( 2 ) . Obviously , the 

smaller the sample the more the faotor probabi l i ty estimates wi l l  

be influenoed QY the " random noise " o r  " sampling error" i n  the sample . 

Table 3 . 1 3  presents est imates of the faotor probabi l i t i es .  

Four est imates are presented . The first two are averages over 

all hazardous material and hazardous sUbstanoe spill inoi dents . 

The next two estimates are seleoted from the oommodi ty speo i fio 

faotors . In the med ian est imate 50% of the oommodi t ies have 

faotors of smaller size and 50% have faotors of larger s i ze . In  

the 90%  oase , 9q% of the oommodi t i es have faotors of smal ler size  

and only 1 0% have larger faotors • .  In these last two est imates 

eaoh est imate i s  seleoted separately so di fferent oommodi t ies are 

used for eaoh factor . Where a faotor probabi l i ty i s  nearly ' 

oonstant over the four oolumns , as in  the oase of the firs t  

factor , the corresponding assumpt i on i s  supported . I f  the faotor 

is not oonstant over the oolumns the assumption is more doubtful 

though at least part of the variat ion is oaused by " random noise" 

or sampling error . 

The s imilar i ties between the estimates of the faotors 

oaloulated over all hazardous substanoe inoidents and over all 

hazardous material inoi dents suggests that in  aggregate hazardous 
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VI 
0\ 

TABLE 3 . 1 3 ESTIMATES OF THE FACTOR PROBABILITIES 

Average for Ave rage for Medi an for 9 0 Pe rcent i le 
a l l  X , A ,  or B a l l  Hazardous' a l l  H azardous for al l 

Factor Haz ardous Suhs tance f1ate ria 1  Spill Mate rials Hazardous 
SEi 1 1  I ncidents I ncioents Mate rials 

P r ( t=2 I t�1 ) . 0 4 06 ( 1 )  . 0 6 0 6 ( 3 ) . 0 6 0 5 ( 5 ) . 0 8 0 4 ( 5 ) 

Pr ( R2 = k1 I t=2 ) . 4 8 7 0 ( 1 )  . 3 8 8 6 ( 3 )  . 2 9 1 7 ( 5 )  . 7 2 2 5 ( 5 ) 

P r (w1<' 1 ' t� 1 )  . 0 0 0 0 ( 2 )  . 0 0 0 9 ( 4 )  . 0 0 0 0 ( 5 ) . 0 0 2 4 ( 5 ) 

P r (W2< 1 \ t=2 , k1 = k2 , w 1< 1 )  
* '  * - * * 

1 � 0 0 0  1 . 0 00 - 1 . 0 0 0  1 . 0 00 

1- (P r (Q<1/2 \ t � 1 'W< 1 » 2 * 
. 9 6 0 0 ( 4 )  * 

1 . 00 0 ( 5 )  1 . 0 0 0  1 . 0 0 0  
., 

. 01 9 8 ( 2 )  
• 0 3 1 5 ( 4 )  . 0 2 3 4 ( 5 ) 

. 
. 1 1 2 1  ( 5 )  P r (w 1< 1 0 \ t� l )  

P r ( W2< 1 0  \ t=2 , k1 = k2 , W<.1 0 )  
* 

. 5 3 85 ( 4 )  * * 
1 . 0 0 0  1 . 0 0 0  1 . 000 

1- ( P r (Q< 5 I t�1 ,w < 1 0 » 2 . 8 4 5 7 ( 2 ) . 8 2 0 9 ( 4 )  . 7 9 3 4 ( 5 ) 1 . 0 0 0 ( 5 )  

P r (w 1<. 1 0 0  \ t� l )  . 09 89 ( 2 )  . 15 4 7  ( 4 )  . 1 3 8 3 ( 5 )  . 3 5 7 8 ( 5 ) 

Pr (W2� 1 0 0 I t=2r kl = k2 ' Wf 1 0 0 ) 
* 

. 6 5 3 1  ( 4 )  . 5 1 0 6 ( 6 )  1 . 00 0 ( 6 ) 1 . 00 0  

1- ( Pr (Q<5 0 \t � 1 ,w<1 00 » 2 . 3 4 8 5 ( 2 )  . 4 81 3 ( 4 )  . 4 86 1  ( 5 )  . 7 2 5 6 ( 5 )  

1 )  - C alculated ove r  the 1 4 1 6  X , A ,  o r  B Hazardous Substance Spi ll Incidents . 
2 )  - Calculated over the 1 1 4 5  X , A ,  or B Hazardous Substance Spi l l  I nc idents with good spi l l  

and shipment s i ze data . 
3 ) - Calcul ated over the 7 9 , 70 0  Haz ardous Material Spill I ncidents . 
4 )  - C alcul ated ove r  the 4 4 , 6 9 9  Haz ardous Material Spi l l  I ncidents with good spi l l  and 

shipment s i z e  data . 
5 )  � Measured over the 7 2  materi a l s  with over 1 0 0  i ncidents . 
6 )  - Measured over the 3 1  materials with over 10 matching-materi a l , 2- spi ll incidents . 

* - S ample did not contai n adequate i nformat ion . Upper bound o f  1 . 0  used . 
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substance and material spi�l incidents are similar . In 

percentage terms , the largest di screpanc ies arise i n  factors 

i nvolving shipment s i ze
. ( pr ( w 1<RQ l t � 1 » . The dominance of 

anhydrous ammonia in  the hazardous subs tance inc idents probably 

account for the discrepancy because i t  is shi pped in large 

shi pment s izes . 

The simi larities between the average and median estimates 

for the hazardous materials indicate that a few unusual hazardous 

materials are not dominating the spill data . The 90 percentile 

estimates give an indication of the range of factor values which 

can be expected . As mentioned earlier , some of the differences 

between the median and 90 percentile estimates is the " random 

noise " or sampling error which results from the small number of 

spil ls over which the factors are calculated . Some of the differ

ence is undqubtedly due to real differences in the way speci fic 

mate rials are shipped and the ir susceptibil i ty in spil l  incidents . 

3 . 3 . 3 Results 

The factor probabil ities can be used in equation ( 2 )  along 

wi th the portion of all X ,  A ,  or B hazardous sUbstance spills 

that · belong to each category ( pr ( k 1� Sxl k 1ES » , to est imate p ( 2 ) . 

Table 3 . 1 4 presents these est imates of  p ( 2 ) along with est imates 

of  the probabi l i ty that a mult i ple small package inci dent 

releases an RQ gi ven an X ,  an A ,  or a B hazardous subs tance 

spill . For the first three sets of factor est imates the 

est imates of p ( 2 )  are very s imi lar . p ( 2 )  given an X hazardous 

5 7  



TABLE 3 . 14 - RESULTS : RQ SPILLS FROM TWO SPILL INCIDENTS 

p (2) 
, Probability that a RQ spills from � 

Unmarked Packages Given 

Spill of 
Factor Some X , A , B  
Estimates X Spill A Spill B Spill Substances 

Average all · 
Hazardous Substance 

3 . 3XlO-4 6 . 8XlO-4 5 . 7XlO-4 Spill Incidents 0 . 0  

Average all 
Hazardous Material 

2 . 0XlO-5 3 . 3XlO-4 l . IXlO-3 9 . 3X10-4 Spill Incidents 

Median for all 
3 . 3XlO-4 6 . lXlO-4 5 . lXlO-4 Hazardous Materials 0 . 0  

90 Percentile for 
all Hazardous 

1 . 4XlO-4 6 . 5XlO-3 1 . 5XlO-2 1 . 2XlO-2 Materials 

5 8 . 



subs tanoe spill is the only exoept ion . T�e extremely low 

frequenoy of shipments wei ghing less than a pound resulted in no 

observat i ons in  the haz�rdous substanoe sample and none for the 

median material ei ther . All o ther est imates are quite olose , 

w i thin a factor of two . These resul ts again suggest that the 

results using the average hazardous mater ial faotors produoe 

reasonable est imates of hazardous subs tanoe spi ll probab i l i t ies . 

In the remai nder of the ' report , we w i ll oonoentrate the analys i s  

o n  probab i l i ty est imates developed from the average faotors 

oaloulated from the set of all hazardous material spi ll$ . 

The gO peroent i le faotor est imates produoe est imates of p ( 2 )  

whi ch are substant i al ly higher than the other three estimates . 

The go peroentile faotor est imates should be interpreted as an 

est imate of the range of the oommodi ty speo i fio  �p ill  

probabi l i ti es whioh is  oons is tent w i th the average est imate . 

Table 3 . 1 5 shows the same gO peroent i le est imates of p ( 2 ) as in 

Table 3 . 1 4 but also shows the highes t  est imate of p ( 2 )  developed 

for s i ngle materials . These est imates are developed from the 

faotors for a s i ngle materi al . Ammonium hydroxi de has the 
, . 

highest p ( 2 )  of all hazardous materi als and the p ( 2 )  i s  about the 

same as the go peroentile est imate . This is a li ttle mi slead ing , 

however , beoause 1 . 0 was used as the faotors : pr ( w2�Q l 
t= 2 , k 1 = k2 , W ,<RQ ) for all materials beoause most of the s i ngle 

mater ial samples were too small to estimate this faotor . Calc ium 

hypochlorite is  the X ,  A ,  or B hazardous subs tanoe wi th the 

highest estimate of p ( 2 r. 
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TABLE 3 . 15 - RESULTS : Possible Variations with Material 

P ro babi l i ty t h a t  a RQ S p i l l s  f ro m  two 
u nmarked p a ck a g e s  g ive n : 

9 0 % * 
Fac t o rs 

X Spi l l  

- 4  1 . 4x 1 0  

A Spi l l  

- 3 6 . 5x 1 0  

Hi ghe s t  s i n g l e  h az a r d o u s  ma t e r i a l  
( Amm onium hyd r o x i de < 4 5 %  a mmon i a ) 

H i gh e s t  s in g l e  X , A , B  haz a r d o u s  s ub s ta n c e  

* 

( Ca lc ium H y p o c h lo r i t e  M i x t u re ) 
. 

B S p i l l  

- 2  1 . 5x 1 0  

S p i l l  of  
S ome X A B 
Sub s ta n c e  

- 2  1 . 2x 1 0  

- 2 1 . 1x 1 0  

E a c h  f a c t or u s e d  i n  c a lc u la t i n g  t h e  p roba b i l i t y  was c h o s e n  s o  
t h a t  9 0 %  o f  t h e  haz a r d o u s  ma t e r i a l s  ha d f ac t o r s  w i t h  l ow e r  
values . 
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The est imates of p ( 2 ) i n  Table 3 . 1 4 suggest that the 

probabi l i ty of an RQ spill from multiple unmarked packages is  

small , 1 0-3 . However , �hree and four and more spill 

probabili t ies must be added to the est imates of p ( 2 )  to obtain 

the ful l  probab i l ity . p ( 3 ) and p ( 4 )  cannot be ignored a-pri ori 

because there are two factors whi ch change in d i fferent 

direct ions and - which influence the s i ze of these hi gher-spi ll 

probabil i t i es . F irst , higher-spill i ncidents are much rarer than 

two spill incidents . However , when more packages spill an RQ  

spi ll is  more l i ke ly to result . Table 3 . 1 6  presents the 

contributions of two , three , and four spi ll inci dents to the 

total est imated probab i l i ty that a hazardous substance spill will 

be an RQ  sp i ll from mul t iple unmarked packages . The factors used 
. * to calculate these probabili ties are presented in  Table 3 . 1 7  • 

\ 
* p ( 3 )  and p ( 4 ) given an X hazardous substance spi l l  are gi ven by 

the followi ng formula : 

Px ( 3 )  = u� uP3 . XS . X6 . X7 ) + ( US . X 1 0 . X 1 1 . X 1 2 . X1 3il 
Px ( 4 ) =U2 . [C Uh . XS . X6 . X7 ) + 
( Ug . X 1 0 . X 1 1 . X 1 2 . X 1 3 ) + ( U 1 4 . X 1 S . X1 6 . X 1 7 . X 1 s . X 1 911 · 

The subscr ipts refer to the factor numbers in Table 3 . 1 7 . The 
U means that the factor is drawn from the "All" column . The X 
means that the factor i s  drawn from

(
tbe "X (

SPill" cQlumn . 
S imi lar expressions are used for PA 3 ) ,  PA 4 J ,  PB ( 3 J ,  and 
PB ( 4 ) . 

- . 
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TABLE 3 . 16 - Results : Contribution of Number of Spil1s* 

Probability that a RQ S·pills from 
Multiple Unmarked Packages Given : 

Spill of 
X Spill A Spill B Spill Some Substance 

p (2) 2 . 0x10 -5 3 . 3xlO -4 1 . lx10-3 9 . 3x10 -4 

p ( 3) 3 . lx10 -6 5 . 3xlO -5 2 . lx10 -4 1 .  7x10 -4 

p (4) 8 . 6xlO -7 1 . 5x10 -5 6 . 7xlO -5 5 . 4x10 -5 

Total 2 . 4xlO -5 4 . 0x10 -4 1 . 4xlO -3 1 . 2x10 -3 

*Averaged over all hazardous material spills 
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TABLE 3 . 17 - THREE AND FOUR SPILL INCIDENT FACTORS 

Used for 
Factor X Spill A Spill B Spill All 

1.  Pr (t=3 I t U) . 0082 
2 .  Pr (t=4 It�l) . 0016 
3 .  Pr (2 spills of same materia1 I t=3) . 2332 
4 .  Pr (2 spills of same materia1 It=4) . 2214 
5 .  Pr (w1,RQ I  t.!l) . 0009 . 0315 . 1547 
6 .  Pr(wl"RQI t=2 , �=� ,wr<RQ) 1 . 0000* . 5385 . 6531 
·7; 1- (Pr(Q<RQ/2 I t�1 ,w<RQ» 2 . 9600 . 82 09 . 4813 
8 .  Pr(3  spills of s ame  materia1 I t=3) . 1995 
9.  Pr (3 spills of same materia1 I t=4) . 1748 

10. pr (t"l< RQ tZ1) . . 0009 . 0315 . 1547 
11. pr (W2<: RQ It=2 ,k1=k2 .H .<RQ) 1. 0000* . 5385 . 6531  
12 .  pr (W3<RQ I  • • •  )* 1. 0000* 1 . 0000* 1. 0000* 
13 . 1-( Pr (Q<RQ/3 ItZ1. �RQ» . 9962 . 9380 . 692 3 
14 . Pr (4 spills of same materia1 It=4) . 2097 
15 . pr (W1<RQ I t�l) . 0009 . 0315 . 1547 
16. Pr(W2<RQ lt=2 .k1=k2 ·W1<RQ) 1. 0000* . 5385 . 6531 
17 . Pr (W3< RQ I • • •  )* 1. 0000* 1. 0000* 1. 0000* 
18. Pr (W4.c;�q l • • •  )* 1. 0000* 1. 0000* 1. 0000* 
19 . 1-(Pr(Q<P.Q/4 !t.?1 ,H<RQ» 4 1. 0000 . 9910 . 8816 

* Upper bound of 1 . 000 used. 
Averaged over all hazardous materials spills 
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As the numbers in  the table indioate , the oontributi ons of 

th�ee and four spill inoi dents add only about 30% to the p ( 2 )  

est imate and the oontr i9uti on drops off by about a faotor of five 
. 

wi th eaoh i norease of one in the number of paokages spi lled in 

the inoi dent . F i ve and more spill inoidents oan safety be 

i gnored . 

The total probab i l i ty ,  1 . 2 x 1 0-3 , i s  very smal l .  The 42 X ,  

A ,  or B hazardous sUbstanoes whi oh are reported i n  the HHIR were 

i nvolved in 1 5 3 1  spills over the period January 1 976  through 

August 1 9 8 1 . Over thi s  five and one hal f year period then , we 

would expeot roughly � spi lls of an RQ from mul tiple spill 

i noi dents i nvolving unmark�d paokages of these 42 hazardous 

sUbs tanoes . Aotual ly , none were reported . 

Only half of the X ,  A ,  or B hazardous substanoes des ignated 

under the Clean Water Aot are in the HHIR data and wi thout 

knowing the total spi lls of the unreported half we oannot 

est imate the total number of RQ spills from unmarked paokages . 

Further , new des ignat ions of hazardous substanoes by EPA under 

CERCLA w i ll also inorease the number of X , A , or B hazardous 

sUbs tanoe spills . The inoreases in hazardous substanoe spills 

will increase the expected number of RO spills from unmarked 

packages in a ratio of about 8 0 0  to 1 * .  O f  every 8 0 0  hazardous 
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substance spills one is expected to be an RQ spill from small 

unmarked packages .  

3 . 3 . 4 O ther Measures 

Wi thout ' be i ng able to esti�ate the total ' number of RQ spills 

from unmarked packages , an important statist i c  in attempting to 

j udge the acceptab i l i ty of these spill probab i l i ties is : the 

fract i on of reportable** i nc i dents which would go unreported 

because the spill came from mult i ple unmarked packages . Thi s 

fraction is d i fferent from the 1 . 2 X 1 0- 3 ci ted above because not 

all hazardous substance i ncidents resul t in spills of a 

reportable quant i ty .  In fact , only 27% of the incidents spill 

more than 1 00 lbs , 53% spill more than 1 0  lbs . , and 90% spill 

more than one pound . * * *  These percentages are used with the 

* As the proportion of X , A , B  hazardous substance spi lls whi ch 
fall into each category changes from the . 1 1 09X , . 1 1 35A , 
. 77 56B whi ch were found i n  the HMIR data , the expected rate 
of i ncrease in RQ spi lls from unmarked packages will also 
vary . The 1 . 2X 1 0-3estimates is . 1 1 09 x 2 . 4x 1 0-5 + . 1 1 35 x 
4 . 0 x 1 0-4+ . 7756 x 1 . 4X 1 0-3 ; 1 . 2 /100 0 � 1 / 8 0 0  

** By reportable we mean spills of more than
.
a reporta�le 

quantity . The regulations currently requ1re report1ng to 
NRC only when an RQ spills from a single package . 

* * *  These percen·tages are calculated over all spill reports in the 
HMIR data , and cover all hazardous materials . 
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probab i l i t ies in Table 3 . 1 6 to calculate the fraction of 

reportable inci dents which would go unreported because the spills 

were from unmarked packages . F i gure 3 . 1  i llustrates these 

relat i onshi ps for B hazardous substances and Table 3 . 1 8 presents 

the results for X, A and B hazardous subs tances . Roughly one in 

75 , 000 reportable X hazardous substance s p i lls would be from 

unmarked packages , s i x  in 1 0 , 000 reportable A hazardous 

substances i nc i dents would be from unmarked packages , and 5 in 

1 , 0 0 0  reportable B hazardous substance incidents be from unmarked 

packages . All of these fractions are small and are probably much 

smal ler than the fraction of incidents which are not reported 

for other reasons .  

One o f  the reasons for non-reporting could be that a spil l  

o f  less than an RQ from a marked package is added to a spill from 

an unmarked package . In  this case the operator of the vehicle 

would know that a hazardous subs tance had spi lled but he would be 

unaware that an RQ had spilled . Table 3 . 1 9 presents est i mates of 

the frac tion of reportable spi lls whi ch result from spills of 

less than an RQ from a marked package and a spill from an 

unmarked package . These fract i ons are roughly the same s i ze as 

the fraction of reportable spills from mul t i ple .  spills of 

unmarked packages . 

The table al so presents the fract ion of reportable spi lls 

whi ch are from multiple spills of marked packages where less than 

an RQ spills from each package . Under the MTB ' s r�gulations 

these i nc idents do not need to be reported even though an R Q  
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Figure 3 . 1  

Reportable Unmarked 
Spills 

\ 

\ All Spills 
\ , 

\ 

Relationship Among All Spill s , 
Reportable Spills , and Reportable 
Spills from Unmarked Packages for 
B Hazardous Substance . 
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1 .  Reportable = . 27 
. Ail 

2 .  Reportable , Unmarked=1 . 4x l O-3 

All 

3 .  Reportable , Unmarked=1 . 4x l O=5 . 3xlO- 3  
Reportable . 27 



Average 
Overall 
Spills 

TABLE 3 . 18 - FRACTION OF REPORTABLE SPILLS FROM UNMARKED PACKAGES 

Probability that a RQ Spills from Multiple 
Unmarked Pac'tages Given an RQ Spill of : 

x 

2 . 7xlO-5 

( 1 in 37 , 000) 

A 

7 . 5xlO-4 

( 1  in 1300) 

B 

-3 5 . 3xlO 
( 1  in 190) 

Fraction of Spills which are greater than : 

1 pound . 898 
10 pounds . 533 

100 pounds . 266 

68 
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TABLE 3 . 19 - FRACTION OF REPORTABLE TWO SPILL INCIDENTS WHICH 
MIGHT NOT BE REPORTED BECAUSE NO SINGLE PACKAGE 

Two Spill Incidents 
where less than An RQ 
spills from each 
package but the sum 
of spills exceeds an RQ . 

1) 1 marked and 
1 unmarked package 

2) 2 marked packages 

Total 

SPILLED AN RQ. . 

Fraction of 
X Spills 

2 . 4xlO -6 

2 . 7xlO-3 

2 . 7xlO-3 

( 1 in 370) 

6 9 

Fraction of 
A Spills 

5 . 4xlO -4 

1 . 8xlO -2 

1 . 9xlO-2 

(1 in 50) 

Fraction of 
B Spills 

3 . 6xlO -3 

2 . lxlO -2 

-2 2 . 5xlO 

( 1 in 40) 



spilled in the inc i dent . This fract ion is  much larger than the 

fraction from a marked and an unmarked package or from two 

unmarked packages . Tab�e 3 . 20 presents the factors used to 

calculate the fractions reported in Table 3 . 1 9 .  

Another interpretation of these fractions i s  useful . We 

argued earl i e r ,  in sect i on 2 . 5 ,  that because only "RQ" needs t o  

b e  marked o n  a package , al l spi lls from a marked package would 

probably be reported to the NRC . Thus , spi lls of less than an RQ  

from marked packages would be  reported . I f  the mark ing 

requirement were changed to include the category of the hazardous. 

subs tance in the package ( "RQ-X" , "RQ-A " etc . ) ,  then spill of 

less than an RQ would not be reported and the fract i ons in Tabl e 

3 . 1 9 represent the fract ion of reportable spi lls whi ch would go 

unreported because of this change . 

3 . 4  Conclus i ons 

The fraction of al l hazardous substance spi ll inci dents 

which i nvol ve RQ spills from small unmarked packages is very 

small , probably less than one in one thousand.  The fract ion of 

reportable incidents * is larger , but stil l small ,  about one in 

2 0 0 . As new hazardous substances are added the number of 

hazardous substance spil ls will increase and the frequency of RQ 

spills from unmarked packages wi l l  increase as wel l . However ,  

*Reportable incidents are incidents where more than an RQ spill s .  
They can involve single ' spill incidents a s  well a s  multiple 
spi l l  incidents . 
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TABLE 3 . 20 - FACTORS USED TO ESTIMATE OTHER UNREPORTED 
INCIDENT FRACTIONS 

1) Pr (t=2 I tn) 
2)  Pr (k1l& lc2) 
3) Pr (Wl'� RQ I t=2) 
4) Pr (W2� RQ I  t=2 , Wl� RQ) 
5) Pr (Q1�RQ I W1tRQ) 
6)  Pr (Q1�1/2 RQ I Q1� RQ,W1ZRQ) 
7) Pr (Q2� 1/2 RQI W2�RQ) 

x 

. 9991 

. 0009 

. 1018 
0 . 000* 

. 2000 

* Upper bound used . 1RQ rather than 1/2 RQ. 

1) Pr ( t  = 2 / t2:1) 
2) Pr (k1=� ) 
3) pr (W1!RQ l t=2) 
4) Pr (W2!RQ l t=2 ,k1=k2 ,W1!RQ) 

5) pr (Q1.t. RQ 1W1zRQ) 
6) Pr (Q2LRQ 1  • • • •  ) 
7) Pr (Q <. 1/2 RQI Q<RQ ,W�RQ) 

x 

. 9991 
1 . 0+  

. 1018 
1 . 0+  
0 . 0* 

* Upper bound used . 1RQ rather than 1/2 RQ 

+ Upper bound of 1 . 0  used . 

A 

. 9685 

. 0315 

. 4495 

. 2337 " 

. 4224 

A 

. 9685 
1 . 0+ 

. 4495 
1 . 0+  

. 2337* 

B 

. 8453 

. 1547 

. 6829 

. 7609'" 

. 7203 

B 

. 8453 
1 . 0+ 

. 6829 
1 . 0+  

. 7609* 

All 
. 0606 
. 3886 

All 

. 0606 

. 3886 

Note : These fractions produce estimates of the fraction of All hazardous substance 
spills. To obtain the fraction of reportable spi11s:-the fraction of a ll 
spills must be divided by the fraction of all spills which are reportable 
for each spill size (see Table 3 . 18) . 
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over the five and one half years when data was col le cted on 

spil ls of 42 of the 92 Clean Water Act X , A , or B hazardous 

substances no incidents of RQ spi lls from small unmarked packages 

were reported . 

Current regulations require reporting to NRC only when an RQ 

spill s  from a s ingle package . So , incidents involving multiple 

spills from marked packages could go unreported even if more than 

an RQ spil led in total because no s ingle package spilled an RQ . 

Less than 2 . 5  percent of all " reportable " incidents involve two 

sma l l  « RQ) spi l l s ,  one or both of which are from a marked package . 

In Section 2 . 5  we argued that spills of less than an RQ from 

marked packages w i l l  probably be reported because the category of 

t he hazardous subs tance is not included on the mark ing or 

s h i pp ing paper . I t  could be argued that less than 2 . 5% of the 

i n c i dents where more than an RQ s p i l led would be unreported i f  

the regulations were changed to include the category o f  hazardous 

subs tance ( "RQ-X" etc . ) on the marki n g  and shi pping papers . That 

i s , the current mark i ng regulations probably resul t in more 

repor t i ng than is stric tly required under the regulat ions . I f  

the marking requi rements were changed t o  el iminate thi s  " over 

repor t i ng" , less than 2 . 5% of the RQ s p i l ls would be unreported . 

There are two qual i f i cations to these general conclus ions . 

F i rst , s i gn i ficant underrepor t i ng has been i ndi cated as a major 

problem in the HMIR data . I f  this underreport i ng were ent i rely 

in small shi pment s i ze categories then the est imated 
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probabi l i t ies of an RQ s p i l l  from unmarked packages could be low 

by an order of magn i tude . Though i t  seems unl i kely that 

unreported i n c i dents would concentrated in thi s way , even an 

order of magn i tude i ncrease results in small est imates of the 

fract ion of all RQ spills , whi ch were from unmarked packages ; 

less than fi ve percent . 

Second , because relat ive r i sk i s  measured as the product of 

the hazard of the event and the probab i l i ty of the event and 

because reportable spi ll s  are on average much larger than the 

spills from mul t i ple small s p i ll inc ident s , the fract ions of 

reportab�e inc i dents ci ted above are conserva t i ve upper bounds on 

the relat i ve � of mul t i ple small package s p i l l  inc i dent s . 
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4 . 0  Large D i lute Spi ll Risk 

, 
Th i s  sect ion pr esents some data from the u . s .  Coa s t  Guard ' s  

Pollut ion I nc id�nt Repor t ing System ( PIRS )  and from MTB ' s  EMIR on 

the f requency of RO or larger sp i lls from d i lute unmar ked 

sh ipment s . Recall that the thr eshold concentrat ions of m i x tures 

and solutions qual ifying a s  hazardous substances were set so that 

exac tly a RO is spilled if 5 0 , 0 0 0  pounds o f  the so lution i s  

spilled . ( See Table 1 on page 2 . )  That is , the thre s hold concen

tration is RO f 5 0 , 0 0 0 . Shipments w i th concent rations above the se 

thre sholds require marking . S hipment s  with concentrations be low 

the thresholds do not require marking . 

4 . 1  Probabi l i ty Factors 

There are two maj or factor s wh ich can be used to e s t imate 

the fract ion of spills wh ich are RO spills from d i lute unma r ked 

packages . The f ir s t  i s  the probabi l i ty that a par t icular 

substance is sh ipped in a concentrat ion below the threshold for 

i t s  category of hazardous subs tance , RO : 5 0 , 0 0 0 . The second i s  

the probabi l i ty that the concentrat ion t imes the spi l l  s i ze i s  

g reater than a n  RO .  Us ing the de finitions i n  Table 4 -1 , thi s .  is : 

( 4 . 1) P = � (pr ( k=Y \ Y c S )  Pr ( C<ROy/5 0 , 0 0 0 , \ k=Y) pr ( cxO�ROY I 
YE S 

C<RO/S O , O O O , k=Y) 

Unfor tunately ne i ther PIRS nor HMIR data g i ves any 

ind icat ion of the concentrat ion of the hazardous mater ial be ing 

shipped except for selected mater ials where cer tain thr esholds 
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TABLE 4 . 1  DEFINITIONS 

s = the set of X , A � B  hazardous substances .  

k = the material spilled in the i ncident . 

C = the concentration o f  the material spilled , 
fraction by weight . 

ROy = the reportab le quantity for material Y , 

Q = the \'I'eight spil led in the incident . 

in pounds . 

P = Probabil ity that an RQ or more s pil ls from a dilute , 
unmarked shipment . 
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are used to spec i fy d i f fe rent hazard c las ses . *  So the second 

term , pr (C<ROy/SO , OOO \ k=y) , cannot be est imated from these data 

. sources .  

I n  mos t  s i tuat ions , sh ippe r s  would pr efer to sh ip more 

concentrated forms because the transpor t cos t r ises w i th the 

we ight shipped . The except ion i s  where concentrat ing the 

mater ial costs more than the added sh ipping cos t and wher e  

the mate rial can be used i n  t h e  di lute! form . Wa s tes ane a c lass 

o f  materials that mee t  these requirement s . Another c la s s  i s  

where the hazardous substance i s  a n  add i t ive t o  other valued 

ma ter ials wh ich are not ha zardous substances .  Tetraethyl lead i s  

an example o f  a hazardous subs tance added to g asol ine . Wh i le 

these except ions are impor tant , most mater ials are probably not 

sh ipped regularly in d i lute concentrat ions . That i s ,  

p r (�<ROy/SO , OO O )  i s  small ,  but for the purpose o f  developing an 

upper bound on the probab i l i ty of an RO sp i ll from a d i lute 

unmar ked sh ipment , le t th is factor . be one • 

. pr (c<Roy/s o , oo o l k=Y) = 1  

An add i t ional conservat ive approx imat ion for the last factor 

in the equat ion is that the concentrat ion i s  egual to the 

threshold for mar k ing : C = ROY/SO , O O O . Us ing th i s  approx imat ion 

and �he previously s ta ted , improbably conservat ive assump tion 

equation 4 . 1  can be re stated : 

( 4 . 2 ) p�<Z:pr ( k=Y \Y�S ) x f . o  x pr (O�SO , O OO J k=Y) 
y � s 

* Ammon ium hyd rox ide for example has three categor ies 1 )  
,
AmMon ia 

solut ion , 4 4 %  ammon ia i s  a non- flammable gas , 2 )  Ammon 1um 

hydrox ide between 1 2 %  and 4 4 %  i s  a cor ros ive l iquid , and 3 )  
les s  than 1 2 %  i s  an ORM A .  
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I f  we assume that the probab i l i ty of a spi ll greater than 5 0 , 0 0 0  

pounds i s  independent o f  the spec i f ic subs tance under 

cons ider ation : . 

P r ( Q� O , O O O \k=Y) = Pr (0�5 0 , 0 0 0 )  

Then : 

( 4 . 3 )  P« P r  ( 0  a 5 0  , 0 0 0 )  � P r  ( k=Y \ Y E- S ) . 

S i nce .£ Pr' ( k=Y \Y�S )  = 1 ,  
Y
t't�se a ssumpt ions lead to the 

YE S  
probab i l i ty that a spi l l  exceed s 50 , 0 0 0  pounds as a very 

conservat ive upper bound on the probabi l i ty that an RQ spi lls 

from a d i lute unmar ked shipmen t  g iven that a hazardous substance 

has sp i l led . 

( 4 . 4 )  P« Pr ( Q ' � 5 0 , 0 0 0 )  

Table 4 . 2  summar i zes the assumpt ions lead ing to th i s  upper bound . 

Table 4 . 3  presents data from HMIR and PIRS on the fr equency 

o f ' spi l l s  of 5 0 , 0 0 0  pounds or more . As expected , truck spills of 

this s i ze are ve ry in frequent . F ive percent ( 5 % )  o f  rail spil ls 

exceed this size . Roughly five percent ( 5 % )  o f  the P I RS spi lls 

exceed th i s  we ight ,  but the PIRS data cover spills f rom many 

sources . As Table 4 . 4  show s ,  the largest spills are from non-

, transportation source s which are s torage and production fac i l itie s .  

Thu s , 4 . 7  percent ove rstates the fract ion o f  transportation inci

dents where 5 0 , 0 0 0  po�nds spi l l . 
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Table 4 . 2  Assumptions Used to Develop the Loose Upper Bound 

The concentration of the hazardous substance in the shipment 
i s  below the threshold where regulations apply . This is an 
extreme assumption used only becuase of a complete lack 
of data . 

2 .  C = ROy/50 , 000 

The concentration is right at the threshold . This is also 
a conservative assumption needed to construct the upper bound . 

The probabi lity that a spil l  exceeds 5 0 , 0 0 0  pounds is 
independent of the 'substan�e under consideration . While 
not true , this assumption may be reasonable in developing 
estimates of aggregate probabilities . 

. 
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TABLE 4 . 3  SPILLS OF MORE THAN 5 0 , 0 0 0  POUNDS 

Source 

HMI R - Truck ( 19 76 - 8 1 )  

HMIR - Rai l  ( 19 7 6 - 8 1 )  

P I RS ( except o i l )  ( 19 7 7- 8 0 )  

Number 

5 2 6  

3 0 5  

119 

Avg . per 
Year 

9 6  

5 5  

3 0  

PIRS data is taken from "Polluting I ncidents i n  and Around 
U . S .  Waters " by the U . S .  Coast Guard . 

8 0  

Percent of 
Incidents 

0 . 8 

4 . 9  
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TABLE 4 . 4 SOURCE OF SPILLS IN PIRS . 
( except oil )  

1979  I 1 9 8 0  

Volume Avq . Size Volume Avg . S i ze 
S ou rce Number ( I.e gal )  ( lbs ) * Number ( Ie gal) ( lbs) * 

Vessels 211 112. 4 , 24 6  1 5 1  7 3  3 , 86 8  

Land Vehic le 4 7  8 5  1 4 , 4 6 8  4 7  7 8  1 3 , 277 

Non-Transp . 251 2 , 31 6  7 3 , 817  1 6 8  516 24 , 5 7 1  

l1arine Transfer 47 50 8 , 5 11 3 8  70 1 4 , 737 

Other Known 3 3  4 9 7 0  2 2  5 2  1 8 , 909 

Total Known 5 89 2 , 56 7  3 4 , 86 6  4 26 7 8 8  14 , 79 8· 
Total Unknown 1555 5 9 3  3 , 052  1 315 9 8  59 4 

Spi lls of More 
3070+ 750+ Than 5 , 000 gal .  3 1  79 2 , 129 2 1  2 85 , 60 2  

*At eight pounds per gallon . 
+some spi lls are from unknown sources . 

Source : " Polluting Incidents In and Around U . S .  t'laters · , Calendar Year 1979 and 19 8 0 "  
U . S .  Coast Guard . 
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4 . 2  , Summary 

In summary , without data on the fraction of spil ls which are 

more di lute than �Q f 5 0 , 0 0 0 , and on the spill size distribu tion 

for the se dilute solutions , the risk o f  RQ spi lls from di lute , 

unmarked shipments cannot be estimated . The relative spill 

probability can. be bounded , however. Five percent of rai l  spill s , 

much less than five percent o f  the spills into water from trans

portation sources , and less than one percent o f  truck spills exceed 

5 0 , 0 0 0  pounds ,  and the fraction of all spills exceeding 5 0 , 0 0 0  

pounds i s  a very loose upper bound on the fraction o f  spill s  which 

exceed an RQ from di lute unmarked packages . 

Because o f  the shipping costs , the concentration o f  a material 

used and the costs of concentrating a mat�rial it is  likely that 

only hazardous was tes and a handful o f  additives would be economi

cal ly shipped in dilute form . Further research should focus on 

identifying specific materials which are shipped in these low 

concentrations , and at unders tanding the costs and trade offs be

tween concentrating and transporting . 
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5 . 0  Non-Compliance with Hazardous Materials Regulations 

As mentioned in the introduction , packages containing 

hazardous substances may be unmarked for any of three reasons : 

( 1 )  they may contain less than an RO , ( 2 )  they may be so dilute 

that they do not requi re marking , and ( 3 )  they may not be in 

compliance with the existing regulations . Section 3 . 0  addressed 

the risk of multiple small package spil l s  and Section 4 . 0 

discussed the risk of large dilute spi l l s .  This s ection i s  

concerned with non-compliance , particularly with non-compliance 

which leaves the public at risk because of unreported spil l s .  

More speci fica l ly, spi l l s  would prQbably not b e  reported i f  

shipping paper and marking regulations are not fol lowed , because 

these activities provide the carrier with knowledge of the 

shipment's hazard. 

This section cons ists of four parts . The first presents 

data on non-compliance. The second discusses reasons for non

compliance with emphas i s  placed on the cost of complying with the 

regulations . The third section is concernced with the pos s ible 

effects on compliance of hazardous substance designation under 

the CERCLA legislation. The final part s ummarizes the findings. 
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5 . 1 Data on Non-Compl iance 

Very few sources of data exist to document the extent of 

non-compliance with the -hazardous materials regulations . 

According to a report by the Comptroller General of the U . S . , 

neither MTB nor the modal administrations compiles statistics on 

total violations found in field inspections . Even i f  this 

information was compi led , the rate of non-compliance wou ld be 

difficult to determine because a complete inventory of those 

active in the hazardous materia l s  industry is not available and 

smal l enforcement staffs can inspect only a small percentage of 

the known carriers/shippers . DOT has estimated , however ,  that 

there are : 

-2 1 , 000 hazardous material container manufacturers 

-100 , 000 locations from which shipments in portable tanks 
originate 

-4, 370 locations from which bulk shipments originate " 

-600 , 000 bulk transport " vehicles 

-700 , 000 vehicles used to transport portable tanks . *  

Several studies present statistics on violations of hazardous 

material regulations . Their findings are reviewed below .  

*Report by the Comptrol ler General of the United States . II Programs 
for Ensuring the Safe Transportation of Hazardous Materials Need 
Improvement . II November , 1980 . 
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The National Transportation Safety Board ( NTSB ) reports the 

results of on-the-road inspections conducted by the Bureau of 

Motor Carrier Safety ( BMCS ) of the Federal Highway ·Administra

tion . *  In May 1 97 9 ,  at ' a roads ide check at a ma jor cross ing of 

the Mississ ippi River , 297 vehicles ( 17% of the total vehicles 

inspected ) carried hazardous materials . In.spectors found 291 

violations of the hazardous materials regulations , including 16 

which caused the vehicles to be placed out-of-service . NTSB also 

reports that in FY 1980 , BMCS conducted 3 , 489 inspections of 

hazardous material s trucks . The most frequently cited hazardous 

material s  violations involved shipping papers and placarding . 

Also , a review of 43 selected case reports on hazardous materials 

carriers ( FY 1980 ) showed 74 violations of the Federal hazardous 

material regulations . Thirty-seven ( 37 )  or 50% of the violations 

involved shipping paper ,  placarding or labeling errors . 

The most comprehensive study of motor vehicles carrying 

hazardous materials was conducted in Virginia in 1977 and 

1978 . * * All trucks pas sing inspection points on several primary 

and interstate roadways were stopped . Although the main purpose 

*National Transportation Safety Board , " Safety Effectiveness 
Evaluation : Federal and State Enforcement Efforts in Hazardous 
Materials Transportation by Truck , " 1981 . 

* *Price , Schmidt and Kates , " Multi-Modal Hazardous Materials 
Transportation in Virginia , "  Sept . 1981 . 
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of the study was to develop hazardous material commodity flow 

data , compliance with hazardous material shipping paper and 

placarding requirements was checked . Table 5 . 1 presents the 

results of this survey . '  In 197 7 ,  41 . 0% of the trucks requiring 

placards had placarding violations : in 1978 this rate was 34 . 5% .  

I n  addition , a vehicle i s  in violation o f  the regulations i f  it 

is placarded when not required , e . g .  it is not carrying a large 

enough quantity or it is not carrying a hazardous material at 

all . In 197 7 ,  13% of the all placard violations were of thi s  

type wheras i n  1978 2% were of thi s  type . 

In 197 7 ,  23 . 1% of the trucks carrying hazardous materials 

had no freight bil l s  whi l e  9 . 4% had no bills in 1 97 8 .  Th e  non-

compliance rate was better than that for all trucks , 3 5 . 4% of 

which in 1 9 7 7 ,  and 36% of which in 1978 carried no freight bills . 

5 . 2 Reasons for Non-Compliance 

Although the reasons for non-compliance with hazardous 

material s  regulations are not wel l documented , the NTSB conducted 

a survey of federal agencies , private industry and trade and 

labor organizations to gain information on this topic . *  The 

opinions expressed in interview and questionaires differed some-

what , but there was agreement in six areas about the perceived 

reason for non-compliance . These include the fol lowing : 

*National Transportation Safety Board , " Special Study : 
Non-compliance with Haz�rdous Material s ·  Safety Regulations , "  
1 979 . 
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1 .  

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8.  

9 .  

1 0 .  

Table 5 . 1 :  Summary o f  1977 and 1 978 Virginia Truck 
Survey Results 

Total Trucks �urveyed 

Trucks with Hazardous Materials 

Trucks Requiring Placarding 

Trucks with Placard Violations 

Violations by Trucks Requiring 

Placards 

Trucks without Freight Bi lls 

Trucks with Hazardous Materials 

and without Freight Bills 

Trucks Requiring Placards which 

had Violations 

Trucks with Hazardous Materials , 

without Freight Bills 

Al l Trucks without Freight Bil ls 

1977 1 978 

445 2  

594 

429 

202 

176 

1 577 

1 37 

41 . 0% 

2 3 . 1% 

35 . 4% 

4862 

3 5 1  

3 2 2  

192 

1 1 1  

1754 

3 3  

34. 5% 

9 . 4% 

3 6 . 1% 

Source : Price , Schmidt and Kates , "Multi-Modal Hazardous 

Materials Transportation in Virginia , "  Sept . 1981 
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1 .  Complexity o f  the regulations . The regulations are complex 

and di fficult to understand , thereby requiring an improbable 

degree of expertise to assure compliance . 

2 .  Industry interrelationship complexities . The differences in 

sizes and functions of the various companies doing bus iness 

in the transportation field result in inconsi stencies in the 

process ing and handl ing of shipments making compliance and 

enforcement di fficul t .  

3 .  Economic Pressures . The need to make a profit may affect 

decis ions on compliance for both the shipper and carrier . In 

the extreme case ,  cost factors may encourage misdescribing a 

hazardous material to avoid regulation a ltogether , thereby 

cutting expenses on classification , packaging , labeling , 

paperwork , and personnel .  

4 .  Industry personnel often are unaware of regulations . 

5 .  Lack of available training for inexperienced personnel .  

Often managers have receiv�d training , but personne l who are 

responsible for shipping have not . 

6 .  Indi fference . Due to the problem� mentioned above , many 

sub j ect to the regulations feel it is easier to ignore them . 
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Respondents to the NTSB survey indicated that trained 

personnel are needed to insure that the regulations are followed , 

particlarly due �o their complexity and periodic change . This is 

particularly di fficult for the infrequent shipper of hazardous 

materials who only occasionally must understand and follow the 

regulations . Costly delays by a carrier who believes a shipment 

is not in compliance can occur . This can result from actual 

non-compliance of a shipment or a di fference in interpretation of 

the regulations . Material identi fication and classification was 

mentioned by several respondents in the NTSB study as very time 

consuming and costly . Use of speci fication packaging also 

imposes costs greater than those for regular cargo packaging . 

Once the regulations are understood : marking , labeling , 

placarding , preparing shipping papers : handling and accident 

reporting do not impose costs as great as those incurred with 

these other reponsibi lities . 

Many of the reasons for non-compliance identi fied by the 

NTSB study can be reduced to the cost of compliance . For 

example , regulation complexity requires that companies pay for 

the training of shipping personnel and pay to retain them after 
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training . The expense of identifying and classifying materials 

is a deterrent to compliance . While the actual incremental cost 

of hazardous materials regulations cannot be accurately assessed 

in thi s  study , * Table 5: 2 presents the maj or areas of hazardous 

material regulation and a rough assessment of the relative cost 

of complying with each . 

Al l of the activities labeled "high " involve important 

expenses although the effect on the cost of complying depends on 

the volume of the company ' s  hazardous material shipments and on 

the specific materials shipped . For example , the added cost of 

training wi l l  be more important to a company with few shipments 

than to a company which spreads the training cost over many 

shipments .  Also , frequent shipments help to insure that 

personnel are fami liar with the current regulation . Simi larly , 

material class i fication costs are one-time expenses which can be 

spread over the company ' s  volume of shipments of the material .  

Obvious ly , the cost burden from class ification is greater for 

materials which are not on the Hazardous Material Table and the 

level of compliance is expected to be lower for these materials 

as a result . 

*A statistical study of truck and rai l  rates which compared the 
rates for hazardous materials to the rates for s imilar shipments 
of non-hazardous material could show the carriers ' assessment of 
the regulatory burden of the hazardous material regulations . The 
burden would be reflected in higher rates for hazardous 
materials , and the statistical analys is of the rates would 
measure the size and signi ficance of the difference . 
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Table 5 . 2 :  Hazardous Material Regulation Activity Costs 

Estimated 
Over-al l 

One-time Repeated Impact on 
Activity Expense Expense Cost 

Training Personnel x High 

Material Class ification x High 

Packaging x High 

Marking x Medium 

Labeling x Medium 

Placarding x Medium 

Shipping Papers x Medium 

Special handl ing/operations x Medium 

Spi l l  Reporting x Low 
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The regulations on packaging of hazardous materials affect 

costs in two ways . First , the cost of the specification packages 

may be more than the cost of non-specification packages .  Second , 

the shipper may have to ' stock more containers because he has to 

match containers with materials and thus needs a larger variety 

of containers and a higher total inventory to avoid stock-out . *  

Al l of the activities rated "medium" involve relatively 

minor costs which must be performed for every hazardous material 

shipment . These activities are described in Section 2 . 0 . Spil l  

reporting i s  rated low because i t  i s  a relatively minor cost 

which is required only for the shipments which spil l . * * 

*Note that exemptions ( see Section 2 . 4 . 2 )  appear to be aimed at 
relieving this problem . 

* *Based on 1 1 7  chemicals for which production data were available 
from EPA ' s Chemicals in Commerce Information System ( CICIS ) and 
spil l  data which were available from HMIR:  

1 .  Average Production = 3 . 2 7 bil lion pounds per chemical in 
1977 ( CIC IS ) 

2 .  Average pounds spil led = 6 5 . 2  thousand pounds per 
chemical in 1977 ( HMI R )  

3 .  Average spi l l  size = 2414 pounds in 1977 ( HMIR)  

So , on a�erage thjre wi l l  be one gpill report for every 
( 3 . 27xlO /65 . 2xlO ) x24l4=1 2 l . lxlO pounds produced . Therefore , 
even with the very conservative assumptions that average shipment 
size is 50 , 000 pounds and that once produced the material is 
shipped only once to its' final use , spil l  reports wi l l  be 'made 
only once for every 2422 shipping papeS ' marling or other 
repeated expense requirement ( 1 2 l . lxlO �5xlO =242 2 ) . 
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5 . 3  E f f ec ts of  Designa ting New Hazardous Substances and 
Repor table Quantities 

Under CERCLA , EPA has the responsibil ity fo r designating 

additiona l haza rdous substances and the associa ted repo r tabl e  

quantities . Sec tion 2 . 0  identified three categories of new 

designations . The first catego ry consists o f  those new ha zardous 

substances �hich are al ready on ' the Ha za rdous Materia l  ( HM) 

Tabl e.  The second ca tegory consis ts of those new ha za rdous 

subs tances which are not on the HM Tabl e but which have 

cha racteris tics which make them ha zardous ma terials  subj ect to 

DOT haza rdous ma teria l  regulation .  The third ca tegory consis ts 

of new haza rdous substance which were not previously regulated by 

DOT .  Th ese wil l a l l  be ORM-E hazard class materia l s . 

Tabl e 5 . 3  shows the incrementa l regula tion  cos t  associa ted 

with each of  these categories o f  newly designa ted haza rdous 

subs tances* . Added training of shipping personnel is very mino r 

for Ca tegories 1 and 2 ,  involving only the few specia l require

ments whic h are  unique to haza rdous substances : " RO "  ma rking , 

" RO" on shipping papers , and repor ting spil ls  to NRC . somewha t 

*No te that  these cos ts a re those which are directly imposed by 
DOT regula tion  o f  haza rdous substances . Other costs might inc lude 
insurance cost  for  ca r riers and shippers , the cos t  of obta ining 
an ICC cer tifica te for  moto r ca r r iers ,  and costs associated with 
not being abl e  to choose any moto r ca r rier for shippers . 
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Ta ble S . 3  I nc r ementai  Costs from Haza rdous Substance Des igna t ion 

Activi ty 

Tra i n i ng 
Personnel 

Ma ter i a l  
Class i f ica t ion 

Packag ing 

Ma rki ng 

Label i ng 

Placa rd i ng 

Shi ppi ng 
Papers 

Spec i a l  Hand-
l i ng/Operat ions 

Sp i l l  Repo r t i ng 

Ca tegory 1 
( O n  Tabl e) 

+ 

N . C .  

N . C .  

+ 

N . C .  

N . C .  

+ 

N . C .  

+ 

+ Costs wi l l  be h i g her 
- Cos ts wi l l  be Lower 
N . C .  No Chang e  i n  Cost .  

Category 2 
(Regulated 
but not on Tabl e) 

+ 

N . C .  

+ 

N . C .  

N . C .  

+ 

N . C .  

+ 

None the act i v i ty i s  no t requ i red . 
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Category 3 
(Not 
regul a ted
ORM-E) 

+ 

+ 

N . C  

+ 

None 

None 

+ 

None 
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mo re  t ra i n i ng w i l l  be requ i red fo r Catego ry 3 i f  the company d i d  

not sh i p  any ha za rdous mate r i a l s  because the tra i n i ng mus t  

include  a fam i l ia r i za t i on w i th the str uctu r e  o f  DOT ' s  ha za rdous 

mate r i a l  regul a t i o n .  

The c o s t  of  ma te r i a l  iden t i f ication  and class i f i ca t ion 

rema ins  uncha nged fo r those ne�ly des ig na ted substances wh ich 

we re a l ready on the HM Ta bl e (Ca tego ry 1) and should be eas i er  

fo r Category 2 beca use the substance w i l l  be  ente red onto the HM 

Tabl e ,  thus e l im i na t i ng the job of classi fyi ng i t .  Ca tegory 3 

substances wi l l  a l l  be found on the HM Table but they must  be 

ident i f i ed whe re as they we re  prev iously  unr�gula ted . 

The l e t te r s  " RO n  must be added to the othe r usua l hazardous 

ma te r i a l  ma r k i ngs  and sh i pping pape rs for Ca tegor i es l and 2 .  

Ca tegory 3 mate r i a l s  requ i re a l l  the ha za rdous ma te r i a l s  ma r k i ng 

be added to no rma l non-haza rdous commod i ty ma rk i ng s .  P roper 

sh i pp i ng name and ma te r i a l  ident i f i cation  numbe r a re the key . 

add i t ions . S im i l a rly ,  Ca tegory 3 mate r i a l s  mus t have the 

i nforma t i o n  on the sh ipp i ng pape rs  requ i red fo r ha za rdous 

ma te r ia l s  as wel l  as the l e tters " RO" . 

F i na l ly, spi l l s  of  Ca tego ry I o r  2 substances must  be 

repo r ted to NRC i n  add i t ion to the prev ious requ i rement to repo r t  

spi l l s  to MTB . Category 3 spi l l  repo r t i ng changes f rom none 

requ i red to repo r ts to bo th NRC and MTB . 
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The i ncrementa l costs assoc i a ted w i th designati ng Category I 

a nd 2 mate r i a l s  as haza rdous subs tances appea r to be mino r .  Of  

the  three high  cos t act i v i t i e s ;  tra i n i ng ,  class i f icat ion , and 

packag i ng ;  on�y m i no r  amounts of t ra i n i ng are  requ i red by com

pan i es no t currently sh i pp i ng haza rdous substances . Fur the rmo re ,  

the class i f ica t i on costs should be reduced by designa t ion for 

Ca tegory 2 �a ter i a l s . 

Wi l l  these added costs affect compl i ance rates? The sma l l  

added cost to catego ry I and 2 ma te r i a l s  seems unl i ke l y  to a f fec t 

compl i ance rates , al though even smal l  add i t ions could resul t in 

sma l l  reduct ions in  comp l i a nce . The incremental costs assoc i a ted 

wi th des igna t i ng Catego ry 3 commod i t ies as  ha za rdous substances 

are mo re  substa n t i a l . Th i s  is  pa rt icula rl y  true fo r companies  

wh ich sh i p  only  Ca tegory 3 o r  un regula ted commod i t ies , because 

designa t i on adds the ful l set of ha za rdous ma te r ia l  regulat ions 

and the tra i n i ng costs are l i kely to be s ig n i f i cant . 

The repo rtabl e quant i ty assoc iated w i th a ha za rdous sub

sta nce a f fects the f ract ion o f  sh i pments wh ich bea r some o f  the 

inc rement a l  costs identi f i ed in Table 5 . 3 .  Ma r k i ng , pape rwo rk  

and spi l l  repo r t i ng costs are requ i red only  fo r sh i pments con

ta i n i ng a t  l east a repo r tabl e quant i ty o f  a substance . The 

i ncremental cos t of pe rsonnel tra i n i ng and mate r i a l  class i f ica

tion  assoc i a ted w i th ha zardous substances a re no t ,  howeve r ,  
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dependent upon the RO l eve l . These cos ts cannot be avo ided by 

sh i pp i ng a package wi th l ess than an  RO . Tha t i s ,  the 

des igna t i on o f  a haza rdous subs tance ca r r i e s  the requ i rements for 

personne l t ra �n i ng and mater i a l  class i f i ca tion  rega rdless o f  the 

RQ l evel assoc i a ted wi th the substance . 

Tabl e � . 4  presents the f raction of  sh i pments bel ow the 

current RO l evels for ha za rdous substances . *  I t  shows that  6 0 %  

of  a l l  sh i pments a re l e s s  than 5 0 0 0 pounds . The refore , i f  the RQ 

we re  set  a t  5 0 0 0  pounds for !l! haza rdous ma te r ia l s ,  only 4 0 %  o f  

the sh i pments would be sub j ect  to the ma rki ng , sh i pp i ng pape r , 

and spi l l  repo r t i ng cos ts . ROs wi l l  be ass igned , howeve r ,  on a 

substance-by-substance  bas i s . Tabl e 5 . 5  shows how two ex i s t i ng 

ha za rdous s ubstances d i f f e r  i n  the i r  sh i pment s i ze d i s t r i bution . 

Both of  these substances have an  RQ of  1 0 0  pounds . The table 

shows tha t  wh i l e  less  than 2 %  of  the anhyd rous ammo n i a  sh i pments 

need no t i ncur  the mark i ng , pape rwork  and spi l l  repo r t i ng costs , 

a lmo.s t 2 0 %  of  the ca l c i um hypochlor i  te sh i pments avo i d  these 

costs by be i ng below the RO . Furthe r ,  an added 3 0 %  of the 

ca l c i um hypochlo r i te sh i pments could avo id  the costs i f  the RQ 

we re  increased to 1 0 0 0  pounds .  An i nc rease i n  the RQ o f  

anhyd rous ammon ia  t o  1 0 0 0  pounds would af fect only 0 . 5 % o f  the 

sh i pments . These examples  show the impo rtance  o f  exam i n i ng the 

sh i pment s i ze d i s t r i bution of each haza rdous subs tance i n  

determ i n i ng the costs t o  sh i pper s  o f  a l te rnat ive RQ levels .  

*No te tha t  these d i s t r i but i ons a re developed from spi l l  repo r ts 
rece ived by MTB .  As a resul t ,  sma l l  sh i pments may be u·nde r
represented . 
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Tabl e 5 . 4 :  Fraction of  Shi pments Below Selected Level s  

Sh ipment S i ze 

< 1 l bs .  
<H ' I bs . 
�1 0 0  I bs . 
<1000  I bs . 
<5�H'0 I bs . 
<5 3 , 9 0 0  Ibs . 

9 8  

Frac t i on of Sh i pments 
i n  HMI R  F i l e  

. 00 1  

. 21 3 1 

. 1 55  

. 4 2 5  

. 6g�  

. 8 6 3  
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Table 5 . 5 :  Compa r i son of  Sh ipmen t  S i ze D i s t r i butions fo r Two CWA 

Haza rdous Subs tances 

Fract ion of Sh ipments* 

Sh i pment 

Si ze ( l bs . )  

� 1  

� 1 0  

!= 1 0 0  

� 1 0 0 0  

� 5 0 0 0 

� 50 , 0eH �  

) 5 0 , 0 0 0 . 

* From HMI R  data , 1 9 7 6- 8 1 

Anhyd rous 

Ammonia  

0 . 0 

. 0 1 1  

. 0 1 6 

. 0 2 1  

. 0 29 

. 1 1 0  

. 8 9 0  

9 9  

Calc i um 

Hypochlor i te 

0 . 0  

. 00 9  

. 19 1  

. 59 4  

. 8 3 1  

. 9 8 2  

. 0 1 8 



Wi l l  d i f ferent RQ l evels af fect compl i ance? The ma j o r  

i ncrementa l costs assoc iated w i th the des igna t i on of  a haza rdous 

substance a re tra i n i ng sh i pp i ng personnel and identi fy i ng and 
. 

class i fying the ma te r i a l . These costs a re una f fected by 

ad j ustments in the RQ ass igned to the subs tance . So , i t  seems 

unl i kely tha t ad j ustments to RQ would have much a f fect . on the 

costs to sh � ppers  or on the i r  subsequent compl i ance . On the 

othe r hand , the bu rden of repo r t i ng � be dec reased 

subs tant i a l l y  ( 1 0- 3 � ' )  by chang i ng the RQ of a subs tance by an 

ord e r  of magni tude .  Th i s  repo r t i ng burden a f fects the NRC as 

we l l  as the ca r r i e r  and ,  for Category 3 haza rdous subs tances , 

repo r t i ng to MTB as wel l .  

5 . 4 .  Summa ry 

I n  th i s  section  we exami ned the l i mi ted data on non-com-

pl iance w i th ha za rdous ma te r i a l  regul a t ion . Th i s  data suggests 

h igh non-compl iance ra tes , pa rt icula rly  wi th truck i ng reg ula

t i ons . Stud ies  of the reasons for  non-compl iance a re anecdota l  

but suggest that  compl iance involves costs wh ich could b e  avo ided 

by not complying wi th zeg u l a t ions . Of the maj o r  act i v i t i e s  

requ i red by ha za rdous mat e r i a l s  regulat ions , t ra i n i ng sh i pping 

pe rsonne l ,  ma te r i a l  class i f icat ion , and packag i ng appea r to 

a f fect the cost of compl i ance the most  wh i l e  repo r t ing ,  beca use 

i t  is only requ i red for the subset of sh i pments wh ich spi l l ,  

appea rs to place the sma l l est burden on sh i ppers . 
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Des ignat ion of  new ha za rdous substances wi l l  increase the 

cos t of  compl iance sl ightly fo r hazardous substance wh i ch we re  

previously ha za rdous mate r i a l s .  Th i s  i nc rease could be expected 

to i ncrease non-compl i ance sl ightly . 

New ha za rdous substances which were not prev iously  regula ted 

w i l l  expe r i �nce the g reatest i nc rease i n  cos t of compl iance . The 

sh i ppe rs wh ich d id no t prev iously sh i p  any ha za rdous ma te r i a l s  

w i l l  be a f f ected the most  because the new haza rdous J ; � . s tances 

wi l l  force them to become fami l i a r  wi th the whol e  structure of 

haza rdous ma te r i al s  regula t ion . I n  fac t , the most  s ig n i f icant 

consequence of  designa t i ng new haza rdous substances , f rom the 

sh i ppe rs po i n t  of v i ew ,  i s  tha t mo re sh i ppe rs wi l l  be affected by 

hazardous ma te r i al reg u l a t i o n .  

The RO l evel set  f o r  a haza rdous substance determi nes wh i ch 

sh i pments wi l l  bea r i ncrementa l  costs o f  sh1 ppi ng pape r prepa ra

t i o n ,  ma r k i n�,  and spi l l  repo r t i ng ,  a l l  of wh i ch are sma l l . 

Because these cos ts are  sma l l , des igna t i on of  an  a l te rna t ive RO 

l evel fo r a ha za rdous subs tance i s  unl i kely  to i n f l uence the 

l evel  of compl iance o r  the sh i pment  s i ze d i str i but i o n .  

1 01 



1 0 2  



.. 

R E F E RENCES 

1 .  B i e r l e i n ,  Law r a n c e  w . , Red B ook o n  T r a ns po r t a t i o n  o f  � a z a r d o u s  
Ma te r i a l s ;  C a h n e r s  Boo k s  I n te r n a t i o n a l  I nc . , B o s t o n , �A 1 9 7 7 . 

2 .  Fong , P a u l ;  Be l l a n to n ! , J ua n ;  a nd Ga r l i t z , J e f f r e y ;  " An a l ys i s  o f  
Ha za r d o u s  Ch e m ic a l  S p·i l l s .r..l o ng t h e  Co a s ts a nd \ia j o r  Wa t e r wa ys 
o f  t h e  U n I t e d  S t a t e s , "  T r a n s po r t a t i o n  Sys tems Cen te r Repo r t  No . 
CG - 1 2 3- 1 ; C a mb r i d g e , MA , Ma r ch , 1 9 9 1 .  

3 .  G l i c k ma n , The o d o r e �  " a.  Compa r i s o n  o f  FRA a nd MTB Repo r t s 
Reg a rd i ng H a z a r d o u s  Ma t e r i a l s  S p i l l s i n  1 9 7 � , "  T r a ns po r t a t i o n 
Sys t ems Ce n t e r  Repo r t  No . S S- 2 2 3 - U 5 - 3 5 ; C a mb r i dg e ,  MA , Dec�mbe r , 
1 9 78 . 

� .  Na t i o na l T r n n s po r ta t i o n  S a f e ty B o a rd , " Sa f e ty E f f e c t i v e ne s s  
Eva l u a t i o n :  Fed e r a l  a nd S ta te E n f o r c e me n t  E f fo r t s  i n  H a z a r d o u s  
Ma t e r i a l s  T r a n s po r ta t i o n b y  T r u c k , "  NTS B r e po r t  S E E-� 1 - 2 �  
Fe b r u a r y , 1 9 8 1 .  

5 .  Na t i on a l  T r a n s po r ta t i o n  S � f e ty B o a r d ; " S pec i a l  S t ud y :  
�o n-Compl i a nc e  w i th Ha za r d o u s  Ma t e r i a l s  Sa f e ty Reg u l a t i o n s , "  
NTS8 r e po r t  HZM- 7 9 - 2 ;  Aug u s t , 1 9 7 9 . 

� .  P r i c e , D e n l s �  S c hm i d t ,  J .  W i l l i am �  a nd K a t e s , R i ch a r d ; 
" M u l t i -Mod a l  H a za r d o u s  Ma t e r i a l  T r a ns po r ta t i o n  i n  V i rg i n i a , "  VP I 
a n d  S t a t e  Un i v e r s i ty f o r  t h e  V i r� i n i a  nepa r tme n t  o f  
T r a n s po r t a t i o n  Sa f e ty �  B l a c ks b u r g , VA , 1 9 9 1 .  

7 .  U . s .  Co a s t  G ua r d ;  " Po l l u t ing I nc i d e n t s  i n  a n d  A r o und U . S .  
Wa t e r s , Ca l e nd a r  Y e a r 1 9 7 7  a n d  1 9 7 8 , "  R e po r t  COMDT I � S T  M l � 4 5 0 . 2 .  

8 .  u . s .  Coa s t G ua r d ;  " Po l l u t i ng I nc i d e n t s  i n  and A r o u nd U . S .  
Wa t e r s , Ca l e nd a r  Y e a r 1 9 7 9  a nd 1 9 q 0 ; " R e po r t  COM OTI �ST 
'"l 1 '; 4 5 0 . 2C .  

9 .  U . S .  Com p t r o l l e r  G e n e r a l ; p r og r ams f o r  E n s u r i ng t h e  S a f e  
T r a n spo r t a t i o n  o f  H a z a rd o u s  � a t e r i a l s  N e e d  I m p r o v eme n t ;  
G o v e r nm e n t  p r i n t i n� O f f i c e ;  Wa sh i ng to n ,  DC , Novembe r ,  1 9 8 A .  

1 0 .  Wa r d , L i l l i e ;  " An Ana l ys i s  o f  t h e  Und e r r e po r t i ng o f  Ha za r d o u s  
Ma te r i a l  I nc i d ents/Ac c i d e n t s  a s  F i l e d  o n  D O T  F 5 9 � � . 1 , "  
T r a n s po r t a t i o n Sys t ems C e n t e r  Repo r t  No . S S S- 2 '- 3 - U � - 1 2 � ; 
Cam b r i d g e , MA , S e p t embe r ,  1 9 9 A . 

1 03 



10 4 



APPENDIX 

The obj ective o f  th i s  Append i x  is  to  show how the set  o f  
a ssumpti ons presented i n  Table  3 . 1 0 o f  sec t i on 3 . 3  a re used to 
deve10p , an  uppe r bound on the probab i l i ty of  an i nc ident i n  wh ich  
two packages conta i n i ng the  same ha za rdous s ubstance spi l l , when 
each package conta i ns l ess than a repo rtable quanti ty (RQ) , yet 
more than a n  RQ spi l l s ;  g i ven that an i nc ident i nvol v i ng a 
hazardous s ubstance  has occ u rr ed . Obv iously ano the r goal  o f  the 
development i s ; to reduce the probab i l i ty to a set o f  
probab i l i t i es each o f  wh ich can b e  est ima ted us i ng the HMI R  data 
desc r i bed in 3 . 0 .  ( Note  that the numbe red assumpt i ons i n  Tabl e 
3 . 10 a r e  co r respond i ng ly n umbe red i n  the fol l owi ng development . )  

Let :  

S = the set o f  X , A , B  ha za idous substances 

SX , SA , SB = the sub sets o f ' X , �, or B ha za rdous s ubstances 

YE S means Y i s  an  element of S 

kl = f i rst  spi l l ed commod i ty 

k . 2 = second spi l l ed commod i ty 

' t = numbe r o f  packag es o r  sh i pments spi i l ed 

WI = the we ight conta i ned i n  package one 

w2 .- the we ight conta i ned i n  package two 

QI = the we ight spi l led f rom package one 

Q2 = the we ight spi l l ed f rom packag e two 

Then , the probab i l i ty o f  i nterest , p ( 2 ) , i s :  

p ( 2 ) = � Pr ( t=2 ,  kl=Y , k2=Y , WI<RQy ' w2<RQy ' Q1+Q2>RQy l t�l )  
y�S  

--------------�--------------�----------------------� 
,
P r ( kl=Z o r  k 2=z \ t�l ) 

� S  
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Ex amine : 

. 
= Pr ( t=2 , k2'=Y ,' Wl <RQy ' W2<RQy ' Ol+022,ROy l t2,l , kl=Y ) p r ( kl=Y ) t2,l ) 

= Pr ( k2=Y , Wl <RQy ' W2<RQy ' Ql+Q22,RQy\ t=2 ,  kl=Y ) 

e pr ( t= 2 )t2,l , kl=Y') p r ( kl=y l t2,l ) 

Assume that the probabi l i ty o f  a two spi l l  i nc ident i s  

i ndependent o f  the mate r i al spi l l ed . Then :  

C (Y )  = pr ( k2=Y , wl <RQy ' w2<RQy ' Ql+Q22,RQy l t=2 , kl=Y ) 
. P r ( t=2 t2,l ) pr ( k l=Y t2,l ) 

C (Y )  = Pr ( wl <ROy ' �2<RQy ' Ql+Q2>RQy l t= 2 , k 1=Y , k2=Y) 

. pr ( k 2=Y l t=2 , k l=Y ) pr ( t= 2 ) t�l � pr ( k l=Y \ t�l ) 

Assume tha t the probabi l i ty that the second mate r i a l  spi ll ed in  a 
two spi l l  i nc i d ent i s  the same as the f i rst mater i a l  spi l l ed is  
i ndependent of  the f i rst  mater i a l . Then : 

C ( Y )  = pr ( wl <RQy ' W2<RQy ' Ql+Q22,RQy \ t=2 ,  k 1=Y , k2=Y ) 

e pr ( k 2= kl) t=2 ) p r ( t=2 \ t2,l ). pr ( k 1=y I t�l ) . 
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Recal l  that : 

p ( 2 ) = � C (Y )  
Y6.S 

� '  p r ( kl=z o r  k 2=Z t�l ) 

ZE: S 

= [ p r {wl <RQy ' W2<RQy ' Ql +Q2�R9y\ t=2 ,  kl=y , k2=Y ) 
Y S 

: �p r ( kl=Z or k 2= z l t�1 ) 
ZErS 

Thi s  expression can be rewr i tten as : 

The f i r s t  two terms can be moved out o f  the summa t i on because 

they a re constant ,  unaf fected by the mate r i a l . 
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Exami ne : 

D CY )  = 
� pr ( k i=z o r  k 2=Z \ t�1 ) 
Z6S 

pr ( k1 =z . o r  k2= Z\ t�1 ) is sho r t  fo r 

P r ( t=l  and k1= z ;  o r  t=2 and kl = z ;  o r  t=2 and k2=z lt�1 ) 

However ,  s i nce t=2 only . 06 o f  the t ime that t> l and s i nce  k l=z 
some fo f the t ime when  k2=z , th i s  express i on can be approx imated 
by : 

g Pr ( k1=z t�l ) 
ZE:S 

So , 

*pr C kl =z o r  k2=z lt> 1 ) should a l so cover  the s i tua ti on whe r e  t=3 , 
4 • • •  , and a compl ete statement o f  th i s  approx ima t ion wo uld 
i nclude k 3 , k4 • • •  = Z .  Howeve r ,  the a rg uments made  when t=2 
apply fo r the t= 3 ,  4 ,  • • •  cases as we l l .  
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Thus , the o r ig i nal probabi l i ty becomes :  

p ( 2 ) = pr ( t=2 I t�1 ) p r ( k 2=kl \ t=2 ) � pr ( kl=Y \ t�l , YtS )  
Y6;S 

and : RQy = 1 lb .  for YcSx 

RQy = 10 lbs . for y�SA 
RQy = 100 lbs . fo r y�SB 

So , p (
2 ) can be rewr i tten : 

. pr (wl < l ,  w2< 1 ,  Ql+Q2�1 1 t=2 , kl=Y , k2=Y ) 

+ � pr ( kl=Y \t) l ,  YE:5 ) pr (wl <l O ,  w2<l O ,  Ql+Q2�lO \ t=2 , k1=Y , k2=Y) 
Y65A 
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Examine  the second facto r i n  the f i rst  sum i n  the brackets ( ca l l  
i t  F (Y » : 

F (Y )  = pr ( w2< 1 ,  QI+Q2�I ) t=2 ' kl =Y , k2=Y , wl < l )  

. pr ( w< l \ t=2 , kl=Y , k 2=Y ) 

Assume tha t the probabi l i ty tha t the f i rst  spi l l ed sh i pment 

conta i ned less than a pound is i ndependent of the ma te r i a l  in the 

sh i pment and of whe ther  the two spi l l ed ma te r i a l s  are the same . 
Then : 

3 )  �r ( WI< I \t=2 , kl =Y , k2=Y ) = p r ( WI < I \ t=2 ) ,  and 

F ( Y )  = pr ( w2 < 1 ,  QI+Q2�1 \ t=2 ,  k1=Y , k2=Y , wl < l )  pr ( WI < I \ t=2 ) 

= pr (QI+Q2�'r=2 ' kl=Y , k2=Y , wl < l , W�< l ) 

o pr ( W2< I \ t=2 , kl =Y , k2=Y , wl < l ) p r ( W1< l l t=2 ) 

Assume that  the probab i l i ty that the second spi l l ed s h i pment 

conta i ns l ess than a pound i s  i ndependent of the mate r i a l  
spi l l ed .  Then : 
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F ( Y )  = pr ( 01�0221 \ t=2 , k1=Y , k2=Y , w1 < 1 , w2< 1 )  

. pr ( W2 < 1 \ t=2 , k 1= k2 , w1 < 1 )  p r ( Wl < 1 \t=2 ) 

Exami ne the f i rst  factor of  F (Y ) : 

Ce r ta inly  e i ther 01 o r  02 must be l a rg e r  than 1/2 po und i f  01+02 
i s  to be l a r g e r  than a pound . So : 

Assume that the probab i l i ty that e i the r spi l l  i s  l ess than 1/2 

pound i s  i ndependent o f  the mate r i al spi l l ed o r  the fact that the 

same mate r i al spi l l ed f rom both packages . Then : 

I f  we assume e i ther  tha t 01 i s  i ndependent o f  02 o r  tha t i f  no t 
i ndependent tha t they a r e  pos i t ively assoc i ated* then we can 
e s t imate  an uppe r bound on H (Y ) : 

H (Y ) �l - ( pr (0�1/2 It=2 , w<1 » 2 . 

* By pos i t i ve l y  a ssoc i ated we mean that l a rg e r  val ues o f  01 a re on 
the average a ssoc i ated wi th l a rg e r  values  of 02 and s im i la r l y  
sma l l e r  val ues o f  01 a r e  assoc iated wi th sma l l e r  va l ues o f  02 . 
By assumi ng that 01 and 0 2 a re . e i th e r  pos i t ively as�oc i a ted o r  
i ndependent we a r e  assum i Hg that they a r e  no t neg a t l ve l y  
assoc i at ed . Tha t  i s  we . a r e  assum i ng that sma l l e r  value s  of  01 a re not on the ave rage assoc i a ted wi th l a rg e r  val ues  o f  02 . 
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So , 

G (Y ) �1 - ( pr ( Q�1/2 I t= 2 , w<1 » 2 and an  upper bound on  F (Y )  

i s :  

F (Y )  = [ 1 - ( pr (Q< 1 /2 \t= 2 , w< 1 » 2 ] 

o pr ( w2< 1 I t=2 , k 1= k2 , w1 < 1 )  pr ( w1 <1 / t=2 ) 

Recal l  that the f i rst  s umma t i on i n  the last  expres s i on for  p ( 2 ) 

i s :  

Substi tut i ng i n  the upper bound on F ( Y )  yi elds : 

Because only the f i rst  facto r depend s on the mate r i a l , th i s  
express i on can be rewr i tten : 
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Now the f i na l  s ummat i on i n  J (Y )  can be restated : 

and 

J ( Y )  = pr ( W2< l lt=2 , k l= k2 , w1 < 1 )  p r ( wl < 1 1 t=2 ) 

• ( 1 - ( pr ( O.i1/2 \t= 2 ,  w< l »  2 ) pr ( k l E- Sx \ t�l ,  k l E: S )  

Simi l a r  l og i c  can be used to develop upper bounds on the oth e r  
two s ummat i ons i n  t h e  f i na l  express i o n  fo r p ( 2 ) . The resul t is : 

p ( 2 ) = p r ( t=2 f t�1 ) p r ( k2=kl \ t=2 ) 

. [ pr ( kl 6. SX \t�l , kl E: S )  pr (W1 <1 I t=2 ) 

+ pr ( kl E- sA l t�l , k l E S )  pr (W1 < 1 0 \ t=2 ) 

. pr (W2< 1 0 \ t=2 , k 1=k 2 , wl < l O )  ( 1- ( pr ( O.is ! t=2 , w< 1 0 » 2 ) 

+ P r  ( kl = Sa 't�l ,  k l 6 S ) P r  ( wI <100 \ t= 2 ) 

• P r  ( w2< 1 0 0  I t=2 , k l =k 2 , wI <10 0 )  ( l� ( P r  ( O.iSO I t=2 , w<l O O »  2 ) ] • 
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