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The Safety Board's past investigations of railroad accidents revealed 
several safety issues concerning the transport of hazardous materials. As a 
result of those investigations and the Board's subsequent safety 
recommendations, several agencies and organizations took various actions to 
bring about improvements in the safe transport of hazardous materials by 
rail. Results of the Board's recent safety study indicate, however, that 
improvements are still needed in the protection provided by some tank cars 
for certain products transported in them.' 

Performance of DOT-111A Tank Cars 
Involved in Accidents 

Although DOT2 specification lllA tank cars generally do not contain 
protection similar to that of the DOT-105, -112, and -114 tank cars, they 
are, nevertheless, used to carry hazardous materials that can pose a 
substantial danger to life, property, and the en~ironment.~ Further, because 
the shells of DOT-111A tank cars are thinner than the shells of DOT-105, 
-112, and -114 tank cars, the DOT-111A tank cars are more susceptible to 

' Nat i o n a l  T r a n s p o r t a t i o n  S a f e t y  Board. 1991. T r a n s p o r t  of h a z a r d o u s  
m a t e r i a l s  by rail. S a f e t y  S t u d y  N T S B / S S - 9 1 / 0 1 .  W a s h i n g t o n ,  D e .  187 p. 

U . S .  D e p a r t m e n t  o f  T r a n s p o r t a t i o n .  

T h e  D O T - 1 1 1 A  t a n k  c a r s ,  w h i c h  a r e  s t i l l  b e i n g  m a n u f a c t u r e d ,  a r e  
g e n e r a l  s e r v i c e ,  n o n - p r e s s u r e  tank c a r s  m a d e  o f  s t e e l ,  n i c k e l ,  o r  a l u m i n u m .  
G e n e r a l l y ,  D O T - 1 l l A  t a n k  c a r s  a r e  n o n - i n s u l a t e d ,  h a v e  b o t t o m  o u t l e t s  a n d  
m u l t i p l e  f i t t i n g s ,  a n d  d o  not h a v e  j a c k e t e d  t h e r m a l  p r o t e c t i o n  or h e a d  
s h i e l d s .  T h e r m a l  p r o t e c t i o n  a n d  h e a d  s h i e t d s  a l e  r e q u i r e d  o n  most D O T - 1 0 5  
t a n k  c a r s ,  a s  uell a s  o n  D O T - 1 1 2  a n d  - 1 1 4  t a n k  c a r s .  
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damage than  a re  DOT-105, -112, and -114 tank  cars,  even when those tank  cars 
are no t  p ro tec ted  by head sh ie lds  and thermal p r ~ t e c t i o n . ~  

The inadequacy o f  t he  p r o t e c t i o n  prov ided by DOT- l l lA  tank  cars  f o r  
c e r t a i n  dangerous products  has been ev ident  f o r  many years i n  acc idents  
i n v e s t i g a t e d  by t h e  Safety  Board. The re lease o f  products  f rom t h e  DOT-111A 
tank  cars  observed i n  those i n v e s t i g a t i o n s  were a l s o  observed i n  45 r a i l  
acc idents  ( h e r e i n a f t e r  c a l l e d  cases) i nves t i ga ted  by t h e  Sa fe ty  Board f rom 
March 1988 through February 1989 as  p a r t  o f  i t s  recent  s a f e t y  study.5 These 
45 cases i nvo l ved  149 tank  cars:  84 cars (57  percent )  were DOT-111A tank  
cars,  32 cars  ( 2 1  percent)  were DOT-105 tank  cars,  29 ca rs  (19 percent )  were 
DOT-112/114 tank  cars,  and 4 cars  (3  percent)  were o the r  s p e c i f i c a t i o n s .  

O f  t h e  61 DOT-105, -112, and -114 tank  cars  invo lved,  14 t a n k  cars  
(23 percent )  re leased products :  11 leaked (18 pe rcen t ) ,  and 3 i g n i t e d  o r  
exploded (5 percent ) .  The products  were re leased as  a r e s u l t  o f  head 
punctures o r  f a i l u r e s  i n  two o f  t he  tank  cars and s h e l l  punctures o r  
f a i l u r e s  i n  f i v e  ( a  t o t a l  o f  11 percent ) .  

O f  t h e  84 D O T - 1 1 l A  tank  cars  invo lved,  46 tank  cars  (54 percent )  
re leased product :  31 leaked (37 pe rcen t ) ,  and 15 i g n i t e d  o r  exploded 
(18 percent ) .  The products  were re leased as a r e s u l t  o f  head punctures o r  
f a i l u r e s  i n  5 o f  these t a n k  cars,  and s h e l l  punctures o r  f a i l u r e s  i n  13 (a 
t o t a l  o f  22 percent ) .  

These da ta  i n d i c a t e  t h a t  23 percent o f  t he  DOT-105, -112 and -114 tank  
cars i nvo l ved  i n  t h e  45 cases re leased product whereas 54 percent  o f  t h e  
DOT-111A tank  cars  re leased produc t .  Fur ther ,  t h e  r a t e  a t  which t h e  DOT-111A 
tank  cars  exper ienced head o r  s h e l l  puncture o r  f a i l u r e  was a l s o  double t h a t  
o f  t h e  DOT-105, -112 and -114 tank  cars .  Al though t h e  cases were no t  
se lec ted  on a bas is  such t h a t  they  are s t a t i s t i c a l l y  r e p r e s e n t a t i v e  o f  
hazardous m a t e r i a l s  acc idents ,  t h e  r a t e  o f  f a i l u r e  o f  t h e  DOT-111A tank  cars  
(double t h a t  o f  t h e  non-DOT-111A ca rs )  s t r o n g l y  suggests t h a t  DOT-111A tank  
cars  do no t  p rov ide  as much p r o t e c t i o n  f o r  t h e i r  products  i n  acc idents  as  do 
t h e  DOT-105, -112, and -114 tank  ca rs .  

The 46 DOT- l l lA  tank  cars t h a t  re leased hazardous m a t e r i a l s  were 
t r a n s p o r t i n g  24 d i f f e r e n t  products ,  12 o f  which (a)  cou ld  cause ser ious  
i n j u r y ,  temporary o r  long- term,  f rom b r i e f  exposure even when medical 
a t t e n t i o n  i s  p rompt ly  g iven;  and/or (b)  a r e  h i g h l y  flammable a t  ambient 
temperature cond i t i ons .  

Safe ty  r i s k s  posed by t h e  re lease o f  hazardous m a t e r i a l s  f rom DOT-111A 
tank  cars  are i l l u s t r a t e d  by t h e  acc ident  i n  Helena, Montana, on February 2, 

D O T - 1 1 1 A  t a n k  c a r s  h a v e  a m i n i m u m  s h e l l  a n d  h e a d  t h i c k n e s s  o f  7 / 1 6  
inch; D O T - 1 0 5 ,  - 1 1 2 ,  a n d  - 1 1 4  t a n k  c a r s  h a v e  s h e l l s  a n d  h e a d s  n i t h  a m i n i m u m  
t h i c k n e s s  o f  9 / 1 6  inch. 

T h e  L o c a t i o n s  o f  t h e  a c c i d e n t s  c o m p r i s i n g  t h e  4 5  c a s e s  a r e  i d e n t i f i e d  I 
in t h e  s a f e t y  s t u d y  r e p o r t  ( N T S B / S S - 9 1 / 0 1 ) .  
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1989. Two,aluminum DOT-111A tank  cars con ta in ing  hydrogen perox ide ( a  s t rong  
o x i d i z e r )  and one s tee l  D O T - 1 l I A  tank  ca r  con ta in ing  acetone and isopropy l  
a lcohol  ( i n  dual  compartments) were severe ly  damaged and re leased t h e i r  
products .  F i r e  and explos ions resu l ted ,  d i spe rs ing  fragments o f  one o f  t h e  
aluminum tank  cars  as  f a r  away as 1/2 m i l e .  About 3,500 persons were 
evacuated, 2 persons were i n ju red ,  and damage and cos t  o f  cleanup exceeded 
$6 m i l l i o n . 6  

The Sa fe ty  Board's i n v e s t i g a t i o n  determined t h a t  t he  s t e e l  DOT-111A tank  
c a r  susta ined a head puncture;  t he  i n v e s t i g a t i o n  a l so  concluded t h a t  one o f  
t he  aluminum DOT-111A tank  cars probably  was punctured d u r i n g  t h e  c o l l i s i o n  
and dera i lment ,  b u t  t he  d i s i n t e g r a t i o n  o f  t he  tank  ca r  f rom t h e  exp los ion  
prec luded an exact  de terminat ion  o f  t he  number and l o c a t i o n s  o f  t he  
punctures.  

As  a r e s u l t  of t h e  Helena acc ident ,  t he  S a f e t y  Board issued the  
fo l l ow ing  s a f e t y  recommendation t o  the  Research and Specia l  Programs 
Admin i s t ra t i on  (RSPA): 

R-89-80 

Evaluate present  s a f e t y  standards f o r  tank  cars t r a n s p o r t i n g  
hazardous m a t e r i a l s  by us ing  s a f e t y  ana lys i s  methods t o  i d e n t i f y  
t h e  unacceptable l e v e l s  o f  r i s k  and t h e  degree o f  r i s k  f rom t h e  
re lease  o f  a hazardous m a t e r i a l ,  then modi fy  e x i s t i n g  r e g u l a t i o n s  
t o  achieve an acceptable l e v e l  o f  s a f e t y  f o r  each product / tank c a r  
combinat ion.  

On June 13, 1990, the  DOT r e p l i e d  t h a t  a working group, compr is ing 
rep resen ta t i ves  o f  t h e  RSPA and the  Federal Ra i l road  Admin i s t ra t i on  (FRA), 
has developed a course o f  ac t i on  t o  address the  S a f e t y  Board's concerns: a 
s a f e t y  ana lys i s  w i l l  be i n i t i a t e d  us ing  " d e t e r m i n i s t i c  r i s k  ana lys i s  methods" 
t o  c l a s s i f y  h i g h - r i s k  m a t e r i a l s  and t o  analyze pos tacc ident  h i s t o r i e s .  Upon 
complet ion o f  t h e  e f f o r t ,  t he  RSPA and t h e  FRA w i l l  rev iew t h e  r e s u l t s  o f  t he  
ana lys i s  t o  determine i f  rulemaking a c t i o n  i s  necessary t o  s h i f t  t he  
t r a n s p o r t  o f  hazardous ma te r ia l s  t o  improved tank  cars.  Based on t h e  
response f rom t h e  DOT, t he  Safety Board c l a s s i f i e d  Safe ty  Recommendation 
R-89-80 as "Open--Acceptah1 e Response. " The need f o r  e v a l u a t i n g  present  
s a f e t y  standards f o r  tank cars t h a t  t r a n s p o r t  hazardous m a t e r i a l s  i s  so 
impor tan t  t h a t  t h e  Safe ty  Board has p laced Safe ty  Recommendation R-89-80 t o  
t h e  DOT on i t s  "Most Wanted" l i s t  o f  s a f e t y   improvement^.^ 

N a t i o n a l  T r a n s p o r t a t i o n  S a f e t y  B o a r d .  1989. C o l l i s i o n  a n d  d e r a i l m e n t  
o f  M o n t a n a  R a i l  L i n k  f r e i g h r  t r a i n  u i r h  l o c o m o t i v e  u n i t s  a n d  h a z a r d o u s  
m a t e r i e t s  r e t e e s e ,  H e l e n a ,  M o n t a n a ,  F e b r u a r y  2, 1989. R a i l r o a d  A c c i d e n t  
R e p o r t  N T S B / R A R - 8 9 / 0 5 .  U a s h i n g t o n ,  DC. 1 1 2  p. 

I n  O c t o b e r  1 9 9 0 ,  t h e  S a f e t y  B o a r d  a d o p t e d  a p r o g r a m  f o  i d e n r i f y  t h e  
I'Most U a n t e d "  s a f e t y  i m p r o v e m e n t s .  T h e  p u r p o s e  o f  t h e  Board's "Most U a n t e d "  
list, w h i c h  is d r a w n  u p  f r o m  r e c o m m e n d a r i o n s  p r e v i o u s l y  i s s u e d ,  is t o  b r i n g  
s p e c i a l  e m p h a s i s  t o  t h e  s a f e t y  i s s u e s  t h e  B o a r d  d e e m s  most c r i t i c a l .  
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i While the Safety Board is extremely concerned about the level of 

protection' provided by tank cars which transport materials that are 
potentially hazardous to human life and property, the Board is also concerned 
about the level of protection provided to the hazardous materials that can 
harm humans through deleterious effects on the environment. According to the 
Association of American Railroads (AAR), the railroad industry has recognized 
this issue and, in conjunction with the chemical and tank car industries, is 
developing a "quantitative risk assessment methodology" that incorporates 
chemical risks to the environment as well as other risks. The industries 
have also developed a list of hazardous materials that, because of their 
potential to contaminate soil and ground water, would be candidates for early 
action for improved packaging. The list includes products released in 
accidents investigated by the Safety Board, such as perchloroethylene, 
cyclohexane, and xylene; however, action for improved packaging has not been 
initiated. Further, the U.S. Environmental Protection Agency has identified 
perchloroethylene and xylene as being among the hazardous materials most 
likely to cause a serious threat to human health and has banned land disposal 
of materials contaminated with perchloroethylene, xylene, and cyclohexane.8 
Because the release of hazardous materials can a1 so threaten health through 
contamination o f  the environment, the Safety Board urges the DOT to consider 
environmental hazards when conducting its deterministic risk analysis. 

Action Needed 

Rulemaking activity for tank cars is currently underway by the RSPA: 
Performance-Oriented Packaging Standards (Docket HM-181), and Specifications 
for Tank Car Tanks (Docket HM-175A). Both rulemaking actions address the 
protection needed for some hazardous materials now being transported in 
DOT-111A tank cars. Additional rulemaking will probably be needed after the 
DOT completes its deterministic risk analysis (in response to Safety 
Recommendation R-89-80). However, the Safety Board is concerned that it may 
take several years until final rules are issued as a result of Docket HM-175A 
and even longer until final rules are issued in response to Safety 
Recommendation R-89-80. Thus, the Board is concerned that, in the interim, 
many hazardous materials that pose severe threats to public safety will 
continue to be transported in tank cars with inadequate protection. 

Following its investigation of the 1985 derailment at Jackson, South 
Carolina, the Safety Board issued Safety Recommendat ion R-85-105 to the RSPA 
to require that all tank car shipments of hazardous materials with an 
isolation radius of 1/2 mile or more, as recommended by the U.S. Department 
o f  Transportation Emergency Response Guidebook, be transported in tank cars 

5 2  F R  1 2 8 6 6 - 1 2 8 7 4  ( 1 9 8 7 1 ,  5 3  F R  4 1 2 8 0 - 4 1 2 8 5  ( 1 9 8 8 ) ,  a n d  4 0  C F R  
2 6 8 . 3 5 ( s ) .  
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equipped w i t h  head s h i e l d  o r  f u l l  tank head p r o t e ~ t i o n . ~  However, i n  
r e p l i e s  t o  t h e  s a f e t y  recommendation, t he  RSPA p o i n t e d  o u t  t h a t  head 
p r o t e c t i o n  might be b e n e f i c i a l  f o r  tank cars c a r r y i n g  a broader c l a s s  o f  
hazardous m a t e r i a l s  and t h a t  many products l i s t e d  i n  the  DOT Emergency 
Response Guidebook as r e q u i r i n g  a l / Z - m i l e  evacuat ion r a d i u s  do n o t  r e a l l y  
r e q u i r e  g r e a t e r  p r o t e c t i o n  than t h a t  prov ided by D O T - 1 I I A  t ank  cars.  I n  i t s  
l a t e s t  r e p l y ,  dated A p r i l  1990, t he  RSPA i n d i c a t e d  t h a t  an Advanced No t i ce  o f  
Proposed Rulemaking (Docket HM-175A) addresses head s h i e l d  p r o t e c t i o n  f o r  new 
and e x i s t i n g  t a n k  c a r s  t h a t  are used t o  t r a n s p o r t  c r i t i c a l  hazardous 
m a t e r i a l s  such as flammable gases, c e r t a i n  non-flammable gases, r e a c t i v e  
ma te r ia l s ,  and m a t e r i a l s  t h a t  a r e  poisonous by i n h a l a t i o n .  (These products 
c u r r e n t l y  may be t ranspor ted  i n  DOT-11 IA  tank c a r s . )  The RSPA i n d i c a t e s  t h a t  
i t  expects t o  issue a No t i ce  o f  Proposed Rulemaking f o r  Docket HM-175A i n  the  
summer 1991. Safety  Recommendation R-85-105 i s  c u r r e n t l y  c l a s s i f i e d  as 
"Open--Acceptabl e Response. " 

The Sa fe ty  Board recognizes t h e r e  i s  some m e r i t  i n  RSPA's p o s i t i o n  t h a t  
use o f  t he  l /Z -m i le - rad ius  c r i t e r i a  (per  t h e  DOT Emergency Response 
Guidebook) may n o t  be t h e  most app rop r ia te  means t o  determine which hazardous 
m a t e r i a l s  need t o  be prov ided f u l l  head s h i e l d  and thermal p r o t e c t i o n .  The 
Sa fe ty  Board be l i eves  t h a t  f u l f i l l i n g  the  i n t e n t  o f  Sa fe ty  Recommendation 
R-89-80, which asks t h a t  t h e  RSPA conduct a s a f e t y  a n a l y s i s ,  i s  t h e  most 
app rop r ia te  way t o  determine how t o  p roper l y  p r o t e c t  hazardous m a t e r i a l s  f o r  
shipment by r a i l  t ank  cars.  

However, because o f  t he  s u b s t a n t i a l  amount o f  t ime t h a t  w i l l  be r e q u i r e d  
t o  f u l f i l l  t he  i n t e n t  o f  Safety  Recommendation R-89-80, t h e  Safety  Board 
be l i eves  t h a t  immediate a c t i o n  i s  needed t o  i d e n t i f y  t he  most harmful 
m a t e r i a l s  ( those t h a t  pose t h e  g rea tes t  consequences) and t o  have these 
m a t e r i a l s  t ranspor ted  i n  s t ronger  tank cars t h a t  are p ro tec ted  by head 
s h i e l d s  and thermal j a c k e t s .  The RSPA be l ieves,  and the  Sa fe ty  Board agrees, 
t h a t  us ing  t h e  1 /2 -m i le - rad ius  c r i t e r i a  i n  t h e  DOT Emergency Response 
Guidebook i s  n o t  t he  most app rop r ia te  method t o  determine t h e  products t h a t  
r e q u i r e  g r e a t e r  p r o t e c t i o n  than i s  prov ided by D O T - 1 l I A  tank ca rs .  
Consequently, t h e  Sa fe ty  Board c l a s s i f i e s  R-85-105 as "Closed--Acceptable 
Action/Superseded" by Safety  Recommendation R-91-11, and urges t h e  RSPA t o  
e s t a b l i s h  a working group, compris ing approp r ia te  agencies and i n d u s t r y  
organizat ions,  t o  e x p e d i t i o u s l y  improve the  packaging and sh ipp ing  o f  t h e  
more dangerous products  through s p e c i f i c  ac t i ons .  Companion recommendations 
a re  being issued t o  t h e  FRA, t he  AAR, t he  Chemical Manufacturers Associat ion,  
t h e  American Petroleum I n s t i t u t e ,  and the  Na t iona l  F i r e  P r o t e c t i o n  
Associat ion,  u r g i n g  t h e  o rgan iza t i ons  t o  a s s i s t  t h e  RSPA i n  these ac t i ons  t o  
improve t h e  packaging o f  t h e  more dangerous products.  

N a t i o n a l  T r a n s p o r t a t i o n  S a f e t y  Board. 1985 .  D e r a i l m e n t  of s e a b o a r d  
S y s t e m  R a i l r o a d  t r a i n  No. F - b 9 O  u i t h  h a z a r d o u s  m a t e r i a l  r e l e a s e ,  J a c k s o n ,  
S o u t h  C a r o l i n a ,  F e b r u a r y  23, 1 9 8 5 ,  a n d  c o l l i s i o n  of S e a b o a r d  S y s t e m  R a i l r o a d  
t r a i n  N o .  F-481 u i t h  s t a n d i n g  c a r s ,  R o b b i n s ,  S o u t h  C a r o l i n a .  F e b r u a r y  25, 
1985. R a i l r o a d  A c c i d e n t  R e p o r t  N T S B / R A R - 8 5 / 1 2 .  U a s h i n g t o n ,  DC. 4 2  p. 
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i Therefore,  as a r e s u l t  o f  t he  s a f e t y  study, t h e  Nat iona l  T ranspor ta t i on  

S a f e t y  Bbard recommends t h a t  t h e  Research and Specia l  Programs 
Admin i s t ra t i on :  

E s t a b l i s h  a working group, w i t h  the  ass is tance o f  t h e  Federal  
Ra i l road  Admin is t ra t ion ,  t h e  Assoc ia t ion  o f  American Ra i l roads ,  t h e  
Chemical  Manu fac tu re rs  Associat ion,  t h e  Amerjcan Petroleum 
I n s t i t u t e ,  and t h e  Nat iona l  F i r e  P ro tec t i on  Assoc ia t ion ,  t o  
e x p e d i t i o u s l y  improve the  packaging o f  t he  more dangerous products  
(such as those t h a t  are h i g h l y  flammable o r  t o x i c ,  o r  pose a t h r e a t  
t o  h e a l t h  through contaminat ion o f  t h e  environment) by ( a )  
develop ing a l i s t  o f  hazardous m a t e r i a l s  t h a t  should be 
t ranspor ted  o n l y  i n  pressure tank  cars w i t h  head s h i e l d  p r o t e c t i o n  
and thermal p r o t e c t i o n  ( i f  needed); and (b)  e s t a b l i s h i n g  a working 
agreement t o  s h i p  t h e  l i s t e d  hazardous m a t e r i a l s  i n  such t a n k  cars.  
(Class 11, P r i o r i t y  Ac t ion)  (R-91-11) (Supersedes R-85-105) 

Also as a r e s u l t  o f  t he  s a f e t y  study, t he  Safe ty  Board issued 
recommendations t o  t h e  Federal Ra i l road  Admin is t ra t ion ;  t h e  Assoc ia t i on  o f  
American Ra i l roads ;  Class I r a i l r o a d s  and r a i l r o a d  systems; G u i l f o r d  
Transpor ta t ion ,  Inc.; MidSouth R a i l  Corporat ion;  t h e  American Shor t  L ine  
Ra i l road  Assoc ia t ion ;  t h e  Chemical Manufacturers Assoc ia t ion ;  t h e  American 
Petroleum I n s t i t u t e ;  t he  Nat iona l  F i r e  P r o t e c t i o n  Assoc ia t ion ;  t h e  Nat iona l  
League o f  C i t i e s ;  t h e  Nat iona l  Assoc ia t ion  o f  Counties; t he  I n t e r n a t i o n a l  
Assoc ia t i on  o f  F i r e  Chiefs ;  t h e  I n t e r n a t i o n a l  Assoc ia t ion  o f  Ch ie fs  o f  
Po l i ce ;  and t h e  Nat iona l  S h e r i f f s '  Assoc ia t ion .  

KOLSTAD, Chairman, COUGHLIN, Vice Chairman, and LAUBER, BURNETT, and 
HART, Members, concurred i n  t h i s  recommendation. 

James L. Ko ls tad  
Chairman 

Member Burne t t  would c l a s s i f y  Safe ty  Recommendation R-85-105 as "Open-- 
Unacceptable Response'' because t h e  RSPA has taken no p o s i t i v e  a c t i o n  i n  
response t o  t h e  recommendation; Member Burnet t  be l i eves  t h e  Sa fe ty  Board 
should p rov ide  an a l t e r n a t i v e  c r i t e r i a  t o  t h e  i s o l a t i o n  r a d i u s  o f  1/2 m i l e  as 
s t a t e d  i n  t h e  recommendation. 


