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Proje c t Abstra c t    

The  p ro je c t o b je c tive s a re  thre e -fo ld . The  first o b je c tive  is to  
e xa mine  the  g e o g ra p hy o f e va c ua tio ns, injurie s, a nd  d e a ths c a use d  b y 
ha za rd o us a nd  to xic  ma te ria ls re le a se s fro m 1998 to  2010. All o f the  
ha za rd o us ma te ria ls re le a se s fro m tra nspo rt o n a ll mo d e s will b e  
inte g ra te d  into  a  g e o g ra p hic  info rma tio n d a ta  syste m, a lo ng  with so c io -
d e mo g ra p hic  info rma tio n fro m the  U.S. Ce nsus.   Distinc tio ns will b e  ma d e  
b e twe e n mino r a nd  se rio us re le a se s. Distinc tio ns will a lso  b e  ma d e  
b e twe e n sp ills tha t ha p p e n o n inte rmo d a l o r ship p ing  site s a nd  tho se  tha t 
ha p p e n o ff-site  a nd  in-tra nsit.  This first le ve l o f a na lysis d e sc rib e s the  
na tio na l g e o g ra p hy o f whe re  ma jo r e ve nts a nd  e va c ua tio ns ha ve  
o c c urre d , a nd  whe the r tho se  p a st e ve nts a re  use ful p ro xie s fo r 
und e rsta nd ing  future  e ve nts.  

The  se c o nd  o b je c tive  o f the  stud y is to  e xa mine  the  so c io -
e c o no mic  ma ke -up  o f the  g ro up s a nd  ind ivid ua ls who  live  ne xt to  tho se  
re le a se  a nd  e va c ua tio n lo c a tio ns.  In this wa y, it will b e  p o ssib le  to  
c o mp a re  whe the r e va c ua tio ns ha ve  o c c urre d  in a re a s o c c up ie d  
p rima rily b y g ro up s with lo we r so c io e c o no mic  sta tus tha n e lse whe re .  

The  fina l o b je c tive  o f the  stud y is to  e xa mine  the  re la tio nship s 
b e twe e n infra struc ture , la nd  use , a nd  the  like liho o d  o f e va c ua tio n fro m a  
ha za rd o us ma te ria ls re le a se .  Pre vio us re se a rc h o n ha za rd o us ma te ria ls 
ha s e sta b lishe d  tha t in a d d itio n to  ro uting  va ria b le s, la nd  use  is a lso  a  
stro ng  p re d ic to r o f whe re  sp ills will o c c ur. This p a rt o f the  stud y will 
c o ntrib ute  sub sta ntia lly to  impo rta nt c o nte mp o ra ry d e b a te s a b o ut the  
sa fe ty a nd  se c urity o f p ro p o se d  ne w infra struc ture , urb a n d e ve lo p me nt, 
a nd  inte rmo d a l fa c ilitie s.  



Pa g e  3 o f 101  

Ta ble  of Conte nts 
 

Project Abstract ............................................................................................................ 2	
Table of Contents .......................................................................................................... 3	
List of figures ................................................................................................................ 4	
List of tables ................................................................................................................. 4	
Chapter 1: Overview of the Studies ............................................................................... 4	1.	1	Prior	Research	...................................................................................................................................................	5	1.2.	Data	sources	.......................................................................................................................................................	7	1.3	Research	hypotheses	.......................................................................................................................................	8	
Chapter 2. Geocoding and Data Preparation ............................................................... 13	2.1	Geo‐databases	..................................................................................................................................................	13	2.2	Data	problems	.................................................................................................................................................	13	2.3	Data	Processing	and	Spatial	Merge	.........................................................................................................	14	
Chapter 3.  Past HazMats Events as Proxies of the Future ........................................... 16	3.1	Background	.......................................................................................................................................................	17	3.2	The	consequences	of	land	development	and	policy	on	network	security	..............................	18	3.3.	Data	on	consequences	.................................................................................................................................	21	3.4	Data	on	consequences	and	California	geography	.............................................................................	22	3.5	Data	on	event	consequences......................................................................................................................	23	
Chapter 4. Isolating the Spill Frequency Trajectory ..................................................... 32	4.1	Identifying	the	nonstationarity	................................................................................................................	32	4.2		Selecting	the	time	series	.............................................................................................................................	34	4.3	ARMA	models	and	forecasting	spills	as	a	time	series	.....................................................................	39	4.4	The	spatial	clustering	and	exploring	forecasts	for	places	.............................................................	41	
Chapter 5. High‐impact communities in California ...................................................... 47	5.1		Highest	frequency	locations	.....................................................................................................................	47	5.2	Spill	severity	and	geography	.....................................................................................................................	51	5.3	Spill	frequency,	spill	location,	and	spill	severity	...............................................................................	52	Chapter		6.	Conlusions	.........................................................................................................................................	59	
Appendix A.  Data dictionary for Enhanced HMIRS Database ...................................... 65	
Appendix B:  Master Database Field Descriptions ....................................................... 76	
Appendix C:   Scripts for Database Management ........................................................ 79	
Appendix D: Scores for top clusters in California ......................................................... 87	
Appendix E: Scores for top clusters in California ......................................................... 90	References	................................................................................................................................................................	94	
 

  



Pa g e  4 o f 101  

List of fig ure s  
 
Figure  1.  Glo bal Me tho do lo gy  Guiding  the  Studie s	_________________________________________________	12	
Figure  3.  Spatial buffe rs aro und multi-mo dal fac ilitie s in California	_____________________________	23	
Figure  4. Evac uatio n and Enviro nme ntal Damage  by  Mo de  and Hazardo us Mate rials 

Class, 2000 to  2010	____________________________________________________________________________________________	26	
Figure  5.  Cost c o nse que nc e s o f se rious spills by  mo de , 2000 to  2010	 _________________________	30	
Figure  6.  Time  Lo ss and To tal Damage  by  Mo de  and Hazard Class, 2000 to  2010	__________	31	
Figure  7.  Cro ss-c o rre latio n func tio ns be twe e n spills and se rio us spills.	________________________	33	
Figure  8.  Plo t o f To tal spills to  ne w se rio us spills o ve r a six mo nth ho rizo n	_____________________	35	
Figure  9. Time  se rie s plo t o f re siduals	_____________________________________________________________________	36	
Figure  10. Lagge d  de t	________________________________________________________________________________________	37	
Figure  11. ACL func tio n and e nve lo pe s	__________________________________________________________________	37	
Figure  12.  Partial c o rre latio n func tion o f de 	____________________________________________________________	38	
Figure  13.   Pre dic tio n against the  e mpiric al data	____________________________________________________	40	
Figure  14.  Maps o f the  PMSA spills file s, 1998 to  2011	_______________________________________________	42	
Figure  15. Ho tspo ts analysis o f California spills	 ________________________________________________________	43	
Figure  16 Re sults fo r CA Ho tspo ts NNR	____________________________________________________________________	45	
Figure  17. Spatial distributio n o f Hazmat Spills and Evac uatio ns	__________________________________	46	
Figure  18. MHA are as aggre gate d in so uthe rn  Califo rnia fro m ho tspo t buffe rs	______________	53	
 

List of ta ble s  
Table  1.  The  variatio ns o n o ne  addre ss fo rm 	__________________________________________________________	14	
Table  2.  Spills within 1 mile  o r 3 mile s o f multi-modal fac ilitie s, 2000 to  2010	_________________	22	
Table  3. Outc o me s assoc iate d with to xic  and hazardo us e ve nts	________________________________	25	
Table  6. Te st line ar re gre ssio n o f spills and ne w se rio us spills	______________________________________	34	
Table  7 ARMA mo de ls iso lating  de  and se aso nality  parame te rs	_________________________________	39	
Table  8.  The  10 mo st fre que nt spill loc atio ns in Califo rnia, 1998 to  2010	_______________________	47	
Table  9. Odds ratio s o f by  mo de  o f a spill turning  into  a se rio us spill	____________________________	48	
Table  10.   No -No tic e  Evac uatio ns in Califo rnia, 1998-2010	________________________________________	50	
Table  11.  High-Fre que nc y , High Se rio us Spill Fre que nc y  Loc atio ns	_____________________________	51	
Table  12. Ne gative  Binomial Mo de l o f Se ve re  Spills	__________________________________________________	51	
Table  13. Po isso n re gre ssio n c oe ffic ie nts, Califo rnia spills 1998 to  2010	________________________	54	
Table  14. Quasi-Po isso n Re gre ssio n Mo de l, Califo rnia spills 1998 to  2010______________________	55	
Table  15. Ne gative  Binomial Re gre ssio n, Califo rnia spills 1998 to  2010	_________________________	56	
Table  16.  Hurdle  re gre ssio n c oe ffic ie nts	________________________________________________________________	57	
Table  17.  Ze ro  Inflate d Ne gative  Bino mial	 _____________________________________________________________	58	
Table  17.  Data Summary  Co nse que nc e s, 2000 to  2010	____________________________________________	60	
Table  18. A Sample  o f Exe mplar Eve nts, 2000 to  2010	_______________________________________________	62	
Table  18. Summary  o f signific ant re latio nships	 ________________________________________________________	64	
Table  19.  Po isso n re gre ssio n mo de l o f all spill c o unts by  trac t	___________________________________	90	
Table  20.   Quai-Po isso n mo de l o f all spill c o unts	_____________________________________________________	91	
Table  21.  Ne gative  Binomial Mo de l o f All Spills, 1998 to  2010	____________________________________	91	
Table  22. Hurdle  mo de ls o f all spills, 1998-2010	_______________________________________________________	92	
Table  23.  Ze ro - inflate d Ne gative  Bino mial Mo de l	____________________________________________________	93	
  



Pa g e  5 o f 101  

Cha pte r 1: Ove rvie w of the  Studie s 

No -no tic e  (p o st-impa c t) e va c ua tio ns c a n b e  a  ma jo r c ha lle ng e  fo r 
tra nsp o rt p o lic y g ive n c o nte mp o ra ry c o nc e rns a b o ut te rro rist a c tivitie s. 
Eve n so , c o mp a ra tive ly little  is kno wn a b o ut the m.  This re se a rc h e xa mine s 
the  so c io d e mo g ra phic  a nd  sp a tia l d istrib utio n o f p re vio us no -no tic e  
e va c ua tio ns tha t ha ve  re sulte d  fro m ha za rd o us ma te ria ls sp ills. It a lso  p a rt 
o f b uild ing  up  a  la rg e r re se a rc h p ro je c t o n und e rsta nd ing  ho use ho ld  
e va c ua tio n d e c isio ns und e r e xtre me  time  c o nstra ints. 
 
Pre vio us tra nsp o rta tio n e va c ua tio n mo d e ls ha ve  la rg e ly o ve rlo o ke d  no n-
d riving  b e ha vio r [1], ho use ho ld  d e c isio ns (o the r tha n whe n to  e va c ua te  
[2, 3]), a nd  g e o sp a tia l va ria b le s.  As a  re sult, the se  mo d e ls le a d  to  o ve rly 
o p timistic  e va c ua tio n time  p re d ic tio n a nd  fa il to  c a p ture  c o mp le x tra ve l 
p a tte rns.  While  e xte nsive  re se a rc h is a va ila b le  o n hurric a ne  e va c ua tio ns,  
sho rt- a nd  no -no tic e  e va c ua tio ns ha ve  re c e ive d  little  a tte ntio n. This is a  
ma jo r p ro b le m fo r e va c ua tio n stud ie s b e c a use , unlike  hurric a ne  
e va c ua tio ns, no -no tic e  e va c ua tio ns ha ve  g re a te r sp a c e -time  
unc e rta intie s a sso c ia te d  with the  e ve nts.  Be c a use  e va c ua tio n time  
mo d e ls c a n influe nc e  whe the r a nd  whe n o ffic ia ls d e c id e  to  g ive  
e va c ua tio n o rd e rs, the se  mo d e ls a ffe c t ho w ma ny p e o p le  le a ve  the  
a re a . The  re sult c a n b e  o ve rly o p timistic  e va c ua tio n time  p re d ic tio ns, 
whic h p o rte nd  p o te ntia lly d e va sta ting  c o nse q ue nc e s. 

 

1. 1 Prior Research  
No  p rio r stud ie s ha ve  a tte mp te d  to  d o  wha t is p ro p o se d  he re : to  c a p ture  
the  c o mb ina tio n o f so c io e c o no mic , infra struc ture , a nd  la nd  use  va ria b le s 
tha t a ) c o ntrib ute d  to  e le va te d  risks fo r e va c ua tio n a nd  c o nc urre ntly b ) 
re stric te d  o r e na b le d  ind ivid ua ls’  p la nne d  e va c ua tio n b e ha vio rs.  Mo st 
stud ie s o f ha za rd o us ma te ria ls sp ills fo c us o n risk-minimizing  a lg o rithms 
witho ut va lid a ting  tho se  a g a inst the  e mpiric a l d a ta  re c o rd  o n whe re  
ha za rd o us ma te ria ls inc id e nts o c c ur [4-8].   The  p ro p o se d  re se a rc h ta ke s 
the  o p p o site  a p p ro a c h: it e va lua te s whe re  a c c id e nts ha ve  o c c urre d  a nd  
a tte mp ts to  d e sc rib e  the  g e o g ra p hic  c o nd itio ns tha t inc re a se  the  ne e d  
fo r e va c ua tio n p re p a ra tio n.  
 
The  two  p re vio us stud ie s o f the  g e o g ra p hic  d istrib utio n o f ha za rd o us 
ma te ria ls inc id e nts e xa mine d  o nly two  re g io ns: the  Lo s Ang e le s re g io n o f 
so uthe rn Ca lifo rnia  a nd  two  c o untie s in Ne w Yo rk. The  Ne w Yo rk re se a rc h 
use d  mo d e le d  p lume s to  e xa mine  p o te ntia l a c c id e nt e xp o sure s a mo ng  
vulne ra b le  p o p ula tio ns [9].  The  Lo s Ang e le s stud y  lo o ks o nly a t 
g e o g ra p hic  fre q ue nc y o f ha za rd o us ma te ria ls inc id e nts, no t the  se ve rity 
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o f the  sp ills o r the  c o nse q ue nc e s tha t sp ills ha ve  ha d  in p ro mp ting  ro a d  
c lo sing s a nd  e va c ua tio ns [10].  

 
Ne ithe r mo d e ling  no r g e o g ra p hic  a p p ro a c he s a lo ne  c a n a d d re ss the  
c o mp le x inte ra c tio ns b e twe e n la nd  use s, p o p ula tio ns, infra struc ture  
sup p ly, a nd  e va c ua tio n o p tio ns.  Eng ine e ring  ha s e xp e nd e d  sig nific a nt 
e ffo rt to  mo d e l e va c ua tio ns, p a rtic ula rly with re sp e c t to  hurric a ne s, b ut no  
stud ie s ha ve  e xa mine d  the  influe nc e  o f g e o g ra p hy a nd  p o p ula tio n o n 
the  risks a nd  re sults no -no tic e  e va c ua tio ns [11, 12].  Eng ine e ring  simula tio n 
mo d e ls, suc h a s NETVACl[13], MASSVAC [14, 15],  REMS [16], a nd  OREMS 
[17, 18], ha ve  fo c use d  o n the  tra ffic  mo d e ling  a sp e c ts o f e va c ua tio ns. 
Othe r simula tio n to o ls inc lud e d  the  sp re a d  o f info rma tio n [19, 20], a nd  still 
o the rs inte g ra te d  g e o g ra p hic a l info rma tio n syste ms [21, 22]. But a ll o f 
the se  o mitte d  so c ia l c o nsid e ra tio ns.  
 
Ad d itio na l e ng ine e ring  stud ie s ha ve  inve stig a te d  me tho d s with whic h to  
imp ro ve  ne two rk p e rfo rma nc e  thro ug h ne two rk mo d ific a tio ns [23-29] a nd  
tra ffic  c o ntro l [30, 31] a nd  d e ma nd  ma na g e me nt, suc h a s sta g e d  
e va c ua tio n [32-36].  While  e ng ine e ring  stud ie s a re  c o nc e rne d  with the  
q ua ntitie s o f e va c ue e s a nd  d e p a rture  time s [2, 3, 37-41], so c ia l ne two rk 
stud ie s fo c us o n c ha ra c te ristic s tha t a re  a sso c ia te d  with tho se  who  
e va c ua te  a nd  tho se  who  c ho o se  to  sta y [42-52]. Ne ithe r a p p ro a c h 
inte g ra te s the  c o mp le x g e o g ra p hic  a nd  so c ia l inte ra c tio ns b e twe e n la nd  
use , urb a n p o p ula tio ns, a nd  c he mic a l a c c id e nts tha t ma rk no -no tic e  
e ve nts.  
 
The  p ro p o se d  re se a rc h e xa mine s e va c ua tio ns d ue  to  ha za rd o us ma te ria ls 
(Ha zMa t) re le a se s, whic h a re  kno wn to  c a use  ma ss e va c ua tio ns [53] o f 
sig nific a nt d ista nc e  7+ mile s[54].  The y a re  a  c o mp a ra tive ly ra re  
p he no me no n.  The  US Co mmo d ity Flo w Surve y re p o rts tha t in 2002, the re  
we re  326,727,000 to n-mile s o f ha za rd o us ma te ria ls ship p e d . The  numb e r o f 
inc id e nts re p o rte d  tha t ye a r wa s 15,114; so  the  inc id e nt ra te  p e r to n-mile  is 
0.000004625.  O f tho se  15,114 inc id e nts, o nly 222 c a use d  a  fa ta lity, injury, 
o r a  se rio us e va c ua tio n (d e fine d  a s six o r mo re  e va c ue e s).  Fa ta litie s a re  a  
sma ll p e rc e nta g e  e ve n a mo ng  se rio us inc id e nts; injury inc id e nts a nd  
e va c ua tio ns a re  p re va le nt c o mp a re d  to  fa ta litie s, b ut the y a re  still ve ry 
ra re  whe n c o mp a re d  to  the  vo lume s a nd  mile a g e  o f ha za rd o us ma te ria ls 
ship p ing  tha t o c c urs na tio na lly. As a  so urc e  o f d a ng e r, a c ute  e xp o sure  to  
ha za rd o us ma te ria ls sp ills is sta tistic a lly just no t ve ry like ly. In 10 ye a rs o f 
d a ta , 142 p e o p le  ha ve  d ie d .  This sc a rc ity a ffe c ts the  sta tistic a l a na lysis.  
 
No ne the le ss, the  d a ta  a lso  sho w tha t while  the  numb e rs a re  lo w, se rio us 
ha za rd o us ma te ria ls re le a se s c a n ha ve  se ve re  c o nse q ue nc e s a t the  
c o mmunity le ve l, suc h a s the  e va c ua tio n o f 10,000 p e o p le  in C inc inna ti in 
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2006 o r the  e va c ua tio n o f 25,000 p e o p le  in G re e nville , So uth Ca ro lina  in 
2002. G re e nville ’ s p o p ula tio n is e stima te d  to  b e  a ro und  56,000 p e o p le , so  
the  e va c ua tio n c le a re d  a lmo st ha lf o f the  c ity’ s p o p ula tio n.  
 
Whe n c o mb ine d  with the  nuisa nc e , a ir q ua lity p ro b le ms, tra ffic  sa fe ty a nd  
c o ng e stio n, a nd  no ise  issue s a sso c ia te d  with fre ig ht tra ffic  mo re  g e ne ra lly, 
ha zma t e ve nts a re  d isrup tive  a nd  frig hte ning  whe n the y o c c ur.   Fro m 
1997 to  2006, o ve r 170,000 p e o p le  ha ve  b e e n e va c ua te d  b e c a use  
ha za rd o us ma te ria l re le a se s d uring  tra nsp o rt, while  2,752 p e o p le  ha ve  
b e e n injure d  d uring  this sa me  time  p e rio d .  As with the  c o nse q ue nc e s o f 
ma ny infre q ue nt e ve nts like  to rna d o e s o r sp re e  killing s, a g g re g a te  
numb e rs c a n ma sk the  imp a c t o n a  fa mily o r a  g ive n c o mmunity o f ma jo r 
a c c id e nts a nd  e va c ua tio ns, like  G re e nville . The  p ro p o se d  re se a rc h use s 
sp a tia l a na lysis to  e xa mine  fo r g e o g ra p hic  fa c to rs tha t c o rre la te  with hig h 
risks fo r ma jo r c he mic a l re le a se s in o rd e r to  und e rsta nd  the se  imp a c ts.  
 

1.2. Data sources  
This p ro je c t use d  d a ta  fro m five  ma jo r d a ta se ts: the  Ha za rd o us Ma te ria ls 
Info rma tio n Syste m (HMIRS), the  Ha za rd o us Sub sta nc e s a nd  Eme rg e nc y 
Eve nts Surve illa nc e  (HSEES) p ro je c t, the  Pip e line  Ha za rd o us Ma te ria ls 
Sa fe ty Ad ministra tio n (PSMA) d a ta ,  the  US Ce nsus o f Po p ula tio n, a nd  
lo c a l a rc hive s.  The se  d a ta  a re  d e sc rib e d  in turn. 
 

Hazardo us Mate rials Info rmatio n Re po rting  Syste m (HMIRS). The  HMIRS 
d a ta  a re  c o mpile d  fro m re p o rts ma d e  b y tra nsp o rte rs a nd  first re sp o nd e rs. 
The  d a ta  inc lud e  ma ny va ria b le s re g a rd ing  the  inc id e nt: the  time  o f d a y, 
ma te ria ls sp ille d , a mo unts, the  c a rrie rs, wha t trig g e re d  the  inc id e nt (e .g ., 
huma n e rro r, c o nta ine r fa ilure ), a nd  the  g e ne ra l ro a d wa y c o nd itio ns. The  
d a ta  a lso  inc lud e  info rma tio n o n the  c o nse q ue nc e s o f the  sp ills, inc lud ing  
the  numb e r o f p e o p le  kille d , injure d , o r e va c ua te d . The  d a ta  a re  
c o lle c te d , ma inta ine d , a nd  d istrib ute d  b y the  U.S. De p a rtme nt o f 
Tra nsp o rta tio n’ s O ffic e  o f Ha za rd o us Ma te ria ls Sa fe ty (OHMS).  
 

Hazardo us Substanc e s Eme rge nc y  Eve nts Surve illanc e  (HSEES).  The  HSEES 
d a ta  syste m is c o lle c te d  b y the  U.S. De p a rtme nt o f He a lth a nd  Huma n 
Se rvic e s Ag e nc y fo r the  To xic  Sub sta nc e s a nd  Dise a se  Re g istry.  The  
p ro g ra m inc lud e s c o o p e ra tive  re p o rting  a g re e me nts with the  sta te  he a lth 
d e p a rtme nts o f 14 sta te s, inc lud ing  Ne w Yo rk,  Flo rid a , Ne w Je rse y, Te xa s, 
a nd  Lo uisia na . The  HSEES is a  p ub lic  d a ta b a se  tha t c o lle c ts info rma tio n o n 
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a c ute  ha za rd o us ma te ria ls re le a se s a nd  the ir c o nse q ue nc e s.  It ha s b e e n 
in e xiste nc e  sinc e  1990.  The  HSEES c o lle c ts d a ta  fro m b o th sta tio na ry 
c he mic a l re le a se s (65 to  75 p e rc e nt o f the  ye a rly re le a se s)  a nd  tra nsp o rt 
re le a se s. The  sta te  d e p a rtme nts o f he a lth re p o rt the  g e o g ra p hic  lo c a tio n, 
timing , sub sta nc e s a nd  vo lume s o f the  re le a se , a nd  re le a se  
c o nse q ue nc e s, suc h a s e va c ua tio ns, injurie s a nd  fa ta litie s.  
 

Pipe line  Hazardo us Mate rials Safe ty  Data Syste m. The se  d a ta  a re  
c o lle c te d  in se ve ra l d a ta  file s b y the  U.S. De p a rtme nt o f Tra nsp o rta tio n 
Pip e line  a nd  Ha za rd o us Ma te ria ls Sa fe ty Ad ministra tio n (PHMS) d a ta .  The  
PHMS c o nta ins d a ta  o n b o th a nnua l mile a g e  a nd  inc id e nt summa rie s fo r 
a ll ha za rd o us liq uid s a nd  g a s p ip e line  re le a se s. The  d a ta  a lso  inc lud e  
info rma tio n o n re le a se  c o nse q ue nc e s.  The se  d a ta  a re  mo re  d iffic ult to  
mo d e l a s p ip e line  lo c a tio ns a re  c la ssifie d  b y Ho me la nd  Se c urity, a nd  
a c c e ss is limite d  to  a g e nc y a nd  c o mp a ny re se a rc he rs. Ho we ve r, inc id e nt 
a nd  e va c ua tio n lo c a tio ns a re  no t.  
 
Po pulatio n data fro m the  US Ce nsus. A la rg e  b o d y o f g e o g ra p hic  re se a rc h 
in e nviro nme nta l justic e  use s the  sp a tia l lo c a tio n o f ha za rd s, like  sp ills, 
a ssig ne d  to  g e o g ra p hic  units o f a na lysis c o nta ining  so c io -d e mo g ra phic  
info rma tio n fro m the  US Ce nsus. This a na lysis fo llo ws the  c o nve ntio n o f 
p re vio us e nviro nme nta l justic e  stud ie s a nd  use s Ce nsus d a ta  re p o rte d  a t 
the  tra c t le ve l to  re p re se nt the  p o p ula tio n o f ind ivid ua ls living  ne xt to  
ha zma t ro ute s, sta tio na ry so urc e s, a nd  c he mic a l inc id e nts.  
 
Arc hival data. In a d d itio n to  the  e xisting  d a ta  re c o rd s, I will re trie ve  
info rma tio n o n ma jo r e va c ua tio ns fro m Le xus-Ne xus,  lo c a l ne wsp a p e rs, 
a nd   a g e nc y re p o rts.  
 

1.3 Research hypotheses  
Ea c h o f the se  d a ta se ts c o me  fro m a  d iffe re nt so urc e ; the y will b e  
re c o nc ile d  using  a  g e o g ra p hic  info rma tio n syste m a nd  d e p lo ye d  in 
multip le  a na lyse s d e sig ne d  to  a d d re ss sp e c ific  hyp o the se s.  Fig ure  2 is a  
summa ry g ra p hic  tha t sho ws ho w the  d a ta  a nd  the  a na lyse s fit to g e the r 
to  a nswe r fo ur ma jo r hyp o the se s:  
 

H1: Che mic a l re le a se s fro m tra nspo rt c luste r to g e the r a nd c luste r jo intly 

with multi-mo da l fa c ilitie s a c ro ss sp a c e . 
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Be c a use  the  p re vio us re se a rc h e xa mine d  sp ill fre q ue nc y in two  re g io ns 
witho ut c o ntro lling  fo r c o nse q ue nc e s, o ne  o f the  g a p s in the  lite ra ture  
c o nc e rns whe the r the  e xisting  d a ta  re c o rd  d e mo nstra te s a  d isc e rnib le  
g e o g ra p hic  p a tte rn fo r sp ills a nd  e va c ua tio ns a c ro ss the  US a s a  who le  a s 
we ll a s within re g io ns.  
 
 

Ho tsp o t a na lysis a nd  c o -c luste ring  me tho d s c a n he lp  so rt thro ug h so me  o f 
the se  q ue stio ns b y c re a ting  lo c a l e stima te s o f the  me a sure  o f inte nsity  .  

This p ro c e ss is a lso  c a lle d  ke rne l smo o thing . Ho tsp o ts c o unt the  fre q ue nc y 
o f p o ints within a  g ive n d ista nc e  o f e a c h p o int, re la tive  to  a  symme tric  
d istrib utio n. If N s,w   re p re se nts the  numb e r o f e ve nts p e r unit a re a  in a  

w  wsq ua re  c e nte re d  a t s, the n fro m a no the r o the r p o int u fro m s:  
 

w (s) 
1

pd (s)
d

i1

n

 s  u 







, w W   (e q . 1)  

Whe re  K c a n re p re se nt a ny numb e r o f d istrib utio na l func tio ns.  
 
H2: Sp ills c a using  e va c ua tio ns o c c ur disp ro p o rtio na te ly in hig h-fre q ue nc y 

a c c ide nt lo c a tio ns. 

 
Se ve re  re le a se s ma y o ve rla p  with inc id e nt ho tsp o t lo c a tio ns. Ha za rd o us 
ma te ria ls fre ig ht g a the rs o n a  c o mpa ra tive ly sma ll numb e r o f fre e wa y 
a nd  multi-mo d a l links. Co mb ine d  with huma n e rro r in ha nd ling , the  sma ll 
numb e r o f ro ute s wo uld  wo rk to  g e o g ra p hic a lly c o nc e ntra te  sp ills in se le c t 
lo c a tio ns. The  sa me  re a so ns ma y a lso  wo rk to  sp a tia lly c o nc e ntra te  
se ve re  sp ills. Alte rna tive ly, the re  a re  se ve ra l re a so ns why se ve re  sp ills mig ht 
no t o c c ur in the  sa me  g e ne ra l lo c a tio ns a s the  sp ill ho tsp o ts.  First, the  
c a use s o f the  no n-se ve re  sp ills a nd  se ve re  sp ills d iffe r; mo st ro utine  sp ills 
o c c ur fro m huma n e rro r in tra nsfe rring  lo a d s fro m o ne  mo d e  to  a no the r o r 
in o rig ina l ship me nt lo a d ing .  But c o nta ine r b re a c he s re sulting  fro m 
d e ra ilme nts a nd  c ra she s a re  mo re  c o mmo n a mo ng  se ve re  inc id e nts tha n 
a mo ng  sp ills o ve ra ll.  The se  sp ills, unlike  tho se  c a use d  b y p a c king  e rro r, 
c o uld  o c c ur a nywhe re  a lo ng  the  ro ute .  
 

Fric ke r [55] d e ve lo pe d  a  use ful sp a tia l me tho d o lo g y fo r d e te c ting  the  
sp a tia l d istrib utio n o f a  uniq ue  lo c a tio n a mo ng  o the r p o ints. His me tho d  
wo uld  b e  use ful he re , with a  fe w a d a p ta tio ns. If we  a llo w Ri  to  re p re se nt 

the  c o unt o f sp ills in c e nsus tra c t i, we  c a n a ssume   Ri  use s the  Po isso n 
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d istrib utio n a g a in with inte nsity  ( ). Se ve re  sp ills S
i
 a re  a  sub se t o f a ll sp ills, 

so  tha t  a nd  . If  S
i
 is simp ly a  ra nd o m sub se t o f 

R
i
, the n the re  sho uld  b e  no  d isc e rnib le  c o rre la tio n b e twe e n the  c o unts o f 

the  e ntire  se t a nd  the  sub se t;  tha t is, the  numb e r o f  se ve re  inc id e nts tha t 

o c c urs in a ny g ive n   (the  inte nsity p e r unit o f sp a c e ) sho uld  no t 

syste ma tic a lly va ry with  the  inte nsity o f a ll sp ills, se ve re  a nd  no t.  If so , 

 d e sc rib e s a  thinne d  Po isso n p o int p ro c e ss, with so me  

ra te  o f thinning , . The  e xp e c te d  numb e r o f sp ills in a ny g ive n zo ne , ê , will 

the n b e , a nd  we  c a n te st the  e xp e c te d  va lue  a g a inst the  o b se rve d  

va lue s. The se  te sts will p inp o int hig h-fre q ue nc y, hig h-c o nse q ue nc e  
g e o g ra p hic  zo ne s.  
 

H3: Sp ills a nd e va c ua tio ns o c c ur disp ro p o rtio na te ly in lo w-inc o me  

c o mmunitie s a nd c o mmunitie s o f c o lo r  (e nviro nme nta l justic e  

hyp o the sis). 

 
We  will use  a  b uffe r a na lysis surro und ing  e a c h hig h-fre q ue nc y, hig h-
c o nse q ue nc e  lo c a tio n to  g a the r ne a rb y p o p ula tio n d a ta  a c c o rd ing  to  
the  U.S. Ce nsus o f Po p ula tio n.  Fro m the se , I p la n to  e stima te  two  mo d e ls 
fo r the  d a ta  a t the  tra c t le ve l. A lo g -line a r g e ne ra lize d  mo d e l with sp a tia l 
la g s will e stima te  the  c o unt o f sp ills in a  tra c t, te sting  p a rtic ula rly fo r so c io -
d e mo g ra p hic  va ria b le s.   This mo d e l sho ws sp a tia l c o rre la tio n ra the r tha n 
c a usa lity, a nd  this me tho d  is c o mmo nly use d  in g e o g ra p hic  re se a rc h o n 
e nviro nme nta l justic e  [56-60]. In o rd e r to  use  the  g e ne ra lize d  line a r mo d e l, 
the  re la tio nship  b e twe e n the  d e p e nd e nt va ria b le  a nd  its c o va ria te s 
sho uld  b e  line a r.  
 
The se  re sults o f this a na lysis will a llo w me  to  lo c a te  p la c e s whe re  the re  
ha ve  b e e n e va c ua tio ns a nd  p la c e s whe re  the re  a re  vulne ra b le  
p o p ula tio ns who  ha ve  b e e n e va c ua te d . This ste p  is a n imp o rta nt p a rt o f 
the  a na lysis b e c a use  it will p ro vid e  a  b a sis fo r sp a tia l sa mp ling  the se  
p o p ula tio ns fo r future  re se a rc h. 
 
H4: Eva c ua tio ns de mo nstra te  a  ra ndo m ro uting  e ffe c t a nd a  urb a n-

fo rm/so c io -sp a tia l e ffe c t. 

 
Ba se d  o n the  first thre e  hyp o the se s a nd  a rc hiva l re se a rc h o n ma jo r 
e va c ua tio n e ve nts (o ve r 1,000 p e o p le ) o ve r the  p a st 18 ye a rs,  I will te st 
my hyp o the sis the re  is b o th a  p re d ic ta b le  sp a tia l a sp e c t to  whe re  
e va c ua tio ns o c c ur a nd  a  ra nd o m c o mp o ne nt una sso c ia te d  with e rro r.  
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The  p ro p o se d  re se a rc h will e xa mine  the  sp a tia l c ha ra c te ristic s b e twe e n 
e va c ua tio n lo c a tio ns a nd  sp e c ific  infra struc ture  a nd  la nd  use s.  
 

Fig ure  1 summa rize s the  g lo b a l me tho d o lo g y tha t g uid e s the  re ma ining  
c ha p te rs.  
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Fig ure  1.  G loba l Me thodolog y Guiding  the  Studie s 
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Cha pte r 2. Ge oc oding  a nd Da ta  Pre pa ra tion  

Fo r this re se a rc h the  first ste p  wa s to  c o nstruc t a n inve nto ry o f ha zma t sp ills 
into  a n e nha nc e d  d a ta b a se  c o nta ining  the  mo st c o mp re he nsive  sp ills 
info rma tio n a va ila b le . The  d a ta b a se  ha s b e e n a sse mb le d  a nd  g e o c o d e d  
fo r re c o rd s re p o rte d  fro m 1998 to  2010 fro m the  d a ta  fro m the  fo ur ma jo r 
(HMIRS) a nd  PMSA d a ta . Mo re  d e ta ils a b o ut the  e nha nc e d  d a ta b a se  is 
g ive n in a p p e nd ix A.   
 

2.1 Geo‐databases 
The  e nha nc e d  d a ta  ha ve  a d d re sse s ma tc he d  to  stre e t d a ta  so  tha t the  
info rma tio n is g e o c o d e d . Eve ry sp ill is tre a te d  a s a  se p a ra te d  inc id e nt a nd  
p lo tte d  o ve r c o ntine nta l US to  b uild  the  first b a sic  visua liza tio n mo d e l. The  
g e o lo c a tio ns a re  re p o rte d  in No rth Ame ric a n g e o g ra p hic .  
 

2.2 Data problems  
The re  a re  se ve ra l imp o rta nt d a ta  p ro b le ms a nd  limita tio ns tha t ha d  to  b e  
a d d re sse d  whe n c o nstruc ting  the  d a ta .  
 

Co nsiste nc y . Co nsiste nc y in the  d a ta b a se  o ve r a  12 ye a r p e rio d . The  
c o nte nt in the  d a ta b a se s c ha ng e s in re sp o nse  to  le g isla tio n tha t c o uld  
a ffe c t a ll b a se s fo r c o mp a riso ns.  Fo r just o ne  e xa mp le , in 1990 EPA a d d e d  
25 mo re  c he mic a ls to  the  list o f ha za rd o us ma te ria ls.. As a  re sult, mo re  
wa ste  is c o nsid e re d  ha za rd o us, a nd  the  fa c ilitie s to  le g isla te  a s we ll a s the  
sp ills to  b e  re p o rte d  we re  a lmo st d up lic a te d  fro m o ne  ye a r to  the  ne xt.  
EPA re c o rd s re p o rt tha t d e finitio n o f HAZMATS ha d  c ha ng e d  in 1990, 1992, 
a nd  1995.  Altho ug h the  d a ta  a re  a va ila b le  fro m 1990 o nwa rd , we  g o  
fro m 1998 o nwa rd  in o rd e r to  g e t the  mo st c o nsiste nt d a ta se t.  
 
Ge o graphic  e xte nt. Altho ug h mo stly o f the  d a ta b a se s d e a ling  with 
HAZMATS re p o rt a t the  na tio na l le ve l, no t a ll the  d a ta b a se s d o . Da ta b a se s 
suc h a s the  HSEES a re  a n e ffo rt susta ine d  b y o nly 14 sta te s. The  ERNS d a ta  
a re  a n e xp a nsio n o n the  b a sic  ma te ria l c o nta ine d  in the  HMIRS.  The  re sult 
fo r the  e nha nc e d  d a ta  is tha t we  ha ve  fa irly e xte nsive  info rma tio n o n 
se rio us sp ills in the  14 p a rtic ip a ting  sta te s, b ut o nly b a se line  info rma tio n fo r 
the  re ma ining  sta te s.  
 
Co ntinuity  o ve r time . With c ha ng e s in le g isla tio n, a g e nc y struc ture  a nd  
b ud g e ta ry c o nstra ints, so me  a g e nc ie s d isc o ntinue  d a ta  c o lle c tio n fo r the  
HSEES. The  HMIRS d a ta  ha d  p o lic y-le ve l c ha ng e s in wha t the  a g e nc ie s 
d e c id e d  to  tre a t a s “ se rio us”  in 1996  
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Othe r issue s a rise  whe n d a ta  c o lle c tio n me tho d s c ha ng e . The  HMIRS 
re p o rting  shifte d  fro m a  p a p e r-b a se d  to  a n o nline  re p o rting  syste m. The  
ne w me tho d  o f d a ta  re p o rting  me a ns tha t so me  sp ills re p o rt o ve r two  
line s, while  the  p a p e r re p o rts g e ne ra lly re a d  into  o ne  line  o f d a ta b a se .  
And  no t a ll a g e nc ie s re p o rte d  o nline , so  tha t o ne -line  a nd  two -line  
inc id e nts a p p e a r in the  d a ta  a nd  ha ve  to  sp e c ia lly ha nd le d .    
 
Availability . Cha ng e s in te c hno lo g y, me d ia  a nd  rig ht-to -kno w c ha ng e s 
o ve r time  d e p e nd ing  o n the  a g e nc y ho sting  the  d a ta . 
 
Co mple te ne ss:  Da ta  c a n b e  a ffe c te d  b y the  e nfo rc e me nt o r the  la c k o f 
e nfo rc e me nt e xe rc ise d  b y the  a g e nc y in c o ntro l o f the  re p o rting  
re q uire me nts. Da ta b a se s fo r whic h re p o rting  is vo lunta ry ma y se rio usly 
und e rc o unt. Po lluting  ind ustrie s und e r-re p o rte d  b y a s muc h a s 48% in o ne  
surve y [61].  
 
Ac c urac y : Co mmo n mista ke s while  e nte ring  the  d a ta  ma nua lly, fo r b o th 
o nline  a nd  p a p e r re p o rting , ne e d  to  b e  c o nsid e re d , a nd  the  d a ta  ne e d  
to  b e  sta nd a rd ize d  p re vio usly to  b e g in a ny a na lysis. The  o rig ina l HMIRS 
d a ta  c o nta in wid e  va ria tio n in the  sp e lling  o f c o mmo n na me s.  
 

Ta ble  1.  The  va ria tions on one  a ddre ss form  

10661 EI TWANDA AVENUE 

10661 EI T WANDA 

10661 EI TWANDA AVENUE 

10661 ETI  WANDA AVENUE 

10661 ETI WANDA 

10661 ETI WANDA  AVE 

10661 EI TIWANDA AVE 

10661 ETI WANDA AVE 

10661 ETI WANDA AVE 

10661 ETI WANDA AVE 

10661 ETI WANDA AVE 

 
Ea c h o f the se  d a ta  se ts ha ve  b e e n e d ite d  to  ma na g e  the se  p ro b le ms, 
a nd  the  stre e t a d d re sse s re c o nc ile d  to  G o o g le  
 

2.3 Data Processing and Spatial Merge 
The  SQL c o d e  use  to  c o mp ile  the  d a ta b a se  a nd  se t d a ta  typ e s is sho wn in 
Ap p e nd ix C . All d a ta  b a se s the n ha d  b e e n d e p ura te d  a nd  c o mpile d  in 
.d b f a nd  .c sv fo rma ts. A Q A/ Q C a na lysis o f the  d a ta b a se  c he c ke d  fo r 
c o mp le te ne ss a nd  a c c ura c y in the  c o mpila tio n p ro c e ss to  e nsure  no  
trunc a tio n o r d a ta  c o rrup tio n p ro b le ms.  
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The  re se a rc h te a m a lso  c he c ke d  the  d a ta  fo r:  
 

a ) e xtre me  o r missing  va lue s;  

b ) a b no rma litie s sp e c ia lly re la te d  with the  g e o g ra p hic  e xte nd  o r 

c ) inc o ng rue nc ie s with the  d ime nsio ns o f the  d a ta .  

One  id e ntifie d  a no ma ly o c c urre d  in 2006 re sulte d  fro mwith c ha ng e s in 
le g isla tio n o c c urre d  in the  wa ke  o f a  ma jo r o il sp ills o n Ala ska . The  Pip e line  
a nd  Ha za rd o us Ma te ria ls Sa fe ty Ad ministra tio n (PHMSA) issue d  a  
p ro p o se d  rule  to  e xp a nd  o ve rsig ht to  c o ve r rura l lo w-stre ss line s in 
"unusua lly se nsitive " a re a s, suc h a s tho se , like  BP's Prud ho e  Ba y p ip e line  in 
Ala ska , tha t tra ve rse  e nviro nme nta lly se nsitive  a re a s o r c o nta in 
e nd a ng e re d  sp e c ie s. The n, the  US Ho use  Ene rg y a nd  Co mme rc e  
Co mmitte e , p a sse d  le g isla tio n Se p te mb e r 27 to  re q uire  fe d e ra l re g ula tio n 
o f virtua lly a ll "lo w-stre ss" o il line s, while  p re vio usly o nly hig h p re ssure  a nd  
lo w stre ss line s tha t run und e r he a vily p o p ula te d  a re a s we re  mo nito re d .  
 
Whe n the  Pip e line  Insp e c tio n Pro te c tio n Enfo rc e me nt a nd  Sa fe ty (PIPES) 
Ac t o f 2006 p a sse d , the  PIPES Ac t b ro a d e ne d  the  sc o p e  o f the  syste ms-
b a se d  a p p ro a c h to  a sse ssing  a nd  ma na g ing  sa fe ty re la te d  risks. The  
a d d itio na l initia tive s inc lud e d . Sinc e  the  PIPES Ac t, PHMSA ha s d o ub le d  its 
e nfo rc e me nt a nd  to ug he ne d  p ro p o se d  p ip e line  sa fe ty c ivil p e na ltie s. The  
a ve ra g e  p e r c a se  ha s mo re  tha n trip le d  sinc e  2006 [62]. 
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Cha pte r 3.  Pa st Ha zMa ts Eve nts a s Proxie s of the  Future  

Afte r ne a rly a  d e c a d e  o f fre ig ht p o lic y fo c use d  o n se c urity a nd  
e xp a nsio n, re c e nt US Fe d e ra l p o lic y und e r the  Ob a ma  a d ministra tio n ha s 
b e g un to  stre ss a n e ntire ly ne w d ire c tio n: liva b ility. Liva b ility a tte mp ts to  
b a la nc e  the  ne e d s tha t ne a rb y re sid e nts ha ve  fo r e nviro nme nta l q ua lity 
with the  b uild ing , o p e ra tio ns, a nd  ma inte na nc e  o f ne a rb y fre ig ht fa c ilitie s.  
This c ha p te r e xa mine s the  c o nse q ue nc e s fo r ne a rb y c o mmunitie s o f 
ha za rd o us fre ig ht, b o th fro m a c c id e nta l a nd , b y e xte nsio n, te rro rist 
e ve nts.  
Fre ig ht ship p e rs ma na g e  o ve r 323 b illio n to n-mile s o f to xic  a nd  ha za rd o us 
ma te ria ls e ve ry ye a r, a nd  tha t vo lume  ha s g ro wn o ve r time  a lo ng  with the  
US e c o no my. Se rio us inc id e nts, tho ug h, a re  ra re . Fro m 2000 to  2010, the  US 
ha d  o ve r 120,000 sp ills re c o rd e d  fro m a ro und  the  c o untry, with ro ug hly 
5,000 liste d  a s se rio us o ve r tha t time . Lo ss o f huma n life  o r injurie s a re  
infre q ue nt: o nly 136 p e o p le  ha ve  d ie d  fro m ha za rd o us o r to xic  ma te ria l 
e xp o sure , while  o nly 1,587 ha ve  b e e n injure d  in the  la st d e c a d e . 
No ne the le ss, whe n a c c id e nts d o  b e c o me  se rio us, the y c a n c a use  
c o nsid e ra b le  e c o no mic  d a ma g e .   The  to ta l e c o no mic  d a ma g e  
a sso c ia te d  with no -no tic e  ha za rd o us ma te ria ls sp ill e ve nts e xc e e d  $550 
millio n with ve ry se rio us sing le  e ve nts tha t c o st in e xc e ss o f $20 millio n.  
 
The  p a st d e c a d e  o f a c c id e nt d a ta  sug g e sts vulne ra b ility to  te rro rism a s 
we ll a s a c c id e nts. Ove r 150,000 p e o p le  we re  e va c ua te d  d uring  the  p a st 
d e c a d e  b e c a use  o f a c c id e nta l sp ills. The  suc c e ss o f tho se  e va c ua tio ns 
hing e s o n the  re lia b ility o f info rma tio n a nd  p ra c titio ne rs e ng a g e d  in fre ig ht 
ship p ing —two  fa c to rs tha t ma y b e  e xp e c te d  to  b re a k d o wn und e r a  
p la nne d , inte ntio na l strike  suc h a s a  te rro rist a c tio n.  Und e r c o nd itio ns 
whe re  info rma tio n p la c a rd s c a nno t b e  truste d  a nd  whe re  p e rso nne l o r 
o nlo o ke rs ma y b e  c o mp lic it a nd  ma lic io us, the  c o nse q ue nc e s ma y b e  
muc h hig he r.  
 
Our p a st e xp e rie nc e s with to xic  a nd  ha za rd o us ma te ria ls (ha zma t) 
e va c ua tio ns c a n yie ld  insig hts into  the  c o nse q ue nc e s o f te rro rist strike s a t 
o r ne a r la rg e -sc a le  multimo d a l fa c ilitie s in the  US. The  re sults o f 
e va c ua tio ns c o nd uc te d  in “ b e st-c a se ”  a c c id e nta l c o nd itio ns se rve  a s a  
p o ssib le  lo we r b o und  fo r d a ma g e  e stima te s—the  o p timistic  c a se —o f 
te rro rist a c ts a g a inst the  ha zma t syste m a nd  sug g e st wha t the  
c o nse q ue nc e s o f the se  e ve nts ma y b e  fo r c o mmunitie s surro und ing  la rg e -
sc a le  fre ig ht fa c ilitie s.  
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3.1 Background 
Prio r to  the  ind ustria l re vo lutio n, g o o d s mo ve me nt o c c urre d  
p re d o mina te ly b y ho rse , b a rg e , a nd  fo o t [63-64]. Wo rke rs a nd  tra d e rs 
flo c ke d  to  ho using  ne a r fre ig ht fa c ilitie s a nd  p o rts o ut o f e c o no mic  
a d va nta g e . Ma ny o f to d a y’ s me g a -re g io ns b e g a n a s p o rt c itie s—
e ntrywa ys fo r tra d e  a c tivitie s—a nd , a s a  re sult, the se  lo c a tio ns ha ve  
a lwa ys b e e n ta rg e ts d uring  a rme d  c o nflic ts a nd  so urc e s o f e nviro nme nta l 
vulne ra b ility. Just a s p e o p le  to d a y wo rry a b o ut the  g lo b a l thre a t p o se d  b y 
viruse s sp re a d  thro ug h g lo b a l tra nsp o rta tio n ne two rks, a rmie s a nd  g o o d s 
mo ve me nt sp re a d  d ise a se s, p e rha p s mo st infa mo usly the  b ub o nic  
p la g ue s o f the  14th c e ntury [65]. Ho rse -p o we re d  c itie s we re  fe tid  p la c e s 
whe re  p e d e stria ns ro utine ly riske d  typ hus a nd  o the r p a tho g e n-re la te d  
illne sse s fro m sha ring  the ir stre e ts with p ile s o f ma nure  a nd  the  ro tting  
c o rp se s o f ho rse s tha t ha d  b e e n wo rke d  to  d e a th o n the  c ity’ s stre e ts [65].   
 

With ste a m, ra il, a nd  stre e tc a r te c hno lo g ie s, wo rke rs a nd  tra d e rs c o uld  
c o ve r mo re  d ista nc e  in le ss time , o p e ning  sp a tia l o p p o rtunitie s fo r whe re  
the y c o uld  live  a nd  wo rk re la tive  to  fa c to rie s, tra d e  c e nte rs, a nd  
wa re ho using  [64]. In a d d itio n to  ne w tra nsp o rt te c hno lo g ie s, nuisa nc e  
la ws a nd , e ve ntua lly, zo ning  c o d e s in the  US institute d  the  so c ia l, 
e c o no mic , a nd  g e o g ra p hic  se p a ra tio n o f urb a n ho using , p a rtic ula rly fo r 
the  a fflue nt, fro m fre ig ht a nd  ind ustry [66].  As re g io ns ha ve  g ro wn, so  
ha ve  c a lls to  re ve rse  the  sp re a d  o f urb a n p o p ula tio ns thro ug h infill a nd  
hig he r d e nsity d e ve lo p me nt a nd  b y d o ing  a wa y with sing le -use  zo ning  
tha t se p a ra te s p e o p le  fro m e mp lo yme nt a nd  tra d e  [67-68].  
 
Ultima te ly, the  p ush a nd  p ull fa c to rs o f p o lic y, p la nning , a nd  ne w 
te c hno lo g ie s ha ve  ha d  two  ma jo r e ffe c ts tha t inte re st us he re . First, urb a n 
p o p ula tio n g ro wth (thro ug h na tura l inc re a se  a nd  lo ng -te rm, susta ine d  
o utmig ra tio n fro m rura l a re a s to  urb a n c e nte rs) ha s p la c e d  mo re  p e o p le  
tha n e ve r b e fo re  into  ve ry hig h le ve ls o f p o p ula tio n d e nsity within 
me tro p o lita n c e nte rs. Just a s a n e xa mp le , the  Po rt o f Lo s Ang e le s wa s 
e sta b lishe d  fo rma lly (a fte r d e c a d e s a s a  ha rb o r) in 1906. The  Lo s Ang e le s 
p o p ula tio n wa s a  little  o ve r 102,000 p e o p le  the n. To d a y, the  c ity o f Lo s 
Ang e le s ha s c lo se  to  4 millio n p e o p le , with the  surro und ing  me tro p o lita n 
a re a  c lo se r to  13 to  15 millio n, surro und ing  the  US’ s two  la rg e st fre ig ht 
p o rts. Fre ig ht ship p ing  a s a n ind ustry ha s g ro wn o ve r the  p a st c e ntury a s 
we ll, p a rtic ula rly o ve r the  la st d e c a d e s o f the  20th c e ntury, a s g lo b a l 
c a p ita l flo ws ha ve  inc re a se d , with lo g istic s a nd  ind ustry p ra c tic e s mo ving  
to wa rd s g re a te r sc a le  a nd  sc o p e  o f g o o d s mo ve me nt fa c ilitie s.  Hig he r 
vo lume s o f ma te ria ls a re  b e ing  mo ve d  c lo se r to  hig he r numb e rs o f urb a n 
re sid e nts a s a  re sult o f the se  two  g ro wth e ffe c ts.  
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Fe d e ra l re g ula tio ns ha ve  fo ste re d  b o th fre ig ht c o nso lid a tio n a nd  sc a le , 
p a rtic ula rly in ha za rd o us ma te ria ls tra nsp o rt. The  Re so urc e  Co nse rva tio n 
a nd  Re c o ve ry Ac t (RCRA) in 1980 ma nd a te d  c ra d le -to -g ra ve  tra c king  o f 
to xic  a nd  ha za rd o us ma te ria ls a s the y mo ve  thro ug h the  US [66]. RCRA 
a nd  sub se q ue nt la ws re q uiring  d rive rs a nd  ha nd le rs to  ha ve  a d d itio na l 
c re d e ntia ls, sta nd a rd ize d  c o nta ine rs, a nd  p la c a rd ing  ha ve  c re a te d  
b a rrie rs to  e ntry in ha zma t shipp ing . The  re g ula to ry e nviro nme nt yie ld e d  
p re d ic ta b le  re sults: the  fe we r ship p e rs a nd  fa c ilitie s, the  e a sie r it is to  
mo nito r a nd  e nfo rc e  hig h ind ustry sa fe ty sta nd a rd s.  
 
No ne the le ss, c o nso lid a tio n in the  ha zma t fre ig ht ind ustry c a n ha ve  
multip le —a nd  unfo rtuna te ly c o nflic ting —e ffe c ts o n c o mmunity 
vulne ra b ility whe n p o p ula tio ns ha ve  g ro wn up  a ro und  fre ig ht fa c ilitie s. 
Co nso lid a tio n c a n b uild  up  the  vo lume s a nd  d ive rsity o f ma te ria ls a t o ne  
g e o g ra p hic  lo c a tio n. On o ne  ha nd , the  re a d ily id e ntifia b le  lo c a tio n he lp s 
first re sp o nd e rs kno w whe re  the  like ly p ro b le ms a re  a nd , in the  c a se  o f 
e ve ryd a y inc id e nts, a llo ws c o mp a nie s to  ke e p  sp e c ia lize d  e q uip me nt 
a nd  p ro fe ssio na ls o n site . The  e c o no mie s o f sc a le  a nd  sc o p e  re a lize d  
d uring  e ve ryd a y ship p ing  a c tivitie s a lso  ma nife st fo r inc id e nt re sp o nse . On 
the  o the r ha nd , the  c o nso lid a tio n o f ha za rd o us ma te ria ls fre ig ht in o ne  
g e o g ra p hic  lo c a tio n c re a te s inc re a se d  risks o f a c c id e nta l re le a se s a nd  a  
re a d ily id e ntifia b le  lo c a tio n fo r te rro rist a c ts. 
 
To xic  a nd  ha za rd o us ma te ria ls ship p ing  re fle c ts the  p e re nnia l te nsio n 
b e twe e n c o nso lid a ting  a nd  d istrib uting  ha za rd  in urb a n c o nte xts: is it 
mo re  se c ure  (i.e ., le ss like ly to  c a use  d e a th, d a ma g e , a nd  injury) to  
c o nso lid a te  risks o nto  o ne  lo c a tio n a nd  o ne  se t o f la rg e -sc a le  ne two rks?  
Or is it mo re  se c ure  to  d isp e rse  risks in sma ll a mo unts, c a rrie d  d isc re te ly 
thro ug h a  hig hly d isa g g re g a te d  ne two rk o f sma lle r-sc a le  fa c ilitie s a nd  
tra nsp o rt mo d e s?   
 

3.2 The consequences of land development and policy on 
network security 
 
The  c o nc e p ts d riving  the se  q ue stio ns a re  illustra te d  in Fig ure  2. Ne two rks A 
a nd  B illustra te  the  la nd  use , infra struc ture , a nd  ind ustria l o rg a niza tio n tha t 
mo st simila rly re p re se nts the  a rra ng e me nt o f multi-mo d a l fa c ilitie s in the  
Unite d  Sta te s. Ind ustria l c o nso lid a tio n c a n p ro mp t c o mp a nie s to  p ursue  
ve ry la rg e  o p e ra tio ns, a s in A. Ho we ve r, zo ning  a nd  ind ustria l 
a g g lo me ra tio n c a n c a use  the  g e o g ra p hic  c luste ring  sho wn in sc e na rio  B, 
whe re  multip le  c o mp a nie s, a nd  e ve n multip le  ha zma t ha nd ling  ind ustrie s 
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a p p e a r in a  sp a tia l a re a . In e ithe r A o r B, vulne ra b ility c e nte rs o n o ne  
sp e c ific  g e o g ra p hic  lo c a tio n.  
 
A ke y d iffe re nc e  b e twe e n A a nd  B, ho we ve r, c o nc e rns the  hig hwa y 
ne two rk. In b o th A a nd  B, the  fa c ilitie s a re  se rve d  b y o nly o ne  ra ilwa y, 
whic h itse lf p o se s a  p o te ntia l ta rg e t.  The  ne two rk in A re fle c ts the  c urre nt 
sta te  o f the  p ra c tic e  in the  US, whic h d e sig na te s spe c ific  ro ute s, while  

d isa llo wing  o the rs, fo r 
hig hwa y mo ve me nts o f 
ha za rd o us ma te ria ls. In so  
d o ing , the  re q uire me nt 
d e mo nstra te s the  b e ne fits 
o f ma na g ing  ma te ria ls fo r 
a c c id e nts: ro uting  is d o ne  
a c c o rd ing  to  the  hig hwa y 
c a p a c ity a nd  sa fe ty 
sta nd a rd  a nd  iso la te s 
ha zma t tra ffic  to  spe c ific  
links. By d isa llo wing  o the r 
ro ute s, ho we ve r, ha zma t 
ro ute  d e sig na tio n ma ke s it 

e a sie r fo r o utsid e rs to  
fig ure  o ut wha t hig hwa y 
se g me nts a re  like ly p la c e s 
fo r ha za rd o us c o nte nt to  
a p p e a r. 

   
Sc e na rio  C  sho ws the  o p p o site  o f the  thre e  va ria b le s (la nd  use , 
infra struc ture , a nd  ind ustria l o rg a niza tio n). The  la nd  use  c o nfig ura tio n a nd  
ind ustria l o rg a niza tio n se p a ra te  the  fa c ilitie s a c ro ss the  g e o g ra p hic  
ne two rk. The  d isa g g re g a te d , g rid d e d  hig hwa y ne two rk a llo ws fo r ma ny 
ro uting  c o mb ina tio ns o nc e  p a st the  limits o f fa c ility-a c c e ss links.  This 
ro uting  fle xib ility a llo ws ship p e rs to  va ry ro ute s fo r se c urity p urp o se s a nd / o r 
a vo id  mino r d isrup tio ns in the  ne two rk.  Sc e na rio  C  la c ks ra il tra nsp o rt, 
whic h wo uld  a llo w ha zma t ship me nts to  b e  e a sily tra c ke d  a nd  c o ntro lle d , 
b ut ra il ha s limite d  ro uting  fle xib ility a nd  the  vo lume  o f ma te ria ls c a rrie d  a t 
a  g ive n time  ha s p o te ntia lly d isa stro us e ffe c ts if a n a c c id e nt o r a tta c k 
o c c urs. 
 
Witho ut info rma tio n a b o ut the  ship me nts a nd , mo re  imp o rta ntly, the  
p o p ula tio n o f the  surro und ing  a re a , it is imp o ssib le  to  d e te rmine  wha t typ e  
o f a rra ng e me nt c a rrie s the  hig he st vulne ra b ility fo r urb a n p o p ula tio ns.  
Ho we ve r, the  e xisting  US c o nd itio ns c urre ntly re se mb le  A a nd  B, a nd  the  

Fig ure  2.  Diffe re nt ne twork, industria l 

org a niza tion, a nd la nd use  
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US is unlike ly to  shift la nd  use s o r ha za rd o us ma te ria ls ma na g e me nt. The  
re sult is a  g e o g ra p hic  c o nso lid a tio n o f ha zma t risks a t multi-mo d a l fa c ilitie s 
o r fa c ility c luste rs, a nd  the  d e sig na te d  ro ute s tha t imme d ia te ly se rve  tho se  
a re a  fa c ilitie s.  
 
The o rizing  a b o ut risks a nc ho re d  b y fa c ilitie s a nd  surro und ing  la nd  use s 
re d e fine s sp a tia l risk a wa y fro m the  la rg e ly sto c ha stic  e ve nts—whic h c a n 
ha p p e n a nywhe re —to wa rd s mo re  a  tra c ta b le  g e o g ra p hy o f risk. Mo st 
stud ie s e xa mine  risks a c c o rd ing  to  ro ute s a nd  a tte mp t to  d e rive  the  
p o p ula tio n-minimizing  ro ute s b e twe e n o rig ins a nd  d e stina tio ns [7-8; 69-70] 

o r a  c o mb ine d  o b je c tive  o f minimizing  tra ve l time  a nd  p o p ula tio n 
e xp o sure  o r o the r me a sure s o f risk (e .g . 71-76).  The  p o p ula tio n minimizing  
ro ute  ma y no t a lwa ys b e  the  sho rte st ro ute  o r the  ro ute  tha t use s the  
hig he st-sta nd a rd  fa c ilitie s; he nc e , re se a rc he rs ha ve  o fte n inc lud e d  d ua l 
o b je c tive s fo r ha zma t ro uting . In a d d itio n, e xa mina tio ns o f ro ute -b a se d  
risk func tio ns te nd  to  tre a t ha zma t sp ill like liho o d  a s a  func tio n o f d ista nc e  
[77], b ut suc h c o nc e p tua liza tio ns o f sto c ha stic  e ve nts b e c o me  le ss use ful 
in thinking  a b o ut the  like ly g e o g ra p hic  lo c a tio n o f inte ntio na l strike s.  
 
Ana lyse s o f the  risks fo r te rro rist e ve nts sp e c ific a lly a t multi-mo d a l fa c ilitie s 
te nd  to  b e  p rima rily fo c use d  o n se a p o rts a nd  o n the  lo ss o f e c o no mic  
p ro d uc tivity fro m shutting  d o wn fre ig ht fa c ilitie s o r c ritic a l infra struc ture  
[78].  Fo r ha za rd o us ma te ria ls, the  re se a rc h c o nta ins mo stly fra me wo rks 
a nd  ma ny p o te ntia l “ ho w-to s.”   Strike s a g a inst fre ig ht fa c ilitie s a re  
unkno wn in the  US; inte rna tio na lly, a b o ve -g ro und  o il p ip e line s ha ve  b e e n 
ta rg e te d , no t to  ha rm ne a rb y p o p ula tio ns b ut to  d isrup t p ro d uc tio n a nd  
se nd  a  me ssa g e  to  c o rp o ra te  o wne rs [79-80].  Thus the  a va ila b le  e mpiric a l 
kno wle d g e  b a se  a nd  d a ta  fo r b uild ing  vulne ra b ility o r c o nse q ue nc e s 
mo d e ls o f inte ntio na l strike s a re  sp a rse  to  no ne xiste nt.  
 
To  g ive  so me  ind ic a to r o f the  re la tio nship  b e twe e n fa c ilitie s a nd  p o te ntia l 
c o nse q ue nc e s, we  c a n e xa mine  the  p a st re c o rd  o f a c c id e nta l inc id e nts, 
the ir g e o g ra p hic  lo c a tio ns, a nd  the ir c o nse q ue nc e s o n c o mmunitie s 
surro und ing  the  multimo d a l fa c ilitie s. In this wa y, it is p o ssib le  to  te st 
e mpiric a lly whe the r the  ind ustria l o rg a niza tio n a nd  infra struc ture  ne two rks 
la id  o ut c o nc e p tua lly in Fig ure  2 c o nc e ntra te  a c c id e nta l ha za rd o us 
ma te ria ls ship p ing  risks in wa ys tha t c a n he lp  e nlig hte n the  p o te ntia l 
c o nse q ue nc e s o f te rro rist strike s. Mo re o ve r, the  c o nse q ue nc e s fro m 
a c c id e nta l sp ills p ro vid e  furthe r info rma tio n fo r future  risk mo d e ling  e ffo rts.  
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3.3. Data on consequences  
The re  a re  c o mp re he nsive  re c o rd s a va ila b le  in the  US fo r e xa mining  the  
sp ill re c o rd s surro und ing  multi-mo d a l fa c ilitie s, a ltho ug h the  d a ta  ha ve  
so me  p ro b le ms with g e o g ra p hic  a c c ura c y, p a rtic ula rly fo r d a ta  g o ing  
b a c k fa rthe r tha n 2000.   
Na tiona l Tra nsporta tion Atla s Da ta ba se  2010.   We  d e fine  multi-mo d a l 
fa c ilitie s a s tho se  liste d  in the  Atla s d a ta b a se , p ub lishe d  b y the  Bure a u o f 
Tra nsp o rta tio n Sta tistic s (BTS). The se  d a ta  c o nta in the  na me  o f the  fa c ility, 
c ity, sta te , zip  c o d e , list o f b usine sse s a sso c ia te d  with the  fa c ility, a nd  
mo d e .  Ac c o rd ing  to  the  Atla s, the re  a re  3,281 inte rmo d a l fa c ilitie s in the  
US:  227 ra il-a nd -truc k-fa c ilitie s, 744 p o rt-ra il-truc k fa c ilitie s, 408 a ir-a nd -
truc k fa c ilitie s, 62 p o rt-a nd -truc k fa c ilitie s, 10 ra il-a nd -p o rt, a nd  o ne  p o rt-
ra il-truc k-a irp o rt (Po rt o f Little  Ro c k).   
 
Ha za rdous Ma te ria ls Informa tion Re porting  Syste m (HMIRS).  As d e sc rib e d  
in the  first c ha p te r, the  HMIRS d a ta  a re  c o mpile d  fro m re p o rts ma d e  b y 
tra nsp o rte rs a nd  first re sp o nd e rs. The  d a ta  inc lud e  ma ny va ria b le s 
re g a rd ing  the  inc id e nt: the  time  o f d a y, ma te ria ls sp ille d , a mo unts, the  
c a rrie rs, a nd  wha t trig g e re d  the  inc id e nt (e .g ., huma n e rro r, c o nta ine r 
fa ilure ). HMIRS d a ta  c o nta in info rma tio n o n the  c o nse q ue nc e s o f the  sp ills, 
inc lud ing  the  numb e r o f p e o p le  kille d , injure d , o r e va c ua te d . The  d a ta  
a re  c o lle c te d , ma inta ine d , a nd  d istrib ute d  b y the  U.S. De p a rtme nt o f 
Tra nsp o rta tio n’ s O ffic e  o f Ha za rd o us Ma te ria ls Sa fe ty (OHMS).  The  d a ta  
use d  fo r o ur a na lysis in this p ro je c t sp a n fro m 2000 to  2010. The  OHMS 
d e sig na te s se rio us sp ills a s tho se  whic h c a use  d e a th o r injury, a  ma jo r 
ro a d , o r p ro mp t a n e va c ua tio n o f mo re  tha n six p e o p le .  
 
Le xis- Ne xis a nd Ne wspa pe r Re porting  on Se rious Spill Inc ide nts. In o rd e r to  
e xp a nd  the  info rma tio n in the  HMIRS a nd  the  HSEES, the  re se a rc h te a m 
use d  Le xis-Ne xis to  find  ne wsp a p e r c o ve ra g e  o f the  ma jo r sp ill inc id e nts. A 
me mb e r o f the  re se a rc h te a m c ro ss-re fe re nc e d  Le xis-Ne xis a g a inst se rio us 
sp ills in the  HMIRS d a ta b a se  b y d a te , lo c a tio n, a nd  sub sta nc e  (thre e  
se p a ra te  se a rc he s).  The  ma tc h ra te  wa s d isa p p o inting . We  fo und  ne ws 
c o ve ra g e  o f o nly 22 p e rc e nt o f the  se rio us sp ills tha t o c c urre d  a c ro ss the  
US, a nd  o f tho se , o nly 15 p e rc e nt re la te d  to  sp ills o c c urring  d uring  tra nsfe r 
o r sto ra g e  a t multi-mo d a l fa c ilitie s.  Ho we ve r, the  re c o rd s we re  sa ve d  fo r 
wha t e ve nts d id  re c e ive  p re ss c o ve ra g e . In so me  re sp e c t, the  la c k o f 
p re ss c o ve ra g e  d e mo nstra te s ho w we ll ha zma t ma te ria ls inc id e nts a re  
ma na g e d ; ho we ve r, it a lso  d e mo nstra te s ho w invisib le  ha za rd o us 
ma te ria ls ship p ing  is to  the  g e ne ra l p o p ula c e .  
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3.4 Data on consequences and California geography  
We  re stric t the  sp a tia l a na lysis to  the  sta te  o f Ca lifo rnia  b e c a use  o f the  
c o mp uta tio na l re q uire me nts o f d o ing  a  sp a tia l a na lysis o n the  e ntire  
c o untry, g ive n the  120,000 sp ills tha t o c c urre d  fro m 2000 to  2010 
summa rize d  in Ta ble  2.  Inste a d , 10,496 sp ills o c c urre d  in Ca lifo rnia , whic h 
ma ke s fo r a  muc h mo re  tra c ta b le  sp a tia l a na lysis.  The  d a ta  we re  
g e o c o d e d  to  a  91 p e rc e nt ma tc h.  All o f the  multimo d a l fa c ility lo c a tio ns 
a lre a d y ha d  g e o g ra p hic  lo c a tio n info rma tio n. The  Ca lifo rnia  sp ills we re  
ma p p e d  a g a inst fa c ility lo c a tio n, with the  re sults sho wn in Fig ure  3 with 
ma p  inse ts fo r the  Lo s Ang e le s a nd  Ba y Are a  re g io ns.   
 
Ta ble  2.  Spills within 1 mile  or 3 mile s of multi- moda l fa c ilitie s, 2000 to  2010 

 Tota l inc ide nts Se rious inc ide nts 

To ta l 10,486 100 % 1,109 100% 

1-mile  b uffe rs 3,393 32% 314 28% 

3-mile  b uffe rs 6,531 62% 631 57% 

So urc e : HMIRS a nd  Na tio na l Tra nsp o rta tio n Atla s d a ta , g e o c o d e d  a nd  
a na lyze d  b y the  a utho rs.  
 
Fig ure  3 o nly ma p s the  se rio us sp ills a g a inst the  multi-mo d a l fa c ility 
lo c a tio n: with a ll sp ills, the re  wa s to o  muc h o ve rp lo tting  to  d isting uish the  
re la tio nship s.  In o rd e r to  c a p ture  the  g e o g ra p hic  re la tio nship  b e twe e n 
sp ill a nd  multi-mo d a l fa c ility lo c a tio ns, o ne -mile  a nd  thre e -mile  b uffe rs 
we re  use d  to  c a p ture  sp ills tha t o c c urre d  o n hig hwa y a nd  ra il links 
p ro xima te  to  the  fa c ilitie s.   
 
Sp a tia l a na lysis o f the  b uffe rs sho ws tha t a  third  o f a ll sp ills o c c ur within 
o ne  mile  a nd  mo re  tha n ha lf o c c ur within 3 mile s o f multi-mo d a l fa c ilitie s.  
The se  p e rc e nta g e s a re  mirro re d  a mo ng  se rio us inc id e nts a s we ll. Ba se d  o n 
the  p re vio us e xp e rie nc e  with sp ills, a  sp a tia l b uffe r surro und ing  multi-
mo d a l fa c ilitie s tha t inc lud e s the  fa c ility-a c c e ss link c a p ture s a  fa irly hig h 
p o rtio n o f a ll o f the  to xic  a nd  ha za rd o us ma te ria ls sp ills. This find ing  tra c ks 
with p re vio us re se a rc h c o nd uc te d  fro m 2000 to  2004 o nly in so uthe rn 
Ca lifo rnia  [10]. 

 

This simp le  g e o g ra p hic  a na lysis sug g e sts tha t fa c ility lo c a tio ns a re  
re a so na b le  sp a tia l p ro xie s fo r p re d ic ting  a c c id e nt lo c a tio ns—a nd  fo r 
se rio us sp ill lo c a tio ns.  As a  re sult o f the  g e o g ra p hic  c o mmo na lity, the  sp ills 
tha t o c c ur in the  a c c id e nt re c o rd  a re  a lso  g o o d  p o te ntia l e xe mp la r 
e ve nts fo r wha t the  c o nse q ue nc e s mig ht b e  fo r strike s a g a inst the  multi-
mo d a l fa c ilitie s.  Furthe r a na lysis will b e  re q uire d  to  se e  if the  g e o g ra p hic  
re la tio nship  fo und  in the  sta te  o f Ca lifo rnia  ho ld s in o the r p la c e s a ro und  
the  US.  
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Fig ure  3.  Spa tia l buffe rs a round multi- moda l fa c ilitie s in Ca lifornia  

 

3.5 Data on event consequences  
The  HMIRS d a ta  ha ve  multip le  me a sure s fo r e ve nt c o nse q ue nc e s whic h 
a re  summa rize d  in  
 

 

Ta ble  3.  
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The  first se t o f o utc o me  va ria b le s is b ina ry, a nd  it ind ic a te s whe the r, o nc e  
a  sp ill ha s o c c urre d , a ny sub se q ue nt e ve nt the n o c c urre d . Re le a se  
me a sure s whe the r, in c a se  o f a  c o nta ine r b re e c h, the  ma te ria l le a ve s the  
c o nta ine r a nd  e nte rs the  e nviro nme nt. Just b e c a use  a  ve hic le  with 
ha za rd o us ma te ria ls d e ra ils o r c ra she s d o e s no t me a n tha t the  c o nta ine r 
will b re e c h, a nd  just b e c a use  the  c o nta ine r b re e c he s d o e s no t me a n tha t 
the  ma te ria l will a lwa ys re le a se . O f the  5,196 se rio us sp ills in the  US (a nd  
120,000 to ta l sp ills), 4,579 sp ills ha d  a  re le a se  o c c ur.  
 
The  ra d io a c tive  ma te ria l (RAM) b ina ry va ria b le  re p re se nts o nly o ne  o f a  
p o ssib le  se rie s o f b ina ry o utc o me  va ria b le s b a se d  o n the  typ e  o f ma te ria ls 
re le a se d . Ra d io a c tive  ma te ria l ship p ing  is ra re  c o mp a re d  to  o the r typ e s 
o f ship p ing , a nd  the  c o nta ine rs in whic h the y a re  ship p e d  a re  c a re fully 
c o nstruc te d . Only fo ur RAM e ve nts o c c urre d  fro m 2000 to  2010. The  
Ha za rd o us Ma te ria ls Info rma tio n Syste ms d a ta  c o nta in c a te g o rie s fo r a ll 
the  sta nd a rd  c la sse s o f ha za rd o us ma te ria ls, a nd  thus it is po ssib le  to  
c re a te  b ina ry e ve nt o utc o me s fo r a ny typ e  o f ma te ria l.  
 
The  ne xt six b ina ry o utc o me  va ria b le s c o nc e rn e ve nts tha t ma y o c c ur 
sub se q ue nt to  a n inc id e nt a nd  a  re le a se .  C lo sure  (n=1,204) me a sure s 
whe the r the  inc id e nt c lo se d  a  ma jo r a rte ria l (o r hig he r le ve l o f se rvic e ) 
ro a d wa y.  Enviro nme nta l d a ma g e  (n= 606) ind ic a te s whe the r the  sp ill 
c a use d  a ny e nviro nme nta l d a ma g e , suc h a s a  p e tro le um sp ill. 
Unfo rtuna te ly, the  d a ta b a se s c o nta in ve ry little  info rma tio n a b o ut the  
na ture  o f e nviro nme nta l d a ma g e s. Eva c ua tio n (n=843), g a s d isp e rsio n 
(n=687), fire  (n=472), a nd  e xp lo sio n (n=145) re p re se nt p ro g re ssive ly ra re r 
e ve nts, so  tha t the  p ro b a b ility o f a ny g ive n o utc o me  is re la te d  to  the  
o utc o me s o f p re vio us e ve nts:  p (c |r)|p (r|e ), whe re  p (r|e ), the  p ro b a b ility 
o f a  re le a se  (r), is c o nd itio na l o n a  p re vio us e ve nt (e ) suc h a s a n 
inte ntio na l strike , c ra sh, turno ve r, o r c a rg o  misha nd le , a nd  whe re  the  
p ro b a b ly o f a ny g ive n c o nse q ue nc e  (c ) is a g a in c o nd itio ne d  o n a  re le a se  
e ve nt.   
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Ta ble  3. Outc ome s a ssoc ia te d with toxic  a nd ha za rdous e ve nts 

So urc e : Ha za rd o us Ma te ria ls Info rma tio n Re p o rting  Syste m, Co d e b o o k.  
Pe rso n-ho urs o f Eva c ua tio n a re  no t re p o rte d ; the se  a re  c o mpile d  b y the  
a utho rs.  
 
Fig ure  4 sho ws the  b re a kd o wn o f the  e ve nt typ e s b y mo d e  a nd  
ha za rd o us ma te ria ls c la ss c o d e  fo r the  two  b ina ry o utc o me  me a sure s tha t 
sho w the  mo st va ria tio n b y mo d e  a nd  ha za rd o us ma te ria ls c la ss.  
 
 

Outc ome   Da ta  de finition  

Bina ry Va ria ble s (1=Ye s, 0=No) 

Re le a se  (Sp illa g e ) (r) Ma te ria l is re le a se d  d ue  to  inc id e nt  
(N=4579) 

Ra d io a c tive  ma te ria l Re le a se  o f ra d io a c tive  ma te ria l (e xtre me ly ra re )  

C lo sure   Ma jo r a rte ry wa s c lo se d  a s a  re sult o f sp ill; Y=1204 

Enviro nme nta l d a ma g e  Re le a se  re sulte d  in e nviro nme nta l d a ma g e ; Y=606 

Eva c ua tio n Re le a se  re sulte d  in a n e va c ua tio n o rd e r; Y=843 

G a s d isp e rsio n Ma te ria ls re le a se d  in g a se o us fo rm; Y=687 

Fire  Ma te ria l c a ug ht o n fire ; Y=472 

Exp lo sio n Whe the r e xp lo sio n o c c urre d ; Y=145 

Cost va ria ble s  ($US) 

Pro p e rty d a ma g e  Da ma g e  to  p ub lic  o r p riva te  p ro p e rty 

Re sp o nse  c o sts Co sts o f la b o r a nd  e q uip me nt fo r re sp o nd e rs 

Re me d ia tio n a nd  c le a nup  Re me d ia tio n c o sts 

To ta l d a ma g e s To ta l c o st fig ure  (sum o f p ro p e rty, re sp o nse , 
re me d ia tio n a nd  o the r c o sts) 

Continuous or Count Va ria ble s (Pe rsons, hours) 

Vo lume  re le a se d   Vo lume  o f ma te ria ls re le a se d  

Fa ta litie s  Fa ta litie s a sso c ia te d  with e mp lo ye e s, the  p ub lic , 
a nd  first re sp o nd e rs 

Injurie s  Injurie s a sso c ia te d  with e mp lo ye e s, the  p ub lic , a nd  
first re sp o nd e rs 

To ta l e va c ua te d  Emp lo ye e s a nd  p ub lic  e va c ua te d  

To ta l e va c ua tio n ho urs Dura tio n o f the  e va c ua tio n 

Dura tio n o f c lo sure  Dura tio n o f ma jo r a rte ry c lo sure  

Ca lc ula te d Va ria ble s  

Va lue  o f life  a nd  injury De a ths multip lie d  b y the  sta tistic a l va lue  o f life   

Pe rso n-ho urs o f 
e va c ua tio n 

Dura tio n o f e va c ua tio n multip lie d  b y me mb e rs o f 
the  p ub lic  e va c ua te d . 

Lo st p ro d uc tivity Va lue  o f time  lo st to  e va c ua tio n: p e rso n-ho urs o f 
e va c ua tio n multip lie d  b y p re va iling  wa g e  ra te  
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Eva c ua tion Eve nts Environme nta l Da ma g e  

Le g e nd   

 No t se rio us;  Se rio us  
 

 
C la ss 1: Exp lo sive s 
C la ss 2: Fla mma b le  g a se s  
C la ss 3: Fla mma b le  liq uid s 
C la ss 4: Da ng e ro us whe n we t, fla mma b le  
C la ss 5: Oxid ize rs  

 
C la ss 5: Po iso no us ma te ria ls  
C la ss 7: Ra d io a c tive  ma te ria ls 
C la ss 8: Co rro sive s  
C la ss 9: Misc e lla ne o us 
ORM-D-Othe r Re g ula te d  Ma te ria ls, 
Do me stic  

So urc e : Da ta  fro m the  Ha za rd o us Ma te ria ls Info rma tio n, 2000 to  2010, 
c o mpile d  b y the  a utho rs  
 
Fig ure  4. Eva c ua tion a nd Environme nta l Da ma g e  by Mode  a nd Ha za rdous 

Ma te ria ls Cla ss, 2000 to  2010 
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The  p lo ts first sho w tha t mo st se rio us sp ills o c c ur fo r C la ss 3 ha za rd o us 
ma te ria ls, whic h a re  fla mma b le  liq uid s—g a so line  a nd  o the r fue ls—a s we  
wo uld  e xp e c te d  d ue  to  the  p re va le nc e  o f the  ma te ria ls. 
 
The  se rio us sp ills a re  d istrib ute d  a mo ng  ha za rd o us ma te ria ls c la sse s simila r 
to  the  p re va le nc e  o f the ir shipp ing , with o ne  e xc e p tio n. Co rro sive  
ma te ria ls (C la ss 8) a re  so me wha t mo re  re p re se nte d  in se rio us sp ills tha n in 
the  e ntire  sp ills re c o rd .  Be c a use  the re  a re  so  fe w sp ills fro m wa te r 
tra nsp o rt, tho se  a re  no t illustra te d . Infre q ue nt ha za rd o us ma te ria ls c la sse s 
a re  a lso  o mitte d  fro m the  fig ure s.  
 
The  b ina ry e ve nt va ria b le s a lso  ha ve  a na lo g ue s in the  HMIRS fo r 
c o ntinuo us me a sure s tha t re fle c t the  e xte nt o r c o sts o f tho se  o utc o me s. 
The  c o st va ria b le s me a sure  thre e  sig nific a nt c o nse q ue nc e s: the  c o sts to  
p ro p e rty, the  c o sts a sso c ia te d  with time  a nd  e q uip me nt ne e d e d  b y 
re sp o nd e rs to  a c t o n the  e ve nt, a nd  the  re me d ia tio n a nd  c le a n-up  c o sts. 
The  d a ta  d o  no t inc lud e  c o sts a sso c ia te d  with p ro d uc tivity lo ss d ue  to  
c lo sure s o r e va c ua tio ns. 
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Fig ure  5 d isp la ys re sp o nse , re me d ia tio n, a nd  p ro p e rty d a ma g e  c o sts 
p lo tte d  a g a inst the  to ta l c o sts a sso c ia te d  with the  sp ill. The  d a ta  p o ints 
a re  b ro ke n o ut b y mo d e  symb o lic a lly. Mo st se rio us sp ills c a use  le ss tha n $5 
millio n in d a ma g e s, a nd  a ll o f the  se rio us wa te r a nd  a ir ha zma t e ve nts fa ll 
into  tha t c luste r o f p o ints c e nte re d  a t $5 millio n a nd  und e r.  
 
 
The  inte re sting  d a ta  p o ints he re  a re  the  e xtre me  va lue s fo r hig hwa y a nd  
ra ilwa y, b o th o f whic h ha d  a  ha nd ful o f sp ills fro m 2000 to  2010 tha t 
imp o se d  hig he r c o st c o nse q ue nc e s tha n d id  o the r se rio us sp ills.  Altho ug h 
the re  a re  o nly a  fe w, sc a tte re d  e xtre me  e ve nts, ra il mo d a l e ve nts a re  
a g a in d ispro p o rtio na te ly re p re se nte d  a mo ng  the  c o st fig ure s. Ho we ve r, 
the  mo st e xtre me  c o nse q ue nc e s fo r re sp o nse , p ro p e rty, a nd  re me d ia tio n 
c o sts o c c urre d  o n hig hwa ys. While  se rio us ra ilwa y sp ills we re  like ly to  
p ro mp t e va c ua tio ns, hig hwa y e ve nts ha ve  imp o se d  the  hig he st o ut-o f-
p o c ke t c o st c o nse q ue nc e s fo r the  c o mp a nie s invo lve d  in the  sp ills.  Ea c h 
o f the se  o utlie rs ma y b e  g o o d  e xe mp la r e ve nts fo r use  in a na lyzing  
te rro rist risks.  
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Othe r me a sure s o f c o nse q ue nc e s, suc h a s d e a th, injury, a nd  time  lo ss d ue  
to  e va c ua tio ns c a n a lso  b e  mo ne tize d . Sinc e  injurie s a nd  fa ta litie s a re  
usua lly mo ne tize d  b y a  sta nd a rd  a mo unt, tho se  me a sure s a re  p e rha p s 
le ss inte re sting  fo r illustra tio n tha n the  va lue  o f time  lo st d ue  to  
e va c ua tio ns.  The  va lue  o f time  lo st d ue  to  e va c ua tio ns is a  func tio n o f 
the  to ta l numb e r o f p e o p le  e va c ua te d , the  d ura tio n o f the  e va c ua tio n, 
a nd  the  va lue  o f time  a ssig ne d  to  the m.  
 
 

 
 

Fig ure  5.  Cost c onse que nc e s of se rious spills by mode , 2000 to  2010 

 
Fig ure  6 p lo ts the  to ta l d a ma g e  c o sts (lo g g e d ) a g a inst the  p e rso n ho urs o f 
time  lo ss, a g a in using  the  mo st p re va le nt ha za rd s c la sse s a nd  mo d e s. 
Wa g e s o r time  va lue s wo uld  b e  a  c o nsta nt, a nd  thus the y a re  no t 
inc lud e d  he re ; we  ha ve  a llo we d  fo r the  ze ro  va lue s to  b e  inc lud e d  
(mo d ifie d  fo r the  lo g ) so  tha t the  fig ure  d isp la ys the  sp lit in the  e ve nts 
b e twe e n tho se  whic h c a use  d a ma g e  witho ut e va c ua tio n, e va c ua tio n 
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with lo w d a ma g e  c o sts, a nd  the  third  g ro up : tho se  e ve nts tha t c a use  
b o th.  
 

 

 
Fig ure  6.  Time  Loss a nd Tota l Da ma g e  by Mode  a nd Ha za rd Cla ss, 2000 to  

2010 

 
Tha t mid d le  g ro up  d e mo nstra te s a  stro ng  a nd  p o sitive  a sso c ia tio n 
b e twe e n time  lo ss c o sts a nd  to ta l d a ma g e  c o sts.  It is o nc e  a g a in p o ssib le  
to  se e  ho w thre e  c la sse s o f ma te ria ls d rive  the  c o nse q ue nc e s fo r se rio us 
sp ills a c ro ss mo d e s: fla mma b le  g a se s (C la ss 2.1), fla mma b le  liq uid s (C la ss 
3), a nd  c o rro sive s (C la ss 8).  
 

Po iso no us g a se s tra nsp o rte d  via  hig hwa y (C la ss 2.3) ha ve  c a use d  mo re  
e ve nts with b o th e va c ua tio ns a nd  to ta l ma te ria l d a ma g e  tha n o n 
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ra ilwa ys, a nd  the  sa me  is true  o f o xid ize rs a nd  o rg a nic  p e ro xid e s (C la sse s 
5.1 a nd  5.2).  Be c a use  the se  a re  no t sp ill ra te s, the re  is no  info rma tio n 
a b o ut wha t is mo re  p re va le nt o r mo re  like ly to  sp ill. Inste a d , the  d a ta  
simp ly re fle c t the  c o nse q ue nc e s o f wha t ha s o c c urre d  b y mo d e  a nd  
c la ss. 
 

 
 

Cha pte r 4. Isola ting  the  Spill Fre que nc y Tra je c tory 

This se c tio n iso la te s sp ill fre q ue nc y b y se a so ns in o rd e r to  se e  ho w 
muc h e ffe c t we  c a n tra c e  to  p e rio d s. Fo r a ll the  US hig hwa y d a ta , the re  
e me rg e s a  c le a r p e rio d ic ity in the  d a ta .  

 

4.1 Identifying the nonstationarity 
 
The  re g re ssio n c o e ffic ie nts fo r X, Y,   ، t=1,2,…,N, a re  a s fo llo wing :  
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Co ntra st the  c ro ss c o rre la tio n c o e ffic ie nt a s a  func tio n o f time  inte rva ls 
b e twe e n two  se rie s Xt a nd  Yt fo r time   t=1,2,..,N a re  a s fo llo wing : 
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While  r(k) is a  numb e r b e twe e n -1 a nd  1. Fo r d e sc rib ing  the  a b o ve  
re la tio nship , if  k=3, the  a mo unt o f r(3) sho ws the  a ve ra g e  imp a c t o f  Xt o n 
Yt+3. This g ra p h a p p e a rs in Fig ure  7. The  b ig g e st a b so lute  va lue s fo r r(k) 
ha ve  p e rio d ic a l re p e titio n e a c h 12 p e rio d s, a nd  the y b e c o me  sma lle r 
whe n the ir a b so lute  va lue  fo r K b e c o me  la rg e r.  
 
The re  ma y b e  so me  e xo g e no us c ha ng e s tha t c o ntrib ute  to  the  c ro ss-
c o rre la tio n la g s. Bo th the  func tio n fo r se rio us sp ills a nd  a ll sp ills a re  like ly to  
b e  a ffe c te d  b y e xo g e no us c ha ng e s in to ta l a mo unt o f ship p ing , itse lf 
like ly to  b e  se a so na l.  
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Fig ure  7.  Cross- c orre la tion func tions be twe e n spills a nd se rious spills. 

CCF - c o rre la te s sp ill(t) a nd  Se rio us(t+k) 
-1.0 -0.8 -0.6 -0.4 -0.2  0.0  0.2  0.4  0.6  0.8  1.0 
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-23  -0.023                            XX 
-22  -0.043                            XX 
-21  -0.098                           XXX 
-20  -0.180                        XXXXXX 
-19  -0.255                       XXXXXXX 
-18  -0.278                      XXXXXXXX 
-17  -0.293                      XXXXXXXX 
-16  -0.239                       XXXXXXX 
-15  -0.148                         XXXXX 
-14  -0.127                          XXXX 
-13  -0.054                            XX 
-12  -0.001                             X 
-11  -0.040                            XX 
-10  -0.078                           XXX 
-9  -0.142                         XXXXX 
-8  -0.265                      XXXXXXXX 
-7  -0.327                     XXXXXXXXX 
-6  -0.353                    XXXXXXXXXX 
-5  -0.357                    XXXXXXXXXX 
-4  -0.287                      XXXXXXXX 
-3  -0.215                        XXXXXX 
-2  -0.202                        XXXXXX 
-1  -0.089                           XXX 
0  -0.014                             X 
1  -0.102                          XXXX 
2  -0.114                          XXXX 
3  -0.171                         XXXXX 
4  -0.280                      XXXXXXXX 
5  -0.317                     XXXXXXXXX 
6  -0.306                     XXXXXXXXX 
7  -0.339                     XXXXXXXXX 
8  -0.303                     XXXXXXXXX 
9  -0.221                       XXXXXXX 
10  -0.172                         XXXXX 
11  -0.081                           XXX 
12  -0.072                           XXX 
13  -0.143                         XXXXX 
14  -0.190                        XXXXXX 
15  -0.241                       XXXXXXX 
16  -0.276                      XXXXXXXX 
17  -0.319                     XXXXXXXXX 
18  -0.306                     XXXXXXXXX 
19  -0.288                      XXXXXXXX 
20  -0.189                        XXXXXX 
21  -0.159                         XXXXX 
22  -0.128                          XXXX 
23  -0.073                           XXX 
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Tha t up -a nd -d o wn va ria tio n c o ntrib utio ns to  a n a na lytic a l p ro b le m fo r 
ma ny sta tistic a l a na lyse s o f the  d a ta  re c o rd : tha t is, the  c o rre la tio n 
b e twe e n the  numb e r o f se rio us sp ills  a nd  to ta l sp ills is like ly to  b e  
ne g a tive ly slo p e d  d uring  so me  p e rio d s a nd  p o sitive ly slo p e d  d uring  o the r 
p e rio d s, d rive n b y e xo g e no us fa c to rs we  c a n no t c o ntro l. This p e rio d ic  
c o rre la tio n d o e s no t ma tte r fo r sp a tia lly re fe re nc e d  a na lysis a s muc h a s it 
d o e s fo r a g g re g a te  fo re c a sting . Ac c o rd ing  to  the  tra c king , the  c yc le  
c o ntinue s fo r six mo nths, a nd  a fte r six mo nth the re  is a n o p p o site  
d ire c tio na l re la tio nship , a nd  so  o n—a  fa irly c le a r sig n tha t the  d a ta  
e xhib its stro ng , we a the r-re la te d  e ffe c ts in ma ny p a rts o f the  US.  
 

4.2  Selecting the time series 
De fine   a s the  numb e r o f se rio us sp ills tha t o c c urs o ve r the  sub se q ue nt six 
mo nths a fte r g ive n a n a rb itra ry time  p e rio d   a nd  te st it with a  line a r 
re la tio nship   a g a inst the  numb e r o f a ll sp ills	  a t time   ; . 
The  re sults a re  sho wn in Ta b le  4.  
 

Ta ble  4. Te st line a r re g re ssion of spills a nd ne w se rious spills 

Pre dic tor Coe ffic ie nt  Sta nda rd Error of the  

Coe ffic ie nts  
t 

Co nsta nt (a )  27.804      3.352         8.29***   

Ra w sp ills -0.01068 0.002488   -4.30*** 

Ad j R2=0.09    

So urc e : Da ta  fro m the  Ha za rd o us Ma te ria ls Info rma tio n Syste m, 2000 to  2010, c o mp ile d  
b y the  a utho rs. The se  a re  truc k sp ills o nly.  

 
Dra wing  the  a g g re g a te  re la tio nship  a t a  g ive n p o int in time , (he re , 
De c e mb e r 2007), tha t o f the  c yc le s, the  d o wnwa rd  tre nd  d o mina te s fo r 
the  ne xt six mo nths.  
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Fig ure  8.  Plot of Tota l spills to  ne w se rious spills ove r a  six month horizon 

 

 
The  d ire c tio na l re la tio nship  is c o unte r to  e xp e c ta tio ns, b ut the  re la tio nship  
is stro ng  e no ug h to  b e  sig nific a nt in a  te st mo d e l, a nd  the  mo d e l e xp la ins 
a b o ut 9 pe rc e nt o f the  va ria tio n in the  d a ta  a t the se  p o ints—muc h mo re  
tha n yo u wa nt in a  re la tio nship  tha t is like ly c a p turing  e xo g e no us 
c ha ng e s.   No ne the le ss, the  visua l d o e s p ro vid e  a  d e sc rip tive  
c o ntra d ic tio n to  the  b a sic  p re mise  o f H3: tha t lo c a tio ns with mo re  sp ills a re  
like ly to  ha ve  mo re  se rio us sp ills.  Ho we ve r, we  c a n no t c o nc lud e  tha t fo r 
c e rta in a s the  g ra p h c ha ng e s d e p e nd ing  o n . 
 
A p lo t o f the  re sid ua ls a nd  the ir a p p a re nt no nsta tio na ry e xhib ite d  a p p e a rs 
in Fig ure  9. 
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Fig ure  9. Time  se rie s plot of re sidua ls 

Diffe re nc ing  the  re sid ua ls fro m o n p e rio d  to  the  ne xt  ( ), 
sho wn in Fig ure  10, b e tte r a p p ro xima te s white  no ise . The  a uto c o rre la tio n 
func tio n fo r a  WSS sig na l is:   ℓ 	 ℓ ℓ   

  ℓ Ε ℓ 	 ∗ ℓ | |  

so  tha t 1 ℓ 1 a nd  white  no ise  a p p e a rs a s ~ , : ℓℓ .		The n if ℓ ℓ , the  e rro rs d iffe r so  little  fro m white  no ise  tha t the  
e vid e nt no nsta tio na rity is no t sig nific a nt. The  ACL func tio n a nd  the  
re sulting  e nve lo p e s a re  sho wn in  Fig ure  10. 
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Fig ure  10. La g g e d  de t 
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Fig ure  11. ACL func tion a nd e nve lope s 

 

 The  p a rtia l a uto c o rre la tio n func tio n is a  d ua l o f the  ACL. De fine :  
 

 
 
 

a s the  me a n sq ua re  e rro r line a r p re d ic to r o f x(n), g ive n {x(1), …., x(n-1)}.  
The n  
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Fo r the  minimum me a n sq ua re  e rro r line r p re d ic to r o f x(0), g ive n the  se rie s,  

 
 

The  c o rre la tio n b e twe e n the  re sid ua ls d e fine s a  p a rtia l c o rre la tio n 
func tio n, whic h, like  the  ACL, d e p e nd s o n se c o nd  o rd e r p ro p e rtie s.  

 

 
 
 

 
a nd   

 

 
 
The  re sults o f the  PACF a re  sho wn in Fig ure  12. 
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Fig ure  12.  Pa rtia l c orre la tion func tion of de  
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The re  a re  two  like ly p e rio d s o utsid e  o ut o f the  e nve lo p e s the  re p re se nt the  
b o und s o f white  no ise .   
 

4.3 ARMA models and forecasting spills as a time series  
Ta b le  5 sho ws the  re d uc tio n o f time  se rie s fa c to rs a c ro ss two  time  

p e rio d s fo r b o th a uto re g re ssive  (AR) a nd  mo ving  a ve ra g e  (MA). In the  first 
mo d e l with a ll fo ur p a ra me te rs, a ll p -va lue  a re  g re a te r tha n 0.005; the  
d a ta  d o  no t sup p o rt the  e xiste nc e  o f a ll fo ur se a so na l p a ra me te rs: AR1, 
AR2, MA1, MA2 in mo d e l. In suc h kind  o f situa tio n, we  sho uld  o mit the  
p a ra me te r tha t ha ve  the  b ig g e st p -va lue , a nd  the n run the  mo d e l a g a in. 
So  we  o mitte d  AR2 with 0.844 fo r p -va lue , a nd  the n run ARMA(1,2).  
  

Ta ble  5 ARMA mode ls isola ting  de  a nd se a sona lity pa ra me te rs 

Type  Coe f SE Coe f T P 

 

ARMA (2,2)  mode l  

AR   1   -0.2897  0.4540   -0.64  0.524 
 

AR   2   0.0384    0.1954    0.20   0.844 
 

MA   1  0.2450    0.4454 0.55   0.583 
 

MA   2  0.4611    0.3900    1.18   0.239 
 

ARMA (1,2)  mode l 

AR   1   -0.2613  0.2793   -0.94  0.351 
 

MA   1  0.2768    0.2580    1.07   0.285 

MA   2  0.4173    0.1771    2.36   0.020 
 

ARMA (0,2)  mode l 

MA 1  0.5267 0.0738   7.14   0.000 

MA 2   0.2478    0.0740   3.35   0.001 
 

 
The  mo d e l tha t re mo ve s the  se a so na l e ffe c t is MA(2)—mo ving  a ve ra g e s 
fo r two  p e rio d s   

 
 

Re me mb e ring  tha t a  is the  white  no ise . In a d d itio n, a t va lue s fo r d iffe re nt 
time s a re  ind e p e nd e nt.  
 
So  the  a b o ve  e q ua tio n sho ws tha t e a c h va lue  o f d e t is imp a c te d  b y 
a rb itra ry va lue s a t the  sa me  time  (a t) a nd  a lso  p a rtia lly imp a c te d  b y 
a rb itra ry va lue s fro m two  p e rio d s b e fo re  (a t-2) 
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 The  e mp iric a l d a ta  a re  sho wn p lo tte d  a g a inst a  p re d ic tio n (a  we a k 
o ne ), in Fig ure  13, whic h d isp la ys the   re la tio nship  b e twe e n sp ills a nd  
se a so ns. 

 
 

 

Fig ure  13.   Pre dic tion a g a inst the  e mpiric a l da ta  
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4.4 The spatial clustering and exploring forecasts for places   
 
The  time  a sp e c ts o f the  a na lysis a re  a p p a re nt e no ug h, a nd  two  te mp o ra l 
c a n c a p ture  the  se a so na lity in the  va ria b le s.  Fo r a  d e ta il a na lysis we  ha ve  
c ho se n Ca lifo rnia  a s a  c a se  a na lysis. A sub se t o f 16,062 HAZMATS sp ills 
d a ta  o c c urre d  in CA fro m 1998 to  2010. A c luste r a na lysis with a  to le ra nc e  
o f 100ft wa s use d  to  id e ntify “ uniq ue  lo c a tio ns”  a nd  the  numb e r o f sp ills 
p e r uniq ue  lo c a tio n wa s q ua ntifie d  (fre q ue nc y o f sp ills). 
 
We  fo und  354 uniq ue  lo c a tio ns with fre q ue nc y o f sp ills ra ng ing  fro m 1 to  
1288 whe re  a p p ro xima te ly two  third s o f the  lo c a tio ns (239) ha ving  a  to ta l 
fre q ue nc y o f 20 o r fe we r d isc ha rg e s d uring  this time  p e rio d .  Qua lita tive ly, 
the se  lo c a tio ns ve rify the  hyp o the sis tha t the re  a re  re a lly two  typ e s o f 
g e o g ra p hic  e ffe c ts with ha zma t sp ills. First, the re  a re  sp ills tha t ha p p e n a t 
va rio us lo c a tio ns thro ug ho ut the  ne two rk a nd  the  ro ute s, a nd  tho se  typ e s 
o f sp ills a re  like ly to  b e  e xp la ine d  b y ro a d wa y c ha ra c te ristic s.  Se c o nd , 
the re  is a  sub se t o f lo c a tio ns within the  US, Ca lfo rnia , a nd  within Ca lifo rnia   
re g io ns tha t a re  fo c i. The se  two  typ e s o f g e o g ra p hic  e ffe c ts sho uld  
p ro b a b ly b e  a na lyze d  se p a ra te ly.  
 
Unlike  the  ha zma t sp ills d uring  ro a d  a nd  ra il tra nsp o rt, the  p ip e line  sp ill 
d a ta  a re  muc h mo re  sp a tia lly d isp e rse d .  A sa mp le  o f tho se  d a ta  a re  
illustra te d  fo r Chic a g o  in Fig ure  14, using  the  le xic o n fo r the  PMSA d a ta  
whe re  “ sig nific a nt”  sp ills a re  ro ug hly a na lo g o us to  “ se rio us”  sp ills fro m the  
HMIRS.  
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Fig ure  14.  Ma ps of the  PMSA spills file s, 1998 to  2011 

With the  d a ta b a se  c re a te d  fo r this Me tra ns p ro je c t, ho we ve r, it is p o ssib le  
to  inc lud e  p ip e line  e ve nts a lo ng  with the  o the r mo d e s in a na lysis.  
Altho ug h the re  is a  lo t o f o ve rp lo tting  in the  d a ta , it is p o ssib le  to  se e  the  
re la tive  c o nc e ntra tio n o f p ip e line  sp ill e ve nts in G a ry, Ind ia na . It a lso  ha s a  
hig h c o nc e ntra tio n o f sp ills fro m the  o the r mo d e s o f tra nsp o rt. The  ma p  
he lp s illustra te  o ne  o f the  p o te ntia l p ro b le ms with the se  sp a tia l a na lyse s: 
The  p o ve rty info rma tio n la ye r is fo r the  Chic a g o -a re a  me tro p o lita n 
sta tistic a l a re a —whic h d o e s no t inc lud e  G a ry.  Fo r na tive s a nd  re g io na l 
a na lysts a like , G a ry is a  we ll-kno wn ind ustria l sub urb  o f the  C hic a g o  
re g io n. Le a ving  it o ut o f a  ha za rd s a na lysis o f the  re g io n ma ke s no  se nse .  
Eme rg e nc y p la nning  jurisd ic tio na l b o und a rie s, thus, c a n hid e  ha za rd s rig ht 
a c ro ss the  a rtific ia l b o rd e r.  Sp litting  the  ha za rd s d a ta  a c ro ss multip le  
a g e nc ie s c a n a lso  hid e  p o te ntia l c umula tive  e ffe c ts. In this c a se , b o th 
issue s a rise  fo r Ga ry.  
 
A G e ttis-o rd -g i* Ho tsp o ts a na lysis (within 0.5 mi c irc ula r b uffe r HSV) wa s run 
to  find  the  HAZMAT fa c ilitie s whe re  the  fre q ue nc y o f sp ills re sulte d  
sta tistic a lly sig nific a nt a nd  tho se  a re a s we re  la b e le d  Ho tsp o ts. The  
Ho tsp o ts c a n b e  g e o g ra p hic a lly re fe re nc e d  b y the ir XY Co o rd ina te s.  Se e  
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Fig ure  15 b e lo w fo r ho tsp o ts with Z sc o re  la rg e r tha n 1.29  (90 p e rc e ntile ) in 
Ca lifo rnia . 

 

Fig ure  15. Hotspots a na lysis of Ca lifornia  spills 

A re la tive ly lo w fre q ue nc y p o int c a n b e  la b e le d  a s a  ho tsp o t whe n it is 
re la tive ly  hig h with re sp e c t to  its ne ig hb o rs. In rura l a re a s whe re  the re  a re  
no  mo re  d isc ha rg e s within the  ha lf o f a  mile  ra d ius e ve n a  lo w fre q ue nc y 
p o int c o uld  b e c o me  o f sta tistic a l sig nific a nc e  with re g a rd s to  its 
ne ig hb o rs. It is imp o rta nt a lwa ys b e fo re  ma king  fina l re c o mme nd a tio ns to  
re c tify the  re sults o f the  nume ric  a na lysis with o the r re lia b le  so urc e s o f 
info rma tio n tha t ma y he lp  us to  c ha ra c te rize  the  a re a  to  d e c id e  if tho se  
p o ints la b e le d  “ Ho tsp o ts’  truly fulfill the  sc o p e  o f o ur stud y. This 
c ha ra c te riza tio n c a n b e  d o ne  b y c o rro b o ra tio n with lo c a l kno wle d g e  
e xp e rts, b y lo c a l surve ys, inte rvie ws, fo c us g ro up s a mo ng  the  lo c a l 
c o mmunitie s o r b y re vie w o f o the r lo c a l re p o rts a ll re a d y a va ila b le . 
 
The  ho tsp o t a na lysis yie ld e d  135 Ho tsp o ts with a  Z sc o re  o f 1.29 o r mo re . 
We  o ve rla p  tho se  p o ints with a  g e o g ra p hic  la ye r a nd  ma d e  a  sp a tia l jo in.  
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While  c a lc ula ting  ho tsp o ts b y the  me tho d  o f ne a re st ne ig hb o r d ista nc e  
a na lysis it is p o ssib le  to  id e ntify spa tia l b e ha vio rs suc h a s a uto c o rre la tio n, 
d isp e rsio n o r c luste ring  o f o ur sa mp le . Sp a tia l a uto c o rre la tio n is a  me a sure  
o f inte rd e p e nd e nc e  a mo ng  sp a tia lly d istrib ute d  d a ta ; it is the  d e g re e  o f 
c o rre la tio n b e twe e n a  ho tsp o t a nd  its ne ig hb o rs (sp a tia l d e p e nd e nc e  o r 
sp a tia l a sso c ia tio n).  The  ne a re st ne ig hb o r d ista nc e  a na lysis me a sure s the  
d ista nc e  a mo ng  e ve ry d a ta  o n the  sa mp le  a nd  its ne ig hb o rs a nd  
c a lc ula te s the  me a n d ista nc e  va lue  fo r the  sa mp le  (o b se rve d  me d ia n 
d ista nc e ). We  the n c o mp a re  the  o b se rve  me d ia n with the  me a n d ista nc e  
va lue  tha t we  wo uld  e xp e c t if the  sa mp le  wa s d istrib ute d  ra nd o mly a nd  
c o mp a re  the m. If the  Ne a re st Ne ig hb o r Ra tio  is d iffe re nt fro m 1, we  c a n 
re je c t the  Null Hyp o the sis tha t the  sp a tia l d istrib utio n o f Ho tsp o ts is a  
ra nd o m d istrib utio n. If the  Ne a re st Ne ig hb o r Ra tio  (NNR) is le ss tha n 1 the  
sa mp le  is c luste re d . C luste ring  is id e ntifie d  with sta tistic a l sig nific a nc e  b y a  
Ne a re st Ne ig hb o r Ra tio  < 1, sho wn in Fig ure  16. 
 
In this c a se , the  ne a re st ne ig hb o r d ista nc e  a na lysis wa s use d  to  o b ta in the  
sta tistic  pa ra me te rs d e sc rib ing  the  sp a tia l d istrib utio n o f the  Ho tsp o ts a t 
sta te  le ve l so  we  c a n c o nfirm a  sig nific a nt d e g re e  o f c luste ring  o n the  
sa mp le . O ur NNR yie ld  a  0.283917 va lue  a nd  a  Z-sc o re  o f -59.98, G ive n the  
Z sc o re  the re  is le ss tha n 1% like liho o d  tha t this c luste re d  p a tte rn c o uld  b e  
the  re sult o f ra nd o m c ha nc e .  NNR a na lysis it ha s b e e n d e mo nstra te d  with 
sta tistic a l sig nific a nc e  tha t the  Ho tsp o ts a re  c luste re d .  
 
Ho tsp o ts c luste r in urb a n c e nte rs with hig h p o p ula tio n d e nsitie s.   
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Ne a re st Ne ig hbor Ana lysis 
Ob se rve d  Me a n Dista nc e  0.024660 

Exp e c te d  Me a n Dista nc e  0.086857 

Ne a re st Ne ig hb o r Ra tio  0.283917 

z-sc o re  -59.979848 

p -va lue  0.0000 

Fig ure  16 Re sults for CA Hotspots NNR 

Any sp ill tha t c a use d  e va c ua tio n o r injurie s o f 500 o r mo re  p e o p le , o r tha t 
ha ve  c a use d  c a sua ltie s ha s b e e n c la ssifie d  a s se rio us sp ill into  the  
d a ta b a se . Ma p s sho wing  the  sp a tia l d istrib utio n o f se rio us sp ills a re  
c re a te d , a nd  c o ntra ste d  with the  sp a tia l d istrib utio n o f “ Ho tsp o ts”  fo r 
visua liza tio n a nd  a na lysis. Se e  Fig ure  17.   
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Fig ure  17. Sp a tia l d istrib utio n o f Ha zma t Sp ills a nd  Eva c ua tio ns 
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Cha pte r 5. Hig h- impa c t c ommunitie s in Ca lifornia  

We  use  Ca lifo rnia  a s a  c a se  stud y to  find  mo re  a c c ura te  a sso c ia tio ns. 
Ho we ve r, this a na lysis c o uld  b e  re p e a te d  fo r e a c h sta te  o r fo r e a c h 
me tro p o lita n re g io n a s d e sire d  a nd  na tio n-wid e  c o nc lusio ns c o uld  b e  
d ra wn a fte r tho se  re g io na l stud ie s. 
 

5.1  Highest frequency locations    
Fo r Ca lifo rnia ’ s sp ills, the re  a re  10,500 sp ills in o nly 354 uniq ue  lo c a tio ns with 
fre q ue nc y o f sp ills ra ng ing  fro m 1 to  1288 whe re  a p p ro xima te ly two  third s 
o f the  lo c a tio ns (239) ha ving  a  to ta l fre q ue nc y o f 20 o r le ss d isc ha rg e s 
d uring  this time  p e rio d . The  o the r third  a re  lo c a tio ns with a  ve ry la rg e  
numb e r o f sp ills.  So me  o f the se  sp ill lo c a tio ns a re  d o c ks o r tra nsfe r site s 
whe re  ha nd ling  ha za rd o us ma te ria ls is a  ma tte r o f ro utine , a nd  the y ha ve  
sta ff a nd  c o nta inme nt ma te ria ls o nsite .  The se  typ e s o f lo c a tio ns—fo r the  
te n mo st fre q ue nt lo c a tio ns—a re  sho wn in Ta b le  6.  

Ta ble  6.  The  10 most fre que nt spill loc a tions in Ca lifornia , 1998 to  2010 

Inc ide nt City Inc ide nt Route  Se rious 

Spill 

Count 

SACRAMENTO  8200 ELDR CREEK RD 0 588 

BLOOMING TON 330 W. RESO URCE DR. 0 380 

SACRAMENTO  8205 BERRY AVENUE 0 320 

ANAHEIM 590 E. ORANG ETHORPE AVE. 0 211 

ONTARIO  3140 EAST JURUPA AVENUE 0 205 

SAN DIEG O 9999 OLSON DRIVE STE100 0 190 

SAN BERNARDINO  1500 RIALTO 2 175 

WEST SACRAMENTO  1380 SHORE 0 166 

SAN FRANSISCO 657 FORBES BO ULEVARD 0 157 

CERRITOS 13233  MOORE ST 0 149 

SOURCE:  HMIRS d a ta , c o mp ile d  b y the  a utho rs.   
 
The se  lo c a tio ns c o ntra d ic t the  hyp o the sis tha t lo c a tio ns with fre q ue nt sp ills 
a re  like ly to  ha ve  a  hig he r fre q ue nc y o f se rio us sp ills. At the  e ve ry le a st, 
the  re la tio nship  is no t mo no to nic a lly inc re a sing .  Q uite  a  fe w o f the  se rio us 
a lso  sp ills o c c ur in simp ly o ne  lo c a tio n—a  sp ill e ve nt tha t o c c urs 
so me whe re  a lo ng  the  ro ute , a nd  b e c o me s se rio us.   
 
5.2  Mode l of spill se ve rity by ba sic  shipme nt pa ra me te rs  

An e xp lo ra to ry mo d a l o f sp ill se ve rity c a n b e  fo rmula te d  using  a  b ino mia l-
lo g istic  fo rmula tio n, just to  se e  whe the r we  c a n iso la te  no n-ro ute  fa c to rs 
tha t mig ht influe nc e  the  se ve rity o f a  sp ill; the  re sults a p p e a r in Ta b le  7.   
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Ac c o rd ing  this fo rmula tio n—re me mb e r tha t it mo d e ls the  like liho o d  o f 
e ve n se ve rity g ive n tha t a n e ve nt ha s o c c urre d  (a  se p a ra te  p ro b a b ility, 
o ne  tha t ha s ye t to  b e  e stima te d ).  Ta b le  7 re p o rts the  o d d s ra tio s, whic h 
re fle c t the  e xp o ne ntia te d  mo d e l p a ra me te rs. The se  c o nve y the  inc re a se d  
like liho o d  fo r a n e ve nt b e c o ming  se rio us a c c o rd ing  to  fo ur ma jo r 
c ha ra c te ristic s: Mo d e ; Pha se  in the  mo d e ; Ha za rd  c la ss, a nd  q ua ntity 
re le a se d . The  re sults a re  p re tty stra ig htfo rwa rd : the  mo re  ma te ria ls 
re le a se d , the  mo re  like ly the  sp ill e ve nt is to  b e c o me  se rio us. In g e ne ra l, 
ra il sp ills a re  1.36 time s mo re  like ly to  b e c o me  se rio us tha n a irline  (the  
b a se line ) sp ills.  
 

 Ta ble  7. Odds ra tios of by mode  of a  spill turning  into a  se rious spill 

 

  Odds Ra tio  Sig nific a nc e  

Mode   

Hig hwa y 1.0683158 *** 

Ra il 1.3658518 *** 

Wa te r 0.9676971 

Pha se  

In tra nsit 1.2310136 * 

In tra nsit sto ra g e  1.4534563 *** 

Lo a d ing  1.0511233 

Unlo a d ing  1.0553508 

Ma te ria ls 

DWW 0.9027451 

Exp lo sio n-1 0.9875024 

Exp lo stio n-2 0.8698117 

Co mb ustib le  liq uid  0.9461802 

Fla mma b le  g a s 0.9282169 

Fla mma b le  so lid  0.9316479 

Infe c tio us 0.9563995 

Misc  1.0549958 

Co mp re sse d  g a s 0.9171575 

Pe ro xid e  1.0667428 

ORM 0.9599305 

Oxid ize r 1.0039293 

Po iso no us G a s 1.3578749 

Po iso no us Ma te ria ls 1.1312069 

Ra d io a c tive  Ma te ria ls 1.1907027 

Sp . Co mb ustio n 0.9252131 

Qua ntity re le a se d 1.00006 *** 

SOURCE:  HMIRS e nha nc e d  d a ta , c o mp ile d  b y the   
a utho rs.  N=10,500 sp ills, ra ng e =Sta te  o f Ca lifo rnia , 1998- 
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2010.  

 
The  ma te ria l typ e s a re  no t sig nific a nt, tho ug h the  p ro b a b ilitie s d o  

a lig n with e xp e c ta tio ns: p o iso no us g a s sp ills ha ve  a  hig he r o d d s ra tio  o f 
b e c o ming  se rio us tha n o the r typ e s o f sp ills.  
  
 The  o ne  surp rise  in Ta b le  7 c o nc e rns the  o d d s ra tio s b y p ha se .  
 

By fa r, ma te ria ls sp ille d  while  b e ing  he ld  “ in tra nsit sto ra g e ”  a re  1.5 
time s mo re  like ly to  b e c o me  se rio us tha n sp ills d uring  o the r p ha se s o f 
tra nsp o rt.  In tra nsit sto ra g e  re fe rs to  sto ra g e  tha t is inc id e nta l to  the  
tra nsp o rt, suc h a s ma te ria ls sitting  a t a  te rmina l wa iting  to  b e  re lo a d e d . 
Tha t d iffe re nc e  d o e s info rm o ur a na lysis, a s it a g a in re info rc e s the  id e a  
tha t la nd  use s he a vily influe nc e  the  se ve rity o f the  ha zma t e ve nt. 

 
 In the  12 ye a rs o f the  d a ta , C a lifo rnia  ha s o nly ha d  15 e ve nts tha t 
re q uire d  no -no tic e  e va c ua tio ns o f the  p ub lic , a nd  the  wo rst e ve nt, whic h 
o c c urre d  in Do wne y in 2010, c a use d  the  e va c ua tio n o f 100 p e o p le .  The  
e va c ua tio n la ste d  fo r 12 ho urs, a nd  thus the re  a re  1200 ho urs o f time  lo ss. 
The  wo rst e va c ua tio n, in te rms o f 6,560 ho urs lo st, o c c urre d  o n a  ra ilro a d  
just o utsid e  o f Me c c a , Ca lifo rnia , just no rth o f the  Sa lto n Se a .   The  
ta ke a wa y le sso n is tha t the  e ve nts a re  ve ry ra re , b ut tha t the  c o mmunity 
d isrup tio n c a n b e  sig nific a nt. Ke e p  in mind  tha t no t a ll se rio us sp ills c a use  
a n e va c ua tio n.  
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Ta ble  8.   No- Notic e  Eva c ua tions in Ca lifornia , 1998- 2010 

Inc ide nt 

City Inc ide nt Route  

Da te  of 

Inc ide nt 

Public  

Eva c ua te d 

Employe e s 

Eva c ua te d 

Tota l Eva c ua tion 

Hours 

Pe rson 

Hours 

Mode  of 

Tra nsporta tion 

MECCA MILEPOST 626.90 3/ 3/ 08 80 0 82 6,560 Ra il 

KEYS 1/ 27/ 06 30 0 110 3,300 Hig hwa y 

DO WNEY 
Ste wa rt And  G ra y 
Ro a d  5/ 14/ 10 100 1 12 1,200 Hig hwa y 

KEENE 2/ 20/ 10 35 0 15 525 Ra il 

BIEBER 
BNSF G ATEWAY 
SUBDIV.MP 90 7/ 13/ 06 50 0 7 350 Ra il 

CHINO 7/ 6/ 07 13 9 9 117 Ra il 

SAN JOSE SJC AIRPORT 6/ 14/ 08 50 5 2 100 Air 
CRESCENT 
CITY La uff & Ama d o r 3/ 25/ 05 20 0 4 80 Hig hwa y 

IRVINE 8/ 12/ 08 30 30 1 30 Air 
SANTA 
ROSA 440 He a rn Ave  3/ 17/ 08 7 3 4 28 Hig hwa y 

HUG HSON 5824 Ge e r Ro a d  6/ 27/ 05 4 0 2 8 Hig hwa y 

PLUMAS MIIEPOST 252.50 6/ 30/ 07 2 0 1 2 Ra il 
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5.2 Spill severity and geography   
 The  mo d e l in Ta b le  7 use s sp ills a s the  units o f a na lysis—the re  a re  no  
c o ntro ls fo r lo c a tio n. Co ntro lling  the  se ve rity b y lo c a tio n g ive s a n 
a lte rna tive  vie w o f the  d a ta .  A lo o k a t the  10 p la c e s in the  sta te  o f 
Ca lifo rnia  with the  mo st fre q ue nt se rio us sp ills a p p e a rs in Ta b le  9.  
 

Ta ble  9.  Hig h- Fre que nc y, Hig h Se rious Spill Fre que nc y Loc a tions 

Inc ide nt City Inc ide nt Route  

Se rious 

Spill 

Count  

Spill 

Count 

MORENO VALLEY 17101 HEACOCK 48 60 

SACRAMENTO  900 E STREET 45 69 

SAN LEANDRO 3050 TEAG ARDEN STREET 26 66 

FRESNO 3688 EAST CENTRAL AVE 15 15 

FONTANA 10661 ETIWANDA AVE 14 96 

BARSTO W 200 NORTH AVE H 14 53 

BAKERSFIELD 700 MCDIVITT 11 17 

RIVERSIDE 779 PALMYRITA AVENUE 10 12 

COMMERCE 2747 S VAIL AVE    9 52 

MERCED 1535 EAST PECADERO 8 80 

So urc e : HMIRS d a ta  c o mp ile d  b y the  a utho r.  
   
De fine   a s a  b ino mia l d istrib utio n, so  tha t a  ne g a tive  b ino mia l mo d e l 
c a n re p re se nt a  simp listic  re la tio nship  b e twe e n sp ill c o unts a nd  se rio us sp ill 

c o unts ( , whe re  /√2  a nd  /√2 .  
 

Ta ble  10. Ne g a tive  Binomia l Mode l of Se ve re  Spills  

 Be ta   SE   

Prio r (a ll sp ills)  0.02135 0.00160 *** 

Pha se  d ummy (In sto ra g e )  0.00224 0.00013 *** 

Q ua ntity 0.00078 0.00040 *** 

SOURCE: Enha nc e d  HMIRS d a ta , Ca lifo rnia  o nly, 1998 to  2010, 
n=354.  
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5.3 Spill frequency, spill location, and spill severity  
 
To  a nswe r q ue stio ns a b o ut p o p ula tio n a ffe c te d  b y p a rtic ula r ho tsp o ts, it  is 
ne c e ssa ry to  fo c us in a  sma ll g e o g ra p hic  sc a le  b e c a use  p o p ula tio n 
c ha ra c te ristic s va ry fo r e a c h c o mmunity. The re fo re  we  wo rke d  with a  
sma ll sa mp le  (o nly the  mo re  sig nific a nt Ho tsp o ts Z Sc o re  1.29 a nd  up ) to  
o b ta in info rma tio n a b o ut the  c o mmunitie s a ffe c te d  b y sp ills. We  a lso  
c o nd uc te d  a n a na lysis tra c t-b y-tra c t.  
 
The  SF3 p o p ula tio n ta b le s ha d  b e e n d o wnlo a d e d  fo r e a c h c o unty a nd  a  
d a ta b a se  inc o rp o ra ting  the  63 Ca lifo rnia  c o untie s wa s c o mp ile d  to  
re p re se nt the  p o p ula tio n c o ve ra g e  a t sta te  le ve l. We  o ve rla p  this 
d a ta b a se  with a  g e o g ra p hic  la ye r a nd  ma d e  a  sp a tia l jo in. The  Jo in with 
the  Bure a u o f Ce nsus TIG ER la ye r “ Tra c ts”  fo r Ca lifo rnia  c o nfe rre d  sp a tia l 
info rma tio n a ttrib ute s so  the  p o p ula tio n d a ta  c a n b e  g e o g ra p hic a lly 
re fe re nc e d  a t tra c t le ve l. We  no w ha ve  a  la ye r o f p e rc e nta g e  o f 
p o p ula tio n b y ra c e  a t tra c t le ve l (PPR). We  e na b le d  this la ye r to  re p o rt 
o nly a  p ro p o rtio na l p a rt o f p o p ula tio n info rma tio n whe n tra c t is no t 
inte rse c te d  in its to ta lity. The  ho tsp o ts la ye r is a n e ve nt la ye r c o nta ining  a  Z 
sc o re , a nd  a  fre q ue nc y va lue  a sso c ia te d  to  a  XY c o o rd ina te , b ut e a c h 
e ve nt re a lly re p re se nts a n a re a  o f 0.5 mile  ra d ius so  a no the r “ b uffe r”  la ye r 
ha s b e e n c re a te d  b uffe ring  e a c h e ve nt with a  0.5 mile s fix ra d ius, a llo wing  
fo r d isso lve  fe a ture  if the re  a re  a re a s whe re  b uffe rs inte rse c t. Se e  Fig ure  18 
b e lo w. 
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Fig ure  18. MHA a re a s a g g re g a te d in southe rn  

Ca lifornia  from hotspot buffe rs 

 
By c lip p ing  the  PPR la ye r with the  MHA la ye r we  c a lc ula te  the  p e rc e nta g e  
o f p o p ula tio n d ire c tly c o nta ine d  within the  Ho tsp o ts Are a s. We  c a n re p o rt 
this info rma tio n in te rms o f p e rc e nta g e  o f p o p ula tio n b y Ce nsus so c io -
d e mo g ra p hic  va ria b le s. 
 
In g e ne ra l, Ca lifo rnia  ha s a  d ive rse  p o p ula tio n. Pla nning  fo r future  e ve nts 
a t the  hig h fre q ue nc y, hig h c o nse q ue nc e  lo c a tio ns will like ly re q uire  
multip le  a p p ro a c he s in o rd e r to  he lp  the  c o mmunitie s a nd  a g e nc ie s 
invo lve d  to  e va lua te  the  p o te ntia l issue s.   
 
A mo re  g e ne ra l d istrib utio n o f wha t ha s o c c urre d  o ve r the  p a st d e c a d e  
re q uire s so me  b a se line  und e rsta nd ing  o f the  g e o g ra p hy. The se  a re a s d o  
c ha ng e  in so c io -d e mo g ra p hic s o ve r time ; if the  p o int we re  to  e sta b lish a  
re la tio nship  b e twe e n why a  p a rtic ula r p o p ula tio n a nd  sp ill e ve nts  a re  
g e o g ra p hic a lly p ro xima te .  Ho we ve r,  o ur g o a l he re  is simp ly  to   lo o k fo r 
hig h-c o nse q ue nc e  sp ill a re a s in a re a s tha t ha ve  hig h c o nc e ntra tio ns o f 
so c ia lly vulne ra b le  g ro up s—p la c e s whe re  the  e me rg e nc y p la nning  sho uld  
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b e  und e rta ke n with the  und e rsta nd ing  tha t the  c o mmunitie s the re  ma y 
ne e d  sp e c ia l c o nsid e ra tio n.   
 
 Unfo rtuna te ly, c o unt re g re ssio ns p o se  a  fa irly se rio us se t o f mo d e ling  
c ha lle ng e s, a nd  se rio us sp ills a re  ve ry ra re  e ve nts in the  a c c id e nt 
re c o rd s—the re b y c o mp o und ing  the  issue s fo r sta tistic a l a na lysis.  The  d a ta  
a re  le ft c e nso re d  a t ze ro , a s it is imp o ssib le  to  ha ve  fe we r tha n ze ro  sp ills.   
Ta b le  11 tho ug h Ta b le  15 p re se nt a  se rie s o f c o unt-b a se d  mo d e ls o f 
se rio us sp ill c o unts b y Ca lifo rnia  tra c t.  
 

Ta ble  11. Poisson re g re ssion c oe ffic ie nts, Ca lifornia  spills 1998 to  2010 

 Estima te   Std. Error  z va lue   Pr(> |z|) 

(Inte rc e p t)  -4.1590  0.2838  -14.66  0.0000*** 

%Bla c k  -0.6088  1.3904  -0.44  0.6615 

%Asia n  -2.6221  1.2740  -2.06  0.0396* 

% Ame ric a n 

India n 

 4.8198  2.3018  2.09  0.0363* 

%NHOPI  10.8767  9.2993  1.17  0.2422 

% White , 

Hispa nic  

 1.6814  0.7772  2.16  0.0305* 

%Asia n, 
Hisp a nic  

 28.6213  18.4379  1.55  0.1206 

% Ame ric a n 
Ind ia n, 
Hisp a nic   

 1.9711  13.1751  0.15  0.8811 

%NHOPI, 
Hisp a nic   

 39.9657  25.1132  1.59  0.1115 

% Re nte rs  - 1.3228  0.6748  - 1.96  0.0500* 

%Po ve rty  -0.6005  1.5991  -0.38  0.7073 

AIC  850.93    0  7,035    
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Ta ble  12. Qua si- Poisson Re g re ssion Mode l, Ca lifornia  spills 1998 to  2010 

  Estima te   Std . Erro r  z va lue   Pr(> |z|) 

(Inte rc e p t)  -4.1932  0.3595  -11.66  0.0000 

%Bla c k  -1.1111  1.7903  -0.62  0.5349 

%Asia n  -2.1406  1.3933  -1.54  0.1245 

% Ame ric a n 

India n 

 14.9947  5.7807  2.59  0.0095 

%NHOPI  9.7312  13.5878  0.72  0.4739 

% White , 

Hispa nic  

 1.3270  1.0533  1.26  0.2077* 

%Asia n, 
Hisp a nic  

 27.5803  30.2830  0.91  0.3624 

% Ame ric a n 
Ind ia n, 
Hisp a nic   

 -11.3230  21.6980  -0.52  0.6018 

%NHOPI, 
Hisp a nic   

 97.4704  49.4926  1.97  0.0489 

%Re nte rs  -1.2600  0.8207  -1.54  0.1247 

%Po ve rty  -0.4303  1.9774  -0.22  0.8277 

AIC  NA    0  7,035    

 
A fa irly c o nsiste nt sto ry e me rg e s fro m the  e xe rc ise . Ove r the  12 ye a rs in the  
a na lyse s, we  ha ve  o ne  p o p ula tio n g ro up  tha t is d isp ro p o rtio na te ly 
re p re se nte d  a mo ng  se rio us sp ills lo c a tio ns:  Ame ric a n Ind ia ns. The se  
mo d e ls a re  c a p turing  tra c ts tha t ha ve  ha d  multip le  se rio us sp ills a nd  
whic h a lso  ha ve  hig he r tha n a ve ra g e  c o nc e ntra tio ns o f Ame ric a n 
Ind ia ns.  The  p o isso n a nd  q ua si-p o isso n mo d e l a lso  so  so me  ra ise d  
inc id e nc e  a mo ng  Hisp a nic  white  la tino  po p ula tio ns, a ltho ug h tha t e ffe c t 
d isa p p e a rs in the  thre e  sub se q ue nt mo d e ls tha t c o ntro l the  o ve rd isp e rso n 
mo re  d ire c tly—the  ne g a tive  b ino mia l, hurd le , a nd  ze ro -infla te d  (ZINB) 
mo d e ls. With the se , the  c o e ffic ie nt e stima te s va ry a  lo t. But the  sig nific a nt 
e ffe c ts b e c o me  mo re  sp e c ific : the re ’ s a  ha nd ful o f tra c ts in the  sta te  with 
Ame ric a n Ind ia n re sid e nts tha t a re  p rima rily Sp a nish-sp e a king   whe re  
the re  is a  re la tive ly hig h se rio us sp ill c o unts.  Ag a in, , the  p o int is to  e xp lo re  
the  ma ss o f the  d a ta  fo r e xa c tly the se  kind s o f e ffe c ts tha t c a n g o  
unno tic e d  o ve r p e rio d s a s a  lo ng  a s a  d e c a d e .   
 
A simila r se t o f mo d e ls fo r a ll sp ill e ve nts a p p e a rs in Ap p e nd ix E.  
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Ta ble  13. Ne g a tive  Binomia l Re g re ssion, Ca lifornia  spills 1998 to  2010 

  Estima te   Std. Error  z va lue   Pr(> |z|) 

(Inte rc e p t)  -4.1932  0.3595  -11.66  0.0000 

%Bla c k  -1.1111  1.7903  -0.62  0.5349 

%Asia n  -2.1406  1.3933  -1.54  0.1245 

% Ame ric a n 

India n 
 -14.9947  5.7807  2.59  0.0095** 

%NHOPI  9.7312  13.5878  0.72  0.4739 

%White , 
Hisp a nic  

 1.3270  1.0533  1.26  0.2077 

%Asia n, 
Hisp a nic  

 27.5803  30.2830  0.91  0.3624 

% Ame ric a n 
Ind ia n, 
Hisp a nic   

 -11.3230  21.6980  -0.52  0.6018 

%NHOPI, 
Hisp a nic   

 97.4704  49.4926  1.97  0.0489* 

%Re nte rs  -1.2600  0.8207  -1.54  0.1247 

%Po ve rty  -0.4303  1.9774  -0.22  0.8277 
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Ta ble  14.  Hurdle  re g re ssion c oe ffic ie nts 

trunc a te d poisson with log  link 

  Estima te   Std. Error  z va lue   Pr(> |z|) 

(Inte rc e p t) 1.391 1.024 1.359 0.174225     

%Bla c k -2.120       3.845   -0.551 0.581330     

%Asia n -14.250       7.507   -1.898 0.057679 

%Ame ric a n 
Ind ia n 

- 58.774 24.474   - 2.401 0.016329 *   

%NHOPI 42.433      36.959    1.148 0.250924     

%White , 
Hisp a nic  

-3.866       3.318   -1.165 0.243842    

%Asia n, 
Hisp a nic  

99.650      75.933    1.312 0.189408     

%  Ame ric a n 

India n, 

Hispa nic   

237.464      72.121    3.293 0.000993 *** 

%NHOPI, 
Hisp a nic   

-30.469     187.852   -0.162 0.871152     

%Re nte rs -2.257       2.130   -1.059 0.289502     

%Po ve rty -5.857       6.092   -0.961 0.336371 

Binomia l with log it link  

  Estima te   Std. Error  z va lue   Pr(> |z|) 

(Inte rc e p t)  -4.4422     0.3216 -13.814   <2e -16 *** 

%Bla c k -1.1636     1.6763  -0.694    0.488     

%Asia n -1.6771      1.2757   -1.315    0.189     

%Ame ric a n 
Ind ia n 

4.9863      3.1697    1.573    0.116     

%NHOPI  9.8432    10.9181   0.902    0.367     

%White , 
Hisp a nic  

1.4327     0.8983   1.595    0.111     

%Asia n, 
Hisp a nic  

-2.3826    33.9513  -0.070    0.944     

% Ame ric a n 
Ind ia n, 
Hisp a nic   

-28.8952    25.4430  -1.136    0.256     

%NHOPI, 
Hisp a nic   

46.6695    28.6313   1.630    0.103     

%Re nte rs -1.1039      0.7429   -1.486    0.137     

%Po ve rty   0.1927     1.7195   0.112    0.911 
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Ta ble  15.  Ze ro Infla te d Ne g a tive  Binomia l 

Poisson with log  link  

  Estima te   Std. Error  z va lue   Pr(> |z|) 

(Inte rc e p t) -0.04401    0.78201  -0.056   0.9551     

%Bla c k   -6.83294    3.72970  -1.832   0.0669 .   

%Asia n  -4.16442    3.11981  -1.335   0.1819     

% Ame ric a n 

India n 

  - 59.71539   13.63316  - 4.380  1.19e - 05 *** 

%NHOPI   48.53676   22.97889   2.112   0.0347 *   

%White , 
Hisp a nic  

 0.45147    2.05287   0.220   0.8259     

%Asia n, 
Hisp a nic  

56.54752   52.62266   1.075   0.2826     

%  Ame ric a n 

India n, 

Hispa nic   

212.91996   38.92046   5.471  4.48e - 08 *** 

%NHOPI, 
Hisp a nic   

 68.59487   82.25413   0.834   0.4043     

%Re nte rs -1.13633    1.36893  -0.830   0.4065     

%Po ve rty  -6.06070    3.22712  -1.878   0.0604 .   

     

binomia l with log it link 

(Inte rc e p t)   4.3462     0.7601   5.718 1.08e -08 *** 

%Bla c k   -6.1980     4.9299  -1.257  0.208677     

%Asia n   -2.0952     2.9963  -0.699  0.484384     

% Ame ric a n 

India n 

  - 104.9336    23.9181  - 4.387  1.15e - 05 *** 

%NHOPI   30.3011    22.6186   1.340  0.180359     

%White , 
Hisp a nic  

 -0.9911     2.0960  -0.473 0.636321     

%Asia n, 
Hisp a nic  

 47.4421    58.0391   0.817  0.413691     

%  Ame ric a n 

India n, 

Hispa nic   

 216.7348    56.3249   3.848 0.000119 *** 

%NHOPI, 
Hisp a nic   

-22.9950    39.9124   -0.576  0.564524     

%Re nte rs     0.1497     1.4624   0.102  0.918473     

%Po ve rty  -6.5601     3.7880   -1.732  0.083312 * 
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Chapter  6. Conlusions  
Lo o king  a t the  d a ta  a c ro ss the  US a nd  in Ca lifo rnia  sho ws tha t while  mo st 
ha za rd o us ma te ria ls e ve nts a re  mino r, the re  a re  a  la rg e  numb e r o f 
e ve nts—ro ug hly 10,000 e ve ry ye a r. The  p a st sp ill re c o rd  fo r the  to ta ls a nd  
wo rst e ve nts a re  c o mpile d  in Ta ble  16. The  US d e finitio n o f a  “ se rio us”  sp ill 
ha s a  fa irly lo w thre sho ld  fo r d a ma g e  a nd  o ff-site  c o nse q ue nc e s. The  
re sult is tha t 1 in e ve ry 23 sp ills in the  US is c o nsid e re d  to  b e  se rio us.  O f 
tho se  sp ills, so me  b e c o me  q uite  se rio us ind e e d , b o th in te rms o f 
e va c ua tio n c o sts a nd  to ta l d a ma g e s, a nd  a s we  ha ve  sho wn, tho se  two  
fig ure s te nd  to  mo ve  to g e the r in a  sub se t o f a ll se rio us inc id e nts. The  
re la tive ly lo w numb e rs o f live s lo st a nd  injurie s a tte st to  ho w we ll mo st 
inc id e nts a re  ma na g e d . No ne the le ss, the  wo rst e ve nts, infre q ue nt tho ug h 
the y a re , a re  q uite  se rio us fo r surro und ing  c o mmunitie s. 
 
G ive n the  g e o g ra p hic  a na lysis in the  first c ha p te r , we  e sta b lishe d  tha t 
the se  e ve nts a re  c o nc e ntra te d  to g e the r with multi-mo d a l fa c ilitie s. This 
c luste ring  o c c urs e ithe r a s the  re sult o f ha nd ling  a t tha t fa c ility o r fro m 
multi-mo d a l fa c ility c o -lo c a tio n with o rig ina ting  o r d e stina tio n lo c a tio ns 
thro ug h the  ind ustria l c luste ring  within US re g io ns. The  g e o g ra p hic  
vulne ra b ility o f the se  lo c a tio ns is the re fo re  a p p a re nt, a s a re  the  p o te ntia l 
c o nse q ue nc e s fo r the ir re sid e ntia l ne ig hb o rs. 
 
Fo r liva b ility a nd  vulne ra b ility, a  c o mp le x p ic ture  e me rg e s. Multi-mo d a l 
fre ig ht ship p e rs a re , e ve n with a ll the ir sp ills, fa irly g o o d  ne ig hb o rs—e xc e p t 
fo r tho se  infre q ue nt time s whe n a n e ve nt sp ira ls.  The  e vid e nc e  fo r the  
liva b ility a rg ume nt—tha t fre ig ht a nd  re sid e ntia l p o p ula tio ns c a n c o -e xist—
is mixe d .  The  c o nse q ue nc e s fo r huma n life  a nd  injurie s o f a c c id e nta l 
re le a se s ha ve  b e e n lo w, e sp e c ia lly c o mp a re d  to  the  risks a nd  mo rta lity 
re sulting  fro m p a sse ng e r tra nsp o rt. No ne the le ss, the  vo lume s ha nd le d  a t 
multi-mo d a l fa c ilitie s a nd  the  hig hwa ys a nd  ra ilwa ys tha t run thro ug h US 
re g io ns a re  la rg e , a nd  a  fe w se le c te d  e ve nts b e c o me  ve ry se rio us 
ind e e d .  
 
So me  e xe mp la ry e ve nts c a n he lp  in furthe r und e rsta nd ing  the  issue s 
ra ise d  thro ug ho ut this a na lysis. Ta ble  17 sho ws a  sa mp le  o f the  hig he st 
c o nse q ue nc e  e ve nts fro m a ro und  the  US. No te  tha t the se  d o  no t 
ne c e ssa rily o c c ur a t multi-mo d a l fa c ilitie s, b ut the y d o  se rve  a s e xe mp la rs 
fo r e ve nts tha t ha ve  c a use d  p re tty se rio us c o nse q ue nc e s fo r tho se  living  
ne a r ha za rd o us ma te ria ls shipp ing .   Furthe r stud y o f the se  e ve nts in future  
re se a rc h c a n he lp  a na lysts e nvisio n the  c o nse q ue nc e s o f a  te rro rist strike . 
Fo r no w, the y se rve  to  illustra te  a  fina l p o int a b o ut se c urity a nd  ha zma t 
ship p ing .  
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Ta ble  16.  Da ta  Summa ry Conse que nc e s, 2000 to  2010 

 Ca lifornia  

CA 

Pe rc e nt 

CA 

Sha re  

of US US 

US 

Pe rc e nt 

Tons shippe d* 1,997,550,000 100%  9%  22,311,330,000 100%  

Tota l Eve nts 10,626  9%  121,405 100%  

Se rious Eve nts 297  6%  5,196 4%  

De a ths (tota l)  3  2%  136 0%  

    Wo rst  1   9 0% 

    Me a n —   —  

Injurie s 37   1,587  

     Wo rst † 5 14% 0% 631 12% 

     Me a n —   —  

Tota l Eva c ua tion  6,196   154,616  

     Wo rst † 2,000 32% 1% 25,000 16% 

     Me a n 21   30  

Tota l Evac ua tion 

(hours) 429   7,230  

    Wo rst † 110 26% 2% 2,016 28% 

    Me a n 1   1  

Tota l Pe rson- Hours 135,336   2,715,356  

    Wo rst †  120,000 89% 4% 1,625,000 60% 

    Me a n 455   522  

Tota l Prope rty $1,643,317   $68,748,792  

    Wo rst † 490,000 30% 1% 3,100,000 5% 

    Me a n 5,533   13,230  

Tota l Re sponse   $2,373,122   $67,681,719  

    Wo rst † 1,970,065 83% 3% 19,790,000 29% 

    Me a n 79,903   13,030  

Tota l Re me dia tion  $31,069,089   $230,095,379  

    Wo rst † 13,300,000 43% 6% 13,300,000 6% 

    Me a n 104,610   44,280  

Tota l Cost ($) $67,738,646   $571,114,173  

   Wo rst † 27,467,818 41% 5% 27,470,000 5% 

   Me a n 228,076   12,300  

So urc e : Ha za rd o us Ma te ria ls Info rma tio n Syste m, d a ta  c o mp ile d  b y the  a utho rs.  
*The se  d a ta  a re  fro m the  US Co mmo d ity Flo w Surve y, 2007; o the r ye a rs 
e stima te d  b y the  a utho rs. 
† The  wo rst-c a se  p e rc e nta g e s a re  c a lc ula te d  a s a  p e rc e nta g e  o f the  US wo rst 
c a se s ra the r tha n a ll sp ills o r a ll se rio us sp ills.   

 
Co mp a ra tive ly c o mmo n sub sta nc e s ha ve  ha d  d e mo nstra b ly hig h 
c o nse q ue nc e s in iso la te d  e ve nts in the  p a st d e c a d e .  As b a d  a s the  
nig htma re  sc e na rio —a n inte ntio na l strike  a g a inst ra d io a c tive  ma te ria l—
wo uld  b e , e ve ryd a y ma te ria ls tra nsp o rt, like  g a so line  ship me nts, ha ve  
p ro mp te d  two  o f the  fo ur wo rst e ve nts o ve r the  p a st 10 ye a rs in te rms o f 
p ro p e rty d a ma g e  a nd  to ta l c o sts.  G a so line  is virtua lly e ve rywhe re  in the  
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US: the  ship me nts a re  ub iq uito us, a s a re  g a s sta tio ns.  The  o the r sub sta nc e , 
c hlo rine , is a lso  c o mmo n; it ha s ma ny use s in ind ustry a nd  g o ve rnme nt, 
inc lud ing  wa te r tre a tme nt.  
 
The se  a re  no t, in o the r wo rd s, e xo tic  o r infre q ue ntly ha nd le d  ma te ria ls. It is 
unlike ly tha t the  la rg e  a mo unts o f g a so line  o r c hlo rine —o r the  o the r 
c o mmo nly use d  ha za rd o us ma te ria ls ha nd le d  thro ug ho ut the  US e ve ry 
d a y—will d e c line  a ny time  so o n. The y p ro vid e  re a d y a nd  a va ila b le  
ma te ria l fo r te rro rists to  use , a nd  tho se  c o nse q ue nc e s ma y b e  wo rse  tha n 
the se  a c c id e nta l re le a se s—whic h a re  b a d  e no ug h.    
 
It ma y b e , the re fo re , a  mista ke  to  p la n o nly fo r strike s a g a inst multi-mo d a l 
fa c ilitie s o nly in te rms o f hig hly to xic  o r ra d io a c tive  ma te ria ls. As 
d a ng e ro us a s tho se  sub sta nc e s a re , the y ma y b e  le ss re a d ily fo und  tha n 
o the r sub sta nc e s, a nd  the y ma y b e  iso la te d  mo re  fro m p o te ntia l vic tims. 
As the  US trie s to  mo ve  to wa rd s a  liva b le  fre ig ht a g e nd a , the se  typ e s o f 
se c urity issue s sho uld  b e  a na lyze d  in re g io ns tha t ha ve  huma n se ttle me nts 
surro und ing  fre ig ht a c tivitie s.  
 
Turning  fro m te rro rism a n inte ntio na l strike s, the  d a ta  d e mo nstra te  b o th 
sp a tia l a nd  time  c o rre la tio n.  The  o rig ina l  hyp o the sis re g a rd ing  sp a tia l 
c luste ring  wa s p ro ve d  true  fo r a ll inc id e nts a nd  se rio us inc id e nts. 
No ne the le ss, stric t spa tia l c luste ring  d o e s no t e xp la in a ll se rio us sp ills 
lo c a tio ns. Ab o ut two  third s  d o  ha p p e n a lo ng  the  ro ute , while  ro ug hly a  
third  o c c ur within c luste rs. G ive n tha t Ca lifo rnia  is a  la rg e  sta te  with a  full 
ra ng e  o f e xte nsive  ship p ing  a c tivitie s. The  a na lysis is like ly to  b e  
g e ne ra liza b le . In p la c e s with fe w fre ig ht la nd  use s, multi-mo d a l fa c ilitie s, o r 
o r d istrib utio n c e nte rs, ha zma t sp ill mo d e ls tha t stre ss ro uting  
c ha ra c te ristic s a re  g o ing  to  c a p ture  mo st o f the  sp ills a nd  re le a se s tha t 
o c c ur.  But in sta te s with multi-mo d a l fa c ilitie s a nd  o the r fre ig ht-ha nd ling  
la nd  use s, the  mo d e ls sho uld  inc lud e  la nd  use  va ria b le s o r so me  sp a tia l 
e ffe c t to  c a p ture  the  re la tio nship s b e twe e n la nd  use  a nd  ha zma t sp ills  
we  ha ve  sho wn he re .  
 
The  d a ta  a lso  d e mo nstra te d  a  stro ng  se a so na lity, whic h we  d id  no t 
o rig ina lly se t o ut to  mo d e l. Ho we ve r,  the  a na lysis sho ws d istinc t  se a so na l 
e ffe c ts.  In sum, the  p rio r d a ta  d e mo nstra te  tha t ro uting  mo d e ls sho uld  
inc lud e  b o th la nd  use  a nd  se a so nlity in the ir risk a sse ssme nts.  
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Ta ble  17. A Sa mple  of Exe mpla r Eve nts, 2000 to  2010  
 

Loc a tion Exe mpla r Me a sure  Da te  Route  Mode  Substa nc e  Eve nt 

De tro it, MI Pro p e rty Da ma g e  3,100,000.00 10/ 6/ 03 I-75 Ra mp Hig hwa y G a so line  Ca rg o  ta nk re le a se  , fire  

 To ta l d a ma g e  c o sts  27,467,818.00      

Burb a nk, CA Re sp o nse  Co sts 19,790,065.00 6/ 10/ 10 Hig hwa y 134E Hig hwa y G a so line  Ca rg o  ta nk turne d  o ve r, 

Ke ys, CA Re me d ia tio n Co sts 13,300,000.00 1/ 27/ 06 Unre p o rte d  Hig hwa y Fo rmic  Ac id  Ta nk c ra c ke d  d uring  c ra sh 

G ra nite ville , SC Dura tio n  1/ 6/ 05 Mile p o st 178.3 Ra il Chlo rine  Multi-c a r de ra ilme nt  

 Pe rso n-Ho urs  1,625,400      

 Fa ta litie s  9      

 Injurie s  631      
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Ta b le  18 summa rize s the  sc a tte re d  sig nific a nt find ing s fo r  the  va rio us 
mo d e ls c o nstruc te d  to  e xa mine  the  sp ills c o unts b y lo c a tio n b y 
p o p ula tio n typ e . We  ha ve  a  we a k, b ut sug g e stive  se t o f re sults tha t a g a in 
hig hlig ht p o te ntia lly vulne ra b le  p o p ula tio n g ro up s: Sp a nish-sp e a king  
Ame ric a n Ind ia ns. Ne ithe r re sid e nts living  in p o ve rty no r re nte rs a re  like ly to  
b e  a sso c ia te d  g e o g ra p hic a lly with sp ill c o unts.   We  c o uld  ma ke  the se  
mo d e ls mo re  e xp lic itly sp a tia l to  try to  e xp la in mo re  o f the  va ria b ility, b ut 
the  re sults a re  c le a r e no ug h: the re  a re  a  sma ll numb e r o f tra c ts in the  
sta te  with a  c o mp a ra tive ly hig h c o nc e ntra tio n o f Hisp a nic  Ame ric a n 
Ind ia ns re sid e nts, a nd  tho se  a re  a lso  se rio us sp ill lo c a tio ns. The  
c o nse q ue nc e s fo r e me rg e nc y p la nning  in Ame ric a n Ind ia n c o mmunitie s 
in p la c e s like  Rive rsid e  a nd  Sa n Be rna rd ino  me a n tha t stra te g ie s ne e d  to  
b e  ta ilo re d  fo r o ne  o f the  sta te ’ s mo st o fte n o ve rlo o ke d  e thnic  g ro up s.  
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Ta ble  18. Summa ry of sig nific a nt re la tionships 
 % Bla c k % Asia n % Ame ric a n 

India n 

% NHOPI % White , 

Hispa nic  

% Asia n, 

Hispa nic  

% Amie ric a n 

India n, 

Hispa nic   

% NHOPI, 

Hispa nic  

% Re nte r % Pove rty 

Se rious Spills  

Po isso n   +  +    —  

Qua si   +  +      

NB   —        

Hurd le            

 (1)    —    +    

 (2)            

ZINB           

 (1)    —    +    

 (2)    —    +    

All Spills  

Po isso n + — + — + + + + — — 

Qua si  — +  + + + +   

NB           

Hurd le            

 (1)   — +  +     — — 

 (2)        + +   

ZINB           

 (1)     + + +    — — 

 (2)     —    +    
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Appe ndix A.  Da ta  dic tiona ry for Enha nc e d HMIRS 

Da ta ba se   

 
Da ta  Ele me nt Type  De finition 

Re p o rt 
Sub missio n 
So urc e  

Te xt Sub missio n me tho d  o f inc id e nt re p o rt (p a p e r fo rm, we b  o r xml 
tra nsmissio n). 

Re p o rt 
Numb e r 

Te xt The  sub missio n so urc e  a nd  10-d ig it c o d e  tha t c o nta ins the  ye a r, 
mo nth a nd  se q ue nc e  the  inc id e nt re p o rt wa s re c e ive d . The  re p o rt 
numb e r uniq ue ly id e ntifie s e a c h re p o rt. 

Numb e r o f 
Line s p e r 
Inc id e nt 1 

Nume ric  Disp la ys the  numb e r o f line s p e r Inc id e nt d ue  to  multip le  ship p e rs, 
c o mmo d itie s, a nd  p a c ka g e s invo lve d  in a n inc id e nt. 

Re p o rt Typ e  Te xt Typ e  o f inc id e nt re p o rt b e ing  file d . Ta ke n fro m Fo rm DOT F 5800.1, 
Se c tio n I, # 1. 

Da te  o f 
Inc id e nt 

Da te  Da te  the  inc id e nt o c c urre d . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n 
II, # 3. 

Time  o f 
Inc id e nt 

Te xt Time  the  inc id e nt o c c urre d . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n 
II, # 4. 

NRC Numb e r Te xt If this inc id e nt wa s re p o rte d  to  the  Na tio na l Re sp o nse  Ce nte r (NRC ), 
this is the  re p o rt numb e r NRC a ssig ne d  to  the  inc id e nt. Ta ke n fro m 
Fo rm DOT F 5800.1, Se c tio n II, # 5. 

Fe d e ra l DOT 
Ag e nc y Na me  

Te xt If this inc id e nt wa s re p o rte d  to  a no the r Fe d e ra l DOT a g e nc y, the  
a g e nc y c o d e  is e nte re d  he re . Ta ke n fro m Fo rm DOT F 5800.1, 
Se c tio n II, # 6. 

Fe d e ra l DOT 
Re p o rt 
Numb e r 

Te xt If this inc id e nt wa s re p o rte d  to  a no the r Fe d e ra l DOT a g e nc y, the  
re p o rt numb e r is e nte re d  he re . Ta ke n fro m Fo rm DOT F 5800.1, 
Se c tio n II, # 6. 

Inc id e nt C ity Te xt C ity na me  in whic h the  inc id e nt o c c urre d . Ta ke n fro m Fo rm DOT F 
5800.1, Se c tio n II, # 7. 

Inc id e nt 
Co unty 

Te xt Co unty in whic h the  inc id e nt o c c urre d . Ta ke n fro m Fo rm DOT F 
5800.1, Se c tio n II, # 7. 

Inc id e nt Sta te  Te xt Sta te  in whic h the  inc id e nt o c c urre d . Ta ke n fro m Fo rm DOT F 5800.1, 
Se c tio n II, # 7. 

Inc id e nt Po sta l 
Co d e  

Te xt Po sta l c o d e  in whic h the  inc id e nt o c c urre d . Ta ke n fro m Fo rm DOT F 
5800.1, Se c tio n II, # 7. 

Inc id e nt No n-
US Sta te  

Te xt If the  inc id e nt o c c urre d  o utsid e  the  US the  fo re ig n sta te  tha t the  
inc id e nt o c c urre d . 

Inc id e nt 
Co untry 

Te xt Co untry in whic h the  inc id e nt o c c urre d . 

Inc id e nt Ro ute  Te xt Stre e t Ad d re ss, Mile  Ma rke r, Ya rd  na me , Airp o rt, Bo d y o f Wa te r o r 
Rive r o n whic h the  inc id e nt o c c urre d . Ta ke n fro m Fo rm DOT F5800.1, 
Se c tio n II, # 7. 

Mo d e  o f 
Tra nsp o rta tio n 

Te xt De sc rib e s the  mo d e  o f tra nsp o rta tio n in whic h the  inc id e nt 
o c c urre d . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n II, # 8. 

Tra nsp o rta tio n 
Pha se  

Te xt Tra nsp o rta tio n p ha se  whe n the  inc id e nt o c c urre d . Ta ke n fro m Fo rm 
DOT F 5800.1, Se c tio n II, # 9. 

Ca rrie r/ Re p o rt
e r Na me  

Te xt Na me  o f the  c o mp a ny re sp o nsib le  fo r tra nsp o rt o f the  p ro d uc t. 
Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n II, # 10. 

                                                 
1 The  title  is “ Multip le  Ro ws p e r Inc ide nt”  in the  wo rking  d a ta b a se    
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Ca rrie r/ Re p o rt
e r Stre e t Na me  

Te xt Stre e t a d d re ss o f the  c a rrie r. Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n 
II, # 10. 

Ca rrie r/ Re p o rt
e r C ity 

Te xt City na me  the  c a rrie r re sid e s in. Ta ke n fro m Fo rm DOT F 5800.1, 
Se c tio n II, # 10. 

Ca rrie r/ Re p o rt
e r Sta te  

Te xt Sta te  the  c a rrie r re sid e s in. Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n II, 
# 10. 

Ca rrie r/ Re p o rt
e r Po sta l Co d e  

Te xt Po sta l c o d e  the  c a rrie r lo c a tio n. Ta ke n fro m Fo rm DOT F 5800.1, 
Se c tio n II, # 10. 

Ca rrie r/ Re p o rt
e r No n-US 
Sta te  

Te xt If c a rrie r re sid e s o utsid e  the  US the  fo re ig n sta te  tha t the  c a rrie r 
re sid e s in. 

Ca rrie r/ Re p o rt
e r FED DO T ID 

Te xt Mo d a l c a rrie r id e ntifie r numb e r o r c o d e . Ta ke n fro m Fo rm DOT F 
5800.1, Se c tio n II, # 10. 

Ca rrie r/ Re p o rt
e r HAZMAT 
Re g  ID 

Te xt The  Ha za rd o us Ma te ria ls Re g istra tio n numb e r o f the  c a rrie r. Ta ke n 
fro m Fo rm DOT F 5800.1, Se c tio n II, # 10. 

Ca rrie r/ Re p o rt
e r Co untry 

Te xt Co untry the  c a rrie r re sid e s in. 

Ship p e r Na me  Te xt Na me  o f the  c o mp a ny ship p ing  a  p ro d uc t. Ta ke n fro m Fo rm DOT F 
5800.1, Se c tio n II, # 11. 

Ship p e r Stre e t 
Na me  

Te xt Stre e t a d d re ss o f the  ship pe r. Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n 
II, # 11. 

Ship p e r City Te xt City na me  tha t the  ship p e r re sid e s in. Ta ke n fro m Fo rm DOT F 5800.1, 
Se c tio n II, # 11. 

Ship p e r Sta te  Te xt Sta te  tha t the  ship p e r re sid e s in. Ta ke n fro m Fo rm DOT F 5800.1, 
Se c tio n II, # 11. 

Ship p e r Po sta l 
Co d e  

Te xt Po sta l c o d e  tha t the  ship p e r re sid e s in. Ta ke n fro m Fo rm DOT F 
5800.1, Se c tio n II, # 11. 

Ship p e r No n-US 
Sta te  

Te xt If ship p e r re sid e s o utsid e  the  US the  fo re ig n sta te  tha t the  ship p e r 
re sid e s in. 

Ship p e r 
Co untry 

Te xt Co untry tha t the  ship p e r re sid e s in. 

Ship p e r 
Wa yb ill/ Ship p in
g  Pa p e r 

Te xt Id e ntific a tio n numb e r o f p a p e rs use d  to  id e ntify shipme nt o f 
ha za rd o us ma te ria ls b e ing  tra nsp o rte d . Ta ke n fro m Fo rm DOT F 
5800.1, Se c tio n II, # 11. 

Ship p e r 
HAZMAT 
Re g istra tio n ID 

Te xt The  Ha za rd o us Ma te ria ls Re g istra tio n numb e r o f the  ship p e r. Ta ke n 
fro m Fo rm DOT F 5800.1, Se c tio n II, # 11. 

Orig in City Te xt C ity na me  whe re  ship me nt o f the  ha za rd o us ma te ria l o rig ina te d . 
Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n II, # 12. 

Orig in Sta te  Te xt Sta te  whe re  ship me nt o f the  ha za rd o us ma te ria l o rig ina te d . Ta ke n 
fro m Fo rm DOT F 5800.1, Se c tio n II, # 12. 

Orig in Po sta l 
Co d e  

Te xt Po sta l c o d e  o f sta te  whe re  ship me nt o f the  ha za rd o us ma te ria ls 
o rig ina te d . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n II, # 12. 

Orig in No n-US 
Sta te  

Te xt If the  ship me nt o rig ina te d  o utsid e  the  US, the  fo re ig n sta te  tha t the  
ship me nt o rig ina te d . 

Orig in Co untry Te xt Co untry tha t the  ship me nt o rig ina te d . 

De stina tio n 
City 

Te xt C ity na me  whe re  ship me nt o f the  ha za rd o us ma te ria ls is d e stine d . 
Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n II, # 13. 

De stina tio n 
Sta te  

Te xt Sta te  whe re  ship me nt o f the  ha za rd o us ma te ria ls is d e stine d . Ta ke n 
fro m Fo rm DOT F 5800.1, Se c tio n II, # 13. 

De stina tio n 
Po sta l Co d e  

Te xt Zip  c o d e  o f sta te  whe re  ship me nt o f the  ha za rd o us ma te ria ls is 
d e stine d . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n II, # 13. 

De stina tio n 
No n-US Sta te  

Te xt If the  ship me nt is d e stine d  o utsid e  the  US, the  fo re ig n sta te  tha t the  
ship me nt is d e stine d . 
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De stina tio n 
Co untry 

Te xt Co untry tha t the  ship me nt is d e stine d . 

Co mmo d ity 
Sho rt Na me  

Te xt Sho rt na me  o f the  p ro d uc t b e ing  tra nsp o rte d . 

Co mmo d ity 
Lo ng  Na me  

Te xt Na me  o f the  p ro d uc t b e ing  tra nsp o rte d . Ta ke n fro m Fo rm DOT F 
5800.1, Se c tio n II, # 14. 

Te c hnic a l/ Tra d
e  Na me  

Te xt Co mmo nly use d  na me  o f the  p ro d uc t b e ing  tra nsp o rte d . Ta ke n 
fro m Fo rm DOT F 5800.1, Se c tio n II, # 15. 

Id e ntific a tio n 
Numb e r 

Te xt Unite d  Na tio ns id e ntific a tio n numb e r o f the  p ro d uc t b e ing  
tra nsp o rte d . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n II, # 17. 

Ha za rd o us 
C la ss Co d e  

Te xt 2-d ig it c o d e  to  id e ntify the  ha za rd  c la ss o f the  p ro d uc t b e ing  
tra nsp o rte d . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n II, # 16. 

Ha za rd o us 
C la ss 

Te xt The  ha za rd  c la ss na me  o f the  p ro d uc t b e ing  tra nsp o rte d . Ta ke n 
fro m Fo rm DOT F 5800.1, Se c tio n II, # 16. 

Pa c king  Gro up  Te xt The  p a c king  g ro up  o f the  p ro d uc t b e ing  tra nsp o rte d . Ta ke n fro m 
Fo rm DOT F 5800.1, Se c tio n II, # 18. 

Q ua ntity 
Re le a se d  

Nume ric  Amo unt o f ma te ria l re le a se d  c o nve rte d  into  sta nd a rd ize d  units. 
Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n II, # 19. 

Unit o f 
Me a sure  

Te xt Co d e  tha t ind ic a te s the  “ Units o f Me a sure ”  o f the  sta nd a rd ize d  
units. Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n II, # 19. 

HAZMAT Wa ste  
Ind ic a to r 

Te xt Id e ntifie s whe the r the  ma te ria l b e ing  tra nsp o rte d  is liste d  a s a  
ha za rd o us wa ste . The  va lue s a re  'Ye s' o r 'No  a nd  it d e fa ults to  'No ' if 
no  va lue  wa s e nte re d . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n II, 
# 20. 

HAZMAT Wa ste  
EPA Numb e r 

Te xt EPA Ma nife st Numb e r o f the  ha za rd o us wa ste . Ta ke n fro m Fo rm 
DOT F 5800.1, Se c tio n II, # 20. 

HMIS To xic  b y 
Inha la tio n Ind  

Te xt Ind ic a te s whe the r the  ma te ria l b e ing  tra nsp o rte d  is liste d  a s a  To xic  
b y Inha la tio n ma te ria l. 

TIH Ha za rd  
Zo ne  

Te xt Ha za rd  zo ne  fo r the  To xic  b y Inha la tio n ma te ria l. Ta ke n fro m Fo rm 
DOT F 5800.1, Se c tio n II, # 21. 

Ma te ria l 
Ship me nt 
Ap p ro va l Ind  

Te xt Ind ic a te s if the  ma te ria l wa s ship p e d  und e r a n e xe mp tio n, a n 
a p p ro va l, o r a  Co mp e te nt Autho rity Ce rtific a te . The  va lue s a re  'Ye s' 
o r ‘ No  a nd  it d e fa ults to  'No ' if no  va lue  wa s e nte re d . Ta ke n fro m 
Fo rm DOT F 5800.1, Se c tio n II, # 22. 

Ma te ria l 
Ship me nt 
Ap p ro va l Nb r 

Te xt The  e xe mp tio n, a p p ro va l, o r a  Co mp e te nt Autho rity Ce rtific a te  
id e ntific a tio n numb e r. Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n II, 
# 22. 

Und e c la re d  
HAZMAT 
Ship me nt Ind  

Te xt Ind ic a te s tha t this is a n und e c la re d  ha za rd o us ma te ria ls ship me nt. 
The  va lue s a re  'Ye s' o r 'No  a nd  it d e fa ults to  'No ' if no  va lue  wa s 
e nte re d . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n II, # 23. 

Pa c ka g ing  
Typ e  

Te xt Ind ic a te s the  p a c ka g e  typ e . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n 
III, # 24. 

Wha t Fa ile d  
Co d e  

Te xt The  nume ric  c o d e  tha t id e ntifie s wha t p a rt o f the  p a c ka g ing  fa ile d  
a nd  wa s the  imme d ia te  c a use  o f the  re le a se . Ta ke n fro m Fo rm DOT 
F 5800.1, Se c tio n III, # 25. 

Wha t Fa ile d  
De sc rip tio n 

Te xt The  d e sc rip tio n o f the  c o d e  tha t id e ntifie s wha t p a rt o f the  
p a c ka g e  fa ile d  a nd  wa s the  imme d ia te  c a use  o f the  re le a se . 
Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n III, # 25. 

Ho w Fa ile d  
Co d e  

Te xt The  nume ric  c o d e  tha t d e sc rib e s ho w the  c o rre sp o nd ing  p a rt o f 
the  p a c ka g ing  fa ile d . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n III, 
# 25. 

Ho w Fa ile d  
De sc rip tio n 

Te xt The  d e sc rip tio n o f ho w the  c o rre sp o nd ing  p a rt o f the  p a c ka g ing  
fa ile d . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n III, # 25. 

Fa ilure  Ca use  
Co d e  

Te xt The  nume ric  c o d e  tha t id e ntifie s wha t c a use d  the  c o rre sp o nd ing  
p a rt o f the  p a c ka g ing  to  fa il in the  wa y it d id . Ta ke n fro m Fo rm 
DOTF 5800.1, Se c tio n III, # 25. 
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Fa ilure  Ca use  
De sc rip tio n 

Te xt The  d e sc rip tio n o f wha t c a use d  the  c o rre sp o nd ing  p a rt o f the  
p a c ka g ing  to  fa il in the  wa y it d id . Ta ke n fro m Fo rm DOT F 5800.1, 
Se c tio n III, # 25. 

Id e ntific a tio n 
Ma rking s 

Te xt Id e ntifie s p a c ka g e  ma rking s o r o the r info rma tio n. Ta ke n fro m Fo rm 
DOT F 5800.1, Se c tio n III, # 26a . 

Co nt1 
Pa c ka g ing  
Typ e  

Te xt Pa c ka g e  typ e  fo r the  no n-b ulk, IBC, o r no n-sp e c ific a tio n p a c ka g e . 
Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n III, # 26b . 

Co nt1 Ma te ria l 
o f 
Co nstruc tio n 

Te xt Ma te ria l o f c o nstruc tio n fo r the  no n-b ulk, IBC, o r no n-sp e c ific a tio n 
p a c ka g e . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n III, # 26b . 

Co nt1 He a d  
Typ e  

Te xt He a d  typ e  fo r the  no n-b ulk, IBC, o r no n-sp e c ific a tio n p a c ka g e . 
Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n III, # 26b . 

Co nt1 
Pa c ka g e  
Ca p a c ity 

Nume ric  The  p a c ka g e  c a p a c ity, c o nve rte d  into  sta nd a rd ize d  units. Ta ke n 
fro m Fo rm DOT F 5800.1, Se c tio n III, # 27. 

Co nt1 
Pa c ka g e  
Ca p a c ity UO M 

Te xt Co d e  tha t ind ic a te s the  “ Units o f Me a sure ”  o f the  sta nd a rd ize d  
p a c ka g e  c a p a c ity. Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n III, # 27. 

Co nt1 
Pa c ka g e  
Amo unt 

Nume ric  The  a mo unt o f ma te ria l, c o nve rte d  into  sta nd a rd ize d  units, in the  
p a c ka g e . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n III, # 27. 

Co nt1 
Pa c ka g e  
Amo unt UOM 

Te xt Co d e  tha t ind ic a te s the  “ Units o f Me a sure ”  o f the  sta nd a rd ize d  
a mo unt o f ma te ria l in the  p a c ka g e . Ta ke n fro m Fo rm DOT F 5800.1, 
Se c tio n III, # 27. 

Co nt1 Pkg  
Numb e r in 
Ship me n 

Nume ric  Numb e r o f p a c ka g e s b e ing  tra nsp o rte d . Ta ke n fro m Fo rm DOT F 
5800.1, Se c tio n III, # 27. 

Co nt1 Pkg  
Ship me nt Nb r 
Fa ile d  

Nume ric  Numb e r o f p a c ka g e s re le a sing  ma te ria l in the  inc id e nt. Ta ke n fro m 
Fo rm DOT F 5800.1, Se c tio n III, # 27. 

Co nt1 
Pa c ka g e  
Ma nufa c ture r 

Te xt Na me  o f the  c o mp a ny tha t ma nufa c ture s the  p a c ka g ing . Ta ke n 
fro m Fo rm DOT F 5800.1, Se c tio n III, # 28. 

Co nt1 Pkg  
Ma nufa c ture r 
Da te  

Da te  Da te  tha t the  p a c ka g e  wa s ma nufa c ture d . Ta ke n fro m Fo rm DOT F 
5800.1, Se c tio n III, # 28. 

Co nt1 
Pa c ka g e  Se ria l 
Numb e r 

Te xt The  p a c ka g e  se ria l numb e r. Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n 
III, # 28. 

Co nt1 
Pa c ka g e  La st 
Te st Da te  

Da te  Da te  tha t the  b ulk p a c ka g e  wa s la st te ste d  o r insp e c te d . Ta ke n 
fro m Fo rm DOT F 5800.1, Se c tio n III, # 28. 

Co nt1 Te st 
Ma te ria l O f 
Co nst 

Te xt Ma te ria l tha t the  b ulk p a c ka g e  is c o nstruc te d . Ta ke n fro m Fo rm 
DOT F 5800.1, Se c tio n III, # 28. 

Co nt1 Pkg  
Dsig n Pre ssure  
Rp te d  

Nume ric  The  d e sig n p re ssure  fo r the  p a c ka g e . Ta ke n fro m Fo rm DOT F 5800.1, 
Se c tio n III, # 28. 

Co nt1 Dsig n 
Pre ssure  UOM 
Rp te d  

Te xt Co d e  tha t ind ic a te s the  “ Units o f Me a sure ”  fo r the  d e sig n p re ssure . 
Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n III, # 28. 

Co nt1 Pkg  
She ll Thic kne ss 
Rp td  

Nume ric  The  she ll thic kne ss fo r the  p a c ka g e . Ta ke n fro m Fo rm DOT F 5800.1, 
Se c tio n III, # 28. 
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Co nt1 She ll 
Thic kne ss UO M 
Rp td  

Te xt Co d e  tha t ind ic a te s the  “ Units o f Me a sure ”  fo r the  she ll thic kne ss. 
Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n III, # 28. 

Co nt1 He a d  
Thic kne ss 
Re p o rte d  

Nume ric  The  he a d  thic kne ss fo r the  p a c ka g e . Ta ke n fro m Fo rm DOT F 5800.1, 
Se c tio n III, # 28. 

Co nt1 He a d  
Thic kne ss UO M 
Rp te d  

Te xt Co d e  tha t ind ic a te s the  “ Units o f Me a sure ”  fo r the  he a d  thic kne ss. 
Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n III, # 28. 

Co nt1 Pkg  Srvc  
Pre ssure  Rp te d  

Nume ric  The  se rvic e  p re ssure  fo r the  p a c ka g e . Ta ke n fro m Fo rm DOT F 
5800.1, Se c tio n III, # 28. 

Co nt1 Srvc  
Pre ssure  UOM 
Rp te d  

Te xt Co d e  tha t ind ic a te s the  “ Units o f Me a sure ”  fo r the  se rvic e  p re ssure . 
Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n III, # 28. 

Co nt1 Va lve  o r 
De vic e  Fa il Ind  

Te xt Ind ic a te  tha t a  va lve  o r d e vic e  fa ile d . Ta ke n fro m Fo rm DOT F 
5800.1, Se c tio n III, # 28. 

Co nt1 Va lve  o r 
De vic e  Typ e  

Te xt Va lve  o r d e vic e  typ e . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n III, 
# 28. 

Co nt1 Va l 
De vic e  
Ma nufa c ture r 

Te xt The  va lve  ma nufa c ture r. Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n III, 
# 28. 

Co nt1 Va lve  o r 
De vic e  Mo d e  

Te xt The  va lve  mo d e l. Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n III, # 28. 

Co nt2 
Pa c ka g e  Typ e  

Te xt Inne r p a c ka g e  typ e  fo r the  no n-b ulk, IBC, o r no n-sp e c ific a tio n 
p a c ka g e . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n III, # 26b . 

Co nt2 Ma te ria l 
o f 
Co nstruc tio n 

Te xt Inne r p a c ka g e  ma te ria l o f c o nstruc tio n fo r the  no n-b ulk, IBC, o r 
no n-sp e c ific a tio n p a c ka g e . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n 
III, # 26b . 

Co nt2 
Pa c ka g e  
Ca p a c ity 

Nume ric  The  inne r p a c ka g e  c a p a c ity a s re p o rte d  b y the  p re p a re r. Ta ke n 
fro m Fo rm DOT F 5800.1, Se c tio n III, # 27. 

Co nt2 
Ca p a c ity UO M 
Re p o rte d  

Te xt The  “ Units o f Me a sure ”  fo r the  inne r p a c ka g e  c a p a c ity a s re p o rte d  
b y the  p re p a re r. Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n III, # 27. 

Co nt2 
Pa c ka g e  
Amo unt 

Nume ric  The  inne r p a c ka g e  c a p a c ity a s re p o rte d  b y the  p re p a re r. Ta ke n 
fro m Fo rm DOT F 5800.1, Se c tio n III, # 27. 

Co nt2 
Pa c ka g e  
Amo unt UOM 

Te xt The  “ Units o f Me a sure ”  fo r the  inne r p a c ka g e  c a p a c ity a s re p o rte d  
b y the  p re p a re r. Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n III, # 27. 

Co nt2 Pkg  
Numb e r in 
Ship me nt 

Nume ric  Numb e r o f inne r p a c ka g e s b e ing  tra nsp o rte d . Ta ke n fro m Fo rm DOT 
F 5800.1, Se c tio n III, # 27. 

Co nt2 Pkg  
Ship me nt Nb r 
Fa ile d  

Nume ric  Numb e r o f inne r p a c ka g e s re le a sing  ma te ria l in the  inc id e nt. Ta ke n 
fro m Fo rm DOT F 5800.1, Se c tio n III, # 27. 

RAM Pa c ka g e  
Ca te g o ry 

Te xt Ind ic a te s the  Ra d io a c tive  Pa c ka g ing  c a te g o ry (A = Typ e  A, B = 
Typ e  B, C  = Typ e  C , E = Exc e p te d , a nd  I = Ind ustria l). Ta ke n fro m 
Fo rm DOT F 5800.1, Se c tio n III, # 29. 

RAM Pa c ka g e  
Ce rtific a tio n 

Te xt Ind ic a te s the  c e rtific a tio n o f the  ra d io a c tive  p a c ka g e  (S = Se lf 
Ce rtifie d  a nd  U = U. S. C e rtific a tio n). Ta ke n fro m Fo rm DOT F 5800.1, 
Se c tio n III, # 29. 

RAM Pa c ka g e  
Ce rtific a tio n 
Nb r 

Te xt Ind ic a te s the  Ra d io a c tive  Ce rtific a te  Numb e r tha t the  p a c ka g e  is 
ship p e d  und e r. Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n III, # 29. 
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RAM Nuc lid e (s) 
Pre se nt 

Te xt Ind ic a te s the  Ra d io a c tive  Nuc lid e (s) p re se nt in the  p a c ka g e . Ta ke n 
fro m Fo rm DOT F 5800.1, Se c tio n III, # 29. 

RAM Tra nsp o rt 
Ind e x 

Nume ric  Ind ic a te s the  tra nsp o rt ind e x o f the  Ra d io a c tive  ma te ria ls p re se nt in 
the  p a c ka g e . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n III, # 29. 

RAM UOM Te xt Units o f me a sure  fo r the  tra nsp o rt ind e x, fo r the  Ra d io a c tive  
ma te ria ls p re se nt in the  p a c ka g e . Ta ke n fro m Fo rm DOT F 5800.1, 
Se c tio n III, # 29. 

RAM Ac tivity 
Rp te d  

Nume ric  Ind ic a te s the  a c tivity o f the  Ra d io a c tive  ma te ria ls p re se nt in the  
p a c ka g e . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n III, # 29. 

RAM UOM 
Rp te d  

Te xt Units o f me a sure  fo r the  a c tivity, fo r the  Ra d io a c tive  ma te ria ls 
p re se nt in the  p a c ka g e . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n III, 
# 29. 

RAM Ac tivity Nume ric  The  a c tivity o f the  Ra d io a c tive  ma te ria ls p re se nt in the  p a c ka g e , 
c o nve rte d  into  sta nd a rd ize d  units. Ta ke n fro m Fo rm DOT F 5800.1, 
Se c tio n III, # 29. 

RAM Ac tivity 
UOM 

Te xt Co d e  tha t ind ic a te s the  “ Units o f Me a sure ”  o f the  sta nd a rd ize d  
units fo r the  a c tivity o f the  Ra d io a c tive  ma te ria ls p re se nt in the  
p a c ka g e . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n III, # 29. 

RAM Ma te ria l 
Sa fe ty Ind e x 

Te xt Ind ic a te s the  Critic a l Sa fe ty Ind e x o f the  Ra d io a c tive  ma te ria ls 
p re se nt in the  p a c ka g e . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n III, 
# 29. 

Sp illa g e  
(Re sult) Ind  

Te xt Id e ntifie s whe the r the  c o mmo d ity re le a se d  a s a  c o nse q ue nc e  o f 
the  inc id e nt. The  va lue s a re  'Ye s' o r 'No  a nd  it d e fa ults to  'No ' if no  
va lue  wa s e nte re d . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n IV, # 30. 

Fire  (Re sult) Ind  Te xt Id e ntifie s whe the r a  fire  o c c urre d  a s a  c o nse q ue nc e  o f the  
inc id e nt. The  va lue s a re  'Ye s' o r 'No ' a nd  it d e fa ults to  'No ' if no  
va lue  wa s e nte re d . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n IV, # 30. 

Exp lo sio n 
(Re sult) Ind  

Te xt Id e ntifie s whe the r a n e xp lo sio n o c c urre d  a s a  c o nse q ue nc e  o f the  
inc id e nt. The  va lue s a re  'Ye s' o r 'No ' a nd  it d e fa ults to  'No ' if no  
va lue  wa s e nte re d . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n IV, # 30. 

Wa te r Se we r 
(Re sult) Ind  

Te xt Id e ntifie s whe the r the  c o mmo d ity e nte ring  a  wa te rwa y o r se we r 
syste m wa s a  c o nse q ue nc e  o f the  inc id e nt. The  va lue s a re  'Ye s' o r 
'No ' a nd  it d e fa ults to  'No ' if no  va lue  wa s e nte re d . Ta ke n fro m Fo rm 
DOT F 5800.1, Se c tio n IV, # 30. 

Ga s Disp e rsio n 
(Re sult) Ind  

Te xt Id e ntifie s whe the r g a s d isp e rsio n wa s a  c o nse q ue nc e  o f the  
inc id e nt. The  va lue s a re  'Ye s' o r 'No ' a nd  it d e fa ults to  'No ' if no  
va lue  wa s e nte re d . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n IV, # 30. 

Enviro nme nta l 
Da ma g e  
(Re sult) 

Te xt Id e ntifie s whe the r e nviro nme nta l d a ma g e  o c c urre d  a s a  
c o nse q ue nc e  o f the  inc id e nt. The  va lue s a re  'Ye s' o r 'No ' a nd  it 
d e fa ults to  'No ' if no  va lue  wa s e nte re d . Ta ke n fro m Fo rm DOT F 
5800.1, Se c tio n IV, # 30. 

No  Re le a se  
(Re sult) Ind  

Te xt Id e ntifie s if the re  wa s no  re le a se  o f ma te ria l fo r this inc id e nt. The  
va lue s a re  'Ye s' o r 'No ' a nd  it d e fa ults to  'No ' if no  va lue  wa s 
e nte re d . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n IV, # 30. 

Fire / EMS 
Re p o rt Ind  

Te xt If a  fire  c re w o r EMS unit re spo nd e d  to  the  inc id e nt. The  va lue s a re  
'Ye s' o r 'No ' a nd  it d e fa ults to  'No ' if no  va lue  wa s e nte re d . Ta ke n 
fro m Fo rm DOT F 5800.1, Se c tio n IV, # 31. 

Fire  EMS/ EMS 
Re p o rt Nb r 

Te xt If a  fire  c re w o r EMS unit re sp o nd e d  to  the  inc id e nt, inc lud e  the  
re p o rt numb e r. Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n IV, # 31. 

Po lic e  Re p o rt 
Ind  

Te xt If a  p o lic e  unit re sp o nd e d  to  the  inc id e nt. The  va lue s a re  'Ye s' o r 
'No ' a nd  it d e fa ults to  'No ' if no  va lue  wa s e nte re d . Ta ke n fro m Fo rm 
DOT F 5800.1, Se c tio n IV, # 31. 

Po lic e  Re p o rt 
Nb r 

Te xt If a  p o lic e  unit re sp o nd e d  to  the  inc id e nt, inc lud e  the  re p o rt 
numb e r. Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n IV, # 31. 
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In-Ho use  
C le a nup  Ind  

Te xt In-ho use  c le a nup  o c c urre d  fo r this inc id e nt. The  va lue s a re  'Ye s' o r 
'No ' a nd  it d e fa ults to  'No ' if no  va lue  wa s e nte re d . Ta ke n Fo rm DOT 
F 5800.1, Se c tio n IV, # 31. 

Othe r C le a nup  
Ind  

Te xt Othe r c le a nup  o c c urre d  fo r this inc id e nt. Ta ke n fro m Fo rm DOT F 
5800.1, Se c tio n IV, # 31. 

Da ma g e  Mo re  
Tha n 500 

Te xt Estima te d  d a ma g e s e xc e e d  $500. The  va lue s a re  'Ye s' o r 'No ' a nd  it 
d e fa ults to  'No ' if no  va lue  wa s e nte re d . Ta ke n fro m Fo rm DOT 
F5800.1, Se c tio n IV, # 32. 

Ma te ria l Lo ss Nume ric  Do lla r va lue  o f the  ma te ria l lo st. Ta ke n fro m Fo rm DOT F 5800.1, 
Se c tio n IV, # 32. 

Ca rrie r 
Da ma g e  

Nume ric  Do lla r va lue  o f the  d a ma g e  susta ine d  b y the  c a rrie r. Ta ke n fro m 
Fo rm DOT F 5800.1, Se c tio n IV, # 32. 

Pro p e rty 
Da ma g e  

Nume ric  Do lla r va lue  o f the  d a ma g e  susta ine d  to  p ub lic  o r p riva te  p ro p e rty. 
Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n IV, # 32. 

Re sp o nse  Co st Nume ric  Do lla r va lue  o f the  re sp o nse  c o st. Ta ke n fro m Fo rm DOT F 5800.1, 
Se c tio n IV, # 32. 

Re me d ia tio n 
C le a nup  Co st 

Nume ric  Do lla r va lue  o f the  re me d ia tio n c o st. Ta ke n fro m Fo rm DOT F 5800.1, 
Se c tio n IV, # 32. 

Da ma g e  
Othe r (O ld  
Fo rm) 

Nume ric  Do lla r va lue  o f o the r d a ma g e . Ta ke n fro m the  o ld  Fo rm DOT 
F.5800.1, Se c tio n V, a nd  # 23E. 

To ta l Amo unt 
o f Da ma g e s 

Nume ric  To ta l Amo unt o f Da ma g e s. This fig ure  inc lud e s the  c o st o f the  
ma te ria l lo st, c a rrie r d a ma g e , p ro p e rty d a ma g e , re sp o nse  c o sts, 
a nd  re me d ia tio n c le a n-up  c o sts. 

HAZMAT 
Fa ta lity 
Ind ic a to r 

Te xt A p e rso n wa s fa ta lly injure d  b y c o nta c t with the  ha za rd o us ma te ria l 
o r its va p o rs o r b y a  fire  o r e xp lo sio n tha t re sulte d  fro m the  
ha za rd o us ma te ria l. The  va lue s a re  'Ye s' o r 'No ' a nd  it d e fa ults to  
'No ' if no  va lue  wa s e nte re d . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n 
IV, # 33a . 

HAZMAT 
Fa ta litie s 
Emp lo ye e s 

Nume ric  Numb e r o f e mp lo ye e s fa ta lly injure d  d ue  to  the  ha za rd o us ma te ria l. 
Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n IV, # 33a . 

HAZMAT 
Fa ta litie s 
Re sp o nd e rs 

Nume ric  Numb e r o f e me rg e nc y re sp o nd e rs fa ta lly injure d  d ue  to  the  
ha za rd o us ma te ria l. Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n IV, 
# 33a . 

HAZMAT 
Fa ta lity 
Ge ne ra l Pub lic  

Nume ric  Numb e r o f the  g e ne ra l p ub lic  fa ta lly injure d  d ue  to  the  ha za rd o us 
ma te ria l. Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n IV, # 33a . 

Ha zma t 
Fa ta litie s (O ld  
Fo rm) 

Nume ric  Numb e r o f fa ta litie s d ue  to  the  ha za rd o us ma te ria l (the  va lue  ha s 
b e e n ta ke n fro m inc id e nt d a ta  p rio r to  2005). 

To ta l Ha zma t 
Fa ta litie s 

Nume ric  To ta l fa ta litie s d ue  to  the  ha za rd o us ma te ria l. 

No n_HAZMAT 
Fa ta lity 
Ind ic a to r 

Te xt A p e rso n wa s fa ta lly injure d  b ut it wa s no t c a use d  b y c o nta c t with 
the  ha za rd o us ma te ria l o r its va p o rs o r b y a  fire  o r e xp lo sio n tha t 
re sulte d  fro m the  ha za rd o us ma te ria l. The  va lue s a re  'Ye s' o r 'No ' 
a nd  it d e fa ults to  'No ' if no  va lue  wa s e nte re d . Ta ke n fro m Fo rm DOT 
F 5800.1, Se c tio n IV, # 33b . 

No n-HAZMAT 
Fa ta litie s 

Nume ric  Numb e r o f p e o p le  fa ta lly injure d  d ue  to  c a use s o the r tha n the  
ha za rd o us ma te ria l. Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n IV, 
# 33b . 

HAZMAT Injury 
Ind ic a to r 

Te xt A p e rso n wa s injure d  b y c o nta c t with the  ha za rd o us ma te ria l o r its 
va p o rs o r b y a  fire  o r e xp lo sio n tha t re sulte d  fro m the  ha za rd o us 
ma te ria l. The  va lue s a re  'Ye s' o r 'No ' a nd  it d e fa ults to  'No ' if no  
va lue  wa s e nte re d . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n IV, # 34. 
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HAZMAT 
Ho sp ita lize d  
Emp lo ye e s 

Nume ric  Numb e r o f e mp lo ye e s ho sp ita lize d , a d mitte d  to  a  me d ic a l fa c ility, 
d ue  to  the  ha za rd o us ma te ria l. Ta ke n fro m Fo rm DOT F 5800.1, 
Se c tio n IV, # 34. 

HAZMAT 
Ho sp ita lize d  
Re sp o nd e rs 

Nume ric  Numb e r o f e me rg e nc y re sp o nd e rs ho sp ita lize d , a d mitte d  to  a  
me d ic a l fa c ility, d ue  to  the  ha za rd o us ma te ria l. Ta ke n fro m Fo rm 
DOT F5800.1, Se c tio n IV, # 34. 

HAZMAT 
Ho sp ita lize d  
Ge n Pub lic  

Nume ric  Numb e r o f the  g e ne ra l p ub lic  ho sp ita lize d , a d mitte d  to  a  me d ic a l 
fa c ility, d ue  to  the  ha za rd o us ma te ria l. Ta ke n fro m Fo rm DOT 
F5800.1, Se c tio n IV, # 34. 

HAZMAT 
Ho sp ita lize d  
(O ld  Fo rm) 

Nume ric  Numb e r o f ho sp ita lize d  injurie s d ue  to  the  ha za rd o us ma te ria l (the  
va lue  ha s b e e n ta ke n fro m inc id e nt d a ta  p rio r to  2005). 

To ta l Ha zma t 
Ho sp  Injurie s 

Nume ric  To ta l ho sp ita lize d  injurie s d ue  to  the  ha za rd o us ma te ria l. 

HAZMAT 
No nHo sp  
Emp lo ye e s 

Nume ric  Numb e r o f e mp lo ye e s injure d , b ut no t ho sp ita lize d , d ue  to  the  
ha za rd o us ma te ria l. Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n IV, # 34. 

HAZMAT 
No nHo sp  
Re sp o nd e rs 

Nume ric  Numb e r o f e me rg e nc y re sp o nd e rs injure d , b ut no t ho sp ita lize d , d ue  
to  the  ha za rd o us ma te ria l. Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n 
IV, # 34. 

HAZMAT 
No nHo sp  
Ge ne ra l Pub lic  

Nume ric  Numb e r o f the  g e ne ra l p ub lic  injure d , b ut no t ho sp ita lize d , d ue  to  
the  ha za rd o us ma te ria l. Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n IV, 
# 34. 

HAZMAT 
No nHo sp  (O ld  
Fo rm) 

Nume ric  Numb e r o f no n-ho sp ita lize d  injurie s d ue  to  the  ha za rd o us ma te ria l 
(the  va lue  ha s b e e n ta ke n fro m inc id e nt d a ta  p rio r to  2005). 

To ta l Ha zma t 
No nHo sp  
Injurie s 

Nume ric  To ta l no n- ho sp ita lize d  injurie s d ue  to  the  ha za rd o us ma te ria l. 

To ta l Ha zma t 
Injurie s 

Nume ric  To ta l ho sp ita lize d  a nd  no n-ho sp ita lize d  injurie s d ue  to  the  ha za rd o us 
ma te ria l. 

Eva c ua tio n 
Ind ic a to r 

Te xt The  inc id e nt re q uire d  the  e va c ua tio n o r re mo va l o f p e rso ns fro m a  
sp e c ific  a re a  b e c a use  o f p o ssib le  o r a c tua l c o nta c t with the  
ha za rd o us ma te ria ls invo lve d  in the  inc id e nt. The  va lue s a re  'Ye s' o r 
'No ' a nd  it d e fa ults to  'No ' if no  va lue  wa s e nte re d . Ta ke n fro m Fo rm 
DOT F 5800.1, Se c tio n IV, # 35. 

Pub lic  
Eva c ua te d  

Nume ric  Numb e r o f the  g e ne ra l p ub lic  tha t we re  e va c ua te d . Ta ke n fro m 
Fo rm DOT F 5800.1, Se c tio n IV, # 35. 

Emp lo ye e s 
Eva c ua te d  

Nume ric  Numb e r o f e mp lo ye e s tha t we re  e va c ua te d . Ta ke n fro m Fo rm DOT 
F 5800.1, Se c tio n IV, # 35. 

To ta l 
Eva c ua te d  

Nume ric  To ta l numb e r o f p e o p le  tha t we re  e va c ua te d . Ta ke n fro m Fo rm 
DOT F 5800.1, Se c tio n IV, # 35. 

To ta l 
Eva c ua tio n 
Ho urs 

Nume ric  The  d ura tio n, to  the  ne a re st ho ur, o f the  e va c ua tio n. Ta ke n fro m 
Fo rm DOT F 5800.1, Se c tio n IV, # 35. 

Ma jo r Arte ry 
C lo se d  

Te xt A ro a d  o r tra nsp o rta tio n fa c ility wa s c lo se d  d ue  to  the  inc id e nt. The  
va lue s a re  'Ye s' o r 'No ' a nd  it d e fa ults to  'No ' if no  va lue  wa s 
e nte re d . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n IV, # 36. 

Ma jo r Arte ry 
Ho urs C lo se d  

Nume ric  The  d ura tio n, to  the  ne a re st ho ur, the  ro a d  o r tra nsp o rta tio n fa c ility 
wa s c lo se d . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n IV, # 36. 

Ma te ria l 
Invo lve d  in 
Ac c id e nt 

Te xt The  ha za rd o us ma te ria l wa s invo lve d  in a  c ra sh o r d e ra ilme nt. The  
va lue s a re  'Ye s' o r 'No ' a nd  it d e fa ults to  'No ' if no  va lue  wa s 
e nte re d . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n IV, # 37. 

Estima te d  
Sp e e d  

Nume ric  The  e stima te d  sp e e d  a t the  time  o f the  c ra sh. Ta ke n fro m Fo rm DOT 
F 5800.1, Se c tio n IV, # 37. 
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We a the r 
Co nd itio ns 

Te xt The  we a the r c o nd itio ns a t the  time  o f the  c ra sh. Ta ke n fro m Fo rm 
DOT F 5800.1, Se c tio n IV, # 37. 

Ve hic le  
Ove rturn 

Te xt Id e ntifie s whe the r a  ve hic le  o ve rturne d . The  va lue s a re  'Ye s' o r 'No ' 
a nd  it d e fa ults to  'No ' if no  va lue  wa s e nte re d . Ta ke n fro m Fo rm DOT 
F 5800.1, Se c tio n IV, # 37. 

Ve hic le  Le ft 
Ro a d wa y/ Tra c
k 

Te xt Id e ntifie s whe the r a  le ft the  ro a d wa y o r tra c k. The  va lue s a re  'Ye s' o r 
'No ' a nd  it d e fa ults to  'No ' if no  va lue  wa s e nte re d . Ta ke n fro m Fo rm 
DOT F 5800.1, Se c tio n IV, # 37. 

Pa sse ng e r 
Airc ra ft 
Ind ic a to r 

Te xt Ind ic a te s whe the r the  ship me nt in q ue stio n wa s o n a  c o mme rc ia l 
p a sse ng e r a irc ra ft. The  va lue s a re  'Ye s' o r 'No ' a nd  it d e fa ults to  'No ' 
if no  va lue  wa s e nte re d . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n V, 
# 38. 

Ca rg o  
Pa sse ng e r 
Ba g g a g e  Ind  

Te xt Ind ic a te s if the  ma te ria l wa s te nd e re d  (a c c e p te d  fo r ship me nt) a s 
c a rg o , o r wa s lo c a te d  in a  p a sse ng e r’ s b a g g a g e , e ithe r in the  
c a b in o r b a g g a g e  c o mp a rtme nt o n a  c o mme rc ia l p a sse ng e r 
a irc ra ft. Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n V, # 38. 

Inc id e nt 
Oc c urre nc e  

Te xt Ind ic a te s whe re  in the  c o urse  o f tra nsp o rta tio n the  inc id e nt 
o c c urre d  o r wa s d isc o ve re d . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n 
V, # 39. 

Ship p ha se  
No n-
Tra nsp o rte d  
Ind  

Te xt Ship me nt ha d  no t b e e n tra nsp o rte d . The  va lue s a re  'Ye s' o r 'No ' a nd  
it d e fa ults to  'No ' if no  va lue  wa s e nte re d . Ta ke n fro m Fo rm DOT F 
5800.1, Se c tio n V, # 40. 

Ship p ha se  Air 
First Flig ht Ind  

Te xt Ship me nt ha d  b e e n tra nsp o rte d  b y a ir (first flig ht). The  va lue s a re  
'Ye s' o r 'No ' a nd  it d e fa ults to  'No ' if no  va lue  wa s e nte re d . Ta ke n 
fro m Fo rm DOT F 5800.1, Se c tio n V, # 40. 

Ship p ha se  Air 
Sub Flig ht Ind  

Te xt Ship me nt ha d  b e e n tra nsp o rte d  b y a ir (sub se q ue nt flig hts). The  
va lue s a re  'Ye s' o r 'No ' a nd  it d e fa ults to  'No ' if no  va lue  wa s 
e nte re d . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n V, # 40. 

Ship p ha se  Init 
Tra nsp o rt Ind  

Te xt Ship me nt ha d  b e e n tra nsp o rte d  b y hig hwa y to  the  c a rg o  fa c ility. 
The  va lue s a re  'Ye s' o r 'No ' a nd  it d e fa ults to  'No ' if no  va lue  wa s 
e nte re d . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n V, # 40. 

Ship p ha se  
Tra nsfe r 
Ind ic a to r 

Te xt Ship me nt ha d  b e e n tra nsfe rre d  a t a  so rt c e nte r/ c a rg o  fa c ility. The  
va lue s a re  'Ye s' o r 'No ' a nd  it d e fa ults to  'No ' if no  va lue  wa s 
e nte re d . Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n V, # 40. 

Co nta c t Na me  Te xt Na me  o f the  inc id e nt re p o rt p re p a re r. Ta ke n fro m Fo rm DOT F 
5800.1, Se c tio n VIII. 

Co nta c t Title  Te xt Title  o f the  inc id e nt re p o rt p re p a re r. Ta ke n fro m Fo rm DOT F 5800.1, 
Se c tio n VIII. 

Co nta c t 
Busine ss Na me  

Te xt Busine ss Na me  o f whe re  inc id e nt re p o rt p re p a re r wo rks. Ta ke n fro m 
Fo rm DOT F 5800.1, Se c tio n VIII. 

Co nta c t Stre e t Te xt The  stre e t a d d re ss o f the  b usine ss, whic h the  inc id e nt re p o rt 
p re p a re r wo rks. Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n VIII. 

Co nta c t C ity Te xt The  c ity na me  o f the  b usine ss, whic h the  inc id e nt re p o rt p re p a re r 
wo rks. Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n VIII. 

Co nta c t Sta te  Te xt The  sta te  o f the  b usine ss, whic h the  inc id e nt re p o rt p re p a re r wo rks. 
Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n VIII. 

Co nta c t Po sta l 
Co d e  

Te xt The  p o sta l c o d e  o f the  b usine ss, whic h the  inc id e nt re p o rt p re p a re r 
wo rks. Ta ke n fro m Fo rm DOT F 5800.1, Se c tio n VIII. 

Co nta c t No n-
US Sta te  

Te xt If the  b usine ss is o utsid e  the  US, the  fo re ig n sta te  o f the  b usine ss, 
tha t the  inc id e nt re p o rt p re p a re r, re sid e s. 

Co nta c t 
Co untry 

Te xt The  c o untry o f the  b usine ss, whic h the  inc id e nt re p o rt p re p a re r 
wo rks. 

Pre p a re r o f 
Inc id e nt 
Re p o rt 

Te xt Func tio n o f p re p a re rs b usine ss; c a rrie r, ship p e r, fa c ility 
o wne r/ o p e ra to r o f the  inc id e nt re p o rt p re p a re r. Ta ke n fro m Fo rm 
DOT F 5800.1, Se c tio n VIII. 
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De sc rip tio n o f 
Eve nts 

Te xt The  te xt e nte re d  in the  “De sc rip tio n o f Eve nts a nd  Pa c ka g ing  
Fa ilure ,”  Pa rt VI o f Fo rm DOT F 5800.1 

Re c o mme nd a
tio ns/ Ac tio ns 
Ta ke n 

Te xt The  te xt e nte re d  in the  “Re c o mme nd a tio ns/ Ac tio ns Ta ke n to  
Pre ve nt Re c urre nc e ,”  Pa rt VII o f Fo rm DOT F 5800.1 

HMIS Se rio us 
Inc id e nt Ind  

Te xt The  va lue s a re  'Ye s' o r 'No ' a nd  a re  b a se d  o n the  ne w d e finitio n o f a  
se rio us inc id e nt. Se e  
http :/ / ha zma t.d o t.g o v/ p ub s/ inc / se rio us_inc id e nt_ne w_d e f.p d f fo r 
d e finitio n. 

HMIS Se rio us 
Fa ta lity 

Te xt The  va lue s a re  'Ye s' o r 'No ' a nd  a re  b a se d  o n the  ne w d e finitio n o f a  
se rio us inc id e nt. Se e  
http :/ / ha zma t.d o t.g o v/ p ub s/ inc / se rio us_inc id e nt_ne w_d e f.p d f fo r 
d e finitio n. 

HMIS Se rio us 
Injury 

Te xt The  va lue s a re  'Ye s' o r 'No ' a nd  a re  b a se d  o n the  ne w d e finitio n o f a  
se rio us inc id e nt. Se e  
http :/ / ha zma t.d o t.g o v/ p ub s/ inc / se rio us_inc id e nt_ne w_d e f.p d f fo r 
d e finitio n. 

HMIS Se rio us 
Flig ht Pla n 

Te xt The  va lue s a re  'Ye s' o r 'No ' a nd  a re  b a se d  o n the  ne w d e finitio n o f a  
se rio us inc id e nt. Se e  
http :/ / ha zma t.d o t.g o v/ p ub s/ inc / se rio us_inc id e nt_ne w_d e f.p d f fo r 
d e finitio n. 

HMIS Se rio us 
Eva c ua tio ns 

Te xt The  va lue s a re  'Ye s' o r 'No ' a nd  a re  b a se d  o n the  ne w d e finitio n o f a  
se rio us inc id e nt. Se e  
http :/ / ha zma t.d o t.g o v/ p ub s/ inc / se rio us_inc id e nt_ne w_d e f.p d f fo r 
d e finitio n. 

HMIS Se rio us 
Ma jo r Arte ry 

Te xt The  va lue s a re  'Ye s' o r 'No ' a nd  a re  b a se d  o n the  ne w d e finitio n o f a  
se rio us inc id e nt. Se e  
http :/ / ha zma t.d o t.g o v/ p ub s/ inc / se rio us_inc id e nt_ne w_d e f.p d f fo r 
d e finitio n. 

HMIS Se rio us 
Bulk Re le a se  

Te xt The  va lue s a re  'Ye s' o r 'No ' a nd  a re  b a se d  o n the  ne w d e finitio n o f a  
se rio us inc id e nt. Se e  
http :/ / ha zma t.d o t.g o v/ p ub s/ inc / se rio us_inc id e nt_ne w_d e f.p d f fo r 
d e finitio n. 

HMIS Se rio us 
Ma rine  
Po lluta nt 

Te xt The  va lue s a re  'Ye s' o r 'No ' a nd  a re  b a se d  o n the  ne w d e finitio n o f a  
se rio us inc id e nt. Se e  
http :/ / ha zma t.d o t.g o v/ p ub s/ inc / se rio us_inc id e nt_ne w_d e f.p d f fo r 
d e finitio n. 

HMIS Se rio us 
Ra d io a c tive  

Te xt The  va lue s a re  'Ye s' o r 'No ' a nd  a re  b a se d  o n the  ne w d e finitio n o f a  
se rio us inc id e nt. Se e  
http :/ / ha zma t.d o t.g o v/ p ub s/ inc / se rio us_inc id e nt_ne w_d e f.p d f fo r 
d e finitio n. 

HMIS 
Co nta ine r 
Sho rt De sc r2 

Te xt The  c o nta ine r sho rt d e sc rip tio n a ssig ne d  b y PHMSA b a se d  o n 
Pa c ka g ing  De sc rip tio n, Id e ntific a tio n Ma rking s (Fo rm DOT F 5800.1, 
Se c tio n III, # 24, # 26a  a nd  # 26b ) o r the  De sc rip tio n o f Eve nts (Fo rm 
DOT 5800.1, Se c tio n VI) 

HMIS 
Co nta ine r 
Co d e  

Te xt The  c o nta ine r c o d e  a ssig ne d  b y PHMSA b a se d  o n Pa c ka g ing  
De sc rip tio n, Id e ntific a tio n Ma rking s (Fo rm DOT F 5800.1, Se c tio n III, 
# 24, # 26a  a nd  # 26b ) o r the  De sc rip tio n o f Eve nts (Fo rm DOT 5800.1, 
Se c tio n VI) 

HMIS 
Co nta ine r 
De sc rip tio n 

Te xt The  c o nta ine r d e sc rip tio n a ssig ne d  b y PHMSA b a se d  o n Pa c ka g ing  
De sc rip tio n, Id e ntific a tio n Ma rking s (Fo rm DOT F 5800.1, Se c tio n III, 
# 24, # 26a  a nd  # 26b ) o r the  De sc rip tio n o f Eve nts (Fo rm DOT 5800.1, 
Se c tio n VI) 

                                                 2		The  title  is “HMIS Ge ne ra l Pa c ka g e  Typ e ”  in the  d a ta b a se  a va ila b le  with this re p o rt—it 
wa s c ha ng e d  fo r a na lytic a l e a se . 	
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Da ta  Ele me nt Type  De finition 

HMIS Bulk 
Inc id e nt 
Ind ic a to r 

Te xt Id e ntifie s if the  inc id e nt invo lve d  a  b ulk o r no n b ulk p a c ka g e . 
Assig ns a  va lue  o f 'Ye s' o r 'No ' b a se d  o n the  c o nta ine r size . Fo rm 
DOT F 5800.1, Se c tio n III, # 24 a nd  # 27. 

Und e c la re d  
Ship me nt 

Te xt Id e ntifie s if the  inc id e nt ha d  a n und e c la re d  ship me nt. Assig ns a  
va lue  o f 'Ye s' o r 'No ' b a se d  o n the  info rma tio n p ro vid e d  in Fo rm DOT 
F 5800.1, Se c tio n I, # 1 a nd  Se c tio n II, # 23. 

No te s: 
1. An e le c tro nic  ve rsio n o f the  Ha za rd o us Ma te ria ls Inc id e nt Re p o rt Fo rm DOT F 5800.1 is p ub lishe d  
a t http :/ / ha zma t.d o t.g o v/ p ub s/ inc / sp ill/ Inc id e ntFo rm010105.p d f 
2. The  d a ta  d ic tio na ry re fe re nc e s the  ne w Fo rm DOT 5800.1 a nd  no t the  fo rm use d  p rio r to  2005. 
The  ne w fro m mig ht o r mig ht no t c o nta in a ll the  fie ld s in the  o ld  fo rm. 
Cita tion: 

Offic e  of Ha za rdous Ma te ria ls Sa fe ty. “Da ta  Dic tiona ry”. Inc ide nt Re ports Da ta ba se  Se a rc h, 

<https:/ / ha zma tonline .phmsa .dot.g ov/ Inc ide ntRe portsSe a rc h/ Se a rc h.a spx> 



Ma ste r Da ta ba se  Fie ld De sc riptions 
yColumnN

me 
DataTy
pe 

Leng
th 

CREATE TABLE SQL 
… ALIAS ORIGINAL FIELD NAME 

  
CREATE TABLE 
IncidentMaster ( 

INSERT INTO 
IncidentMaster ( SELECT  

tId identity  intId int identity (1,1),  

tNumber char 20 rptNumber char (20), rptNumber,  LEN(RTRIM([Report Number])) AS [Report Number], 

Number char 10 idNumber char (10), idNumber,  
LEN(RTRIM([Identification Number])) AS [Identification 
Number], 

float  x float ,  x,  LEN(RTRIM([X])) AS [X], 

float  y float ,  y,  LEN(RTRIM([Y])) AS [Y], 

rtSource varchar 255 
rprtSource varchar 
(255), rprtSource,  

LEN(RTRIM([Report Submission Source])) AS [Report 
Submission Source], 

ultiple varchar 255 multiple varchar (255), multiple,  
LEN(RTRIM([Multiple Rows per Incident])) AS [Multiple Rows 
per Incident], 

rrier varchar 255 carrier varchar (255), carrier,  
LEN(RTRIM([Carrier/Reporter Name])) AS [Carrier/Reporter 
Name], 

ta varchar 255 ruta varchar (255), ruta,  LEN(RTRIM([Incident Route])) AS [Incident Route], 

y varchar 255 city varchar (255), city,  LEN(RTRIM([Incident City])) AS [Incident City], 

tado varchar 255 estado varchar (255), estado,  LEN(RTRIM([Incident State])) AS [Incident State], 

tcha varchar 255 fetcha varchar (255), fetcha,  LEN(RTRIM([Date of Incident])) AS [Date of Incident], 

ora varchar 255 hora varchar (255), hora,  LEN(RTRIM([Time of Incident])) AS [Time of Incident], 

antity varchar 255 quantity varchar (255), quantity,  LEN(RTRIM([Quantity Released])) AS [Quantity Released], 

nits varchar 255 units varchar (255), units,  LEN(RTRIM([Unit of Measure])) AS [Unit of Measure], 

ame varchar 255 name varchar (255), name,  
LEN(RTRIM([Commodity Long Name])) AS [Commodity Long 
Name], 

asif varchar 255 clasif varchar (255), clasif,  LEN(RTRIM([Hazardous Class])) AS [Hazardous Class], 

talities varchar 255 fatalities varchar (255), fatalities,  
LEN(RTRIM([Total Hazmat Fatalities])) AS [Total Hazmat 
Fatalities], 

uries varchar 255 injuries varchar (255), injuries,  
LEN(RTRIM([Total Hazmat Hosp Injuries])) AS [Total Hazmat 
Hosp Injuries], 

onHospInjuri
 varchar 255 

nonHospInjuries varchar 
(255), nonHospInjuries,  

LEN(RTRIM([Total Hazmat NonHosp Injuries])) AS [Total 
Hazmat NonHosp Injuries], 

amages varchar 255 damages varchar (255), damages,  
LEN(RTRIM([Total Amount of Damages])) AS [Total Amount of 
Damages], 

ipper varchar 255 shipper varchar (255), shipper,  LEN(RTRIM([Shipper Name])) AS [Shipper Name], 

yOrigin varchar 255 cityOrigin varchar (255), cityOrigin,  LEN(RTRIM([Origin City])) AS [Origin City], 
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Origin State stateOrigin varchar 255 
stateOrigin varchar 
(255), stateOrigin,  LEN(RTRIM([Origin State])) AS [Origin State], 

Mode of Transportation TMode varchar 255 TMode varchar (255), TMode,  
LEN(RTRIM([Mode of Transportation])) AS [Mode of 
Transportation], 

Identification Markings markings varchar 255 markings varchar (255), markings,  
LEN(RTRIM([Identification Markings])) AS [Identification 
Markings], 

Cont1 Material of 
Construction pakMaterial varchar 255 

pakMaterial varchar 
(255), pakMaterial,  

LEN(RTRIM([Cont1 Material of Construction])) AS [Cont1 
Material of Construction], 

Cont1 Packaging Type pakType varchar 255 pakType varchar (255), pakType,  
LEN(RTRIM([Cont1 Packaging Type])) AS [Cont1 Packaging 
Type], 

Cont1 Package 
Capacity pakCapacity varchar 255 

pakCapacity varchar 
(255), pakCapacity,  

LEN(RTRIM([Cont1 Package Capacity])) AS [Cont1 Package 
Capacity], 

Cont1 Package 
Capacity UOM 

pakCapacityU
OM varchar 255 

pakCapacityUOM 
varchar (255), pakCapacityUOM,  

LEN(RTRIM([Cont1 Package Capacity UOM])) AS [Cont1 
Package Capacity UOM], 

Cont1 Pkg Number in 
Shipment pakNumber varchar 255 

pakNumber varchar 
(255), pakNumber,  

LEN(RTRIM([Cont1 Pkg Number in Shipment])) AS [Cont1 Pkg 
Number in Shipment], 

Cont1 Pkg Shipment 
Nbr Failed pakShipment varchar 255 

pakShipment varchar 
(255), pakShipment,  

LEN(RTRIM([Cont1 Pkg Shipment Nbr Failed])) AS [Cont1 Pkg 
Shipment Nbr Failed], 

Cont2 Material of 
Construction pak2Material varchar 255 

pak2Material varchar 
(255), pak2Material,  

LEN(RTRIM([Cont2 Material of Construction])) AS [Cont2 
Material of Construction], 

Cont2 Package Type pak2Type varchar 255 pak2Type varchar (255), pak2Type,  
LEN(RTRIM([Cont2 Package Type])) AS [Cont2 Package 
Type], 

Cont2 Package 
Capacity pak2Capacity varchar 255 

pak2Capacity varchar 
(255), pak2Capacity,  

LEN(RTRIM([Cont2 Package Capacity])) AS [Cont2 Package 
Capacity], 

Cont2 Capacity UOM 
Reported 

pak2Capacity
UOM varchar 255 

pak2CapacityUOM 
varchar (255), pak2CapacityUOM,  

LEN(RTRIM([Cont2 Capacity UOM Reported])) AS [Cont2 
Capacity UOM Reported], 

Cont2 Pkg Number in 
Shipment pak2Number varchar 255 

pak2Number varchar 
(255), pak2Number,  

LEN(RTRIM([Cont2 Pkg Number in Shipment])) AS [Cont2 Pkg 
Number in Shipment], 

Cont2 Pkg Shipment 
Nbr Failed 

pak2Shipmen
t varchar 255 

pak2Shipment varchar 
(255), pak2Shipment,  

LEN(RTRIM([Cont2 Pkg Shipment Nbr Failed])) AS [Cont2 Pkg 
Shipment Nbr Failed], 

What Failed 
Description whatDesc text  whatDesc text ,  whatDesc,  

LEN(RTRIM([What Failed Description])) AS [What Failed 
Description], 

How Failed Description howDesc text  howDesc text ,  howDesc,  
LEN(RTRIM([How Failed Description])) AS [How Failed 
Description], 

Failure Cause 
Description causeDesc text  causeDesc text ,  causeDesc,  

LEN(RTRIM([Failure Cause Description])) AS [Failure Cause 
Description], 

Description of Events genDesc text  genDesc text ,  genDesc,  
LEN(RTRIM([Description of Events])) AS [Description of 
Events], 

HMIS Serious Incident 
Ind srsIncID varchar 255 srsIncID varchar (255), srsIncID,  

LEN(RTRIM([HMIS Serious Incident Ind])) AS [HMIS Serious 
Incident Ind], 

HMIS Serious Bulk 
Release 

srsBulkRelea
se varchar 255 

srsBulkRelease varchar 
(255), srsBulkRelease,  

LEN(RTRIM([HMIS Serious Bulk Release])) AS [HMIS Serious 
Bulk Release], 

HMIS Serious 
Evacuations 

srsEvacuartio
n  varchar 255 

srsEvacuartion  varchar 
(255), srsEvacuartion ,  

LEN(RTRIM([HMIS Serious Evacuations])) AS [HMIS Serious 
Evacuations], 

HMIS Serious Fatality srsFatalities varchar 255 
srsFatalities varchar 
(255), srsFatalities,  

LEN(RTRIM([HMIS Serious Fatality])) AS [HMIS Serious 
Fatality], 
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HMIS Serious Flight 
Plan srsFlightPlan varchar 255 

srsFlightPlan varchar 
(255), srsFlightPlan,  

LEN(RTRIM([HMIS Serious Flight Plan])) AS [HMIS Serious 
Flight Plan], 

HMIS Serious Injury srsInjuries varchar 255 srsInjuries varchar (255), srsInjuries,  LEN(RTRIM([HMIS Serious Injury])) AS [HMIS Serious Injury], 
HMIS Serious Major 
Artery 

srsMajorArter
y varchar 255 

srsMajorArtery varchar 
(255), srsMajorArtery,  

LEN(RTRIM([HMIS Serious Major Artery])) AS [HMIS Serious 
Major Artery], 

HMIS Serious Marine 
Pollutant srsMarine varchar 255 srsMarine varchar (255), srsMarine,  

LEN(RTRIM([HMIS Serious Marine Pollutant])) AS [HMIS 
Serious Marine Pollutant], 

HMIS Serious 
Radioactive 

srsRadioactiv
e varchar 255 

srsRadioactive varchar 
(255) srsRadioactive) 

LEN(RTRIM([HMIS Serious Radioactive])) AS [HMIS Serious 
Radioactive], 

    )   
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Appe ndix C:   Sc ripts for Da ta ba se  Ma na g e me nt 
 
--  
-- Create indexes on important columns 
-- 
 
CREATE INDEX idxPKIncClnXDes ON IncidentCleanXDesc (intId, rptNumber, 
idNumber); 
CREATE INDEX idxPtIncClnXDes ON IncidentCleanXDesc (x, y); 
 
CREATE INDEX idxPKIncDes ON IncidentDescription (intId, rptNumber, 
idNumber); 
 
CREATE INDEX idxPKIncMast ON IncidentMaster (intId, rptNumber, 
idNumber); 
 
--  
-- Insert statement to populate IncidentDescription table 
-- NOTE: intId is just carried over from IncidentMaster  
--       - this id is no longer auto-generated but carried over to all 
tables 
--       - to allow linking the records as required. 
-- If you want to do a clean insert into this table - you can delete 
all the 
-- rows and run this same insert statement again.  It will load a 
description 
-- for every incident ID in the IncidentCleanXDesc table. 
--  
 
INSERT INTO IncidentDescription ( 
intId, rptNumber, idNumber, 
whatDesc, howDesc, causeDesc, genDesc 
) 
SELECT  
 intId, rptNumber, idNumber,  
 whatDesc, howDesc, causeDesc, genDesc 
FROM IncidentMaster 
WHERE 
 intId IN (SELECT intId FROM IncidentCleanXDesc) 
 
-- 
-- Create table for description columns 
-- 
 
CREATE TABLE IncidentDescription ( 
 intId int, 
 rptNumber char (20), 
 idNumber char (10), 
 whatDesc text ,  
 howDesc text ,  
 causeDesc text ,  
 genDesc text  
) 
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--  
-- Insert statement to populate IncidentClean table 
-- No description columns, no repeats, and no null X or Y 
-- NOTE: intId is just carried over from IncidentMaster  
--       - this id is no longer auto-generated but carried over to all 
tables 
--       - to allow linking the records as required. 
--  
 
INSERT INTO IncidentCleanXDesc ( 
 intId, rptNumber, idNumber, x, y, rprtSource, multiple,  
 carrier, ruta, city, estado, fetcha,  
 hora, quantity, units, name, clasif, fatalities,  
 injuries, nonHospInjuries, damages, shipper,  
 cityOrigin, stateOrigin, TMode, markings,  
 pakMaterial, pakType, pakCapacity, pakCapacityUOM, pakNumber, 
pakShipment,  
 pak2Material, pak2Type, pak2Capacity, pak2CapacityUOM, 
pak2Number, pak2Shipment,  
 srsIncID, srsBulkRelease, srsEvacuartion , srsFatalities, 
srsFlightPlan,  
 srsInjuries, srsMajorArtery, srsMarine, srsRadioactive 
) 
SELECT  
 intId, rptNumber, idNumber, x, y, rprtSource, multiple,  
 carrier, ruta, city, estado, fetcha,  
 hora, quantity, units, name, clasif, fatalities,  
 injuries, nonHospInjuries, damages, shipper,  
 cityOrigin, stateOrigin, TMode, markings,  
 pakMaterial, pakType, pakCapacity, pakCapacityUOM, pakNumber, 
pakShipment,  
 pak2Material, pak2Type, pak2Capacity, pak2CapacityUOM, 
pak2Number, pak2Shipment,  
 srsIncID, srsBulkRelease, srsEvacuartion , srsFatalities, 
srsFlightPlan,  
 srsInjuries, srsMajorArtery, srsMarine, srsRadioactive 
FROM IncidentMaster 
WHERE 
 (x is not null OR y is not null) 
  AND  multiple = 'No' 
 
 
--  
-- Create table for all incidents - without description columns  
-- incidents and multiple rows per incident 
-- 
 
CREATE TABLE IncidentCleanXDesc ( 
 intId int, 
 rptNumber char (20), 
 idNumber char (10), 
 x float ,  
 y float ,  
 rprtSource varchar (255), 
 multiple varchar (255), 
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 carrier varchar (255), 
 ruta varchar (255), 
 city varchar (255), 
 estado varchar (255), 
 fetcha varchar (255), 
 hora varchar (255), 
 quantity varchar (255), 
 units varchar (255), 
 name varchar (255), 
 clasif varchar (255), 
 fatalities varchar (255), 
 injuries varchar (255), 
 nonHospInjuries varchar (255), 
 damages varchar (255), 
 shipper varchar (255), 
 cityOrigin varchar (255), 
 stateOrigin varchar (255), 
 TMode varchar (255), 
 markings varchar (255), 
 pakMaterial varchar (255), 
 pakType varchar (255), 
 pakCapacity varchar (255), 
 pakCapacityUOM varchar (255), 
 pakNumber varchar (255), 
 pakShipment varchar (255), 
 pak2Material varchar (255), 
 pak2Type varchar (255), 
 pak2Capacity varchar (255), 
 pak2CapacityUOM varchar (255), 
 pak2Number varchar (255), 
 pak2Shipment varchar (255), 
 srsIncID varchar (255), 
 srsBulkRelease varchar (255), 
 srsEvacuartion  varchar (255), 
 srsFatalities varchar (255), 
 srsFlightPlan varchar (255), 
 srsInjuries varchar (255), 
 srsMajorArtery varchar (255), 
 srsMarine varchar (255), 
 srsRadioactive varchar (255) 
) 
 
 
-- Insert statement to populate IncidentMaster table 
-- Change table name as required to move data from 1998 - 2007 incident 
tables. 
-- Also replace bg_lat and bg_long for X, Y for the 2006, 2007 tables 
-- 
 
INSERT INTO IncidentMaster ( 
rptNumber, idNumber, x, y, rprtSource, multiple,  
carrier, ruta, city, estado, fetcha,  
hora, quantity, units, name, clasif, fatalities,  
injuries, nonHospInjuries, damages, shipper,  
cityOrigin, stateOrigin, TMode, markings,  
pakMaterial, pakType, pakCapacity, pakCapacityUOM, pakNumber, 
pakShipment,  
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pak2Material, pak2Type, pak2Capacity, pak2CapacityUOM, pak2Number, 
pak2Shipment,  
whatDesc, howDesc, causeDesc, genDesc,  
srsIncID, srsBulkRelease, srsEvacuartion , srsFatalities, 
srsFlightPlan,  
srsInjuries, srsMajorArtery, srsMarine, srsRadioactive 
) 
SELECT  
[Report Number],[Identification Number],[X],[Y],[Report Submission 
Source],[Multiple Rows per Incident], 
[Carrier/Reporter Name],[Incident Route],[Incident City],[Incident 
State],[Date of Incident], 
[Time of Incident],[Quantity Released],[Unit of Measure],[Commodity 
Long Name],[Hazardous Class],[Total Hazmat Fatalities], 
[Total Hazmat Hosp Injuries],[Total Hazmat NonHosp Injuries],[Total 
Amount of Damages],[Shipper Name], 
[Origin City],[Origin State],[Mode of Transportation],[Identification 
Markings], 
[Cont1 Material of Construction],[Cont1 Packaging Type],[Cont1 Package 
Capacity],[Cont1 Package Capacity UOM],[Cont1 Pkg Number in 
Shipment],[Cont1 Pkg Shipment Nbr Failed], 
[Cont2 Material of Construction],[Cont2 Package Type],[Cont2 Package 
Capacity],[Cont2 Capacity UOM Reported],[Cont2 Pkg Number in 
Shipment],[Cont2 Pkg Shipment Nbr Failed], 
[What Failed Description],[How Failed Description],[Failure Cause 
Description],[Description of Events], 
[HMIS Serious Incident Ind],[HMIS Serious Bulk Release],[HMIS Serious 
Evacuations],[HMIS Serious Fatality],[HMIS Serious Flight Plan],[HMIS 
Serious Injury],[HMIS Serious Major Artery],[HMIS Serious Marine 
Pollutant],[HMIS Serious Radioactive] 
FROM <INCIDENTIMPORTTABLE> 
 
 
-- 
--  Create single master table for all incidents. 
-- 
 
CREATE TABLE IncidentMaster ( 
 intId int identity (1,1), 
 rptNumber char (20), 
 idNumber char (10), 
 x float ,  
 y float ,  
 rprtSource varchar (255), 
 multiple varchar (255), 
 carrier varchar (255), 
 ruta varchar (255), 
 city varchar (255), 
 estado varchar (255), 
 fetcha varchar (255), 
 hora varchar (255), 
 quantity varchar (255), 
 units varchar (255), 
 name varchar (255), 
 clasif varchar (255), 
 fatalities varchar (255), 
 injuries varchar (255), 
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 nonHospInjuries varchar (255), 
 damages varchar (255), 
 shipper varchar (255), 
 cityOrigin varchar (255), 
 stateOrigin varchar (255), 
 TMode varchar (255), 
 markings varchar (255), 
 pakMaterial varchar (255), 
 pakType varchar (255), 
 pakCapacity varchar (255), 
 pakCapacityUOM varchar (255), 
 pakNumber varchar (255), 
 pakShipment varchar (255), 
 pak2Material varchar (255), 
 pak2Type varchar (255), 
 pak2Capacity varchar (255), 
 pak2CapacityUOM varchar (255), 
 pak2Number varchar (255), 
 pak2Shipment varchar (255), 
 whatDesc text ,  
 howDesc text ,  
 causeDesc text ,  
 genDesc text ,  
 srsIncID varchar (255), 
 srsBulkRelease varchar (255), 
 srsEvacuartion  varchar (255), 
 srsFatalities varchar (255), 
 srsFlightPlan varchar (255), 
 srsInjuries varchar (255), 
 srsMajorArtery varchar (255), 
 srsMarine varchar (255), 
 srsRadioactive varchar (255) 
) 

 

 

 

Script for Major Evacuation  Query: 
-- 
-- withn this query I selected srsevacuation=yes and liked to the 
desvcription by internal ID field. 
-- 
 
SELECT * FROM IncidentMaster WHERE srsEvacuartion = 'Yes' 
 
SELECT *  
FROM IncidentCleanXDesc icx, IncidentDescription ides 
WHERE icx.srsEvacuartion = 'Yes' 
  AND icx.intId = ides.intId 
 
 
 
 
-- 
-- Find all incidents which have multiple rows per incident 
-- Use the IncidentMaster table, WHERE multiple = 'Yes' 
-- Sort this data by rptNumber, idNumber, intId 
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-- FIGURE OUT A BETTER WAY TO DO THIS 
--  
 
SELECT * FROM IncidentMaster 
WHERE rptNumber + '|' + idNumber 
   IN ( 
  SELECT dups.rptNumber + '|' + dups.idNumber FROM  
   (SELECT rptNumber, idNumber, COUNT(*) AS theCount  
      FROM IncidentMaster 
     GROUP BY rptNumber, idNumber 
    ) dups 
   WHERE dups.theCount > 1 
      ) 
ORDER BY rptNumber, idNumber, intId 

 

 

Matlab Script for Data Interoperability Excel- ArcMap10 
 
file_extensions={'*.csv';'*.txt';'*.xls'}; 
file_separators={',',' ',' '}; 
file_types={'archivo con separador de comas';... 
            'archivo de texto';... 
            'archivo excel'}; 
  
oldpath=cd; 
  [xls_files,files_path]=uigetfile(pwd, 'Indique los archivos de 
Entrada',... 
                        '*.xls','MultiSelect','on'); 
cd(files_path);                      
fileNames=sort(xls_files) 
  
default_selection=1;                 
screen=get(0,'MonitorPositions' 
[selection,ok] = listdlg('PromptString','Tipo de archivo de 
salida:',... 
                'SelectionMode','single',... 
                'ListSize', [screen(3)/4,screen(4)/10],... 
                'ListString',file_types,... 
                'InitialValue', default_selection, ... 
                'Name',[mfilename ' input']); 
if (ok==1) 
    outfile_ext=file_extensions{selection}; 
    outfile_sep=file_separators{selection}; 
else 
    outfile_ext=file_extensions{default_selection}; 
    outfile_sep=file_separators{default_selection}; 
end 
  
[out_filename,outfile_path]=uiputfile(outfile_ext,... 
                          'Seleccione nombre para el archivo 
concatenado'); 
  
%inicializacion del ciclo 
num_files=length(fileNames); 
info_todos=[]; 
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remove_hdr=false;              %flag que indica no remover el 
encabezado (del primer archivo) 
h_wait=waitbar(1/(2*num_files),[mfilename,' procesando: ']); 
  
for idx_file=1:num_files;    
    [numeros,texto, info]=xlsread(fileNames{idx_file});  
    header_lines=length(texto)-length(numeros);   
    clear numeros  texto;                         
    if remove_hdr && header_lines>0                 
        info=info(1+header_lines:end,:);            
        remove_hdr=true;                     
    end 
    info_todos=[info_todos;info];                   
    waitbar(idx_file/(num_files+2),h_wait);         
end 
  
num_fields=size(info_todos,2); 
info_todos=info_todos';                      
fid=fopen(out_filename,'w'); 
eol=[13 10];                                 
if isequal(outfile_ext,'*.xls'); 
    try                                     
        xlswrite(out_filename,info_todos,','); 
    catch 
        warndlg(['Demasiados datos: ',num2str(length(info_todos)), eol, 
... 
                ' El maximo es ', num2str(2^16)],[mfilename ' 
warning']); 
    end 
else 
    sep=outfile_sep; 
    %escribe el encabezado 
    header=info_todos(:,1); 
    header=strrep(header,' ','');           
    header=strrep(header,'_','');           
    texto_raiz=['%s',outfile_sep];               
    u=texto_raiz(ones(num_fields,1),:);          
    ut=u';                                     
    format_str=ut(:)';                           
    format_str=[format_str(1:end-1),eol];  
    fprintf(fid,format_str,header{1:num_fields}); 
 
=findstr(format_str,'%'); 
    muestra=info_todos(:,end); 
     
    for id_field=1:num_fields; 
       if ischar(muestra{id_field}) 
           num_type='%s'; 
       elseif isreal(muestra{id_field}) 
           num_type='%f'; 
       else 
           num_type='%d';            
       end 
       idx=percent_id(id_field); 
       format_str(idx:idx+1)=num_type; 
    end 
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   fprintf(fid,format_str,info_todos{:,2:end}); 
end 
  
%final settings 
fclose(fid);                              
waitbar(1,h_wait,['Proceso terminado. ', 
num2str(length(info_todos)),... 
                ' registros concatenados']); 
pause(0.5); 
close(h_wait); 
cd(oldpath)                              
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Appe ndix D: Sc ore s for top c luste rs in Ca lifornia  

 
FID_1 Fre que nc y GIZSc ore  GIPVa lue  Pla c e / County Subdivision 

47 906 17.929 0.00000 Sa c ra me nto  
56 369 3.784 0.00015 So uthe a st 
48 365 13.344 0.00000 Sa c ra me nto  
3 313 3.053 0.00219 So uth Sa n Fra nc isc o  

101 306 3.229 0.00124 
Ana he im-Sa nta  Ana -G a rd e n 
G ro ve  

117 273 5.117 0.00000 Sa n Be rna rd ino  
130 257 2.950 0.00307 Sa n Be rna rd ino  
90 250 2.557 0.01056 Sa n Die g o  
59 242 1.691 0.05664 So uthe a st 

97 230 2.521 0.01171 
Ana he im-Sa nta  Ana -G a rd e n 
G ro ve  

33 213 1.768 0.07702 Ea st Yo lo  
69 212 1.413 0.15759 Do wne y-No rwa lk 
125 206 2.058 0.03961 Sa n Be rna rd ino  
60 201 2.453 0.01376 Lo s Ang e le s 
114 198 4.658 0.00000 Sa n Be rna rd ino  
13 164 1.707 0.08773 Sa n Jo se  
137 161 1.927 0.05404 Ba rsto w-Vic to rville  
9 178 1.875 0.05061 Oa kla nd  
111 156 2.522 0.01168 Sa n Be rna d ino  
41 156 2.133 0.03290 Sa c ra me nto  

37 121 2.309 0.02094 Ea st Yo lo  

104 105 1.653 0.09625 
Ana he im-Sa nta  Ana -G a rd e n 
G ro ve  

76 95 1.336 0.18166 Sa n Fe rna ndo  Va lle y 
31 69 1.901 0.05729 Ea st Yo lo  
81 76 3.076 0.00209 Lo s Ang e le s 
112 71 1.951 0.05111 Sa n Be rna rd ino  
42 43 2.014 0.04400 Sa c ra me nto  
39 34 2.084 0.03718 Ea st Yo lo  
120 33 2.854 0.00419 Sa n Be rna rd ino  
56 30 4.656 0.00000 So uthe a st 
127 29 2.025 0.04266 Sa n Be rna rd ino  
67 29 1.876 0.06066 Whittie r 
77 24 1.938 0.05267 Lo s Ang e le s 
36 17 1.519 0.12863 Ea st Yo lo  
19 13 1.472 0.14115 Oa kla nd  
131 11 2.950 0.00307 Sa n Be rna rd ino  
1 11 0.853 0.00012 So uth Sa n Fra nc isc o  
116 10 4.669 0.00000 Sa n Be rna rd ino  
29 10 1.686 0.09171 Sa c ra me nto  
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Appe ndix E: Sc ore s for top c luste rs in Ca lifornia  

 

Ta ble  19.  Poisson re g re ssion mode l of a ll spill c ounts by tra c t 

 Estima te   Std. Error  z va lue   Pr(> |z|) 

(Inte rc e p t)  -3.4508  0.1783  -19.36  0.0000 

% Bla c k  1.4531  0.5997  2.42  0.0154* 

% Asia n  - 2.6257  0.7872  - 3.34  0.0009* 

% Ame ric a n 

India n 

 5.4073  1.3282  4.07  0.0000* 

% NHOPI  13.9368  4.7911  2.91  0.0036 

% White , 

Hispa nic  

 2.6311  0.4488  5.86  0.0000* 

% Asia n, 

Hispa nic  

 41.6960  8.2044  5.08  0.0000* 

%  Ame ric a n 

India n, 

Hispa nic   

 17.2901  4.7993  3.60  0.0003* 

% NHOPI, 

Hispa nic   

 52.5149  10.8373  4.85  0.0000* 

% Re nte rs  - 1.1324  0.4030  - 2.81  0.0050* 

% Pove rty  - 2.1944  0.9988  - 2.20  0.0280* 

AIC=2107.2     ∑ 0 =7035     
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Ta ble  20.   Qua i- Poisson mode l of a ll spill c ounts 
  Estima te   Std. Error  t va lue   Pr(> |t|) 

(Inte rc e p t)  -3.4508  0.3482  -9.91  0.0000 

%Bla c k  1.4531  1.1715  1.24  0.2149 

% Asia n  - 2.6257  1.5377  - 1.71  0.0878Ψ 

% Ame ric a n 

India n 

 5.4073  2.5945  2.08  0.0372** 

%NHOPI  13.9368  9.3587  1.49  0.1365 

% White , Hispa nic   2.6311  0.8767  3.00  0.0027** 

% Asia n, Hispa nic   41.6960  16.0262  2.60  0.0093** 

%  Ame ric a n 

India n, Hispa nic   

 17.2901  9.3748  1.84  0.0652 Ψ 

% NHOPI, Hispa nic    52.5149  21.1693  2.48  0.0131* 

%Re nte rs  -1.1324  0.7872  -1.44  0.1504 

%Po ve rty  -2.1944  1.9510  -1.12  0.2607 

AIC=NA     ∑ 0 =7035     

 

 

Ta ble  21.  Ne g a tive  Binomia l Mode l of All Spills, 1998 to  2010 

 Estima te  Std. Error z va lue  Pr(> |z|) 

(Inte rc e p t)  -3.5287  0.2901  -12.16  0.0000 

%Bla c k  0.7145  1.1570  0.62  0.5369 

%Asia n  -1.8319  1.0196  -1.80  0.0724 Ψ 

%Ame ric a n Ind ia n  24.4263  5.6038  4.36  0.0000*** 

%NHOPI  16.1503  10.5912  1.52  0.1273* 

%White , Hisp a nic   1.6828  0.8434  2.00  0.0460* 

%Asia n, Hisp a nic   39.5396  24.8456  1.59  0.1115 

% Ame ric a n 
Ind ia n, Hisp a nic   

 9.4482  13.5225  0.70  0.4847 

%NHOPI, Hisp a nic    73.9221  48.6049  1.52  0.1283 

%Re nte rs  -1.2780  0.6281  -2.03  0.0419* 

%Po ve rty  -0.6384  1.5076  -0.42  0.6719 

AIC=1,413     
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Ta ble  22. Hurdle  mode ls of a ll spills, 1998- 2010 
Count mode l c oe ffic ie nts (trunc a te d poisson with log  link): 

             Estima te   Std. Error  z va lue   Pr(>|z|)     

(Inte rc e p t)  0.3932     0.3050   1.289  0.19737     

%Bla c k 0.1882     1.1373   0.166  0.86854     

% Asia n - 2.2307     1.3561  - 1.645  0.09998 Ψ   

% Ame ric a n India n 2.5228     4.8268   0.523  0.60121     

% NHOPI 18.0567     7.2870   2.478  0.01321 *   

% White , Hispa nic  1.9959     0.6759   2.953  0.00315 **  

% Asia n, Hispa nic  121.0263    16.3048   7.423  1.15e - 13 *** 

% Ame ric a n 
Ind ia n, Hisp a nic   

  4.3390     5.7957   0.749  0.45406     

%NHOPI, Hisp a nic   13.5676    16.1163   0.842  0.39987     

% Re nte rs  - 1.5465     0.6417   - 2.410   0.01596 *   

% Pove rty  - 2.6662     1.2050   - 2.213  0.02692 *   

Ze ro hurdle  mode l c oe ffic ie nts (binomia l with log it link): 

            Estima te   Std. Error z va lue   Pr(>|z|)      

(Inte rc e p t)  -4.0065     0.2350  -17.053   <2e -16 *** 

%Bla c k   0.3071     0.9213   0.333   0.7389     

%Asia n    -1.4031     0.8893  -1.578   0.1146     

%Ame ric a n Ind ia n   3.9608     2.4324   1.628   0.1035     

%NHOPI    8.6496     7.9450   1.089   0.2763     

%White , Hisp a nic  0.8487     0.6553   1.295    0.1953     

%Asia n, Hisp a nic  -16.4907    27.0928  -0.609   0.5427     

%  Ame ric a n 

India n, Hispa nic   

13.3988     7.8235   1.713   0.0868 .   

% NHOPI, Hispa nic   49.6711    20.6168   2.409  0.0160 *   

%Re nte rs   -0.6407     0.5080  -1.261   0.2072     

%Po ve rty  0.1607     1.1611   0.138   0.8899    

 

  



Pa g e  93 o f 101  

 

Ta ble  23.  Ze ro- infla te d Ne g a tive  Binomia l Mode l 
Poisson with log  link  

             Estima te  Std. Error  z va lue   Pr(>|z|)     

(Inte rc e p t)   0.3990     0.3126   1.276  0.201821     

%Bla c k  -0.1398     1.2298  -0.114  0.909467     

%Asia n  -1.6661     1.3056  -1.276  0.201899     

%Ame ric a n 
Ind ia n 

-5.2839     3.8789   -1.362  0.173133     

% NHOPI 18.9761     6.9937   2.713 0.006662 **  

% White , 

Hispa nic  

 2.4825     0.6756   3.674 0.000238 *** 

% Asia n, 

Hispa nic  

113.7333    15.8801   7.162  7.95e - 13 *** 

% Ame ric a n 
Ind ia n, 
Hisp a nic   

 5.4758     4.9130   1.115 0.265046     

%NHOPI, 
Hisp a nic   

1.6704    18.8395   0.089  0.929346     

% Re nte rs  - 1.5826     0.6426  - 2.463  0.013781 *   

% Pove rty - 3.0513     1.1408  -   2.675 0.007479 ** 

binomia l with log it link 

 Estima te  Std. Error z va lue   Pr(>|z|)     

(Inte rc e p t)   3.94335    0.31565  12.493  < 2e -16 *** 

%Bla c k    -0.54534    1.30274   -0.419  0.67550     

%Asia n    0.09682    1.29924   0.075  0.94059     

% Ame ric a n 

India n 

 - 23.65583    8.63731   - 2.739  0.00617 **  

%NHOPI    0.85197    9.03254   0.094  0.92485     

%White , 
Hisp a nic  

 0.51213    0.80936   0.633  0.52689     

% Asia n, 

Hispa nic  

60.97039   30.95996   1.969  0.04892 *   

% Ame ric a n 
Ind ia n, 
Hisp a nic   

-9.37490    8.83207  -1.061  0.28848     

%NHOPI, 
Hisp a nic   

-61.18217   41.27945   -1.482   0.13830     

%Re nte rs    -0.35072    0.70560  -0.497   0.61916     

%Po ve rty  -2.24018    1.51492  -1.479   0.13921   
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