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A b s r : ~ c t  

I n  response t o  major  de ra i  lments i n v o l v i n g  hazardous m a t e r i a l s  ca r s ,  t h e  Federal  
Rai 1  road Adm in i s t r a t i on  (FRA) i n i t i a t e d  t h i s  rev iew o f  t h e  consequences o f  hazar-  
dous m a t e r i a l s  c a r  placement i n  a t r a i n  c o n s i s t .  The rev i ew  and a n a l y s i s  con- 
s i s t e d  o f  s i x  t ask  i tems: (1) rev iew o f  acc iden t  t r ends  and r e g u l a t i o n s ,  (2) an 
ana l ys i s  o f  hazardous m a t e r i a l s  compat ib i  1  i t y ,  ( 3 )  r a i l r o a d  ope ra t i ona l  con- 
s t r a i n t s ,  (4)  a  c o s t / b e n e f i t  ana l ys i s ,  (5) recommendations, and (6) p repa ra t i on  
o f  a  f i n a l  r e p o r t .  

A r ev i ew  o f  t h e  1982-1985 Rai 1  road Accident /  I n c i d e n t  Repor t ing  System (RAIRS) 
da ta  showed t h e  r e a r  q u a r t e r  t o  be s t a t i s t i c a l l y  t h e  " s a f e s t "  l o c a t i o n  i n  a 
m a i n l i n e  f r e i g h t  t r a i n .  Ana lys is  conf i rmed t h a t  t h e  l onge r  t h e  t r a i n ,  o r  t h e  
h i ghe r  t h e  speed, t h e  more cars  d e r a i l e d  on t h e  average. A lso ,  t h e  t o p  101 
hazardous commodities (by volume movement) p l u s  fuming n i t r i c  a c i d  were analyzed 
f o r  chemical i n c o m p a t i b i l i t y ,  a  t o t a l  o f  5,151 b i na ry  combinat ions. Of these,  
1,210 combinat ions were judged incompat ib le .  Combinations i n v o l v i n g  non- 
o x i d i z i n g  m ine ra l  ac i ds  (ASTM Chemical R e a c t i v i t y  Group I ) ,  o x i d i z i n g  minera l  
ac ids  (Group 2) and c a u s t i c s  (Group 10) dominate t h e  l i s t  o f  incompat ib le  
chemicals.  Consequence-based and r i sk -based  rank ings  were es tab l i shed .  Calcu- 
l a t i o n s  es tab l i shed  a pos t -dera i lment  separa t ion  d i s t ance  o f  40 meters minimum t o  
p reven t  m i x i ng  o f  incompat ib le  chemicals.  This  can be accomplished by a con- 
s e r v a t i v e  (worst -case)  i n - t r a i n  separa t ion  by 30 ca rs  f o r  i ncompa t i b l e  hazmat 
cargos,  a l though a 15-car  separa t ion  may accomplish t h i s  f o r  most acc iden t  
scenar ios.  I t  was no ted  t h a t  m i x i n g  o f  hazmat m a t e r i a l s  was n o t  c i t e d  i n  any 
NTSB acc iden t  r e p o r t  as a s p e c i f i c  problem. 
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METRIC CONVERSION FACTORS 

Approximate Conversions to Metric Measures 

Symbol When You Know Multiply by To Find Symbol 

LENGTH 

Approximate Conversions from Metric Measures 

When You Know Multiply by To Find Symbol 

LENGTH 

Symbol 

millimeters 0.04 inches 
centimeters 0.4 inches 
meters 3.3 feet 
meters 1.1 yards 
kilometers 0.6 miles 

inches 
feet 
yards 
miles 

'2.5 centimeters cm 
30 centimeters cm 
0.9 meters m 
1.6 kilometers km 

AREA 
AREA 

square centimeters 0.16 square inches 
square meters 1.2 square yards 
square kilometers 0.4 square miles 
hectares (1 0,000 m2 ) 2.5 acres 

in2 square inches 6.5 square centimeters cm2 
ft2 square feet 0.09 square meters m2 
yd2 square yards 0.8 square meters m2 
mi2 square miles 2.6 square kilometers km2 

acres 0.4 hectares ha 

MASS (weight) 
MASS (weight) 

ounces 28 grams 
pounds 0.45 kilograms 
short tons 0.9 tonnes 

(2000 Ib) 

grams 0.035 ounces 
kilograms 2.2 pounds 
tonnes (1000 kg) 1.1 short tons 

VOLUME VOLUME 

teaspoons 
tablespoons 
fluid ounces 
cups 
pints 
quarts 
gallons 
cubic feet 
cubic yards 

milliliters 
milliliters 
milliliters 
liters 
liters 
liters 
liters 
cubic meters 
cubic meters 

ml milliliters 0.03 fluid ounces 
I liters 2.1 pints 
I liters 1.06 quarts 
I liters 0.26 gallons 
m3 cubic meters 36 cubic feet 
m3 cubic meters 1.3 cubic yards 

TEMPERATURE (exact) 

OC Celsius 915 (then Fahrenheit OF 

temperature add 32) temperature 
TEMPERATURE (exact) 

OF Fahrenheit 519 (after Celsius 0 C 
temperature subtracting temperature 

32) 

*1 In. = 2.54 cm (exactly). For other exact converaions and more detall tables we 
NBS Miac.  pub^. 286. Units of Welght and Measurb~ Price$2.25 SD Catalog 
No. C13 10 286. 



TABLE OF CONTENTS 

Page 

.................................................. 1.0 INTRODUCTION 1 

..... 2.0 TASK ITEM 1 .. REVIEW OF ACCIDENT TRENDS AND REGULATIONS 3 

...................... 2.1 Comparison w i t h  TSC Report  F ind ings  3 
......................... 2.2 Review o f  Dynamics o f  Dera i lment  15 

2.3 Review o f  Past Acc idents  ............................... 25 
2.4 Review o f  Cur ren t  Regu la t ions  ............................ 37 

.............. .. 3.0 TASK ITEM 2  HAZARDOUS MATERIALS COMPATIBILITY 43 

3.1 De te rmina t ion  o f  Incompat ib le  B ina ry  Combinations ........ 47 ..................................... 3.2 Consequence Analyses 54 
3.3 Rankings o f  Incompat ib le  Chemical Combinations ........... 73 
3.4 Minimum Segregat ion D is tance  Between Tank Cars ........... 78 
3.5 Task 2  Conclusions/Recommendations ....................... 80 

4.0 TASK ITEM 3  .. OPERATIONAL CONSTRAINTS ........................ 82 

4.1 Review and Assessment o f  Cur ren t  Rai 1 road Operat ions ..... 82 
4.2 De te rmina t ion  o f  Impact o f  A d d i t i o n a l  Placement 

C o n s t r a i n t s  .............................................. 86 

5.0 TASK ITEM 4  .. COSTIBENEFIT ANALYSIS .......................... 93 

5 .1  I d e n t i f i c a t i o n  o f  I tems t o  be Considered i n  a  C o s t I B e n e f i t  
................................................. Ana l ys i s  94 

5.2 Review o f  Se lected Dera i lments  t o  I d e n t i f y  P o t e n t i a l  f o r  
Improved Hazmat Car Placement ............................ 110 

5.3 Cons idera t ions  Assoc ia ted w i t h  Q u a n t i t a t i v e  C o s t I B e n e f i t  
Analyses ................................................. 130 

................................ 6.0 TASK ITEM 5  .. RECOMMENDATIONS 133 

6.1 Overview o f  Resu l t s  and F ind ings  ......................... 133 
6.2 Concl u s i  ons/Recommendati ons .............................. 144 

REFERENCES ......................................................... 147 



TABLE OF CONTENTS 
(APPENDICES. VOLUME I I) 

APPENDIX B . 
APPENDIX C . 

APPENDIX D . 

APPENDIX E . 

APPENDIX F . 
APPENDIX G . 
APPENDIX H . 
APPENDIX I . 
APPENDIX J . 

Page 

FORM FRA F 6 1 8 0 - 5 4  ( 1 2 - 7 4 )  
R A I L  EQUIPMENT ACCIDENT/ INCIDENT REPORT ............... A - 1  

DATA RELATED TO DERAILMENT ANALYSIS ................... B - 1  

REVIEW OF SELECTED RAILROAD ACCIDENTS INVOLVING 
.......................... M U L T I P L E  HAZARDOUS MATERIALS C - 1  

U.S. DEPARTMENT OF TRANSPORTATION HAZMAT CAR 
PLACEMENT REGULATIONS ................................. D - 1  

CANADIAN TRANSPORT COMMISSION HAZMAT CAR 
PLACEMENT REGULATIONS ................................. E - 1  

....................... HAZARDOUS MATERIALS D E F I N I T I O N S  F - 1  

TABLE OF P O S I T I O N  I N  T R A I N  REQUIREMENTS ............... G - 1  

CHEMICAL R E A C T I V I T I E S  OF BINARY COMBINATIONS .......... H - 1  

RESULTS FROM THE CONSEQUENCE CALCULATIONS ............. 1-1 

CONSEQUENCE AND R I S K  RANKINGS OF INCOMPATIBLE 
................................. CHEMICAL COMBINATIONS J-1 



TABLE OF CONTENTS 
(Continued) 

LIST OF FIGURES 

Page 

'F igure  1. D r a f t  Gear Long i t ud ina l  Force Between Cars by 
P o s i t i o n  o f  Cars i n  T r a i n  Consis t :  The E f f e c t s  
o f  Car Weight D i s t r i b u t i o n  ............................. 17 

F igu re  2. Examples o f  Coupler Long i t ud ina l  (Run-In) Forces a t  
D i f f e ren t  Locat ions i n  U n i t  T r a i n  Operat ions ........... 18 

F igu re  3. Dera i lment  Con f i gu ra t i ons  from Dynamic Ana lys is  o f  
T r a i n  Dera i lments  ...................................... 20 

........ F igu re  4. P lan View o f  Major  Dera i lment  (NTSBIRAR-83-05). 26 

F igu re  5.  Chemical Groups Based on S i m i l a r  Chemical S t r u c t u r e  
......................................... and R e a c t i v i t y  49 

.......... F igu re  6. ASTM Hazardous M a t e r i a l  I n c o m p a t i b i l i t y  Char t  51 

F igu re  7. U. S. Coast Guard Hazardous M a t e r i a l  I n c o m p a t i b i l i t y  
Char t  .................................................. 52 

F igu re  8. P l o t  o f  Concentrat ion of Hydrogen C h l o r i d e  Versus 
Downwind Dis tance From a  Pool F i r e  I n v o l v i n g  
Halogenated Chemicals .................................. 72 

F igu re  9. M a t r i x  o f  Incompat ib le  Chemical Groups Based on 
.................................... Consequence Ranking 75 

... F igu re  10. M a t r i x  o f  Incompat ib le  Chemical Groups Based on R isk  79 

LIST OF TABLES 

Table 1. Summary o f  Resu l ts  f rom DOTITSC Ana lys is  o f  R a i l r o a d  
A c c i d e n t I I n c i d e n t  (RAIRS) Data f o r  Calendar Years 

..................................... 1975 Through 1977 7  

Table 2. Summary o f  Resu l ts  f rom B a t t e l l e  Ana l ys i s  o f  R a i l r o a d  
A c c i d e n t I I n c i d e n t  (RAIRS) Data f o r  Calendar Years 
1982 Through 1985 .................................... 8 

Table 3. Su~ii~nary o f  Acc idents  I n v o l v i n g  T ra ins  Transpor t ing  
Hazardous M a t e r i a l s  (C.Y. ' s  1975, 1976 and 1977). ..... 12 

Table 4. Summary of Acc idents  I n v o l v i n g  T ra ins  T ranspo r t i ng  
...... Hazardous M a t e r i a l s  (C.Y.'s 1983, 1984 and 1985) 13 



TABLE OF CONTENTS 
(Continued) 

Page 

Table 5 .  

Table 6. 

Table  7. 

Tab le  8. 

Table  9. 

Table  10. 

Table  11. 

Table  12. 

Table  13. 

Table 14. 

......... Cars D e r a i l e d  as a  Func t ion  o f  T r a i n  Length.. 21 

T r a i n  Dera i lment  Ana l ys i s  o f  T r a i n  Speed: RAIRS Data 
For  Calendar Years 1982 Through 1985 .................. 22 

S t a t i s t i c s  on Recent Major  R a i l r o a d  Acc iden ts  
I n v o l v i n g  Hazardous M a t e r i a l s  Cars. ................... 23 

T r a i n  Acc idents  I n v o l v i n g  Cons is ts  T ranspo r t i ng  
Hazardous M a t e r i a l s  f o r  Calendar Years 1979-1986 ...... 27 

NTSB Repor ts  R e l a t i n g  t o  Ra i l r oad  Acc idents  I n v o l v i n g  
Hazmat Rele'ases ........................................ 29 

Examples o f  Hazardous Ma te r i  a1 s  M i x i n g  Dur ing  T r a i n  
Dera i lment  Acc idents  ............................... 34 

1986 Top 125 Hazardous Commodities Movements by 
Tank Car .............................................. 44 

Potent  i a1 Impacts on .Aai 1  road Operat i ons  Due t o  
........ A d d i t i o n a l  I n - T r a i n  Car Placement Requirements 90 

B e n e f i t s  Assoc ia ted Wi th  t h e  Reduct ion o f  t h e  I nvo l ve -  
........... ment o f  Hazmat Cars i n  Dera i lment  Scenar ios 97 

Overviews o f  Cond i t i ons  Assoc ia ted Wi th  Se lec ted  T r a i n  
Dera i lments  I n v o l v i n g  Hazardous M a t e r i a l s  ............. 113 



1.0 INTRODUCTION 

Task Order No. 6  (Hazardous M a t e r i a l s  Car Placement i n  a  T ra in  

Consis t )  was conducted under B a t t e l l e ' s  con t rac t  w i t h  t h e  Federal 

Rai 1  road Admin is t ra t ion  (FRA) re1 a t i  ve t o  Qu ick  Response Safety  Research 

of Rai 1  road Vehic les,  Track and Components (Contract  No. DTFR53-86-C- 

00006). I t s  o b j e c t i v e  was t o  i d e n t i f y  and eva lua te  c u r r e n t  procedures 

f o r  t h e  placement o f  hazardous ma te r i a l s  cars  i n  a  t r a i n  cons i s t ,  and t o  

i d e n t i f y  improvements t h a t  cou ld  be niade t o  reduce t h e  r i s k  o f  dera i lment  

and/or t h e  re lease o f  hazardous m a t e r i a l s  and t h e i r  commingling should 

re lease  du r i ng  dera i lment  occur. I n  l a r g e  p a r t ,  t h i s  work was prompted 

by recent  major dera i lments i n  Bloomf ie ld and Confluence, Pennsylvania. 

I n  consequence, t he  FRA was requested t o  rev iew t h e  i n - t r a i n  placement o f  

tank cars c a r r y i n g  hazardous mater ia ls .  It was a l s o  proposed t h a t  such 

cars might  be spread ou t  along t r a i n  cons i s t s  ins tead of coup l ing  them 

toge the r  i n  groups. 

The task o rde r  requ i red  a  rev iew of acc ident  s t a t i s t i c s ,  

acc ident  repo r t s ,  regu la t ions ,  hazardous m a t e r i a l s  c o m p a t i b i l i t y ,  and 

t r a i n  make-up procedures t o  determine t h e  issues t o  be addressed i n  

c o s t l b e n e f i t  ana l ys i s  f o r  place~i ient o f  hazmat cars  i n  a  t r a i n  cons i s t .  

Recommendations were t o  be made based on t h e  ana l ys i s  then conducted. 

Task Order No. 6  was s t ruc tu red  as s i x  i n d i v i d u a l  Task Items as fo l l ows :  
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Task I tem 1--Review o f  Accident Trends and Regulat ions 

Task I tem 2--Hazardous M a t e r i a l s  C o m p a t i b i l i t y  

Task I tem 3--Operat ional Cons t ra in ts  

Task I tem 4--Cost /Benef i t  Analys is  

Task I tem 5--Recommendat i ons 

Task I tem 6- -F ina l  Report. 

Th is  document i s  t h e  f i n a l  r e p o r t  and i s ,  t he re fo re ,  t h e  

r e s u l t s  o f  Task I tem No. 6. It d e t a i l s  t h e  analyses and t h e  r e s u l t s  

ob ta ined  under Task Items 1 through 5. These are  conta ined i n  t h e  

f o l l o w i n g  sec t i ons  and a re  presented on a  pe r  t ask  i t e m  bas i s .  



2.0 TASK ITEM 1--REVIEW OF ACCIDENT TRENDS AND REGULATION 

Task I tem 1 was t h e  f i r s t  o f  s i x  i tems which comprise Task 

Order No. 6. It consis ted o f  t h ree  i n t e r r e l a t e d  a c t i v i t i e s  as fo l lows:  

1-1. Review the  1979 d r a f t  r e p o r t  by t h e  Transpor ta t ion  
Systems Center (TSC) [Ref. I . ] ,  which i s  concerned 
w i t h  t h e  i n - t r a i n  p o s i t i o n  o f  d e r a i l e d  r a i l  cars,  
along w i t h  cu r ren t  acc ident  s t a t i s t i c s  t o  determine 
i f  t h e  conclus ions i n  t he  TSC r e p o r t  a re  s t i l l  v a l i d .  
Also, g i v e  s p e c i f i c  a t t e n t i o n  t o  t h e  t r a i n  dynamics 
issues r e l a t e d  t o  t he  dera i lment  process, t he  
r e s u l t i n g  s e v e r i t y ,  and t h e  d i spe rs ion  o f  cars  i n  
acc idents.  

1-2. Review past  acc idents i n v o l v i n g  hazardous m a t e r i a l s  
t o  determine i f  any mix ing  o f  re leased commodities 
occurred. And, whether o r  no t  such mix ing  worsened 
t h e  acc ident  s i t u a t i o n s  i n  terms o f  f i r e  o r  explo-  
s ion,  evacuat ion, area contaminat ion, and clean-up 
e f f o r t s .  

1-3. Review t h e  cu r ren t  U.S. Department o f  T ranspor ta t ion  
(DOT) regu la t i ons  (49 CFR 174.81 and Subpart D) and 
those o f  t he  Canadian Transport  Commission (Subpart 
E l  74.589) concerning t h e  placement w i t h i n  a t r a i n  o f  
cars c a r r y i n g  hazardous commodities. And, per form a 
b r i e f  comparison o f  t h e  two se ts  o f  regu la t i ons  t o  
i d e n t i f y  r e l a t i v e  coverage and areas of d i f f e rence .  

These a c t i v i t i e s  were conducted concur ren t ly  and, t o  a l a r g e  ex ten t ,  i n  

an i n teg ra ted  manner. The work and r e s u l t s  associated w i t h  each a re  

descr ibed be1 ow. 

2.1 Comparison w i t h  TSC Report F indings 

The f i n d i n g s  and associated ana lys is  a c t i v i t i e s  descr ibed i n  

t he  TSC r e p o r t  [Ref. :I.] are r e l a t e d  t o  r a i  1  road acc iden t l de ra i  lment da ta  

f o r  ca lendar  years 1975, 1976, and 1977. The i r  pr imary data sources were 



t h e  FRAIDOT A c c i d e n t l l n c i d e n t  Bul l e t i n s 1  and, e s p e c i a l l y ,  t h e  Rai 1  road 

A c c i d e n t I I n c i d e n t  Repor t ing  System (RAIRS) da ta  tapes f o r  these t h ree  

years.  The "Preface"  o f  t h e  TSC r e p o r t  s t a t e d  t h a t :  

"The purpose o f  t h i s  work, which was i n i t i a t e d  i n  
A p r i l  1978, was t o  f u r t h e r  exp lo re  t h e  idea  t h a t  most 
dera i lments  i n v o l v e  cars  p laced towards t h e  f r o n t  of 
a  t r a i n .  I f  t h i s  apparent s i t u a t i o n  cou ld  be 
v e r i f i e d ,  then  procedures f o r  i nc reas ing  t h e  s a f e t y  
i n  t r a n s p o r t i n g  var ious  " c r i t i c a l "  cargos migh t  be 
achieved by means of s t r a t e g i c a l l y  p o s i t i o n i n g  them 
i n  t h e  r e a r  s e c t i o n  o f  t h e  t r a i n  t o  reduce t h e i r  - 
r i s k  o f  dera i lment  and consequent damage." 

It was a l s o  s t a t e d  t h e r e i n  t h a t :  

"The a c t u a r i a l  ex i s tence  o f  t h i s  phenomenon was 
c l e a r l y  demonstrated and has prompted t h e  need t o  
develop a d d i t i o n a l  d e t a i  1  s  concern ing t h e  cos t s ,  
b e n e f i t s ,  and ope ra t i ona l  impacts o f  implement ing any 
r e s u l t i n g  procedures."  

Th is  conc lus ion  was based upon s t a t i s t i c a l  da ta  conta ined i n  

t h e  body o f  t h e  r e p o r t ,  and was reemphasized i n  t h e  "Execu t i ve  Summary" 

where i t  was s t a t e d  t h a t :  

"Based on more than  22,000 ac tua l  t r a i n  dera i lments ,  
a  c l e a r  p a t t e r n  i s  ev i den t ,  showing t h a t  t h e  r i s k  o f  
dera i lment  and subsequent damage has been 
s i g n i f i c a n t l y  h i ghe r  i n  t h e  forward s e c t i o n  o f  a  
t r a i n  than  i t  i s  i n  t h e  r e a r  t h i r d  o r  r e a r  q u a r t e r  o f  
a  t r a i n . "  

The TSC c a r  placement ana l ys i s  work p r i m a r i l y  concen t ra ted  on 

de te rmin ing  and ana lyz ing  t h e  i n - t r a i n  l o c a t i o n  o f  a1 1  d e r a i  l e d  u n i t s  

( n o t  mere ly  cars  c a r r y i n g  hazardous m a t e r i a l s )  w i t h i n  a1 1  r e p o r t a b l e  

t r a i n  acc iden ts2  c l a s s i f i e d  as dera i lments  f o r  each o f  t h e  t h r e e  sub jec t  

1  Bul l e t i n  Nos. 145 (CY 1975),  146 (CY 1976), and 147 (CY 1977). 

2  The r e p o r t i n g  damage c o s t  t h resho ld  t h a t  determines which acc iden ts  
must be repo r ted  i s  ad jus ted  on a  b i e n n i a l  bas i s  t o  r e f l e c t  t h e  
e f f e c t  o f  i n f l a t i o n  on costs .  Damage covers r a i l r o a d  on- t rack  
equipment, s i g n a l s ,  t r a c k  o r  t r a c k  s t r u c t u r e s ,  and roadbed. To 
b e t t e r  represen t  annual t r ends ,  t h e  da ta  repo r ted  i n  t h e  FRA 
Acc iden t ITnc iden t  B u l l e t i n s  f o r  t h e  second yea r  o f  a  t h resho ld  



calendar years. Analyses were conducted on the  basis  of various Type of 

Track ( i . e .  main, yard, s id ing,  industry) and Primary Cause ( i . e .  t r ack ,  
equi pment , human fac tors ,  and "mi scel 1 aneous") . However, thei  r basic 

analysis  work and primary findings were related t o  summary analyses which 
included a1 1 derai lments regardless of cause o r  type of track involved. 

TSC u t i l i zed  a l l  accidentsl incidents which were coded as 
deraillnents.3 These were then examined t o  remove "bad da ta" ,  which were 
defined as: (1) accidents where the  t o t a l  number of cars  derailed was 

zero; (2) accidents which were reported more than once, and (3) accidents 

where the  t r a in  length was l ess  than the  value of the  "F i r s t  involved 
position in t r a i n " ,  plus the  " to ta l  number of uni ts  de ra i l ed" ,  minus 1.4 
The remaining derailments (a to ta l  of 22,297 fo r  the three  years) were 

then subjected t o  analysis  t o  determine the in- t ra in  position of each 

derai 1 ed unit  ( i  . e .  1 ocomot i ves, 1 oaded cars ,  empty ca rs ,  and cabooses) . 
The derailments fo r  each of the  three  years were compiled in to  twenty- 
one groupings by t r a in  length. The s e t s  of groupings were then combined 

and fur ther  analysis  conducted t o  determine what numbers and percentages 

of the t o t a l  number of cars derailed occurred in each th i rd  ( f ron t ,  
middle, rear)  and each quar ter ,  ( f i r s t ,  second, t h i r d ,  fourth) of the  

t r a in s .  This was done fo r  each year and then summarized. The essent ia l  

change i s  now adjusted by limitiog the count of accidents t o  those 
result ing in reportable damage of a greater  do l la r  value. The 
resul t ing threshold values are: 1975-$1,750, 1976-$1,750, 1977- 
$2,300, 1978-$2,600, 1979-$2,900, 1980-$3,200, 1981-$3,700 I 1982- 
$4,100, 1983-$4,500, 1984-$4,700, 1985-$4,900, and 1986-$5,050. I t  
i s  most 1 i kely tha t  the  damage cost  of even a "minor" derailment 
would exceed those thresholds,  and so be reported. 

The F R A  AccidentIIncident Bullet ins define Derailment as follows: 
"a derailment occurs when one or  more than one unit  of ro l l iog  stock 
equipment leaves the  r a i l s  during t r a in  operations f o r  a cause other 
than co l l i s i on ,  explosion, o r  f i r e . "  Derailments are  ident i f ied  on 
the  DOTIFRA Rai 1 Equi p~iient AccidentIIncident Report forms (Form FRA 
F 6180-54 12/74) by the insert ion of a "1" in the  code box f o r  Item 
7 - Type of AccidentIIncident. A copy of t h i s  form i s  provided here 
in Appendix A.  

4 Whilenot e x p l i c i t l y s t a t e d  in t heTSCrepo r t ,  i t  appears t ha t  the  
" f i r s t  involved position in t r a in "  was considered as the  frontmost 
derailed unit  and a1 1 other derailed uni ts  were considered t o  have 
followed inimediately in position behind tha t  uni t .  



numer ica l  f i n d i n g s  r e s u l t i n g  f rom TSC1s a n a l y s i s  work a re  repeated here 

i n  Table 1. 

To p r o v i d e  a  d i r e c t  bas i s  f o r  comparison w i t h  TSC1s f i n d i n g s ,  

B a t t e l  l e  conducted s i m i l a r  analyses as those of TSC r e l a t i v e  t o  t h e  R A I R S  

da ta  tapes f o r  ca lendar  years  1982, 1983, 1984, and 1985. L ikew ise ,  t h e  

FRA A c c i d e n t l l n c i d e n t  B u l l e t i n s  f o r  these years  were u t i  1  ized.5 The 

e s s e n t i a l  f i n d i n g s  r e s u l t i n g  f r om  t h i s  work a re  presented i n  Table  2, and 

d e t a i l s  o f  t h e  a n a l y s i s  r e s u l t s  a re  con ta ined  i n  Appendix B. Be fo re  

address ing any comparison between t h e  two s e t s  o f  f i n d i n g s ,  i t  i s  

impo r tan t  t o  n o t e  t h e  s i m i l a r i t i e s  and d i f f e r e n c e s  between t h e  two s e t s  

o f  de ra i lmen t  da ta  and assoc ia ted  analyses. I n  summary, these  are:  

1. TSC u t i l i z e d  t h e  FRA a c c i d e n t l i n c i d e n t  da ta  f o r  ca lendar  
years  1975, 1976, and 1977; B a t t e l l e  u t i l i z e d  t h e  da ta  f o r  
ca lendar  years  1982, 1983, 1984, 1985. 

TSC u t i l i z e d  a l l  a c c i d e n t s l i n c i d e n t s  coded as " d e r a i l -  
ments". A f t e r  t h e  "bad da ta "  e n t r i e s  were removed (see 
p rev i ous  d i scuss ion ) ,  a  t o t a l  o f  22,297 d e r a i  lments ,  f o r  
t h e  t h r e e  years ,  remained. B a t t e l l e  u t i l i z e d  a  l e s s e r  s e t  
o f  de ra i lments  w i t h i n  t h e  t o t a l  poss i b l e .  Only d e r a i l -  
ments which occur red  on "main" (Code 1) t r a c k  and were 
r e l a t e d  t o  " f r e i g h t  t r a i n "  o r  "mixed t r a i n "  t ype  o f  
equipment (Codes 1 and 3) were se lec ted .  A  t o t a l  o f  6,425 
dera i lments  were e x t r a c t e d  f rom t h e  RAIRS da ta  tapes f o r  
t h e  f o u r  years .  The "bad da ta "  were then  removed. Th i s  
was de f i ned  as acc iden ts  where: 

t h e  t o t a l  number o f  ca r s  d e r a i l e d  was zero ,  

t h e  t o t a l  number o f  d e r a i l e d  u n i t s  exceeded t h e  
l e n g t h  o f  t h e  t r a i n ,  

no p o s i t i o n  was g i ven  f o r  t h e  f i r s t  c a r  i n v o l v e d  o r  
t h e  caus ing  c a r ,  o r  

t h e  p o s i t i o n  o f  t h e  f i r s t  c a r  i n v o l v e d  was beyond t h e  
end o f  t h e  t r a i n .  

A  spo t  check f o r  acc iden ts  r epo r t ed  more than  once d i d  n o t  
uncover any, so i t  was assumed t h a t  t h i s  was a  n e g l i g i b l e  
i tem.  The r e s u l t  was 5,562 dera i lments  f o r  t h e  f ou r - yea r  
per iod .  

5 B u l l e t i n s  Nos. 151 (CY 1982), 152 (CY 1983), 153 (CY 1984), and 154 
(CY 1985). 



TABLE 1. SUMMARY OF RESULTS FROM DOTITSC ANALYSIS OF 
RAILROAD ACCIDENTIINCIDENT (RAIRS) DATA FOR 
CALENDAR YEARS 1975 THROUGH 1977 

***PLAClHENT OF HAZARD008 HATERIAL8 CARS IN TRAIN CONSISTS*** 
ANALYSIS OC DOT/FRA ACCIDENT/INCIDKNT (RAIRS) DATA. 
CALENDAR YEAR 1975 THROUGH lQ77 (DOT/TSC ANALYSIS) 
"UNITS" DEFINED AS LOCOHOTIVES + CARS + CABOOSE 

NUMBER OF DERAILMENTS IN DATA FILE 
NUMBER OF DERAILMENTS USED IN ANALYSIS 
NUMBER OF TIMES FIRST UNIT FIRST INVOLVED 
TOTAL NUMBER OF UNITS IN CONSISTS 
AVERAGE LENGTH OF TRAIN 
TOTAL NUMBER OF DERAILED UNITS 
AVERAGE DERAILED UNITS PER TRAIN 
TOTAL NUMBER OF HAZ HAT CARS IN CONSISTS 
RAZ HAT CARS DAMAGED IN DERAILMENTS 
HAZ HAT CARS RELEASING IN DERAILMENTS 
TOTAL NUMBER OF PEOPLE EVACUATED 

ANALYSIS BY THIRDS -- 
TRAIN FIRST UNIT PER CAUSING 
3RD INVOLVED CENT UNIT 

ANALYSIS BY QUARTERS - -  
TRAIN FIRST UNIT PER CAUSING 
4TH INVOLVED CENT UNIT 

TOTAL PER 
DERAILED CENT 

TOTAL PER 
DERAILED CENT 

Note: From Section 3, Findings (pp 7-9) of Ref. 1 



TABLE 2. SUMMARY OF RESULTS FROM BATTELLE ANALYSIS OF 
RAILROAD ACCIDENT/INCIDENT (RAIRS) DATA FOR 
CALENDAR YEARS 1982 THROUGH 1985 

***PLACtntNT OF BAZAROOOS ~ATIRIALS CABS IN TRAIN COm6IITS*** 
ANALTSIS OF DOT/FRA ACCIDtNT/INCIDENT (RAIRS) DATA, 
CALBNDAR TEAR 1982 THROUGH 1985 (BATTHLLH ANALTSIS) 
DERAILMENTS OF FREIGHT OR MIXED TRAINS, MAINLINE TRACK ONLY 
"UNITS" DEFINED AS LOCOHOTIVHS + CARS + CABOOSE 

NUMBER OF DERAILMENTS IN DATA FILE 
NUMBER OF DBRAILHENTS USED IN ANALYSIS 
NUMBER OF TIHES FIRST UNIT FIRST INVOLVED 
TOTAL NUMBER OF UNITS IN CONSISTS 
AVERAGE LENGTH OF TRAIN 
TOTAL NUWBER OF DERAILED UNITS 
AVERAGE DERAILED UNITS PER TRAIN 
TOTAL NUMBER OF HA2 HAT CARS IN CONSISTS 
RAZ MAT CARS DAMAGED IN DERAILMENTS 
RAZ HAT CARS RELEASING IN DERAILMENTS 
TOTAL NDHBER OF PEOPLE EVACUATED 

ANALYSIS BY THIRDS -- 
TRAIN FIRST UNIT PER CAUSING 
3RD INVOLVED CENT UNIT 

ANALYSIS BY QUARTERS -- 
TRAIN FIRST UNIT PER CAUSING 
4TH INVOLVED CENT UNIT 

TOTAL PEP 
DERAILED CENT 

TOTAL PEP 
DERAILED CENT 

Note: Train Segment Analysis Ignores Short Trains (c 11 units), Consisting 
of 111 Derailed Trains, 812 Units Total, and 322 Derailed Units in the 
Consists 



3. TSC d i s t r i b u t e d  t h e  number of d e r a i l e d  u n i t s ,  s t a r t i n g  
w i t h  t h e  p o s i t i o n  o f  t h e  " f i r s t  i n vo l ved "  u n i t ,  rearward 
i n  a  consecu t i ve  manner.6 I f  t h e  end o f  t h e  t r a i n  was 
reached be fo re  t h e  remain ing number of d e r a i  1  ed u n i t s  
reached zero,  t h e  i t e m  was dec la red  as "bad da ta " .  
B a t t e l  l e  d i s t r i b u t e d  d e r a i l e d  u n i t s  s im i  1  a r l y ,  except  
when t h e  end o f  t h e  t r a i n  was reached t h e  remain ing 
d e r a i l e d  u n i t s  were d i s t r i b u t e d  forward f rom t h e  p o s i t i o n  
o f  t h e  " f i r s t  i n vo l ved "  u n i t .  Only  i f  t h e  number o f  
d e r a i l e d  u n i t s  exceeded t h e  t o t a l  t r a i n  l e n g t h  was t h e  
i t e m  dec la red  t o  be "bad da ta " .  

4. I n  d e t e r ~ i i i n i n g  t h e  o v e r a l l  numbers and percentages o f  
d e r a i l e d  u n i t s  i n  each t h i r d  and q u a r t e r  segment of t h e  
t r a i n s  i nvo l ved ,  TSC u t i l i z e d  t h e i r  e n t i r e  da ta  base o f  
22,297 dera i lments .  B a t t e l  l e  f u r t h e r  reduced i t s  da ta  
base o f  5,562 dera i lments  by removing t h e  111 de ra i lmen ts  
assoc ia ted  w i t h  " s h o r t  t r a i n s "  (10 o r  l e s s  locomot ives o r  
c a r s ) .  A f i n a l  da ta  base o f  5,451 de ra i lmen ts  r e s u l t e d  
f o r  f o u r  years .  

B a t t e l l e  cons iders  t h a t  i t s  da ta  base, which i s  cons ide rab l y  

more r e s t r i c t e d  than  t h a t  used by TSC, i s  more i n  keeping w i t h  t h e  t h r u s t  

o f  t h e  t a s k  now under cons ide ra t i on .  That i s ,  t o  i d e n t i f y  o p p o r t u n i t i e s  

f o r  reduc ing  t h e  number and s e v e r i t y  o f  hazardous m a t e r i a l s  c a r  d e r a i l -  

ments by t h e  s e l e c t i v e  placement o f  such ca rs  w i t h i n  t r a i n  The p r ima ry  

area o f  o p p o r t u n i t y  i s ,  o f  course,  t h e  m a i n l i n e  t r a n s p o r t  f o r  such ca rs .  

Whi le  t h e r e  a re  l a r g e  numbers o f  de ra i lments  i n  non-main l ine s i t u a t i o n s ,  

and these can i n v o l v e  hazmat ca r s  and re l ease  o f  t h e i r  con ten t s ,  t h e y  

o f f e r  r e l a t i v e l y  l i t t l e  o p p o r t u n i t y  f o r  employing s i g n i f i c a n t  hazmat c a r  

p l  acenient s t r a t e g i e s .  

I t  can be expected t h a t ,  except f o r  t h e  c o n s i s t s  on assembly 

t r a c k s  i n  c l a s s i f i c a t i o n  ya rds ,  and assoc ia ted  inbound and outbound 

t r a i n s  ( a l l  o f  which,  i f  new hazmat c a r  placement r u l e s  a re  enacted, 

would c o n t a i n  s u i t a b l y  p laced hazmat c a r s ) ,  " t r a i n s "  i n  ya rds  and on most 

6 The p o s i t i o n s  o f  d e r a i l e d  c a r s  a re  n o t  e x p l i c i t l y  g i ven  i n  t h e  R A I R S  
data;  r a t h e r ,  t hey  must be est imated.  Both TSC and B a t t e l l e  assumed 
t h a t  t h e  " f i r s t  c a r  i nvo l ved "  was d e r a i l e d  and a l l  o t h e r  d e r a i l e d  
ca rs  were sequen t i a l  i n  placement. Whi le  i n  f a c t ,  t h i s  i s  commonly 
t h e  case, t h e r e  a re  known ins tances  where t h e  u n i t s  d e r a i l e d  a r e  n o t  
consecu t i ve ,  b u t  occur  i n  two o r  more groupings separated by non- 
d e r a i  1  ed u n i t  . 



sidings would be relatively short cuts of cars.7 Relatively long (i.e. 
greater than 10 units) main1 ine train operations do provide such 

opportunities however; and, in general, the longer the better the 

opportunity. Note that the average length of trains in Battelle's data 

base is 81 units, versus 65 in TSC's data base. 
It is recognized that there appears to be considerable 

difference in the TSC and Battelle derailment data sets: the form-r 

containing 22,297 derailments for three calendar years, and the latter 
containing only 5,562 derailments for four calendar years. Even 
realizing that the Battelle set is mainline derailments only, the 
numerical difference might seem unreasonable. However, close agreement 

can be shown. Analysis details in the TSC report provided the 

fol lowing:8 

1. CY 1975 had 6,229 derailments in its group, with 435,174 
total units in these trains, of which 36,817 units 
derailed. Of these, 3,507 derailments were on mainline 
track, with 284,022 total units and 25,415 derailed units. 

2. CY 1976 had 7,886 derailments in its group, with 510,494 
total units in these trains, of which 43,635 units 
derailed. Of these, 4,100 derailments were on mainline 
track, with 317,654 total units and 28,342 derailed units. 

3. CY 1977 had 8,182 derailments in its group with 519,335 
total units in these trains, of which 46,204 units 
derailed. Of these, 4,008 derailments were on mainline 
track, with 304,390 total units and 28,881 derailed 
units. 

Summation of these data shows that mainline derailments totaled 
11,615, which is 52.09-percent of the 22,297 total derailments in the 

summary group. A similar exercise was done for the calendar years used 

for Battelle's derailment data base. However, here, data from the 

7 $174.83-Swi tching of Cars Containing Hazardous Materials within 
Subpart D-Handling of Placarded Cars (49 CFR) , presently 1 ists some 
placement restrictions, but these are primarily directed toward 
separating selected hazmat cars from locomotives. 

8 Exhibit 4 - Annual summaries of derailed trains and cars for five 
primary causes, subdivided by location. 



associated FRA Accident/ Incident Bulletins were used .9 The number of 
derai lments 1 isted for calendar years 1982, 1983, 1984, and 1985 were 
3,383, 3,004, 2,915, and 2,495, respectively. These total to 11,797. 

The Battel le main1 ine derailment data base totals 5,562 (including the 

111 "short trains" which were later deleted), which is 47.14 percent of 

the total. This value is in good agreement with the 52.09 percent 

associated with the TSC derailment data, especially in light of the track 

improvements completed since 1977, which can be expected to have a 

favorable impact on the number of mainline derailments since that time. 

By comparing TSC and Battelle findings in Tables 1 and 2, it 

can be seen that the risk of derailment is significantly less in the rear 

third or rear quarter of a train. While the last section (either third 

or quarter) is still shown to be the "safest" relative to the possibility 
of car derailment, this condition does not degrade progressively as more 

forward sections are considered. Rather, Battellels results show the 

first section to be the next safest locale, and the middle section(s) the 

worst. Further, the four-section analysis indicates that, except for the 

"safer" fourth quarter, there is little difference in the relative safety 

of the first three quarters. To a lesser extent, this finding also holds 
for the first two thirds of a three section train. In consequence, it 

would appear that for mainline track operations, any placement strategy 

for hazmat cars would need to concentrate on the rear third or quarter of 

the trains. Without further detailed analysis, it can only be assumed 

that the difference in the TSC and Battelle findings is primarily the 

consequence of TSC utilizing derailments on all types of track, and 

Battelle using those on mainline track only, rather than an actual change 

in derailment patterns over the years. 
TSC conducted some review and analysis specifically directed 

toward accidents involving trains transporting hazardous materials. 

Their summary of such accidents for calendar years 1975, 1976, and 1977 

is presented here in Table 3. Battelle prepared a similar summary for 

calendar years 1983, 1984, and 1985 in Table 4. Both summaries are 

9 Table S12A (Total Accidents/Incidents by Occurrence) in the Bul letin 
for CY 1982, and Table 16 (Total Accidents/Incidents by Occurrence) 
in the Bulletins for CYs 1983, 1984, and 1985. 



TABLE 3. SUMMARY OF ACCIDENTS INVOLVING TRAINS TRANSPORTING 
HAZARDOUS MATERIALS (CYs 1 9 7 5 ,  1 9 7 6 ,  AND 1977 ) '  

690 
= 8.64 o f  t o t a l  t r a i n  accidents involved hazmat. (1975) 

8,041 ACC.s 

= 7.54 o f  t o t a l  t r a i n  accidents involved hazmat. (1976) 
10,248 ACC .s 

YEAR 

1975 

1976 

864 
= 8.34 of t o t a l  t r a i n  accidents involved hazmat. (1977) 

10,362 ACC.s 

TOTAL CARS 
CONTAINING 

HAZMAT 

5,280 

7.7 

3,347 

4.4 

*Extracted from Table 2-1 (p.6) o f  the TSC Report 

CONSISTS 
IN HAZMAT 
ACCIDENTS 

690 

768 

TOTAL 
CARS IN 
CONS1 ST 

51,847 

75.1 

52,702 

68.06 

REMARKS 

TOTAL f o r  a1 1 consists 

AVG./CONSIST 

TOTAL f o r  a1 1 consists 

AVG./CONSIST 

TOTAL CARS 
DAMAGED 

W/HAZMAT 

903 

1.31 

847 

1.10 

TOTAL CARS 
RELEASI NG 

HAZMAT 

131 

0.19 

166 

0.22 

PEOPLE 
EVACUATED 

3,495 

5.07 

19,369 

25.22 

DOLLAR 
DAMAGES 

TO EQUIFWENT 

$24,484,509 

$35,485 

$27,068,453 

$35,245 



TABLE 4 .  SUMMARY OF ACCIDENTS I N V O L V I N G  TRAINS TRANSPORTING 
HAZARDOUS MATERIALS (CYs 1 9 8 3 ,  1 9 8 4 ,  AND 1985) 

431 
= 11.0% o f  t o t a l  t r a i n  accidents  involved hazmat. (1983) 

3 ,906 ACC.s 

443 
= 11.4% o f  t o t a l  t r a i n  accidents  involved hazmat. (1984) 

3 ,900 ACC.s 

.- - 
= 12.6% o f  t o t a l  t r a i n  accidents involved hazmat. (1985) 

3,430 ACC.s 



based upon s t a t i s t i c s  conta ined i n  t h e  corresponding FRA Acc ident /  

I n c i d e n t  B u l l e t i n s .  I n  each, da ta  from t h r e e  consecut ive ca lendar  years 

a re  presented; these  da ta  cover  a l l  types of acc iden ts  (dera i lments ,  

c o l l i s i o n s ,  r a i l - h i ghway  c ross ing ,  e tc . ) .  However, t h e  m a j o r i t y  of t h e  

" c o n s i s t s  i n  hazmat acc iden ts "  a re  assoc ia ted  w i t h  dera i lments .  Of  t h e  

1,305 such c o n s i s t s  c i t e d  i n  Table 4, 77 percen t  ( i  .e. 1,003 ) were 

c l a s s i f i e d  as dera i lments .  

The most s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  two t a b l e s  r e l a t e  t o  

t h e  o v e r a l l  numbers o f  hazmat acc idents .  There was a  decrease i n  t h e  

number o f  c o n s i s t s  i n  such acc iden ts  d u r i n g  t h e  most recen t  th ree-year  

pe r i od ,  and an inc rease  i n  t h e  percen t  o f  t o t a l  t r a i n  acc iden ts  i n v o l v i n g  

such c o n s i s t s .  It can be concluded t h a t ,  w h i l e  t h e r e  has been a  decrease 

i n  bo th  t h e  t o t a l  number o f  acc iden ts ,  and i n  acc iden ts  i n v o l v i n g  hazmat 

c a r r y i n g  t r a i n s l o ,  a  l a r g e r  percentage o f  t r a i n s  now c a r r y  hazmat. I t  i s  

d i f f i c u l t  t o  compare da ta  on "people evacuated" and " d o l l a r  damages t o  

equipment" s i nce  these are,  i n  p a r t ,  dependent upon t h e  na tu re  o f  t h e  

hazmat i nvo l ved  and re leased,  and t h e  l o c a l e s  where such occur.  

TSC conducted a  s t a t i s t i c a l  a n a l y s i s  of acc iden ts  o f  hazardous 

m a t e r i a l  t r a i n s  f o r  ca lendar  year  1975 on l y .  Th is  work inc luded  t h r e e -  

and f o u r - s e c t i o n  analyses r e l a t i v e  t o  bo th  "damaged" hazmat cars  and 

" r e l e a s i n g "  hazmat cars  i n  d e r a i l e d  t r a i n s .  B a t t e l l e  d i d  no t  per fo rm a  

s i m i l a r  a n a l y s i s  as i t  was f e l t  t h i s  would n o t  p rov ide  f u r t h e r  

en l ightenment  r e l a t i v e  t o  t h e  i d e n t i f i c a t i o n  o f  l o c a t i o n s  w i t h i n  t r a i n s  

which were l e s s  sub jec t  t o  dera i lment .  There appears t o  be no evidence 

t h a t  ca rs  c a r r y i n g  hazardous m a t e r i a l s  a re  somehow more, o r  l ess ,  

i n h e r e n t l y  s u b j e c t  t o  dera i lment .  It i s  recognized t h a t  t h e  m a j o r i t y  o f  

hazmat ca rs  a re  tank cars ;  however, hazardous commodit ies a r e  t r anspo r ted  

i n  o t h e r  t ypes  o f  ca rs  as we1 1  .ll 

10 Other da ta  i n d i c a t e  t h a t  t h e r e  has been a  dramat ic  decrease i n  bo th  
these areas s i nce  CY 1981. 

11 I t  appears t h a t  tank  cars  a re  o f  pr imary i n t e r e s t  i n  Task Order No. 
6. Task I t em 2  - Hazardous M a t e r i a l s  C o m p a t i b i l i t y  i s  concerned 
w i t h  t h e  t o p  100 hazardous m a t e r i a l s  on an AAR-supplied l i s t i n g  o f  
t h e  t o p  125 hazmat movements by tank c a r  volume i n  1986. 



2.2 Review o f  Dynamics o f  Dera i lment  

A rev iew was conducted o f  a v a i l a b l e  l i t e r a t u r e  and pub l i shed  

r e p o r t s  con ta ined  i n  B a t t e l  l e t s  T ranspo r t a t i on  L i b r a r y  p e r t i n e n t  t o  t h e  

causes and dynamics o f  d e r a i  lment.  The DOTIFRA RRIS Rai 1  road Research 

B u l l e t i n s  th rough  Autu~iin 1981 were u t i l i z e d  t o  a s s i s t  i n  t h i s  rev iew.  

Two aspects o f  de ra i lmen t  i n  p a r t i c u l a r  were examined i n  t h i s  rev iew:  

f i r s t ,  de ra i lmen t  as a  f u n c t i o n  o f  p o s i t i o n  i n  t h e  t r a i n  c o n s i s t ;  and 

second, t h e  a t t i t u d e  and p r o x i m i t y  o f  d e r a i l e d  ca r s  f o l l o w i n g  t h e  

dera i lment .  

The inc rease  i n  t r a i n  leng ths ,  c a r  s i z e s  and load ings  d u r i n g  

t h e  1960s, a long w i t h  t h e  p r e v a i l i n g  economic c l i m a t e  and de fe r red  

maintenance t o  t r a c k ,  l e d  t o  a  sha rp l y  i nc reas iqg  i nc i dence  o f  t r a i n  

de ra i lmen ts  i n  t h e  e a r l y  1970s. As a  r e s u l t ,  t h e  AAR-FRA-RPI-TDA Track- 

T r a i n  Dynamics program12 was undertaken t o  s tudy  and d e f i n e  t h e  dynamic 

i n t e r a c t i o n s  o f  a  t r a i n  c o n s i s t  w i t h  t r a c k  as a f f e c t e d  by ope ra t i ng  

c o n d i t i o n s  and p r a c t i c e s .  Th i s  on-going program has done much t o  improve 

i n d u s t r y  unders tanding o f  t r a c k  s t r e n g t h  and performance needs, t r a i n  

makeup and hand l i ng  p r a c t i c e s ,  and t h e  b a s i c  causes f o r  t r a i n  d e r a i l -  

ments. For  example, many o f  t h e  dera i lments  i n  t h e  1970s were t h e  

combined r e s u l t  o f  h i g h  l a t e r a l  loads i n  c u r v i n g  t r a c k  under 6 -ax l e  

locomot ive  u n i t s ,  misuse o f  dynamic b rak i ng ,  and reduced t r a c k  s t r e n g t h  

r e s u l t i n g  i n  t r a c k  s h i f t  o r  r a i l  r o l l o v e r .  As a  r e s u l t  o f  t h e  Track- 

T r a i n  Dynamics Program, these types  o f  de ra i lmen t  i n v o l v i n g  t h e  f r o n t  

p o r t i o n  o f  t h e  t r a i n  a re  n o t  as common i n  t h e  1980s as i n  p r i o r  decades. 

An ex tens i ve  rev iew o f  t h e  e f f e c t s  o f  s i z e ,  we igh t  and l e n g t h  

of f r e i g h t  ca r s  on t h e  s a f e t y  and e f f i c i e n c y  o f  U.S. r a i l  t r a n s p o r t a t i o n  

was sponsored by DOTIFRA i n  t h e  l a t e  1970s [Ref. 21. The s tudy  i nc l uded  

rev iews o f  f r e i g h t  c a r  f l e e t  c h a r a c t e r i s t i c s ,  c a r  s a f e t y  records ,  and 

de ra i lmen t  causes. Whi le  de ra i lmen t  dynamics i n  t h e  c o n t e x t  o f  c a r  

l o c a t i o n  i n  c o n s i s t  was n o t  addressed, p e r  se, t h e  p r e f e r r e d  l o c a t i o n  o f  

loaded versus empty ca r s  was mentioned: 

12 AAR = Assoc ia t i on  o f  American Ra i l roads ;  FRA = Federal  R a i l r o a d  
Adm in i s t r a t i on ;  R P I  = Rai lway Progress I n s t i t u t e ;  TDA = 
T ranspo r t a t i on  Development Agency, Rai lway Assoc ia t i on  o f  Canada. 



"When a  t r a i n  con ta ins  bo th  loaded and empty ca rs ,  i t  i s  
p r e f e r a b l e  t o  p lace  t h e  loaded cars  a t  t h e  f r o n t  o f  t h e  
t r a i n .  Loaded cars  u s u a l l y  exper ience t h e  same b rak ing  
f o r c e  as empty cars  and, because o f  t h e i r  l a r g e r  weight ,  
dece le ra te  a t  a  lower  r a t e  than empty cars .  I f  t hey  were 
p laced toward t h e  end o f  t h e  t r a i n ,  t hey  would push 
aga ins t  t h e  l i g h t ,  empty cars  a t  t h e  f r o n t  o f  t h e  t r a i n ,  
c r e a t i n g  h i g h  b u f f  f o r ces  and L/V r a t i o s . "  

Th i s  e f f e c t  i s  shown by t h e  t h e o r e t i c a l  drawbar f o r c e  curves i n  

F igu re  1 f o r  i nc reas ing  versus decreas ing c a r  weight  d i s t r i b u t i o n s  i n  t h e  

c o n s i s t .  One c o n t r i b u t i n g  f a c t o r  t o  dera i lment  i s ,  o f  course, t h e  

t r a n s i e n t  l o n g i t u d i n a l  " t r a i n  a c t i o n "  fo rces .  Several  dera i lments  o f  t h e  

Tropicana U n i t  T r a i n  i n  1970 r e s u l t e d  i n  a  t e s t  program [Ref. 31 
u t i l i z i n g  inst rumented coup le rs  spaced throughout  t h e  t r a i n  c o n s i s t  t o  

measured t r a i n  a c t i o n  ( r u n - i n ,  run-ou t )  fo rces .  The t r a i n  cons i s ted  o f  

two locomot ive  u n i t s ,  an i ns t rumen ta t i on  c a r ,  60 loaded 100-ton boxcars 

w i t h  end-of -car  cush ion ing  dev ices,  and a  caboose. Examples o f  peak 

measured r u n - i n  ( de ra i  l rnent- inducing) f o r ces  by l o c a t i o n  i n  t r a i n  a re  

shown i n  F igu re  2. Ter ra in - induced  r u n - i n  f o r c e  peaks a r e  shown t o  be 

d i s t r i b u t e d  f a i r l y  u n i f o r m l y  across t h e  r e a r  two - th i r ds  o f  t h e  t r a i n .  

Dynamic brake- induced f o r c e  peaks tend  t o  r i s e  t o  a  maximum i n  t h e  r e a r  

o n e - t h i r d  o f  t h e  t r a i n  as t h e  r u n - i n  speed d i f f e r e n t i a l  between cars  

propagates rearward. The wors t  measured case occurred w i t h  use o f  t h e  

independent ( locomot ive)  brake i n  a  4-mph s top  a t  a  f u e l i n g  s t a t i o n ,  

where t h e  h i ghes t  coup le r  loads were measured i n  t h e  f i r s t  t h i r d  o f  t h e  

t r a i n .  Tests were a l s o  conducted w i t h  a  157-car phosphate t r a i n  (15,626 

gross tons)  w i t h  conven t iona l  d r a f t  gear. Here t h e  h i ghes t  measured run -  

i n  f o r ces  occurred j u s t  ahead o f  t h e  t e s t  c a r  and caboose: 

Loca t ion  (cars  Ahead) Run-in Force ( k i ps )  
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Dera i lments  caused by poor t r a i n  hand l i ng  procedures on a  heavy 

haul  r a i l r o a d  i n  A u s t r a l i a  were r epo r t ed  by Fahey, e t  a1 [Ref. 41. Seven 

ma jo r  dera i lments  on t h e  Hamersley I r o n  Rai lway i n  t h e  e a r l y  1970s were 

i n v e s t i g a t e d .  These dera i lments  had t h e  f o l l o w i n g  common aspects:  

T r a i n  speed o f  55-65 kmlh (34-40 mph) , 

Dera i lment  occur red  a t  ( o r  s h o r t l y  a f t e r )  a  "sag" ,  

Four dera i lments  occur red  i n  t h e  m idd le  t h i r d  o f  t h e  
t r a i n ,  70-80 cars  f rom t h e  r e a r  ( t r a i n  c o n s i s t s  were two 
locomot ive  u n i t s ,  135 cars;  one t r a i n  had t h r e e  u n i t s ,  170 
c a r s ) ,  

Dera i lments  f o l l owed  a  change o f  o p e r a t i n g  mode (power t o  
dynamic b rak i ng ,  o r  v i c e  versa) .  

A program t o  educate t r a i n  d r i v e r s  i n  t h e  p roper  hand l i ng  of  

these heavy t r a i n s  reduced t h e  de ra i lmen t  and t r a i n  p u l l - a p a r t  problems 

t o  manageable l e v e l s .  

An a n a l y t i c a l  s tudy  e n t i t l e d  "Dynamic Ana l ys i s  o f  T r a i n  

Dera i  lments"  was conducted by Yang, e t  a1 [Ref. 51, o f  Pul lman-Standard 

i n  t h e  e a r l y  1970s. A  computer s i m u l a t i o n  i n  t h e  h o r i z o n t a l  p lane  was 

generated and v e r i f i e d  by comparing p r e d i c t i o n s  w i t h  an a c t u a l  de ra i lmen t  

a t  Crescent C i t y ,  I l l i n o i s  i n  June 1970. I n  t h i s  de ra i lmen t  o f  a  90-car 

t r a i n  a t  45 mph, 16 ca rs  d e r a i l e d  w i t h  14 p i l e d  i n  c l o s e  p r o x i m i t y  

( w i t h i n  l e s s  than  200 f e e t ) .  Th i s  j a c k k n i f i n g  behav io r  and s t a c k i n g  o f  

ca rs  t oge the r  i s  i l l u s t r a t e d  i n  F i gu re  3. The s a l i e n t  r e s u l t s  o f  t h i s  

s tudy  were: 

1. I nc reas ing  t h e  number o f  ca r s  i n  t h e  t r a i n  inc reased  t h e  
number o f  d e r a i  1  ed cars .  

2. I n c r e a s i n g  t r a i n  speed increased t h e  number o f  d e r a i l e d  
ca rs .  

3 .  Increased b rak i ng ,  weight  o f  ca r s ,  and ground f r i c t i o n  
decreased t h e  number o f  d e r a i l e d  ca rs .  

B a t t e l l e ' s  a n a l y s i s  o f  t h e  1982-1985 RAIRS da ta  tends t o  

c o n f i r m  t h e  f i r s t  two conc lus ions .  For  example, t h e  da ta  were s o r t e d  by 
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t r a i n  l e n g t h  w i t h  t h e  f o l l o w i n g  r e s u l t s  i n  Table  5: 

TABLE 5. CARS DERAILED AS A FUNCTION OF TRAIN LENGTH 

Length Nurnber o f  Average Length Average Cars D e r a i l e d  
(Cars) Dera i  lments o f  T r a i n  p e r  t r a i n  

I n  TSC's s tudy ,  r e s u l t s  showed t h a t  t h e  number o f  ca r s  d e r a i l e d  

versus t r a i n  l e n g t h  rose  f rom an average o f  two ca rs  i n  a  f i v e - c a r  t r a i n  

t o  s i x  ca r s  i n  a  65-car t r a i n ,  and b.tween s i x  and t e n  ca rs  f o r  t r a i n s  

l onge r  than  65 ca rs .  For t r a i n s  more than  30 ca rs  i n  l eng th ,  t h e  average 

t r a i n  l e n g t h  was 82.4 ca r s  and t h e  average number o f  c a r s  d e r a i l e d  p e r  

t r a i n  was 6.53 ca rs .  B a t t e l l e ' s  l i n i i t e d  f ou r - yea r  da ta  base showed an 

average t r a i n  l e n g t h  o f  8 1  ca r s  w i t h  8 . 1  ca r s  p e r  t r a i n  d e r a i l e d .  

S i m i l a r l y ,  t h e  RAIRS da ta  were analyzed f o r  t h e  years  1982-1985 

i n  speed bands o f  10 mph. These r e s u l t s  a re  shown i n  Table  6. Note t h a t  

70 t r a i n s  were s tand ing  s t i l l ,  p o s s i b l y  s t r u c k  ( o r  e l s e  t h e  speed column 

i n  t h e  da ta  was b l ank ) .  The average number o f  ca r s  d e r a i l e d  inc reased  

f rom 5.3 i n  t h e  lowes t  speed band t o  13.6 i n  t h e  51-60 mph band. The 

average number seems t o  h i t  a  p l a teau  o f  13 c a r s  a t  speeds above 40 mph, 

a l though  one acc i den t  was noted i n  t h e  NTSB r e p o r t s  i n  which 8 1  ca rs  ( t h e  

who1 e  t r a i n )  were d e r a i  1  ed. 

Dera i lment  d e t a i l s  o f  t e n  major  r a i l r o a d  acc i den t s  i n v o l v i n g  

hazardous m a t e r i a l s  t h a t  occurred d u r i n g  t h i s  pas t  decade a r e  l i s t e d  i n  

Table  7. From de ra i lmen t  diagrams i n  t h e  NTSB r e p o r t s ,  we have 

q u a n t i f i e d  t h e  groups o f  ca r s  i n  c l o s e  p r o x i m i t y  due t o  j a c k k n i f i n g  and 

p i l i ~ g .  These groups o f  ca r s  would be t h e  most s u s c e p t i b l e  t o  

i n t e r m i x i n g  o f  hazardous m a t e r i a l s .  Note t h a t  i n  seve ra l  o f  t h e  

d e r a i  lments i n d i v i d u a l  groups o f  d e r a i l e d  ca r s  have r e s u l t e d ,  separated 

by seve ra l  c a r  l eng ths  o f  d e r a i l e d  ( b u t  n o t  j a c k k n i f e d )  o r  non -de ra i l ed  



TABLE 6.  T R A I N  DERAILMENT ANALYSIS BY T R A I N  SPEED: R A I R S  DATA 
FOR CALENDAR YEARS 1 9 8 2  THROUGH 1 9 8 5  

DERAILMENT ANALYSIS BY TRAIN SPEED - -  

SPEED (MPH) NUMBER TOTAL 
FROM TO TRAINS 11N TOrS 

AVERAGE 
LENGTH 

DERAILED 
UNITS 

DERAT LED 
UNITS/TRAIN 



TABLE 7. STATIST ICS ON RECENT MAJOR RAILROAD ACCIDENTS 
INVOLVING HAZARDOUS MATERIALS CARS 

P r o b a b l e  

Track Buckle  

Track Buckle  

Debrim on Track 

Axle B o a r i m  Burnoff  

Broken Truck B o l s t e r  

Broken Rai  1 

Bad Track ,  F a u l t y  A i r  
Hose. Mishandled Brakes  
T r a i n  S lack  Run-in 

Broken Rai 1 

T r a i n  S lack  Run-in. 
R a i l  R o l l o v e r  

T r a i n  
Speed 
0 

4 5 

4 8 

5 3 

3 5 

4 7 

28 

40 

6 4 

57 

3 0 

T r a i n  
ronnrur 

3.737 

10.548 

6,8g8 

Unk 

8,043 

6,276 

11.022 

10.698 

3,883 

Unk 

Number 
Car8  i n  
Cmaht. 

44 

84 

149 

88 

106 

7 8 

101 

128 

56 

53 

l 8 t  C a r  
D.tlil.d 

24 

2 6 

2 

3 5 

56 

33 

16 

8 9 

36 

Loco. 

No. Car8  
kmilnd 

15 

4 2 

27 

18 

38 

13 

4 3 

3 0 

14 

2L. 33 

0.rall.d 
Car.. Clome 
Srariritr 

7 

20. 1 2  

8.  10, 7 

Unk 

6 ,  4 ,  1 5  

10 

4. 32 

7,  3. 8 

3. 4 . 

5 ,  16,  1 0  



TABLE 7. (Continued) 

k. cam 
h c a u d  

16 

42 

2 1  

18 

58 

15 

45 

so 

14 

2L, 33 

no. nmt 
Cmrm 

h K a l h d  

5 

14 

8 

4 

1 

2 

29 

1 

1 

24 

Hm. not 
P.lrur 

tam 

Ism 

Tam 

Tom 

Tom 

Tom 

Tom 

Tom 

Ik 

Tom 

CL.LlLaa0 
hMu.td 

b 30.000 

b 2.800 

Tom (#Oak) 

2.100 

b 100 

k 

5.000 

k 

k 

Onk . 



cars.  An extreme example o f  j a c k k n i f i n g l p i l i n g  i s  shown i n  F igu re  4, t h e  

L i v i n g s t o n ,  Lou is iana  dera i lment  (NTSBIRAR-83-05). I n  t h i s  dera i lment ,  a  

major p i l e  o f  32 cars  had occurred. Note i n  Table 7  t h a t  t h e  l o c a t i o n s  

of d e r a i l e d  ca rs  by t r a i n  segments ( t h i r d s  o r  f o u r t h s )  c o n f i r ~ i i s ,  f o r  

major  acc iden ts ,  t h e  r e s u l t s  c i t e d  i n  t h e  p rev ious  s e c t i o n  f o r  acc iden t  

s t a t i s t i c s  i n  genera l .  

2.3 Review o f  Past Accidents 

A rev iew o f  pas t  r a i l r o a d  acc iden ts  ( no t  j u s t  dera i lments )  was 

conducted t o  i d e n t i f y  those i n v o l v i n g  cars  c a r r y i n g  hazardous m a t e r i a l s .  

O f  i n t e r e s t  were those acc idents  which i nvo l ved  t h e  re l ease  o f  hazardous 

m a t e r i a l s ;  e s p e c i a l l y  those where mix ing  o f  t h e  re leased m a t e r i a l s  

occurred. Th is  a c t i v i t y  u t i l i z e d  t h e  FRA's Acc iden t I I nc i den t  B u l l e t i n s ,  

and var ious  NTSB r a i l r o a d  acc iden t  r e p o r t s ,  summary r e p o r t s ,  and spec ia l  

s tudy r e p o r t s  issued du r i ng  t h e  p e r i o d  1968 through 1987 as i t s  p r imary  

i n f o r m a t i o n  sources. A d d i t i o n a l  se lec ted  i tems were u t i l i z e d  as 

appropr ia te .  

A summary overview o f  c u r r e n t  s t a t i s t i c s  f o r  t r a i n  acc iden ts  

i n v o l v i n g  hazardous m a t e r i a l s  i s  prov ided i n  Table 8. A d d i t i o n a l ,  

r e l a t e d  i n f o r m a t i o n  was p rev ious l y  prov ided i n  Tables 3  and 4  and t h e  

d i scuss ion  assoc ia ted w i t h  them. The - qrce o f  da ta  f o r  these t h r e e  

t a b l e s  (Sec t ion  4  - Accidents I n v o l v i n g  Consis ts  T ranspor t ing  Hazardous 

M a t e r i a l  s - w i t h i n  t h e  FRA Acc ident1 I n c i d e n t  Bul l e t i n s )  conta ined t h e  

f o l l o w i n g  cau t i ona ry  n o t i c e :  

"The i n f o r m a t i o n  i n  t h i s  s e c t i o n  represents  on l y  those 
acc iden ts  i n v o l v i n g  c o n s i s t s  t h a t  conta ined a t  l e a s t  one 
c a r  c a r r y i n g  hazardous m a t e r i a l s .  The number o f  
acc iden ts ,  r e s u l t i n g  damages, o r  c a s u a l t i e s  may o r  may n o t  
be a t t r i b u t a b l e  t o  t h e  presence o f  these cars  i n  t h e  
cons i s t s .  Whi le t h i s  does n o t  represen t  a  complete 
account ing o f  a1 l hazardous m a t e r i a l  s  re leases ,  i t  does 
p rov ide  some i n s i g h t  i n t o  t h e  e x t e n t  o f  hazardous 
m a t e r i a l s  c a r  involvement i n  t r a i n  acc idents . "  

From t h e  con ten ts  o f  Tables 4  and 8 ,  i t  can be concluded t h a t  

f o r  t h e  th ree-year  p e r i o d  ca lendar  years 1983, 1984, and 1985, t h e r e  was 





TABLE 8. TRAIN ACCIDENTS INVOLVING CONSISTS TRANSPORTING HAZARDOUS 
MATERIALS FOR CALENDAR YEARS 1979-1986. 

Acc idents  I n  Acc idents  I n  
Which A Hazmat Which There Was Acc idents  Which 

To ta l  Number Car Was Damaged A Release o f  Resu l ted  I n  A 
Year O f  Acc idents  O r  D e r a i l e d  Hazardous Ma te r i  a1 s  Evacuat ion 

NOTE: An acc iden t  may appear i n  more than one column. For example, an acc iden t  
t h a t  r e s u l t e d  i n  a  re l ease  would a l s o  be inc luded  i n  t h e  count  of  acc iden ts  
t h a t  r e s u l t e d  i n  a  hazardous m a t e r i a l s  c a r  be ing damaged o r  dest royed.  

(Source: FRA A c c i d e n t I I n c i d e n t  B u l l e t i n  Nos. 153 and 155). 



an average o f  435 acc iden ts  pe r  yea r  i n  which t h e  t r a i n s  i n v o l v e d  

con ta ined  hazmat ca rs .  Th i s  was 11.6 percen t  of t h e  t o t a l  number o f  

acc iden ts .  A lso,  t h e r e  was an average o f  53 acc iden ts  pe r  yea r  i n  which 

a  r e l e a s e  o f  hazardous m a t e r i a l s  occurred.  Fu r t he r ,  t h e r e  was an average 

o f  590 ca rs  c o n t a i n i n g  hazmat damaged each year ,  and an average of 90 

ca r s  p e r  y e a r  re leased  hazardous mate r ia l s .13  Th i s  da ta  can be i n t e r -  

p re ted  t o  imp l y  t h a t  t h e  t y p i c a l l a v e r a g e  acc iden t  o f  t r a i n s  c a r r y i n g  

hazmat r e s u l t e d  i n  1.36 hazmat ca r s  be ing  damaged. I n  those acc iden ts  

where re leases  occur red  (12.2 percen t  o f  t h e  t o t a l ) ,  1.70 cars  re leased.  

From these  numbers, i t  would appear t h a t  ins tances  where t h e  m i x i n g  of 

re leased  hazardous m a t e r i a l s  occur red  would be r a r e .  It i s ,  however, 

recognized t h a t  acc iden ts  do occur  which i n v o l v e  damage t o  numerous 

hazmat ca rs  and t h e  re l ease  o f  severa l  hazardous m a t e r i a l s .  

N e i t h e r  t h e  RAZRS tapes n o r  t h e  A c c i d e n t I I n c i d e n t  B u l l e t i n s  

p r o v i d e  any i n f o r m a t i o n  r e l a t i v e  t o  t h e  n a t u r e  o f  t h e  hazardous m a t e r i a l s  

i n v o l v e d  o r  re leased  d u r i n g  acc iden ts .  Therefore,  t h e  i n v e s t i g a t i o n  i n t o  

ins tances  where such m a t e r i a l s  re leased  and mixed, and t h e  consequences 

t h e r e o f ,  was i n i t i a t e d  by i d e n t i f y i n g  NTSB r e p o r t s  which m igh t  be a p p l i -  

cab le .  I n  a d d i t i o n  t o  an i n i t i a l  l i s t i n g  p rov i ded  by FRA's p r o j e c t  moni-  

t o r ,  t h e  B a t t e l l e  T ranspo r t a t i on  L i b r a r y  was searched as was t h e  TRIS 

da ta  base. The r e s u l t  was a  c o l l e c t i o n  o f  NTSB-authored m a t e r i a l s  i n  

complete and/or a b s t r a c t  form. Table  9  l i s t s  those i tems r e l a t e d  t o  

acc i den t s  i n v o l v i n g  hazmat re leases  . I 4  

A r ev i ew  o f  t h e  va r i ous  hazmat acc iden ts  descr ibed  i n  R a i l r o a d  

Acc iden t  Repor ts  (RARs) l i s t e d  i n  Table  9 d i d  n o t  uncover any s p e c i f i c  

i ns tances  where i t  was repo r t ed  t h a t  t h e  ac tua l  m i x i n g  o f  re leased  

i ncompa t i b l e  hazardous m a t e r i a l s  r e s u l t e d  i n  worsened acc i den t  s i t u a t i o n s  

o r  r e l a t e d  c o n d i t i o n s .  It was noted t h a t  i n  t h e  Miamisburg, Ohio 

de ra i lmen t  ( I t e m  1 i n  Table 9 ) ,  where bo th  y e l l o w  phosphorus and mo l ten  

13 Note t h a t  t h e  more r e s t r i c t e d  da ta  base (main1 i n e  t r a c k ,  f r e i g h t  o r  
mixed t r a i n s )  showed 1983-1985 averages o f  289 hazmat c a r s l y e a r  
damaged, 58 c a r s l y e a r  r e1  eas i  ng . 

14 A cons ide rab l y  l a r g e r  number o f  i tems r e l a t i n g  t o  r a i l r o a d  acc i den t s  
o f  va r i ous  types were i d e n t i f i e d .  However, o n l y  those i n v o l v i q g  
hazmat re leases  a r e  l i s t e d  here. 



TABLE 9. NTSB REPORTS RELATING TO RAILROAD ACCIDENTS 
INVOLVING HAZMAT RELEASES (THROUGH 1987) 

NTSB-HZM-87-01. Hazardous M a t e r i a l s  Release Fo l l ow ing  t h e  Dera i lment  of  
Ba l t imo re  and Ohio Ra i l r oad  Company T r a i n  No. SLFR, Miamisburg, Ohio, 
J u l y  8,  1986. 

NTSB-RAR-86-04. Dera i lment  o f  S t .  Lou is  Southwestern Rai lway Company 
(Cot ton B e l t )  F r e i g h t  T r a i n  E x t r a  4835 Nor th  and Release o f  Hazardous 
Ma te r i  a1 s near  P ine B l u f f ,  Arkansas, June 9, 1985. 

NTSB-RAR-85-12. Dera i  lment o f  Seaboard System Rai 1 road T r a i n  No. F-690 
Wi th  Hazardous M a t e r i a l  Release, Jackson, South Caro l ina ,  February 23, 
1985 and C o l l i s i o n  o f  Seaboard System Ra i l r oad  T r a i n  No. F-481 Wi th  Stand 
i n g  Cars, Robbins, South Caro l ina ,  February 25, 1985. 

NTSB-RAR-85-10. Denver and R io  Grande Western Ra i l r oad  Company T r a i n  
Yard Acc ident  I n v o l v i n g  Punctured Tank Car, N i t r i c  Ac id  and Vapor Cloud, 
and Evacuat ion, Denver, Colorado, Ap r i  1 3, 1983. 

NTSB-RAR-85-08. V i n y l  Ch lo r i de  Monomer Release From a Ra i l r oad  Tank Car 
and F i r e ,  Formosa P l a s t i c s  Corpora t ion  P lan t ,  Baton Rouge, Louis iana,  
J u l y  30, 1983. 

NTSB-RAR-85-05. Seaboard System Rai 1 road F r e i g h t  T r a i n  FERHL Dera i  lment 
and F i r e ,  Marshv i l  l e ,  Nor th  Caro l ina ,  A p r i l  10, 1984. 

NTSB-HZM-85-03. Anhydrous Hydrogen F l u o r i d e  Release, E l  k h a r t ,  Ind iana ,  
February 4, 1985. 

NTSB-RAR-85-02. Rear End C o l l  i s i o n  Between Conrai 1 T ra ins  OIPI-6 and 
ENPI-6X Near Sal t sburg ,  Pennsylvania, February 26, 1984. 

NTSB-SIR-85-02. Rai 1 road Yard Safety--Hazardous M a t e r i a l s  and Emergency 
Preparedness, (Apr i  1 30, 1985) . 
NTSB-SIR-85-01. Release o f  Oleum Dur ing  Wreckage-Clearing Fo l l ow ing  
Dera i lment  o f  Seaboard System Ra i l r oad  T r a i n  E x t r a  8294 Nor th ,  Clay,  
Kentucky, February 5, 1984. 

NTSB-RAR-83-07. I l l i n o i s  Cent ra l  G u l f  Ra i l r oad  Company F r e i g h t  T r a i n  
Dera i lment ,  F o r t  Knox, Kentucky, March 22, 1983. 

NTSB-RAR-83-05. Dera i  lment o f  I 1  1 i n o i  s Cent ra l  Gul f Rai 1 road F r e i g h t  
T r a i n  E x t r a  9629 East (GS-2-28) and Release o f  Hazardous M a t e r i a l s  a t  
L i v i ngs ton ,  Louis iana,  September 28, 1982. 



TABLE 9. (Continued) 

NTSB-RAR-83-04. Derailment of Seaboard Coast L i n e  Ra i l road T ra in  No. 120 
a t  Co lon ia l  Heights,  V i r g i n i a ,  May 31, 1982. 

NTSB-RAR-83-01. Derai lment of Southern P a c i f i c  Transpor ta t ion  Company 
T ra in  No. 01-BSMFF-05 Car ry ing  Radioact ive Ma te r i a l  a t  Thermal, 
C a l i f o r n i a ,  January 7, 1982. 

NTSB-RAR-81-08. Derai lment o f  SP a t  Surf, CAI May 22, 1981. 

NTSB-RAR-81-01. I l l i n o i s  Centra l  Gu l f  Ra i l road Company F re igh t  T r a i n  
Derai lment,  Hazardous Ma te r i a l  Release and Evacuation, Muldraugh, 
Kentucky, J u l y  26, 1980. 

NTSB-HZM-81-01. Phosphorus T r i c h l o r i d e  Re1 ease i n  Boston and Maine Yard 8 
During Swi tch ing Operat ions, Somerv i l le ,  Massachusetts, A p r i l  3, 1980. 

NTSB-HZM-80-01. The Accident Performance o f  Tank Car Safeguards, 
(March 8, 1980). 

NTSB-RAR-79-11. L o u i s v i l l e  and N a s h v i l l e  Ra i l road Company F re igh t  T r a i n  
Derai lment and Puncture o f  Hazardous Ma te r i a l s  Tank Cars, Crestview, 
F l o r i d a ,  A p r i l  8 ,  1979. 

NTSB-HZM-79-04. Su rv i va l  i n  Hazardous Ma te r i a l  s Transpor ta t ion  Accidents. 

NTSB-HZM-79-03. Special  I n v e s t i a g t i o n  Report. Onscene Coordinat ion Among 
Agencies a t  Hazardous Ma te r i a l s  Accidents. September 1979. 

NTSB-SR-79-03. Safety  Report on the  Progress o f  Safety  Mod i f i ca t i ons  o f  
Ra i l road Tank Cars Car ry ing  Hazardous Ma te r i a l s .  September 1979. 

NTSB-HZM-79-02. Noncompliance w i t h  Hazardous M a t e r i a l s  Safety  
Regul a t  i ons. August 1979. 

NTSB-RAR-79-02. Head-End C o l l i s i o n  o f  L o u i s v i l l e  and N a s h v i l l e  Ra i l r oad  
Local F r e i g h t  T ra in  and Yard T ra in  a t  Florence, Alabama, September 18, 
1978. 

NTSB-SEE-79-02. Safety  E f fec t i veness  Eva lua t ion  o f  t h e  Federal Ra i l r oad  
Admin i s t ra t i on ' s  Hazardous Ma te r i a l s  and Track Safety  Programs, (March 8, v 

1979). 

NTSB-RAR-79-01. Derai lment o f  L o u i s v i l l e  and N a s h v i l l e  Ra i l road Company's - 
T r a i n  No. 584 and Subsequent Rupture o f  Tank Car Conta in ing L i q u i f i e d  
Petroleum Gas, Waverly, Tennessee, February 22, 1978. 



TABLE 9. (Con t i nued) 

NTSB-RAR-78-08. S t .  Louis Southwestern Railway Company F re igh t  T ra in  
Derai lment and Rupture o f  V iny l  Ch lord ie  Tank Car, Lewsivi  1 l e ,  Arkansas, 
March 29, 1978. 

NTSB-RAR-78-07. Derailment o f  A t l an ta  and Sa in t  Andrews Bay Railway Corn- 
pany F re igh t  Tra in ,  Youngstown, F lo r i da ,  February 26, 1978. 

NTSB-RAR-78-04. L o u i s v i l l e  and Nashv i l l e  Ra i l road Company F re igh t  T ra in  
and Puncture o f  Anhydrous Ammonia Tank Cars a t  Pensacola, F lo r i da ,  
November 9, 1977. 

NTSB-SEE-78-02. Analys is  o f  Proceedings o f  t h e  NTSB i n t o  Derai lments 
and Hazardous Mater i  a1 s , Apr i  1 4-6, 1978. 

NTSB-RHR-78-1. C o l l  i s i o n  o f  a Louisiana and Arkansas Rai lway F re igh t  
T ra in  and a L.V. Rhymes T rac to r -Semi t ra i l e r  a t  Goldonna, Louis iana,  
December 28, 1977. 

NTSB-RAR-77-07. Derai lment o f  a Bur l  i ng ton  Northern F re igh t  T ra in  a t  
B e l t ,  Montana, November 26, 1976. 

NTSB-RAR-77-02. Chicago and North Western Transportat ion Company F re igh t  
T ra in  Derailments and C o l l i s i o n ,  Glen E l l y n ,  I l l i n o i s ,  May 16, 1976 

NTSB-RAR-77-01. S t .  Louis Southwestern Railway Company V iny l  Ch lor ide  
Tank Car, L e w i s v i l l e ,  Arkansas, March 24, 1978. 

NTSB-RAR-76-08. Derailment o f  Tank Cars With Subsequent F i r e  and Explo- 
s ion  on Chicago, Rock I s land  and P a c i f i c  Ra i l road Company Near Des Moines, 
Iowa, September 1, 1975. 

NTSB-RAR-76-01. Bu r l i ng ton  Northern Inc., Monomethylamine N i t r a t e  Explo- 
s ion ,  Benson, Arizona, May 24, 1973. 

NTSB-RAR-75-07. Hazardous Ma te r ia l s  Accident a t  t he  Southern P a c i f i c  
Transpor ta t ion  Company's Englewood Yard i n  Houston, Texas, September 21, 
1974. 

NTSB-RAR-75-06. C o l l i s i o n  o f  S t .  Louis-San Francisco Railway Tra ins  3210 
and 3211, Mustang, Oklahoma, September 1, 1974. 

NTSB-RAR-75-04. Hazardous M a t e r i a l s  Accident i n  t h e  Rai 1 road Yard o f  t h e  
Nor fo l k  and Western Railway a t  Decatur, I l l i n o i s ,  J u l y  19, 1974. 

NTSB-RAR-75-02. Southern P a c i f i c  Transportat ion Company F re igh t  T ra in  
2nd BSM Muni t ions Explosion, Benson, Arizona, May 24, 1973. 



TABLE 9. (CONTINUED) 

41. NTSB-RAR-74-04. Derai lment and Subsequent Burning o f  Delaware and Hudson 
Railway F r e i g h t  T ra in  a t  Oneonta, New York, February 12, 1974. 

42. NTSB-RAR-73-01. Hazardous Mater i  a1 s Rai 1 road Accident i n  t h e  A1 t o n  and 
Southern Gateway yard  i n  East S t .  Louis ,  Ill i n o i s ,  January 22, 1972. 

43. NTSB-RAR-72-06. Derai  lment o f  M i  ssour i  Paci f i c  Rai 1 road Company1 s 
T r a i n  94 a t  Houston, Texas, October 19, 1971. 

44. NTSB-RAR-72-02. Derai  lment o f  To1 edo, Peor ia  and Western Rai 1 road Com- 
pany's T r a i n  No. 20 w i t h  Resul tant  F i r e  and Tank Car Ruptures, Crescent 
C i t y ,  I l l i n o i s ,  June 21, 1970. 

45. NTSB-RAR-72-01. Penn Centra l  T ranspor ta t ion  Company F r e i g h t  T ra in  Dera i  1 - 
ment Passenger T ra in  C o l l i s i o n  w i t h  Hazardous Ma te r i a l  Car, Sound View, 
Connect icut,  October 8, 1970. 

46. NTSB-RAR-71-02. Chicago, Bu r l  ing ton  and Quincy Rai 1 road Company T r a i n  64 
and T ra in  824 Derai lment and C o l l i s i o n  w i t h  Tank Car Explosion, Crete, 
Nebraska, February 18, 1969. 

47. NTSB-STS-71-1. Risk Concepts i n  Dangerous Goods Transpor ta t ion  
Regulat ions. 

48. NTSB-RAR-70-02. I l l i n o i s  Cent ra l  Ra i l road Company T r a i n  Second 76 D e r a i l -  
ment a t  Glendora, M i s s i s s i p p i ,  September 11, 1969. 

49. NTSB-RAR-69-01. Southern Railway Company T r a i n  154 Derai  lment w i t h  F i r e  
and Explosion, Laure l ,  M i s s i s s i p p i ,  January 25, 1969. 

50. NTSB-RAR-68-03. Pennsylvania Rai l r oad  T ra in  PR-11A, Ex t ra  2210 West and 
T r a i n  SW-6, Ex t ra  2217 East Derai lment and C o l l i s i o n ,  Dunre i th ,  Ind iana,  
January 1, 1968. 



s u l f u r  were re leased,  t h e r e  was cons iderab le  concern over  t h e  poss i -  

b i l i t y  o f  m i x i ng .  Guide No. 49 o f  t h e  NFPA guide i n d i c a t e d  t h a t  when a  

m i x t u r e  o f  s u l f u r  and y e l l o w  phosphorous i s  warmed, t h e  two elements 

u n i t e  w i t h  v i v i d  combustion and a  powerful exp los ion .  However, m i x i ng  

d i d  n o t  occur .  

Many hazmat acc iden ts  i n v o l v e  o n l y  a  s i n g l e  hazardous m a t e r i a l  

which may re l ease  f rom one o r  more i n d i v i d u a l  ca rs .  I n i t i a l  o r  sub- 

sequent f i r e s  ( w i t h  harmfu l  combustion e f f l u e n t s )  and exp los ions  a r e  

common consequences o f  hazmat acc iden ts .  C e r t a i n  ma te r i  a1 s  (e.g. v i n y l  

c h l o r i d e ,  1  i q u i d  pe t ro leum gas) commonly i g n i t e  upon re lease .  A d d i t i o n a l  

consequences a re  t h e  f o rma t i on  o f  t o x i c  (e.g. anhydrous ammonia) o r  

combus t ib le  vapor c louds; i n  many ins tances  t h e  l a t t e r  i g n i t e  and/or 

explode. I n  many pas t  acc iden ts ,  t h e  heat  o r  f lame f rom t h e  i n i t i a l  

f i r e ( s )  impinged upon o t h e r  ca r s  which, depending upon t h e i r  con ten ts ,  

l a t e r  exploded and rocketed.  I n  t h i s  regard,  t h e  p o t e n t i a l  f o r  f i r e  

induced r u p t u r e  o f  a  c a r  c o n t a i n i n g  a  second m a t e r i a l ,  o r  even more o f  

t h e  i n i t i a l  m a t e r i a l ,  may i n h i b i t  f i r e - f i g h t i n g  and rescue a c t i v i t i e s  and 

n e c e s s i t a t e  ex tens i ve  evacuat ion o f  t h e  area. Evacuat ion i s  commonly 

prompted by e x i s t i n g  o r  p o t e n t i a l  t o x i c  vapor c louds  and p o t e n t i a l  

exp los ions .  A lso,  heat  and smoke assoc ia ted  w i t h  t h e  i n i t i a l  acc i den t  

can p reven t  r a i l r o a d  and/or emergency f o r ces  f rom a c c u r a t e l y  su r vey ing  

t h e  acc iden t  t o  determine t h e  c o n d i t i o n  o f  t h e  hazmat ca r s .  Fu r t he r ,  

danger o f  exp los i on  can i n h i b i t  a l l  a cc i den t  r e l a t e d  a c t i v i t i e s  even when 

s u i t a b l e  equipment i s  a v a i l a b l e  t o  combat t h e  i n i t i a l  acc iden t  e f f e c t s .  

There a re  w e l l - p u b l i c i z e d  examples o f  hazmat acc i den t s  which 

i n v o l v e d  m u l t i p l e  hazardous m a t e r i a l s .  Among these  a r e  t h e  Miamisburg, 

Ohio (Table  9, I t em  I ) ,  P ine  B l u f f ,  Arkansas ( I t em  2 ) ,  L i v i n g s t o n ,  

Lou i s i ana  ( I t e m  12) and Paxton, Texas ( I t em  18) acc iden ts .  The con ten t s  

and d i s p o s i t i o n  o f  t h e  d e r a i l e d  ca r s  i nvo l ved  i n  these  acc iden ts  a r e  

noted i n  Table  10. However, w h i l e  t h e  p o t e n t i a l  f o r  t h e  m i x i ng  o f  

i n compa t i b l e  combinat ions o f  hazardous m a t e r i a l s  appeared t o  e x i s t ,  no 

d i r e c t  ment ion o f  t h i s  was made i n  t h e  NTSB acc iden t  r e p o r t s .  

I n  o r d e r  t o  assess t h e  ac tua l  and/or p o t e n t i a l  e f f e c t s  o f  

hazardous m a t e r i a l s  m i x i n g  i n  these  f o u r  acc iden ts ,  a  spec ia l  r ev i ew  was 

conducted. A1 1  p o s s i b l e  b i n a r y  combinat ions o f  m a t e r i a l s  were eva lua ted ,  



TABLE 10. EXAMPLES OF 34 POTENTIAL HAZARDOUS MATERIALS 
M I X I N G  DURING TRAIN DERAILMENT ACCIDENTS 

1. ' NTSB/HZM-87-01 
Miamisburg, Ohio, 7-8-86, Ba l t imo re  & Ohio Ra i l r oad  

Car 30 - ye1 low phosphorous ( s p i  11 ed, burned) 
Car 33 - mol ten s u l f u r  ( s p i l l e d ,  mixed) 
Car 34 - t a l l o w  ( s p i l l e d ,  mixed) 

2. NTSBIRAR-86/04 
Pine B l u f f  , Arkansas, 6-9-85, SLSW (Cot ton Be1 t )  Rai lway 

Car 26 - v i n y l  c h l o r i d e  ( i n s u l a t e d ,  i n t a c t ,  saved by f i r e f i g h t e r s )  
Car 27 - v i n y l  c h l o r i d e  ( i n s u l a t e d ,  i n t a c t ,  saved by f i r e f i g h t e r s )  
Car 28 - po l ye thy lene  po lyphy l  isocyanate (exploded i n  r e s u l t i n g  

f i r e )  
Car 29 - po l ye thy lene  po lyphy l  isocyanate (burned i n  f i r e )  
Car 30 - polyethylene/polypropylene p e l  l e t s  (burned) 
Car 31  - po l  y e t h y l  ene/po lypropy l  ene pe l  l e t s  (burned) 
Car 32 - b u t y l  a c r y l a t e  ( s p i  1 l e d ,  burned) 
Car 33 - b u t y l  a c r y l a t e  ( s p i l l e d ,  burned) 
Car 34 - a c r y l i c  a c i d  ( d i s p o s i t i o n  unknown) 
Car 35 - polyethylene/polypropylene p e l l e t s  (burned) 
Car 36 - e thy lene  ox ide  (exploded i n  f i r e )  
Car 37 - polyethylene/polypropylene p e l l e t s  (burned) 

3. NTSB/RAR-83/05 
L i v i n g s t o n ,  Lou is iana ,  9-28-82, I C G  Rai 1 road 

Cars 24-55 p i l e d  i n  c l o s e  p r o x i m i t y ,  con ten ts  o f  30 t ank  ca rs  
t o t a l l y  o r  p a r t i a l l y  destroyed as f o l l ows . :  

V i n y l  c h l o r i d e  
Styrene monomer 
Ant i -knock compound 
Toluene d i i socyana te  
Phosphoric a c i d  
H y d r o f l u o s i l i c i c  a c i d  
Sod i urn hydrox ide  
Perch lo roe thy lene  
Ethy lene g l y c o l  

163,043 g a l  
23,145 

5,666 
2,259 

148,552 
19,780 
15,363 
14,028 
20,840 



TABLE 10. (Cont inued) 

4. NTSBIHZM-80-1 
Paxton, Texas, 6-8-79, Southern P a c i f i c  Rai 1  road  

Car 6  - i s o b u t y l e n e  ( f i r e  breached, burned) 
Car 7  - bu tad iene  ( re leased,  burned) 
Car 8  - t e t r a h y d r o f u r a n  ( v i o l e n t  r u  t u r e  i n  f i r e )  
Car 9  - hydrogen f l u o r i d e  ( su r v i ved  
Car 10 - p ropy lene  g l y c o l  ( leaked 

! 
Car 11 - propy lene  g l y c o l  ( leaked) 
Car 12 - p ropy lene  g l y c o l  ( leaked) 
Car 13 - d i b a s i c  e s t e r  ( su r v i ved )  
Car 14 - e thy l ene  o x i d e  ( v i o l e n t  r u p t u r e  i n  f i r e )  
Car 15 - v i n y l  ace ta te  ( s p i l l e d ,  burned) 
Car 16 - e t h y l e n e  g l y c o l  ( s p i l l e d )  
Car 17 - methanol ( leaked,  burned) 
Car 18 - e t h y l  a c r y l a t e  ( s p i l l e d ,  burned) 
Car 19 - aceta ldehyde ( s p i l l e d ,  burned) 
Car 20 - acetaldehyde ( s p i l l e d ,  burned) 
Car 21 - acetaldehyde ( s p i  1  l ed ,  burned) 
Car 22 - p l a s t i c  p e l l e t s  ( d i s p o s i t i o n  n o t  known) 
Car 23 - p l a s t i c  pe l  l e t s  ( d i s p o s i t i o n  n o t  known) 
Car 24 - p l a s t i c  p e l l e t s  ( d i s p o s i t i o n  n o t  known) 
Car 25 - rubber  ( d i s p o s i t i o n  n o t  known) 
Car 26 - acetaldehyde ( s p i  1  l ed ,  burned) 
Car 27 - empty t ank  c a r  (su rv ived)  
Car 28 - empty t ank  c a r  ( su r v i ved )  
Car 29 - empty t ank  c a r  (su rv ived)  
Car 30 - bu tad iene  (exposed t o  f i r e ,  su rv ived)  
Car 3 1  - bu tad iene  ( su r v i ved )  
Car 32 - v i n y l  ace ta te  ( su r v i ved )  
Car 33 - bu tad iene  ( su r v i ved )  



even.though i n  some cases t h e  tank  cars  remained i n t a c t  and, as such, 

cou ld  no t  have c o n t r i b u t e d  t o  t h e  consequences. The purpose o f  t h i s  

approach was t o  determine i f  t he  s i t u a t i o n  cou ld  have become even worse 

if t h e  tank  c a r  had leaked o r  rup tu red .  The thermal e f f e c t s  of f i r e  on 

t h e  s t a b i l i t y  o f  t h e  chemicals i n  t h e  tank  cars  were considered. Resu l ts  

o f  t h i s  rev iew are  as f o l l ows :  

NTSBIHAZ-87/01 (Table 9, I t e m  1) : Based on observa t ion ,  t a l l  ow was 

mixed w i t h  mol ten s u l f u r ,  b u t  t h e  m i x t u r e  d i d  n o t  burn. The t a l l o w  

may have minimized o r  prevented t h e  mol ten s u l f u r  f rom burn ing.  

Therefore,  m i x i ng  o f  chemicals d u r i n g  t h i s  t r a i n  dera i lment  d i d  n o t  

make mat te rs  worse as compared w i t h  t h e  consequences o f  s p i l l i n g  

chemicals w i t h o u t  m ix ing ,  b u t  r a t h e r ,  may have somewhat m i t i g a t e d  

t h e  consequences. 

NTSBIRAR-86-04 (Table 9, I t e m  2) : Polymeri  z a t  i on r e a c t  ions  

r e s u l t i n g  i n  t h e  fo rmat ion  o f  heat may have occurred d u r i n g  t h e  

dera i lment .  It i s  p o s s i b l e  t h a t  t h e  heat generated f rom these 

r e a c t i o n s  i n i t i a t e d  a f i r e  as w e l l  as caused fo rmat ion  o f  flammable 

vapors which i n t e n s i f i e d  t h e  f i r e .  M i x i ng  o f  chemicals du r i ng  t h i s  

t r a i n  dera i lment  t h e r e f o r e  may have worsened t h e  consequences as 

compared w i t h  s p i l l i n g  t he  chemicals w i t h o u t  mix ing.  Because o f  t h e  

p o t e n t i a l  f o r  thermal i n s t a b i l i t y  o f  chemicals such as e thy lene  

ox ide  and po lymer izab le  chemicals when heated i n  con f ined  con ta ine rs  

such as tank  cars ,  segregat ion o f  these chemicals f rom o t h e r  

flammable chemicals i n  a  t r a i n  should be considered. 

NTSBIRAR-83-05 (Table 9, I t e m  12): React ions, some o f  which a r e  

v i o l e n t ,  may have occurred du r i ng  t h e  dera i lment .  The r e s u l t a n t  

fo rmat ion  o f  cons iderab le  heat  and flammable products  ( i  .e. ethane 

gas) cou ld  have c o n t r i b u t e d  t o  t h e  i n i t i a t i o n  and i n t e n s i t y  o f  t h e  

f i r e .  M ix ing  o f  chemicals dur i r lg  t h i s  t r a i n  dera i lment  may have 

worsened t h e  r e s u l t s  as compared w i t h  t h e  consequences o f  s p i l l i n g  

t h e  chemicals w i t h o u t  m ix ing .  Because o f  t h e  p o t e n t i a l  f o r  thermal 

i n s t a b i l i t y  o f  chemicals such as t e t r a e t h y l  l ead  and po lymer izab le  



chemicals such as v i n y l  c h l o r i d e  when heated i n  conf ined con ta ine rs  such 

as tank cars ,  segregat ion of these chemicals f rom o t h e r  flammable 

chemicals i n  a  t r a i n  should be considered. 

NTSB/HZM-80/01 (Table 9, I t e m  18): React ions, some o f  which a r e  v i o l e n t ,  

may have occurred d u r i n g  t h i s  acc iden t  r e s u l t i n g  i n  t h e  f o rma t i on  o f  heat  

and f lammable gaseous products .  These r e a c t i o n s  cou ld  have c o n t r i b u t e d  

t o  t h e  i n i t i a t i o n  and i n t e n s i t y  o f  t h e  f i r e .  O f  p r imary  concern a re  t h e  

r e a c t  ions  o f  acetaldehyde w i t h  ac ids  (e.g . hydrogen f 1 uo r i de )  , g l y c o l s  

(e.g . propy lene g l y c o l  and e thy lene  g l y c o l ) ,  and a l coho l s  (e.g. 

methanol) ; and t h e  r e a c t i o n s  o f  ac ids  such as hydrogen f l u o r i d e  w i t h  

e thy lene  ox ide ,  v i n y l  acetate,  g l y c o l s  and methanol. These combinat ions 

should be avoided by segrega t ion  o f  tank  ca rs  i n  t h e  t r a i n .  A lso,  

because o f  t h e  p o t e n t i a l  f o r  thermal i n s t a b i l i t y  o f  chemicals t h a t  can 

fo rm o rgan i c  perox ides (e.g . te t rahyd ro fu ran )  , segrega t ion  o f  these  

chemicals f rom o t h e r  flammable chemicals i n  a  t r a i n  should be cons idered.  

The complete r e s u l t s  o f  t h e  rev iew o f  these f o u r  acc iden ts  i s  con ta ined  i n  

Appendix C o f  t h i s  r e p o r t .  

As suggested by t h e  p r e v i o u s l y - c i t e d  s t a t i s t i c s  r e l a t e d  t o  hazmat 

acc iden ts ,  c a r  damage and re leases,  t h e r e  has n o t  i n  general  been a 

s u b s t a n t i a l  problem assoc ia ted w i t h  t h e  m ix i ng  o f  incompat ib le  hazmat 

re leases.  However, t h e  ac tua l  o r  p o t e n t i a l  consequences c i t e d  i n  t h r e e  o f  t h e  

four  acc iden ts  reviewed above show t h a t  t h e  problem i s  r e a l  and p o t e n t i a l l y  

ca tas t roph i c .  

2.4 Review o f  Cur ren t  Regulat ions 

I n  t h i s  a c t i v i t y  t h e  c u r r e n t  U.S. DOT r e g u l a t i o n s ,  and those  o f  t h e  

Canadian Transpor t  Commission, p e r t a i n i n g  t o  t h e  placement o f  hazmat ca rs  

w i t h i n  t r a i n s  were reviewed and compared. The DOT r e g u l a t i o n s  were s p e c i f i e d  

by t h e  FRA t o  be i n  49 CFR Subpart C (174.81) and Subpart D (174.83 th rough 

174.93) ( f u l l  cop ies  a re  p rov ided  i n  Appendices D and E) . The c i t e d  Canadian 

r e g u l a t i o n s  (Subpart  E, 574.575 - 574.589) a re  r e l a t e d  t o  "hand l i ng  c a r s " ,  



on ly  a  p o r t i o n  of which i s  d i r e c t l y  concerned w i t h  the  p o s i t i o n  of cars i n  

t r a i  ris. l5 The app l i cab le  i tems contained t h e r e i n  are: 

I tem (c ) (3 ) .  "When t ranspor t i ng  a  ca r  placarded w i t h  a  p lacard  
w i t h  a  square background i n  a  te rmina l ,  o r  yard, o r  on a  s ide  
t r a c k  o r  s id ing ,  t h e  ca r  s h a l l  be separated from t h e  engine by 
a t  l e a s t  one non-placarded car . "  

I tem ( f )  . " A  ca r  ca r r y ing  dangerous goods s h a l l  no t  be 
marshal l e d  next  t o  a  ca r  described i n  a  column o ther  than 
column 3 o r  4  o f  t h e  t a b l e  shown on page 173 i f  an X appears i n  
t h a t  column on t h e  l i n e  corresponding t o  type o f  c a r  c a r r y i n g  
t h e  dangerous goods (as described i n  column 1) and t h e  lacard  
groups o f  t h e  dangerous goods (as i nd i ca ted  i n  column 2 ! ." The 
c i t e d  t a b l e  i s  e n t i t l e d  " P o s i t i o n  i n  F re igh t  o r  Mixed T r a i n  o f  
Cars Conta in ing Dangerous Commodities", and i s  contained i n  
Appendix E o f  t h i s  repo r t .  

Only t h e  second o f  these two items i s  o f  i n t e r e s t  t o  t h i s  study. 

I tem ( f )  o f  t h e  Canadian regu la t i ons  imposes placement r e s t r i c t i o n s  

upon hazmat cars which are r e l a t e d  t o  both t h e  " type o f  ca r "  and t h e  "p lacard  

group number" o f  i t s  contents. The groups, as de f ined the re in ,  cons i s t  o f  one 

o r  more classes and/or d i v i s i o n s  o f  hazardous ma te r ia l s .  Canada has 

implemented a  na t i ona l  system o f  regu la t i ons  based on Uni ted Nations 

Recolnmendations. Descr ip t ions  o f  these groups are as f o l l  ows: l6 

l5 $74.589-Hand1 i n g  Cars cons is ts  o f  6  major par ts ;  (a) D e f i n i t i o n s ,  (b) 
Placards on Cars, (c) Swi tch ing o f  Cars Containing Dangerous Commodities, 
(d) Placement o f  F r e i g h t  Cars Placarded w i t h  Placard w i t h  a  Square 
Background i n  Yards, on Sidings, o r  Side Track, (e) Not ice  t o  T ra in  Crews 
on Placarded Cars, and ( f )  P o s i t i o n  o f  Cars i n  Trains. Most o f  these 
have m u l t i p l e  subparts. 

l6 The pr imary pa r t s  of these descr ip t ions  are  taken d i r e c t l y  from t h e  
regu la t ions .  The po r t i ons  i n  parentheses have been added t o  f a c i l i t a t e  
t h e  use o f  t h i s  mater ia l ;  i t  i s  no t  claimed t h a t  these are  f u l l y  complete 
o r  accurate. D e f i n i t i o n s  o f  t h e  gener ic  hazmat (e.g., " o x i d i z e r " )  a re  
provided i n  Appendix F. 



G r o u p 1 c o n s i s t s o f D i v i s i o n s 1 . 1 a n d 1 . 2  ( i . e .  exp los ives-massand 
e x p l o s i v e s - p r o j e c t i l e ) .  

Group 2  c o n s i s t s  o f  e x p l o s i v e s - f i r e  hazard (1.3) ; explos ives-no 
s i g n i f i c a n t  b l a s t  hazard (1.4) ; exp los ives- insens i  t i v e  (1.5) ; 
flammable gases (2. I ) ,  non- f  1  ammable gases, compressed, non tox i c  
(2.2) ; poisonous gases (2.3) ; flammable 1  i q u i d s  (3.1-3.3); flammable 
s o l  i d s ,  FS (4.1); py rophor ic  l i q u i d s  o r  s o l i d s  (4.2); dangerous when 
wet f lammable s o i l d s  (4.3); o x i d i z i n g  m a t e r i a l s  (5.1); o rgan i c  
perox ide  m a t e r i a l s  (5.2); poisonous substances (6.1); i n f e c t i o u s  
substances (6.2), and c o r r o s i v e  m a t e r i a l s  (8).  

Group 3  c o n s i s t s  o f  Cyanogen Ch lo r i de ,  Hydrogen Cyanide, N i t r i c  
Oxide, Phosgene, N i t r ogen  Diox ide,  Phosphi ne, Di  borane o r  Di  borane 
M ix tu res ,  Ars ine ,  Boron T r i  f 1  uor ide ,  Carbonyl S u l f i d e ,  Cyanogen, 
N i t r i c  Oxide and N i t r ogen  Te t rox ide  M ix tu res ,  N i t r ogen  Oxides n.0.s. 
and N i t r ogen  T r i o x i d e  ( i  .e. p r i m a r i l y  Poison A substances; some 
c o r r o s i v e  o r  o x i d i z i n g ;  some flammable gases). 

G r o u p 4 c o n s i s t s  o f  Class 7  ( i . e .  r a d i o a c t i v e )  

G r o u p 5 c o n s i s t s o f t a n k c a r s c a r r y ~ i ~ g D i v i s i o n 3 . 3 m a t e r i a l s o r  
tank  ca rs  p lacarded "RESIDUE" o r  "EMPTY" ( i  .e. p y r o f o r i c  1  i q u i d  and 
ca rs  w i t h  t h e  p o t e n t i a l  f o r  v o l a t i l e  fumes). 

Group 6  c o n s i s t s  o f  Class 9, and o f  Class 6  bear ing  S t .  Andrews 
c ross  p l aca rds  ( i  .e. " o t h e r  r egu la ted  ma te r i  a1 s-ORM", and p o i  sonous 
m a t e r i a l s  which must be kept  away f rom food) .  

The c i t e d  U.S. r e g u l a t i o n s  a re  r e l a t e d  t o  two s p e c i f i c  t o p i c s .  

9174.81 i s  concerned w i t h  t h e  "segrega t ion  and separa t ion  requi rements f o r  

hazardous m a t e r i a l s  i n  r a i l  ca r s "  w h i l e  Subpart D  i s  concerned w i t h  "hand l i ng  

o f  p lacarded ca rs " .  Only t h e  l a t t e r  i s  o f  d i r e c t  i n t e r e s t  here  s i n c e  i t  

con ta ins  language p e r t a i n i n g  t o  t h e  p o s i t i o n  o f  ca rs  i n  t r a i n s ,  w h i l e  t h e  

former  does no t .  Fur ther ,  o n l y  a  p o r t i o n  o f  Subpart D~~ i s  d i r e c t l y  concerned 

w i t h  t h e  p o s i t i o n  o f  ca rs  i n  t r a i n s .  The a p p l i c a b l e  sec t i ons  con ta ined  

t h e r e i n  are:  

l7 Subpart  D-Handling o f  Placarded Cars c o n s i s t s  o f  e leven ma jo r  sec t i ons  
9174.83 through 174.93 i n c l u s i v e  (see Appendix D). 



1. 5174.83 Swi tch ing  of ca rs  c o n t a i n i n g  hazardous m a t e r i a l s ,  
I t em  ( c )  . "When t r a n s p o r t i n g  a  c a r  p lacarded EXPLOSIVES A i n  a  
t e r m i n a l ,  ya rd ,  o r  on a  s i d e  t r a c k ,  o r  s i d i n g ,  i t  must be 
separated f rom t h e  engine by a t  l e a s t  one non-placarded ca r .  

2. $174.86 P o s i t i o n  i n  t r a i n  o f  ca rs  p lacarded "EXPLOSIVES A" o r  
POISON GAS" when accompanied by cars  c a r r y i n g  guards o r  
t e c h n i c a l  mon i to rs  (see d e t a i l s  i n  Appendix D) . 

3 .  $174.87 Placarded cars  p r o h i b i t e d  i n  passenger t r a i n s ,  l i m i t e d  
i n  mixed t r a i n s  (see Appendix D) . 

4. $174.88 P o s i t i o n  i n  t r a i n  o f  c a r  p lacarded "EXPLOSIVES A "  (see 
Appendix D) . 

5. 5174.89 P o s i t i o n  i n  t r a i n  o f  ca rs  p lacarded "RADIOACTIVE" (see 
Appendix D) . 

6. 5174.90 Separat ing cars  p lacarded "EXPLOSIVES A "  o r  " P O I S O N  
GAS" f rom o t h e r  cars  i n  t r a i n s  (see Appendix D) . 

7. 5174.91 P o s i t i o n  i n  t r a i n  o f  loaded p lacarded tank  c a r  o t h e r  
than  c a r  p lacarded "COMBUSTIBLES" (see Appendix D) . 

8. $174.92 Separat ing loaded p lacarded tank  ca rs  o t h e r  than  cars  
p lacarded "COMBUSTIBLE" f rom o t h e r  cars  i n  t r a i n s  (see 
Appendix D) . 

9. $174.93 P o s i t i o n  i n  t r a i n  o f  a  tank  c a r  d i s p l a y i n g  RESIDUE 
p lacards  (see Appendix D) 

Only Items 2 through 9 o f  t h e  above a re  o f  i n t e r e s t  t o  t h i s  study. 

l l n l i k e  t h e  Canadian regu la t i ons ,  which u t i l i z e  a  t a b l e  t o  

convey t h e i r  placement r e s t r i c t i o n s ,  those o f  t h e  U.S. a r e  e n t i r e l y  

d e s c r i p t i v e  i n  nature.  However, t o  a s s i s t  i t s  membership i n  u t i l i z i n g  

these r e g u l a t i o n s ,  t h e  Assoc ia t ion  o f  American Ra i l roads ,  v i a  i t s  Bureau 

o f  Exp los ives ,  has pub1 ished r e l a t e d  mater ia ls .18  It can be expected 

t h a t  t h e  U.S. r a i l r o a d  i n d u s t r y  uses t h e  AAR m a t e r i a l s  as a  major  source 

18 The AAR m a t e r i a l s  i n c l u d e  Poster  No. 1 (Excerpts  from DOT 
Regulat ions f o r  T ranspo r ta t i on  o f  Explos ives and Other  Dangerous 
A r t i c l e s  o f  F r e i g h t  . . .) which e s s e n t i a l l y  repea ts  a l l  t e x t  o f  
Subpart D, and Pos te r  No. 4 ( P o s i t i o n  i n  T r a i n  o f  Placarded Cars 
Conta in ing  Hazardous " a t e r i a l s )  which d i s p l a y s  t h e  con ten ts  o f  Post 
No. 1 i n  tabu la r lmatv  ( format.  A r ep resen ta t i on  o f  t h e  l a t t e r  i s  
p rov ided  here  i n  Appendix G. However, i t  does n o t  c o n t a i n  t h e  
" i n s t r u c t i o n s  f o r  use" inc luded  on t h e  AAR pos te r .  



of guidance i n  t h e  placement o f  hazardous m a t e r i a l s  ca rs  w i t h i n  t r a i n s .  

These niay have become t h e  de f a c t o  r e g u l a t i o n s  f o r  hazmat c a r  placement 

i n  t h e  U.S. 

The U.S. r e g u l a t i o n s  concerned w i t h  t h e  placement o f  hazmat 

cars  w i t h i n  t r a i n s  a re  p r i m a r i l y  s t a t e d  i n  terms o f  placement r e s t r i c -  

t i o n s  f o r  s p e c i f i c  p l aca rd  d e s t i n a t i o n s , l 9  a l though t ype  o f  c a r  i s  a l s o  a  

f a c t o r .  They a re  couched i n  terms o f  "minimum separa t ion"  o r  " p r o h i b i t e d  

l o c a t i o n s "  f o r  p lacarded cars  r e l a t i v e  t o  o t h e r  u n i t s  i n  a  t r a i n .  

Depending upon t h e  s p e c i f i c  p l aca rd  des igna t ion  under cons ide ra t i on ,  they  

r e l a t e  t o  one o r  more o f  t h e  f o l l o w i n g :  

1. People on board, i n c l u d i n g  t r a i n  crews, cargo 
guardsfat tendants ,  and ( i n  m i  xed t r a i n s )  passengers. 

2. Selected o t h e r  p lacarded c a r s  (e.g. ca rs  p lacarded 
EXPLOSIVES A can no t  be p laced nex t  t o  cars  p lacarded 
POISON GAS).  

3 .  Other  ca rs  c o n t a i n i n g  sources o f  i g n i t i o n  (e.g. heat ,  
f lame, combustion engines).  

4. Other  cars  w i t h  p r o t r u d i n g  l a d i n g  o r  t h e  p o s s i b i l i t y  f o r  
such due t o  load  s h i f t i n g .  

5. Other  cars  w i t h  l a d i n g  which cou ld  be damaged f rom c l o s e  
p r o x i m i t y  alone. 

There a re  some d i f f e r e n c e s  i n  r e s t r i c t i o n s  r e l a t e d  t o  t y p e  o f  

c a r  ( i .e .  tank  c a r  o r  no t )  f o r  i d e n t i c a l  p lacards.  I n  genera l ,  f o r  t h e  

same p lacard ,  r e s t r i c t i o n s  a re  more severe f o r  " t ank  ca rs "  than f o r  

" o t h e r  than  tank  ca rs " .  For  example, tank  cars  p lacarded POISON GAS must 

n o t  be p o s i t i o n e d  nearer  than 6 t h  f rom engine, occupied caboose o r  

passenger ca r ,  w h i l e  " o t h e r  than tank  ca rs "  a re  n o t  so r e s t r i c t e d .  

S i m i l a r l y ,  t h e r e  a re  numerous placement r e s t r i c t i o n s  on tank  ca rs  w i t h  

"any p lacarded load  o t h e r  than  COMBUSTIBLE o r  POISON GAS" which do n o t  

apply  t o  " o t h e r  than  tank  ca r " .  We can specu la te  t h a t  t h e  reason f o r  

t h i s  i s  because tank cars  c a r r y  l i q u i d  o r  gaseous hazmat cargoes, w h i l e  

o t h e r  types o f  ca rs  would con ta in  s o l i d  o r  d r y  hazmat cargoes. 

19 The c i t e d  des igna t ions  a re  "EXPLOSIVES A " ,  "POISON GAS", "COMBUSTIBLES", 
"RADIOACTIVE", "RESIDUE", and " o t h e r " .  



Some o f  t he  r e s t r i c t i o n s  p e r t a i n i n g  t o  separat ion from t r a i n  

crews are  p a r t i a l l y  re laxed when t h e  t r a i n  l eng th  i s  no t  s u f f i c i e n t  t o  

permi t  t h e i r  f u l l  implementation. It appears t h a t ,  w i t h  the  poss ib le  

except ion o f  s i t u a t i o n s  i n v o l v i n g  I tem 4 above, any number o f  cars 

bear ing the  same p lacard  can be placed i n  adjacent t r a i n  pos i t i ons .  I n  

consequence, " incompat ib le"  hazardous ma te r ia l s  need, a t  t he  most, be 

placed on ly  one c a r  length  apar t .  

A d i r e c t  i tem-by-i tem comparison o f  t h e  U.S. and Canadian 

regu la t i ons  i s  somewhat hampered by t h e  d i f fe rences i n  t he  content  of t h e  

p lacard  designat ions used by the  former, and t h e  p lacard  group numbers 

used by t h e  l a t t e r .  However, both r e l a t e  t h e i r  s p e c i f i c  r e s t r i c t i o n s  

according t o  type o f  car ,  type o f  hazardous m a t e r i a l ,  l o c a t i o n  o f  people 

on t r a i n ,  length  o f  t r a i n ,  presence o f  i g n i t i o n  sources, presence o f  cars 

w i t h  p ro t rud ing  1 ading (ac tua l  o r  p o t e n t i a l ) ,  and o the r  hazardous 

ma te r ia l s  cars.  As w i t h  t h e  U.S. r egu la t i ons ,  except f o r  most occupied 

u n i t s ,  t h e  Canadian regu la t i ons  p r i m a r i l y  p r o h i b i t  adjacent placement o f  

s p e c i f i e d  p lacard  groups. The Canadian regu la t i ons  waive some o f  t h e i r  

r e s t r i c t i o n s  on p rox im i t y  t o  occupied cars  when the  t r a i n  cons i s t s  o f  

placarded tank cars only .  But,  they impose a d d i t i o n a l  separat ion 

requi  rements on tank cars conta in ing  f 1  ammable gases .20 

On t h e  whole, t h e  U.S. and Canadian regu la t i ons  are s i m i l a r  and 

compatible, a l though i n  some instances an interchange o f  cons i s t s  would 

r e q u i r e  r e v i s i n g  t h e  p o s i t i o n s  o f  se lected hazmat cars. For example, 

Canadian r a i l r o a d s  may have t o  r e p o s i t i o n  a c a r  received from t h e  U.S. 

con ta in ing  flammable gas i n  order  t o  conform t o  t h e  above c i t e d  

requ i  rements. Likewise, U.S. r a i  1 roads may have t o  r e p o s i t i o n  hazmat 

cars which have associated guard cars. While no t  examined as a  p a r t  o f  

t h i s  study, both se ts  o f  r a i l r o a d s  may need t o  i n t e r p r e t  t h e  p lacards on 

cars received and/or rep lacard  them so as t o  conform t o  p r a c t i c e s  and 

regu la t i ons  p e r t a i n i n g  t o  t h e  rece i v ing  r a i l r o a d .  This  could r e s u l t  i n  

t he  need f o r  a d d i t i o n a l  repos i t i on ing  requirements. 

20 Tank cars conta in ing  flammable gases ( D i v i s i o n  2.1 o f  Class 2 per  IMCO 
c l a s s i f i c a t i o n )  niust be separated from tank ca r  shipments o f  Chlor ine,  
Anhydrous Ammonia, and Sulphur Diox ide by 5 cars. 



3.0 TASK ITEM 2 -- HAZARDOUS MATERIALS COMPATIBILITY 

Task I tem 2 was t h e  second of t h e  s i x  i tems which comprise Task 

Order No. 6. It cons i s t ed  o f  two i n t e r r e l a t e d  a c t i v i t i e s  as f o l l o w s :  

2-1. Analyze t h e  t o p  100 hazardous commodit ies g iven  i n  t h e  
1986 Top 125 Hazardous Commodities Movements by Tank Car 
Volume l i s t  t o  determine t h e  e x t e n t  t o  which t hey  a re  
incompat ib le .  Group them i n t o  t h e i r  n a t u r a l  chemical  
c a t e g o r i e s  and use t h e  bas i c  ca tegory  i n c o m p a t a b i l i t i e s  t o  
i n d i c a t e  where t h e  g r e a t e s t  hazards e x i s t .  From t h i s  
determine s p e c i f i c  commodity i n c o m p a t a b i l i t i e s .  

2-2. U t i l i z e  t h e  r e s u l t s  o f  t h e  above a n a l y s i s  and t h e  bas i c  
c h a r a c t e r i s t i c s  o f  t h e  commodit ies (e.g. d r y ,  l i q u i d ,  
v a p o r i z a t i o n  r a t e )  t o  determine minimum segrega t ion  
d i s t ances  i n  a t r a i n  t o  avo id  commingling i n  a de ra i lmen t  
scenar io .  

I n  t h i s  t a s k  i tem,  hazardous commodit ies were analyzed t o  

determine if a d d i t i o n a l  r e s t r i c t i o n s  should  be r e q u i r e d  f o r  placement o f  

c a r s  i n  a t r a i n  c o n s i s t  based on p o t e n t i a l  m i x i ng  o f  commodit ies d u r i n g  a 

de ra i lmen t .  The analyses focused on t h e  t o p  100 hazardous commodit ies 

g i ven  i n  t h e  "1986 Top 125 Hazardous Commodities Movements by Tank Car 

Volume L i s t "  (See Table 11) a long w i t h  "Sodium Me ta l "  ( ranked 101) and 

"Fuming N i t r i c  Ac id "  (441 tank  c a r  movements pe r  y e a r ) .  Sodium meta l  was 
% 

inc luded  because o f  t h e  undes i r ab le  consequences r e s u l t i n g  f rom m ix i ng  

w i t h  many o f  t h e  t o p  100 commodit ies. Fuming n i t r i c  a c i d  was i n c l u d e d  

based on a reques t  f rom t h e  FRA. 

The approach o f  t h e  s tudy  i s  descr ibed  as f o l l o w s .  The 

c o m p a t i b i l i t i e s  o f  t h e  hazardous commodit ies were f i r s t  determined i n  

b i n a r y  combinat ions.  Consequences were then  i d e n t i f i e d  f o r  each 
\ \ ! 

i ncompa t i b l e  combinat ion.  Types o f  consequences t h a t  were cons idered  , 

i nc luded :  ./' 

Tox ic  chemical  re leases  

F i r e b a l l s  

Unconf ined Vapor Cloud Explos ions 

Condensed Phase Explos ions 
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TABLE 11. 1986 TOP 125 HAZARDOUS C W D I T I E S  MOVEMENTS BY TANK CAR 

Rank STC Code - Comnodi t y  

Sodium Hydroxide, L iq .  o r  S o l u t i o n  
Chl o r i  ne 
S u l f u r i c  Ac id  
Anhydrous Amnonia 
L i q u e f i e d  Petroleum Gas 
Phosphoric Acid 
Sodium Hydroxide, L iq .  o r  S o l u t i o n  
L i q u e f i e d  Petroluem Gas 
V iny l  Ch lo r i de  - 
Methyl Alcohol 
Fuel O i l  

II I1 

Butane 
Hydroch lor ic  Acid 
Styrene Monomer, I n h i b i t e d  
Petroleum, P a r t i a l l y  Ref ined 
Crude O i l  Petroleum 
Butane 
Denatured A1 coho1 
Carbon Diox ide,  Re f r i ge ra ted  L i q u i d  
Petroleum Residual Fuel O i  1 
Gas01 i n e  
L ique f i ed  Petroleum Gas 
Fuel O i l  
Bctadicnc, I n h i b i t e d  
D i s t i l l a t e  Fuel O i l  
E thy1 ene Oxide 
P e t r o l  eum nap tha 
Phenol 
L i q u e f i e d  Petroleum Gas 
Hexamethyl ene Dlamitie S o l u t i o n  
L i q u e f i e d  Petroleum Gas 
Benzene 
Propy 1 ene Ox i de 
Fuel,  Av ia t ion ,  Turb ine Engine 
Ac ry l  o n i  tri 1 e 
Sul f u r i c  Acid, spent 
V iny l  Acetate 
Petroleum Naptha 
Phosphorus, Whi t e  o r  Ye1 1 ow 
Aceta l  dehyde 
Petroleum Naptha 

Tota l  
Haz. Tank 
Class Movements 

To ta l  
Comodi t y  
Moves - 



TABLE 11. (Continued) 

- 
Rant STC Code - Cornnodl ty 

T o t a l  
Hat. Tank 
Class Movements -- 

01 eum CM 
Denatured A1 coho1 FL 
Combustible L iqu id ,  n.0.s. CL 
Acetone FL 
Sul fur  D iox ide  N G 
Acet ic  Acid, G lac ia l  C M 
Methyl Methacryl  ate Monomer, Inhib.  FL 
Corrosive L iqu id ,  n.0.s. C M 
Xyl ene F  L  
1 sopropanol FL 
L ique f ied  Petroleum Gas FG 
Methyl A1 coho1 F  L  
Potassium Hydroxide, L iq .  o r  So lu t ion  CM 
Toluene Di isocynate  PB 
Xyl ene F  L  
Hydrogen F l  u o r i  de CM 
f l a m a b l e  L iqu id ,  n.0.s. FL 
Fomaldehydk Sol u t i o n  CL 
Cycl ohexane FL 
To1 uene FL 
Buty l  A c r y l a t e  (Corr. L., n.0.s.) CL 
F e r r i c  c h l o r i d e  So lu t i on  CM 
Anmonium N i t r a t e  So lu t i on  OM 
Octyl  Alcohol (C.L., n.0.s. 1 C L  
Hydrogen Peroxide So lu t i on  OM 
Acet ic  Anhydride CM 
Hexane F  L  
Gas01 i ne , nec -- 
O i  1  C L  
Carbon Te t rach l  o r i  de 0  A 
Methyl E t h y l  Ketone F  L  
Fuel , Av ia t i on ,  Turbine Engine C L  
Compound, C1 eani ng, L i  qui d  CL 
Ethy l  Acry l  ate, I n h i b i t e d  FL 
A1 coho1 i c  Beveraae C L  
Coal Tar D i s t i l l a t e  C L  
L i q u e f i e d  Petroleum Gas FG 
Hydrocyanic Acid PA 
!la1 e i c  Anhydride 0 A 
Methyq Chl o r i  de FG 
Pulp M i l l  L i q u i d  (F.L., n.0.s. 1 F  L  
L i q u e f i e d  Petroeurn Gas F  G 

T o t a l  
Carnodl ty 
Moves - 



TABLE 11. (Continued) 

Rank STC Code - Hat. Tank 
Class Movements -- 

A n i l i n e  O i l ,  L i q u i d  PB 
E thy1 Acetate F L 
Buty l  A1 coho1 F L 
A c r y l i c  Ac id  C M 
Carbon B i  su l  f i d e  F L 
Butadiene, I n h f b i t e d  F G 
Motor Fuel A n t i  knock Compound P B 
A l k a l i n e  L i q u i d ,  n.0.s. C M 
H y d r o f l u a r i s i l  i c i c  Ac id  CM 
C lyco l  Ethers,  nec (C.L., n.0. s. CL 
formaldehyde S o l u t i o n  C L 
Hydr iod ic  Ac id  CM 
Chl 1 roprene, I n h i b i t e d  F L 
Bu ty ra l  dehyde FL 
E thy1 A1 coho1 FL 
D i n i  t ro to luene,  L i q u i d  0 E 
Sodium Metal F S 
Buty l  A1 coho1 F L 
Chlord i  f l  uorornethane NG 
Viny l  idene Chlor ide,  I n h i b i t e d  FL 
Bu ty l  A1 coho1 F L 
Ethylene d i c h l o r i d e  F L 
Bu ty l  Acetate F L 
Napthal ene 0 A 
E thy1 A1 coho1 FL 
Argon, Re f r i ge ra ted  L i q u i d  NG 
Dimethylamine, anhydrous FG 
Resin S o l u t f o n  FL 
Propyl A1 coho1 FL 
Asphalt ,  c u t  back CL 
Sodium S o l u t i o n  Waste (C.L., n.0.s.) CM 
Chl orobenzene FL 
E thy l  Ch lo r i de  F L 
Aromatic Concentrates (F.L., n.o.s.1 FL 
Hydrogen Ch lo r i de  NG 
Methyl Methacry la te  Monomer, I n h i b t e d  FL 
Phosphorus T r i c h l o r i d e  CM 
Methyl Bu ty ra te  F L 
Amy1 Acetate F L 
Isoprene FL 
Resin S o l u t i o n  F L 

Total 
Cocmodl t y  - 
Moves - 



Pool F i r e s  - Thermal Rad ia t i on  Hazards, Tox ic  Combustion 
Products .  

Q u a n t i t a t i v e  analyses were then  performed f o r  each incompat ib le  

combinat ion t o  determine t h e  su r f ace  area around t h e  de ra i lmen t  s i t e  i n  

which t h e  l e t h a l i t y  t h r e s h o l d  f o r  each a p p l i c a b l e  consequence was 

surpassed. The su r f ace  area above t h e  l e t h a l i t y  t h r e s h o l d  was then  

c a l c u l a t e d  f o r  t h e  s p e c i f i c  ( i . e .  n o t  mixed) chemica ls  i n  t h e  b i n a r y  

combinat ion.  A " n e t "  su r f ace  area was ob ta ined  by s u b t r a c t i n g  t h e  

h i g h e s t  sur face area f o r  t h e  i n d i v i d u a l  chemicals f rom t h e  su r f ace  area 

f o r  t h e  m i x tu re .  The " n e t "  su r f ace  area r e f l e c t e d  t h e  aggrava t ion  ( o r  

m i  t i g a t i o n )  o f  t h e  consequences caused by m i x i ng  o f  t h e  chemica ls  

t oge the r .  The combinat ions which had a  n e t  su r f ace  area i n  excess o f  

10,000 m2 were then  ca tego r i zed  i n t o  groups based on s i m i l a r i t y  i n  

chemical  s t r u c t u r e  o r  r e a c t i v i t y  and a  m a t r i x  o f  i n compa t i b l e  groups was 

developed. 

The i ncompa t i b l e  combinat ions were a l s o  rank  ordered based on 

" r i s k "  r a t h e r  t han  t h e  consequence-based rank ing  descr ibed  above. The 

r i sk -based  a n a l y s i s  i nco rpo ra ted  t h e  number o f  y e a r l y  t ank  c a r  movements 

f o r  each comnlodity a long  w i t h  t h e  n e t  su r f ace  area above t h e  l e t h a l i t y  

t h r e s h o l d  f o r  each i ncompa t i b l e  chemical  combinat ion.  The t ank  c a r  

movements p rov i ded  an i n d i c a t i o n  o f  t h e  f requency o r  p o t e n t i a l  f o r  t h e  

chemica ls  m ix ing .  The r e l a t i v e  r i s k s  f o r  each combinat ion were then  rank 

ordered and a  r i sk -based  m a t r i x  o f  i ncompat ib le  groups was developed. 

I n  comp le t ion  o f  Task I t em  2, a  minimum segrega t ion  d i s t ance  

was es t imated  which would m in im ize  o r  p reven t  t h e  commingl ing o f  

commodit ies d u r i n g  de ra i lmen t  acc i den t s  i n  which t ank  ca r s  a r e  r up tu red .  

A d e t a i l e d  d e s c r i p t i o n  o f  t h e  analyses procedures and r e s u l t s  

i s  g i v e n  i n  t h e  f o l l o w i n g  Sec t ions  and Appendixes H th rough  J. 

3.1 De te rm ina t i on  o f  I ncompa t i b l e  B i n a r y  Combinat ions 

The c o m p a t i b i l i t i e s  o f  t h e  hazardous commodit ies were eva lua ted  

i n  b i n a r y  combinat ions.  Ternary  o r  h i ghe r  o rde r  combinat ions were n o t  



evaluated because t h e  1 arge number o f  combinat ions (e.g. 161,700 

d i f f e r e n t  t e r n a r y  combinat ions) would make analyses i m p r a c t i c a l  . There 

a re  5151 d i f f e r e n t  b i n a r y  combinat ions f o r  t h e  102 chemicals considered 

so a screening of t h e  combinat ions was s t i l l  r equ i red  i n  o rder  t o  reduce 

t h e  number o f  combinat ions t o  a reasonable l e v e l  p r i o r  t o  d e t a i l e d  

eva lua t ions .  The f i r s t  s tep  i n  t h e  screening process e n t a i  l e d  arrange- 

ment o f  t h e  chemicals i n t o  s i m i l a r  r e a c t i v i t y  groups as shown i n  F igure  

5. The bas i s  f o r  t h e  groupings was an American Soc ie ty  f o r  Tes t ing  and 

Ma te r i  a1 s  (ASTM) chemical i n c o m p a t i b i l i t y  gu ide [Ref. 61. The compati- 

b i l i t y  o f  each group combinat ion was then i d e n t i f i e d  us ing  t h e  ASTM 

Hazardous Waste I n c o m p a t i b i l i t y  Chart  [Ref. 61 shown i n  F igu re  6. Those 

group combinat ions where a p o t e n t i a l  i n c o m p a t i b i l i t y  e x i s t s  were c a r r i e d  

t o  t h e  nex t  s tep.  Incompat ib le  reac t i ons  considered inc luded reac t i ons  

t h a t  r e s u l t  i n  heat  genera t ion ,  f i r e ,  flammable gas genera t ion ,  t o x i c  gas 

genera t ion ,  exp los ion ,  po lymer iza t ion ,  o r  unknown consequences. Other 

consequences such as s o l u b i l i z a t i o n  o f  t o x i c  substances and innocuous gas 

genera t ion  were noted b u t  n o t  f u r t h e r  considered because t h e  hazards 

would be minimal when t h e  chemicals a re  mixed i n  t h e  open. 

I t  i s  impor tan t  t o  no te  t h a t  t h e  U.S. Coast Guard has developed 

another  ve rs ion  o f  a  chemical r e a c t i v i t y  m a t r i x  as shown i n  F igu re  7 

[Ref. 71 . 'The Coast Guard m a t r i x  was developed as a compati b i  1  i t y  gu ide  

f o r  b u l k  shipment o f  hazardous m a t e r i a l s  by water.  The ASTM m a t r i x  was 

used as t h e  screening bas i s  i ns tead  o f  t h e  Coast Guard m a t r i x  because t h e  

ASTM m a t r i x  p rov ided  a g e n e r a l l y  more d e t a i l e d  breakdown o f  chemical 

groups and i d e n t i f i e d  types o f  consequences r e s u l t i n g  from m ix ing  

incompat ib le  chemicals (e.g . flammable gas generat i on ,  heat ,  e t c  .) . A 

comparison o f  t h e  chemical groups i n  t h e  Coast Guard and ASTM mat r i ces  i s  

g iven  i n  Appendix H. 

S p e c i f i c  chemical combinations were then i d e n t i f i e d  f o r  each 

s e t  o f  chemicals w i t h i n  t he  incompat ib le  groups. L i t e r a t u r e  was reviewed 

t o  c h a r a c t e r i z e  these s p e c i f i c  combinat ions by t h e  types o f  products  

formed, t h e  na tu re  o f  t h e  r e a c t i o n  (e.g. none, slow, min ima l ,  v igorous,  

o r  v i o l e n t )  and amount o f  heat  generated d u r i n g  t h e  r e a c t i o n  (e.g. 

min imal ,  none, excess ive,  e tc . )  . Appl i c a b l e  references were i d e n t i f i e d  

through searches o f  t h e  Chemical Abs t rac ts  Serv ice  (CAS) and Nat iona l  



FIGURE 5. CHEMICAL GROUPS BASED ON S IMILAR CHEMICAL. 
STRUCTURE AND REACTIV ITY  
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FIGURE 5. (Continued) 
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Epox ides 
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Group 101 
Combust i bles/Flammables 

Coal Tar D i s t i l l a t e  
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D i s t i l  l a t e  Fuel Oil 
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Q s o  I i ne 

Casol ine,nec 

O i  I 
Petroleum Naphtha 

Petroleum Residual Fuel Oil 
Petroleum, P a r t i a l l y  Refined 

Pulp M i l l  L i qu id  



* '; 

L 
A Q , .  
u +* 
m 0 
u L- o m  
+ cC.4 

2 % 
6 %2 
Q .F Z 
u u -  0 rn 

V) -r 
C 2 c n  

c l J T  
.ug z ;? 

Y) 0 H m .  
q: +-  Q, B s e  

Lc, = (CV) 



CARGO 
COMPATIBILITY 

FIGURE 7. U. S. COAST GUARD HAZARDOUS MATERIAL INCOMPATIB IL ITY  CHART 



Technica l  I n f o r m a t i o n  Se rv i ce  (NTIS) da ta  bases. The re fe rences  a re  

l i s t e d  a t  t h e  end O f  Appendix H. 

Where l i t e r a t u r e  i n f o r m a t i o n  was unava i l ab l e ,  an o rgan i c  and/or  

an i n o r g a n i c  chemist  analyzed t h e  combinat ion and i d e n t i f i e d  p o t e n t i a l  

r e a c t i o n s ,  i f  any, as w e l l  as t h e  r a t e  o f  t h e  r e a c t i o n .  I t  i s  impo r tan t  

t o  no te  t h a t  l i t e r a t u r e  i n f o rma t i on  was u n a v a i l a b l e  f o r  many o f  t h e  

combinat ions o f  i n t e r e s t .  Chemical r e a c t i o n  re fe rences  descr ibed  some of  

t h e  r e a c t i o n s  b u t  o n l y  under s e l e c t  c o n d i t i o n s  (e.g. d i l u t e  concen- 

t r a t i  on, c a r e f u l  l y  c o n t r o l  l e d  temperature,  presence o f  a  c a t a l y s t ,  e t c .  ) 

which a re  i n a p p l i c a b l e  t o  t h e  scenar ios  i n v o l v e d  i n  t h e  a c c i d e n t a l  m i x i n g  

o f  b u l k  chemica ls .  I n  these  cases t h e  chemists  rev iewed t h e  i n f o r m a t i o n  

and es t imated  whether o r  n o t  s i m i l a r  r e a c t i o n s  would occur  when t h e  

chemica ls  were r a p i d l y  mixed i n  b u l k  q u a n t i t i e s .  I n  genera l ,  t h e  b u l k  

m i x i n g  scenar ios  r e s u l t  i n  severe consequences as compared w i t h  

l a b o r a t o r y  o r  i n d u s t r i a l  r e a c t i o n s  because t h e  l a c k  o f  temperature 

c o n t r o l  cou ld  a l l o w  t h e  r e a c t i o n  t o  " r u n  away", caus ing  a  p o t e n t i a l  f i r e  

o r  excess ive  evapora t ion  o f  p roduc ts  and r e s i d u a l  r eac tan t s .  

Another reason f o r  t h e  l a c k  o f  l i t e r a t u r e  i n f o r m a t i o n  i s  t h a t  

t h e  p roduc ts  f rom many o f  t h e  combinat ions o f  i n t e r e s t  would have no 

commercial va lue.  Research on t h e  r e a c t i o n s  would have been o n l y  o f  

academic i n t e r e s t  and, as such, l i m i t e d  work would have been done. O f  

no ted  excep t i on  a r e  s t u d i e s  g i v e n  i n  References 8 and 9. I n  these  

s t u d i e s ,  smal l  q u a n t i t i e s  o f  chemicals were mixed t o g e t h e r  i n  b i n a r y  

combinat ions t o  determine t h e i r  c o m p a t i b i l i t y .  Temperature and p ressure  

r i s e s  were recorded and used t o  determine t h e  hazard o f  t h e  combinat ion.  

I n f o r m a t i o n  f rom these  re fe rences  was i nco rpo ra ted  i n t o  t h e  b i n a r y  

chemical  r e a c t i v i t y  a n a l y s i s .  

The ASTM r e a c t i v i t y  group combinat ions t h a t  were i n i t i a l l y  

shown t o  be compat ib le  were subsequent ly  reviewed t o  determine i f  any %- 
incompa t i b l e  combinat ions were over looked. As a  r e s u l t  -. o f  t h i s  rev iew,  - 
seve ra l  a d d i t i o n a l  combinat ions were-_ad@cl_to t h e  l i s t  o f  i ncon lpa t ib le  
'__T__ - .. - - - -  _ _ - - - - -  

chemicals.  For  example, m i x i n g  oleum o r  concen t ra ted  s u l f u r i c  a c i d  (ASTM 

M a 1  R e a c t i v i t y  Group No. 2) w i t h  aqueous s o l u t i o n s  o f  e i t h e r  

h y d r o c h l o r i c  o r  h y d r o f  1  u o r o s i  1  i c i c  a c i d  (ASTM Chemical R e a c t i v i t y  Group 

No. 1) cou ld  generate  a  t o x i c  c l oud  o f  hydrogen c h l o r i d e  o r  hydrogen 



fluoride, respectively. The ASTM chart given in Figure 6 identifies 
these combinations as compatible. It is important to note that a 
chemical reaction does not occur in these examples, but rather the 
hydrochloric or hydrofluorosilicic acid are physically displaced from 

solution as a result of the sulfuric acid being the stronger acid. 

A summary of the chemical reactivity evaluations is given in 
Appendix H. There were 1337 individual combinations evaluated of which 

127 were subsequently deemed to be compatible. The remaining 3814 
combinations, primari ly combinations of combustible materials (ASTM 

Chemical Reactivity Group 101) or aliphatic hydrocarbons (ASTM Chemical 
Reactivity Groups 28 and 29) with other organic chemicals were judged to 

be compatible, and were not evaluated further. 
Combinations involving non-oxidizing mineral acids (ASTM Chemi 

cal Reactivity Group I), oxidizing mineral acids (ASTM Chemical 
Reactivity Group 2), and caustics (ASTM Chemical Reactivity Group 10) 

dominated the list of incompatible chemicals -- non-oxidizing mineral 
acids were involved in 424 combinations (35 percent of the incompatible 
combinations), oxidizing mineral acids in 324 combinations (27 percent), 

and caustics in 179 combinations (15 percent). 

3.2 Consequence Analyses 

After the incompatible reactions were characterized, quanti- 

tative consequence analyses were performed to determine which combi- 
nations represent the greatest hazard and risk to the public. The 

consequences that were analyzed and their causes included: 

Toxic Emissions 

- Formation of volatile toxic reaction products. 

- Enhanced evaporation of residual chemicals as a 
result of heat generated during the reaction. 



F i r e  B a l l s  

- Format ion of  v o l a t i l e  and f lammable r e a c t i o n  p roduc ts  
which form a c l oud  which subsequent ly  i g n i t e s .  

- Enhanced evapora t ion  o f  r e s i d u a l  chemica ls  as a 
r e s u l t  o f  hea t  generated d u r i n g  t h e  r e a c t i o n .  I f  
these  chemica ls  a re  v o l a t i l e  and flammable then  a 
vapor c l oud  cou ld  form which subsequent ly  i g n i t e s .  

Unconf ined Vapor Cloud Explos ions (UVCE' s )  

- Format ion o f  v o l a t i  l e  and f lammable r e a c t i o n  p roduc ts  
which form a c l oud  which subsequent ly  i g n i t e s .  

- Enhanced evapora t ion  o f  r e s i d u a l  chemica ls  as a 
r e s u l t  o f  heat  generated d u r i n g  t h e  r e a c t i o n .  I f  
these  chemica ls  a re  v o l a t i l e  and f la~ i in iab le  then a 
vapor c l oud  cou ld  form which subsequent ly  i g n i t e s .  

Condensed Phase Explos ions 

- A runaway r e a c t i o n  i n v o l v i n g  a chemical  t h a t  has 
e x p l o s i v e  p r o p e r t i e s  such as concen t ra ted  hydrogen 
perox ide .  

Pool F i r e s  

- An exothermic  r e a c t i o n  t h a t  causes t h e  i g n i t i o n  
temperature o f  one o f  t h e  chemica ls  t o  be a t t a i n e d .  

As shown i n  Appendix H, some combinat ions niay r e s u l t  i n  

n i u l t i p l e  consequences. For  example, t h e  r e a c t i o n  o f  oleum w i t h  methy l  

a l coho l  (see page H-11) generates d imethy l  e t h e r  and formaldehyde. 

Because s i g n i f i c a n t  hea t  would be  generated i n  t h i s  r e a c t i o n ,  r e s i d u a l  

SO3 f rom t h e  oleum c o u l d  be v o l a t i  1 i z e d  (Tox ic  Emission Hazard).  The 

d ime thy l  e t h e r  and formaldehyde p roduc ts  cou ld  a l s o  be vapor i zed  d u r i n g  

t h e  course o f  t h e  r e a c t i o n  (Tox ic  Emission, F i r e  B a l l ,  and Unconf ined 

Vapor Cloud Exp los i on  Hazards) . The r e a c t i o n  may a1 so genera te  

s u f f i c i e n t  hea t  t o  cause i g n i t i o n  o f  t h e  l i q u i d  (Pool  F i r e  Hazard). It 

i s  impo r tan t  t o  n o t e  t h a t  a poo l  f i r e  may l ead  t o  the rma l  r a d i a t i o n  

hazards t o  personnel ,  f o rma t i on  o f  t o x i c  combustion p roduc ts ,  and/or  

exposure o f  loaded (non-ruptured)  tank  c a r s  o f  c h e ~ i i i c a l s  t o  a f i r e .  I n  

t h e  l a t t e r  case, t h e  f i r e  may cause t h e  tank  c a r  t o  r u p t u r e  f o l l o w i n g  

p r e s s u r i z a t i o n .  The r u p t u r e  cou ld  cause t h e  t ank  c a r  t o  " r o c k e t "  as has 



been observed i n  severa l  p rev ious  acc iden ts  descr ibed  i n  Sec t ion  2 - 3 .  
The assumptions and c a l c u l a t i o n  procedures f o r  these  

consequences a r e  d iscussed i n  t h e  f o l l o w i n g  sec t i ons .  

3.2.1 Assumptions and Basis  f o r  t h e  Consequence Ana l ys i s  

A rev iew o f  p rev ious  acc iden ts  (d iscussed i n  Sec t ion  2.3) 

i n d i c a t e d  a  wide var iance  i n  c o n d i t i o n s  a r e  p o s s i b l e  when tank  ca rs  

r u p t u r e  f o l l o w i n g  a  dera i lment .  Several  s i t e - s p e c i f i c  parameters must be 

known i n  o r d e r  t o  p e r f o r m t h e  consequence ana l ys i s .  These inc lude :  

Q u a n t i t y  o f  each chemical s p i l l e d  

Q u a n t i t y  o f  each chemical s p i l l e d  t h a t  mixes and t h e  
degree o f  m i x i ng  

Ac tua l  temperature r i s e  r e s u l t i n g  f rom t h e  chemical 
r e a c t  i on 

Sur face area and average depth o f  t h e  s p i l l  

Ambient temperature,  wind speed and atmospheric s t a b i l i t y  
c o n d i t i o n s  

M i t i g a t i o n  measures i n c l u d i n g  f i r e - f i g h t i n g  t o  m i t i g a t e  
poo l  f i r e s ,  spreading a  foam o r  adsorbent on t h e  s p i l l  t o  
m i t i g a t e  v a p o r i z a t i o n  of t o x i c  chemicals,  and absorp t ion  
o f  t h e  chemicals i n t o  t h e  s o i  1  o r  water .  

It i s  e v i d e n t  t h a t  accura te  s p e c i f i c a t i o n  o f  t h e  above parame- 

t e r s  t o  cover  a1 1  p o s s i b l e  dera i lment  scenar ios  i s  n o t  poss ib l e .  How- 

ever ,  a  s i n g l e  scena r i o  cou ld  be s p e c i f i e d  and r e l a t i v e ,  r a t h e r  than  

abso lu te ,  consequences cou ld  be  ca l cu la ted .  Th is  approach would s t i l l  

a l l o w  t h e  wo rs t  case combinat ions t o  be i d e n t i f i e d ,  b u t  would n o t  a l l o w  

t h e  r e s u l t s  o f  t h e  consequence analyses t o  be used f o r  o t h e r  purposes 

such as de te rmin ing  evacuat ion d is tances  f rom t h e  de ra i lmen t  s i t e .  The 

se lec ted  scenar io  was based on p rev ious  de ra i lmen t  acc iden t s  as much as 

p o s s i b l e  and i n v o l v e d  t h e  f o l l o w i n g  conserva t i ve ,  y e t  r e a l i s t i c ,  

assumptions: 



Two tank  ca rs ,  each o f  100 t on  c a p a c i t y  (200,000 pounds), 
a re  rup tu red  i n  a  dera i lment  acc iden t .  

The con ten ts  o f  t h e  tank cars  i n s t a n t l y  mix and form a 
c i r c u l a r  pool  100 meters i n  d iameter  (7854 m2 su r face  
a rea) .  

There i s  no m i t i g a t i o n  o f  t h e  acc iden t .  

The r e a c t i o n  consumes about 10 t o  25 percent  o f  t h e  
chemicals when one o f  t h e  chemicals i s  v o l a t i l e  ( i  .e. 
vapor pressure g r e a t e r  than 112 atmosphere a t  ambient 
c o n d i t i o n s )  . A 25 percent  r e a c t i o n  was assumed f o r  
chemicals t h a t  a re  s o l u b l e  o r  m i s c i b l e  i n  one another .  

The r e a c t i o n  consumes about 50 t o  75 percen t  o f  t h e  
chemicals when bo th  o f  t h e  chemicals a r e  n o n - v o l a t i l e  
( i .e .  vapor pressure l e s s  than  112 atmosphere a t  ambient 
c o n d i t i o n s )  . 
The r e a c t i o n  consumes about 50 percen t  of t h e  chemicals 
when bo th  o f  t h e  chemicals a r e  v o l a t i l e  - r e a c t i o n  i n  bo th  
t h e  l i q u i d  and gas phase. 

The r e a c t i o n  consumes about 10 percen t  o f  t h e  chemicals 
when one o f  t h e  chemicals i s  a  s o l i d .  

The heat  o f  r e a c t i o n  causes enhanced evapora t ion  o f  
r e s i d u a l  ( i  .e. non-reacted) chemicals . A 25OC temperature 
r i s e  was assullied i f  10 t o  50 percent  o f  t h e  chemicals 
r eac ted  w h i l e  a  75OC temperature r i s e  was assumed i f  50 t o  
75 percen t  o f  t h e  chemicals reacted.  S p e c i f i c a t i o n  o f  t h e  
temperature r i s e  was based on t h e  na tu re  o f  t h e  r e a c t i o n  
as g i ven  i n  Appendix H ( i .e .  slow, v i o l e n t ,  e t c . ) .  

These assumptions served as t h e  bas i s  f o r  t h e  consequence c a l -  

c u l a t i o n s  d iscussed i n  t h e  subsequent sec t ions .  

3.2.2 D e t e n i  n a t  i o n  o f  Consequences R e s u l t i n g  f r om Tox i c  Emissions . 
Tox ic  chemical  re leases  can r e s u l t  f rom fo rma t i on  o f  a  t o x i c  

r e a c t i o n  p roduc t  t h a t  i s  v o l a t i l e  and/or f rom enhanced evapora t ion  o f  

r e s i d u a l  o r  unreacted chemicals caused by heat  generated d u r i n g  an 

exothermic cheli i ical r eac t i on .  The re l ease  o f  t h e  t o x i c  chemicals can 

e i t h e r  be cont inuous ( i  .e. a  plume) as i n  t h e  case o f  evapora t ion  o f  



r e l a t i v e l y  n o n - v o l a t i l e  chemicals f rom a l i q u i d  poo l  o r  ins tantaneous 

(i .e. a  p u f f )  as i n  t h e  case o f  r a p i d  f o rma t i on  o f  a  gas o r  evapora t ion  

o f  v o l a t i l e  chemicals f rom a l i q u i d  pool; Based on p rev ious  s tud ies ,  i t  

was assumed t h a t  a cont inuous re l ease  occurs when t h e  vapor pressure o f  

t h e  chemical i s  l e s s  than  about 400 mm Hg. An instantaneous re l ease  was 

assumed when t h e  vapor p ressure  of t h e  chemical exceeds about 400 mm Hg. 

The emiss ion r a t e s  f o r  a  cont inuous re l ease  of t o x i c  chemicals 

from a l i q u i d  poo l  were es t imated  by t h e  f o l l o w i n g  equa t i on  [Refs. 10, 

111 : 

where Qi = evapora t ion  r a t e  o f  component i (g lsec)  

Kgi  = mass t r a n s f e r  c o e f f i c i e n t  o f  component i (mlsec) 

A = area o f  t h e  s p i l l  = 7854 m2 

P i  = vapor p ressure  o f  component i (mm Hg) 

M i  = mo lecu la r  weight  o f  component i (glgm mole) 

R = 0.06236 m3 mm Hglgm m o l e / O ~  

T = temperature = 2 9 8 ' ~  ( 2 5 ' ~ )  

The mass t r a n s f e r  c o e f f i c i e n t  was est imated from: 

where: U = wind v e l o c i t y  (mlsec) - assumed t o  be 5 mlsec 

D = d iameter  o f  t h e  s p i l l  = 100 m 

Sc = Schmidt Number 

For  mo lecu la r  weight  < 100, (sc)-0.67 H 0.7 

For  mo lecu la r  weight  between 100-200, (sc ) -0 -67  R 0.6 

For  mo lecu la r  weight  > 200, (sc ) -0 -67  R 0.5 

I n  t h e  case o f  an instantaneous re lease ,  i t  was assumed t h a t  

t h e  chemical  (s)  would be i n s t a n t l y  re leased  a t  t h e  l o c a t i o n  o f  t h e  s p i l l .  

A t a b u l a t i o n  o f  r e l ease  t y p e  (cont inuous o r  ins tantaneous)  and re l ease  



r a t e s  f o r  t h e  chemicals o f  i n t e r e s t  ( exc lud ing  r e a c t i o n  p roduc ts )  i s  

g i ven  i n  Appendix I. Th is  t a b u l a t i o n  i nc l udes  n o t  o n l y  t h e  re l ease  r a t e s  

a t  ambient temperature b u t  a l s o  those where t h e  r e a c t i o n  r a i s e s  t h e  

temperature t o  50 o r  1 0 0 ~ ~  f rom an ambient temperature of 25OC. 

D ispers ion  o f  t h e  t o x i c  chemicals was modeled us ing  a  "s imp le  

gas" model w i t h  t h e  f o l l o w i n g  assumptions: 

The d i f f u s i n g  vapor i s  n e u t r a l l y  buoyant 

M ix i ng  w i t h  a i r  i s  un i f o rm  throughout  t h e  vapor c loud  

The c a l c u l a t e d  concen t ra t i on  i s  t ime-averaged 

The wind i s  un i form throughout  t h e  v e r t i c a l  e x t e n t  o f  t h e  
c loud  a t  a  speed o f  5 mlsec 

The t e r r a i n  i s  f l a t  ( i . e .  no wake e f f e c t s )  

There i s  no d e p l e t i o n  o f  t h e  p u f f l p l u m e  through d e p o s i t i o n  
o r  r e a c t i o n  w i t h  atmospheric components (i .e. water  vapor) 

The s p i l l  occurs a t  n i g h t .  

The s imp le  gas d i s p e r s i o n  equat ions f o r  a  cont inuous re l ease  

are:  

when u@X c z 

Q 
C = when a@X 2 z (3-3b) 

2  aeX z U 

. where: C = concen t ra t i on  o f  t he  vapor a t  d i s t ance  x  (mg/m3), 

(-I = emiss ion r a t e  (mglsec) 

UQ = h o r i z o n t a l  f l u c t u a t i o n  = 0.09, 

X = downwind d i  s tance (meters) ,  

04 = v e r t i c a l  f l u c t u a t i o n  = 0.06, 

U = wind speed = 5 m/sec 



z = m ix ing  l a y e r  he igh t  = 300 meters.  

I n  t h e  case of an instantaneous re lease,  t h e  s imple gas d i spe rs ion  

equat ion i s :  

3  where: C = concen t ra t i on  o f  t h e  vapor a t  d is tance  x  (mg/m ) , 
W = t o t a l  mass re leased (mg) 

X = downwind d i s tance  (meters),  

ua = v e r t i c a l  f l u c t u a t i o n  = 0.06, 

z = m ix i ng  l a y e r  h e i g h t  = 300 meters. 

The d i s tance  obta ined from t h e  d i spe rs ion  c a l c u l a t i o n s  served as a 

check on whether a re l ease  i s  instantaneous o r  cont inuous f o r  b o r d e r l i n e  cases 

( i  .e. vapor pressure o f  300 t o  500 mm Hg) . An instantaneous re lease  was 

assumed when t h e  d i s tance  t o  t h e  c r i t i c a l  concen t ra t i on  ob ta ined  f rom t h e  

d i spe rs ion  c a l c u l a t i o n s  d i v i d e d  by t h e  wind speed (5 m/sec) i s  l ess  than 100. 

The d i s p e r s i o n  c a l c u l a t i o n s  determined t h e  down wind d i s tance  t o  a c r i t i c a l  

concent ra t ion .  'The c r i t i c a l  concent ra t ion  f o r  t h i s  s tudy was assumed t o  be 

t h e  Immediately Dangerous t o  L i f e  and Hea l th  (IDLH), which i s  t h e  maximum 

concen t ra t i on  f rom which one cou ld  escape w i t h i n  30 minutes w i t hou t  any 

i r r e v e r s i b l e  h e a l t h  e f f e c t s .  Although t h e  IDLH i s  g e n e r a l l y  n o t  a  l e t h a l  

l i m i t ,  i t  was used i ns tead  o f  a  more accurate t ime-weighted l e t h a l  dose 

because of t h e  a v a i l a b i l i t y  o f  data. Time dependent t o x i c i t y  da ta  f o r  a1 1 o f  

t h e  chemicals o f  i n t e r e s t  i s  genera l  l y  unava i lab le ,  whereas IDLH concentra- 

t i o n s  a re  r e a d i l y  a v a i l a b l e  from sources such as NIOSH [Ref. 121. A t abu la -  

t i o n  o f  IDLH l e v e l s  f o r  t h e  chemicals o f  i n t e r e s t  i s  g i ven  i n  Appendix I. The 

IDLH values f o r  severa l  p o t e n t i a l l y  t o x i c  chemicals were n o t  a v a i l a b l e  i n  t h e  

l i t e r a t u r e  i nc lud ing :  

A c r y l i c  a c i d  

B u t y l  a c r y l a t e  



Hyd r i od i c  a c i d  

Ma le i c  anhydr ide 

V iny l  ace ta te  

V i n y l  c h l o r i d e .  

I n  these  cases t h e  t o x i c  emiss ion consequences cou ld  n o t  be c a l c u l a t e d .  

I t  i s  a l s o  impo r tan t  t o  no te  t h a t  t h e r e  may be a  synergism i n  t o x i c i t y  

e f f e c t s  f o l l o w i n g  exposure t o  m u l t i p l e  chemicals.  Because of  t h e  l a c k  o f  

t o x i c i t y  da ta ,  t h e  synergism of t o x i c  e f f e c t s  was n o t  cons idered i n  t h i s  

s tudy .  

Because many o f  t h e  chemicals under c o n s i d e r a t i o n  a r e  i n  

themselves q u i t e  t o x i c ,  t h e  d i s p e r s i o n  o f  t h e  chemica ls  r e s u l t i n g  f rom a  

s p - i l l  where t h e  che~ i l i ca l s  a re  n o t  mixed was a l s o  modeled. Th is  was done 

i n  o r d e r  t o  determine t h e  d i f f e r e n c e  i n  consequences between chemicals 

t h a t  mix  f o l l o w i n g  a  s p i l l  and t h e  same chemica ls  t h a t  do n o t  mix  

f o l l o w i n g  a  s p i l l .  I n  severa l  cases, t h e  m i x i ng  o f  t h e  chemica ls  would 

a c t u a l l y  reduce t h e  consequences as compared w i t h  t h e  unmixed chemicals.  

Resu l t s  o f  t h e  d i s p e r s i o n  c a l c u l a t i o n s  a r e  g i ven  i n  Appendix I. 

3 . 2 . 3  Dete rm ina t i on  o f  Consequences R e s u l t i n g  f r om  F i r e b a l l s  

F i r e b a l l s  a r e  caused by i g n i t i o n  o f  a  c l oud  o f  f lammable vapor 

r e s u l t i n g  i n  a  thermal  r a d i a t i o n  hazard. The amount o f  t h e  m a t e r i a l  i n  

t h e  vapor c l o u d  i s  r e l a t i v e l y  sma l l  ( i  .e. l e s s  t han  a  few tons)  so t h e  

c l o u d  burns r a t h e r  t han  explodes f o l l o w i n g  i g n i t i o n .  The f lammable gas 

c l o u d  can fo rm as a  r e a c t i o n  p roduc t  and/or f rom enhanced evapora t ion  o f  

t h e  chemica ls  caused by hea t  generated d u r i n g  a  chemical  r e a c t i o n .  I f  

t h e  f lammable gas was formed as a  r e a c t i o n  p roduc t ,  t hen  an ins tantaneous 

r e l e a s e  was assumed as i n  t h e  case o f  chemicals w i t h  h i g h  vapor 

pressures.  

The c a l c u l a t i o n  method f o r  de te rmin ing  t h e  thermal  r a d i a t i o n  

hazards f rom a  f i r e b a l l  f i r s t  i n vo l ved  de te rm in i ng  t h e  amount o f  

f lammable gas i n  t h e  c loud .  The r a d i a n t  f l u x  and d u r a t i o n  o f  t h e  

f i r e b a l l  were then c a l c u l a t e d .  It was assumed t h a t  t h e  d u r a t i o n  of t h e  



f i r e b a l l  equaled t h e  exposure t ime  ( i  .e. l eng th  o f  t ime  an i n d i v i d u a l  

would be exposed t o  t h e  thermal  r a d i a t i o n ) .  No c r e d i t  was taken f o r  

o b s t r u c t i o n s  such as t r e e s  o r  b u i l d i n g s  which would b l ock  t h e  thermal 

r a d i a t i o n ,  thereby  m i  t i g a t i n g  t h e  consequences. An e m p i r i c a l  equat ion 

was then  used t o  es t ima te  t h e  d i s tance  f rom t h e  edge o f  t h e  f i r e b a l l  

where t h e  r a d i a n t  f l u x  would be l e t h a l  f o r  t h e  es t imated  exposure t ime.  

Th i s  d i s t a n c e  was added t o  t h e  r a d i u s  o f  t h e  f i r e b a l l  t o  g i v e  an o v e r a l l  

d i s t a n c e  above t h e  l e t h a l  l i m i t .  

For  a  cont inuous re l ease  o f  vapor, t h e  amount o f  flammable 

vapor above t h e  lower  f l a m m a b i l i t y  l i m i t  under "D"  n e u t r a l  atmospheric 

s t a b i l i t y  i s  g i ven  by [Ref. 131: 

Wflam = 
(M ~ p . 6  

where: W f l a m  = amount o f  vapor i n  t h e  c l oud  above t h e  flammable 
1  i m i  t ( kg ) ,  

T o  = ambient temperature = 2 9 8 ' ~ ~  

w = r e l ease  r a t e  ( kg l sec ) ,  

U = wind speed = 5 mlsec, 

M  = mo lecu la r  weight  (glgm mo le ) ,  

L = lower  flammable 1  i m i t  (volume p e r c e n t ) .  

The r a d i a n t  f l u x  f rom a  f i r e b a l l  was es t imated  f r om [Ref. 141: 

f Hc Wflam a  
Q = 

4  ?r ~2 t d  

where: f = f r a c t i o n  o f  combustion energy conver ted  t o  r a d i a n t  
energy a 0.2 f o r  chemicals c o n t a i n i n g  oxygen atom(s) 
o r  a 0.4 f o r  o t h e r  chemicals,  

Hc = heat  o f  combustion ( kJ I kg )  , 
a  = t r a n s m i s s i v i t y  o f  t h e  atmosphere a 0.75 (over  a  

d i s tance  o f  50 meters) 

X = d i s t a n c e  f rom edge o f  f i r e b a l l  (meters) ,  

t d  = d u r a t i o n  o f  f i r e b a l l  (sec) . 
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The d u r a t i o n  o f  t h e  f i r e b a l l  was c a l c u l a t e d  f rom [Ref. 151: 

The r a d i a n t  f l u x  which would be l e t h a l  t o  50 pe rcen t  o f  t h e  

p o p u l a t i o n  (i .e. LD50) i s  g i ven  by [based on da ta  i n  Ref. 161 : 

LD50Rad ian t  F lux  (kwIm2) = e x p ( 6 . 4 - 0 . 8 0  l n ( t d ) )  (3-8) 

The edge o f  t h e  f i r e b a l l  o r  r a d i u s  o f  t h e  f i r e b a l l  was 

c a l c u l a t e d  f rom [Ref. 131: 

Radius = 0.34 (3-9) 

where: S t  = s t o i c h i o m e t r i c  concen t ra t i on  (volume p e r c e n t ) ,  

Radius = r a d i u s  o f  f i r e b a l l  (meters) .  

The equa t ions  g i ven  above were combined t o  es t ima te  t h e  

d i s t a n c e  f rom t h e  f i r e b a l l  t o  t h e  LD50 l i m i t  f o r  con t inuous  re leases .  A 

s i m i l a r  s e t  o f  equa t ions  was used t o  c a l c u l a t e  t h e  thermal  r a d i a t i o n  

hazards f rom a f i r e b a l l  formed by an ins tantaneous r e l e a s e  except  t h e  

a~iiount o f  f lammable vapor above t h e  lower  f l a m m a b i l i t y  l i m i t  and t h e  

c l o u d  r a d i u s  were c a l c u l a t e d  f rom [Ref. 131: 

where: W t  = t o t a l  amount o f  vapor re leased  (kg) .  

Radius = 0.34 
MW)LT i t ) * l  0 * 3 3  



Resu l t s  o f  t h e  f i r e b a l l  c a l c u l a t i o n s  a r e  g i ven  i n  Appendix I. 

It i s  impo r tan t  t o  no te  t h a t  f i r e b a l l s  were n o t  cons idered f o r  combi- 

n a t i o n s  i n  which one o f  t h e  chemica ls  i s  a  non-f lammable gas ( i . e .  

hydrogen f l u o r i d e ) .  For  these  cases, i t  was assumed t h a t  even i f  a  

f lammable gas i s  formed i n  a  r e a c t i o n  t h a t  t h e  presence o f  t h e  non- 

f lammable gas would p reven t  i g n i t i o n  of t h e  c loud .  Except ions a r e  cases 

i n v o l v i n g  c h l o r i n e  and a  f lammable vapor. I n  these  cases, t h e  flammable 

chemical  may "burn"  by r e a c t i o n  w i t h  t h e  c h l o r i n e .  

3.2.4 De te rm ina t i on  o f  Consequences R e s u l t i n g  f r om  Unconf ined 
Vapor Cloud Exp los ions  (UVCE' s) 

UVCE's a r e  caused by i g n i t i o n  o f  a  l a r g e  uncon f ined  c l oud  o f  

f lammable vapor  l e a d i n g  t o  an exp los i on  which causes b l a s t  p ressure  

hazards.  A1 though r e l a t i v e l y  h i g h  over-pressures a re  r e q u i r e d  t o  cause 

f a t a l i t i e s  (e.g. over  10 p s i ) ,  t h e  exp los i on  may fo rm l e t h a l  p r o j e c t i l e s  

a t  much lower  p ressures  when, f o r  example, t h e  exp los i on  damages o r  

des t roys  ad jacen t  s t r u c t u r e s .  A  vapor c l oud  would r e q u i r e  a t  l e a s t  

severa l  t ons  o f  f lammable vapor i n  o r d e r  t o  have t h e  p o t e n t i a l  f o r  an 

exp los i on  r a t h e r  than t h e  d e f l a g r a t i v e  bu rn i ng  ( i  .e. f i r e b a l l )  assoc ia ted  

w i t h  s m a l l e r  s i z e d  c louds.  I n  a  UVCE t h e  energy i s  r e l eased  i n  a  ve r y  

s h o r t  p e r i o d  because o f  t h e  h i g h  f lame speed i n  t h e  c loud .  F i r e b a l l s ,  on 

t h e  o t h e r  hand, have low f lame speeds so t h e  energy i s  g r a d u a l l y  re leased  

caus ing  l i t t l e  o r  no b l a s t  pressure.  

The c a l c u l a t i o n  method f o r  de te rm in i ng  t h e  b l a s t  hazards f rom a  

UVCE f i r s t  i n v o l v e d  de te rm in i ng  t h e  amount o f  f lammable gas i n  t h e  c loud .  

The t h e o r e t i c a l  TNT e q u i v a l e n t  f o r  t h e  c l oud  was then  c a l c u l a t e d .  

Because t h e  e x p l o s i o n  w i l l  n o t  consume a l l  o f  t h e  vapor i n  t h e  c loud,  an 

e m p i r i c a l  equa t i on  was used t o  es t ima te  t h e  e f f i c i e n c y  o f  t h e  exp los ion .  

The exp los i on  e f f i c i e n c y  was mu1 t i  p l  i e d  by t h e  t h e o r e t i c a l  TNT e q u i v a l e n t  

t o  o b t a i n  t h e  expected TNT equ i va l en t .  The d i s t a n c e  t o  a  "s ide -on"  o r  

i n c i d e n t  over -p ressure  o f  about 2.0 p s i  was then  es t imated  u s i n g  an 

i t e r a t i v e  approach. The 2.0 p s i  over -p ressure  was s e l e c t e d  as t h e  l e t h a l  

l i m i t  below which t h e  l i k e l i h o o d  o f  p r o j e c t i l e  f o rma t i on  l e a d i n g  t o  a  
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lethality is minimal. 

The amount of flammable vapor above the lower flammability 

limit in the cloud was estimated by the correlations given in Section 
3.2.3. The theoretical TNT equivalent was calculated from [Ref. 131: 

Wfl am Hc 
TNTt = (3-12) 

4186 
where: TNTt = Theoretical TNT equivalent (kg TNT) , 

Wflam = Weight of flammable material in the cloud 
(kg) t 

H c = Heat of combustion kJ1kg. 

If TNTt < 1,000,000 then the explosion efficiency was estimated from the 

following equation [Ref. 131 : 

Efficiency = 0.5[1- J(1 - exp (-0.31 [ ~ ~ ( w ~ ~ ~ ~ / ~ , o o o , o o o ) ] ~  ))] (3-13a) 

If TNTt > 1,000,000 then: 

Efficiency = 0.5[1+ ,/(I - exp (-0.31 [ 1 ~ ( ~ ~ ~ ~ ~ / 1 , 0 0 0 ~ 0 0 0 ) ] ~  })I  (3-13b) 

The actual TNT equivalent is: 

TNTa (kg TNT) = TNTt * Efficiency (3 - 14) 

This was then used to estimate the incident pressure by the following 

equation [Ref. 131 : 

where: pso = Side-on or incident over-pressure (psi ) , 
X = Distance from the UVCE (meters), 
Vd = Virtual distance in meters = 0.25 d(Wflam). 

Iterations were performed by varying the distance until PSo was nearly 



equal t o  2.0. Resu l t s  o f  t h e  UVCE c a l c u l a t i o n s  a r e  g i ven  i n  Appendix I. 

3.2.5 De te rm ina t i on  o f  Consequences f r om Condensed Phase Exp los ions  

Condensed phase exp los ions  can occur  when an uns tab le  chemical 

such as a  pe rox i de  i s  heated, shocked o r  i g n i t e d .  The chemical  can 

undergo an exothermic  decomposi t ion r e a c t i o n  a t  ex t reme ly  f a s t  r a t e s  t o  

produce gaseous r e a c t i o n  p roduc ts  a t  h i g h  temperature and pressure.  The 

r a p i d  hea t  r e l e a s e  causes t h e  sur round ing  a i r  t o  expand r e s u l t i n g  i n  a  

shock o r  b l a s t  wave w i t h  consequent over-pressures.  The chemical  

co r r~b ina t ions  which can l ead  t o  a  condensed phase exp los i on  i nc l ude :  

Chemicals which e x o t h e r m i c a l l y  r e a c t  w i t h  concen t ra ted  
hydrogen perox ide.  The hea t  re leased  may cause t h e  
r e s i d u a l  hydrogen pe rox i de  o r  t h e  r e a c t  i o n  p roduc t  (e.g . 
o rgan i c  perox ide)  t o  explode. 

Chemicals which e x o t h e r m i c a l l y  r e a c t  w i t h  d i n i t r o t o l u e n e .  
The heat  re leased  may cause t h e  r e s i d u a l  d i n i t r o t o l u e n e  t o  
explode. 

Combinations o f  c h l o r i n e  and a l c o h o l s  which r e s u l t  i n  t h e  
f o r m a t i o n  o f  u n s t a b l e  a l k y l  h y p o c h l o r i t e s .  

Combinat ions o f  fuming n i t r i c  a c i d  w i t h  a l coho l s ,  
a ldehydes, o rgan i c  ac i ds ,  anhydr ides,  a romat i c  
hydrocarbons, o r  a c r y l o n i t r i l e  which l e a d  t o  u n s t a b l e  
o rgan i c  n i t r o  o r  o rgan i c  n i t r a t e  compounds. 

React ions o f  c h l o r i n e ,  oleum, concen t ra ted  s u l f u r i c  a c i d  
o r  phosphorus w i t h  ammonium n i t r a t e  s o l u t i o n  which may 
l ead  t o  an exp los i on  i n  t h e  r e s i d u a l  ammonium n i t r a t e .  

React ions o f  d i n i t r o t o l u e n e  w i t h  c a u s t i c s  o r  s u l f u r i c  a c i d  
which may l ead  t o  t h e  f o r m a t i o n  of u n s t a b l e  compounds. 

The e x p l o s i o n  c a l c u l a t i o n s  were based on t h e  "TNT Equiva lence"  

method. The hea t  o f  decomposi t ion o f  t h e  uns tab le  compound was e i t h e r  

ob ta i ned  f r om t h e  l i t e r a t u r e  o r  es t imated  f rom t h e  hea ts  o f  f o rma t i on  o f  

t h e  compound and i t s  decomposi t ion p roduc ts .  The hea t  of  decomposi t ion 

was t hen  conver ted  t o  a  TNT e q u i v a l e n t  by d i v i d i n g  by t h e  hea t  o f  

decomposi t ion o f  TNT (454 k c a l l l  b  o f  TNT) . The sca led  ground d i s t a n c e  



f o r  an i n c i d e n t  over-pressure of 2 p s i  (assumed t o  be t h e  l e t h a l  1  i m i t  as 

i n  t h e  case of a  UVCE) was ob ta ined  f o r  a  hemispher ica l  TNT su r face  

exp los ion  a t  sea l e v e l  [Ref. 171. The d i s tance  t o  a  2 p s i  over-pressure 

f rom t h e  cen te r  o f  t h e  exp los ion  was then found from: 

I 

where: X = d i s t ance  t o  2 p s i  over-pressure ( f e e t ) ,  

Zg = sca led ground d i s tance  ( f t / l b l / 3 ) ,  

TNTe = TNT equ i va len t  (1 bs o f  TNT) . 

Resu l ts  f rom t h e  condensed phase exp los ion  c a l c u l a t i o n s  a re  

g iven  i n  Appendix I. 

3.2.6 Dete rmina t ion  o f  Consequences f rom Pool F i r e s  

Pool f i r e s  a re  bu rn ing  pools  o f  1  i q u i d s  which can cause thermal 

r a d i a t i o n  hazards t o  nearby personnel ,  down-wind t o x i c  emission hazards 

f rom t o x i c  corr~bust ion p roduc ts  o r  exposure of f u l l  tank  ca rs  t o  t h e  heat 

o f  t h e  f i r e .  Many o f  t h e  chemicals o f  i n t e r e s t  a re  h i g h l y  flammable and 

can be e a s i l y  i g n i t e d  by hea t ,  sparks o r  f lames. Several  o f  t h e  

chemica ls  have t h e  NFPA (Nat iona l  F i r e  P r o t e c t i o n  Agency) F l  ammabi 1  i t y  

Hazard o f  4 ( h i ghes t  f l  ammabi 1  i t y  r a t i n g )  i n c l u d i n g :  

Acetaldehyde 

Butadiene ( i n h i b i t e d  and u n i n h i b i t e d )  

Butane 

E t h y l e n e O x i d e  

Hydrocyanic Ac id  

L i q u e f i e d  Petroleum Gas ( A l l  forms) 

Methyl  Ch lo r i de  

Propylene Oxide 

V i n y l  Ch lo r ide .  



Two of the chemicals (Sodium metal and Phosphorus) are 
pyrophoric in that'ignition may occur upon exposure to air. Also, pool 
fires may be initiated by highly exothermic reactions including: 

Chlorine in combination with most organic chemicals 

Oleum or concentrated sulfuric acid in combination with 
most organic chemicals 

Hydrogen peroxide in combination with a1 dehydes, 
unsaturated hydrocarbons, ketones or alcohols 

Sodium metal in combination with aldehydes, organic acids, 
alcohols, esters, acrylonitrile, epoxides, or chlorinated 
hydrocarbons. 

The calculation procedure for thermal radiation hazards is 

discussed as follows. The diameter of the pool fire was assumed to be 
equivalent to the diameter of the spill (i .e. 100 meters). The flame 

height and flame tilt caused by the wind were calculated by correlations 
given in References 16 and 18. The amount of radiant heat at the flame 

surface was then estimated as follows: 

f Hc Wflam vf 
Q = 

x d (ht + d/4) 

where: Q = radiant flux (kw/m2), 

f =  fraction of combustion energy converted to radiant 
energy s 0.2 for chemicals containing oxygen atom(s) 
or 8 0.4 for other chemicals, 

Hc = heat of corr~bustion (kJ/kg), 

vf = burn rate w 0.095 cm/sec, 

d = diameter of pool fire = 100 meters, 

ht = height of the f 1 ame (meters). 

A correlation of distance versus atmospheric transmissivity was 
developed assunii ng absorption of the radiant heat by water vapor (50% 

relative humidity) and carbon dioxide (parti a1 pressure = 0.0003 

atmospheres). View factors for up-wind, down-wind, and cross-wind 



d i r e c t i o n s  f rom t h e  f i r e  were c a l c u l a t e d  us ing  t h e  procedure g iven  i n  

Reference 19. The thermal  r a d i a t i o n  l e v e l s  a t  5 meter i n t e r v a l s  f rom t h e  

f i r e  were then c a l c u l a t e d  from t h e  r a d i a n t  energy, atmospheric 

t r a n s m i s s i v i t y  and view f a c t o r s  f o r  up-wind, down-wind, and cross-wind 

d i r e c t i o n s .  The c a l c u l a t i o n s  were repeated u n t i  1 t h e  thermal r a d i a t i o n  

decreased t o  below t h e  l e t h a l  l i m i t .  The t ime-dependent l e t h a l  limit f o r  

thermal  r a d i a t i o n  was assumed t o  be 10 kw/m2 f o r  a one minute exposure 

[Refs. 16, 201 . 
Resu l ts  o f  these c a l c u l a t i o n s  i n d i c a t e  t h a t  t h e  down-wind d i s -  

tance (wors t  case) t o  t h e  l e t h a l  r a d i a n t  f l u x  o f  10 kw/m2 i s  about 30 

meters o r  l e s s  f o r  t h e  chemicals o f  i n t e r e s t .  Th i s  i s  i n s i g n i f i c a n t  as 

compared w i t h  t h e  o t h e r  hazards such as t o x i c  emiss ions,  f i r e b a l l s ,  e t c .  

The second p o t e n t i a l  consequence from pool  f i r e s  i s  t h e  

f o rma t i on  o f  t o x i c  combustion p roduc ts .  Examples o f  t o x i c  combustion 

p roduc ts  and t h e i r  sources i nc l ude :  

NOx ( n i t r o g e n  ox ides)  f rom combustion o f  chemicals 
c o n t a i n i n g  a n i t r o g e n  atom such as hydrocyanic  ac id ,  
a c r y l o n i t r i l e ,  ammonia, a n i l i n e ,  hexamethylene diamine 
s o l u t i o n ,  t o l uene  d i i socyanate ,  d i n i t r o t o l u e n e ,  o r  
ammonium n i t r a t e  s o l u t i o n .  NOx may a l s o  be formed i n  
f i r e s  i n i t i a t e d  by t h e  r e a c t i o n  o f  fuming n i t r i c  a c i d  w i t h  
an o rgan i c  chemical .  

SO2 ( s u l f u r  d i ox i de )  f rom combustion o f  chemicals 
c o n t a i n i n g  a s u l f u r  atom such as carbon d i s u l f i d e .  SO2 
may a l s o  be formed i n  f i r e s  i n i t i a t e d  by t h e  r e a c t i o n  o f  
oleum o r  concentrated s u l f u r i c  a c i d  and an o rgan i c  
chemical  . 
HC1 (hydrogen c h l o r i d e )  and COC12 (phosgene) f rom 
combustion o f  chemicals c o n t a i n i n g  a c h l o r i n e  atom such as 
ch loroprene,  v i n y l  c h l o r i d e ,  o r  methyl  c h l o r i d e .  HC1 and 
COC12 may a l s o  be formed i n  f i r e s  i n i t i a t e d  by t h e  
r e a c t i o n  o f  c h l o r i n e  w i t h  an o rgan ic  chemical .  

PC13 (phosphorus t r i c h l o r i d e )  f rom combust ion o f  
phosphorus i n  an atmosphere o f  c h l o r i n e .  

P2O5 (phosphorus pen tox i  de) f rom corrlbust i o n  o f  phosphorus 
i n  a i r .  The P2O5 was assumed t o  t u r n  i n t o  a m i s t  o f  
phosphor ic  a c i d  as i t  reac t s  w i t h  wate r  vapor i n  t h e  a i r .  



The c a l c u l a t i o n  procedure f o r  determin ing t h e  consequences o f  

t o x i c  combustion products from pool  f i r e s  i s  g iven  as f o l l o w s .  

Assumptions used i n  t h e  c a l c u l a t i o n s  inc luded:  

Average burn r a t e  o f  about 5  mmlmin (ranges from about 2  
t o  7  m m l m i  n) [Ref. 71, 

100 meter diameter pool f i r e  (7854 m2 area) ,  

Average dens i t y  o f  1000 kgIm3, 

Average heat o f  combustion o f  5560 ca l lgm (10,000 BTUIlb) , 

100 tons (90,720 kg) o f  m a t e r i a l  i nvo l ved  i n  t h e  pool 
f i r e ,  

A wind speed o f  5  mlsec, 

The r a t e  o f  t o x i c  combustion product fo rmat ion  i s  un i f o rm 
du r i ng  t h e  course o f  t h e  f i r e .  

The mass burn r a t e  and du ra t i on  o f  t h e  f i r e  are: 

90720 kg I 39,270 kg/min = 2.3 min 

The re lease o f  t h e  t o x i c  combustion products was assumed t o  be 

instantaneous because o f  t h e  sho r t  d u r a t i o n  o f  t h e  f i r e .  U n l i k e  t h e  

evaporat ion o f  chemicals from a  l i q u i d  poo l ,  t h e  t o x i c  combustion 

products w i l l  be l i f t e d  i n t o  t h e  a i r  by t h e  buoyant e f f e c t s  caused by t h e  

heat o f  t h e  f i r e .  As such, t h e  d i spe rs ion  model ing cannot assume a  

ground l e v e l  re lease  b u t  r a t h e r  an e leva ted  re lease.  An " e f f e c t i v e  

re lease h e i g h t "  can be c a l c u l a t e d  which considers buoyant e f f e c t s  o f  t h e  

f i r e .  The f o l l o w i n g  equat ion,  which assumes n e u t r a l  atmospheric 

s t a b i l i t y  cond i t i ons ,  was used [Ref. 211: 



where: A h  = e f f e c t i v e  r e l ease  h e i g h t  (meters) , 

Qh = hea t  o u t p u t  o f  t h e  f i r e  ( ca l / sec )  
- - 5560 ca l /gm * 39,720 kg lm in  / 60 sec/min, 

U = wind v e l o c i t y  = 5  m/sec.- 

The d i s p e r s i o n  o f  t h e  t o x i c  combustion p roduc ts  was modeled by 

a  two-dimensional  Gaussian d i s p e r s i o n  model t h a t  assumed t h e  t o x i c  

combustion p roduc ts  were re leased  a t  an e l e v a t i o n  o f  432 meters above t h e  

pool  f i r e .  The concen t ra t i ons  were c a l c u l a t e d  f o r  va r i ous  down wind 

d is tances .  The r e s u l t s  i n d i c a t e d  t h a t  t h e  down wind concen t ra t i on  does 

n o t  surpass t h e  IDLH l e v e l  f o r  any o f  t h e  pool  f i r e s .  The wors t  case, 

shown i n  F i g u r e  8, i s  f o r  a  f i r e  t h a t  forms t o x i c  hydrogen c h l o r i d e  

(HC1). I n  t h i s  case, t h e  Threshold  L i m i t i n g  Value (TLV)) i s  exceeded 

b u t t h e  IDLH l e v e l  i s  n o t .  Thus, t o x i c  combustion p roduc ts  f rom pool  

f i r e s  o f  chemica ls  of  i n t e r e s t  i n  t h i s  s tudy  do n o t  appear t o  represen t  a 

l e t h a l  hazard and, as such, were n o t  cons idered f u r t h e r .  

Exposure o f  f u l l  t ank  ca r s  t o  t h e  heat  of  a  pool  f i r e  may l ead  

t o  t h e i r  r u p t u r e  as has been observed i n  t h e  past .  The r u p t u r e  may cause 

t h e  t ank  c a r  t o  " r o c k e t "  o r  f ragment,  the reby  expos ing personnel  and 

equipment t o  meta l  p r o j e c t i l e s .  A  second consequence o f  a  t ank  c a r  

r u p t u r e  may r e s u l t  i n  e x p l o s i v e  b o i l i n g  of t h e  r e l eased  l i q u i d  i f  t h e  

chemical  i n  t h e  t ank  c a r  i s  a  l i q u e f i e d  gas. Th i s  phenomenon i s  known as 

a  BLEVE o r  B o i l i n g  L i q u i d  Expanding Vapor Exp los ion  which r e s u l t s  i n  

b l a s t  o r  over -p ressure  e f f e c t s  s i m i  1 a r  t o  a  condensed phase exp los ion .  

Because a  t ank  c a r  exp los i on  would be an i n d i r e c t  consequence 

of  m i x i n g  i ncompa t i b l e  chemica ls ,  c a l c u l a t i o n s  were o n l y  performed t o  

determine which of t h e  chemicals o f  i n t e r e s t  rep resen ts  t h e  g r e a t e s t  

hazard. Resu l t s  from t h e  c a l c u l a t i o n s  were n o t  i nc l uded  i n  t h e  rank ings  

of  i n compa t i b l e  r e a c t i o n s .  The procedure f o r  de te rm in i ng  t h e  consequence 

o f  a  t ank  c a r  exp los i on  was based on Reference 22. It was assumed t h a t  

t h e  r a i l  t ank  c a r  would be 40 percen t  f u l l  a t  t h e  t i m e  o f  r u p t u r e  [Ref. 

231. Resu l t s  a r e  g i ven  i n  Appendix I. 
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3.3 Rankings o f  I n c m p a t i  b l e  Chemical Combinat ions 

Consequence-based and r i  sk-based rank ings  o f  t h e  i ncompa t i b l e  

chemical  combinat ions were prepared t o  determine t h e  wors t  case combi- 

na t i ons .  The consequence-based rank ing  determined which combinat ions had 

t h e  wors t  consequences. The r i sk -based  rank ing ,  on t h e  o t h e r  hand, 

i nc l uded  a  r e l a t i v e  f requency w i t h  t h e  consequence. The frequency i s  

r e l a t e d  t o  how o f t e n  t h e  two chemicals cou ld  be i n v o l v e d  i n  t h e  same 

d e r a i  lment acc iden t .  A r e l a t i v e  f requency was ob ta ined  us i ng  t h e  y e a r l y  

number o f  tank  c a r  movements f o r  each chemical  o f  t h e  combinat ion.  Th i s ,  

o f  course,  assumes movements a r e  u n i f o r m l y  d i s t r i b u t e d  i n  t r a f f i c  and 

does n o t  address concen t ra t i on  o f  movements on s p e c i f i c  rou tes .  

3.3.1 Consequence-Based Rankings 

The f i r s t  s t ep  i n  de te rmin ing  t h e  rank ings  was c a l c u l a t i n g  t h e  

su r f ace  areas above t h e  l e t h a l  l i m i t s .  The su r f ace  areas were based on 

t h e  d i s t ances  ob ta ined  i n  Sec t i on  3.2, assuming t h e  f o l l o w i n g  shapes f o r  

each consequence: 

Tox ic  emissions -- e l l i p s e  w i t h  t h e  ma jo r  a x i s  equal t o  
t h e  d i s t a n c e  c a l c u l a t e d  f rom t h e  d i s p e r s i o n  a n a l y s i s  and a  
m inor  a x i s  equal  t o  1/10 t h e  ma jo r  a x i s  d i s t a n c e  (based on 
exper ience)  . 
F i r e b a l l s ,  UVCE's, and condensed-phase exp los i ons  -- 
c i r c l e  w i t h  a  r a d i u s  equal  t o  t h e  d i s t a n c e  c a l c u l a t e d  f rom 
t h e  r e s p e c t i v e  analyses. 

Tox ic  emiss ions,  f i r e b a l l s ,  e t c .  may occur  f o l l o w i n g  a  d e r a i l -  

ment, even w i t h o u t  m i x i n g  o f  i n compa t i b l e  chemica ls .  As such, t h e  

su r f ace  area above t h e  l e t h a l  l i m i t  f o r  t h e  unmixed chemica ls  o f  a  b i n a r y  

combinat ion was c a l c u l a t e d  and sub t rac ted  f rom t h e  su r f ace  area ob ta ined  

f rom t h e  mixed chemica ls  t o  g i v e  a  " n e t "  su r f ace  area. I n  do ing  so, t h e  

e f f e c t  o f  m i x i n g  on t h e  consequences can be determined. The unmixed 

chemical  which had t h e  l a r g e s t  area was used i n  t h e  s u b t r a c t i o n .  Resu l t s  

a r e  g i ven  i n  Table  J1  o f  Appendix J .  S p i l l s  o f  s i n g l e  chemica ls  a r e  



prov ided  i n  Table  52 f o r  comparison. 

The rank ings ,  so r t ed  by t o t a l  su r f ace  area, a re  g i ven  i n  Table 

53 of Appendix J. The t o t a l  su r f ace  area represen ts  t h e  added areas o f  

t h e  t o x i c  emiss ion,  f i r e b a l l ,  UVCE and condensed-phase exp los i on  

consequences f o r  each b i n a r y  chemical  combinat ion (where appl  i c a b l e )  . 
The areas f o r  t h e  d i f f e r e n t  consequences were added i n  o r d e r  t o  p e n a l i z e  

those  combinat ions where more than  one consequence i s  poss ib l e .  The 

wors t  case combinat ion was h y d r o f l u o r o s i l i c i c  a c i d  w i t h  s u l f u r i c  ac i d ,  

where t h e  h i g h l y  t o x i c  hydrogen f l u o r d e  i s  d i sp l aced  f rom s o l u t i o n  by t h e  

s t r o n g e r  s u l f u r i c  ac i d .  I f  these  chemica ls  a r e  s p i l l e d  b u t  do n o t  mix,  

then t h e  consequences a r e  n e g l i g i b l e .  As shown i n  Table 54  o f  Appendix 

J ,  t h e  f o l l o w i n g  combinat ions dominate t h e  1  i s t :  

Oleum w i t h  o rgan i c  chemica ls  -- Tox ic  emiss ion,  f i r e  b a l l ,  
UVCE consequences 

Fuming n i t r i c  a c i d  w i t h  o rgan i c  chemica ls  -- Tox ic  
emiss ion,  f i r e  b a l l ,  UVCE consequences 

Hydrogen pe rox i de  w i t h  o rgan i c  chemica ls  -- Tox ic  emiss ion 
and condensed-phase exp los i on  consequences 

Sodium meta l  w i t h  commodit ies c o n t a i n i n g  wa te r  -- F i r e  
b a l l  and UVCE consequences 

ASTM Group 1 (Non-ox id iz ing  m ine ra l  ac i ds )  w i t h  AS'TM Group 
2 ( O x i d i z i n g  m inera l  ac ids )  -- Tox ic  emiss ion 
consequences. 

The combinat ions which had an area o f  10,000 m2 o r  g r e a t e r  were 

ca tego r i zed  i n t o  t h e i r  ASTM chemical  r e a c t i v i t y  groups. A  m a t r i x  o f  

i n compa t i b l e  groups was developed (shown i n  F i gu re  9) which represen ts  

most of  t h e  these  combinat ions.  Several  combinat ions were o m i t t e d  f r om 

t h e  m a t r i x  because t h e i r  AS'TM groups had g e n e r a l l y  l ow  consequences. The 

s p e c i f i c  combinat ions t h a t  were exc luded f rom t h e  m a t r i x  i nc l ude :  

H y d r i o d i c  a c i d  w i t h  g l y c o l  e t he rs  o r  phosphorus 

Styrene w i t h  ASTM Group 1 ac ids  o r  ASTM Group 10 c a u s t i c s  
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Hydrogen perox ide  w i t h  hydrocyanic  a c i d  o r  h y d r o c h l o r i c  
a c i d  

Phosphorus w i t h  h y d r o c h l o r i c  a c i d  o r  ammonium n i t r a t e  
s o l u t i o n  

Carbon d i s u l f i d e  w i t h  n i t r i c  ac i d ,  carbon t e t r a c h l o r i d e ,  
o r  p ropy l  ene ox ide  

Chloroprene w i t h  o rgan ic  ac ids 

Sodium meta l  w i t h  s ty rene ,  a c e t i c  anhydr ide,  carbon 
t e t r a c h l o r i d e ,  o r  pu lp  m i l l  l i q u i d  

Motor f u e l  a n t i  knock compound w i t h  ch lo roprene ,  an i  1  i n e ,  
o r  anhydrous ammonia 

C h l o r i n e  w i t h  ammonium n i t r a t e  s o l u t i o n ,  h y d r o c h l o r i c  
ac i d ,  hydrocyanic  ac id ,  o r  anhydrous ammonia 

Butyra ldehyde w i t h  phenol 

D i n i t r o t o l u e n e  w i t h  a c e t i c  anhydr ide. 

Two incompat ib le  combinat ions w i t h i n  one ASTM group were 

i d e n t i f i e d :  

Fuming n i t r i c  a c i d  w i t h  oleum - b o t h  i n  ASTM Group 2 

Hydrogen perox ide  s o l u t i o n  w i t h  f e r r i c  c h l o r i d e  s o l u t i o n  - 
bo th  i n  ASTM Group 104. 

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  m i x i n g  o f  chemicals w i l l  gene- 

r a l l y  m i t i g a t e  t h e  t o x i c  emiss ion consequences o f  h i g h l y  t o x i c  chemicals 

such as hydrocyanic  ac id ,  c h l o r i n e ,  anhydrous ammonia, and hydrogen 

f l u o r i d e .  An excep t ion  i s  t h e  combinat ion o f  hydrocyanic  a c i d  w i t h  

c h l o r i n e ,  which may form cyanogen c h l o r i d e ,  a  t e a r  gas. I n  t h e  case o f  

hydrogen f l u o r i d e ,  a l l  combinat ions r e s u l t e d  i n  e i t h e r  t h e  same o r  

reduced consequences as compared w i t h  t h e  unmixed chemicals.  

Simi 1  a r l y  , m i x i n g  wi 11 genera l  l y  m i t i g a t e  t h e  consequences 

( f i r e b a l l s  and UVCE1s) o f  h i g h l y  flammable chemicals i n c l u d i n g  

hydrocyanic  a c i d ,  acetaldehyde, and e thy lene  ox ide.  



3.3.2 Risk-Based Rankings 

An es t ima te  o f  t h e  r e l a t i v e  r i s k  o f  t h e  i ncompa t i b l e  combina- 

t i o n s  was determined by m u l t i p l y i n g  t h e  areas f rom t h e  consequence-based 

a n a l y s i s  by t h e  y e a r l y  number o f  tank  c a r  movements o f  each chemical  i n  

t h e  combinat ion.  The y e a r l y  tank  c a r  movements g i v e  an i n d i c a t i o n  of t h e  

p o t e n t i a l  f requency f o r  t h e  chemica ls  be ing  i n v o l v e d  i n  t h e  same d e r a i l -  

ment assuming a un i f o rm  d i s t r i b u t i o n  o f  tank  ca rs  ove r  a l l  t r a i n  c o n s i s t s  

d u r i n g  a  yea r .  A normal ized r i s k  was then  ob ta ined  by d i v i d i n g  t h e  r i s k  

o f  each combinat ion by t h e  r i s k  o f  t h e  lowes t  c o n t r i b u t o r ,  which i n  t h i s  

case was t h e  combinat ion o f  h y d r i o d i c  a c i d  w i t h  a c r y l i c  ac id .  The 

combinat ion o f  h y d r i o d i c  a c i d  and a c r y l i c  a c i d  would the reby  have a 

norma l i zed  r i s k  equal t o  one. A l l  o t h e r  combinat ions would have a 

norma l i zed  r i s k  r e l a t i v e  t o  how much g r e a t e r  t h e  r i s k  i s  than  h y d r i o d i c  

a c i d  w i t h  a c r y l i c  ac i d .  A rank o r d e r i n g  o f  t h e  chemical  combinat ions by 

r i s k ,  g i ven  i n  Table J 5  i n  Appendix J i n d i c a t e s  t h a t  t h e  combinat ion o f  

h y d r o c h l o r i c  a c i d  w i t h  s u l f u r i c  a c i d  has t h e  g r e a t e s t  r i s k  -- over  f i v e  

o rde rs  o f  magnitude g r e a t e r  than  h y d r i o d i c  a c i d  wi'th a c r y l i c  ac i d .  Over 

50 percen t  o f  t h e  r i s k  i s  represented by t h e  f o l l o w i n g  combinat ions:  

Oleum w i t h  sodium hydrox ide ,  methy l  a l c o h o l ,  denatured 
a l coho l  o r  f u e l  o i l  

S u l f u r i c  a c i d  w i t h  h y d r o c h l o r i c  a c i d ,  methyl  a l c o h o l ,  
denatured a l c o h o l ,  v i n y l  c h l o r i d e ,  h y d r o f l u o r o s i l i c i c  
ac i d ,  carbon t e t r a c h l o r i d e  o r  benzene 

Sodium hydrox ide  w i t h  s t y rene ,  a c e t i c  a c i d  o r  carbon 
t e t r a c h l o r i d e  

C h l o r i n e  w i t h  anhydrous ammonia o r  hydrocyan ic  ac i d .  

It i s  i n t e r e s t i n g  t o  n o t e  t h a t  fuming n i t r i c  a c i d  combinat ions 

do n o t  appear as h i g h  i n  t h e  r i sk -based  r a n k i n g  as t h e y  do i n  t h e  

consequence-based rank ing .  Th i s  i s  because o f  t h e  low number o f  tank  c a r  

moves p e r  y e a r  f o r  n i t r i c  a c i d  ( 441 l y r )  as compared w i t h  t h e  o t h e r  

commodit ies r e s u l t s  i n  a  lower  p o t e n t i a l  f requency t h a t  n i t r i c  a c i d  would 

be i n v o l v e d  i n  a  dera i lment .  



A rank ing  o f  s p e c i f i c  chemicals by r i s k ,  g iven i n  Table 36 of 

Appendix J ,  i n d i c a t e s  t h a t  combinations i n v o l v i n g  s u l f u r i c  ac id ,  oleum, 

sodium hydrox ide and hyd roch lo r i c  a c i d  account f o r  over  50 percent  o f  t h e  

r i s k .  Several organic  compounds such as methyl a lcoho l  appear near t he  

top o f  t h i s  l i s t  p r i m a r i l y  as a  r e s u l t  o f  combinations w i t h  t h e  

aforementioned minera l  ac ids and caus t i cs .  

A rank ing  o f  ASTM Group combinations i s  g iven  i n  Table 37 of 

Appendix J .  These were used t o  develop the  r isk-based i ncompa t i b l l  i t y  

m a t r i x  shown i n  F igure  10. 

3.4 Minimum Segregat ion Dis tance Between Tank Cars 

The minimum segregat ion d is tance i s  t h e  spacing d i s tance  

between HAZMAT r a i l  tank cars which i s  requ i red  t o  prevent  m ix ing  o f  

incompat ib le  chemicals du r i ng  t r a i n  acc idents i n v o l v i n g  dera i lments.  A 

p rec i se  s p e c i f i c a t i o n  o f  t h i s  d is tance cannot be made because of  t h e  

f o l l o w i n g  f a c t o r s :  

Drainage d i t ches  o r  c u l v e r t s  may be adjacent  t o  t h e  
dera i lment  s i t e ,  which would a l l o w  m ix ing  i f  two tank cars 
s p i l l e d  regard less o f  t h e  segregat ion d i s tance  

S lop ing  o f  t h e  t e r r a i n  o r  presence o f  bodies o f  water 
( i  .e. lakes o r  streams), which would s i g n i f i c a n t l y  impact 
t h e  p o t e n t i a l  f o r  and degree o f  m ix ing ,  cannot be 
adequately genera l ized because o f  t h e  wide var iance i n  
p o s s i b l e  cond i t i ons  

Surface adsorp t ion  of  l i q u i d s  w i l l  depend on t h e  s o i l  t ype  
(e.9. c l a y ,  sand, g rave l )  and on t h e  presence of 
r e l a t i v e l y  impermeable concrete o r  aspha l t .  

I n  cons ider ing  these f a c t o r s  i t  becomes apparent t h a t  t h e  most 

conserva t ive ,  y e t  s t i l l  r e a l i s t i c ,  segregat ion d i s tance  i s  t h a t  d is tance 

which would prevent  t h e  tank  cars  f rom being invo lved  i n  t h e  same 

dera i lment .  However, i t  i s  poss ib le  t o  s t i p u l a t e  cond i t i ons  (e.g. 

re1 a t i v e l y  f l a t ,  adso rp t i ve  sur faces)  where segregat ion o f  t h e  r a i  1  tank 

cars would prevent  and/or min imize mix ing.  One s e t  o f  such cond i t i ons  i s  

g iven  as fo l l ows :  



"X"  = I n c o m p a t i b l e  Groups 

FIGURE 10. MATRIX OF INCOMPATIBLE CHMICAL GROUPS BASED ON RISK 
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S p i l l s  occur  on l e v e l  t e r r a i n  comprised of  s o i l  

C i r c u l a r  s p i l l  p a t t e r n s  

S o i l  adsorbs about 12 kg l i q u i d / m 2  ( e q u i v a l e n t  t o  about a  
10 mm depth o f  l i q u i d  s t and ing  on an impermeable su r face)  

100 tons  (75.7 m3) o f  HAZMAT s p i l l e d  p e r  t ank  c a r  w i t h  two 
tank  ca rs  s p i l l e d  

50 percen t  o f  each chemical  must mix t o  o b t a i n  s i g n i f i c a n t  
consequences. 

Wi th  these  assumptions, t h e  c a l c u l a t e d  seg rega t i on  d i s t a n c e  i s  

about 40 meters  between t h e  ca rs  a f t e r  t h e  s p i l l  occur red  (i .e. a f t e r  

d e r a i l m e n t ) .  Because t h e  tank  ca r s  may "s tack -up"  d u r i n g  a  de ra i lmen t ,  

t h e  spac ing d i s t a n c e  between t h e  t ank  ca r s  i n  t h e  non -de ra i l ed  c o n s i s t  

may be cons ide rab l y  g r e a t e r  than  40 meters.  For  example, F i g u r e  4  

i l l u s t r a t e s  l o c a t i o n s  o f  r a i l  ca r s  f o l l o w i n g  a  de ra i lmen t .  I f  t h e  

p o s i t i o n  f o l l o w i n g  de ra i lmen t  o f  r a i l  c a r  #24 TP shown i n  F i g u r e  4  i s  

taken  as one p o i n t ,  then  by u s i n g  t h e  40-meter seg rega t i on  d i s t a n c e  i t  

would be p o s s i b l e  t o  have m i x i n g  o f  chemica ls  w i t h  r a i l  c a r  #54 TTD. 

Thus, f o r  t h i s  example, t h e  spac ing d i s t a n c e  i n  t h e  non -de ra i l ed  c o n s i s t  

would be 30 r a i l  ca rs .  Th i s ,  however, i s  a  wors t -case scenar io .  

Assuming an average maximum o f  13 c a r s  d e r a i l e d  (Table  6, page 22) and 

s tacked s ide-by -s ide ,  an i n - t r a i n  sepa ra t i on  by 15 c a r s  would p r o v i d e  t h e  

pos t -de ra i lmen t  d i s t a n c e  o f  40 meters t o  m in im i ze  commingl ing o f  

i n compa t i b l e  chemica ls .  

3.5 Task 2 Concl usions/Recomnendations 

The c o m p a t i b i l i t y  o f  b i n a r y  combinat ions o f  t h e  t o p  101 

hazardous commodit ies and fuming n i t r i c  a c i d  was determined. Consequence 

c a l c u l a t i o n s  were performed t o  determine t h e  area above l e t h a l  l i m i t s  f o r  

t o x i c  emiss ions,  f i r e b a l l s ,  unconf ined vapor c l oud  exp los i ons ,  pool  

f i r e s ,  and condensed phase exp los ions .  The chemical  co r r~b ina t ions  were 

rank ordered based on s e v e r i t y  o f  t h e  consequences and r e l a t i v e  r i s k .  

The chemica ls  were t hen  p laced  i n t o  groups based on s i m i l a r  chemical  



s t r u c t u r e  o r  r e a c t i v i t y  and m a t r i c e s  were developed which i n d i c a t e  t h e  

chemical  groups which have t h e  g r e a t e s t  consequences o r  r i s k s  when mixed 

t o g e t h e r .  I f  i t  i s  found necessary t o  reduce t h e  r i s k  o f  m i x i n g  o f  t h e  

combinat ions shown i n  F i g u r e  9 d u r i n g  a  dera i - lment ,  s e p a r a t i o n  o f  t h e  

t a n k  c a r s  i n  a  t r a i n  c o n s i s t  may be necessary.  Wh i le  s e p a r a t i o n  d i s t a n c e  

o f  30 r a i l c a r s  would m in im ize  t h e  m i x i n g  o f  i n c o m p a t i b l e  commodit ies 

under  a  wors t -case d e r a i l m e n t  scenar io ,  a  15-car  s e p a r a t i o n  may be more 

p r a c t i c a l  and r e a l  i s t i c .  



4.0 TASK ITEM 3 -- OPERATIONAL CONSTRAINTS 

Task I tem 3 was t h e  t h i r d  o f  t h e  s i x  i tems which comprise Task 

Order No. 6.  It cons i s ted  o f  two i n t e r r e l a t e d  a c t i v i t i e s  as f o l l o w s :  

3-1. Review t h e  na tu re  o f  c u r r e n t  r a i l r o a d  ope ra t i ons  and 
assess t h e  processes t o  which r a i l c a r s ,  e s p e c i a l l y  
hazardous m a t e r i a l s  ca rs ,  a re  sub jec ted  i n  normal 
t r a n s p o r t  a c t i v i t i e s .  The processes a r e  t o  i n c l u d e  c a r  
p ickup  f rom source, t r a n s p o r t  t o  c l a s s i f i c a t i o n  yard,  y a r d  
opera t ions ,  enroute a c t i v i t i e s ,  f i n a l  c l a s s i f i c a t i o n ,  and 
de l  i very .  

3-2. Examine t he  r e s u l t s  o f  t h e  review/assessment r e l a t i v e  t o  
t h e  f i n d i n g s  f rom Task I tems 1 and 2, and determine t h e  
p o t e n t i a l  impact on c u r r e n t  r a i l r o a d  ope ra t i ng  procedures 
t h a t  t h e  c o n s t r a i n t s  on t h e  i n - t r a i n  placement o f  
hazardous m a t e r i a l s  ca rs  may have. 

These two a c t i v i t i e s  were conducted i n  an e s s e n t i a l l y  sequen- 

t i a l  manner. The former be ing  c a r r i e d  o u t  as a "new" e f f o r t  w i t h i n  t h e  

o v e r a l l  Technical  Task, and t h e  l a t t e r  as an i n t e g r a t e d  i n t e r a c t i o n  

between t h e  former  and t h e  r e s u l t s  o f  t h e  p r e v i o u s l y  co~ i ip le ted  Task I tems 

1 and 2. The work and f i n d i n g s  assoc ia ted w i t h  each a c t i v i t y  a r e  des- 

c r i b e d  below. 

4 . 1  Review and Assessment o f  Cu r ren t  Rai 1 road  Operat ions 

Those aspects o f  r a i l r o a d  ope ra t i ons  which r e l a t e  t o  t h e  i n -  

t r a i n  placement o f  r a i l c a r s  were reviewed and assessed. A t t e n t i o n  was 

g iven  t o  t h e  process o f  placement and t h e  impact o f  placement r equ i re -  

ments upon r a i l r o a d  opera t ions .  These processes were i n v e s t i g a t e d  v i a  

1 i t e r a t u r e  rev iews [e .g., Ref. 24, Ref. 251, f i r s t h a n d  observa t ions  o f  

r a i l r o a d  c l a s s i f i c a t i o n  opera t ions ,  and d e t a i l e d  d iscuss ions  w i t h  

B a t t e l  l e t s  consu l t an t  . l  

I t  was determined t h a t  t h e r e  a r e  t h r e e  (3)  ma jo r  c a r  placement 

1 M r .  John 0. R idd le ,  a r e t i r e d  Super in tendent  o f  Operat ions f o r  t h e  
Ohio D i v i s i o n  of CSX (Chessie System). He has f o r t y - f o u r  years  o f  
r a i  1 road exper ience i n  a v a r i e t y  o f  p o s i t i o n s .  



f a c t o r s  which a re  commonly considered when t r a i n s  are i n i  t i  a1 l y  made-up, 

o r  when cars  a re  removed from and/or i n s e r t e d  i n t o  e x i s t i n g  t r a i n  con- 

s i s t s .  These are:  (1) Operat ional  E f f i c i e n c y ,  (2) Federal Regulat ions,  

and ( 3 )  Derai lment Dynamics. 

Operat ional  E f f i c i e n c y .  The des i re  here i s  t o  f a c i l i t a t e  
both t h e  b u i l d i n g  ( c l a s s i f i c a t i o n )  o f  t r a i n s  a t  te rmina l  
l o c a t i o n s  and t h e  over t he  road ope ra t i on  o f  t r a i n s  w h i l e  
they are enroute from t h e i r  i n i t i a l  t e rm ina l  ( p o i n t  o f  
o r i g i n )  t o  t h e i r  f i n a l  t e rm ina l  ( p o i n t  o f  t e rm ina t i on )  
where t h e  cars  i n  t h e  inbound t r a i n s  w i l l  be d e l i v e r e d  t o  
customers o r  r e c l a s s i f i e d  i n t o  new t r a i n s .  The bas ic  goal 
i s  t o  min imize t h e  nurnber and/or complex i ty  of sw i t ch ing  
movements w i t h i n  t h e  t e rm ina l s  as w e l l  as those associated 
w i t h  over  t h e  road t r i p s .  Those r e l a t i v e  t o  t h e  l a t t e r  
are requ i red  when t r a i n s  p ick-up o r  s e t - o f f  ca rs  a t  
l o c a t i o n s  (e.g. s t a t i o n s l y a r d s ,  i n d u s t r i a l  spurs) 
i n te rmed ia te  t o  t h e i r  i n i t i a l  and f i n a l  t e rm ina l s .  I t  i s  
standard r a i l r o a d  p r a c t i c e  a t  t e rm ina l s  and yards t o  group 
toge ther  a l l  ca rs  bound f o r  t h e  same d e s t i n a t i o n  i n t o  a  
"b lock "  o f  cars.  T ra ins  a re  b u i l t  as se t s  o f  b locks  
corresponding t o  l o c a t i o n s  along t h e i r  rou tes .  These 
b locks  a re  placed i n  " s t a t i o n  o rder "  w i t h i n  each t r a i n ,  
w i t h  t h a t  associated w i t h  t h e  f i r s t  s t a t i o n  t o  be 
encountered a t  t h e  head end. Since a l l  ca rs  t o  be se t  ou t  
a t  a  g iven  l o c a t i o n  a re  then coupled t oge the r  (as a b lock)  
w i t h i n  t h e  t r a i n s ,  s e t t i n g  o u t  can be con f ined  t o  a  s i n g l e  
c u t  ( b l ock )  o f  ca rs  r a t h e r  than r e q u i r i n g  severa l  separate 
swi tches t o  e x t r a c t  i n d i v i d u a l  cars  f rom l o c a t i o n s  
throughout  t h e  t r a i n .  Also, s i nce  t h e  b lock  o f  cars t o  be 
switched i s  normal ly  immediately behind t h e  locomotive, 
t h e  t o t a l  number o f  cars  i nvo l ved  i n  t h e  sw i t ch ing  process 
i s  minimized. Arranging cars  i n  b locks  a l s o  f a c i l i t a t e s  
t h e i r  hand l ing  a t  c l a s s i f i c a t i o n  yards; again,  they can 
o f t e n  be handled i n  groups r a t h e r  than  as i n d i v i d u a l  
u n i t s .  

DOT Regulat ions.  The requirement here i s  f o r  conformance t o  
t h e  mandatory DOT r e g u l a t i o n s  concern ing t h e  "hand l ing  o f  
p lacarded ca rs " .  The a p p l i c a b l e  r e g u l a t i o n s  a re  Sect ions 
5174.86 through 5174.93 w i t h i n  49 CFR Subpart D. These were 
p r e v i o u s l y  discussed i n  Sec t ion  2.4 (Review o f  Current  
Regulat ions)  o f  t h i s  r e p o r t ,  and f u l l  copies a re  prov ided i n  
Appendix D. As was noted, t he re  a re  two pr imary  c lasses o f  
r e s t r i c t i o n s  on i n - t r a i n  c a r  placement: those r e l a t i v e  t o  
p r o x i m i t y  t o  people on board, and those r e l a t i v e  t o  adjacency 
t o  o t h e r  c a r s  based upon t y p e  and/or con ten t  o f  b o t h  cars.  I n  
making-up t r a i n s ,  s p e c i f i c  care i s  taken t o  conform t o  t h e  DOT 
regu la t i ons .  As necessary, cars  a re  s u i t a b l y  arranged w i t h i n  
t h e  b locks;  i n  some instances i t  may be necessary t o  b u i l d  a  
t r a i n  w i t h  some cars  ou t s i de  t h e i r  normal b locks ,  o r  w i t h  t h e  



b locks  n o t  i n  s t a t i o n  order .  It may be necessary,  such as i n  
t h e  case o f  a  r e l a t i v e l y  s h o r t  l o c a l  t r a i n ,  t o  haul  e x t r a  cars  
f o r  t h e  s o l e  purpose o f  p r o v i d i n g  p roper  i n - t r a i n  l o c a t i o n s  f o r  
p lacarded cars .  It should be noted t h a t ,  a t  p resen t ,  t h e  DOT 
placement requirements a re  l e s s  r e s t r i c t i v e  f o r  " s h o r t  t r a i n s " .  
Such " t r a i n s "  can i n c l u d e  cu t s  o f  ca rs  be ing  se t -o f f  and/or 
p icked  up by yard  crews ope ra t i ng  w i t h i n  y a r d  l i m i t s ,  and some 
l o c a l  t r a i n s .  It appears t h a t  these  requi rements a r e  n o t  
a p p l i c a b l e  t o  cars  l oca ted  on i n d u s t r i a l  s i d i ngs / spu rs ,  o r  
w i t h i n  i n d u s t r i a l  complexes, and, t h e r e f o r e ,  n o t  on " r a i l r o a d  
p r o p e r t y " .  Also, w i t h  t h e  i nc reas ing  use of end -o f - t r a i n  
dev ices,  r a t h e r  than  cabooses, i t  i s  now p o s s i b l e  t o  l o c a t e  any 
hazardous m a t e r i a l s  c a r  a t  t h e  extreme r e a r  o f  t r a i n s .  

Dera i lment  Dynamics. The goal  here i s  t o  avo id  b u i l d i n g  t r a i n s  
hav ing  i nhe ren t  dynamic ope ra t i ng  c h a r a c t e r i s t i c s  which cou ld  
promote, o r  c o n t r i b u t e  t o ,  dera i lments  o r  p u l l - a p a r t s .  Such 
c h a r a c t e r i s t i c s  can r e s u l t  f rom un favorab le  r e l a t i v e  placements 
o f  loaded and empty ( i  .e. heavy and l i g h t )  c a r s  w i t h i n  a  t r a i n .  
The p o t e n t i a l  f o r ,  and s e v e r i t y  o f  dera i lments  i s ,  o f  course, 
a l s o  r e l a t e d  t o  t h e  phys i ca l  c h a r a c t e r i s t i c s  o f  t h e  r o u t e  over  
which t h e  t r a i n  t r a v e l s ,  and t h e  t r a i n  hand l i ng  procedures 
employed by t h e  engineer.  The general  r u l e  r e l a t i v e  t o  i n -  
t r a i n  c a r  placement i s  t o  p l ace  t h e  loaded ca rs  a t  t h e  f r o n t  o f  
t h e  t r a i n  and t h e  empty cars  behind them. However, some 
r a i  1  roads, except  f o r  obvious and/or extreme s i t u a t i o n s ,  pay 
r e l a t i v e l y  l i t t l e  a t t e n t i o n  t o  t h i s  f a c t o r .  Rather ,  they  r e l y  
upon t h e  engineers t o  p rov ide  p roper  t r a i n  hand l i ng  as 
necessary t o  p reven t  dera i lments  o r  p u l l - a p a r t s .  P r i o r  t o  
depar tu re ,  engineers a r e  p rov ided  w i t h  " t r a i n  p r o f i l e s "  which 
c i t e  t h e  p o s i t i o n s  o f  loads and empties,  and i n d i c a t e  t h e  
we igh t  o f  t h e  loads. The l o c a t i o n  and number o f  l i g h t  ca rs  i n  
a t r a i n  can a l s o  i n f l u e n c e  t h e  manner i n  which h e l p e r  s e r v i c e  
i s  employed; h e l p e r  engines can e i t h e r  push f rom t h e  r e a r  o r  be 
double-headed a t  t h e  f r o n t .  The l a t t e r  m igh t  be used t o  avo id  
un favorab le  dynamics i f  t h e r e  were a  l a r g e  number o f  1  i g h t  ca rs  
i n  t h e  r e a r  p o r t i o n  o f  t h e  t r a i n  r e q u i r i n g  he lp .  

O f  these  t h r e e  c a r  placement f a c t o r s ,  t h e  r a i l r o a d s  g i v e  

i n i t i a l  cons ide ra t i on  and emphasis t o  t h e  f i r s t ,  Opera t iona l  E f f i c i e n c y ,  

t h e  goal  be ing  t o  b u i l d  t r a i n s  c o n s i s t i n g  o f  b locks  o f  ca rs  i n  s t a t i o n  

o rder .  However, d e v i a t i o n s  t o  t h i s  bas ic  goal  a re  made as necessary t o  

accommodate t h e  DOT r e g u l a t i o n s  p e r t a i n i n g  t o  p lacarded cars ,  and, t o  a  

much l e s s e r  e x t e n t ,  t o  avo id  un favorab le  dera i lment  dynamics. It should 

be noted t h a t  t h e r e  a re  work agreements which, except f o r  those s i t u a -  

t i o n s  r e s u l t i n g  f rom conformance t o  DOT r e g u l a t i o n s ,  r e q u i r e  t h e  

r a i l r o a d s  t o  pay t r a i n  crews a  premium i f  t h e i r  t r a i n  make-up i s  such 



t h a t  "excess ive"  s w i t c h i n g  movements a re  r e q u i r e d  d u r i n g  t h e i r  t r i p .  

The processes which a  r a i l c a r  undergoes f rom t h e  t i m e  i t  i s  

p icked  up a t  i t s  source ( i  .e. t h e  l o c a t i o n  a t  which i t  was loaded) u n t i l  

i t  i s  d e l i v e r e d  a t  i t s  u l t i m a t e  d e s t i n a t i o n  were reviewed. Three ma jo r  

i n t e r r e l a t e d  a c t i v i  t i e s /p rocesses  were i d e n t i f i e d .  These are:  (1) l o c a l  

p i c k -up  and s e t - o u t  of ca r s ,  (2) c a r  c l a s s i f i c a t i o n ,  and (3) 1  i n e  hau l .  

I n d i v i d u a l  ca r s  a re  sub jec ted  t o  a l l  o f  these, one o r  more t imes  each, 

d u r i n g  t h e  p ick -up  t o  d e l i v e r y  c y c l e .  The bas i c  c y c l e  s t a r t s  w i t h  t h e  

d e l i v e r y  o f  an empty c a r  t o  a  sh ipper .  A t  a  l a t e r  t ime ,  a f t e r  t h e  c a r  i s  

loaded, i t  i s  p icked  up and taken t o  a  r e l a t i v e l y  nearby c l a s s i f i c a t i o n  

ya rd .  From t h e r e  i t  i s  e i t h e r  d e l i v e r e d  t o  i t s  d e s t i n a t i o n  by a  y a r d  

crew, a  l o c a l  t r a i n ,  o r ,  more p robab ly ,  hau led t o  a  ma jo r  c l a s s i f i c a t i o n  

ya rd  by a  th rough  t r a i n .  It may then be d e l i v e r e d  by a  y a r d  crew, a  

l o c a l  t r a i n  o r  hauled t o  y e t  another  c l a s s i f i c a t i o n  yard.  The process i s  

repeated u n t i l  t h e  loaded c a r  reaches i t s  u l t i m a t e  d e s t i n a t i o n .  Th i s  may 

i n v o l v e  one o r  more i n d i v i d u a l  r a i l r o a d s  depending upon t h e  d e s t i n a t i o n ,  

a v a i l a b l e  r o u t e s ,  and t h e  s h i p p e r ' s  o p t i o n s  and choices.  

Normal r a i l r o a d  ope ra t i ons  procedures a re  m o d i f i e d  t o  accomo- 

da te  hand l i ng  o f  hazmat ca rs .  For  example, loaded c a r s  a r e  p icked  up 

f rom s i d i n g s  and spurs by l o c a l  t r a i n s  o r  ya rd  crews. I f  hazmat ca r s  a re  

i nvo l ved ,  e x t r a  ca r s  may be c a r r i e d  by t h e  l o c a l  t r a i n  t o  p r o v i d e  t h e  

necessary sepa ra t i on  from locomot ive  o r  caboose r e q u i r e d  by DOT 

regu 1  a t  i ons . 
Opera t ions  i n  t h e  c l a s s i f i c a t i o n  o f  c a r s  ( i . e . ,  t h e  s o r t i n g  and 

g roup ing  o f  c a r s  accord ing  t o  t h e i r  d e s t i n a t i o n )  i s  m o d i f i e d  by t h e  

presence o f  hazmat ca r s .  There a r e  r e s t r i c t i o n s  on t h e  s w i t c h i n g  o f  

p lacarded ca rs .  These a r e  g i v e n  i n  Sec t ions  5174.83 (Sw i t ch i ng  o f  ca r s  

c o n t a i n i n g  hazardous m a t e r i a l s )  and 5174.84 (Sw i t ch i ng  o f  f l a t c a r s  

c a r r y i n g  p lacarded  t r a i l e r s ,  f r e i g h t  con ta i ne rs ,  p o r t a b l e  t anks  o r  I M  

p o r t a b l e  tanks )  w i t h i n  Subpart  D o f  49 CFR Ch. I. These r e s t r i c t i o n s  

p r o h i b i t  t h e  c u t - o f f  o f  s p e c i f i c  p lacarded  ca rs  w h i l e  t hey  a r e  i n  mot ion,  

as w e l l  as t h e  s t r i k i n g  o f  these  ca rs  by any c a r  moving under i t s  own 

momentum. Such r e s t r i c t i o n s  app ly  a t  a l l  t imes  and, t h e r e f o r e ,  impact 

s w i t c h i n g  ope ra t i ons  on t h e  road and i n  c l a s s i f i c a t i o n  yards.  Both f l a t  

ya rd  and g r a v i t y  (hump) y a r d  ope ra t i ons  a r e  a f f e c t e d .  Such procedures as 



shoving cars  t o  r e s t ,  r a t h e r  than " k i c k i n g "  o r  humping them, must be 

employed. I f  necessary, p lacarded cars  a re  he ld  ou t  f o r  l a t e r  i n s e r t i o n  

i n t o  t h e  c l a s s i f i e d  b locks  i n  accordance w i t h  these DOT r e g u l a t i o n s .  

Any t r a i n  may be requ i red  t o  s top i n  o rde r  t o  s e t  o f f  a  bad 

o rde r  c a r  (one w i t h  an overheated j o u r n a l  o r  o t h e r  mechanical de fec t )  

detected enroute.  This  i s  done a t  the  f i r s t  a v a i l a b l e  s i d i n g  o r  spur i n  

t h e  same manner as ca rs  normal ly  d e l i v e r e d  t o  such l o c a t i o n s .  The 

removal o f  these cars  cou ld  r e s u l t  i n  t h e  un favorab le  placement o f  

p lacarded cars.  I n  such cases, i t  i s  a l s o  necessary t o  r e p o s i t i o n  these 

ca rs  w i t h i n  t h e  t r a i n .  

4.2 Determina t ion  o f  Impact o f  A d d i t i o n a l  Placement Cons t ra in t s  

The p o t e n t i a l  impact o f  a d d i t i o n a l  i n - t r a i n  c a r  placement con- 

s t r a i n t s  on c u r r e n t  r a i l r o a d  opera t ions  was i nves t i ga ted .  The opera t ions  

considered here a re  those associated w i t h  t h e  source t o  d e s t i n a t i o n  

t r a n s p o r t  o f  loaded r a i l c a r s ,  e s p e c i a l l y  hazardous m a t e r i a l s  cars ,  

descr ibed above i n  Sec t ion  4.1. The c o n s t r a i n t s  a re  o f  two separate 

types: (1 )  those r e l a t e d  t o  p l a c i n g  hazmat cars  i n  t h a t  sec t i on (s )  o f  

t r a i n s  where dera i lments  a re  l e a s t  1  i k e l y  t o  occur,  and (2) those  r e l a t e d  

t o  p r o v i d i n g  i n - t r a i n  separa t ion  o f  hazmat loads which have been de te r -  

mined t o  be " incompat ib le "  so as t o  p rec lude  commingling i n  a  dera i lment  

scenar io .  These c o n s t r a i n t s  were p rev ious l y  discussed i n  Sect ions 2.0 

(Task I t em 1--Review o f  Acc ident  Trends and Regulat ion)  and 3.0 (Task 

I tem 2--Hazardous M a t e r i a l s  Compatibi 1 i t y )  , r e s p e c t i v e l y .  I n  conduct ing 

t h i s  work, i t  was assumed t h a t  any placement requirements which might  

a r i s e  f rom such c o n s t r a i n t s  would be i n  a d d i t i o n  t o  those a l ready  

requ i red  under c u r r e n t  Federal  r egu la t i ons .  

B a t t e l l e ' s  ana l ys i s  o f  acc iden t / i nc iden t  da ta  f o r  ca lendar  

years 1982-1985 showed t h a t ,  when d e r a i  lments occur,  t h e  d i s t r i b u t i o n  o f  

de ra i  l e d  cars  v a r i e s  cons iderab ly  w i t h  i n - t r a i n  placement. Cars l oca ted  

i n  t h e  r e a r  t h i r d  o f  t h e  t r a i n  o r ,  b e t t e r  y e t ,  t he  r e a r  q u a r t e r  a re  much 

l ess  1  i k e l y  t o  d e r a i  1  than  cars  p laced elsewhere (see Table 2, page 8, 

f o r  t h e  percentage o f  cars  d e r a i l e d  by i n - t r a i n  l o c a t i o n ) .  The i m p l i -  

c a t i o n  i s ,  t h e r e f o r e ,  t h a t  hazardous m a t e r i a l s  cars  should be p laced i n  



t he  r e a r  sec t i ons  of t r a i n s  whenever poss ib le .  However, i f  a  t r a i n  has a  

caboose, e x i s t i n g  DOT r e g u l a t i o n s  govern ing p r o x i m i t y  t o  occupied cars  

prec ludes t h e  placement o f  c e r t a i n  p lacarded cars  i n  t h e  nex t  one t o  f i v e  

p o s i t i o n s  .2 The need f o r  s u i t a b l e  i n - t r a i n  p o s i t i o n s  f o r  hazardous 

m a t e r i a l s  ca rs  w i l l ,  o f  course, depend upon t h e  number of such cars  t o  be 

hauled i n  any g i ven  t r a i n .  

According t o  B a t t e l l e ' s  f i n d i n g s ,  i f  i t  i s  n o t  p o s s i b l e  t o  

p l ace  a  hazmat c a r  i n  t h e  r e a r  q u a r t e r  ( o r  t h i r d )  o f  a  t r a i n ,  t he  nex t  

most f avo rab le  l o c a t i o n  i s  t h e  f r o n t  q u a r t e r  ( o r  t h i r d ) .  Therefore,  

p l a c i n g  q u a n t i t i e s  o f  p lacarded ca rs  so as t o  m in im ize  t h e i r  p o t e n t i a l  

f o r  dera i lment  i s  n o t  merely a  m a t t e r  o f  p o s i t i o n i n g  them as f a r  t o  t h e  

r e a r  as p rev ious  placements pe rm i t  ( t h a t  i s ,  i f  t h e  r e a r  q u a r t e r  i s  

unava i l ab le ,  p l ace  them i n  t h e  t h i r d  q u a r t e r  u n t i l  i t  i s  f i l l e d ,  and so 

on).  Rather ,  i f  t h e  r e a r  q u a r t e r  cannot accommodate a d d i t i o n a l  hazmat 

ca rs ,  t hey  should be p laced  i n  t h e  f i r s t  qua r te r ,  then t h e  t h i r d  q u a r t e r ,  

and f i n a l l y ,  t h e  second quar te r .3  However, t h e  a n a l y s i s  showed t h e r e  i s  

r e l a t i v e l y  l i t t l e  advantage i n  p l a c i n g  ca rs  i n  t h e  t h i r d  q u a r t e r  r a t h e r  

than  t h e  second. 

Present  DOT r e g u l a t i o n s  con ta in  language which r e s t r i c t  t h e  

placement o f  s p e c i f i c  p l  acarded ca rs  re1  a t i  ve t o  s p e c i f i c  o t h e r  p lacarded 

cars .  These r e s t r i c t i o n s  a re  based upon bo th  " t y p e  o f  c a r "  and "p l aca rd  

a p p l i e d  on c a r "  c o n d i t i o n s .  However, t h e i r  number i s  f a i r l y  l i m i t e d  and, 

i n  a l l  i ns tances ,  p rec lude  on l y  placements i n  which t h e  s u b j e c t  ca rs  

would be immediate ly  nex t  t o  ( i . e .  coupled t o )  each o t h e r .  There a r e  no 

requi rements c a l l i n g  f o r  a d d i t i o n a l  separa t ion  o f  two p lacarded  ca rs  

rega rd less  o f  t h e i r  contents .  An a c t i v i t y  o f  Task I t em 2 was t o  

determine minimum i n - t r a i n  segrega t ion  d is tances  between ca rs  c a r r y i n g  

" i ncompa t i b l e "  hazmat so as t o  p rec lude  commingling o f  these  m a t e r i a l s  

2 I d e n t i c a l  r e s t r i c t i o n s  e x i s t  r e l a t i v e  t o  p r o x i m i t y  o f  p lacarded ca rs  
t o  locomot ives.  See Appendix D f o r  d e t a i l s  of t h e  a p p l i c a b l e  r e g u l a t i o n s .  

3 I t  w i l l  be noted t h a t ,  i n  t h i s  regard,  B a t t e l l e ' s  f i n d i n g s  d i f f e r  
f rom those presented i n  t h e  1979 DOTITSC r e p o r t  [Ref. 11. That 
r e p o r t  i n d i c a t e s  a  s t r a t e g y  o f  p l a c i n g  p lacarded ca rs  as f a r  t o  t h e  
r e a r  o f  a  t r a i n  as p o s s i b l y  cou ld  be employed. See Table 1 f o r  t h e  
appl  i c a b l e  f i n d i n g s  of t h e  DOTITSC ana l ys i s .  



should t h e  assoc ia ted  cars  d e r a i  1. Such d is tances  (i .e. number o f  

i n t e r v e n i n g  ca rs )  were cons idered f o r  those p a i r s  of t h e  102 hazardous 

commodit ies i n v e s t i g a t e d  which were determined t o  be s u f f i c i e n t l y  

i ncompa t i b l e  t o  war ran t  such. 

It was ascer ta ined  t h a t ,  f o r  t h e  102 commodit ies, t h e r e  a re  i n  

excess of 1,000 incompat ib le  p a i r s  (ou t  o f  5,151 p o s s i b l y  b i n a r y  combi- 

n a t i o n s ) .  The incompat ib le  p a i r s  were d i sp layed  on a  chemical  group 

bas i s  i n  F igu re  9, page 75. The group assignments f o r  t h e  i n d i v i d u a l  

commodit ies was g iven  i n  F igu re  5, page 49. The analyses r e l a t e d  t o  t h e  

de te rm ina t i on  o f  i n - t r a i n  sepa ra t i on  d is tances  was done on a  general  

bas i s ,  r a t h e r  than  on a  p e r - p a i r  bas i s .  The suggested spac ing f o r  

incompat ib le  hazmat commodity p a i r s  i s  30 c a r s  (see d i scuss ion  i n  

Sec t ion  3.4). 

N e i t h e r  of  t h e  two placement c o n s t r a i n t s  d iscussed above (i .e. 

p l ace  hazmat c a r s  i n  se lec ted  l o c a t i o n s ,  and p rov ide  s u i t a b l e  separa t ion  

between ca rs  c a r r y i n g  s p e c i f i c  hazmat) a re  i n  c o n f l i c t  w i t h  e x i s t i n g  DOT 

i n - t r a i n  c a r  placement r e g u l a t i o n s .  Indeed, t h e  second can be viewed as 

an ex tens ion  o f  e x i s t i n g  requirements.  However, t h e r e  i s  p o t e n t i a l  f o r  

c o n f l i c t  between t h e  two c o n s t r a i n t s  themselves. On one hand, i t  i s  

d e s i r a b l e  t o  l o c a t e  a l l  hazmat ca rs  i n  t h e  r e a r  o f  t r a i n s ;  on t h e  o t h e r ,  

separa t ions  o f  many c a r s  may be r e q u i r e d  between c e r t a i n  o f  these,  

thereby  l i m i t i n g  t h e  number o f  a v a i l a b l e  c a r  p o s i t i o n s  i n  t h e  r e a r .  O f  

course,  i t  may be p o s s i b l e  t o  p r o v i d e  t h e  des i r ed  sepa ra t i on  by i n s e r t i n g  

o t h e r  hazmat ca rs  which a re  n o t  themselves sub jec t  t o  spac ing r e q u i r e -  

ments. However, t h e  r e l a t i v e l y  l a r g e  number o f  i ncompa t i b l e  p a i r s ,  

t o g e t h e r  w i t h  t h e  cons ide rab le  i n - t r a i n  sepa ra t i on  d i s tances  assoc ia ted  

w i t h  them, may w e l l  r e s u l t  i n  an i r r e s o l v a b l e  c o n f l i c t .  Indeed h a u l i n g  a  

s i n g l e  i ncompa t i b l e  p a i r  o f  ca rs  would r e q u i r e  a  t r a i n  l e n g t h  o f  a t  l e a s t  

96 p o s i t i o n s  i n  o r d e r  f o r  them t o  bo th  be i n  t h e  r e a r  t h i r d  o f  t h e  t r a i n  

and 30 ca rs  a p a r t .  The e x t e n t  t o  which such c o n f l i c t s  m igh t  a r i s e  w i l l  

depend upon t h e  number and n a t u r e  o f  t h e  hazmat cars  t o  be hauled by any 

g iven  t r a i n .  Some r a i  l r oads  r o u t i n e l y  haul  cons ide rab le  hazmat, bo th  i n  

volume and v a r i e t y ,  and even opera te  some f a i r l y  " s o l i d  t r a i n s "  o f  hazmat 

ca rs  ( these  t end  t o  c o n t a i n  a  l i m i t e d  number o f  commodities; poss ib l y ,  

o n l y  one) . Others may c a r r y  very  1  i t t l e ,  and t h e  presence o f  hazmat 



would c o n s t i t u t e  an excep t ion  t o  normal opera t ions .  

Obvious ly ,  t h e  Illore requirements imposed upon t h e  r a i  1  roads r e l a t i v e  

t o  i n - t r a i n  c a r  placement, t h e  g r e a t e r  t h e  p o t e n t i a l  f o r  impact upon t h e i r  

p resen t  ope ra t i ona l  processes. An overv iew o f  p o t e n t i a l  impacts,  as 

p r e s e n t l y  env is ioned ,  i s  presented i n  Table 12. No measures o f  abso lu te  o r  

r e l a t i v e  s i g n i f i c a n c e  have been assigned t o  t h e  i tems 1  i s t e d  t h e r e i n ;  r a t h e r ,  

t h e  i n t e n t  was t o  i d e n t i f y  t h e i r  na tu re  and ex ten t .  Whi le  t h e r e  i s  some 

degree o f  ove r l ap  between some i tems,  i t  was cons idered d e s i r a b l e  t o  i n c l u d e  

bo th  genera l  and s p e c i f i c  impacts. It should be noted t h a t  t h e  de te rm ina t i on  

o f  impact ,  as examined here, assumed t h e  i m p o s i t i o n  o f  requirements r e l a t i v e  

t o  bo th  placement c o n s t r a i n t s :  l o c a t i o n  i n  t r a i n ,  and separa t ion .  However, i t  

i s  recognized t h a t  e i t h e r  c o n s t r a i n t  cou ld  be used alone; i n  such case, t h e  

e x t e n t  of t h e  impacts would be reduced. It i s  apparent t h a t  t h e r e  a re  a  

number o f  areas/processes t h a t  would be impacted and, depending upon t h e  

amount and t y p e  o f  hazmat a c t u a l l y  invo lved ,  t h e  impact p o t e n t i a l  cou ld  be 

very  s i g n i f i c a n t .  The areas i n c l u d e  a c t i v i t i e s ,  procedures, performance, 

schedules, and cos ts .  Foremost, any requi rements d i r e c t e d  toward congre- 

g a t i n g  any and a l l  hazmat cars  i n  s p e c i f i c  p o r t i o n s  o f  t r a i n s  would be i n  

d i r e c t  c o n f l i c t  w i t h  t h e  r a i l r o a d s '  p r a c t i c e  o f  g roup ing  cars  i n  d e s t i n a t i o n -  

s p e c i f i c  b locks ,  and p l a c i n g  these  b locks  i n  s t a t i o n  o rde r  w i t h i n  t r a i n s .  

Fu r the r ,  t h e  bas i c  process o f  c a r  c l a s s i f i c a t i o n  would be compl icated by t h e  

need b o t h  t o  p l a c e  hazmat ca rs  i n  t h e  r e a r  o f  t r a i n s ,  and t o  ensure t h a t  t h e  

necessary sepa ra t i on  d is tances  a r e  provided. Whi le  t h e  l a t t e r  i s  p r e s e n t l y  

observed i n  accordance w i t h  c u r r e n t  DOT r e g u l a t i o n s ,  f u t u r e  sepa ra t i on  

requi rements may be g r e a t l y  expanded r e l a t i v e  t o  bo th  number o f  ca rs  i n v o l v e d  

and t h e  v a r i e t y  o f  t h e  assoc ia ted  separa t ion  d is tances .  Th i s  c o u l d  

n e c e s s i t a t e  cons ide rab le  add i t iona l  s o r t i n g ,  s w i t c h i n g  and c l a s s i f i c a t i o n  

a c t i v i t y  i n  o r d e r  t o  make up t r a i n s  which conform t o  these  requirements.  

The placement c o n s t r a i n t s  be ing  cons idered here would a1 so 

compl i ca te  t h e  a c t i v i t i e s  assoc ia ted  w i t h  t h e  p ick -up  and s e t - o f f  o f  ca rs  by 

l o c a l  o r  through t r a i n s .  The l o s s  o f  t h e  b l ock  s t r u c t u r e  cou ld  g r e a t l y  

inc rease  t h e  number o f  i n d i v i d u a l  s w i t c h i n g  movements r e q u i r e d  d u r i n g  s e t -  

of fs.  L ikewise ,  t h e  p ick -up  o f  hazardous m a t e r i a l s  ca rs  c o u l d  r e q u i r e  



TABLE 12. POTENTIAL IMPACTS ON RAILROAD OPERATIONS DUE TO ADDITIONAL 
IN-TRAIN CAR PLACEMENT REQUIREMENTS 

understanding o f  new requirements among r a i l r o a d  personnel .  

Poss ib l e  need f o r  r ev i sed  and/or supplementary p lacards ,  o r  o t h e r  
means, t o  r e a d i l y  convey t h e  need f o r ,  and amount of ,  separa t ion  
r e q u i r e d  f o r  s p e c i f i c  p a i r s  o f  hazmat cars .  L ikewise ,  r e v i s e  
con ten t  o f  c o n s i s t  l i s t s ,  w a y b i l l s ,  e t c .  

Poss ib l e  need t o  c a r r y  more " e x t r a "  ca rs ,  e s p e c i a l l y  on s h o r t  
t r a i n s ,  f o r  t h e  s o l e  purpose o f  p r o v i d i n g  s u i t a b l e  l o c a t i o n s  f o r  
and/or separa t ion  o f  hazmat cars .  

Need f o r  a d d i t i o n a l  sw i t ch ing  movements i n  a s s o c i a t i o n  w i t h  t h e  s e t -  
ou t  o f  ca rs  a t  s i d i ngs / spu rs  due t o  increased need t o  e x t r a c t  
i n d i v i d u a l  ca rs  f rom t r a i n s  r a t h e r  than s e t t i n g - o u t  s i n g l e  cu t s  o f  
cars .  A lso,  t h e  l o s s  o f  s t r i c t  s t a t i o n  o rde r  may r e s u l t  i n  t h e  need 
t o  i n v o l v e  more ca rs  i n  each movement. F u r t h e r ,  once se t -ou t  i s  
made, i t  may be necessary t o  s h i f t  some o f  t h e  e x i s t i n g  ca rs  i n  
o rde r  t o  r ees tab l  i s h / m a i n t a i n  r e q u i r e d  placements and separa t ions .  

Need f o r  a d d i t i o n a l  sw i t ch ing  movements i n  a s s o c i a t i o n  w i t h  t h e  
p ick -up  o f  ca rs  a t  s i d i ngs / spu rs  due t o  t h e  need t o  p lace ,  and 
s u i t a b l y  separate,  picked-up hazmat ca rs  i n  t h e  r e a r  o f  t h e  t r a i n  
r a t h e r  than accumulat ing them most l y  a t  random i n  t h e  f r o n t .  
Poss ib l e  c o n f l i c t s  w i t h  ca rs  a l ready  i n  t h e  t r a i n  cou ld  necess i t a te  
a d d i t i o n a l  s w i t c h i n g  movements. A lso,  i t  may be necessary f o r  most 
o f  t h e  t r a i n  t o  be backed-in t o  p ick -up  a hazmat c a r ,  r a t h e r  than  
mere ly  us ing  t h e  engine and, perhaps, a  few ca rs  on ly .  

Poss ib l e  c o n f l i c t  w i t h  c a r  placement s t r a t e g i e s  sometimes used t o  
p rec lude  un favorab le  de ra i  lnient dynamics (i .e. p l a c e  empty ca rs  i n  
t h e  r e a r  o f  t r a i n s ) .  Also, d e l i b e r a t e l y  p l a c i n g  hazmat ca rs  i n  t h e  
r e a r  c o u l d  sometimes e f f e c t  t h e  use o f  he lpe r  s e r v i c e ,  e s p e c i a l l y  
s i n c e  t h e  d e c l i n i n g  use o f  cabooses a l l ows  such ca rs  t o  be p laced i n  
t h e  l a s t  f i v e  p o s i t i o n s .  I f  h e l p e r  engines were scheduled t o  push, 
t hey  would be w i t h i n  t h e  range o f  nearness t o  engine p r o h i b i t e d  by 
c u r r e n t  DOT r e g u l a t i o n s .  However, h e l p  cou ld  be p rov ided  by double 
heading t h e  engines r a t h e r  than  pushing. 

Need f o r  a d d i t i o n a l  t ime,  e f f o r t ,  and equipment t o  per fo rm t h e  
a d d i t i o n a l  s w i t c h i n g  movements which may be r e q u i r e d  throughout  a1 1  
aspects o f  r a i l r o a d  c a r  p rocess ing  opera t ions .  Assoc ia ted w i t h  t h i s  
c o u l d  be a d d i t i o n a l  l a b o r  needs, equipment wear, engine f u e l  usage, 
and perhaps a  need f o r  r e v i s e d  assignments f o r  personnel  and 
equipment. 



TABLE 12. (Continued) 

Considerable c o n f l i c t  w i t h  t h e  r a i l r o a d s '  d e s i r e  t o  b u i l d  and 
operate t r a i n s  c o n s i s t i n g  o f  b locks  o f  c-ars i n  s t a t i o n  order .  Such 
may n o t  be p o s s i b l e  i n  t r a i n s  con ta in i ng  even smal l  numbers o f  
hazmat cars .  

D i f f i c u l t i e s  i n  b u i l d i n g  t r a i n s  due t o  a d d i t i o n a l ,  and p o s s i b l y  
complex, needs t o  i n s e r t  p lacarded cars i n  s p e c i f i c  i n - t r a i n  
l o c a t i o n s  and w i t h  s p e c i f i c  minimum separat ions.  It may be 
necessary t o  per form cons iderab le  " e x t r a "  c a r  
s o r t i n g l r e c l a s s i  f i c a t i o n .  And, much o f  t h i s  might  be requ i red  
immediately p r i o r  t o  t r a i n  depar tu re  s i nce  t o t a l  t r a i n  leng ths  and 
c o n s i s t s  a r e  gene ra l l y  n o t  known we1 1  i n  advance. Both f l a t  and 
g r a v i t y  t ype  yards cou ld  r e q u i r e  t h e  use o f  separate c l a s s i f i c a t i o n  
t r a c k s  t o  b u i l d  t h e  hazmat c a r  p o r t i o n s  o f  t r a i n s .  I t  might  even be 
necessary t o  c o n s t r u c t  a d d i t i o n a l  c l a s s i f i c a t i o n  t r a c k s  and/or 
r e c e i v i n g l h o l d i  ng t r a c k s  t o  support  such a d d i t i o n a l  c l a s s i f i c a t i o n  
a c t i v i t i e s .  

Need f o r  a d d i t i o n a l  t i m e l e f f o r t  t o  b u i l d  t r a i n s  and lo r  s e t - o f f  and 
p ick -up  cars  cou ld  occas iona l l y  de lay o r  permanently extend e x i s t i n g  
schedules. This cou ld  r e s u l t  i n  t h e  need t o  quote longer  d e l i v e r y  
t imes  t o  sh ippers.  Longer t r i p  t imes cou ld  f r e q u e n t l y  r e s u l t  and, 
i n  some ins tances ,  i t  may be necessary t o  pay t r a i n  crews f o r  more 
work hours,  i n c l u d i n g  some a t  over t ime ra tes .  I f  over  t h e  road 
t r i p s  t imes  became "excess ive" ,  t he  Federal  Twelve-Hour Work Rule 
cou ld  be imposed. I n  such cases, i t  would be necessary t o  t r a n s p o r t  
a r e l i e f  crew t o  t h e  stopped t r a i n ,  and deadhead t h e  r e g u l a r  crew t o  
t h e  t e r m i n a l .  Both t r a f f i c  de lays and e x t r a  l a b o r  cos t s  would 
r e s u l t .  

Poss ib le  need t o  p rov ide  e x t r a  compensation t o  t r a i n  crews i f  t h e i r  
t r a i n s  a re  so b u i l t  t h a t  "excess ive"  sw i t ch ing  movements a re  
requ i red  i n  t h e  course o f  t h e i r  t r i p .  While, a t  present ,  such "work 
agreements" do n o t  appear t o  be a p p l i c a b l e  i f  t h e  a d d i t i o n a l  
movements a r e  t h e  consequence o f  b u i l d i n g  t r a i n s  i n  accordance w i t h  
DOT r e g u l a t i o n s  f o r  p lacarded cars,  they  cou ld  become so i f  t h e  
number o f  such movements increased and was deemed unreasonable by 
t h e  crews. Th is  migh t  then become an i ssue  i n  f u t u r e  l a b o r  
n e g o t i a t i o n s .  

Poss ib le  increased s e v e r i t y  o f  rear-end c o l l  i s i o n s .  The increased 
presence o f  hazmat c a r s  i n  t h e  r e a r  o f  t r a i n s  ( i n c l u d i n g  t h e  l a s t  
p o s i t i o n  i n  t r a i n s  us ing  e n d - o f - t r a i  n  devices r a t h e r  than cabooses) 
would c o n s t i t u t e  an increased hazard t o  crews o f  f o l l o w i n g  t r a i n s .  
Whi le t h i s  s i t u a t i o n  p r e s e n t l y  e x i s t s ,  i t  cou ld  be worsened by t h e  
d e l i  be ra te  concen t ra t i on  o f  hazmat ca rs  i n  t h e  r e a r .  



a d d i t i o n a l  movements t o  achieve bo th  r e a r  o f  t r a i n  placement and p roper  

separa t ion .  As discussed i n  Sec t ion  4.1.1, " ca r  c l a s s i f i c a t i o n "  and 

" l o c a l  p ick -up  and s e t - o u t  c a r s "  a r e  two o f  t h e  t h r e e  major  a c t i v i t i e s  

assoc ia ted w i t h  t h e  sou rce - to -des t i na t i on  process ing o f  r a i  l c a r s .  The 

t h i r d ,  " l i n e  h a u l " ,  may a l s o  be impacted, e i t h e r  d i r e c t l y  o r  i n d i r e c t l y ,  

v i a  t h e  o t h e r  two. 

I n  genera l ,  implement ing and employing t h e  necessary opera- 

t i o n a l  changes can be expected t o  have a  nega t i ve  impact upon ope ra t i ng  

cos ts .  I n  r e t u r n ,  r educ t i ons  i n  t h e  number and s e v e r i t y  of hazmat c a r  

dera i lments  can be expected. Should a  t r a i n  con f i gu red  i n  accordance 

w i t h  t h e  above discussed placement cons ide ra t i ons  d e r a i l ,  t h e  l i k e l i h o o d  

o f  hazmat ca rs  d e r a i l i n g  would be reduced. And, should such cars  d e r a i l  

and re lease ,  t h e  l i k e l i h o o d  o f  commingling o f  i ncompa t i b l e  hazardous 

commodit ies would be reduced. 



5.0 TASK ITEM 4 -- COST/BENEFIT ANALYSIS 

Task I t em 4  was t he  f o u r t h  o f  t h e  s i x  i tems which comprise Task 

Order No. 6. It cons is ted  o f  two i n t e r r e l a t e d  a c t i v i t i e s  as f o l l ows :  

4-1. I d e n t i f y  t h e  i tems t o  be considered i n  a  c o s t / b e n e f i t  
a n a l y s i s ,  based on t h e  f i n d i n g s  o f  Task I tems 1 through 3. 
Inc luded  w i  11 be t h e  c o s t  o f  " e x t r a "  a c t i v i t i e s  necessary 
t o  p l ace  hazmat ca rs  a t  l o c a t i o n s  w i t h i n  t r a i n s  w i t h  
reduced p r o b a b i l i t y  o f  dera i lment ,  and a t  segrega t ion  
d is tances  which reduce t h e  probabi  1  i t y  of commingling o f  
incompat ib le  m a t e r i a l s .  B e n e f i t s  w i l l  i n c l u d e  t h e  
reduc t i on  i n  number and s e v e r i t y  o f  hazmat s p i l l s .  

4-2. Re fe r  t o  dera i lments  i d e n t i f i e d  i n  Task I t em 1 t h a t  may 
have been avoided o r ,  a t  l e a s t ,  reduced i n  s e v e r i t y  by 
b e t t e r  placement o f  hazmat cars .  For  each, determine how 
t h e  t r a i n  was made up p r i o r  t o  t h e  acc iden t ,  and i d e n t i f y  
a c t i o n s  t h a t  would have been r e q u i r e d  t o  avo id  "unsafe"  
hazmat c a r  placement. And, es t ima te  t h e  c o s t  o f  these 
a c t i o n s  i n  terms o f  a d d i t i o n a l  l a b o r ,  l o s t  t ime,  e t c .  

The statement o f  work cover ing  t h i s  t ask  i tem1 conta ined t h e  

f o l  lowing:  

"Before any new r e g u l a t i o n s  o r  changes t o  e x i s t i n g  
r e g u l a t i o n s  can be implemented, a  c o s t / b e n e f i t  s tudy i s  
needed. I n  t h i s  e f f o r t  a  p r e l i m i n a r y  c o s t / b e n e f i t  s tudy  
w i l l  be r e q u i r e d  t o  i d e n t i f y  issues f o r  cons ide ra t i on  i n  a  
more d e t a i  l e d  s tudy  ( t o  be  conducted by  t h e  FRA's O f f i c e  
of Sa fe t y ) .  Any acc iden ts  i d e n t i f i e d  should be i nc l uded  
so t h a t  t h e  c o s t  b a s i s  o f  p reven t i ng  such a  s i t u a t i o n  f rom 
o c c u r r i n g  can be determined." 

Accord ing ly ,  B a t t e l l e ' s  c o s t / b e n e f i t  work i n  a s s o c i a t i o n  w i t h  Task I t em 4 

- -  C o s t l B e n e f i t  Ana l ys i s  i s  l a r g e l y  o f  a  q u a l i t a t i v e  na tu re .  As appro- 

p r i a t e  t o  do so,  q u a n t i t a t i v e  m a t e r i a l s  a r e  i nc l uded  as w e l l .  

1 Sec t ion  2.0 (Technica l  Discuss ion)  o f  t h e  Statement o f  Work f o r  Task 
Order No. 6 - Hazardous M a t e r i a l s  Car Placement i n  a  T r a i n  Cons is t ,  
DOT/FRA, September 15, 1987. 



5.1 I d e n t i f i c a t i o n  of I tems t o  be Considered i n  a  Cos t IBenef i t  Ana l ys i s  

The cos t s  o f  i n t e r e s t  here a re  those a f f e c t i n g  t h e  s e l e c t i v e  

i n - t r a i n  placement and sepa ra t i on  o f  hazmat cars .  Inc luded  a r e  no t  o n l y  

t h e  va lue  o f  t h e  l a b o r ,  m a t e r i a l s ,  and equipment necessary t o  do so, b u t  
any adverse impacts on r a i  1  road opera t ions  which may occur  i n  conse- 

quence. L ikewise,  b e n e f i t s  i n c l u d e  bo th  reduc t i ons  o f  t h e  number and 

s e v e r i t y  o f  dera i lments  i n v o l v i n g  hazmat, and such o t h e r  c o s t  savings o r  

improvements t h a t  m igh t  a l s o  r e s u l t .  The f o l l o w i n g  m a t e r i a l  f i r s t  

p rov ides  an overv iew o f  t h e  p o t e n t i a l  impact o f  new hazmat c a r  placement 

requi rements upon dera i lments ,  and then  discusses b e n e f i t s  and cos ts  as 

separa te  i tems. 

There i s  no bas i s  f o r  expec t ing  t h a t  t h e  implementat ion o f  new 

i n - t r a i n  placement requi rements f o r  hazniat ca rs  w i l l  r e s u l t  i n  a  decrease 

i n  t h e  t o t a l  number o f  dera i lments  o c c u r r i n g  i n  t h e  U.S., o r  i n  t h e  t o t a l  

number o f  ca rs  d e r a i l e d .  What can be expected i s  a  decrease i n  t h e  

number o f  hazmat cars  which d e r a i l  and, t h e r e f o r e ,  i n  t h e  number which 

re l ease  hazardous m a t e r i a l s .  Dera i  lments would s t i  11 occur ,  b u t  they 

wou 1  d  i nvo l  ve increased numbers o f  non-hazmat ca rs  .z Hazmat c a r  

de ra i lmen ts  would n o t  be e l i ~ i i i n a t e d  s i nce  they  can i n v o l v e  any p o s i t i o n  

w i t h i n  a  t r a i n ;  t h e r e  a re  no "dera i lment  exempt" p o s i t i o n s .  The 

s e l e c t i v e  placement o f  hazmat ca rs  can mere ly  reduce t h e  probabi  1  i t y  o f  

t h e i r  d e r a i  1  i ng ,  n o t  guarantee immunity aga ins t  such. Indeed, many 

de ra i lmen ts  a r e  i n i t i a t e d  by c a r  f a i l u r e s  (e.g. broken wheel) r a t h e r  than  

" e x t e r n a l "  causes such as r a i l  r o l l o v e r  o r  poor t r a i n  hand l ing .  Thus, 

r e l o c a t i n g  hazmat ca rs  which then  f a i l  en rou te  w i l l  mere ly  r e l o c a t e  t h e  

p o s i t i o n  w i t h i n  t h e  t r a i n  where de ra i lmen t  i n i t i a t e s  and s t i l l  i n v o l v e  

these  cars .  Also, i t  can be expected t h a t  t h e r e  would be a  decrease i n  

It can be expected t h a t ,  i n  general  , most dera i lments  w i  11 i n v o l v e  
t h e  same c a r  p o s i t i o n s  regard less  o f  t h e  t y p e  o f  ca rs  and/or l a d i n g .  
Therefore,  l o c a t i n g  hazmat ca rs  i n  t h e  " s a f e s t "  p o s i t i o n s  w i  11 
p r o v i d e  them w i t h  p r o t e c t i o n ,  b u t  leave  o t h e r  c a r s  more vu lne rab le  
t o  d e r a i  lment.  



t h e  probabi  1  i t y  o f  commingl ing o f  i n compa t i b l e  hazardous commodit ies .3 

There fo re ,  a  decrease i n  t h e  s e v e r i t y  o f  t h e  consequences o f  de ra i lments  

i n  genera l  can be expected, as w e l l  as a  decrease i n  t h e  number o f  

s e v e r i t y  o f  " c a t a s t r o p h i c "  acc i den t s  i n v o l v i n g  hazmat r e l ease  such as t h e  

Miamisburg, Ohio,  acc i den t  on J u l y  8 ,  1986. 

NTSB1s Ra i l r oad  Acc ident  Reports commonly c o n t a i n  a  s e c t i o n  

e n t i t l e d  "Damage" where in  (usual  l y  b r i e f )  d e s c r i p t i o n s  o f  t h e  na tu re  and 

e x t e n t  o f  t h e  damage assoc ia ted  w i t h  each acc i den t  a r e  discussed. A lso  

i nc l uded  a r e  es t imates  o f  t h e  c o s t  o f  t h e  acc i den t  damages which a r e  

separated i n t o  ma jo r  c o s t  i t e m  ca tego r i es .  A  rev iew o f  severa l  of these  

r e p o r t s  ( no t  a l l  o f  which i n v o l v e d  hazmat) showed t h a t  t h e  most commonly 

used c a t e g o r i e s  a r e  " t r a i n  equipment",  " t r a i n  l a d i n g " ,  and " t r a c k " .  

Others  u t i l i z e d  were: " b r i d g e " ,  "sa lvage  and wreck ing" ,  " n o n r a i l r o a d " ,  

" s i g n a l s  and appurtenances",  " l a d i n g  t r a n s f e r " ,  " c leanup" ,  "emergency 

response",  " c i v i l i a n  response",  "env i ron~ i ien ta l  r e s t o r a t i o n / c l e a n u p " ,  

"wreck c l e a r i n g " ,  " ove r t ime " ,  and "misce l laneous" .  I n  t h e  s i n g l e  noted 

usage o f  t h e  l a s t  ca tegory ,  i t  was f u r t h e r  exp la i ned  t o  i n c l u d e  evacu- 

a t i o n  cos t s ,  personal  i n j u r y  and p r o p e r t y  damage payments, as w e l l  as 

expenses r e l a t e d  t o  a i r ,  s o i l ,  and wate r  t r ea tmen t ,  and t h e  excava t ion  

and shipment o f  contaminated s o i l .  It appears t h a t  t h e  ca tego r i es  

employed, and t h e  con ten ts  t h e r e o f ,  a re  se l ec ted  by t h e  r a i l r o a d  which 

had t h e  acc i den t  and, t h e r e f o r e ,  p rov i des  t h e  c o s t  es t imate .  

As can be seen, t h e r e  i s  a  l a r g e  range o f  p o s s i b l e  c o s t  i tems 

which can be d i r e c t l y  assoc ia ted  w i t h  a  r a i l r o a d  acc i den t .  I n  a d d i t i o n ,  

t h e r e  may be o t h e r  i n d i r e c t  c o s t s ,  such as t h e  l o s s  o f  t h e  use o f  t h e  

3 The work conducted under Task I tem 2 i n d i c a t e d  t h e r e  were va r i ous  
groups o f  i n compa t i b l e  hazmat commodit ies which shou ld  be separated 
t o  p rec l ude  commingling should  t hey  re l ease  d u r i n g  dera i lment .  
However, as p r e v i o u s l y  noted,  t h e  rev iew o f  NTSB Acc iden t  Reports 
conducted under Task I t em  1  (see Table  9) d i d  n o t  uncover any 
acc i den t s  where commingling was s p e c i f i c a l l y  c i t e d  as a  c o n t r i b u t i n g  
f a c t o r  t o  t h e  s e v e r i t y  o f  acc i den t  consequences. Whi le  t h e  
p o t e n t i  a1 f o r  t h e  commingling o f  incornpat i  b l e  hazmat appeared t o  
e x i s t  i n  severa l  i ns tances ,  f o r  whatever reasons i t  d i d  n o t  occur .  
Never the less,  t h e  p o t e n t i a l  f o r  severe consequences due t o  
commingl i n g  e x i s t s .  



r a i l  l i n e  u n t i l  t h e  acc iden t  wreckage i s  c l ea red  and a l l  damage repa i red .  

Obvious ly ,  a l l  acc iden ts  w i l l  r e s u l t  i n  some c o s t  whether o r  n o t  hazmat 

ca rs  were a c t i v e l y  i nvo l ved  o r  even p resen t .  For example, " i n i t i a l "  

damage t o  ca rs ,  t r a c k ,  s i g n a l s ,  e t c . ,  can be expected t o  be " s i m i l a r "  

regard less  o f  t h e  con ten ts  o f  t h e  c a r ( s )  which a c t u a l  l y  d e r a i  1  . However, 

"subsequent" e f f ec t s  and r e l a t e d  damage can become cons ide rab l y  worse 

when hazmat i s  invo lved .  F i r e s  and exp los ions  assoc ia ted  w i t h  hazardous 

ma te r i  a1 s  can cause a d d i t i o n a l  ex tens i ve  damage t o  b o t h  r a i  1  road p rope r t y  

( t h e  t r a i n  i t s e l f  as w e l l  as t r a c k ,  s t r u c t u r e s ,  and equipment) and 

ad jacen t  p r o p e r t i e s  and popu la t i ons .  The d i scuss ion  on r i s k s  i n  FRA' s  

Docket HM-175 [Ref. 261 po in ted  o u t  t h a t  t h e  p a r t i c u l a r  e f f e c t s  o f  a  

r e l e a s e  o f  hazmat depend upon t h e  p r o p e r t i e s  o f  t h e  m a t e r i a l  re leased,  

t h e  q u a n t i t y  re leased,  and t h e  o v e r a l l  acc iden t  scenar io .  And, t h e  major  

sources o f  concern have been: (1) b o i l i n g  l i q u i d  expanding vapor 

explosions--BLEVEs, (2)  tank  rocke t i ng ,  and (3) t o x i c  and asphyx ia t i ng  

c louds  o f  gas. Th is  source a l s o  notes t h a t  t h e  e x t e n t  o f  economic losses  

and i n j u r i e s  depends on t h e  s i z e  o f  t h e  popu la t i on  a t  r i s k .  I n  t u r n ,  

t h i s  depends on t h e  range over  which t h e  hazmat l a d i n g  can spread o r  a  

t ank  c a r  can r o c k e t .  

The b e n e f i c i a l  e f f e c t s  o f  employing i n - t r a i n  placement and 

sepa ra t i on  requi rements f o r  hazmat cars  appear t o  be e n t i r e l y  r e l a t e d  t o  

r educ t i ons  i n  hazmat re leases  and assoc ia ted  d e t r i m e n t a l  consequences. 

No o p e r a t i o n a l  improvements o r  o t h e r  non-derai lment r e l a t e d  b e n e f i t s  were 

uncovered. There fo re ,  t h e  i d e n t i f i c a t i o n  o f  b e n e f i t s  can be p r i m a r i l y  

based upon t h e  removal o f  t h e  d i f f e r e n t i a l  p o r t i o n s  o f  t h e  losses  and 

cos t s  assoc ia ted  w i t h  p a s t  dera i lments  i n v o l v i n g  hazmat which a r e  

d i r e c t l y  a t t r i b u t a b l e  t o  t h e  presence and/or involvement o f  t h e  hazmat. 

An overv iew o f  t h e  expected b e n e f i t s  assoc ia ted  w i t h  such reduc t i ons  i s  

presented i n  Table 13. The manner i n  which t h e  i tems con ta ined  t h e r e i n  

a re  couched i s  i n  keeping w i t h  t h e  premise t h a t  b e n e f i t s  w i l l  a r i s e  

d i r e c t l y  f rom t h e  r e d u c t i o n  i n  hazmat involvement i n  a  de ra i lmen t  

scenar io .  

I t  i s  necessary t o  a s c r i b e  monetary va lues t o  a l l  b e n e f i t  i tems 

so t h a t ,  u l t i m a t e l y ,  t h e  t o t a l  va lue  o f  t h e  " o v e r a l l  b e n e f i t "  can be 



TABLE 13. BENEFITS ASSOCIATED WITH THE REDUCTION OF THE 
INVOLVEMENT OF HAZMAT CARS IN DERAILMENT SCENARIOS 

Reduction i n  Post Derailment E f fec ts .  Adverse e f f e c t s  which can occur 
subsequent t o  (immediately fo l l ow ing  o r  l a t e r  on) the  i n i t i a l  acc ident /  
derai lment w i  11 be reduced. While i t  can be expected t h a t ,  i n  general,  the  
i n i t i a l  e f f e c t s  (e.g. car  and t r a c k  damage r e s u l t i n g  from the physical  con- 
sequences o f  dera i  1  ing)  w i l l  be essent ia l  l y  unchanged, subsequent e f f e c t s  
can be s u b s t a n t i a l l y  worse when hazmat i s  involved. The e l im ina t ion1  
reduct ion  o f  d i r e c t  hazmat involvement from the  post derai lment scene can be 
expected t o  e l  i m i  natelreduce major f i r e s ,  explosions, and tank ca r  rocket -  
ing ,  as we l l  as the re lease o f  t o x i c  o r  asphyxiat ing fumes/clouds. Fur ther ,  
t he re  w i  11 be a  reduct ion  i n  t h e  s i z e  o f  t he  area o f  involvement ( i  .e. t h a t  
which i s  a c t u a l l y  o r  p o t e n t i a l l y  subject  t o  adverse cond i t i ons  o r  e f f e c t s )  
as a d i r e c t  consequence o f  l ad ing  involvement i n  t h e  post  derai lment sce- 
na r io .  Hazmat r e l a t e d  fumes and clouds are o f  p a r t i c u l a r  concern s ince they 
can a f f e c t  l a r g e  areas i n  the v i c i n i t y  o f  t he  derai lment ,  and t h e i r  p o s i t i o n  
and ex tent  are o f t e n  p red ic tab le .  

Reduction i n  I n j u r i e s  and Deaths. The less  "severe" the  post  deraf lment 
e f f e c t s ,  the  less  the  r i s k  t o  a l l  Dersons " involved" i n  the o v e r a l l  d e r a i l -  
ment scenario. This inc ludes the  ' t ra in  crew as we l l  as the  popu la t ion  i n  the  
v i c i n i t y  o f  derai lment;  both r e l a t i v e  t o  the nature and s e v e r i t y  o f  the  
e f f e c t s ,  and from the s i z e  o f  t h e  area o f  involvement. Fur ther ,  t he  less  
severe/extens i ve the  e f f e c t s ,  the  fewer the  number o f  "emergency fo rces"  
personnel which w i  11 be requ i red  t o  combat these e f f e c t s  ( t o  both e l im ina te  
t h e  associated hazards and res to re  t r a i n  serv ice  on t h e  l i n e ) ,  and the  lower 
the  l e v e l s  o f  the  r i s k s  t o  which they w i l l  be exposed. The r i s k s  t o  people 
inc lude both immediate and f u t u r e  impacts on hea l th ,  and both d i r e c t  (e.g. 
burns) and i n d i r e c t  (e.g. f u t u r e  t o x i c  mater ia l  i nges t ion  from a contaminated 
water tab le )  harm as consequences o f  hazmat release. Reducing the  numbers o f  
persons k i l l e d  o r  i n j u r e d  w i l l  be most b e n e f i c i a l  from not  on l y  a  monetary 
standpoint ,  bu t  from a humanitarian one as we l l .  

Reduction i n  Loss o f  Ra i l road Equipment. The less  "severe" the  post d e r a i l -  
ment e f fec ts ,  t h e  less  t h e  p o t e n t i a l  f o r  add i t i ona l  damaqe (due t o  f i r e ,  
explosions, etc.)  t o  t h e  t r a i n  cons is t ,  espec ia l l y  t o  those 'cars  which were 
i n i t i a l l y  de ra i l ed  and/or damaged o r  which are i n  c lose  p rox im i t y  t o  them. 
Such e f f e c t s  can both completely destroy the  car (s )  i n  which they i n i t i a t e d ,  
and r e a d i l y  i nvo lve  adjacent cars (e.g. f i r e  impinges upon and i g n i t e s  them) 
causing t h e i r  damage o r  des t ruc t ion .  Add i t i ona l l y ,  t he  l ad ing  contained i n  
the  adjacent cars may then f u r t h e r  compound the  i nc iden t .  It may be o f  such 
nature  as t o  support,  o r  even worsen, the  e x i s t i n g  s i t u a t i o n .  Rocketing tank 
cars are commonly the  consequence o f  non-releasing tank cars being heated by 
adjacent flame sources. With reduced post derai lment e f fec ts ,  there  w i  11 be 
fewer adjacent cars involved, and t o  a reduced leve l  of involvement. This 



TABLE 13. (Continued) 

cons idera t ion  extends t o  a l l  o the r  r a i l r o a d  equipment i n  t h e  v i c i n i t y  o f  the  
dera i lment  which can inc lude both major and minor i tems such as t rack ,  
switches, roadbed, br idges,  t r e s t  1 es , po le  1 i nes, s igna l  masts, cases and 
c i r c u i t s ,  c ross ing  gates, and s t ruc tures .  Fur ther ,  t h e  need t o  decontami- b 

nate  r a i l c a r s  and/or o the r  equipment w i l l  be reduced o r  e l im ina ted.  

Reduction i n  Loss o f  Lading. Along w i t h  t h e  reduct ion  i n  t h e  l o s s  o f ,  o r  
damage t o ,  r a i l  cars discussed i n  t h e  above i tem, would be a corresponding 
reduc t i on  i n  t h e  l o s s  o f ,  o r  damage t o ,  l a d i n g  contained i n  t h e  a f fec ted  
cars. O f  p a r t i c u l a r  concern here i s  t h e  loss/damage which occurs subsequent 
t o  t h e  ac tua l  dera i lment ,  and i s  t he re fo re  r e l a t e d  t o  t h e  pos t  dera i lment  
e f f e c t s  (e.g. f i r e  and explos ion) .  Other l ad ing  re1  ated considerat  ions are 
thermal damage incur red  by l ad ing  no t  d i r e c t l y  invo lved i n  t h e  i n i t i a l  o r  
subsequent dera i lment  e f f e c t s ,  o r  l ad ing  contaminat ion r e s u l t i n g  from 
released hazmat. While no t  necessar i l y  conf ined t o  hazmat, t he re  would be 
reduced l o s s  o f  l ad ing  due t o  l i q u i d  sp i  11s and vapor bo i  1 - o f f .  I n  general,  
t he re  would be l e s s  l ad ing  damaged and more which cou ld  be salvaged, and 
w i t h  l e s s  d i f f i c u l t y .  

Reduction i n  Loss o f  R a i l  Service. The l e s s  "severe" t h e  pos t  dera i lment  
e f f e c t s ,  t h e  l ess  t h e  p o t e n t i a l  f o r  loss  o f  r a i l  s e r v i c e  capac i ty .  It can 
be expected t h a t  w i t h  reduced damage and/or contaminat ion, se rv i ce  on t h e  
l i n e  can be r e i n i t i a t e d  sooner. This  inc ludes both t h e  opening o f  t h e  dam- 
aged sec t i on  t o  t r a f f i c  and the  1 i f t i n g  o f  any slow orders t h a t  may i n i -  
t i a l l y  be imposed. Fur ther ,  t h e  reduct ion  i n  t r a i n  damage as p rev ious l y  
discussed would make more r a i l c a r s  and locomotives a v a i l a b l e  sooner f o r  use 
i n  revenue producing serv ice.  

Reduction i n  Loss t o  Adjacent Proper t ies.  The l e s s  "severe" t h e  post  
dera i lment  e f f e c t s ,  t h e  l e s s  t h e  p o t e n t i a l  f o r  a d d i t i o n a l  damage (beyond 
t h a t  caused by t h e  phys ica l  na ture  o f  t h e  i n i t i a l  acc ident)  t o  a l l  manner 
of adjacent  non - ra i l r oad  p rope r t i es  such as s t ruc tu res ,  f a c i l i t i e s ,  equip- 
ment, lawns, gardens and c u l t i v a t e d  lands, and l i v e s t o c k .  The i n j u r y  and 
death o f  people was addressed separate ly  i n  a prev ious item, and na tu ra l  
areas and t h e i r  contents a re  addressed i n  t h e  next  i t em which i s  concerned 
w i t h  t h e  environment. Proper ty  l o s s  can range from minor damage t o  complete 
des t ruc t i on  and can r e s u l t  from d i r e c t  exposure t o  burn ing cars  and lad ing ,  
from contac t  w i t h  released l a d i n g  (depending upon t h e  na ture  and amount o f  
t he  commodities re leased),  t o ,  espec ia l l y ,  t h e  e f f e c t s  o f  explosions. The 
l a t t e r  inc ludes both b l a s t  e f f e c t s  ( f o rce  and thernial)  and impacts by 
ob jec ts  p rope l l ed  by exp los ive  forces.  It i s  not  uncommon f o r  e n t i r e  tank 
cars  t o  be prope l led / rocketed considerable d is tances when t h e i r  contents 
explode. 
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Reduct ion i n  Impact Upon Environment. The same e f f e c t s  which can cause 
l osses  t o  ad jacent  p r o p e r t i e s  can aTso adversely  impact t h e  environment. 
Therefore,  r educ t i ons  i n  t h e  s e v e r i t y  and/or area o f  impact o f  post  
de ra i  lment e f f e c t s  wi 11 r e s u l t  i n  reduc t i on  i n  t h e  o v e r a l l  environmental  
impact. Such impact can i nc lude  n o t  o n l y  d i r e c t  damage t o  nearby f l o r a  and 
fauna due t o  f i r e s  and explos ions,  bu t  contaminat ion o f  ad jacent  s o i l ,  
water,  and a i r .  S o i l  contaminat ion can present  a  l o c a l  ( i  .e., con tac t )  
hazard t o  a l l  l i v i n g  organisms, and, poss ib l y ,  a f f e c t  t h e  l o c a l  water  t a b l e  
as w e l l .  A f f ec ted  waterways can range from dra inage d i t c h e s  associated w i t h  
t h e  r a i l r o a d  r igh t -o f -way ,  t o  smal l  streams, t o  r i v e r s  and lakes.  T h e i r  
contaminat ion can present  a  d i r e c t  hazard t o  aquat ic  l i f e ,  and render  them 
u n f i t  f o r  r e c r e a t i o n a l  a c t i v i t i e s  o r  use as water  supp l ies  f o r  crop i r r i g a -  
t i o n ,  human consumption, o r  i ndus t r y .  There i s  t h e  p o t e n t i a l  f o r  a i r  p o l l u -  
t i o n  n o t  o n l y  f rom t h e  re lease  o f  hazmat (vapors o r  p a r t i c u l a t e s ) ,  b u t  f rom 
t h e  products  o f  combustion associated w i t h  f i r e s  and explos ions.  Damage t o  
t h e  environment can be ex tens ive  and long- term and n o t  r e a d i l y  cor rec ted ,  
and can r e s u l t  f rom n o t  o n l y  t h e  e f f e c t s  d i r e c t l y  a t t r i b u t a b l e  t o  t h e  
dera i lment ,  b u t  due t o  t h e  a c t i v i t i e s  associated w i t h  combating t h e  associ -  
a ted hazards and c l e a r i n g  t h e  wreckage. The l a t t e r  can i n c l u d e  bo th  phys i -  
c a l  damage from heavy equipment , from c o n s t r u c t i n g  impoundments t o  con ta in  
s p i l l s ,  and from chemical substances used t o  m i t i g a t e  t h e  e f f e c t s  o f  
re1  eased hazmat . 
Reduct ion i n  D i s r u p t i o n  t o  Populated Areas. I n  a d d i t i o n  t o  reduc t ions  i n  
i n j u r i e s ,  deaths, and p rope r t y  damage, as p r e v i o u s l y  discussed, l e s s  
"severe" ~ o s t  dera i lment  e f fec ts  would a l s o  r e s u l t  i n  reduced d i s r u ~ t i o n  t o  
t h e  everyday p r i v a t e  and commercial a c t i v i t i e s  o f  nearby populated areas. A 
major  b e n e f i t  would be l e s s  f requent  need f o r  evacuat ions and/or f o r  l e s s  
ex tens ive  areas and/or f o r  s h o r t e r  per iods .  Besides t h e  inconvenience and 
cos t s  associated w i t h  t r a n s p o r t i n g ,  housing, and feed ing  d i sp laced  popul a- 
t i o n s ,  t h e r e  a r e  d i r e c t  cos t s  r e l a t e d  t o  c l o s i n g  businesses (e.g. l o s s  o f  
p roduc t ion  and sa les,  l o s s  o f  wages). A d d i t i o n a l ,  l e s s  q u a n t i f i a b l e ,  cos t s  
a re  associated w i t h  t h e  c l o s i n g  o f  bo th  p u b l i c  and p r i v a t e  f a c i l i t i e s  such 
as schools,  nu rs ing  homes, and h o s p i t a l s .  Even i n  cases where evacuat ion i s  
n o t  requ i red ,  severe d i s r u p t i o n  can occur. There cou ld  be damage t o  nearby 
e l e c t r i c a l  power t ransmiss ion  l i n e s  o r  communications systems which cou ld  
have fa r - reach ing  e f f e c t s .  L ikewise,  i t  may be necessary t o  c l o s e  nearby 
highways and nav igab le  waterways; t h i s  cou ld  r e s u l t  i n  i n d i r e c t  losses t o  
users who would be requ i red  t o  f i n d  less  e f f e c t i v e  a l t e r n a t i v e s .  

Reduct ion i n  Emergency Response E f f o r t s .  The l e s s  "severe" t h e  post  
dera i lment  e f f e c t s .  t h e  l e s s  e f f o r t  which w i l l  be r e q u i r e d  t o  b r i n q  f i r e s ,  
exp los ions ,  and re ieases  under c o n t r o l .  The f o r  r educ t i on  i n  such 
e f f o r t s  can extend throughout  t h e  e n t i r e  recovery process; f rom t h e  i n i t i a l  
assessment o f  t h e  s i t u a t i o n ,  t o  t h e  o rgan i za t i on  o f  emergency response 
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forces, to combating and controlling all adverse effects so as to render the 
derailment site "safe". The primary thrust here is to remove derailment- 
related threats to the area in general, and provide an environment in which 
wreck clearing and rail service reinitiation activities can be readily 
carried out. The reduction/el imination of hazmat and hazmat-related effects 
from the derai lment scenario wi 1 1  reduce/el iminate the need for, often 
extensive, emergency response efforts. These include ascertaining response 
needs based upon what lading is involved and how it should be handled (this 
is not always readi ly determined), assembl ing special forces, equipment, and 
materials at the derailment site, and conducting such activities as may be 
required to control, contain, and/or recover hazmat which has been released 
or is considered to be vulnerable to anticipated wreck clearing activities. 
In general, it can be expected that the less severe the post derailment 
effects, the safer, faster, easier, and less expensive the emergency 
response efforts. 

Reduction in Wreck Clearing/Service Restoration Efforts. With a reduction 
in post derailment effects wi 1 1  be a correspondinq reduction in the time and 
effort necessary to clear/repair associated'wreckage and restore service on 
the 1 ine. That is, the effects of fires and ex losions (which compound and 
expand on the initial derailment-related damage ! on railroad property will 
be reduced/eliminated. This includes a reduction in the number of railcars 
damaged and the extent of their damage. Likewise, damage to a1 1 other 
railroad equipment and structures in the vicinity of the derailment can be 
expected to be reduced. In turn, there wi 1 1  be less need to transfer lad- 
ing, transport (rather than rerai 1) cars, replace heat or blast damaged 
equipment and materials, and complete such other activities as may be 
necessary to clear away the wreckage and restore the 1 ine to such condition 
that service can be restored. This includes both "reopening" the line ini- 
tial ly under restricted conditions (e.g. slow orders), and its eventual 
restoration to, at least, the service level which existed prior to the 
derailment. The reduction of the wreckageldamage to be handled will reduce 
the manpower, equipment, and materi a1 s required to restore service; savings 
in time and costs will result. 

Reduction in Environmental Restoration Efforts. Along with the potential 
for reductions in the imoact of oost derailment effects w o n  the environ- 
ment, will be the for ;orresponding reductions in the efforts and 
costs associated with restoration. Obviously, if less "damage" occurs, less 
corrective measures will be required. A major cost item can result in cases 
where it is necessary to excavate contaminated soi 1 and transport it to a 
"safe" site for treatment and disposal. It can also be necessary to treat 
bodies of water which may incur hazmat contamination. Costs will also be 
associated with derailment site testing to determine contamination levels 
and, therefore, decontamination needs, and with monitoring of residual 



TABLE 13. (Continued) 

e f f e c t s  over r e l a t i v e l y  long per iods.  The ex ten t  t o  which environment 
r e l a t e d  cos ts  a re  i ncu r red  w i l l  depend upon t h e  nature and ex ten t  o f  t he  
damage, and t h e  appl i cab1 e  Federal and Sta te  Envi ronmental P ro tec t i on  Agency 
regu la t i ons  and p o l i c i e s .  It may be poss ib le  t h a t  t h e  s i t u a t i o n  could a r i s e  
where the  responsib le r a i l r o a d  would no t  on ly  be requ i red  t o  pay r e s t o r a t i o n  
cos ts ,  bu t  would be f i n e d  as w e l l .  

Reduction i n  Involvement by A l l  Par t ies .  The l ess  "severe" t h e  post 
dera i lment  e f f e c t s ,  t h e  less  t h e  need f o r  d i r e c t  involvement by var ious per-  
sons, both from t h e  r a i l r o a d  and from ex terna l  o rgan iza t ions .  - It can be. 
expected t h a t  when hazmat i s  involved,  t he re  w i  11 be a  p o t e n t i a l  f o r  more 
extensive involvement by more persons and organizat ions.  Not on ly  i s  i t  
necessary t o  cornbat e f f e c t s  t h a t  may be worse than otherwise,  bu t  t h e  
involvement o f  hazmat i n  t h e  accident  scenario w i l l  both r e q u i r e  spec ia l  
cons idera t ion  and a t t r a c t  a t t e n t i o n .  Among t h e  non - ra i l r oad  organ iza t ions  
which become invo lved are: l o c a l  f i r e ,  p o l i c e ,  and emergency u n i t s ,  s t a t e  
po l  i c e ,  s t a t e  f i r e  marshal, s t a t e  Environmental P ro tec t i on  Agency, hazmat 
c a r  owner/commodi t y  sh ipper ,  Nat ional  Guard u n i t s ,  U. S. Coast Guard ( i f  
navigable waterway i s  involved)  , Nat ional  Transportat ion Safety Board, and 
Federal Ra i l road Admin is t ra t ion .  A1 1  t h i s  involvement can r e s u l t  i n  a  
considerable expense, both t o  these organ iza t ions  and t o  t h e  r a i l r o a d  which 
must in form, invo lve ,  and coord ina te  w i t h  them; and, perhaps, pay f o r  t h e i r  
p a r t i c i p a t i o n .  

Reduction i n  Adverse P u b l i c i t y .  The presence o f  hazmat i n  t h e  cons i s t  o f  a  
d e r a i l e d  t r a i n ,  e s p e c i a l l y  i f  a  re lease occurs, can a t t r a c t  " a t t e n t i o n "  from 
a  wide range o f  i n d i v i d u a l s  and organ iza t ions  beyond those d i r e c t l y  con- 
cerned w i t h  combating t h e  dera i lment  e f f e c t s  and c l e a r i n g  t h e  wreckage. 
Among these are po l  i t i c a l  bodies, regu la to ry  agencies, news media, community 
a c t i o n  groups, and envi ronmental is ts .  A l l  o f  these must be p rope r l y  
informed and d e a l t  w i t h  by r a i l r o a d  representa t ives  t o  t h e  ex ten t  necessary 
t o  meet l ega l  and c i v i c  ob l i ga t i ons .  The associated a c t i v i t i e s  can i nc lude  
inspect ions ,  i n te rv iews ,  p u b l i c  meetings and hearings; these can take  p lace 
on s i t e  o r  elsewhere and can occur over a  considerable pe r iod  o f  t ime subse- 
quent t o  t h e  dera i lment .  And, can r e s u l t  i n  a  considerable expense t o  t h e  
r a i  1  road. A reduc t i on  i n  post  de ra i  lment e f f e c t s ,  especia l  l y  those re1  a t i n g  
t o  hazmat, should a l so  r e s u l t  i n  a  reduc t ion  i n  ac tua l  and perceived r i s k  t o  
persons and proper ty .  I n  consequence, t he re  w i l l  be a  reduc t ion  i n  adverse 
pub1 i c i t y  and t h e  cos ts  associated w i t h  t h e  a c t i v i t i e s  r e l a t e d  there to .  



compared w i t h  t h e  t o t a l  va lue o f  t h e  " o v e r a l l  cos t "  t o  determine whether 

o r  no t  t h e  s e l e c t i v e  i n - t r a i n  placement and separat ion o f  hazmat cars i s  

a  cos t  e f f e c t i v e  endeavor. I n  determin ing t h e  monetary va lue o f  bene- 

f i t s ,  i t  must f i r s t  be recognized t h a t  a l l  b e n e f i t s  under cons ide ra t i on  

here a r i s e  d i r e c t l y  from t h e  reduc t ion  o r  e l i m i n a t i o n  o f  dera i lment  

r e l a t e d  consequences and a c t i v i t i e s .  Therefore, i t  i s  t h e  do1 l a r  va lue 

o f  t h e  associated losses and cos ts  which must serve as t h e  bas i s  f o r  

c o s t i n g  b e n e f i t s .  However, i t  must a l so  be recognized t h a t ,  as 

p rev ious l y  i nd i ca ted ,  i t  i s  o n l y  t h a t  p o r t i o n  o f  these losses/costs 

a t t r i b u t a b l e  t o  t h e  presence and/or involvement o f  hazmat which should be 

u t i l i z e d  here. That i s ,  c e r t a i n  damages, e f f e c t s ,  cos ts ,  and/or losses 

associated w i t h  dera i lments a re  no t  a t t r i b u t a b l e  t o  hazmat and would have 

occurred even i n  t he  t o t a l  absence o f  hazmat; t h e  va lue o f  these should, 

t he re fo re ,  be excluded. Th is  requ i res  t h a t  on l y  se lec ted  cos ts / losses ,  o r  

p o r t i o n s  the reo f ,  be u t i l i z e d  when determin ing p o t e n t i a l  b e n e f i t s  and 

t h e i r  value. 

Inspec t ion  o f  Table 13 shows t h a t  most o f  t h e  p o t e n t i a l  

b e n e f i t s  a re  o f  a  h i g h l y  t a n g i b l e  na ture ,  bu t  a  few a re  no t .  For 

example, damage t o  equipment and l a d i n g  can be r e a d i l y  q u a n t i f i e d  and t h e  

associated do1 l a r  l oss  determined. However, d i s r u p t i o n s  t o  t h e  

environment and adverse p u b l i c i t y  are no t  e a s i l y  q u a n t i f i e d .  Rather, 

o n l y  s p e c i f i c ,  d i r e c t l y  i d e n t i f i a b l e  p o r t i o n s  o f  such i tems can be 

costed. Therefore,  from a  p r a c t i c a l  s tandpoint  on l y  q u a n t i f i a b l e  

b e n e f i t s ,  w i t h  d e f i n i t i v e  d o l l a r  values, can be u t i l i z e d .  Accord ingly ,  a  

check l i s t  o f  q u a n t i f i a b l e  b e n e f i t  i tems has been generated; i t  i s  based 

upon t h e  contents o f  Table 13, t h e  damage cos t  i tems u t i l i z e d  i n  NTSB 

Rai 1  road Accident Reports, and t h e  above c i t e d  cons idera t ions  .2 This  

l i s t  i s  as f o l l o w s :  

2 Note t h a t  t h e  Government does n o t  use c o u r t  se t t lements  as t h e  bas i s  
f o r  c o s t j b e n e f i  t analyses. Sometimes t h e  insurance c l a i m  
se t t lements  a re  used. Cu r ren t l y  t h e  va lue f o r  a  l i f e  i s  $1 m i l l i o n .  
Th is  app l i es  t o  Items 1, 3, 4 and 5 below. 



1. I n j u r i e s  and Deaths. Costs r e l a t e d  t o  t h e  se t t lement  of c la ims 
and/or awards i n  connect ion w i t h  t h e  i n j u r y  o r  death o f  any and 
a l l  persons as a  consequence o f  t h e  dera i lment .  

2. Ra i l r oad  Equipment. Losses and/or cos ts  r e l a t e d  t o  t h e  damage/ 
d e s t r u c t i o n  o f  r a i  1  road equipment, f a c i  1  i t i e s ,  and s t ruc tu res  
and, when so performed, t h e  r e p a i r  and o r  replacement o f  these 
ma te r i  a1 s  . 

3. Lading. Costs r e l a t e d  t o  t h e  se t t lement  o f  c la ims by shippers 
and/or rece i ve rs  i n  connect ion w i t h  1  adi  ng (and cars ,  where 
company owned) which was damaged o r  destroyed as a  consequence 
o f  t h e  dera i lment .  

4. Non-Railroad Proper ty .  Costs r e l a t e d  t o  t h e  se t t lement  of 
c la ims i n  connect ion w i t h  t h e  damage/destruction o f  non- 
r a i l r o a d  p rope r t y  o f  any and a1 1  type  as a  consequence o f  a  
dera i lment .  

5. Popu la t ion  D is rup t i on .  Costs r e l a t e d  t o  t h e  se t t lement  o f  
c la ims by i n d i v i d u a l s ,  groups, m u n i c i p a l i t i e s ,  e tc . ,  f o r  losses 
and/or costs  associated w i t h  t h e  d i s r u p t i o n  o f  t h e i r  everyday 
a c t i v i t i e s .  This  inc ludes  the  cos ts  associated w i t h  evacu- 
a t i ons .  

6 .  Emergency Response. Costs r e l a t e d  t o  t h e  use o f  bo th  r a i l r o a d  
and non-ra i  1  road personnel,  equipment, and mater i  a1 s  t o  combat 
and e l i m i n a t e  hazardous cond i t i ons  which r e s u l t  as a  conse- 
quence o f  t h e  dera i lment .  

7. Wreckage C lear ing .  Costs associated w i t h  t h e  use o f  manpower 
and equipment t o  c l e a r  t h e  wreckage r e s u l t i n g  f rom t h e  d e r a i l -  
ment and r e l a t e d  e f f e c t s ,  and t o  r e s t o r e  se rv i ce  on t h e  l i n e .  
Th is  work w i l l  be c a r r i e d  ou t  by t h e  r a i l r o a d s  themselves w i t h  
t h e i r  own personnel o r  con t rac to rs .  Replacement equipment 
cos ts  a re  inc luded i n  I tem 2 above. 

8. Environmental Restorat ion.  Costs associated w i t h  a c t i v i t i e s  
d i r e c t e d  toward t h e  m i t i g a t i o n  and/or c o r r e c t i o n  o f  damage 
su f fe red  by t h e  environment as a  consequence o f  t h e  dera i lment .  
Th is  can i nc lude  t h e  cos t  o f  decontaminat ion, r e s t o r a t i o n ,  and 
o t h e r  app l i cab le  a c t i v i t i e s .  

9. Miscel laneous. Losses and/or cos ts  no t  inc luded i n  t h e  above 
e i g h t  i tems which can be s p e c i f i c a l l y  i d e n t i f i e d  r e l a t i v e  t o  
t h e  dera i lment .  These may vary from one dera i lment  t o  another 
depending upon both t h e i r  appl i c a b i  1  i t y  and t h e  r a i  1  road ' s  
a b i l i t y  t o  i d e n t i f y  them. 



Not s u r p r i s i n g l y ,  t h e  i tems i n  t h i s  l i s t i n g  a r e  s i m i l a r  t o  t h e  

p r e v i o u s l y  c i t e d  damage c o s t  i tems used i n  NTSB R a i l r o a d  Acc iden t  

Reports.  And, as i n  t h e  case of those r e p o r t s ,  t h e  de te rm ina t i on  of t h e  

d o l l a r  va lue  o f  t h e  losses  and cos t s  can p robab ly  be b e s t  done by t h e  

r a i l r o a d s  themselves s i n c e  t hey  should  have access t o  t h e  necessary data.  

Some o f  these  w i l l  be  w e l l  de f ined  (e.g. c l a ims ,  charges, f i n e s  p a i d  t o  

e x t e r n a l  p a r t i e s ) ,  w h i l e  o the rs  w i  11 r e q u i r e  a  judgmental  de te rm ina t i on  

(e.g. l a b o r  and m a t e r i a l s ,  va lue  o f  damaged o r  des t royed  equipment). 

F u r t h e r ,  some cos t s  w i l l  be i n c u r r e d  by cho i ce  o r  necess i t y ,  o t he rs  w i l l  

r e s u l t  f rom c o u r t  a c t i o n s  and awards. A l l  a p p l i c a b l e  losses  and cos ts ,  

whether o r  n o t  covered by t h e  r a i l r o a d  o r  i t s  insurance  c a r r i e r ,  should  

be i nc l uded  i n  t h e  de te rm ina t i on  o f  d o l l a r  va lue o f  b e n e f i t s .  

As i n  t h e  case of b e n e f i t s ,  q u a n t i f i a b l e  c o s t  i tems must be 

i d e n t i f i e d  so t h a t  t h e  " c o s t s "  assoc ia ted  w i t h  employing i n - t r a i n  

placement and sepa ra t i on  requi rements  f o r  hazmat c a r s  (which f o s t e r  t h e  

p r e v i o u s l y  descr ibed  b e n e f i t s )  can be determined. The impact  i tems 

p r e v i o u s l y  presented i n  Table  12, page 92 ( P o t e n t i a l  Impacts on R a i l r o a d  

Operat ions Due t o  A d d i t i o n a l  I n - T r a i n  Car Placement Requirements) can 

serve  as a  d i r e c t  b a s i s  f o r  d e r i v i n g  t h e  c o s t  i tems.  I t  i s  necessary t o  

cons ide r  bo th  t h e  c o s t  o f  t h e  s p e c i f i c  a c t i v i t i e s  necessary t o  conform t o  

a d d i t i o n a l  hazmat c a r  p l  acement lseparat  i o n  requi rements ,  and any nega t i ve  

e f f e c t s 5  which r e s u l t  f rom hav ing  performed them. And, f r om  these,  

i d e n t i f y  l a b o r  and m a t e r i a l s  expend i tu res  as w e l l  as o p e r a t i o n a l  p e r f o r -  

mance losses  f o r  which d o l l a r  va lues can be ascr ibed.  U n l i k e  t h e  " l osses  

and c o s t s "  assoc ia ted  w i t h  b e n e f i t s ,  which r e q u i r e d  s e p a r a t i n g  o u t  o n l y  

those  p o r t i o n s  which r e l a t e d  t o  t h e  invo lvement  o f  hazmat i n  t h e  d e r a i l -  

ment scenar io ,  these  c o s t s  can be d i r e c t l y ,  and, w i t h  few excep t ions ,  

comp le te ly  a t t r i b u t e d  t o  t h e  hazmat c a r  p lacement /separat ion requi rements  

which n e c e s s i t a t e d  them. Again, f r om  a p r a c t i c a l  s t andpo in t ,  o n l y  quan- 

t i f i a b l e  i tems and cos t s ,  w i t h  d e f i n i t i v e  d o l l a r  va lues,  shou ld  be 

u t i l  i zed .  

Examinat ion of Table  12 r e v e a l s  t h a t  sollie o f  t h e  impact i tems 

5 P o s i t i v e  e f f e c t s  were p r e v i o u s l y  cons idered under " b e n e f i t s "  . 



1 i s t e d  t h e r e i n  a re  i n  t he  na ture  o f  "one-time" a c t i v i t i e s / c o s t s  asso- 

c i a t e d  w i t h  t h e  development and i n i t i a t i o n  o f  procedures and p rov i s i ons  

t o  conform t o  new hazmat car  pos i t i on / sepa ra t i on  requirements. However, 

most a re  o f  an ongoing and cont inuous na ture  w i t h  a  v a r i e t y  o f  associated 

a c t i v i t i e s  and costs.  Some are  o f  an obvious and d i r e c t  na tu re  (e.g. 

c l a s s i f i c a t i o n  a c t i v i t i e s  associated w i t h  t h e  make-up o f  t r a i n s ) ,  wh i l e  

o thers  a re  s u b t l e  and i n d i r e c t  (e.g. delays i n  schedules and d e l i v e r y  

t imes) .  Obviously,  t h e  former are more r e a d i l y  q u a n t i f i a b l e  than the  

l a t t e r  and can be b e t t e r  r e l a t e d  t o  s p e c i f i c  t r a i n s  and t r i p s  i f  so 

des i red. 

The fo l l ow ing  i s  a  check l i s t  o f  cos t  i tems. These have been 

separated i n t o  f o u r  major  ca tegor ies  i n  o rder  t o  b e t t e r  d i s t i n g u i s h  

between those cos ts  o f  a  general  na ture  and those associated w i t h  t h e  

ope ra t i on  o f  i n d i v i d u a l  t r a i n s :  

1. Organ iza t ion  and I n i t i a t i o n .  Costs r e l a t e d  t o  p lann ing  and 
p r o v i d i n g  t h e  methods and means t o  conduct such a c t i v i t i e s  as 
may be requ i red  t o  conform t o  i n - t r a i n  placement and separat ion 
requ i rements f o r  hazmat cars.  Inc ludes prepar ing  both work 
f o rces  and f a c i l i t i e s ,  along w i t h  developing e f f e c t i v e  and 
e f f i c i e n t  procedures and processes f o r  a f f e c t i n g  t h e  necessary 
placement1 separat ion when and where requ i red .  Speci f i c  cos t  
i tems which cou ld  be inc luded here are: 

a. Development o f  t r a i n i n g  programs and m a t e r i a l s  f o r  
i n s t r u c t i n g  appropr ia te  personnel, as we1 1  as c a r r y i n g  ou t  
t h e  necessary i n s t r u c t i o n  and otherwise d isseminat ing  a1 l 
a p p l i c a b l e  i n fo rma t i on  and i n s t r u c t i o n s .  

b. Development o f  r e v i s i o n s  t o  formats f o r  c o n s i s t  l i s t s ,  
w a y b i l l s ,  c l a s s i f i c a t i o n  c u t  l i s t s ,  and o t h e r  documen- 
t a t i o n  r e l a t e d  t o  c a r  l a d i n g  and lo r  t r a i n  make-up so as t o  
p rov ide  r a i l r o a d  personnel w i t h  d i r e c t i o n  regard ing  t h e  
placement1 separa t ion  needs o f  i n d i v i d u a l  hazmat cars.  

c. Development and u t i  1  i z a t i o n  o f  rev i sed  p lacard  and lo r  
o the r  car-mounted devices which r e a d i l y  convey i n fo rma t i on  
re1  a t i v e  t o  t h e  c a r ' s  p lacement lseparat ion.  

d. Development and implementat ion o f  rev i sed  c l a s s i f i c a t i o n  
procedures f o r  use i n  yards and te rm ina l s  so as t o  
accommodate e f f i c i e n t l y  t h e  a d d i t i o n a l  hand l ing  needed t o  
achieve t h e  requ i red  p l  acementlseparat i o n  o f  hazmat cars.  



e. Design and c o n s t r u c t i o n  o f  r e v i s i o n s  t o  e x i s t i n g  yards and 
te rm ina l s ,  i f  such are  warranted, t o  f a c i l i t a t e  t h e  
hand1 i n g / c l a s s i f i c a t i o n  o f  hazmat cars  when making up 
t r a i n s .  Could a1 so e n t a i  1  t h e  need f o r  more y a r d  engines. 

f. Development o f  r ev i sed  schedules, r e s t r u c t u r e d  s e r v i c e  
rou tes ,  and o t h e r  m a t e r i a l s  which d e f i n e  and d i r e c t  
f r e i g h t  s e r v i c e  opera t ions  so as t o  accommodate any 
a d d i t i o n a l  a c t i v i t i e s  and t i m e  requirements associated t o  
c l a s s i f y i n g  and ope ra t i ng  t r a i n s  i n  conformance w i t h  t h e  
hazmat c a r  p lacement lseparat ion requirements.  

O v e r a l l  Operat ions and Performance. Costs and losses r e l a t e d  
t o  t h e  general  ope ra t i on  of  r a i  1  roads as r e f l e c t e d  by increased 
ope ra t i ng  n e e d s l a c t i v i t i e s  and lo r  d imin ished performance 
c a p a b i l i t i e s  as a  consequence o f  conforming t o  i n - t r a i n  p lace-  
ment and separa t ion  requirements f o r  hazmat cars.  Inc ludes 
impacts upon personnel and equipment needs, as we1 1  as f a c i  1  i t y  
u t i  1  i z a t i o n ,  and upon o v e r a l l  ope ra t i ona l  e f f i c i e n c y  and per -  
formance. Inc ludes  bo th  i tems d i r e c t l y  i n v o l v i n g  t h e  hand l ing  
of  hazmat cars  and t h e  consequences o f  do ing so as they a f f e c t  
o t h e r  aspects o f  opera t ions  and performance. S p e c i f i c  cos t  
i tems which cou ld  be inc luded here are: 

a. Increases i n  average t r i p  t imes r e s u l t i n g  from t h e  need t o  
per fo rm more coniplex sw i t ch ing  movements w h i l e  t r a i n s  a re  
enroute. 

b. Increased need t o  pay t r a i n  crews premium wages due t o  
l onge r  than  scheduled t r i p s .  L ikewise,  increased poss i -  
b i l i t y  o f  Twelve-Hour Work Rule being imposed thereby 
n e c e s s i t a t i n g  t h e  c a l l - o u t  o f  r e l i e f  crews w i t h  associated 
e x t r a  l a b o r  cos ts  and t r a f f i c  delays. 

c .  Increased u n c e r t a i n t y  i n  t r i p  t imes  due t o  decreased 
a b i l i t y  t o  "accu ra te l y "  predetermine t h e  number and 
complex i ty  o f  sw i t ch ing  movements assoc ia ted  w i t h  c a r  s e t -  
o u t  and lo r  p ick-up w h i l e  enroute. May a l s o  impact t h e  
a b i l i t y  t o  accu ra te l y  schedule t r a i n  "meets" a t  pass ing 
s i d i n g s  associated w i t h  s i ng le - t r acked  l i n e s .  Th is  cou ld  
r e s u l t  i n  decreased e f f i c i e n c y  due t o  more t i m e  spent 
w a i t i n g  a t  such s i d i ngs .  

d. Increased need f o r  personnel and f o r  schedul ing work 
assignments so as t o  e f f e c t i v e l y  and e f f i c i e n t l y  meet t h e  
increased l a b o r l l a b o r  hour needs assoc ia ted  w i t h ,  and 
r e s u l t i n g  from, complying w i t h  p lacement lseparat ion 
r e q u i  rements . 



C l a s s i f i c a t i o n  Operat ions. Costs r e l a t e d  t o  any inc rease  i n  
a c t i v i t i e s  associated w i t h  t h e  c l a s s i f i c a t i o n  o f  cars  and/or 
t h e  make-up o f  t r a i n s  a t  yards and te rm ina l s  i n  o rde r  t o  
conform t o  i n - t r a i n  placement and separa t ion  requirements f o r  
hazmat cars.  Inc ludes  impacts on t h e  u t i l i z a t i o n  o f  personnel,  
y a r d  engines, and y a r d l t e r m i n a l  f a c i  1  i t i e s  as they a f f e c t  t h e  
e f f i c i e n c y  and cos t  o f  c l a s s i f i c a t i o n  a c t i v i t i e s .  S p e c i f i c  
c o s t  i tems which cou ld  be inc luded here are: 

a. A d d i t i o n a l  e f f o r t s  associated w i t h  p lann ing  and organ iz ing  
t r a i n  cons i s t s  and making up c u t  l i s t s  f o r  t h e  
c l a s s i f i c a t i o n  process. 

b. Reduct ion i n  ya rd  process ing capac i t y  due t o  t h e  
a d d i t i o n a l  a c t i v i t i e s ,  space, and t ime requ i red  f o r  t h e  
hand l ing1  process ing o f  hazmat cars.  

c .  Add i t i ona l  ya rd  a c t i v i t i e s  associated w i t h  i n s e r t i n g  
hazmat cars  i n t o  s u i t a b l e  l o c a t i o n s  w i t h i n  t r a i n  cons i s t s .  
Th is  inc ludes  d i s r u p t i o n  o f  t h e  "normal" process o f  
c l a s s i f y i n g  cars  by s t a t i o n  d e s t i n a t i o n  and forming t r a i n s  
d i r e c t l y  f rom t h e  r e s u l t i n g  b locks  o f  cars .  Both 
increases i n  l a b o r  and yard  engine usage can be expected. 

d. Increased complex i ty  o f  opera t ions  a t  i n te rmed ia te  yards 
where ca rs  a re  so r ted  and blocked f o r  i n c o r p o r a t i o n  i n t o  
t r a i n s  as they pass through. I t  w i l l  become necessary t o  
p rov ide  s p e c i a l l e x t r a  hand1 i n g  r e l a t i v e  t o  bo th  t h e  
c l a s s i f i c a t i o n  ( i n  p repa ra t i on  f o r  t h e  a r r i v a l  o f  t h e  
t r a i n s )  o f  hazmat cars,  and t h e i r  eventual  i n s e r t i o n  i n t o  
t h e  t r a i n s  so as t o  meet hazmat ca r  p o s i t i o n l s e p a r a t i o n  
requirements.  

4. Over-the-Road-Operations. Costs r e l a t e d  t o  any inc rease  i n  
a c t i v i t i e s  associated w i t h  t h e  over- the-road ope ra t i on  o f  
t r a i n s  due t o  impacts associated w i t h  h a u l i n g  and ma in ta in i ng  
c o n s i s t s  which conform t o  i n - t r a i n  placement and separa t ion  
requirements f o r  hazmat cars.  Inc ludes  a1 1  a c t i v i t i e s  ( i  .e. 
hau l i ng ,  p ick-ups,  set -outs)  which t ake  p l a c e  f rom t h e  t ime a  
t r a i n  depar ts  i t s  o r i g i n a t i n g  t e rm ina l  u n t i l  i t  reaches i t s  
f i n a l  d e s t i n a t i o n .  Encompasses a1 1  r a i l c a r  h a u l i n g  t r i p s :  v i a  
through t r a i n s ,  l o c a l  t r a i n s ,  and d e l i v e r i e s l p i c k - u p s  by y a r d  
crews. S p e c i f i c  cos t  i tems which cou ld  be inc luded here are: 

a. A d d i t i o n a l  e f f o r t s  associated w i t h  t h e  se t -ou t  and p ick-up 
o f  cars  (both hazmat and o thers )  a t  spurs, s i d i n g s ,  and 
i n te rmed ia te  te rmina ls .  The p r o b a b i l i t y  e x i s t s  f o r  an 
increased number o f  i n d i v i d u a l  sw i t ch ing  movements 
i n v o l v i n g  increased numbers of ca rs  each t ime.  



b. Add i t i ona l  t ime s p e n t o n  passing s i d i n g s  (on s i n g l e  
t racked l i n e s )  awa i t ing  t h e  passage o f  f o l l o w i n g  o r  
opposing p r i o r i t y  t r a i n s  due t o  p o t e n t i a l  i n a b i l i t y  t o  
accura te ly  c o n t r o l  t r i p  t imes and, there fo re ,  meet t imes.  

c.  Poss ib le  need f o r  more expe r ienced l sk i l l ed  t r a i n  engineers 
t o  p r o p e r l y  handle t r a i n s  which have poorer  de ra i  lment 
dynamics c h a r a c t e r i s t i c s  because hazmat c a r  
p l  acement/separation requirements conf  1  i c t  w i t h  t h e  
j u d i c i o u s  placement o f  loaded vs empty cars .  

d. Increased need t o  double-head he lper  engines, r a t h e r  than 
t o  employ them as "pushers" when p rov id ing  he lper  se rv i ce ,  
because o f  increased poss ib i  1  i t y  f o r  hazmat cars  being 
loca ted  i n  t he  l a s t  f i v e  p o s i t i o n s  o f  t r a i n s .  This  could,  
depending upon t h e  s p e c i f i c  l o c a l e  and circumstances, 
r e s u l t  i n  t h e  need f o r  a d d i t i o n a l  t ime t o  couple o r  remove 
t h e  he lpe r  engines. This  cou ld  decrease t h e  avai l a b i  1  i t y  
o f  such engines f o r  o the r  assignments. 

e. Increased need t o  haul a d d i t i o n a l  " e x t r a  ca rs "  f o r  t h e  
s o l e  purpose o f  p rov id ing  t h e  necessary separa t ion  o f  
hazmat ca rs  i n  those cases where t h e  bas ic  t r a i n  cons i s t  
does no t  i nc lude  a  s u f f i c i e n t  number o f  ca rs  s u i t a b l e  f o r  
t h i s  purpose. The hau l i ng  o f  t h i s  e x t r a  tonnage would 
have a  negat ive  impact on both f u e l  consumption and c a r  
u t i l i z a t i o n .  

It i s  recognized t h a t  some o f  t h e  s p e c i f i c  c o s t  i tems 

associated w i t h  each o f  t h e  f o u r  major  ca tegor ies  ove r l ap  o r  a re  i n  t h e  

na ture  o f  dup l i ca tes .  However, i t  i s  des i rab le  t h a t  each category be 

ab le  t o  stand alone. The f i r s t  addresses t h e  cos t  o f  p repar ing  t o  

conform t o  new i n - t r a i n  placement/separat ion requirements f o r  hazmat 

cars.  Th is  i s  p r i m a r i l y  a  one-time s t a r t - u p  cos t ,  b u t  may i n v o l v e  some 

con t i nu ing  expense. The second addresses ongoing day-to-day costs / losses 

associated w i t h  and/or r e s u l t i n g  from cont inued conformance. The t h i r d  

and f o u r t h  address t h e  c lass i f i ca t ion /make-up and over- the-road oper- 

a t i ons ,  respec t i ve l y .  These two a r e  most d i r e c t l y  r e l a t e d  t o  t h e  

dera i lment  scenar ios o f  concern here: t h e  former r e l a t e s  t o  t h e  i n i t i a l  

placement/ separa t ion  o f  hazmat cars  i n  t r a i n s ,  w h i l e  t h e  l a t t e r  r e l a t e s  

t o  t h e  over- the-road hau l i ng  o f  these cars and, t he re fo re ,  t o  t h e  



dera i lments  themsel ves.6 

The assignment o f  d o l l a r  values t o  t h e  va r i ous  c o s t  i tems must 

necessa r i l y  be based upon t a n g i b l e  i tems f o r  which q u a n t i t i e s  and u n i t  

cos ts  can be determined. Accord ing ly ,  cos ts  niust be r e l a t e d  t o  such 

accountable i tems as l a b o r  hours,  equipment usage, f u e l  consumption, 

m a t e r i a l s  used/consumed, and f a c i  1  i t i e s  u t i l i z a t i o n .  L ikewise,  losses 

must be re1 ated t o  such f a c t o r s  as reduced p roduc t i  v i  t y l c a p a b i  1  i t y  as 

e v i  denced by i ncreased ope ra t i ona l  cos ts  and/or decreased revenues. 

Any de te rmina t ion  o f  t h e  monetary values o f  bene f i t s  and cos t s  

f o r  t h e  purpose o f  comparison and/or es t ima t i on  o f  t h e  c o s t  e f fect iveness 

o f  hazmat c a r  p l  acement/separation requ i  rements must recognize t h e  

f o l l o w i n g :  

1. I t  w i l l  no t  be poss ib le  t o  determine, w i t h  a h i g h  degree o f  
accuracy, d o l l a r  values f o r  a l l  b e n e f i t s  and cos ts .  This  i s  
due t o  t h e  i n t a n g i b l e  na tu re  o f  some ( e s p e c i a l l y  b e n e f i t s ) ,  and 
t h e  p robab le  l a c k  o f  d e t a i l e d  account ing da ta  f o r  o the rs  
(especi  a1 l y  cos t s ) .  

The b e n e f i t s ,  which a re  r e l a t e d  t o  expected reduc t ions  i n  cos t s  
and losses associated w i t h  dera i lments  o f  t r a i n s  hau l i ng  
hazmat, a re  i n  t h e  na tu re  o f  con jec tu re  r a t h e r  than  f a c t .  The 
de te rm ina t i on  o f  t h e  na tu re  and e x t e n t  o f  b e n e f i c i a l  r e s u l t s  
cannot be made w i t h  c e r t a i n t y ,  a l though comparisons o f  f u t u r e  
acc iden t  s t a t i s t i c s  w i t h  h i s t o r i c a l  da ta / t rends  w i l l  be 
poss ib le .  The costs ,  however, w i l l  be r e a l  even i f  they  cannot 
a l l  be s p e c i f i c a l l y  i d e n t i f i e d  and/or quan t i f i ed .  

3 .  Bene f i t s  can on l y  a r i s e  ou t  of dera i lments which were avoided 
o r  reduced i n  s e v e r i t y  because o f  hazmat c a r  
p l  acement/separat i o n  requ i  rements . Therefore, they  can on l y  be 
r e a l i z e d  on an occasional  bas i s ,  w i t h  t h e  number o f  
o p p o r t u n i t i e s  va ry ing  f rom year- to-year  and t h e i r  magnitude 
va ry ing  from acc iden t - to -acc iden t .  Costs w i l l  a r i s e  bo th  
i n i t i a l l y  ( i  .e. s t a r t - u p )  and on a cont inuous day-by-day bas i s  
bo th  a t  t h e  o v e r a l l  opera t ions  l e v e l  and a t  t h e  i n d i v i d u a l  
hazmat t r a i n  c lass i f i ca t ion /make-up  and over- the-road 

6 As noted e a r l i e r  i n  t h i s  r e p o r t ,  w h i l e  dera i lments  occur du r i ng  a l l  
phases o f  r a i l r o a d  opera t ions  and a t  a l l  l o c a t i o n s ,  i t  i s  t h e  
m a i n l i n e  ope ra t i on  o f  r e l a t i v e l y  l ong  t r a i n s  t h a t  o f f e r s  t h e  best  
o p p o r t u n i t y  f o r  reduc t ions  i n  dera i lment  s e v e r i t y  v i a  ca r .  placement 
and separa t ion  s t r a t e g i e s .  



operations level. Costs are not directly relatable to benefits 
and would be incurred even if, somehow, no benefits were 
real ized. 

It can be expected that performing a detailed cost-benefit 
analysis will not be a straightforward nor completely conclusive matter. 
Not only will the process itself entail the use of assumptions and 

estimates (both relative to the nature of the benefitlcost items, and 
their monetary value), but there is no assurance that the selected 
benefits could actually be realized. 

5.2 Review of Selected Derailments to Identify 
Potential for Improved Hazmat Car Placement 

Selected railroad accidents were examined and analyzed to determine 
the extent to which associated derailment effects might have been reduced 
in severity by "better" placement of hazmat cars within the associated 

train consists.7 These accidents were extracted from the set which was 

reviewed during the conduct of Task Item 1 (see Table 9), and for which 
NTSB railroad accident reports exist. A mixture of lesser and signi- 
ficant derailments involving hazmat release were selected. It was 

expected that doing so would provide a range of accident effects and 
hazmat involvement and would, therefore, be representative of typical 

hazmat car derailment situations as they presently occur in the United 
States. The selected accidentsfderailments were as follows: 

Fort Knox, Kentucky (3-22-83) 
Illinois Central Gulf Railway Company 

Pine Bluff, Arkansas (6-9-85) 
St. Louis Southwestern Railway Company 

7 The statement of work for Technical Task No. 6 also directed that an 
attempt be made to identify derailments which might have been 
avoided by the relocation of hazmat cars. However, as discussed in 
Section 5.1, it appears that, with possible rare exceptions, 
derailments cannot be avoided completely by merely repositioning 
cars within a given train consist. 



Marshvi 1 le, North Carol ina (5-10-84) 
Seaboard System Rai 1 road 

Livingston, Louisiana (9-28-82) 
Illinois Central Gulf Railway Company 

These accidents were examined and analyzed in the order shown 

above. The examinations provided an understanding of the accident and 
the extent and severity of hazmat involvement; the analyses were con- 
cerned with identifying the potential for reducing hazmat involvement by 
means of the previously discussed in-train hazmat car placement and 

separation strategies. 

The exami nations of the accidents/derai lments considered the 
following aspects of the associated scenarios: 

1. Nature and extent of the overall derailment. 

2. Probable cause of the derailment. 

3. Extent of hazmat involvement (number of cars, nature of 
lading, releases, commingling, etc.) . 

4. Nature of significant post-derai lment effects (fires, 
explosions, toxic clouds, environmental contamination, 
etc.) . 

5. Nature of losses and costs attributable to presence and/or 
involvement of hazmat (emergency response, opul ation 
disruption, environmental restoration, etc. 7 . 

6. In-train positions of hazmat cars which were involved in 
the derailment. 

7 .  In-train positions which were not involved in the 
derailment and whether or not they contained hazmat cars. 

8. The train's make-up and activities, relative to the pick- 
up and set-out o f  cars, from the time it departed its 
originating terminal unti 1 the derai lment occurred. 

Overviews of the selected train derailments are presented in 

Table 14. The descriptions provided are entirely based upon the asso- 

ciated NTSB accident reports, and are necessarily limited in their 

coverage; for additional detail see the cited NTSB reports. These served 



TABLE 14. OVERVIEWS OF CONDITIONS ASSOCIATED WITH SELECTED 
TRAIN DERAILMENTS INVOLVING HAZARDOUS MATERIALS 

1. NTSBIRAR-83/07 
F o r t  Knox, Kentucky, 3-22-83, I 1  1 i n o i s  Cen t ra l  Gul f  Rai  1 road  Company. 

. 
I C G  t r a i n  SML-4-21, 1 s t  No. 64, engine 702, c o n s i s t i n g  o f  f ou r  locomot ives 
( a t  head end) and 78 c a r s  (48 loaded and 30 empty) d e r a i l e d  on curve  w h i l e  
moving about 28 mph. NTSB determined t h e  p robab le  cause o f  t h e  acc iden t  t o  
be t i p p i n g  and b reak ing  o f  excess i ve l y  worn, bad l y  s h e l l e d  cu rve  r a i l  a t  a 
p o i n t  weakened by a d e t a i l  f r a c t u r e  when i t  was sub jec ted  t o  normal outward 
1 a t e r a l  f o r ces .  

13 c a r s  (3 t ank  c a r s  and 10 boxcars) d e r a i l e d ;  these  were t h e  33rd th rough  
t h e  45 th  c a r s  f rom t h e  locomot ive.  The 33rd  and 3 4 t h  c a r s  ( tank  c a r s  con- 
t a i n i n g  1 i q u i d  ch lo roprene)  over tu rned .  Da~iiage t o  vacuum r e 1  i e f  v a l v e  on 
33rd  c a r  p e r m i t t e d  d ischarge  i n t o  atmosphere a t  r a t e  o f  5 g a l l o n s  p e r  min- 
u t e  where i t  g a s s i f i e d .  The 3 5 t h  c a r  ("empty" t ank  c a r  c o n t a i n i n g  hydro-  
c h l o r i c  a c i d  r es i due )  a l s o  over tu rned  b u t  was n o t  punctured.  The remain ing 
t e n  d e r a i l e d  c a r s  con ta ined  i n e r t  l ad i ng .  No da ta  was p rov i ded  r e l a t i v e  t o  
con ten t s  o f  t h e  65 c a r s  which d i d  n o t  d e r a i  1 (36 loaded and 29 empty) n o r  
t h e  p o s i t i o n s  o f  t h e  empty cars .  Hazardous m a t e r i a l s  expe r t s  f rom company 
owning 33rd  and 34 th  c a r s  stopped t h e  l e a k  approx imate ly  5 hours  a f t e r  
de ra i lmen t  occurred.  There were no f i r e s  and evacua t ion  o f  t h e  area was 
n o t  requ i red ;  t h e r e  were no i n j u r i e s .  T o t a l  damage was es t imated  a t  
$199,831. 

Loaded and empty c a r s  were re1  a t  i v e l y  even ly  d i s t r i b u t e d  th roughou t  t h e  
t r a i n .  I n i t i a l l y ,  t h e  t r a i n  ( w i t h  f o u r  locomot ives,  47 loaded cars ,  and 41 
empty ca rs )  depar ted Memphis, Tennessee, enrou te  t o  L o u i s v i  1 l e ,  Kentucky. 
There was a crew change a t  Cen t ra l  C i t y ,  Kentucky. A t  C e c i l i a ,  Kentucky, 
17 empty c a r s  and 1 loaded c a r  were s e t - o f f  and two loaded c a r s  and s i x  
empty ca r s  picked-up. The r e s u l t i n g  c o n s i s t  was t h a t  o f  t h e  t r a i n  when i t  
d e r a i l e d .  

2. NTSBIRAR-86/04 
P ine  B l u f f ,  Arkansas, 6-9-85, S t .  Lou i s  Southwestern Rai lway Company 

Cot ton  B e l t  t r a i n  E x t r a  4835 No r th  c o n s i s t i n g  o f  s i x  locomot ives  ( l o c a t e d  
a t  t h e  head end) , 93 c a r s  (90 1 oaded and 3 empty) , and one caboose d e r a i  1 ed 
w h i l e  pass ing  ove r  a b a l l a s t - d e c k  i l e  t r e s t l e .  NTSB determined t h e  proba- 
b l e  cause o f  t h e  acc i den t  t o  be (1 r f a i l u r e  t o  des t ress  and adequate ly  
anchor t h e  t r a c k  f o l l o w i n g  h o t  weather maintenance, and (2) excess ive  speed 
and consequen t ia l  heavy b r a k i n g  on a downgrade i n  approach t o  t h e  acc i den t  
l o c a t i o n  which compounded t h e  l o n g i t u d i n a l  s t r esses  imposed on t h e  t r a c k  
s t r u c t u r e  by t h e  heat .  
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2. NTSBIRAR-86/04 (Continued) 

A t  t h e  t ime  o f  t h e  acc ident ,  t h e  t r a i n  c o n s i s t  inc luded 26 loaded tank cars 
which were placarded as fo l lows:  two as "Dangerous - Flammable Gas", 13 as 
"Dangerous - Flammable L i q u i d " ,  two as "Dangerous - Combustible L i q u i d " ,  
t h r e e  as "Dangerous - Corros ive L i q u i d " ,  one as "Dangerous - Ox id i ze r " ,  and 
f i v e  as "Combustible L i q u i d " .  These d e r a i l e d  i n  t h e  q u a n t i t i e s  2, 2, 2, 3, 
1, and 4, r espec t i ve l y .  

I n i t i a l l y ,  31 cars  ( t he  26th through t h e  56th from t h e  locomotives) 
de ra i l ed ;  subsequent r a i  1 r o l  l o v e r  d e r a i l e d  11 more ca rs  (15 th  through 
25 th ) .  O f  t h e  42 d e r a i l e d  cars ,  18 were loaded tank  ca rs  (14 o f  which 
conta ined regu la ted  hazardous o r  t o x i c  chemical commodities, and f o u r  which 
conta ined non-regulated flammable petroleum and 1 i q u i d  p l a s t i c s  products)  . 
Those tank cars  s p e c i f i c a l l y  i d e n t i f i e d  by NTSB were: c a r  2 0 - - o i l ,  
c a r  21- -bu ty l  methacry la te,  cars  22, 24, 32, 33--buty l  a c r y l a t e ,  c a r  23-- 
e t h y l  a c r y l  a te,  c a r  26, 27- -v iny l  c h l o r i d e ,  cars  28, 29--polymethylene 
po lyphy l  isocyanate (1 i q u i d  p l a s t i c ) ,  c a r  34- -acry l  i c  ac id ,  c a r  36--ethylene 
ox ide,  and cars  44, 45--hydrogen f l u o r i d e .  I n i t i a l l y ,  t h e  f i r e  was fue led  
by t h e  re lease  o f  b u t y l  a c r y l a t e  from two rup tu red  tank  cars ,  bu t  spread t o  
p e l l e t i z e d  s y n t h e t i c  p l a s t i c  s p i  1 l e d  from covered hopper cars.  The f i r e  
impinged on an i n t a c t  tank c a r  ( c a r  36) con ta in i ng  e thy lene  ox ide  which 
exploded about 17 hours a f t e r  t h e  acc iden t  occurred. La te r ,  one of t h e  
tank  cars  ( c a r  28) o f  l i q u i d  s y n t h e t i c  p l a s t i c  exploded. 

Local f i r e  and emergency fo rces  were ass i s ted  by r a i l r o a d  and chemical 
company hazardous m a t e r i a l  exper ts .  There were f i r e s ,  and smoke and t o x i c  
gasses were re leased i n t o  t h e  atmosphere. Two tank ca rs  (one con ta in i ng  
e thy lene  ox ide,  t h e  o t h e r  polymethylene po lyphy l  isocyanate)  exploded, b u t  
d i d  n o t  r ocke t .  Because o f  t h e  presence o f  t h e  e thy lene  ox ide,  more than 
2,800 persons were evacuated f rom t h e  area w i t h i n  a 1 -mi le  rad ius  o f  t h e  
dera i lment .  However, no se r i ous  environmental  problem r e s u l t e d  s i nce  most 
o f  t h e  hazmat l o s s  was consumed by f i r e .  Damage was est imated a t  
$4,338,000. 

The t r a i n s  p o i n t  o f  o r i g i n  was Shreveport, Louis iana,  where i t  departed 
w i t h  f o u r  locomot ives,  60 cars  (a1 1 loaded),  and one caboose. A t  Eagle 
M i l l s ,  Arkansas, two locomotives and 34 ca rs  (31 loaded and 3 empty) were 
added. The r e s u l t i n g  c o n s i s t  was t h a t  o f  t h e  t r a i n  when i t  de ra i l ed .  

3. NTSBIRAR-85/05 
Marshvi 1 l e ,  Nor th  Carol  i na ,  5-10-84, Seaboard System Rai 1 road 

Seaboard System f r e i g h t  t r a i n  FERHL c o n s i s t i n g  o f  f o u r  locomot ives ( l oca ted  
a t  head end), 73 cars ,  and one caboose d e r a i l e d  w h i l e  moving over  a 
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3. NTSB/RAR-83/05 (continued) 

tu rnout .  The cause of t he  accident  was f a i l u r e  o f  a f r e i g h t  c a r  ax le  j o u r -  
na l  overheating. NTSB determined i t  was probable t h a t  t he  t r a i n  crew 
i n c o r r e c t l y  app l ied  information provided t o  them r e l a t i v e  t o  the  overheated 
j o u r n a l .  F a i l u r e  o f  t he  company t o  enforce a t ra inc rew moni to r ing  program 
r e l a t i v e  t o  opera t ing  r u l e s  was c i t e d  as a c o n t r i b u t i n g  f a c t o r .  

A t  t h e  t ime of the  accident ,  t he  t r a i n  cons is t  inc luded seven loaded cars 
o f  hazardous mater ia ls .  O f  them, f o u r  were tank  cars o f  methanol; the  
o the r  were not  i d e n t i f i e d .  

Eighteen cars d e r a i l e d  ( the  35th through 52nd from the  locomotives) s t a r t -  
i n g  w i t h  the  35th which had the  ho t  journa l .  The 35th through 37th were 
c a r r y i n g  pulpwood, t h e  contents of the  38th through 45th were not  speci -  
f i e d ,  b u t  t h e  cars were denoted as Hercofina cars (and so probably were 
c a r r y i n g  chemical products) ,  and t h e  contents of t h e  38th through 45th were 
n o t  speci f ied.  The d e r a i l e d  cars  inc luded f o u r  loaded tank cars o f  meth- 
anol and one loaded hopper c a r  o f  g ranu lar  p l a s t i c s  ( the  s p e c i f i c  i n - t r a i n  
p o s i t i o n s  o f  these cars were n o t  spec i f ied) .  During t h e  derai lment,  t he  
bottoms o f  two methanol tank cars were t o r n  open and the  released methanol 
i g n i t e d .  The hopper c a r  of g ranu lar  p l a s t i c s  was consumed i n  the  f i r e .  
One o f  t he  o the r  two de ra i l ed  tank cars o f  methanol was exposed t o  the  f i r e  
and concern over i t s  p o t e n t i a l  f o r  rup tu re  prompted an evacuation. 

The derai lment  occurred near the  Marshvi 1 l e  f i r e  department and the  county 
f i r e  marshal happened t o  be i n  the  area. Therefore, a prompt response 
resu l ted ,  and 1 a t e r  inc luded Sta te  pol  i ce ,  s h e r i f f s  personnel, and f i r e -  
f i g h t e r s  from nearby locat ions .  I n  a d d i t i o n  t o  the  evacuation (which 
invo lved 2,100 persons from an area w i t h i n  a 1-mile rad ius  o f  t he  d e r a i l -  
ment), a p o r t i o n  o f  U.S. Highway 74 was closed. The f i r e  was ext inguished 
w i t h i n  13 hours o f  t h e  derai lment  and the  evacuation order  l i f t e d  3 hours 
1 a te r .  

The t r a i n  crew accepted an inbound f r e i g h t  t r a i n  a t  Bos t i c  Yard i n  Bost ic ,  
North Carol ina.  A t  t h a t  t ime, 20 loaded coal  cars were removed and 18 cars 
added t o  the  t r a i n .  The t r a i n  then consisted o f  t h r e e  locomotives, 
87 cars, and one caboose. A t  Stanley, North Carol ina ,  two cars  were s e t  
out ,  and a t  Monroe, North Carol ina,  12 cars (1s t  through 12th cars)  were 
s e t  o u t  and one locomotive added. This r e s u l t e d  i n  t h e  t r a i n  cons is t  which 
subsequently de ra i  led. 
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4. NTSB/RAR-83/05 
Livingston, Louisiana, 9-28-82, I1  1 inois Central Gulf Rai 1 road Company 

ICG train Extra 9629 East (65-2-38) consisting of three locomotives 
(located at head end), 100 cars (84 loaded and 16 empty), and one caboose 
derai 1 ed fol lowing a sudden emergency brake appl icati on. NTSB determined 
the probable cause of the accident to be the disengagement of a worn air 
hose coupling in combination with (1) improper response by person at the 
locomotive controls, and (2) the placement of empty cars near the head of 
the train between heavily loaded cars. 

At the time of the accident, the train consist included 75 tank cars 
(68 loaded and 7 empty). Of these 55 were placarded as follows: one as 
"Chlorine", 14 as "Flammable Gas", seven as "Flammable Liquid", one as 
"Flammable Solid", five as "Poison", and 27 as "Corrosive". These derailed 
in the quantities of 0, 8, 1, 1, 4, and 13, respectively. In addition, 
the consist include non-placarded hazmat and flammable petroleum products. 

Forty-three cars derailed (the 16th through the 58th from the locomotives). 
Of these, 36 were tank cars including 27 containing regulated hazardous or 
toxic chemical commodities, three containing nonregulated hazmat, five 
containing f 1 ammable petroleum products, and one empty. Those tank cars 
specifically identified by NTSB were: cars 21-25--petroleum, cars 26-32-- 
vinyl chloride, car 33--metallic sodium, car 34--methyl chloride, car 35-- 
perchloroethylene, car 36--tetraethyl lead (motor fuel anti-knock com- 
pound), car 39--sodium hydroxide, cars 40-50--phosphoric acid, car 51-- 
hydrof 1 uosi 1 icic acid, car 52--stvrene monomer, car 53--em~tv, cars 54, 56, 
57--toulene di-isocyanate, and cars 55, 58--ethylene glycol. Initial ly, two 
vinyl cn loride cars were breached and escaping gas ignited; this was- fol- 
lowed by an explosion. Later, two cars (Nos. 29 and 36) exploded and 
rocketed. Concern over the stabi 1 ity of several cars resulted in the deci- 
sion to destroy them by demolition. In all, 36 cars were destroyed by 
crushing impacts during the derailment or by post-accident fires, explo- 
sions, and demo1 ition. 

Local fire service forces responded immediately and began extinguishing 
adjacent fires. Fear of explosion of tank cars subjected to flames 
prompted an initial evacuation of Livingston (1,260 residents), this was 
1 ater expanded to include approximately 2,700 persons within a 5-mi le 
radius of the derailment site. Ultimately, the Louisiana State Pol ice 
assumed control and coordination of the overall response effort. It was 
18 days from the day of the derailment until the last derailed cars were 
removed from the accident site. However, the railroad line remained closed 
because of the need to excavate 60,000 cubic yards of soil from the site 



116 

TABLE 14. (Cont i nued) 

4. NTSB/RAR-83-05 (Continued) 

( t o x i c a l l y  contaminated by perch loroethy lene)  and t r u c k  i t  t o  a dump s i t e  
about 150 m i l es  away. . 
When t h e  acc iden t  occurred, t h e  t r a i n  had departed Baton Rouge Junc t ion ,  
Lou is iana  f o r  McComb, M i s s i s s i p p i .  The r e a r  62 cars  and caboose were 
assembled a t  ICG1s Geismar, Louis iana,  ya rd  and moved t o  Baton Rouge as 
p a r t  o f  another t r a i n .  I t  cons is ted  o f  a  forward b lock  o f  long-haul cars  
( f o r  Chicago and beyond) and a r e a r  b l ock  o f  shor t -hau l  cars  ( f o r  McComb) . 
The forward 38 cars  were assembled a t  Nor th  Baton Rouge Yard and cons is ted  
o f  two b locks;  t h e  lead  9 c a r s  rou ted  t o  McComb and t h e  r e a r  29 rou ted  t o  
Fu l  ton,  Kentucky, f o r  r e c l a s s i f i c a t i o n .  These cars  were p laced ahead o f  
t h e  ca rs  f rom Geismar by t h e  locomot ive and crew and E x t r a  9629 East. 



as a  p r imary  bas i s  f o r  t h e  analyses which fo l low.  However, i t  should be 

noted t h a t ,  i n  some instances,  t h e  NTSB r e p o r t s  d i d  n o t  c o n t a i n  t h e  l e v e l  

o f  d e t a i l  des i red .  For  example, w h i l e  i t  was common p r a c t i c e  t o  c i t e  t he  

c a r  t ype ,  l a d i n g ,  and i n - t r a i n  p o s i t i o n  f o r  a l l  ca r s  which d e r a i l e d ,  such 

i n f o r m a t i o n  was n o t  u s u a l l y  p rov ided  r e l a t i v e  t o  non-dera i led  p o r t i o n s  o f  

t h e  t r a i n s .  Never the less,  these r e p o r t s  p rov ided  t h e  e s s e n t i a l  

i n f o r m a t i o n  necessary f o r  t h e  analyses. 

The analyses were c a r r i e d  o u t  on an i n d i v i d u a l  acc iden t  bas i s  

and were p r i m a r i l y  concerned w i t h  t h e  e x t e n t  t o  which t h e  s e v e r i t y  o f  

each migh t  have been reduced by " b e t t e r "  i n - t r a i n  placement and separ- 

a t i o n  of hazmat cars .  The analyses began w i t h  overviews o f  t h e  hazmat- 

r e1  a ted  damagesfexpenses t o  i n d i c a t e  t h e  e x t e n t  o f  hazmat involvement 

and, t h e r e f o r e ,  t h e  p o t e n t i a l  f o r  reduc t ion .  The a c t u a l  i n - t r a i n  

p o s i t i o n s  o f  a l l  ca rs  i nvo l ved  i n  t h e  dera i lments  (as we1 1  as a1 1  o t h e r  

hazmat ca rs  t o  t h e  e x t e n t  they cou ld  be i d e n t i f i e d )  were then  determined. 

The a b i l i t y  t o  p l ace  a l l  hazmat ca rs  (bo th  those which d e r a i l e d  and those  

which d i d  n o t )  i n  those segments o f  t he  t r a i n  p r e v i o u s l y  determined t o  be 

" s a f e s t "  was examined. Th is  a c t i v i t y  cons idered t h e  number o f  hazmat 

c a r s ,  t h e  number o f  " sa fe "  i n - t r a i n  p o s i t i o n s ,  and whether o r  n o t  ca rs  i n  

these  p o s i t i o n s  had d e r a i l e d .  Fo l l ow ing  t h i s ,  t h e  need f o r  i n - t r a i n  

sepa ra t i on  o f  t h e  hazmat ca rs  was considered. Th is  was based upon t h e  

s p e c i f i c  l a d i n g  i n  t h e  hazmat ca rs  and i t s  membership i n  t h e  p r e v i o u s l y  

e s t a b l  i shed  chemical  groups. Incompat ib le  hazmat ca rs  (i .e., groups) 

were then  i d e n t i f i e d ,  thereby  e s t a b l i s h i n g  t h e  need f o r  separa t ion .  The 

ab i  1  i t y  t o  conform t o  bo th  i n - t r a i n  placement and sepa ra t i on  s t r a t e g i e s  

was then examined i n  l i g h t  of a v a i l a b l e  " sa fe "  p o s i t i o n s .  F i n a l l y ,  t h e  

bas i c  a c t i v i t i e s  necessary f o r  t h e  r a i l r o a d s  t o  have performed t h e  

proposed hazmat c a r  placements, and p o s s i b l e  e f f e c t s  upon opera t ions  were 

considered. 

5.2.1 F o r t  Knox, Kentucky Dera i lment  ( ICG, 3-22-83) 

The F o r t  Knox, Kentucky, dera i lment  ( I t em No. 1 i n  Table 14) 

can be cons idered as a  r e l a t i v e l y  minor  hazmat acc iden t .  Whi le  t h e r e  was 



a  re lease  and "hazardous m a t e r i a l s  exper ts "  were u t i l i z e d  t o  s top  t h e  

l i q u i d  ch loroprene leak ,  t h e r e  were no f i r e s ,  i n j u r i e s  o r  evacuat ion of 

t h e  area.8 Also, t h e  l i s t e d  damage expenses were l i m i t e d  t o  equipment, 

t r a c k ,  and s i g n a l ;  no hazmat-related damage was c i t e d .  However, t he re  

appears t o  have been hazmat-related expenses i n  t h a t  i t  was necessary t o  

b r i n g  t h e  exper ts  on s i t e ,  and the re  were delays i n  r e s t o r i n g  se rv i ce  on 

t h e  r a i l r o a d  l i n e  t h a t  probably  r e s u l t e d  f rom d e f e r r i n g  wreck c l e a r i n g  

a c t i v i t i e s  u n t i l  t h e  re lease  o f  hazmat was stopped ( t h i s  was accomplished 

f i v e  hours a f t e r  t h e  dera i lment  occurred) .  

The t h r e e  d e r a i l e d  hazmat cars  were i n  consecut ive p o s i t i o n s  

w i t h i n  t h e  t r a i n  c o n s i s t  ( i n - t r a i n  p o s i t i o n s  37-39); t h i s  p laced them i n  

t h e  midd le  th i rd /second q u a r t e r  o f  t h e  cons i s t .  The o t h e r  t e n  cars  which 

d e r a i l e d  ( p o s i t i o n s  40-49) were l i k e w i s e  i n  t h e  midd le  t h i r d ,  bu t  

extended i n t o  t h e  f r o n t  p o r t i o n  o f  t h e  t h i r d  qua r te r .  The 13 d e r a i l e d  

ca rs  were, e s s e n t i a l l y  i n  t h e  midd le  o f  t h e  o v e r a l l  cons i s t .  The 

preceding and f o l  1  owing p o s i t  ions  ( p o s i t  ions 5-36 and 50-82, respec- 

t i v e l y )  conta ined a  t o t a l  o f  36 loaded and 29 empty ca rs  which were 

"even ly  d i s t r i b u t e d " .  

The cause o f  t h e  acc ident  was t r a c k  r e l a t e d  and, t h e r e f o r e ,  

independent o f  t h e  r a i l c a r s  which de ra i l ed .  It i s  p robab le  t h a t ,  

regard less  o f  t h e  i n - t r a i n  p o s i t i o n i n g  o f  cars ,  those i n  p o s i t i o n s  37-49 

would have d e r a i  1  ed, w i t h  those i n  t h e  forwardmost p o s i t  ions  over tu rn ing .  

Therefore,  i t  can be assumed t h a t  t h e  hazmat cars  would n o t  have d e r a i l e d  

if placed elsewhere. Since t h e r e  were s u f f i c i e n t  p o s i t i o n s  i n  t h e  r e a r  

q u a r t e r  o f  t h e  t r a i n  ( i .e . ,  t h a t  q u a r t e r  which t h e  r e s u l t s  o f  Task I t em 1 

i n d i c a t e s  t o  be t h e  l e a s t  l i k e l y  t o  d e r a i l ) ,  t h e  t h r e e  d e r a i l e d  hazmat 

cars  cou ld  have been pos i t i oned  there ,  thereby d i s p l a c i n g  t h r e e  o t h e r  

cars  (probably ,  i n  t h i s  case, empty ca rs ) .  Since t h e  con ten ts  o f  t h e  

loaded cars  i n  t h e  f o u r t h  q u a r t e r  were n o t  i d e n t i f i e d ,  t h e  p o t e n t i a l  f o r  

i n c o m p a t i b i l i t y  between t h e  sub jec t  hazmat cars  and p o s s i b l e  o t h e r  hazmat 

8  The AAR Bureau o f  Exp los ives '  handbook [Ref. Y] i n d i c a t e s  t h a t  i f  
i n h i b i t e d  ch lo roprene (f lammable l i q u i d )  i s  " l e a k i n g  (no t  on f i r e ) ,  
downwind evacuat ion must be considered. " 



ca rs  pos i t i oned  i n  t h e  f o u r t h  qua r te r  i s  no t  known. 

The two hazardous m a t e r i a l s  invo lved  i n  t h e  dera i lment  a re  both 

members of t h e  top  hazardous commodities considered i n  Task I tem 2; 

ch loroprene i s  ranked 97th and hyd roch lo r i c  a c i d  i s  ranked 14th. 

Fur ther ,  they are members o f  Chemical Groups 17 and 1, respec t i ve l y ,  

which were determined t o  be incompat ib le  (see Figures 5 and 9) .  However, 

i n  t h i s  instance,  t h e  hyd roch lo r i c  ac id  tank c a r  was c l a s s i f i e d  as an 

"empty" al though i t  was presumed t o  con ta in  some res idua l  amount o f  t h e  

ac id.  I f  i t  had been des i red  t o  separate t h i s  c a r  from t h e  chloroprene 

cars ,  i t  cou ld  have been placed i n  t h e  f i r s t  qua r te r  o f  t h e  t r a i n  ( i  .e . ,  

ca rs  p o s i t i o n s  10-20, i f  i t  was considered necessary t o  a l s o  separate 

t h i s  c a r  f i v e  p o s i t i o n s  from t h e  locomot ive) .  

The sub jec t  hazmat cars were incorporated i n t o  t h e  t r a i n  e i t h e r  

p r i o r  t o  i t s  i n i t i a l  depar ture from Memphis, Tennessee, o r  du r i ng  t h e  

in te rmed ia te  s top i n  C e c i l i a ,  Kentucky. It i s  probable t h a t  t h e  two tank 

cars  o f  ch loroprene were being shipped together ,  bu t  t h e  c a r  o f  hydro- 

c h l o r i c  a c i d  res idue may have been i nse r ted  i n t o  t h e  t r a i n  cons i s t  

separa te ly .  I n  any event,  a d d i t i o n a l ,  o r  perhaps merely d i f f e r e n t ,  

sw i t ch ing  movements cou ld  have been r e a d i l y  employed t o  i n s e r t  and r e t a i n  

these ca rs  i n  t h e  r e a r  qua r te r .  Th is  may have increased t h e  complex i ty  

of t h e  set -out /p ick-up movements requ i red  a t  Ceci 1  i a, Kentucky, and had 

t h e  p o t e n t i a l  f o r  doing t h e  same a t  o the r  p o i n t s  a long t h e  r o u t e  t o  

L o u i s v i l l e ,  Kentucky. 

5.2.2 Pine Bluff,  Arkansas Derai lment (SLSW, 6-9-85) 

The Pine B l u f f ,  Arkansas, dera i lment  ( I tem No. 2  i n  Table 14) 

can be considered as a  ser ious  hazmat acc ident .  There were f i r e s ,  

explos ions,  smoke and t o x i c  gases re leased t o  t h e  atmosphere, and an 

evacuat ion o f  2,800 people. Damage expenses ( l i s t e d  as "equipment", 

" l a d i n g " ,  " t r a c k " ,  and "b r i dge " )  t o t a l l e d  t o  more than $4 m i l l i o n .  

Hazmat r e l a t e d  cos ts  were no t  s p e c i f i c a l l y  c i t e d ,  bu t  c o n s t i t u t e d  much o f  

t h e  damage (e.g., re leased b u t y l  a c r y l a t e  f ue led  t h e  i n i t i a l  f i r e ) .  The 

presence o f  hazmat necess i ta ted  use o f  emergency fo rces  f o r  severa l  days, 



r equ i red  t h e  presence o f  hazmat exper ts ,  r e s u l t e d  i n  evacuat ion cos ts ,  

and caused delays i n  r e s t o r i n g  se rv i ce  on t h e  l i n e .  It appears s p e c i f i c  

environmental  c l eanup / res to ra t i on  e f f o r t s  were no t  requ i red .  

The 42 d e r a i l e d  cars  were i n  consecut ive i n - t r a i n  p o s i t i o n s  

(21s t  through 62nd), and comprised 42 percent  o f  t h e  99 t o t a l  p o s i t i o n s  

(46 percent  o f  t h e  92 f r e i g h t  c a r  p o s i t i o n s ) .  The p o s i t i o n s  which 

d e r a i l e d  c o n s t i t u t e d  39 percent  ( i  .e., 13 o f  33) o f  those a v a i l a b l e  i n  

t h e  f i r s t  t h i r d  of  t h e  t r a i n ,  and 88 percent  ( i  .e., 29 o f  33) o f  those i n  

t h e  second t h i r d ;  t h e r e  were no dera i lments  i n  t h e  r e a r  t h i r d .  L ikewise,  

t h e  d e r a i l e d  p o s i t i o n s  c o n s t i t u t e d  20 percent  ( i  .e., 5  o f  25) o f  those i n  

t h e  f i r s t  q u a r t e r ,  100 percent  ( i  .e., a1 1  25) o f  those i n  t h e  second 

q u a r t e r ,  and 64 percent  ( i  .e., 16 o f  25) o f  those i n  t h e  t h i r d  qua r te r .  

There were no dera i lments  i n  t h e  r e a r  qua r te r .  

Since t h e  dera i lment  was a t t r i b u t e d  t o  t r a c k  c o n d i t i o n s  i n  

corr~binat ion w i t h  excess t r a i n  speed, i t  can be considered independent o f  

t h e  r a i l c a r s  themselves. Thus, i t  can be assumed t h a t  p o s i t i o n s  21 

through 62 would have d e r a i l e d  regard less o f  t h e  s p e c i f i c  ca rs  i n  these 

p o s i t i o n s .  And, conversely ,  any cars  i n  o t h e r  p o s i t i o n s  would n o t  have 

d e r a i l e d .  There were, t h e r e f o r e ,  50 r a i l c a r  p o s i t i o n s  i n  which t he  

26 loaded p lacarded tank  cars  cou ld  have been " s a f e l y "  placed. 

A l l  o f  t h e  26 hazmat tank cars  be ing  hauled cou ld  have been 

p laced i n  t h e  " r e a r "  o f  t h e  t r a i n  and, i n  such case, none would have been 

i n  p o s i t i o n s  i nvo l ved  i n  t h e  dera i lment .  Since t h i s  t r a i n  c a r r i e d  a  

caboose ( i n  t h e  99th,  and l a s t ,  p o s i t i o n ) ,  t h e  f i v e  ad jacent  p o s i t i o n s  

(94th through 98th)  cou ld  n o t  have been used f o r  p lacarded cars.  

However, t h e  f o u r  loaded non-placarded tank cars  o f  combust ib le  1  i qu idsg  

( a t  l e a s t  t h ree  o f  which d e r a i l e d  and one burned and one exploded) cou ld  

have been p laced i n  these p o s i t i o n s .  The 26 p lacarded ca rs  cou ld  a l l  

have been p laced i n  p o s i t i o n s  68 through 93 (poss ib l y ,  some were). I n  

such case, e i g h t  o f  t h e  ca rs  ( those  i n  p o s i t i o n s  68-75) would be loca ted  

9  The NTSB Accident  Report (NTSB/RAR-~~ /O~)  i n d i c a t e d  t h a t  these were 
non-regulated commodities such as l i q u i d  s y n t h e t i c  p l a s t i c .  



in the third quarter of the train. However, it is noted that the Task 
Item 1 findings (see Table 2) show the first quarter to be slightly safer 

than the third quarter. If this factor was considered, these eight 
hazmat cars could have been in the first quarter. The presence of six 

locomotive units and restrictions on placing hazmat within five positions 
from the locomotive 1 imited available first-quarter railcar locations to 

positions 12 through 25. Note that positions 21 through 25 derailed 
which, in this situation, indicates that any hazmat cars in the first 

quarter should have been located as far forward as possible. 
The above discussion on "safe" in-train positioning of the 26 

loaded placarded tank cars did not consider further in-train placement 
considerations associated with restrictions related to the separation of 

incompatible hazmat commodities. The NTSB Accident Report specifically 

identified lading in the fourteen which derailed. Of these, thirteen are 
on the AAR's list of the top 100 hazardous commodities (see Table 11) 

which were examined in Task Item 2. Additionally, one of the commodities 
involved in the derailment (two tank cars) is in Chemical Group 1, three 
(five tank cars) are in Group 13, and one (two cars) is in Group 17. It 
was previously determined that Groups 1 and 13 are incompatible, as are 

Groups 1 and 17 (see Table 9). Whether or not there also are incompat- 
ibi lities between these 14 cars and the other 12 loaded placarded tank 

cars, or between individual cars within that 12, is not known. However, 
given the presence of incompatible hazmat commodities and the suggested 

separation distance for cars carrying such (i .e., 30 car lengths) , the 
placement of the 26 tank cars becomes more involved. Nevertheless, in 
this instance it would have been possible: the two Chemical Group 1 cars 
could have been placed in the front of the first quarter (i .e., in 

positions 12 and 13) and the seven Chemical Groups 13 and 17 in the rear 

of the last quarter (i.e., in positions 87 through 93). This would have 

resulted in placements which conformed to both in-train placement and 
separation guide1 ines, and which (in this instance) did not derail. 

It was noted that the commingling of commodities from placarded 

tank cars was not cited as a contributing factor in the severity of this 

accident. However, in large part, the severity was the result of 



i n t e r a c t i o n s  between t h e  con ten ts  o f  p lacarded and non-placarded cars ;  

t h e  l a t t e r  be ing  a major  c o n t r i b u t o r  t o  t h e  r e s u l t i n g  damage. These 

i n t e r a c t i o n s  were t h e  consequence o f  bo th  t h e  r e l a t i v e  i n - t r a i n  

placements o f  t h e  two types o f  commodities and t h e  r e s u l t i n g  dera i lment  

c o n f i g u r a t i o n .  I n  t h i s  ins tance ,  t h e  accordion-1 i k e  p i l e - u p  p laced  

numerous ca rs  i n  c l o s e  p r o x i m i t y ,  thereby r e a d i l y  p e r m i t t i n g  f i r e s  

i n i t i a t e d  i n  some t o  impinge upon o thers .  The i n - t r a i n  hazmat c a r  

placement and separa t ion  requirements be ing  cons idered i n  t h i s  s tudy 

would n o t  p rec lude  such un favorab le  p lacarded versus non-placarded c a r  

placements. And, o f  course, n e i t h e r  dera i lments  n o r  t h e  d i s p e r s i o n  

p a t t e r n  o f  d e r a i l e d  cars  can be p red i c ted .  Therefore,  no a c t i o n  would 

have been taken  t o  p rec lude  o r  m i t i g a t e  t h e  hazmat versus non-hazmat c a r  

i n t e r a c t i o n s  which occurred here. 

The NTSB acc iden t  r e p o r t  d i d  n o t  p rov ide  d e t a i l s  as t o  which 

p lacarded tank  ca rs  were i n  t h e  o r i g i n a l  t r a i n  c o n s i s t  when i t  departed 

Shreveport ,  Louis iana,  and which were added a t  t h e  i n t e r m e d i a t e  s top  a t  

Eagle M i l l s ,  Arkansas. It can be assumed, however, t h a t  more f avo rab le  

i n - t r a i n  placements cou ld  have been e f f e c t e d  i f  such was des i red .  The 

number o f  a d d i t i o n a l  s w i t c h i n g  movements necessary t o  do so i s  unknown, 

as i s  t h e  p o t e n t i a l  e f f e c t s  upon subsequent c a r  se t -ou t  a c t i v i t i e s  and 

t e r m i n a l  d e s t i n a t i o n  r e c l a s s i f i c a t i o n  a c t i v i t i e s .  

5.2.3 M a r s h v i l l e ,  No r th  C a r o l i n a  Dera i lment  (SCL, 5-10-84) 

The M a r s h v i l l e ,  Nor th  Ca ro l i na ,  dera i lment  ( I t em No. 3  i n  

Table 14) can be cons idered as a moderately se r i ous  hazmat acc iden t .  

There was a re l ease  o f  hazmat m a t e r i a l  (f lammable l i q u i d )  which f u e l e d  a 

f i r e ,  and concern over  t h e  p o s s i b l e  r u p t u r e  o f  a  tank  c a r  o f  t h e  same 

commodity prompted t h e  evacuat ion o f  2,100 people. One person s u f f e r e d  a 

minor  i n j u r y  d u r i n g  t h e  evacuat ion.  Damage expenses were l i s t e d  as 

$1,383,000 c o n s i s t i n g  o f  r a i  1  road equipment ($931,000), non ra i  1  road 

s t r u c t u r e s  ($277,000), l a d i n g  and t r a n s f e r  t h e r e o f  ($145,000), and 

emergency response ($30,000). Whi le  n o t  s p e c i f i c a l l y  c i t e d ,  a l l  .damage 

c o s t s  assoc ia ted  w i t h  t h e  f i r e ,  as w e l l  as t h e  evacuat ion,  and de lays i n  



c l e a r i n g  t h e  wreckage u n t i l  t h e  f i r e  was ex t ingu ished ,  and t h e  f i r e -  

impinged tank  c a r  o f  methanol was judged " sa fe " ,  can be a t t r i b u t e d  t o  

d e r a i  1  ed hazmat ca rs .  No env i ronmenta l  c leanup was r e q u i  red, however. 

The 18 d e r a i l e d  ca r s  were l o c a t e d  i n  consecu t i ve  i n - t r a i n  

p o s i t i o n s  ( 39 th  through 56 th ) ,  and comprised 23 percen t  o f  t h e  78 t o t a l  

p o s i t i o n s  (25 percen t  o f  t h e  f r e i g h t  c a r  p o s i t i o n s ) .  The p o s i t i o n s  which 

d e r a i  l e d  c o n s t i t u t e d  54 percen t  ( i  .e., 14 o f  26) o f  those ava i  l a b l e  i n  

t h e  m idd le  t h i r d  o f  t h e  t r a i n  and 15 percen t  ( i .e . ,  4  o f  26) o f  those  i n  

t h e  r e a r  t h i r d .  L ikewise,  t h e  d e r a i l e d  p o s i t i o n s  c o n s t i t u t e d  5  pe rcen t  

( i  .e., 1 o f  20) o f  those i n  t h e  second q u a r t e r  and 85 percen t  ( i  .e., 17 

o f  20) o f  those i n  t h e  t h i r d  qua r t e r ;  t h e r e  were no de ra i lmen ts  i n  t h e  

f r o n t  and r e a r  qua r t e r s .  

S ince t h i s  de ra i lmen t  r e s u l t e d  f rom an overheated j o u r n a l  

bear ing  on a  s p e c i f i c  c a r  ( i n - t r a i n  p o s i t i o n  No. 39) ,  i t  can be assumed 

t h a t  t h e  de ra i lmen t  would have been i n i t i a t e d  by t h i s  c a r  r ega rd l ess  o f  

i t s  p o s i t i o n ,  and i t  and some number o f  f o l l o w i n g  ca rs  would have 

d e r a i l e d .  The r e s u l t i n g  s e v e r i t y  would then depend upon t h e  number o f  

ca rs ,  t h e  i n i t i a l  damage i ncu r red ,  and t h e i r  con ten ts ,  as i t  was i n  t h e  

o r i g i n a l  acc i den t .  S ince t h e  sub jec t  c a r  was n o t  c a r r y i n g  hazmat ( i t  was 

loaded w i t h  p u l p  wood), t h e r e  were no r e s t r i c t i o n s  on i t s  placement, n o r  

would t h e r e  be under any new i n - t r a i n  c a r  placement r e g u l a t i o n s .  I n  t h i s  

i ns tance ,  t h e  i n i t i a t i n g  c a r  was l oca ted  approx imate ly  m i d - t r a i n  and was 

one o f  a  group o f  s i x  p u l p  wood cars ,  a l l  o f  which p robab ly  had t h e  same 

d e s t i n a t i o n .  T h e i r  placement was p robab ly  t h e  normal consequence o f  

b u i l d i n g  t h e  t r a i n  i n  s t a t i o n  o r d e r  t o  f a c i l i t a t e  c a r  s e t - o u t l d e l i v e r y  as 

r equ i r ed .  The placement o f  t h e  haz~i iat  c a r s  was p robab ly  f o r  t h e  same 

reason. S ince t h i s  de ra i lmen t  was caused by a  ca r -assoc ia ted  mechanical  

f a i l u r e ,  a  random event  i n  terms o f  l o c a t i o n  i n  t h e  c o n s i s t ,  placement o f  

t h e  hazmat c a r s  i n  t h e  r e a r  t h i r d  o r  r e a r  q u a r t e r  o f  t h e  t r a i n  would n o t  

have prec luded t h e i r  de ra i lment .  

Methanol i s  1  i s t e d  as Number 10 on t h e  AAR's 1  i s t  o f  t h e  t o p  

t e n  hazardous commodit ies (see Table 11) ; i t  i s  a  member o f  Chemical 

Group 4. The f i n d i n g s  o f  Task I t em  2  i n d i c a t e d  t h a t  Group 4  i s  

i ncompa t i b l e  w i t h  Groups 1, 2, 5, 18, 21, and 194 (see F i g u r e  9).  



Therefore,  i t  i s  p o s s i b l e  t h a t  t h e  f o u r  methanol c a r s  would have been 

i ncompa t i b l e  w i t h  one o r  more o f  t h e  o t h e r  t h r e e  hazmat ca r s ,  o r  t h e r e  

cou ld  be i n c o m p a t i b i l i t i e s  among t h e  t h ree .  I n  such cases, i t  would be 

d e s i r a b l e  t o  app ly  i n - t r a i n  sepa ra t i on  procedures.  Because t h e  hazmat 

under c o n s i d e r a t i o n  here  i s  n o t  comp le te ly  known, t h e  need f o r  sepa ra t i on  

i s  a  m a t t e r  o f  con jec tu re .  Assuming t h e r e  was a  need t o  separa te  one 

c a r ,  t h e  o t h e r  s i x  cou ld  have been p laced  as a  group a t  t h e  r e a r  o f  t h e  

t r a i n  ( i .e . ,  i n  p o s i t i o n s  67 th rough  72) ,  and t h e  i ncompa t i b l e  c a r  p laced 

a t  l e a s t  30 c a r  p o s i t i o n s  away ( i  .e., p o s i t i o n  37 o r  l e s s ) .  They would 

have p laced  t h i s  c a r  i n  t h e  m idd le  t h i r d l s e c o n d  q u a r t e r  o f  t h e  t r a i n  and 

had two p o s i t i o n s  ahead o f  t h e  c a r  which i n i t i a t e d  t h e  dera i lment .  S ince 

t h e  f i n d i n g s  o f  Task I t e m  1 i n d i c a t e  t h a t  c a r s  i n  t h e  f r o n t  o f  t h e  t r a i n  

a re  l e s s  l i k e l y  t o  d e r a i l  than those  i n  t h e  m idd le  (see Table  2 ) ,  t h i s  

c a r  cou ld  have been so p laced.  I f  m u l t i p l e  i n c o m p a t i b i l i t i e s  had 

e x i s t e d ,  t h e  hazmat c a r  placement and sepa ra t i on  requi rements  would 

n e c e s s a r i l y  have been more invo lved .  

De ta i  1s were n o t  p rov ided  as t o  t h e  p o i n t ( s )  where any o f  t h e  

seven hazmat c a r s  were added t o  t h e  t r a i n .  They may have a l r eady  been 

e n t r a i n e d  when t h e  c o n s i s t  a r r i v e d  a t  t h e  B o s t i c  Yard o r  i nc l uded  i n  t h e  

18 c a r s  added a t  t h i s  p o i n t .  I n  e i t h e r  case, placement o f  t h e  seven 

hazmat c a r s  i n  accordance w i t h  t h e  above d i scuss ion  cou ld  have been 

a f f e c t e d  w i t h  r e l a t i v e l y  few a d d i t i o n a l  s w i t c h i n g  movements. The r e s u l t -  

i n g  placements o f  a l l  c a r s  may have (bu t  p robab ly  n o t )  necess i t a t ed  

a d d i t i o n a l  s w i t c h i n g  a t  Pinoca Yard where two ca rs  were s e t  ou t .  S imi -  

l a r l y ,  a d d i t i o n a l  s w i t c h i n g  may have been necessary a t  Monroe, Nor th  

Ca ro l i na ,  where t h e  f i r s t  twe l ve  ca r s  were s e t  o u t ,  b u t ,  aga in ,  p robab ly  

n o t .  However, a t  some l a t e r  d e l i v e r y  p o i n t  ( s )  , i n c l u d i n g  t h e  u n s p e c i f i e d  

f i n a l  d e s t i n a t i o n ,  t h e  need f o r  a d d i t i o n a l  s w i t c h i n g  would p robab ly  occur  

because o f  l o s s  o f  s t a t i o n  o r d e r  p o s i t i o n i n g  o f  ca r s ,  and c o u l d  be 

moderate ly  ex tens ive .  



5.2.4 L i v i ngs ton ,  Lou is iana  Dera i lment  (ICG, 9-28-82) 

The L i v i ngs ton ,  Louis iana,  dera i lment  ( I t e m  No. 4  i n  Table 14) 

can be cons idered as a se r i ous  hazmat acc iden t .  There were f i r e s  and 

exp los ions ,  smoke and t o x i c  gases were re leased  i n t o  t h e  atmosphere, two 

ca rs  exploded and rocke ted  v i o l e n t l y ,  and about 2,700 persons were 

evacuated f o r  as long as two weeks. A d d i t i o n a l l y ,  n ine teen  res idences 

and o t h e r  s t r u c t u r e s  were dest royed o r  severe ly  damaged, a  l a r g e  q u a n t i t y  

o f  t o x i c  chemicals were s p i  1  l e d  ( r e q u i r i o g  ex tens i ve  excava t ion  o f  

contaminated s o i  1) , and t h e r e  was long- term c l o s u r e  o f  t h e  r a i  1  road 1 i n e  

and an ad jacent  highway. Damage was 1 i s t e d  as $14,564,000 c o n s i s t i n g  o f  

t r a i n  equipment ($1,500,000), t r a i n  l oad ing  ($1,013,000), t r a c k  

($70,000) , sa lvage and wreck ing ($32,000) and m i  s ce l  1  aneous i tems 

($11,949,000) . The 1 a t t e r  i nc l uded  evacuat ion cos ts ,  personal i n j u r y ,  

p r o p e r t y  damage c la ims ,  a long w i t h  a i r ,  s o i l ,  and water  t rea tment ,  and 

t h e  excava t ion  and shipment o f  contaminated s o i l .  Obvious ly ,  t h e  vas t  

m a j o r i t y  o f  t h e  o v e r a l l  damage c o s t  was r e l a t e d  t o  t h e  involvement o f  

hazmat i n  t h e  acc iden t  scenar io .  It should be noted t h a t  excava t ion  was 

very  ex tens i ve  (more than 60,000 cub ic  yards  f rom a severa l  ac re  a rea) ,  

and was due t o  t h e  s p i l l a g e  o f  200,000 g a l l o n s  o f  t o x i c  chemical p roduc t  

i n c l u d i n g  more than 14,000 ga l  l ons  o f  perch lo roe thy lene  ( t e t r a c h l o r o -  

e thy lene)  which was cons idered t o  be e s p e c i a l l y  h a r ~ i i f u l .  

The 43 d e r a i l e d  ca rs  were loca ted  i n  consecu t i ve  i n - t r a i n  

p o s i t i o n s  (19 th  through 6 1 s t ) ,  and comprised 41 percen t  o f  t h e  104 t o t a l  

p o s i t i o n s  (43 percen t  o f  t h e  f r e i g h t  c a r  p o s i t i o n s ) .  The p o s i t i o n s  which 

d e r a i l e d  c o n s t i t u t e d  49 percent  ( i  .e., 17 o f  35) o f  those a v a i l a b l e  i n  

t h e  f r o n t  t h i r d  o f  t h e  t r a i n  and 76 percent  ( i .e . ,  26 o f  34) i n  t h e  

m idd le  t h i r d .  There were no dera i lments  i n  t h e  r e a r  t h i r d .  L ikewise,  

t h e  d e r a i l e d  p o s i t i o n s  c o n s t i t u t e d  31  percent  ( i  .e., 8 o f  26) o f  those  i n  

t h e  f i r s t  qua r te r ,  100 percent  ( i  .e., 26 o f  26) o f  those i n  t h e  second 

qua r te r ,  and 35 percen t  ( i  .e., 9  o f  26) o f  those i n  t h e  t h i r d  qua r te r .  

There were no dera i lments  i n  t h e  r e a r  qua r te r .  

Th is  dera i lment  was probably  i n i t i a t e d  by t h e  f a i l u r e  o f  

equipment ( i .e . ,  a i r  hose coup l i ng )  on a s i n g l e  s p e c i f i c  u n i t .  The NTSB 



acc iden t  r e p o r t  i n d i c a t e s  t h a t  t h i s  coup l i ng  was p robab ly  on t h e  t r a i l i n g  

end o f  t h e  t r a i l i n g  ( i  .e., 3rd)  locomot ive.  Therefore,  t h e  cause o f  t h e  

acc iden t  was g e n e r a l l y  independent of t h e  placement o f  ca rs  w i t h i n  t h e  

' t r a i n ,  a l though p o s s i b l e  "un favorab le "  p o s i t i o n i n g  o f  empty ca rs  was 

c i t e d  as a  c o n t r i b u t i n g  factor. ' '  I t i s  n o t  p o s s i b l e  t o  say whether o r  

n o t  t h e  dera i lment  cou ld  have been avoided by " b e t t e r "  placement o f  t h e  

empty ca rs  (e.g., p l ace  them a1 1  toward r e a r  o f  t h e  t r a i n ) .  

There were a  l a r g e  number of p lacarded tank  cars  (55) i n  t h e  

c o n s i s t ,  and these  u t i l i z e d  61  percen t  of  t h e  90 i n - t r a i n  p o s i t i o n s  

a v a i l a b l e  t o  p lacarded cars;  t h e  f i v e  p o s i t i o n s  behind t h e  locomot ive  and 

t h e  f o u r  i n  f r o n t  o f  t h e  caboose were n o t  a v a i l a b l e  f o r  such use. I f  t h e  

i n - t r a i n  placement s t r a t e g i e s  discussed i n  Task I t em 1 had been app l i ed ,  

t h e  f o l l o w i n g  s i t u a t i o n  cou ld  have resu l t ed .  Of t h e  55 p lacarded ca rs ,  

20 cou ld  have been p laced i n  t h e  r e a r  q u a r t e r  ( p o s i t i o n s  79-98), 18 cou ld  

have been p laced  i n  t h e  f r o n t  q u a r t e r  ( p o s i t i o n s  9-26), and t h e  remain ing 

17 i n  t h e  r e a r  o f  t h e  t h i r d  q u a r t e r  ( p o s i t i o n s  62-18). Such placement i s  

based upon u t i l i z i n g  t h e  s a f e r  qua r te r s  (as i d e n t i f i e d  i n  Table 2) f i r s t .  

Assuming t h i s  r e d i s t r i b u t i o n  o f  c a r  placements would n o t  have a l t e r e d  t h e  

number o r  p o s i t i o n s  o f  t h e  cars  which d e r a i l e d ,  those  i n  p o s i t i o n s  19 

th rough 61  would s t i l l  have de ra i l ed .  Now, t h e r e  would have been e i g h t  

d e r a i l e d  p lacarded tank  cars  r a t h e r  than 27 as i n  t h e  ac tua l  acc iden t .  

I f  i t  had been decided t o  p l ace  t h e  55 p lacarded ca rs  on t h e  bas i s  o f  

t h i r d s ,  t h e  f o l l o w i n g  placements migh t  have been employed. P lace 29 o f  

these ca rs  i n  t h e  r e a r  t h i r d  ( p o s i t i o n s  70-98) and t h e  remain ing 26 i n  

t h e  f i r s t  t h i r d  ( p o s i t i o n s  9-34). Again, assuming t h e  same p o s i t i o n s  and 

number o f  c a r s  d e r a i l e d ,  t h e r e  would have been 16 d e r a i l e d  p lacarded ca rs  

r a t h e r  than  27. 

lo There were 16 empty cars ,  most o f  which were s c a t t e r e d  throughout  
t h e  r e a r  h a l f  o f  t h e  t r a i n  ( 4  were j u s t  ahead o f  t h e  caboose i n  
p o s i t i o n s  100-103). However, t h e r e  were 4  empties i n  t h e  f r o n t  h a l f  
( p o s i t i o n s  8, 9, 22, and 23) w i t h  32 h e a v i l y  loaded c a r s  (130 t ons  
o r  more) l oca ted  immediately behind t h e  second p a i r  o f  empty cars .  
O f  t h e  43 d e r a i l e d  cars ,  those i n  p o s i t i o n s  22, 23, and 56 were 
empty. 



From t h e  above d iscussion,  i t  can be seen t h a t  a  hazmat c a r  

p l  ace-ment s t r a t e g y  based on e i t h e r  quar te rs ,  o r  t h i r d s  probably  would 

have subs tan- t i  a1 l y  reduced t h e  number of hazmat cars which de ra i  1  ed. 

However, t h e  p o t e n - t i a l  f o r  reduc t ion  i n  t h e  post-dera i  lment e f f e c t s ,  and 

t o t a l  damage, i s  l ess  c e r t a i n  as these are a l s o  dependent upon t h e  l a d i n g  

i n  a l l  d e r a i l e d  cars,  t h e  damage t o  these cars,  and compounding f a c t o r s  

such as f i r e s  and explosions. 

I t  i s  a l s o  important  t o  note t h a t  t h e  involvement o f  non- 

placarded ca rs  i n  t h i s  dera i lment  had a  major impact upon post-dera i lment  

e f f ec t s . "  Lading from two o f  t h e  f i v e  d e r a i l e d  cars  o f  p l a s t i c  p e l l e t s  

con t r i bu ted  t o  t h e  i n i t i a l  f i r e s ,  as d i d  leak ing  petroleum products from 

severa l  cars. S i m i l a r l y ,  two tank cars  o f  e thy lene g l y c o l  were d e r a i l e d  

and one was breached, l o s i n g  about 20,800 ga l l ons  o f  i t s  contents.  Th is  

con t r i bu ted  t o  t h e  ex tens ive  o i  1  contaminat ion problem. More s i g n i f i  - 
c a n t l y ,  t h e  tank c a r  o f  perchloroethy lene was damaged and t h e  chemical 

s p i l l e d  and absorbed i n t o  t h e  ground. This  contaminat ion by 

perch l  oroethy lene was t h e  pr imary reason why t h e  Louis iana Department o f  

Natura l  Resources d i r e c t e d  t h a t  t h e  extensive excavat ion process be 

c a r r i e d  out .  Since none o f  these cars  were placarded, no e f f o r t  would 

have been made t o  p lace  them i n  "sa fe"  p o s i t i o n s  w i t h i n  t h e  t r a i n .  

Indeed, d e l i b e r a t e  e f f o r t s  t o  so p lace  t h e  placarded cars  would increase 

t h e  p r o b a b i l i t y  t h a t  these non-placarded cars  would then be placed i n  t h e  

" l e a s t  safe"  l oca t i ons ,  e s p e c i a l l y  cons ider ing  t h e  l a r g e  percentage o f  

placarded cars  i n  t h e  sub jec t  t r a i n  cons i s t .  And, i n  t h i s  p a r t i c u l a r  

dera i lment ,  i t  was t h e  " l e a s t  safe"  p o s i t i o n s  which de ra i l ed .  

G iv ing  a t t e n t i o n  t o  a d d i t i o n a l  i n - t r a i n  placement 

cons idera t  ions  associated w i t h  t h e  separat ion o f  incompat ib le  hazmat 

commodities w i l l  obv ious ly  compound t h e  placement process. O f  t h e  55 

placarded cars  i n  t h e  cons i s t ,  t h e  NTSB r e p o r t  s p e c i f i c a l l y  i d e n t i f i e d  

' ' Derai lment non-pl acarded cars inc luded covered hoppper cars  o f  
p l a s t i c  p e l l e t s  i n  p o s i t i o n s  19, 20, 21, 38, and 39, tank cars o f  
pet ro leum products i n  p o s i t i o n s  24, 25, 26, 27, and 28, tank cars  o f  
e thy lene g l y c o l  i n  p o s i t i o n s  58 and 61, and t h e  tank c a r  o f  
perch l  o roe thy l  ene i n  p o s i t i o n  38. 



t he  27 which d e r a i l e d  and i nd i ca ted  t h e  general  c l a s s i f i c a t i o n s  of t h e  

o the r  28, one o f  which was " ch lo r i ne " .  Therefore, i t  can be s ta ted  t h a t  

t h e  f o l l o w i n g  hazmat cars  were present:  seven cars o f  v i n y l  c h l o r i d e ,  

one c a r  o f  m e t a l l i c  sodium, one c a r  of methyl c h l o r i d e ,  one ca r  of 

t e t r a e t h y l  lead, one ca r  o f  sodium hydroxide, 11 cars  o f  phosphoric ac id ,  

one c a r  o f  h y d r o f l u o s i l i c i c  ac id ,  one ca r  of s ty rene monomer, t h r e e  cars  

o f  tou lene d i - isocyanate,  one c a r  o f  c h l o r i n e ,  and 27 cars o f  unspec i f i ed  

hazardous ma te r i a l s .  O f  those ma te r i a l s  s p e c i f i c a l l y  c i t e d ,  a l l  except 

one are  on t h e  AAR's l i s t  o f  t h e  t o p  100 hazardous comniodities (see Table 

11). The except ion i s  metal 1  i c  sodium, which i s  ranked number 101 on 

t h i s  l i s t  and was inc luded i n  t h e  study. It i s  probable t h a t  most, i f  

no t  a l l ,  o f  t h e  unspec i f ied  hazmat cars  are dup l i ca tes  o f  those which 

were s p e c i f i e d ,  o r  a re  otherwise inc luded i n  t h e  t o p  100 l i s t i n g .  

The chemicals i n  t h e  s p e c i f i e d  cars  a re  members o f  severa l  

chemical groups (see F igure  5) .  There was one c a r  i n  Group 104, one i n  

Group 24, one i n  Group 21, t h ree  i n  Group 18, e i g h t  i n  Group 17, one i n  

Group 16, one i n  Group 10, and twelve i n  Group 1. As i n d i c a t e d  i n  F igure  

9, many o f  these groups are incompat ib le  w i t h  one o r  more o f  t h e  o the r  

groups. S p e c i f i c a l l y ,  t h e  f o l l o w i n g  i n c o m p a t i b i l i t i e s  e x i s t :  Group 1 i s  

incompat ib le  w i t h  Groups 10, 17, 18, 21, and 24; Group 10 w i t h  Groups 1, 

17, 18, and 21, Group 16 w i t h  Group 104; Group 17 w i t h  Groups 1, 10, and 

104; Gr0l~p 18 w i t h  Groups 1, 10, 21, and 104; Group 21 w i t h  Group 1, 10, 

18, and 104; Group 24 w i t h  w i t h  Groups 1 and 104; and Group 104 w i t h  

Groups 16, 17, 18, 21, and 24. This  t o t a l s  t o  14 separate incompat ib le  

group p a i r s .  There may we1 1  be a d d i t i o n a l  incompati b i  1  i t i e s  between 

these 28 hazmat cars and t h e  remaining 27 unspecia l ized hazmat cars,  o r  

between i n d i v i d u a l  cars  w i t h  t h e  l a t t e r  group. 

A p r e l i m i n a r y  examination o f  poss ib le  i n - t r a i n  hazmat c a r  

placements which u t i l i z e  t h e  p rev ious l y  discussed "sa fe"  p o s i t i o n s  and 

prov ide  f o r  a  30-car separat ion d is tance between members o f  incompat ib le  

hazmat groups was conducted. Given t h e  l a r g e  nuniber o f  hazmat cars  

i nvo l ved  here, t h e  known incompati b i  1  i t i e s  c i t e d  above, and t h e  

considerable p o t e n t i a l  f o r  a d d i t i o n a l  incompat ib le  chemical groups and/or 



cars ,  i t  d i d  n o t  prove poss ib l e  t o  s a t i s f y  bo th  placement s t r a t e g i e s .  I n  

t h i s  case, t h e  i n a b i l i t y  t o  p rov ide  a  30-car separa t ion  d i s tance  f o r  a l l  

i ncompat ib le  hazmat cars  proved t o  be t h e  l i m i t i n g  f a c t o r .  Therefore, 

w h i l e  p l a c i n g  hazmat cars  i n  " sa fe "  p o s i t i o n s  cou ld  have been accom- 

p l i s h e d  w i t h  seemingly very  f avo rab le  r e s u l t s ,  complete separa t ion  ( i . e . ,  

30-car l eng ths )  o f  incompat i  b l e  chemical groups would no t  have been 

p o s s i b l e  as w e l l .  However, i t  should be noted t h a t  t h e  need t o  do so was 

n o t  c l e a r l y  demonstrated: t h e  NTSB acc iden t  r e p o r t  d i d  n o t  s p e c i f i c a l l y  

c i t e  t h e  commingling o f  hazmat as a  s i g n i f i c a n t  f a c t o r  i n  t h e  r e s u l t i n g  

ex tens i ve  damage and expenses. 

It appears t h e r e  was s u f f i c i e n t  o p p o r t u n i t y  a t  Baton Rouge t o  

p l ace  t h e  hazmat cars  i n  t h e  s a f e s t  a v a i l a b l e  i n - t r a i n  p o s i t i o n s .  

However, t h e  s p e c i f i c  amount o f  " e x t r a "  c a r  sw i t ch ing  necessary t o  do so 

i s  uncleaar;  i t  may have been cons iderable.  Fu r the r ,  i t  may have been 

necessary t o  w a i t  f o r  t h e  62 cars  and caboose which a r r i v e d  f rom t h e  

Geismer Yard ( v i a  t r a i n  Ex t ra  8099 Nor th)  be fo re  t h e  des i r ed  placement 

maneuvers cou ld  be i n i t i a t e d .  As i t  was, t h i s  e n t i r e  c u t  o f  62 cars  was 

mere ly  p laced behind t h e  two-block c u t  o f  38 cars  p r e v i o u s l y  assembled a t  

Nor th  Baton Rouge Yard. It appeared t h a t  cons iderab le  t i m e  would have 

been l o s t  and a d d i t i o n a l  e f f o r t  r equ i red  t o  b u i l d  I C G  t r a i n  E x t r a  9629 

Nor th  i n  t h e  manner suggested by s a f e  p o s i t i o n  cons idera t ions  alone. 

A lso,  i t  would have requ i red  cons iderab le  more e f f o r t  i f  incompat ib le  

l a d i n g  was separated, t o  t h e  e x t e n t  poss ib l e ,  as w e l l .  

Subsequent impact on sw i t ch ing  movements a t  d e s t i n a t i o n  

s t a t i o n s  (e.g., McComb, M i s s i s s i p p i ,  and Ful  t on ,  Kentucky) cou ld  be 

expected as we1 1. For example, whereas t h e  McComb cars  were a l l  s i t u a t e d  

i n  t h e  f i r s t  and l a s t  b locks  w i t h i n  t h e  c o n s i s t ,  t h e  a p p l i c a t i o n  o f  

hazmat c a r  placement s t r a t e g i e s  may have r e s u l t e d  i n  dispersement o f  

these  cars  throughout  t h e  forward and r e a r  p o r t i o n s  o f  t h e  t r a i n .  I n  

such case, t h e  se t -ou t  o f  t h e  McComb cars  would have taken numerous 

sw i t ch ing  movements r a t h e r  than,  say, th ree .  A s i m i l a r  s i t u a t i o n  would 

occur  a t  a l l  o t h e r  s t a t i o n s  where cars  were picked-up or se t -ou t .  I t  

seems c l e a r  t h a t  w i t h  t h e  l a r g e  number o f  hazmat cars  i nvo l ved  here, 

t h e r e  would be a  s i g n i f i c a n t  inc rease  i n  t h e  sw i t ch ing  movements r e q u i r e d  



at. a l l  po in t s  along t h i s  t r a i n ' s  rou te .  

5.3 Considerat ions Associated With 
Q u a n t i t a t i v e  Cost/Benef i t Analyses 

The p rev ious l y  presented analyses o f  t he  f o u r  derai lments 

i n v o l v i n g  hazmat cars were, as intended, o f  an e s s e n t i a l l y  qua1 i t a t i v e  

nature. Consequently, both the  e f f o r t  requ i red  and the  r e s u l t s  der ived 

from these analyses were o f  a  r e s t r i c t e d  nature. It should be recognized 

t h a t  de ta i  l e d  q u a n t i t a t i v e  cos t lbenef  i t analyses can easi  l y  r e q u i r e  an 

e f f o r t  which can be an order  o f  magnitude greater  than t h a t  u t i l i z e d  

here. Not on l y  must a l l  p e r t i n e n t  cos t  and b e n e f i t  f a c t o r s  be i d e n t i -  

f i e d ,  bu t  cos ts l l osses  must be ascr ibed t o  each as w e l l .  This  w i l l  

r e q u i r e  data inputs  on a  v a r i e t y  o f  issues and from a  v a r i e t y  of sources. 

I t  i s ,  o f  course, poss ib le  t o  u t i l i z e  the  "damage est imates"  

g iven i n  t h e  NTSB accident  repo r t s  as a  s t a r t i n g  p o i n t  f o r  determining 

losses due t o  t r a i n  derai lments i n v o l v i n g  hazmat. To e s t a b l i s h  t h a t  

p o r t i o n  o f  these losses a t t r i b u t a b l e  t o  hazmat involvement requ i res  

rev iewing the  associated n a r r a t i v e  and making appropr ia te  judgments. Some 

damage ca tegor ies  (e.g., "evacuat ion" ,  "decontamination") can be essen- 

t i  a1 l y  a t t r i b u t e d  t o  hazmat presencel invol  vement alone. However, o the rs  

(e.g., "equipment damage", " l a d i n g  l oss " )  w i  11 r e q u i r e  a  more c a r e f u l  

separat ion o f  i n i t i a l  damage r e s u l t i n g  from the  basic  dera i lment  and 

" a d d i t i o n a l "  damage associated w i t h  the  involvement o f  hazmat cars  i n  t h e  

dera i lment  scenario. 

While the  NSTB repo r t s  are exce l l en t  s t a r t i n g  po in t s  f o r  

i d e n t i f y i n g  t h e  na ture  o f  hazmat involvement, as we l l  as t h e  associated 

losses/costs,  t h e  data needs o f  a  d e t a i l e d  q u a n t i t a t i v e  analyses w i l l  

probably necess i ta te  look ing  w e l l  beyond them. It may be t h a t  t he  

r e l a t e d  NTSB i n v e s t i g a t i o n  f i l e s ,  as we l l  as those o f  the  r a i l r o a d  and 

emergency fo rces  involved,  would be a v a i l a b l e  f o r  such use. Other 

sources o f  a  more general na ture  maybe a v a i l a b l e  as we l l .  For example, 

Docket HM-175 [Ref. 261 inc ludes data on u n i t  evacuat ion costs.  

Considerable e f f o r t  may be requ i red  t o  ob ta in  a l l  in fo rmat ion  necessary 



t o  e s t a b l i s h  a  d o l l a r  va l ue  f o r  t h e  hazmat r e l a t e d  p o r t i o n  o f  t h e  

d e r a i  lment . 
Determin ing t h e  a c t i v i t i e s ,  impacts,  and cos t s  r e l a t i n g  t o  t h e  

i n - t r a i n  placement o f  hazmat ca r s  accord ing  t o  s p e c i f i c  placement 

s t r a t e g i e s  can be expected t o  be even more complex. Th is  work i n c l u d e s  

de te rm in i ng  t h e  number and con ten t s  o f  t h e  haz~i iat  ca r s  i n  t h e  s u b j e c t  

c o n s i s t s .  P a r t ,  b u t  u s u a l l y  n o t  a l l ,  o f  t h i s  i n f o rma t i on  can be found i n  

NTSB1s r e p o r t s .  There fo re ,  o t h e r  sources of t h i s  i n f o rma t i on  must be 

found. Another area o f  concern i s  t h e  amount o f ,  and c o s t  f o r ,  t h e  

" e x t r a  e f f o r t "  r e q u i r e d  t o  b u i l d  t h e  t r a i n  w i t h  t h e  des i r ed  hazmat c a r  

placement, opera te  i t  ove r  i t s  e n t i r e  t r i p ,  and, f i n a l l y ,  r e c l a s s i f y  t h e  

rema in ivg  ca rs .  O f  p a r t i c u l a r  i n t e r e s t  a r e  t h e  a d d i t i o n a l  s w i t c h i n g  

movements necess i t a t ed  by t h e  expected l o s s  o f  conven t iona l  t r a i n  

c o n f i g u r a t i o n s  based on s t a t i o n  o r d e r  b locks .  The number o f  these  can be 

es t imated  f rom t h e  i n - t r a i n  p o s i t i o n s  o f  t h e  ca r s  t o  be s e t  o u t  a t  each 

l o c a t i o n ,  and t h e  placement s t r a t e g i e s  f o r  ca r s  t o  be p i cked  up. 

Determin ing t h e  cos t s  f o r  such opera t ions ,  however, i s  n o t  s t r a i g h t -  

forward.  I n  some, b u t  n o t  a l l  i ns tances ,  depending upon t h e  l e n g t h  and 

t i m e  d u r a t i o n  o f  t h e  o v e r a l l  t r i p ,  t h e r e  may be s p e c i f i c  t r a i n  crew l a b o r  

c o s t s  assoc ia ted  w i t h  each e x t r a  s w i t c h i n g  movement i n  a d d i t i o n  t o  

1  ocomotive usage cos t s  . 3  

It may a l s o  be necessary t o  cons ide r  t h e  e f f e c t s  o f  hazmat c a r  

i n - t r a i n  placement s t r a t e g i e s  upon c l a s s i f i c a t i o n  y a r d  opera t ions .  Not 

3 A t y p i c a l  s w i t c h i n g  movement r e q u i r e s  15-20 minutes.  I n  many 
ins tances  locomot ives a r e  leased by t h e  r a i l r o a d s  f rom o the rs .  Such 
leases a r e  based upon horsepower and a  2000 HP locomot ive  may c o s t  
$1500 p e r  day ( n o t  i n c l u d i n g  f u e l ) .  Through t r a i n  crews r e c e i v e  
bas i c  pay based upon a 100 m i l e18  hour  t r i p  which may be ad jus ted  
f o r  t r a i n  l e n g t h  as w e l l .  Typ i ca l  r a t e s  f o r  work ing  t r a i n s  o f  8 1  
ca r s  and ove r  are:  Engineer--$117, Conductor--$108, Brakeman (2  
usual  l y  r e q u i r e d ) - - $ l o 1  (Yard crew r a t e s  a r e  s l i g h t l y  h i g h e r ) .  I f  
t h e  e x t r a  s w i t c h i n g  movements do n o t  r e s u l t  i n  t h e  crew work ing  more 
than  8  hours  f o r  t h e  t r i p ,  no e x t r a  wages w i l l  be i nvo l ved .  
However, i f  t h i s  i s  exceeded, t h e  e x t r a  t i m e  must be p a i d  f o r  a t  
premi um r a t e s .  



o n l y  must t h e  " e x t r a "  c l a s s i f i c a t i o n  a c t i v i t i e s  assoc ia ted  w i t h  t h e  

b u i l d i n g  of s p e c i f i c  t r a i n s  be cons idered,  b u t  i t  may prove necessary t o  

cons ide r  o v e r a l l  y a r d  opera t ions .  It appears t h a t  such da ta  may n o t  be 

r e a d i l y  a v a i l a b l e  a l though  t h i s  t o p i c  was cons idered as p a r t  o f  an NTSB 

Spec ia l  I n v e s t i g a t i v e  Report  [Ref. 281. 

It was n o t  t h e  i n t e n t  here  t o  p r o v i d e  a  d e t a i l e d  d i scuss ion  of 

a l l  f a c t o r s  assoc ia ted  w i t h  t h e  conduct o f  a  q u a n t i t a t i v e  c o s t l b e n e f i t  

a n a l y s i s  r e l a t i v e  t o  t h e  s u b j e c t  area. Rather,  t h e  purpose was t o  p o i n t  

o u t  some o f  t h e  areas t o  be cons idered ( these  were p r e v i o u s l y  addressed 

i n  d e t a i l  i n  Sec t ion  5.1), and p r o v i d e  some i n s i g h t  i n t o  t h e  n a t u r e  and 

e x t e n t  o f  t h e  work i n v o l v e d  i n  conduc t ing  such an ana l ys i s .  And, t o  

p r o v i d e  an a p p r e c i a t i o n  o f  t h e  r a t h e r  ex tens i ve  da ta  needs. 



6.0 TASK ITEM 5 -- RECMENDATIONS 

Task Item 5 was the fifth of the six items which comprise Task 
Order No. 6. It consisted of a single activity as follows: 

5-1. Based on the analyses conducted, the Contractor shall 
make recommendations on the placement of hazardous 
material cars in a train consist in order to reduce the 
potential for being involved in a derailment, and, if the 
cars are in an accident, to reduce the potential for 
n i i  xtures of incompatible materi a1 s. 

Since any recommendations must necessarily relate to the 

"results" and "findings" of the activities associated with Task Items 1 

to 4, the most significant of these are presented here first. Following 
these, the conclusions and recommendations are presented. 

6.1  Overview o f  Results and Findings 

The following results and findings are generally presented in 
the order in which they were addressed in the preceding sections of this 

report. Some are essentially direct restatements of previously provided 
items, while others are in the nature of summary and/or conclusion-type 
statements. These are: 

1. Based on Battelle's analysis of RAIRS data for calendar years 1982- 

1985, the risk of car derailment is significantly less in the rear 
quarter, or third, of a mainline train. The front sections are the 

next "safest" position (a1 though marginal ly so), and the middle 
sections are the least safe. 

2. The primary opportunity for reducing the number and severity of 

hazardous car derailments by the selective placement of such cars 
within trains is during the mainline transport of these cars in 

through train consists. While there are large numbers of 

derailments in non-mainline situations (e.g., yard operations), they 

appear to offer relatively little opportunity for employing 



s i g n i f i c a n t  hazmat c a r  placement s t r a t e g i e s  beyond those which 

p r e s e n t l y  e x i s t .  

3 .  Derai lments  can be t h e  consequence o f  severa l  f a c t o r s  which may a c t  

a lone o r  i n  combinat ion t o  cause an acc iden t .  The p r imary  f ac to r s  

a r e  t r a c k - r e l a t e d  c o n d i t i o n s  (e.g., a  broken r a i l ,  "sun k i n k s "  due 

t o  h i g h  l o n g i t u d i n a l  compressive s t r e s s ,  poor t r a c k  geometry),  

equipment f a i  1  u r e  (e.g., a  broken wheel, an overheated j o u r n a l ) ,  

poor t r a i n  makeup (e.g., un favorab le  r e l a t i v e  placement o f  empty and 

loaded ca rs ) ,  and poor t r a i n  hand1 i n g  p r a c t i c e s  (e.g., improper use 

o f  t h r o t t l e  and/or brake, o r  excess ive speed). I n v e s t i g a t i o n s  o f  

some t r a i n  acc iden ts  a re  unable t o  e s t a b l i s h  a  s p e c i f i c  cause, 

a l though "p robab le"  and/or c o n t r i b u t i n g  f a c t o r s  a re  u s u a l l y  c i t e d .  

Others a re  ab le  t o  p rov ide  c l e a r  i d e n t i f i c a t i o n  o f  cause. 

4 .  B a t t e l l e ' s  a n a l y s i s  o f  t h e  1982-1985 R A I R S  da ta  tended t o  c o n f i r m  

two de ra i lmen t - re l a ted  hypotheses a r i s i n g  f rom an e a r l i e r  a n a l y t i c a l  

s tudy.  One, i nc reas ing  t h e  number o f  ca rs  i n  a  t r a i n  tends t o  

inc rease  t h e  number o f  ca rs  which d e r a i l  should a  dera i lment  occur.  

And, two, i n c r e a s i n g  t h e  speed o f  a  t r a i n  increases t h e  number o f  

ca rs  which d e r a i l .  

5. An examinat ion o f  t h e  "dera i lment  diagrams" f o r  t e n  ma jo r  acc iden ts  

( a l l  o f  which i n v o l v e d  hazmat c a r s ) ,  i n d i c a t e d  t h a t  i t  i s  common t o  

have groups o f  ca rs  come t o  r e s t  i n  c l o s e  p r o x i m i t y  due t o  

j a c k k n i f i n g  and p i l i n g  o f  cars .  Such g roups / c l us te r s  may c o n t a i n  a  

few o r  numerous cars .  One acc iden t  had a  c l u s t e r  o f  32 ca rs  t i g h t l y  

grouped toge ther .  Such groups o f  ca rs  p rov ide  s i g n i f i c a n t  

o p p o r t u n i t i e s  f o r  commingling o f  hazardous m a t e r i a l s ,  bo th  from t h e  

s tandpo in t  o f  o p p o r t u n i t y  f o r  re leases  due t o  i n i t i a l  and/or 

subsequent dera i lment  damage t o  any hazmat ca rs  invo lved ,  and t h e  

o p p o r t u n i t y  f o r  t h e  re leased  commodities t o  mix because o f  t h e  c l o s e  

p r o x i m i t y  o f  t h e  r e l e a s i n g  cars .  



6. B a t t e l l e ' s  ana l ys i s  o f  da ta  i n  FRA's Annual Acc iden t I I nc i den t  

B u l l e t i n s  f o r  1983-1985 showed t h e r e  was an average o f  435 acc iden ts  

(which i n c l u d e  dera i lments )  p e r  year  i n  which t h e  t r a i n s  i nvo l ved  

conta ined hazrnat cars  (11.6% o f  t h e  t o t a l  number o f  acc iden t s ) .  

There were 53 acc iden ts  p e r  yea r  i n  which a hazmat r e l ease  occurred.  

An average o f  590 hazmat cars  were damaged each year ,  and an average 

o f  90 ca rs  pe r  yea r  re leased hazrnat. These da ta  imp ly  t h a t  an 

"average" acc iden t  o f  t r a i n s  c a r r y i n g  hazmat r e s u l t e d  i n  1.36 hazrnat 

ca rs  be ing  damaged. I n  those acc iden ts  where re leases occurred,  

(12.2 percent  o f  t h e  t o t a l ) ,  1.70 ca rs  released. From t h i s ,  i t  

appears t h a t  ins tances  where re leased hazmat would commingle would 

be ra re .  However, i t  i s  recognized t h a t  acc iden ts  do occur  which 

i n v o l v e  numerous hazmat ca rs  and t h e  re1  ease o f  severa l  hazardous 

ma te r i  a1 s. 

Many hazmat acc iden ts  i n v o l v e  on l y  a  s i n g l e  hazardous com~iiodity 

which may re l ease  f rom one o r  more cars .  However, o t h e r  acc iden ts  

i n v o l v e  severa l  such commodities and i n  s i g n i f i c a n t  q u a n t i t i e s .  The 

presence and, e s p e c i a l l y ,  t h e  re l ease  o f  one o r  more hazmat 

commodit ies can r e s u l t  - a  cons iderab ly  worsened acc iden t  scenar io .  

I n i t i a l  o r  subsequent f i r e s  ( w i t h  harmful  combustion e f f l u e n t s )  and 

exp los ions  a re  commmon consequences. A d d i t i o n a l  e f f e c t s  i n c l u d e  t h e  

f o rma t i on  o f  t o x i c  o r  combust ib le  vapor c louds: t h e  l a t t e r  may 

i g n i t e  and/or explode. Also, t h e  h e a t l f l a m e  from i n i t i a l  f i r e s  may 

impinge upon o t h e r  ca rs  which, depending upon t h e i r  con ten ts ,  may 

l a t e r  explode and rocke t .  Not o n l y  do these e f f e c t s  r e s u l t  i n  

cons iderab le  damage throughout  t h e  area o f  t h e  dera i lment ,  b u t  can 

i n h i b i t  f i r e - f i g h t i n g ,  rescue, and/or wreck-c lear ing  a c t i v i t i e s  and 

n e c e s s i t a t e  ex tens i ve  evacuat ion o f  t h e  surrounding area. 

8. A rev iew o f  va r ious  hazmat acc idents  as descr ibed i n  NTSB Ra i l r oad  

Acc ident  Reports d i d  - n o t  uncover any s p e c i f i c  ins tances  where i t  was 

repo r ted  t h a t  ac tua l  m i x i n g  o f  re leased  incompat ib le  hazmat occurred 

and r e s u l t e d  i n  worsened acc iden t  s i t u a t i o n s  o r  r e l a t e d  c o n d i t i o n s .  

However, some o f  these dera i lments  d i d  i n v o l v e  hazmat cars  which 



conta ined groups o f  commodities which t h i s  s tudy subsequent ly 

i d e n t i f i e d  as be ing  incompat ib le .  

9. The p resen t  U.S. DOT r e g u l a t i o n s  (49 CFR Subpart D) and those o f  t h e  

Canadian Transpor t  Commission (Subpart E l  74.589) p e r t a i n i n g  t o  t h e  

placement o f  hazmat cars  w i t h i n  t r a i n s  a re  very  s i m i l a r ,  b u t  n o t  

i d e n t i c a l .  Both r e l a t e  t h e i r  s p e c i f i c  placement r e s t r i c t i o n s  

accord ing  t o  t y p e  o f  ca r ,  t ype  o f  hazardous m a t e r i a l ,  l o c a t i o n  o f  

people on t r a i n ,  l e n g t h  o f  t r a i n ,  presence o f  i g n i t i o n  sources, 

presence o f  ca rs  w i t h  p r o t r u d i n g  l a d i n g  (ac tua l  o r  p o t e n t i a l ) ,  and 

presence o f  o t h e r  hazmat cars .  Whi le t h e  two se t s  o f  r e g u l a t i o n s  

a re  g e n e r a l l y  compat ib le ,  i t  appears t h a t ,  i n  some ins tances ,  an 

in te rchange o f  c o n s i s t s  would r e q u i r e  r e v i s i n g  t h e  p o s i t i o n s  o f  

se lec ted  hazmat cars .  Also, bo th  se t s  o f  r a i l r o a d s  may need t o  

i n t e r p r e t  t h e  p lacards  on cars  rece ived  and p o s s i b l y  r ep laca rd  them 

t o  conform t o  p r a c t i c e s  and r e g u l a t i o n s  p e r t a i n i n g  t o  t h e  r e c e i v i n g  

r a i l r o a d .  Th is  cou ld  r e s u l t  i n  t h e  need f o r  a d d i t i o n a l  r e p o s i t i o n -  

i n g  o f  ca rs  w i t h i n  t h e  c u t s  o f  ca rs  rece ived.  However, i t  appears 

t h a t  r e c i p r o c i t y  agreements a r e  i n  p l ace  which f a c i l i t a t e  t h e  i n t e r -  

change process and cou ld  reduce t h e  need f o r  r ep laca rd ing  and/or 

r e p o s i t i o n i n g  i n d i v i d u a l  ca rs .  

10. The 102 hazardous commodities o f  i n t e r e s t  here  ( t h e  t o p  100 g i ven  i n  

AAR's "1986 Top 125 Hazardous Commodities Movements by Tank Car 

Volume" l i s t ,  p l u s  "sodium meta l "  and " fuming n i t r i c  a c i d " )  have a  

t o t a l  o f  5,151 b i n a r y  combinat ions. However, these  can be 

segregated i n t o  28 d i s t i n c t  chemical r e a c t i v i t y  groups which have 

o n l y  378 b i n a r y  corr~b inat ions.  I n c o m p a t i b i l i t y  between these  

combinat ions can be i d e n t i f i e d  us ing  t h e  ASTM Hazardous Waste 

I n c o m p a t i b i l i t y  Chart .  From t h i s ,  r eac t i ons  between s p e c i f i c  

chemical p a i r  combinat ions o f  t h e  incompat ib le  groups can be 

charac te r i zed .  It was determined t h a t  1,210 o f  t h e  5,151 b i n a r y  

combinat ions can be judged as " incompat ib le " .  Combinations 

i n v o l v i n g  non -ox id i z i ng  m ine ra l  ac ids  (ASTM Chemical R e a c t i v i t y  

Group I ) ,  o x i d i z i n g  minera l  ac ids  (Group 2 ) ,  and c a u s t i c s  (Group 10) 



dominate t h e  l i s t  o f  incompat ib le  chemicals. These were i nvo l ved  i n  

424 combinat ions (35 percent  of  t h e  incompat ib le  combinat ions) ,  324 

combinat ions (27 pe rcen t ) ,  and 179 c o l ~ ~ b i n a t i o n s  (15 

percen t )  , r e s p e c t i v e l y  . 

Since t h e  degree o f  i n c o m p a t i b i l i t y  which e x i s t s  between chemical 

combinat ions can vary  cons iderab ly  f rom p a i r - t o - p a i r ,  consequence 

analyses can be u t i l i z e d  t o  determine which combinat ions represen t  

t h e  g r e a t e s t  hazard and r i s k .  A s i n g l e  s p e c i f i c  dera i lment  

scenar io ,  i n v o l v i n g  a p a i r  o f  r up tu red ,  r e l e a s i n g  tank  cars ,  can be 

used t o  determine t h e  r e l a t i v e  consequences o f  m i x i ng  each 

combinat ion o f  i n t e r e s t .  The p r imary  d i r e c t  consequences of hazmat 

m ix i ng  are:  t o x i c  emissions, f i r e  b a l l s ,  unconf ined vapor c l oud  

exp los ions ,  condensed phase exp los ions ,  and pool  f i r e s .  

Consequence-based rank ings  can be used t o  i d e n t i f y  which 

combinat ions have t h e  worst  consequences, and r isk-based rank ing  can 

be used t o  i d e n t i f y  which have t h e  worst  r i s k  (based upon bo th  

consequences and re1  a t i  ve frequency of oppo r tun i t y  f o r  occurrence) . 
Consequence can be based upon t h e  s i z e  o f  t h e  su r f ace  area above t h e  

l e t h a l  l i m i t  f o r  t h e  p e r t i n e n t  consequences, and frequency can be 

based upon t h e  y e a r l y  number o f  tank  c a r  movements f o r  each chemical 

of t h e  p a i r .  Combinat ions/pai  r s  which have consequence o r  r i s k  

rank ings  above se lec ted  l e v e l s  can be cons idered t o  be s u f f i c i e n t l y  

incompat ib le  t h a t  a c t i o n  should be taken t o  p rec lude  t h e i r  m ix ing .  

Ca tego r i z i ng  such p a i r s  i n t o  t h e i r  chemical r e a c t i v i t y  groups 

p e r ~ i i i t s  ma t r i ces  o f  incompat i  b l e  groups t o  be developed. 'The m a t r i x  

based on consequence rank ings  conta ined 94 incompat ib le  group p a i r s ;  

w h i l e  t h a t  based on r i s k  rank ings conta ined 57 incompat ib le  group 

p a i r s .  It i s  f e l t  t h a t  m i x i ng  o f  t he  former  (94 combinat ions) 

d u r i n g  dera i lments  should be avoided. 

12. The most conse rva t i ve  approach t o  p rec lude  m ix i ng  o f  incompat ib le  

hazmat i s  t o  separate t h e  assoc ia ted tank  ca rs  so t h a t  t hey  would 

n o t  be i nvo l ved  i n  t h e  same dera i lment .  However, i t  i s  p o s s i b l e  t o  

s t i p u l a t e  a r e p r e s e n t a t i v e  s e t  o f  dera i lment  c o n d i t i o n s  and t hen  



determine t h e  d i s tance  a  p a i r  o f  r e l e a s i n g  hazmat ca rs  should be 

separated t o  p rec lude  o r  min imize m i x i n g  of  t h e i r  con ten ts .  For  t h e  

s e t  o f  c o n d i t i o n s  s p e c i f i e d ,  a  separa t ion  d i s tance  o f  about 40 

meters was determined. Because o f  t h e  c l o s e  p r o x i m i t y  o f  d e r a i l e d  

ca rs  which can r e s u l t  f rom j a c k k n i f i n g  and p i l i n g ,  as evidenced by a  

very  severe dera i lment  i n v o l v i n g  a  " c l u s t e r "  o f  32 cars ,  an i n i t i a l  

es t ima te  o f  a  minimum i n - t r a i n  c a r  separa t ion  o f  30 r a i l c a r s  was 

made. Th is ,  however, i s  a  conse rva t i ve  est imate.  Based on a  

maximum average o f  13 ca rs  d e r a i l e d  (Table 6, page 22) and assumed 

"stacked" s ide-by-s ide,  a  minimum i n - t r a i n  separa t ion  o f  15 r a i l c a r s  

would p rov ide  t h e  recommended 40-meter separa t ion  d i s tance  t o  

min imize commingling o f  incompat ib le  chemicals.  

There a r e  t h r e e  major  c a r  placement f a c t o r s  commonly cons idered by 

t h e  r a i l r o a d s  when t r a i n s  a re  i n i t i a l l y  made up, o r  when ca rs  a r e  

removed f rom o r  i n s e r t e d  i n t o  e x i s t i n g  t r a i n  cons i s t s .  These a re :  

(1) Opera t iona l  E f f i c i e n c y ,  (2)  DOT Regulat ions,  and (3) Dera i lment  

Dynamics. The f i r s t  i s  concerned w i t h  f a c i l i t a t i n g  t h e  b u i l d i n g  o f  

t r a i n s  as w e l l  as t h e i r  over- the-road opera t ion .  The bas i c  goal  i s  

t o  m in im ize  t h e  number and/or complex i t y  o f  sw i t ch ing  movements 

w i t h i n  t e r m i n a l s  and yards ,  as w e l l  as those assoc ia ted w i t h  t h e  

t r a n s p o r t ,  se t -ou t ,  and p ick -up  o f  ca rs  w h i l e  enroute.  The second 

i s  concerned w i t h  conforming t o  t h e  mandatory DOT r e g u l a t i o n s  

concern ing t h e  hand l i ng  o f  p lacarded cars  as s t a t e d  i n  49 CFR P a r t  

174 Subpart D. The t h i r d  i s  d i r e c t e d  toward avo id i ng  b u i l d i n g  

t r a i n s  hav ing  i nhe ren t  dynamic ope ra t i ng  c h a r a c t e r i s t i c s  which cou ld  

promote, o r  c ~ ~ i t r i b u t e  t o ,  dera i lments .  O f  these  t h r e e  c a r  

placement f a c t o r s ,  t h e  r a i l r o a d s  g i v e  i n i t i a l  cons ide ra t i on  and 

emphasis t o  t h e  f i r s t ,  Opera t iona l  E f f i c i e n c y ,  t h e  goal  be ing  t o  

b u i l d  and operate t r a i n s  c o n s i s t i n g  o f  b locks  o f  ca rs  i n  s t a t i o n  

order .  Dev ia t ions  from t h i s  goal a re  made as necessary t o  

accommodate t h e  DOT'S r e g u l a t i o n s ,  and, t o  a  much l e s s e r  e x t e n t ,  t o  

avo id  un favorab le  dera i lment  dynamics. 



14. There are three major processes which a railcar undergoes from the 

time it is picked up at the location at which it was loaded (its 
source) until it is delivered at its ultimate destination. These 
are: (1) local pick-up and set-out of cars, (2) car classification, 
and (3) 1 ine haul. Operating trains consisting of station order 

blocks facilitates the process of setting out cars, and is a major 

factor in the classification process. The number of switching 
movements required to set-out or pick-up cars from sidings and spurs 

along a train's route directly impacts the time and effort 

associated with over-the-road train operations. Trains which have 
their consists arranged in station order blocks, with that for the 

first station located immediately behind the locomotive, are 

considered best suited for efficient operation. The use of station 

order blocking is a basic and universal railroad practice. 

Potential additional in-train hazmat car placement constraints are 

of two separate types: (1) those related to placing such cars in 
those sections of trains where derailments are least likely to 

occur, and (2) those related to separating hazmat loads which have 
been determined to be "incompatible" in order to preclude 

commingling in a derailment scenario. It is assumed that any 

placement requirements which might arise from such constraints would 

be in addition to those already required under current DOT regu- 

lations. Neither of the two "new" placement constraints are in 

conflict with the current in-train car placement regulations. 

Indeed, the second can be viewed as an extension of existing 

requirements. However, there is potent i a1 for conf 1 i ct between the 
two constraints themselves. On one hand, it is desirable to locate 

all hazmat cars in the rear quarter or third of trains; but on the 

other hand, separations of many cars may be required between certain 

of these, thereby limiting the number of available and suitable car 
positions in the re6r. The relatively large number of incompatible 

pairs, together with the need for large separation distances may at 

times result in an irreconcilable conflict. The extent to which such 

conflicts may arise wi 1 1  depend upon the number and nature of the 



hazmat ca rs  t o  be hauled a t  any g i ven  t ime.  Th is  can range from few 

o r  none t o  many w i t h  a  wide v a r i e t y  o f  l ad ing .  

16. The more requirements imposed upon t h e  r a i l r o a d s  r e l a t i v e  t o  i n -  

t r a i n  c a r  placement, t h e  g r e a t e r  t h e  p o t e n t i a l  f o r  impact upon t h e i r  

p resen t  ope ra t i ona l  processes. There a re  a  number o f  areas and 

processes t h a t  would be impacted and, depending upon t h e  amount and 

t y p e  o f  hazmat a c t u a l l y  invo lved ,  t h e  impact p o t e n t i a l  cou ld  be 

very  s i g n i f i c a n t .  Foremost, any requirements d i r e c t e d  toward 

congrega t ing  hazmat cars  i n  s p e c i f i c  p o r t i o n s  o f  t r a i n s  would be i n  

d i r e c t  c o n f l i c t  w i t h  t h e  r a i l r o a d s '  p r a c t i c e  o f  grouping cars  i n  

d e s t i n a t i o n - s p e c i f i c  b locks ,  and p l a c i n g  these b locks  i n  s t a t i o n  

o r d e r  w i t h i n  t r a i n s .  Fu r the r ,  t h e  bas i c  process o f  c a r  c l a s s i -  

f i c a t i o n  would be compl icated as would a c t i v i t i e s  assoc ia ted  w i t h  

t h e  p ick -up  and se t -ou t  o f  ca rs  by l o c a l  o r  through t r a i n s .  The 

l o s s  o f  t h e  b l ock  s t r u c t u r e  cou ld  g r e a t l y  inc rease  t h e  number o f  

i n d i v i d u a l  s w i t c h i n g  movements r e q u i r e d  t o  per fo rm these  f u n c t i o n s .  

I n  genera l  , implementing and employing t h e  ope ra t i ona l  changes 

necess i t a ted  by t h e  sub jec t  hazmat c a r  placement s t r a t e g i e s  can be 

expected t o  have a  nega t i ve  impact upon ope ra t i ng  e f f i c i e n c y  and 

cos ts .  I n  r e t u r n ,  r educ t i ons  i n  t h e  number and s e v e r i t y  o f  hazmat 

c a r  dera i lments  can be expected. 

The rev iew and a n a l y s i s  o f  f o u r  se lec ted  acc iden ts  i n v o l v i n g  t h e  

de ra i lmen t  o f  tank ca rs  and hazmat r e l ease  i n d i c a t e d  t h a t  t h e  

a p p l i c a t i o n  o f  i n - t r a i n  placement and separa t ion  s t r a t e g i e s  f o r  

hazmat ca rs  would probably  have reduced t h e  number o f  such ca rs  

which d e r a i l e d  and re leased  i n  those s p e c i f i c  ins tances.  Therefore,  

t h e  r e s u l t i n g  o v e r a l l  pos t -dera i lment  e f f e c t s ,  a c t i v i t i e s  and 

assoc ia ted  cos t s  and losses would probably  have been reduced as 

we1 1. These acc iden ts  i nvo l ved  a  v a r i e t y  o f  t h e  s e t  o f  102 

hazardous commodities s tud ied  here in ,  and t h e r e  were severa l  

ins tances  where members o f  incompat ib le  chemical groups were 

invo lved .  However, none o f  t h e  acc iden t  r e p o r t s  c i t e d  m ix i ng  as a  

c o n t r i b u t i n g  f a c t o r  t o  t h e  acc iden t  consequences. I n  these  t e s t  



cases, a  " sa fe "  p o s i t i o n  f o r  hazmat cars  a long w i t h  a  30-car 

separa t ion  o f  incompat- ib le p a i r s  was p o s s i b l e  o n l y  when a  few 

incompat ib le  chemical p a i r s  were i n  t h e  cons i s t .  

18. A p r e l i m i n a r y  c o s t l b e n e f i t  ana l ys i s  was conducted. The cos ts  o f  

i n t e r e s t  here a r e  those assoc ia ted w i t h  e f f e c t i n g  t h e  s e l e c t i v e  i n -  

t r a i n  p o s i t i o n  and separa t ion  o f  hazmat cars .  These i n c l u d e  n o t  

on l y  t h e  l a b o r ,  m a t e r i a l s ,  and equipment usage necessary t o  do so, 

b u t  any adverse impacts on r a i l r o a d  opera t ions  which may occur  i n  

consequence. B e n e f i t s  i n c l u d e  bo th  reduc t i ons  i n  t h e  number and 

s e v e r i t y  o f  dera i lments  i n v o l v i n g  hazmat, and such o t h e r  c o s t  

savings o r  improvements t h a t  might  a l s o  r e s u l t .  

19. There i s  no bas i s  f o r  expec t ing  t h a t  t h e  implementat ion o f  new i n -  

t r a i n  placement requi rements f o r  hazmat ca rs  w i l l  r e s u l t  i n  a  

decrease i n  t h e  t o t a l  number o f  dera i lments  o c c u r r i n g  i n  t h e  U.S., 

o r  i n  t h e  t o t a l  number o f  ca rs  d e r a i l i n g .  What can be expected i s  a  

decrease i n  t h e  number o f  hazmat cars  which d e r a i l  and, t h e r e f o r e ,  

i n  t h e  number which re lease.  Hazmat c a r  dera i lments  would n o t  be 

e l i m i n a t e d  s i n c e  dera i lments  can occur  a t  any p o s i t i o n  w i t h i n  a  

t r a i n  -- t h e r e  a r e  no "dera i lment  exempt" p o s i t i o n s .  The s e l e c t i v e  

placement o f  hazmat ca rs  can mere ly  reduce t h e  probabi  1  i t y  o f  t h e i r  

dera i lment ,  n o t  guarantee immunity aga ins t  such. It can be expected 

t h a t  t h e r e  would be a  decrease i n  t h e  p r o b a b i l i t y  o f  commingling o f  

re leased  incompat ib le  hazardous commodit ies by v i r t u e  o f  p r o v i d i n g  

s u i t a b l e  sepa ra t i on  d is tances  f o r  t h e  assoc ia ted t ank  cars .  

20. A l l  acc iden ts /dera i lments  w i l l  r e s u l t  i n  some l o s s l c o s t  whether o r  

n o t  hazmat ca rs  a r e  invo lved .  I n i t i a l  e f f e c t s  and damage t o  cars ,  

t r a c k ,  s i g n a l s ,  e tc . ,  can be expected t o  be s i m i l a r ,  r ega rd less  o f  

t h e  con ten ts  o f  t h e  cars  which a c t u a l l y  d e r a i l .  However, sub- 

sequent e f f e c t s  and r e l a t e d  damage can be cons iderab ly  worse when 

hazmat i s  invo lved .  F i r e s  and exp los ions  assoc ia ted w i t h  hazmat can 

cause a d d i t i o n a l  ex tens ive  :amage t o  bo th  r a i  1  road p rope r t y  and 

ad jacent  p r o p e r t i e s .  The p a r t i c u l a r  e f f e c t s  o f  a  hazmat re1  ease 



depend on t h e  m a t e r i a l  and t h e  q u a n t i t y  re leased,  and t h e  o v e r a l l  

acc iden t  scenar io .  The e x t e n t  o f  economic l o s s  and i n j u r y  w i t h i n  

t h e  ad jacen t  area w i l l  depend upon t h e  s i z e  of t h e  popu la t i on  a t  

r i s k  which, i n  t u r n ,  r e l a t e s  t o  t h e  na tu re  o f  t h e  acc ident .  

There i s  a  l a r g e  range o f  p o s s i b l e  c o s t  i tems which can be d i r e c t l y  

assoc ia ted  w i t h  r a i l r o a d  acc idents .  Those i tems commonly c i t e d  

under "Damage" i n  NTSB's Ra i l r oad  Acc ident  Reports a r e  " t r a i n  

equipment", " t r a i n  l a d i n g " ,  and " t r a c k " .  Others u t i l i z e d  were 

"b r i dge " ,  "sa lvage and wreck ing" ,  "nonra i  1  road" ,  " s i g n a l s  and 

appurtenances", " l a d i n g  t r a n s f e r " ,  "c leanup" ,  "emergency response", 

" c i v i l i a n  response", "environmental  restorat ion/c leanup" ,  "wreck 

c l e a r i n g " ,  "over t ime"  and "misce l laneous" .  It appears t h a t  t h e  

ca tego r i es  employed, and t h e  con ten ts  t h e r e o f ,  a r e  se lec ted  by t h e  

r a i l r o a d  which had t h e  acc iden t  and, t h e r e f o r e ,  p rov ides  t h e  c o s t  

est imate.  I n  a d d i t i o n ,  t h e r e  may be i n d i r e c t  cos t s  such as t h e  l o s s  

o f  t h e  use o f  t h e  r a i l  l i n e  u n t i l  s e r v i c e  can be res to red .  

The b e n e f i c i a l  e f f e c t s  o f  employing i n - t r a i n  hazmat c a r  placement 

and sepa ra t i on  s t r a t e g i e s  appear t o  be e n t i r e l y  r e l a t e d  t o  

r educ t i ons  i n  hazmat involvement and re1  eases and assoc ia ted  

de t r imen ta l  consequences. No ope ra t i ona l  improvements o r  o t h e r  non- 

d e r a i  1  ment r e1  a ted  b e n e f i t s  were uncovered. Therefore,  t h e  

i d e n t i f i c a t i o n  o f  b e n e f i t s  can be p r i m a r i l y  based upon t h e  r e d u c t i o n  

o r  removal o f  t h e  d i f f e r e n t i a l  p o r t i o n s  o f  t h e  losses and cos t s  

assoc ia ted  w i t h  pas t  dera i lments  i n v o l v i n g  hazmat which a r e  d i r e c t l y  

a t t r i b u t a b l e  t o  t h e  presence and/or involvement o f  t h e  hazmat. 

23. I n  de te rmin ing  whether o r  n o t  t h e  s e l e c t i v e  i n - t r a i n  placement and 

sepa ra t i on  o f  hazmat cars  i s  a  c o s t - e f f e c t i v e  endeavor, i t  i s  

d e s i r a b l e  t o  compare t h e  t o t a l  va lue  o f  t h e  " b e n e f i t s "  w i t h  t h e  

t o t a l  va lue  o f  t h e  " cos t s " .  Therefore i t  i s  necessary t o  a s c r i b e  

monetary values t o  a l l  b e n e f i t  i tems.  I n  de te rmin ing  these  va lues,  

i t  must be recognized t h a t  a l l  b e n e f i t s  a r i s e  d i r e c t l y  f rom reduc ing  

o r  e l i m i n a t i n g  hazmat- re la ted pos t -dera i lment  consequences and 



a c t i v i t i e s .  Most p o t e n t i a l  bene f i t s  a re  of a  t a n g i b l e  na tu re  (e.g., 

reduced l o s s  o f  l a d i n g ) ,  b u t  some a r e  n o t  (e.g., adverse pub1 i c i  t y )  . 
Only s p e c i f i c ,  d i r e c t l y  i d e n t i f i a b l e  p o r t i o n s  o f  t h e  l a t t e r  can be 

costed. Therefore,  f rom a  p r a c t i c a l  s tandpo in t ,  o n l y  q u a n t i f i a b l e  

b e n e f i t s  w i t h  d e f i n i t e  d o l l a r  values can be u t i l i z e d .  

24. As w i t h  b e n e f i t s ,  q u a n t i f i a b l e  cos t  i tems must be i d e n t i f i e d  so t h a t  

t h e  " cos t s "  assoc ia ted  w i t h  t h e  s e l e c t i v e  i n - t r a i n  placement and 

sepa ra t i on  o f  hazmat ca rs  can be determined. It i s  necessary t o  

cons ider  t h e  c o s t  o f  bo th  t h e  s p e c i f i c  a c t i v i t i e s  necessary t o  

conform w i t h  a d d i t i o n a l  p l  acementlseparat i o n  r e g u l a t i o n s  and any 

nega t i ve  e f f e c t s  which r e s u l t  f rom hav ing done so. The va r i ous  c o s t  

i tems can be separated i n t o  f o u r  major  ca tego r i es  accord ing t o  t h e  

n a t u r e  o f  t h e i r  impact. These are: (1)  o r g a n i z a t i o n  and i n i t i a t i o n ,  

(2) o v e r a l l  opera t  i o n  and performance, (3) c l a s s  i f  i c a t i o n  

operat  ions ,  and (4) over- the-road opera t ions ,  Some o f  t h e  s p e c i f i c  

i tems a re  "one-t ime" a c t i v i t i e s / c o s t s  assoc ia ted w i t h  t h e  

development and i n i t i a t i o n  o f  procedures t o  conform w i t h  t h e  new 

hazmat c a r  r e g u l a t i o n s .  However, most a re  of an on-going and 

cont inuous na tu re .  Some a re  o f  an obvious and d i r e c t  na tu re ,  w h i l e  

o the rs  a r e  s u b t l e  and i n d i r e c t .  

Any de te rm ina t i on  o f  monetary values f o r  b e n e f i t s  and cos t s  must 

recogn ize  t h e  f o l l o w i n g :  (1) i t  w i l l  n o t  be p o s s i b l e  t o  determine, 

w i t h  a  h i g h  degree o f  accuracy, do1 l a r  va lues f o r  a1 1  i tems, (2) t h e  

b e n e f i t s  w i l l  be based upon t h e  expected reduc t i ons  i n  de ra i lmen t -  

r e l a t e d  consequences which a re  i n  t h e  n a t u r e  o f  con jec tu re ,  however 

t h e  cos t s  w i l l  be r e a l ,  (3) b e n e f i t s  can o n l y  a r i s e  o u t  o f  

dera i lments  which were avoided o r  reduced i n  s e v e r i t y  because o f  

p l  acement and/or separa t ion  requ i  rements, t h e r e f o r e  t hey  can o n l y  be 

r e a l  i z e d  on an occas ional  bas is ,  and (4) cos t s  w i l l  a r i s e  bo th  

i n i t i a l l y  and on a  cont inuous day-to-day b a s i s  throughout  t h e  

r a i l r o a d  i n d u s t r y ,  and would be i n c u r r e d  even i f ,  somehow, no 

b e n e f i t s  were r e a l i z e d .  



26. It is expected that a detailed, quantitative cost/benefit analysis 
aimed at determining the cost effectiveness of in-train placement 

and separation strategies for hazmat cars will require a substantial 
effort and extensive data input requirements. A1 1 pertinent cost 
and benefit issues and factors must be identified, and specific, 
tangible costs must be ascribed to each of these. 

6.2 Concl usions/Recomnendations 

The following conclusions and recommendations are directed toward 

two basic questions: 

(1) What in-train placement strategies can be uti 1 ized for enhanced 
safety in movement of hazmat cars, and, 

(2)  What further activities can assist in determining the 
advisability of implementing regulations mandating the use of 
such strategies. 

These conclusions and recommendations are based wholly on the work 

reported in the preceding sections of this report. The order of their 
presentation is not intended to convey any order of relative importance. 

In the context of recent regulations governing shelf couplers, head 
shields, and thermal protection systems, the probabi 1 i ty of dangerously 
incompati ble commodities being placed close together in a higher-risk 
segment of a train, being derailed, punctured and releasing sufficient 
material to commingle and react, is quite low. Hazmat car placement and 

separation in a train consist is not seen as particularly cost 

beneficial. However, to the extent that it can be accommodated, the 
fol 1 owing recommendations should be fol 1 owed. 

1. Railroad accident data (at least since 1975) indicate that certain 

in-train locations (car positions) have a lower frequency of 

derai lment than others. Therefore, to reduce the probabi 1 i ty of 
derai lment of selected rai lcars (e.g., hazmat cars), these cars 

should be placed in these preferred locations. The rear one-quarter 



of a  main1 i n e  t r a i n  c o n s i s t  i s  recommended as t h e  most d e s i r a b l e  

l o c a t i o n  f o r  hazniat cars ,  f roni  a  d e r a i l m e n t - s t a t i s t i c s  v iewpo in t .  

Th is  l o c a t i o n  w i l l  reduce, bu t  n o t  e l i m i n a t e ,  t h e  frequency of t h e i r  

dera i lment ,  and reduce t h e  p r o b a b i l i t y  of hazmat re lease .  The 

placement o f  loaded ca rs  i n  t h e  r e a r  one-quar ter  may, however, n o t  

be advantageous f o r  t r a i n  hand l ing  and dynamics, and i n  some s i t u a -  

t i o n s  cou ld  inc rease  t h e  p o s s i b i l i t y  o f  dera i lment .  Choice of ca rs  

p laced  i n  t h e  r e a r  one- four th  o r  one - th i r d  o f  t h e  c o n s i s t  can be 

based on t h e  rank ings  i n  49 CFR 173.2(a), except t h a t  nonflammable 

gas should be ranked a f t e r  flammable l i q u i d .  

2. Rai 1  road acc iden t  da ta  c o n f i r m  t h a t ,  on t h e  average, more ca rs  a r e  

d e r a i l e d  i n  l onge r  t r a i n s .  To enhance hazmat t r a n s p o r t a t i o n  s a f e t y ,  

hazmat ca rs  should t h e r e f o r e  be handled i n  somewhat s h o r t e r  t r a i n s ,  

even though i t  i s  recognized t h a t  t h i s  w i l l  r e s u l t  i n  more t r a i n s  

and p o s s i b l y  increased exposure. Exposure i s ,  o f  course, r o u t e  

dependent and must be assessed accord ing ly  . 

3 .  Ra i l r oad  acc iden t  da ta  a l s o  c o n f i r m  t h a t ,  on t h e  average, more ca rs  

a r e  d e r a i l e d  i n  t r a i n s  a t  h i ghe r  speeds. Hazmat ca rs  should t he re -  

f o r e  be handled a t  somewhat more r e s t r i c t e d  speeds. Modest speed 

reduc t i ons  may n o t  necessa r i l y  r e s u l t  i n  increased exposure. Th i s  

i s  again r o u t e  dependent. 

4. Whi le  t h e  p o t e n t i a l  f o r  t h e  m ix i ng  o f  incompat ib le  hazmat d u r i n g  a  

dera i lment  c e r t a i n l y  e x i s t s ,  such e f f e c t s  were n o t  s p e c i f i c a l l y  

r epo r ted  i n  t h e  acc iden t  r e p o r t s  used i n  t h i s  study. From t h i s  i t  

cou ld  be concluded t h a t  m i x i ng  o f  incompat ib le  hazardous chemicals 

i s  n o t  a  s i g n i f i c a n t  problem. However, t h i s  r e p o r t ' s  a n a l y s i s  

showed t h a t  p o t e n t i a l l y  se r ious  chemical m i x i ng  problems were 

present  a t  severa l  o f  t h e  r a i l r o a d  acc iden t  s i t e s  and cou ld  have 

occurred,  even though t hey  were n o t  s p e c i f i c a l l y  c i t e d  i n  r e p o r t s  o f  

t h e  r e s u l t i n g  f i r e s  and/or exp los ions.  



5. Optimum hazmat c a r  p o s i t i o n i n g  i n  a  t r a i n  c o n s i s t  - and sepa ra t i on  of 

ca rs  w i t h  incompat ib le  chemical groups can impose conf 1  i c t i  ng 

requi rements i n  t r a i n  make-up. Th i s  a n a l y s i s  showed t h e  need f o r  a t  

l e a s t  a  15-car separa t ion  between incompat ib le  groups (30 ca rs  as a  

worst  case) i n  o rde r  t o  min imize mix ing .  It may be d e s i r a b l e  t o  

emphasize p o s i t i o n ,  thereby  reduc ing  t h e  number o f  p o t e n t i a l  hazmat 

ca rs  d e r a i l i n g  and re l eas ing ,  r a t h e r  than separa t ion ,  which may pu t  

hazmat c a r s  i n t o  less-optimum t r a i n  c o n s i s t  l oca t i ons .  We recommend 

t h a t  a  separa t ion  d i s t a n c e  c h a r t  be developed based on "worst  e f f e c t  

c o n d i t i o n s "  o f  m i x i ng  o f  l ad ing .  Placarded "Empty" ca rs  may be 

cons idered as ca rs  w i t h  non-regular  m a t e r i a l .  

6. Hazmat c a r  placement and separa t ion  requirements w i l l  n e g a t i v e l y  

impact normal r a i l r o a d  ope ra t i ng  procedures and e f f i c i e n c i e s .  

Hazmat c a r  placement, i ns tead  o f  t h e  normal p r a c t i c e  o f  b u i l d i q g  

t r a i n  c o n s i s t s  i n  s t a t i o n - o r d e r  b locks ,  w i l l  r e q u i r e  a d d i t i o n a l  

s w i t c h i n g  moves i n  c l a s s i f i c a t i o n  yards and enrou te  i n  p ick-up and 

se t -ou t  o f  ca rs  whenever hazmat ca rs  a re  invo lved .  A d d i t i o n a l  

s w i t c h i n g  moves may a c t u a l l y  expose hazmat ca rs  t o  a d d i t i o n a l  

po ten t  i a1 danger. Cost lbenef  i t s  o f  hazmat c a r  placement and 

sepa ra t i on  a re  d i f f i c u l t  t o  assess: t h e  cos t s  w i l l  be r e a l ,  b u t  t h e  

b e n e f i t s  may be e lus i ve .  

7. The p o s s i b i l i t y  o f  u t i l i z i n g  s e l e c t i v e  a p p l i c a t i o n  o f  i n - t r a i n  

placement requirements should be considered. Th is  would min im ize  

d i s r u p t i o n  o f  normal c l a s s i f i c a t i o n  ya rd  and over- the-road t r a i n  

opera t ions  when o n l y  a  few p lacarded hazmat ca rs  were invo lved .  I n -  

t r a i n  placement requi rements cou ld  then  be concentrated on s p e c i f i c  

s i t u a t i o n s  where l a r g e r  numbers o f  hazmat ca rs  and more c r i t i c a l  

combinat ions o f  incompat ib le  chemicals were invo lved .  Route 

s e n s i t i v i t y  (e.g., popu la t i on  dens i t y ,  c l a s s  and c o n d i t i o n  o f  t r a c k )  

cou ld  be i nc l uded  i n  t h i s  s e l e c t i v e  a p p l i c a t i o n  approach. 



8. In order t o  assure t ha t  iniplementation of these requirenients on a 

national sca le  would, indeed, prove an e f fec t ive  endeavor, a 

deta i led  costlbenefi  t analysis  of in - t ra in  placement and separation 
of hazmat ca r s  should be conducted. 
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