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. L  . 

ABSTRACT 
! - 

One element in the  Phys ica l  P ro tec t ion  of  Nuc lea r  Material  in T r a n s i t  
Program is a de terminat ion  of  the  n u m b e r  o f  local law en fo rcemen t  a g e n t s  
tha t  might be  avai lable to s u p p o r t  the  t r a n s p o r t a t i o n  s a f e g u a r d s  s y s t e m .  A 
compu te r  model,  COPS, has  been  d e v e l o p e d  to h e l p  a d d r e s s  th i s  p r o b l e m .  
The model, p r o v i d e s  an i n e x p e n s i v e  means for  i d e n t i f y i n g  a r e a s  along a r o u t e  
where  t h e  police cove rage  may be  r e l a t i v e l y  loW. It may also be  used  to com- 
p a r e  a l t e rna te  r o u t e s  be tween  locat ions  and help i d e n t i f y t h o s e  r o u t e s  with 
better police coverage.  

COPS has been  used  to ana lyze  s e v e r a l  r o u t e s  u s e d  for  t he  t r a n s p o r t a t i o n  
of  h igh ly  en r i ched  uran ium.  Examples  of  t h e s e  a n a l y s e s  a r e  p r e s e n t e d .  
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C O P S  A MODEL FOR ESTIMATING LOCAl ,  LAW 
E N F O R C E M E N T  AGENT AVAILABILITY 

I. In t roduct ion  

Sandia Laboratories is currently conducting a program sponsored 
by the Division of Safeguards, Fuel Cycle, and Env:ir0nmental~i.Research 
wi*.hin the Nuclear Regulatory Commission to develop melhod01ogies for 
structuring an, d evaluating, physical protection systems. Sandia Livermore 
has had primary responsibility for thetransp0rtati0n safeguards systems 
evaluative methodologies. [I] One element in this analysiS', is the d e t e r -  '":: 
ruination of the number of local law enforcement agency, (LLEA) officers = 
available to support the transportatio n safeguards system., ::A computer{zed. 
model, COPS (COunt Police Support), has been developed to estimate:the " 
number of police that might be available along prescribed highway routes. 

Estimates of the number of pe.rsonnel who m~ght be.able to respond 
to an attack on a special nuclear material (SNM) {ransporter are an impor- 

rant aid in the planning of secure material transport systems. One appli- 
cation of the COPS model is the identification of areas along a route which 
may have low police coverage. "Softspots" may require additional escorts 
or communications in order to achieve adequate security. COPS can also ~ .... 
be used to compare alternate routes to the same.106ati0n and help~{¢lentify 
t hose  r o u t e s  with b e t t e r  pol ice  cove rage .  

COPS may  be used  to e s t i m a t e  the to ta l  a v a i l a b l e  po l i ce :a l0ng  a r o u t e .  
This  d i s t r i b u t i o n  p r o v i d e s  an upper  l imit  to the e s t i m a t e d  r e s p o n s e  f o r c e  
s ize  s i n c e  all po l ice  would not no rma l ly  be on duty  at the s a m e  t ime,  and 
the t i m e  r e q u i r e d  to cal l  o f f -du ty  o f f i c e r s  in fo r :emergencY~ duty  would 
p r o b a b l y  be  ionge r  than the t i m e  avai lable  to t h w a r t  an attack: 'on an SNM 
t r a n s p o r t e r .  Addi t ional ly ,  gene ra l i zed  shift  and pa t ro l  s t a t i s t i c s  [3] m a y  
be included in COPS to modify  the e s t i m a t e s  of to ta l  po i i ce  ava i l ab le .  
P o l i c e  d i s t r i b u t i o n  s ba sed  on t h i s  in fo rmat ion  p~'0Bablv r e p r e s e n t  m o r e  
r e a l i s t i c  e s t i m a t e s  of  the actual  n u m b e r  of o f f i c e r s  who could r e spond  in 

a t i m e l y  manne r .  

The COPS model  has been used  to a n ~ y z e  s e v e r a l  r o u t e s w h i c h  have 
been  used  in the t r a n s p o r t a t i o n  of highly en r i ched  u r a n i u m .  E x a m p l e s  of 
these  a n a l y s e s  a re  ~resen ted  in Sec t ion  III. 

" ~ .F  " 

? 
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A 

The  b a s i c  l i m i t a t i o n  of  the C O P S  m o d e l  f o r  r o u t e  a n a l y s i s  i s  tha t  it 
d o e s  not  u s e  the  a c t u a l  d i s t r i b u t i o n  of  p o l i c e  bu t  a m o d e l  o f  t h i s  d i s t r i b u t i o n  
b a s e d  on popu la t i on .  While th is  r e p r e s e n t a t i o n  of  the  p o l i c e  d i s t r ibu t ionS ' i s  
no t  c o m p l e t e l y  a c c u r a t e  in de t a i l ,  c o m p a r i s o n s  wi th  the  l i m i t e d  a v a i l a b l e  i 
d a t a  i n d i c a t e  tha t  it d o e s  m o d e l  the  t r e n d s  in p 0 1 i c e - a v a i l a b i l i t y .  C O P S  ': 
p r o v i d e s  a r a p i d  and i n e x p e n s i v e  m e a n s  fo r  p r o d u c i n g  e s t i m a t e s  o f  r e l a t i v e  
p o l i c e  a v a i l a b i I i t y .  It t h u s  can  be  u s e d  to e x a m i n e  a wide  v a r i e t y  of  p o s  ~ 
s i b l e  r o u t e s  in a s h o r t  a m o u n t  of t i m e .  If it is  n e c e s s a r y  to d e t e r m i n e  the  
a c t u a l  a v a i l a b i l i t y  m o r e  a c c u r a t e l y  in a r e a s  w h e r e  f ew p o l i c e  a r e  p r e d i c t e d ,  
C O P S  can  be  u s e d  to iden t i fy  t h o s e  a r e a s  w h e r e  f u r t h e r  f i e ld  i n v e s t i g a t i o n  
m a y  b e  d e s i r a b l e .  

As  p a r t  of  s a f e g u a r d s  s t u d i e s  on D O E . t r a n s p o r t a t i o n  s y s t e m s ,  S a n d i a  
L a b o r a t o r i e s  h a s  c o l l e c t e d  d a t a  f r o m  ~state p o l i c e  o r g a n i z a t i o n s  r e g a r d i n g  
n u m b e r s  o f  o f f i c e r s  a v a i l a b l e  and t h e i r  r e s p o n s e  t i m e s  to  s a f e g u a r d s  e m e r - i  
g e n c i e s .  [2] S i m i l a r  d a t a  f o r  c o u n t i e s  a n d  c i t i e s  • g r e a t e r  t han  25 000 in 
p o p u l a t i o n  h a s  r e c e , ~ d y  b e e n  c o l l e c t e d  b y  the  I n t e r n a t i o n a l  A s s o c i a t i o n  o f  
C h i e f s  of  P o l i c e  ( IACP)  u n d e r  a c o n t r a c t  f r o m  Sandia .  T h i s  d a t a  is now 
b e i n g  a s s e m b l e d  but  is  not  ye t  a v a i l a b l e  f o r  u s e .  The  C O P S  m o d e l u s e s  

d a t a  wh ich  i s  r o u t i n e l y  c o l l e c t e d  b y  the  B u r e a u  0 f : C e n s u s  rand the  FBI ,  
t h u s  avo id ing  the  t i m e  and e x p e n s e  i n v o l v e d  in upda t i ng  p o l i c e  d a t a  b y  a 
s e p a r a t e  s u r v e y .  E x a m p l e s  c o m p a r i n g  the  tWO s t a t e  p o l i c e  d a t a  b a s e s  show 
v e r y  good a g r e e m e n t .  

R e s p o n s e  f o r c e  i s s u e s  Which a r e  not  a d d r e s s e d  by  the  C O P S  m o d e l  
i n c l u d e  the c a p a b i l i t i e s  of  the  L L E A  o f f i c e r s  who m i g h t  r e s p o n d ,  in t e r m s  
of  bo th  t r a i n i n g  and a r m a m e n t .  L i k e w i s e  the  r o u t e s  tha t  l o c a l  p o l i c e  m i g h t  
t a k e  to  a r r i v e  at the  s c e n e  of  an i nc iden t  a r e  n o t  s p e c i f i c a l l y  m o d e l e d .  
S a f e g u a r d s  and s a f e t y  c o n s i d e r a t i o n s  s o m e t i m e  s d i c t a t e  o p p 0 ~ i f e a c t i o n s  
in t r a n s p o r t a t i o n  s y s t e m s .  F o r  e x a m p l e ,  m o v i n g  SNM t h r o u g h  l a r g e  
m e t r o p o l i t a n  a r e a s  would  p r o v i d e  f o r  m o r e  l o c a l  p o l i c e  to  r e s p o n d  to 
e m e r g e n c i e s ,  b u t  would  e x p o s e  m o r e  p e o p l e  to r a d i a t i o n  h a z a r d s  if t he  
SNM w e r e  a c c i d e n t l y  o r  m a l i c i o u s l y  d i s p e r s e d .  The  C O P S  m o d e l  d o e s  
not  a d d r e s s  such  s a f e t y  i s s u e s .  

II. Model '  Desc~ i t~ t ibn  

A : g e n e r a l  d e s c r i p t i o n  of  the c o P S  m o d e l  and the  a s s u m p t i o n s  upon  
which  it  i s  b a s e d  is  p r e s e n t e d  in th i s  s e c t i o n .  F i g u r e  1 d e p i c t s  the  c o n -  
c e p t u a l  f low of  the  m o d e l .  M o r e  d e t a i l e d  d i s c u s s i o n s  of  the  c o m p u t e r  
p r o g r a m s  u s e d  a p p e a r  in Appendix  A. 
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. I IDENTIFY COUNTY AND STATEI 
• IOF EACH POPULATION ENTITY I 

I IDENTIFY COUNTY AND STATEI 
[ OF EACH ROUTE POINT l 

":1 
IDENTIFY POPULATION ENTITLES} 

WITHIN RANGE OF ROUTE ~ E . _ z , D E P E N .  D ~ 
COMPUT-'T~T.IME AT I ~ . .~ , r  Ir~ruIxMAI lUNg' 
EACH ROUTE POINT I 

Figure  1. " Conceptual  F low of COPS Model 
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ii.: 

The COPS model assumes that police are distributed in proportion 
to the population. Population data is available from the U.S. Bureau of 
Census. Data for urban areas is reported in the form of P-95 C'ircles, 
each with a specified longitude, latitude, radius, and pop u!atiori count. 
Rural populations are defined in cells,  5 minutes in latitude by 7.5 minutes 
in longitude. To simplify calculations, the rectangular •,cells are converted • 
to circles of equivalent area with the same geographic center. 

" " 9 

The police data was obtained from Uniform Crime Reports for the 
United States, [3] Printed annually by the FBI. The reports contain the 
number of police officers fox" all states and for cities 25,000 and over in 
population. For counties and for cities under 25, 000, the total number of 
police employees is reported. This total number of employees was multi- 
plied by a factor of 0.82 for counties and 0.86 for c'ities to obtain the ap- 
proximate number of police officers in these a r ea s .  (These factors, ob- 
tained from the FBI report, are average fractions of police employees 
which are officers. ) Some counties, particularly those with small popu- 
lations, did not report. For these counties, the number of county police 
was estimated by using a second-degree polynomial fit to the available 
data. 

The three police groups are distributed according to the population 
in the following manner. City police are uniformly distributed ,~ver the 
appropriate population circle. County and state pol{c'e a reldistributed 
• according to county and state populations; however, weighting factors'are 
included which allow the distribution to be varied between the urban and 
rural portions of a region under consideration. A weight factor of I. 0 
corresponds to straight population weighting, while a weight factor of 0. 0 
excludes a particular police group from urban areas and distributes • them 
¢~nly in the rural areas. Other weighting factors may be chosen, e .g . ,  a 
weight factor of 0. I distributes the police such .that there are I / I0  as many 
police per thousand population in the urban areas as in the rural areas. 
Examples illustrating the use of the weight factors are presented in 
Section' ~II. It has been found that a weight factor of 0. I for state police 
generally provides a very good fit to the data collected for DOE. The weight 
factor.for county police is assumed to b e  0.0 for the examples presented, 
with the rationale that county police generally patrol the unincorporated 
areas and smaller cities. 

Correlating the Bureau of Census data and the FBI police force size 
information requires identifying the county and state of each population 
circle and cell. A data base containing the longitude-latitude coordinates 
of the boundaries of all states and counties in the continental U.S. is 
available.* Coordinates of the centers of each population entity are 
compared to this data base and the county and state of each are determined. 
Table I lists the states which are currently included in the police population 
data base. 

*Harvard Ho!m~s, Lawrence Berkeley Laboratory, private communication. 
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T A B L E  I 

S T A T E S  IN P O L I C E  P O P U L A T I O N  D A T A  BASE 

A r i z o n a  N e v a d a  P e n n s y l v a n i a  
C a l i f o r n i a  New J e r s e y  South C a r o l i n a  
C o l o r a d o  New M e x i c o  T e n n e s s e e  
D e l a w a r e  New Y o r k  T e x a s  
I l l ino i s  North: C a r o l i n a  Utah 
Indiana  Ohio V i r g i n i a  
K e n t u c k y  O k l a h o m a  W e s t  V i r g i n i a  
M a r y l a n d  

The  c o o r d i n a t e s  of  r o u t e s  o f  i n t e r e s t  a r e  d i g i t i z e d  f r o m  USGS b a s e  
m a p s .  In o r d e r  to e x a m i n e  q u e s t i o n s  r e l a t e d  to r e s t r i c t i o n  of  p o l i c e  g r o u p s  
t o  r e s p o n d i n g  on ly  to e v e n t s  wi th in  t h e i r  own  j u r i s d i c t i o n ,  the  c o u n t y  and 
s t a t e  of  e a c h  r o u t e  poin t  a r e  d e t e r m i n e d  b y  the  p r o c e d u r e  d e s c r i b e d  a b o v e .  

The  to ta l  n u m b e r  of  p o l i c e  a long  a r o u t e  i s  d e t e r m i n e d  b y  m o v i n g  a 
c i r c l e  wi th  a s p e c i f i e d  r a d i u s  a long  the r o u t e ,  a s  d e p i c t e d  in F i g u r e  2. F o r  
p o F u l a t i o n  •c i rc les  e n t i r e l y  i n t e r c e p t e d  b y  the c i r c l e  c e n t e r e d  on the  r o u t e ,  
al l  p o l i c e  a s s i g n e d  to tha t  c i r c l e  a r e  c o u n t e d .  F o r  t h o s e  p o p u l a t i o n  c i r c l e s  
i n t e r s e c t e d  b y t h e  r o u t e  c i r c l e ,  a f ract : ,~n of  the  p o l i c e  e q u a l  to  the  r a t i o  
of  the  i n t e r s e c t e d  a r e a  to  the  to t a l  a r e a  c f  t he  p o p u l a t i o n  c i r c l e  is  coun ted .  
Any n u m b e r  of  d i s t a n c e s  f r o m  the  r o u t e  m a y  be  e x a m i n e d  in one  p a s s  o v e r  
the  r o u t e ,  and d i s t r i b u t i o n e  of  t o t a l  p o l i c e  a v a i l a b l e  wi th in  the  r e s p e c t i v e  
r a n g e s  a r e  p r o d u c e d  fo r  each .  F u r t h e r m o r e ,  t he  m o d e l  c an  m o d i f y  the 
to t a l  p o l i c e  a v a i l a b i l i t y  e s t i m a t e s  t h r o u g h  the  u s e  of  g e n e r a l i z e d  sh i f t  and 
p a t r o l  s t a t i s t i c s .  In the l a t t e r  c a s e ,  the  m o d e l  i n c l u d e s  t h e  t i m e - d e p e n d e n t  
c h a r a c t e r i s t i c s  of  a t r i p ,  such  as  S t a r t i n g  t i m e ,  r a t e  of  t r a v e l ,  and l o c a t i o n s  
and d u r a t i o n s  of  r e s t  s t o p s .  C u m u l a t i v e  d i s t r i b u t i o n s ;  wh ich  can  b e  u s e d  
to c o m p a r e  a l t e r n a t e  r o u t e s ,  a r e  a l s o  p r o d u c e d .  

- 4 .  

Ill. E x a m p l e s  of  COPS• R e s u l t s  
• ' .  

The  r o u t e  a n a l y s e s  p r e s e n t e d  in th i s  s e c t i o n  a r e  o f  sh ipp ing  r o u t e s  
wh ich  have  b e e n  u s e d  in the  • sh ipment  of  h i g h l y  e n r i c h e d  u r a n i u m  f o r  e x -  
p o r t  to f o r e i g n  c o u n t r i e s ,  o r  the  s h i p m e n t  of  H T G R  fue l  to the  r e a c t o r  at 
F t .  St. Vra in ,  CO. D e s c r i p t i o n s  of  t h e  r o u t e s  a long  with m a p s  s h o w i n g  
t.b_~ir g e n e r a l  l o c a t i o n s  a r e  g iven  in Append ix  B. All  r o u t e s  u t i l i z e  the  
i n t e r s t a t e  •highway s y s t e m  as  m u c h  as  p o s s i b l e .  

. . . . .  
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T o t a l  P o l i c e  D i s t r i b u t i o n s  A l o n g R o u t e s  : 

F i g u r e  3 d e p i c t s  the  pol ice  d i s t r { b u t i o n  a long  a r o u t e  f r o m  San Diego,  
CA to F t .  St. Vra in ,  CO. The to t a l  n u m b e r  of  po l i c e  f o r  al l  s h i f t s  w i t h i n  
10 km and 50 km of t he  rou t e  is p lo t t ed ,  and p o l i c e  k r e  not  r e s t r i c t e d  to 
j u s t  r e s p o n d i n g  ';Jithin t h e i r  own j u r i s d i c t i o n s .  At 800 k m  f r o m  San Diego 
COPS i n d i c a t e s  5 po l ice  wi th in  10 km and 25 wi th in  50 km.  The  m o d e l  
i n d i c a t e s  m a n y  a r e a s  of low r e s p o n s e  f o r c e  s i ze  w i th in  10 k m  of  the  r o u t e ,  
and s e v e r a l  a r e a s  with f e w e r  t h a n  10 po l i ce  w i th in  50 kin,  T h e s e  a r e a s  
r e p r e s e n t  p o t e n t i a l  d a n g e r  zones  f o r  the  SNM t r a n s p o r t e r :  

F i g u r e s  4-7  p r e s e n t  s i m i l a r  po l i ce  d i s t r i b u t i o n s  fo r  r o u t e s  f r o m  
S a r g e n t s ,  OH to Ch icago  O ' H a r e  I n t e r n a t i o n a l  A i r p o r t ,  IL,  Oak Ridge , :  TN 
to C h i c a g o  O ' H a r e  I n t e r n a t i o n a l  A i r p o r t ;  IL ,  O a k  R idge ,  TN to D u i l e s  
I n t e r n a t i o n a l  A i r p o r t ,  VA, and C h e s w i c k ,  P A t o  P o r t  E l i z a b e t h ,  N J .  Note 
t h a t  the  m i n i m u m  r e s p o n s e  f o r c e  s i z e s  a long  t h e s e  r o u t e s  in the  E a s t e r n  • 

U . S .  a r e  g e n e r a l l y  c o n s i d e r a b l y  h i g h e r  t h a n  t h o s e  a long  the San Diego  t o  
F t .  St. V r a i n  rou t e .  

T o t a l  P o l i c e  D i s t r i b u t i o n s  as a F u n c t i o n  o f  T i m e  

P o l i c e  a v a i l a b i l i t y  d i s t r i b u t i o n s  as  a f u n c t i o n  of  t i m e  m a y  a l so  be 
p r o d u c e d .  F i g u r e  8 is such  a plot  f o r  the  r o u t e  f r o m :  San Diego  to F t .  S t .  
Vra in .  In t h i s  e x a m p l e ,  the  t r i p  was  b e g u n  at  4 AM, the  r a t e  of  t r a v e l  w a s  

7 0  kph, and the t r i p  took n e a r l y  40 h o u r s .  R e s t  s t o p s  l a s t i n g  0 .4  h o u r  
w e r e  s c h e d u l e d  e v e r y  4 to 6 h o u r s ,  and t w o - h o u r  m e a l  s t o p s  w e r e  s c h e d u l e d  
at  a p p r o x i m a t e l y  e i g h t - h o u r  i n t e r v a l s .  (Note t he  b r o a d  f l a t  a r e a s  o n  the  
c u r v e s .  ) R e f u e l i n g  is a s s u m e d  to o c c u r  in c o n j u n c t i o n  with  m e a l  s t ops .  
Meal  s t o p s  were  p l aced  in c i t i e s ,  and r e s t  s t ops  w e r e  e i t h e r  in c i t i e s  o r  
i n t e r s t a t e  h i g h w a y  r e s t  a r e a s .  Note  t h a t  the a b s c i s s a  i s  t h e  l o c a l  t i m e  
as  the  t r a n s p o r t e r  p a s s e s  t h r o u g h .  The X on t h e  t i m e  ax i s  repres~en ts  
c r o s s i n g  b e t w e e n  the P a c i f i c  and Moun ta in  t i m e  z o n e s .  F i g u r e  9 is  a s i m i l a r  
p lot  f o r  t he  S a r g e n t s  to Chicago  r o u t e .  H e r ~ t h e  t r i p  was  b e g u n  at  8 AM wi th  
a r a t e  o f  t r a v e l  of 85 kph and inc luded  one 1 .5  h o u r  m e a l  s top  in I n d i a n a p o l i s .  

Mul t ip l e  r a t e s  of t r a v e l  m a y  be supp l i ed  to  t he  m o d e l .  T h i s  a l lows  
one to s i m u l a t e  c i ty  r u s h  h o u r s  by  r e d u c i n g  t h e  s p e e d  o f  the  t r a n s p o r t e r  
whi le  in c i t i e s  d u r i n g  s p e c i f i e d  p e r i o d s  of  the  day .  F i g u r e  10 is  an ex -  
a m p l e  o f  the  S a r g e n t s  to Ch icago  r o u t e  w h e r e  the  s p e e d  wi th in  c i t i e s  has  
b e e n  r e d u c e d  t o  40 kph b e t w e e n  the  h o u r s  of 7 to 9 AM and 4 to 6 PM. 
C o m p a r i s o n  with F i g u r e  9 shows tha t  t h i s  i n c r e a s e s  the  l eng th  of  the  t r i p  
by about  0, 75 h o u r s ,  due p r i m a r i l y  to the  l a t t e r  p a r t  of the  Lrip be ing  
t h r o u g h  me t ropo l i tm~  Chicago  d u r i n g  r u s h  h o u r s .  
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A l t e r n a t e  Route  C o m p a r i s o n s  

C u m u l a t i v e  d i s t r i b u t i o n s ,  which m a y  be u s e f u l  f o r  c o m p a r i n g  a l t e r n a t e  
r o u t e s  b e t w e e n  two l o c a t i o n s ,  a r e  a l so  p r o d u c e d  by  the COPS m o d e l .  T h r e e  
p o s s i b l e  r o u t e s  b e t w e e n  San Diego  and Ft .  St. V r a i n  h a v e  b e e n  e x a m i n e d .  
Rou te  A, Via I-8,  is  c u r r e n t l y  be ing  u s e d  fo r  s h i p m e n t s ,  a l t e r n a t i v e  B is " 
v i a  1-40 a c r o s s  C a l i f o r n i a ,  and a l t e r n a t i v e  C is v i a  1-15. F i g u r e  11 c o m p a r e s  
r o u t e  B (the d a s h e d  l ine )  with r o u t e  C (the so l id  l ine) .  T h e r e  a r e  at  l e a s t  5 
p o l i c e  wi th in  10 km of  about  33 p e r c e n t  o f  r o u t e  C and about  40 p e r c e n t  of  
r o u t e  B. T h e r e  a r e  a p p r o x i m a t e l y  30 po l ice  wi th in  50 k m  of  50 p e r c e n t  of  
r o u t e  C and about 50 po l ice  wi th in  50 km of  50 p e r c e n t  of  B. If the  plot  fo r  
one r o u t e  a l w a y s  l i e s  to the r i g h t  of the plot  o f  the  o t h e r ,  the  f i r s t  r o u t e  is  
the  b e t t e r  cho ice  with r e s p e c t  to  L L E A  a v a i l a b i l i t y  b e c a u s e  it h a s  m o r e  
po l i c e  a v a i l a b l e  t h r o u g h o u t .  When the  two c u m u l a t i v e  d i s t r i b u t i o n  c u r v e s  
c r o s s ,  c h o o s i n g  the b e t t e r  r o u t e  is  m o r e  d i f f i cu l t .  Note in F i g u r e  11 tha t  
r o u t e  B is  g e n e r a l l y  the b e t t e r  cho i ce  wi th  r e s p e c t  to L L E A  a v a i l a b i l i t y .  
F i g u r e  12 is  a c o m p a r i s o n  of r o u t e  B and r o u t e  A. H e r e  t h e  d i s t r i b u t i o n  
at  50 km f o r  one r o u t e  d o e s  not  c l e a r l y  d o m i n a t e  the  o t h e r .  In a l l t h e  
r o u t e  c o m p a r i s o n s  it m u s t  be r e m e m b e r e d  t h a t  L L E A  a v a i l a b i l i t y  i s  on ly  
one c r i t e r i o n  f o r  choos ing  a r o u t e ;  s a f e t y  c o n s i d e r a t i o n s  would  be a n o t h e r .  
In the  e x a m p l e s  above r o u t e  B p a s s e d  t h r o u g h  the  L o s  A n g e l e s  m e t r o p o l i t a n  
a r e a .  The  d e s i r e  to avoid  h igh ly  popu la t ed  a r e a s  w h e n e v e r  p o s s i b l e  m i g h t  

• p r e c l u d e  the  u se  of  th is  r o u t e  f o r  sh ipp ing  SNM. 

A n o t h e r  m e a n s  f o r  c o m p a r i n g  the  s e c u r i t y  o f  r o u t e s  with r e s p e c t  to  
L L E A  a v a i l a b i l i t y  is  to compu te  the  l e n g t h s  of  t he  p o r t i o n s  of  the  r o u t e  t h a t  
h a v e  l e s s  than  a spec i f i ed  n u m b e r  of  po l i ce  n e a r b y .  F o r  e x a m p l e ,  a long 
s t r e t c h  Of r o a d  with f e w e r  than  10 po l i ce  in the  v i c i n i t y  s e e m s  m o r e  vu l -  
n e r a b l e  t h a n  s e v e r a l  s h o r t e r  s e c t i o n s ,  even  though  the  t o t a l  d i s t a n c e  with ...... 
l e s s  t h a n  10 po l i ce  migh t  be the  s a m e .  One a p p r o a c h  to q u a n t i f y i n g  t h i s  
c o n c e p t  i s  to s u m  the  s q u a r e d  d i s t a n c e s  a long  £he r o u t e  w h e r e  t h e r e  a r e  
l e s s  t h a n  a chosen  n u m b e r  of po l i ce  wi th in  a s e l e c t e d  d i s t a n c e ,  F i g u r e  13 
s h o w s  tha t  t h i s . m e a n s  fo r  c o m p a r i n g  the  t h r e e  r o u t e s  b e t w e e n  San Diego  
and F t .  St. V r a i n  i n d i c a t e s  v e r y  •little d i f f e r e n c e  in t h e  s e c u r i t y  of  t h e s e  
r o u t e s :  T h i s  m e a s u r e  can  a l so  be u s e d  t o  c o m p a r e  r o u t e s  which  a r e  not  
b e t w e e n  the  s a m e  two l o c a t i o n s .  F i g u r e  13 a l s o  i l l u s t r a t e s  t h a t  the  r o u t e  
f r o m  S a r g e n t s  to Ch icago ,  which h a s  the  i o w e r  s c a r c i t y  m e a s u r e ,  is  m o r e  
s e c u r e  with r e s p e c t  to L L E A  a v a i l a b i l i t y  t han  the  r o u t e s  b e t w e e n  San Diego 
and F t .  St. Vra in .  

22 





x 

-r 

L.u 

0 

z 
O 

0.8 

~B 

1 

N 
F 1 

0 100 IC~]O ' 

T O T A L  POLICE POPULATION 

F i g u r e  11. Alternate  Rou~e C o m p a r i s o n  
Route B: San Diego  to Ft.  St. V r a i n  Via 1-40 
Route• C: S a n  Diego  to Ft .  St. V r a i n  Via 1-15 
Unre s t r i c t e d  R e s p o n s e  

x 

L3 

=o 

0 

1.0 

ol 
0.6 

0.4 

0.~ 

10 • 100 I(300 " 

Figure 12. 

TOTAL  POLICE POPULATION 

Alternate Route Comparison 
Route A: San Diego to Ft. St. Vrain Via I-8 
Route B: San Diego to Ft. St. Vrain Via 1-40 
Unrestricted Response 

2 3  





107 

A 

uJ •# 

>- F- 

_m 

10 5 

10 4 

io 2 

101 

• SAN DIEGO TO FT. ST. VRAIN.  ROUTE A 

• SAN DIEGO TO FT. ST. VRAIN.  ROUTE B 

• SAN.DIEGO TO FT. ST. VRAIN.  ROUTE C " 

• SARGENTS TO CHICAGO O'HARE 

i 
. .  | ,  

! I0 100 1000 

TOTAL POLICE WITHIrJ 50kin 

Figu re  13. LLEA S c a r c i t y  M e a s u r e  

P o l i c e  Dis t r i bu t i ons  Us ing  Reduced  F o r c e  S izes  

The e x a m p l e s  p r e s e n t e d  thus fa r  have been  e s t i m a t e s  of  the to ta l  
p o l i c e  ava i lab le  along a route .  It is r e c o g n i z e d  that  n 0 t a l l  of  t he se  pol ice  
would be on duty s imu l t aneous ly .  The COPS mode l  can take  into account  
r e f i n e m e n t s  to the pol ice  ava i lab i l i ty .  Uni fo rm CrY.me R e p o r t s  fo r  the 
United S ta tes  [3] g ives  some  g e n e r a l  i n fo rma t ion  r e g a r d i n g  the a s s i g n m e n t  
of po l ice  to shif ts ,  and e s t i m a t e s  of the a s s i g n m e n t  0f po l i ce  to p a t r o l  duty.  
F i g u r e  14 i l l u s t r a t e s  the pol ice  d i s t r i b u t i o n s  that  a r e  ob ta ined  us ing  t h e s e  
r ed u ced  f o r c e  s i ze s  within 50 km of the rou te  f r o m  San Diego to F t .  St. 
Vrain.  T:m lower  curve ,  depic t ing  o f f i c e r s  on pa t ro l ,  r e p r e s e n t s  an e s t i -  
m a t e  of the n u m b e r  of pol ice  who could r e s p o n d  s h o r t l y  a f t e r  an incident  
o c c u r s .  As t ime  p r o g r e s s e s  m o r e  o f f i c e r s  would be ca l led  in, including 
those  who a r e  of f -duty ,  so the top cu rve  r e p r e s e n t s  an u p p e r  l imi t  on the 
e s t i m a t e  of pol ice  avai labi l i ty .  F i g u r e s  15-18 p r e s e n t  • s imi la r  i n fo rma t ion  
for  the o t h e r  r o u t e s  that  h a v e b e e n  ana lyzed .  
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State Po l ice  Weighting F a c t o r  Var ia t ion  

A comparison of the state police distributions resuiting from varying 
the state police weighting factor is shown in Figure 19 for the Colorado 
portion of the San Diego to Ft. St. Vrain route. The d~shed line corresponds 
to straight population weighting (S = 1.0), which r e su l t s  in the distribution of 
more state police into the urban areas leaving fewer for the predominantly 
rural  areas. The police distribution depicted, by the dot-dashed line resul ts  
when state police are excluded from the major cities and distributed in the 
rura l  areas and smaller cities (S = 0. 0). The solid line corresponds to 
distributing state police such that the population per police ratio in urban 
areas is I0 times as large as in rural  areas (S = 0. I). 
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F i g u r e  l9. State Po i i ce  Weigh t  F a c t o r  C o m p a r i s o n  
Route: New M e x i c o / C o l o r a d o  B o r d e r  to Ft .  
State Po l i ce  Only 

St. Vra in  

State Po l i ce  Data  Base  C o m p a r i s o n  

Sandia Laboratories I in connection with transportation studies done 
for the Department of E~mrgy, has gathered police data from city, county, 
and state police agencie~ throughout the U.S. Datawas obtained by sending 
a questionnaire to the agency heads asking them to respond with numbers of ~ 
police and where they are located, and their response times in an emergency. 
The city and county police data bases are not assembled yet, but state police 
data is available and has been used to calibrate the state police weighting 
factor in the COPS model, Figure 20 shows the survey data and the •COPS 
model prediction of state police availability using a state polic e weighting 
factor of 0. I for the route from San Diego fo Ft. St. Vrain. Figure 21 is 
a similar plot of the route from Oak Ridge to Chicago. Over a large number 
of routes, the agreement between the survey data and COPS is generally 
excellent, indicating that a weighting factor Of 0. I is a reasonable choice for 
the distribution of the state police. 
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J u r i s d i c t i o n a l  R e s t r i c t i o n s  

The m o d e l  a l lows  the r e s t r i c t i o n  o f  each  po l i ce  g roup  to wi th in  t h e i r  
own j u r i s d i c t i o n .  F i g u r e  22 d i s p l a y s  the  po l ice  d i s t r i b u t i o n  with and wi thou t  
j u r i s d i c t i o n a l  r e s t r i c t i o n s  for  the  rou t e  f r o m  S a r g e n t s  to Ch i cago .  S i m i l a r  
i n f o r m a t i o n  fo r  the r o u t e  f r o m  Oak Ridge  tc  Du! les  I n t e r n a t i o n a l  is  shown in 
F i g u r e  23. The  p e a k s  in the  po l i ce  d i s t r i b u t i o n  ~Lre m u c h  n a r r o w e r  with 
j u r i s d i c t i o n a l  r e s t r i c t i o n s  b e c a u s e  c i t y  po l i ce  a r e  r e s t r i c t e d  to wi th in  the 
c i t i e s .  F u r t h e r m o r e  coun ty  po l i ce  not c r o s s i n g  coun ty  b o u n d a r i e s  g e n e r a l l y  
l o w e r s  t he  r e s t r i c t e d  r e s p o n s e d i s t r i b u t i o n .  T h i s  e f f ec t  is  m o r e  ev iden t  in 
the  e a s t e r n  p o r t i o n  of  the  U .S .  w h e r e  c o u n t y  a r e a s  a r e  s m a l l e r  and c i t i e s  
a r e  m o r e  n u m e r o u s .  A 50 km r a d i u s  f r o m  the  r o u t e  is l i k e l y  to inc lude  
s e v e r a l  c o u n t i e s  and c i t i e s .  T h e s e  c o m p a r i s o n s  i nd i ca t e  tha t  the  i m p o s i t i o n  
of  j u r i s d i c t i o n a l  r e s t r i c t i o n s  •could have  a c o n s i d e r a b l e  i m p a c t  on the s i ze  of  
the  r e s p o n s e  f o r c e  tha t  migh t  be e x p e c t e d  in an e m e r g e n c y .  

Coun ty  P o l i c e  I n t e r v a l  E s t i m a t e s  

Some c o u n t i e s ,  p a r t i c u l a r l y  t h o s e  wi th  s m a l l  p o p u l a t i o n s ,  do not  
r e p o r t  t h e i r  n u m b e r  of  coun ty  po l i ce  to the  FBI .  F o r  t h e s e  c a s e s  the  n u m b e r  
of po l i ce  has  b e e n  e s t i m a t e d  by a p o l y n o m i a l  f i t  to  the d a t a  of  the  c o u n t i e s  
which  did r e p o r t .  F i g u r e  24 p r e s e n t s  an e x a m p l e  of such  a c u r v e  f i t  to r e -  
p o r t e d  d a t a  (depic ted  with the  "+" s y m b o l )  f o r  the  s t a t e  of  C o l o r a d o .  The 
v a r i a b i l i t y  i n h e r e n t  in the  r e p o r t e d  d a t a  s u g g e s t s  t h e  need f o r  c o m p u t i n g  
i n t e r v a l  e s t i m a t e s .  The equa t ion  f o r  the i n t e r v a l s  was  c h o s e n  e m p i r i c a l l y  
a f t e r  e x a m i n i n g  the  d a t a  fo r  s e v e r a l  s t a t e s .  I n t e r v a l s  o f  Pi + (10 + 0 .25  pi ), 
where• Pi = •pol ice e s t i m a t e  fo r  coun ty  i, g e n e r a l l y  e n c o m p a s s  the  v a r i a t i o n  
in the  r e p o r t e d  da ta .  T h e s e  i n t e r v a l s  a r e  a l so  p lo t t ed  in F i g u r e  24. 
F i g u r e  25 is a p lot  of  the  e s t i m a t e d  po l i ce  d i s t r i b u t i o n  wi th in  5 0 k i n  of the 
r o u t e  f r o m  San Diego to F t .  St. V r a i n ,  with the so l id  l ine  r e p r e s e n t i n g  
t h e  d i s t r i b u t i o n  of to t a l  pol ice  ob t a ined  u s i n g  the  b a s i c  c u r v e  f i t  f o r  coun ty  
F, o l i c e .  The  d a s h e d  l i n e s  a r e  ob t a ined  when  u p p e r  and l o w e r  i n t e r v a l  e s t i -  
m a t e s  of  coun ty  po l ice  a r e  used  f o r  the c o u n t i e s  which  did not  r e p o r t  to the  
FBI .  "Soft  s p o t s "  a r e  not  o b s c u r e d  in the  u p p e r  i n t e r v a l  e s t i m a t e  and 
a p p e a r  m o r e  p r o n o u n c e d  when the  l o w e r  i n t e r v a l  e s t i m a t e  is  u sed .  
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APPENDIX A--DESCRIPTION OF COMPUTER PROGRAMS 

The COPS m o d e l  i s  c o m p r i s e d  of  s e v e r a l  c o m p u t e r  p r o g r a m s  f o r  
constructing the police population data base for each state, and for analyzing 
the police distribution along specified routes. This appendixdescribes the 
major programs. Figures A-1 and A-2 illustrate the flow of information 
between the programs. 

A. I MATCH 

The FBI city police information is reported in two groups: number of 
police officers for cities greater than 25,000 in population, and number of 
police employees for cities with populations of less than 25,000. Population 
informatien for urban areas is reported for P-95 circles, • each with a 
specified longitude, latitude, radius, population count, and unique identifying 
name. MATCH correlates these two data bases by matching the city names 
from each and assigning the city police to the appropriate circle. 

A. 2 MAPS 

MAPS is a computer program implemented at Sandia Livermore which 
is primarily used for plotting maps of the United States. The data base f o r  
the MAPS program includes longitude-latitude coordinates for the boundaries 
of all states and counties in the continental U.S. The addition of a subroutine 
to the MAPS program makes it possible to access the boundaries data base 
and determine the county and state of each population circle and cell. This 
determination is made only once for each population entity and the results 
are stored in permanent files organized by state. Subsequent programs in 
the COPS model utilize this information in distributing county and state 
police according to county and state populations. 
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A. 3 SUMPOP 

SUMPOP uses  the Bureau of  Census  populat ion c i r c l e  and ce l l  data 
• to compute  the total  urban and rural  populat ions for  e a c h  county and state 

in the a s s e m b l e d  pol ice  population data base .  This  in format ion  i s  sub" 
sequent ly  used in distributing county and state po l i ce  by County and state 
populations.  

.]# 

A. 4 POLYFIT 

POLYFIT is used to e s t i m a t e t h e  county po l i ce  force  s i ze  for  counties  
which did not report  to the FBL A second d e g r e e  polynomial  is  computed 
re lat ing  county pol ice  to county population for  the count ies  which did report .  
Interval e s t i m a t e s  are also  computed.  POLYFIT u t i l i z e s  s e v e r a l  genera l  
purpose  data fitting subroutines  avai lable  in the Sandia L [ v e r m o r e  Mathe- .  
matical Program Library .  [6] 

A. 5 DIGITIZ 

DIGITIZ is a general  purpose  program des igned to dig i t ize  information 
using the Tektronix  4954  G r a p h i c s  Tablet.  [4] The use  of  DIGITIZ fac i l i ta te s  
the dig i t izat ion of  the coordinates  of  a route f r o m  a USGS base  map. 

A. 6 SETUP 

The SETUP program has been des igned to p e r f o r m  those  port ions  of 
a route analysi  s which need only be done once for  each s p e c i f i c  route.  
These  tasks  include forming a c o r r i d o r  around the route and locat ing those  
population c i r c l e s  which fall inside the Corridor,  thereby  great ly  r e d u c i n g  
the number of data i t ems  which must  b e h a n d l e d  by t h e  COPS model.• These  
population c i r c l e s  are .then sorted into ascending  longitude or latitude order  
using the SORT/MERGE subroutine package avai lable  f rom C D C .  

Routes  examined Via the COPS model  are d ig i t ized f rom maps drawn 
using the Lambert  conformal  conic  project ion.  The  S E T U P p r o g r a m  in- 
corpora te s  subroutines  developed at Oak Ridge Nat ional  Laboratory to con-  
v e r t  the digit ized route coordinates  into 1-~ngitude-latitude des ignat ions .  [ 5 ]  
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A. 7 MARCH 

The MARCH program performs those aspects of a route analysi~ 
which are dependent upon the specific weighting factors used in distributing 
the county and state police. Using the urban and rural population infor- 
mation for counties and states, the county and state police force data, and 
the weighting factors which are inputs to MARCH, county andstate police 
are apportioned to each population circle accordingt 0 its weighted popu- 
lation. 

L o c a t i o n s  of  t i m e  z o n e s  and r e s t  and m e a l  s tops  a r e  mei~ged into  
~he r o u t e  c o o r d i n a t e  da ta .  If d e s i r e d ,  po l i ce  sh i f t  i n f o r m a t i o n  m a y  be 
inc luded  to m o d i f y  the  to t a l  po l i ce  d i s t r i b u t i o n s  p r o d u c e d  in MARCH. 
V a r i a b l e  r a t e s  of t r a v e l  a r e  a l lowed ,  and an i n t e r n a l  c lock  is m a i n t a i n e d  
f o r  p lo t t i ng  the  po l ice  d i s t r i b u t i o n  as  a f u n c t i o n  of  t i m e .  

The  n u m b e r  of  po l ice  along t h e  r o u t e  is  d e t e r m i n e d  by m o v i n g  a c i r c l e  
of  r a d i u s  d a long the rou t e  at a f ixed  i n c r e m e n t  of  d i s t a n c e ,  g e n e r a l l y  5 km 
o r  l e s s ,  and a c c u m u l a t i n g  the i n t e r c e p t e d  p o l i c e .  A p o i n t e r  into the  s o r t e d  
po l i ce  d e n s i t y  d a t a  f i le  is m a i n t a i n e d  which  i n d i c a t e s  w h e r e  in the  f i l e  to  
beg in  t e s t i n g  fo r  i n t e r s e c t i o n s  with the  r o u t e  c i r c l e .  T h i s  s p e e d s  t h e  m o d e l  
r u n n i n g  t i m e  s ince  all  c i r c l e s  wi th in  the c o r r i d o r  need  not  be e x a m i n e d  fo r  
e v e r y  point  a long the rou t e .  F o r  p o p u l a t i o n  c i r c l e s  e n t i r e l y  i n t e r c e p t e d  
by the  c i r c l e  c e n t e r e d  on the  rou t e ,  al l  p o l i c e  a s s i g n e d  to tha t  c i r c l e  a r e  
coun ted .  F o r  t h o s e  popu la t ion  c i r c l e s  i n t e r s e c t e d  by the r o u t e  c i r c l e ,  a 
f r a c t i o n  of  po l i ce  equal  to the r a t i o  of  the  i n t e r s e c t e d  a r e a  to the  t o t a l  a r e a  
of  the  p o p u l a t i o n  c i r c l e  i s  counted .  When po l i c e  j u r i s d i c t i o n a l  r e s t r i c t i o n s  
a r e  app l i ed ,  o n l y t h o s e  coun ty  and s t a t e  p o l i c e  a s s i g n e d  to p o p u l a t i o n  c i r c l e s  
with the  s a m e  coun ty  and s t a t e  as  t h e  r o u t e  c i r c l e  a r e  coun ted .  C i t y  po l i c e  
a r e  coun ted  on ly  fo r  t h o s e p o i n t s  a long  the  r o u t e  which  a r e  wi th in  • 1 k m  of 
the  c i r c l e s  c o m p r i s i n g  the  u r b a n  a r e a  in q u e s t i o n .  Up to 10 r o u t e  c i r c l e  
r a d i i  m a y  be spec i f i ed ,  and the  p o l i c e  coun t s  a c c u m u l a t e d  at  e ach  d i s t a n c e  
a r e  s t o r e d  in a d a t a  f i le  fo r  s u b s e q u e n t  p lo t t i ng .  

37 





. . . .  / " . . 

APPENDLX B - - D E S C R I P T I O N  O F  R O U T E S  A N A L Y Z E D  
t :  

F i v e  r o u t e s  which  have  b e e n  u s e d  in the  t r a n s p o r t a t i o n  of  SNM and 
two  p o s s i b l e  a l t e r n a t e s  have  b e e n  a n a l y z e d  wi th  the  C O P S  m o d e l .  T h i s  
a p p e n d i x  d e t a i l s  the  i t i n e r a r i e s  which  w e r e  f o l l o w e d .  • 

EAST ON INTERSTATE 8 

EAST ON INTE:RSTATE 1 0  

NORTH ON INTERSTATE 25 

NORTH ON HIGHWAY 85 

F i g u r e  B-1 .  Route  Map,  San D i e g o  to F t .  St. V r a i n ,  R o u t e  A 

! 

i 
J 

NORTH ON HIGHWAY, 23- 

WEST ONINTERSTATE 270- 

WEST ON INTERSTATE 70  

NORTH ON INTERS~'ATE 465 

NORTH ON INTERSTATE 65 

WEST ON INTERSTATE 80 

NORTH ON INTERSTATE 294 

F i g u r e  B - 2 .  R o u [ e  M a p ,  S a r g e n t s  to  C h i c a g o  O ' H a r e  I n t e r n a t i o n a l  
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EAST ON HIGHWAY61 

NORTH ON HIGHWAY 25W 

NORTH ON INTERSTATE 75 

WEST ON INTERSTATE 64 

NORTH ON INTERSTATE 65 

WEST ON INTERSTATE 80 

NORTH ON INTERSTATE 294 

• K ¥  

Y. 
Figure  B-3 .  

EAST ON HIGHWAY 62 

EAST ON INTERSTATE 40 

NO R~rH ON INTERSTATE 81 

EAST ON INTERSTATE 64 

NORTH ON HIGHWAY 29 

EAST ON INTERSTATE 66 

NORTH ON HIGHWAY 28 

Route M a p ,  O a k  R i d g e  t o  C h i c a g o  O ' H a r e  I n t e r h a t i 0 n a l  . . . . .  

f I 

Figure  B-4.  Route Map, Oak Ridge to Dul l e s  International 

EAST ON HIGHWAY 28 

EAST ON INTERSTATE 80 

EAST ON HIGHWAY 46 

SOUTH ON HIGHWAY 3 

SOUTH ON HIGHWAY 21 

p a  

%z 

-Figure B-5.  Route Map, Cheswick  to Port  El izabeth 

39 





NORTH ON INTERSTATE 5 

EAST ON INTE RSTATE 10 

NORTH ON INTERSTATE 15 

EAST ON INTERSTATE 40 

NORTH ON INTERSTATE 25 

NORTH ON HIGHWAY 85 

] 
I 

i _ . _ f  ~ 

Figure  B-6.  Route Map, San Diego  to F t .  St. Vrain,  Route E 

NORTH ON HIGHWAY 395 

NORTH ON INTERSTATE 15 

EAST ONHIGHWAY 13 

NORTH ON HIGHWAY 89 

EAST ON INTERSTATE 70 
AND HIGHWAY 6 

NORTH ON HIGHWAY 85 

Figure  B-7.  Route Map, San Diego Lo Ft. St. V,'ain, •Route C 
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