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SUMMARY 

The purpose o f  t he  Survey o f  Rad ioac t i ve  M a t e r i a l  Shipments Program, 

sponsored by t h e  Nuc lear  Regu la to ry  Commission, was t o  c o l l e c t ,  process and 

b r i e f l y  ana lyze  da ta  on t h e  t r a n s p o r t a t i o n  o f  r a d i o a c t i v e  m a t e r i a l  i n  t h e  

Un i t ed  States,  exc l ud ing  de fense- re la ted  m a t e r i a l .  The survey p e r i o d  was 

from March 1, 1974 th rough  February 28, 1975. 

O f  over  15,000 NRC and Agreement S ta tes  l i censees ,  and ERDA pr ime con- 

t r a c t o r s ,  2275 were se lec ted  t o  r e c e i v e  q u e s t i o n n a i r e  packets.  Approx i -  

mate ly  59% o f  those r e c i p i e n t s  responded t o  t h e  survey; of these  respon- 

dents,  35% repo r t ed  sh ipp ing  a c t i v i t i e s .  Based on t h e  number o f  packages 

shipped annua l l y ,  t h e  major  n u c l i d e s  were 13' I, l Z 5 1  , 9 9 m ~ c ,  9 9 ~ o ,  and 

2 3 8 ~ ,  w h i l e  those shipped i n  t h e  g r e a t e s t  amounts (grams o r  c u r i e s )  were 

6 0 ~ o ,  "'~r, and 2 3 8 ~ .  The m a j o r i t y  o f  package types shipped were Types A  

and LS ( l ow  s p e c i f i c  a c t i v i t y ) ,  w h i l e  t h e  most common modes o f  t r a n s p o r t  

were r a i l  and t r u c k .  

The sh ipp ing  a c t i v i t i e s  o f  approx imate ly  14,600 minor  sh ippers  were 

es t imated  t o  be on t h e  o r d e r  o f  200,000 r a d i o a c t i v e  packageslyear based on 

a  l i n e a r  e x t r a p o l a t i o n  o f  i n f o r m a t i o n  f rom 545 minor  sh ippers  who responded 

t o  t h e  survey. The combined annual sh i pp ing  a c t i v i t i e s  o f  761 major  s h i p -  

pers,  SNM l i censees ,  and ERDA c o n t r a c t o r s  who responded were es t imated  t o  

be approx imate ly  300,000 packages o f  SNM and Source M a t e r i a l  p l u s  800,000 

packages c o n t a i n i n g  n u c l i d e s  o t h e r  than  SNM o r  Source M a t e r i a l  ( these  

annual t o t a l s  a r e  f o r  t h e  761 respondees o n l y  and a r e  n o t  e x t r a p o l a t e d  t o  

t h e  t o t a l  p o p u l a t i o n ) .  There were a1 so about 800,000 packages (mos t l y  

exempt) shipped by 21 apparent  major  sh ippers  who responded t o  a  p a r t  o f  

t he  survey in tended  f o r  minor  sh ippers .  Also,  c l a s s i f i e d  data c o n t a i n i n g  

i n f o rma t i on  rega rd i ng  rlonweapons shipments i n d i c a t e d  850 packages. However, 

s i nce  t h e  c l a s s i f i e d  da ta  i s  i n s i g n i f i c a n t  t o  t h e  t o t a l ,  i t  was n o t  i nc l uded  

i n  t h e  da ta  base. 

A l though a  d e t a i l e d  e s t i m a t i o n  o f  t h e  t o t a l  U.S. sh i pp ing  a c t i v i t y  was 

no t  w i t h i n  t h e  scope o f  t h i s  s tudy,  t h e  p o s s i b i l i t y  o f  u s i n g  t h e  da ta  f rom 



t h i s  survey f o r  such a  p r o j e c t i o n  was b r i e f l y  i n v e s t i g a t e d .  The r e s u l t s  o f  

t h i s  i n v e s t i g a t i o n  i n d i c a t e  t h a t  t h e  accuracy o f  l i n e a r  e x t r a p o l a t i o n s  t o  

t o t a l  sh ipp ing  a c t i v i t y ,  based s o l e l y  on these program r e s u l t s ,  should be 

c a r e f u l l y  eva luated.  Whi le no apparent s t a t i s t i c a l  bas i s  e x i s t s  f o r  l i n e a r  

e x t r a p o l a t i o n  of t h e  survey data,  an "order-of-magnitude" es t ima te  was c a l -  

c u l a t e d  t o  o b t a i n  some pe rspec t i ve  o f  t h e  U.S. r a d i o a c t i v e  sh ipp ing  a c t i v i t y ;  

t he  r e s u l t s  o f  t h i s  es t imate  a r e  shown i n  t h e  l a s t  column o f  Table 1. The 

t o t a l  o f  t h e  e x t r a p o l a t i o n s  i s  about 3 m i l  l i o n  package t r a n s f e r s  per  year ,  

w i t h o u t  regard  t o  package con ten ts ,  s i ze ,  d i s t ance  t r a v e l e d  o r  mode o f  

t r a n s p o r t .  However, i t  i s  impor tan t  t o  note t h a t  severa l  assumptions were 

necessary t o  make t h i s  es t ima t i on .  These assumptions a r e  l i s t e d  below and 

t h e  v a l i d i t y  o f  these assumptions i s  b r i e f l y  discussed i n  Sect ions 4 and 5. 

1 )  A l l  nonrespondents a r e  i d e n t i c a l  t o  t h e  respondents rega rd ing  type  and 

magnitude o f  sh ipp ing  a c t i v i t y .  

2)  The 21 apparent major  s h i  ppers who responded w i t h  Surr~mary Ques t i onna i res  

a r e  t he  o n l y  s i g n i f i c a n t  major  sh ippers  e x i s t i n g  i n  t he  minor  sh ipper  

popu la t i on  (as de f i ned  i n  Sec t ion  2 ) .  

3 )  The sh ipp ing  a c t i v i t i e s  o f  t h e  l i censees  i n  t he  NRC subcategor ies n o t  

represented by t h e  data base a r e  n o t  s i g n i f i c a n t  r e l a t i v e  t o  the  t o t a l  

sh ipp ing  a c t i v i t y .  

4 )  The o v e r l a p  and d u p l i c a t i o n  o f  l i c e n s e s  and l i censees  i n  va r i ous  s h i p -  

p i n g  ca tego r i es  i s  n o t  s i g n i f i c a n t .  

5 )  The combinat ion o f  data f rom t h r e e  popu la t i on  groups (SNM l i censees ,  

major  sh ippers,  ERDA c o n t r a c t o r s )  i n t o  two groups based on m a t e r i a l  

shipped, i s  c o r r e c t ,  even though t he  sample response from each o f  t h e  

t h r e e  groups may be d i f f e r e n t .  



TABLE 1. L i nea r  E x t r a p o l a t i o n  of Survey Resu l ts  
t o  To ta l  U.S. Shipp ing A c t i v i t y  

Returned Packages/Year 
and Pac kages/Year f o r  Whole 

Inc luded  f o r  Shippers Popu la t ion  
i n  Data Responding (by l i n e a r  

Popu la t ion  Group Type Sent Base Only ex t rapo l  a t i o n )  

SNM, ERDA, and Major  
Shippers r e p o r t i n g  
SNM/Source Ma t e r i  a1 
Shipments D e t a i l e d  906 7 02 300,000 400,000 
(906 t o t a l )  

SNM, ERDA, and Major 
Shippers r e p o r t i n g  
non-SNM/Source 
Ma te r i a l  Shipments D e t a i l e d  1049 761 800,000 1,100,000 
(1,049 t o t a l  ) 

P o t e n t i a l  Shippers Summary 1226 544 - - - 200,000 
(%I  4,600 t o t a l  ) 

Major Shippers 
r e p o r t i n g  on 
Summary Summary --- 21 ( a  ) 800,000 >800,000 
Ques t ionna i res  (21 ) (mos t l y  exempt) (mos t l y  exempt) 

To ta l  --- - - - - - --- >2,500,000 

(a )  Not inc luded  i n  data base. 
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1.0 INTRODUCTION 

I n t e r e s t  i n  t h e  safe t r a n s p o r t  o f  r a d i o a c t i v e  m a t e r i a l s  by t h e  n u c l e a r  

i n d u s t r y  i s  expected t o  i n c r e a s e  as more n u c l e a r  power p l a n t s  a r e  b r o u g h t  

on l i n e ,  more r a d i o a c t i v e  m a t e r i a l  i s  used f o r  med ica l  purposes,  and more 

n u c l e a r  powered d e v i c e s  a r e  developed.  I n  A p r i l  1975, B a t t e l l e ,  P a c i f i c  

Nor thwest  L a b o r a t o r y  (PNL) i n i t i a t e d  t h i s  program, sponsored by  t h e  U.S. 

Nuc lear  R e g u l a t o r y  Commission (NRC), t o  c o l l e c t  and summarize d a t a  on t h e  

c u r r e n t  s t a t u s  of t r a n s p o r t a t i o n  of r a d i o a c t i v e  m a t e r i a l s  i n  t h e  U n i t e d  

S ta tes .  I n c l u d e d  a r e  d e t a i  1  s  on t r a n s p o r t a t i o n  modes, package c o n t e n t s ,  

and s h i p p i n g  d i s t a n c e s  f o r  r a d i o a c t i v e  m a t e r i a l  t r a n s p o r t e d .  

T h i s  r e p o r t  d e s c r i b e s  and e x p l a i n s  o u r  su rvey  procedures  ( S e c t i o n  2 ) ,  

da ta  h a n d l i n g  processes ( S e c t i o n  3 ) ,  and p r e s e n t s  t h e  r e s u l t s  ( S e c t i o n  4 ) .  

The appendixes p r o v i d e  a d d i t i o n a l  d e t a i  1  on q u e s t i o n n a i r e  e d i t i n g  (Appen- 

d i x  A),  Computer r e p o r t s  and f l o w  c h a r t s  (Appendix B ) ,  and q u e s t i o n n a i r e  

packets  (Appendix C).  

1  ,1 PROGRAM OBJECTIVE 

The o b j e c t i v e  o f  t h i s  su rvey  i s  t o  c o l l e c t ,  p rocess and b r i e f l y  ana lyze  

d a t a  on t h e  t r a n s p o r t a t i o n  o f  a l l  r a d i o a c t i v e  m a t e r i a l  i n  t h e  U n i t e d  S t a t e s ,  

e x c l u d i n g  d e f e n s e - o r i e n t e d  m a t e r i a l .  The su rvey  addresses a l l  common modes 

o f  t r a n s p o r t a t i o n ,  package t ypes  and con ten ts ,  and t h e  s h i p p i n g  d i s t a n c e s  

of t h e  r a d i o a c t i v e  m a t e r i a l s  be ing  t r a n s p o r t e d  d u r i n g  t h e  su rvey  p e r i o d  

wh ich  v a r i e d  from one week t o  one y e a r  depending on t h e  t y p e  of l i c e n s e  

h e l d  by  t h e  respondent  (see S e c t i o n  2.1.1 f o r  f u r t h e r  d i s c u s s i o n ) .  

1.2 BACKGROUND -. 

The NRC's O f f i c e  of Standards Development conducted a  one-week su rvey  

i n  l a t e  November 1973 t h r o u g h  January 1974 t o  o b t a i n  shipment i n f o r m a t i o n  

r e l a t e d  t o  a i r  t r a n s p o r t  o f  r a d i o a c t i v e  m a t e r i a l s . ' ' )  S i x  l a r g e  radiopharma- 

c e u t i c a l  companies and two commercial r a d i o i s o t o p e  p r o d u c t i o n  r e a c t o r  o p e r a t o r s  

were asked t o  p r o v i d e  i n f o r m a t i o n  s i m i l a r  t o  t h a t  reques ted  by t h e  su rvey  



d e s c r i b e d  i n  t h i s  r e p o r t .  The NRC s u r v e y  c o n t a i n e d  o n l y  d a t a  s p e c i f i c a l l y  

r e l a t e d  t o  t h e  t r a n s p o r t  o f  r a d i o p h a r m a c e u t i c a l  m a t e r i a l s ;  i t  d i d  n o t  i n c l u d e  

t h e  t r a n s p o r t  o f  r a d i o a c t i v e  m a t e r i a l s  b y  t h e  e n t i r e  n u c l e a r  i n d u s t r y .  

Seve ra l  o t h e r  s t u d i e s  have been conducted r e c e n t l y  o n  t h e  p o t e n t i a l  

r a d i a t i o n  dose t o  t h e  p u b l i c  caused b y  t r a n s p o r t i n g  r a d i o a c t i v e  m a t e r i a l .  

One such study( ' )  was conducted b y  PNL f o r  t h e  F e d e r a l  A v i a t i o n  A d m i n i s t r a -  

t i o n  (FAA) o f  t h e  Department  o f  T r a n s p o r t a t i o n  (DOT). T h i s  s t u d y  assessed 

t h e  e n v i r o n m e n t a l  impac t  o f  p roposed changes i n  r e g u l a t i o n s  f o r  t r a n s p o r t -  

i n g  r a d i o a c t i v e  m a t e r i a l  b y  a i r c r a f t .  Ano the r  i m p a c t  s t a t e m e n t ( 3 )  i s  b e i n g  

p repa red  b y  Sand ia  L a b o r a t o r i e s  f o r  t h e  NRC. I n  a d d i t i o n  t o  examin ing  t h e  

impac t  o f  t r a n s p o r t i n g  r a d i o a c t i v e  m a t e r i a l s  b y  a i r c r a f t ,  t h i s  s t u d y  a l s o  

c o n s i d e r s  t h e  a l t e r n a t i v e  modes o f  t r a n s p o r t a t i o n  and w i l l  use  i n f o r m a t i o n  

f r o m  t h i s  PNL su rvey  t o  h e l p  e v a l u a t e  t h e  i rnpacts.  

1 . 3  SCOPE 

The scope of t h i s  program i n c l u d e s  d e v e l o p i n g  a  q u e s t i o n n a i r e ,  con- 

d u c t i n g  a  s u r v e y  u s i n g  t h e  q u e s t i o n n a i r e ,  c o m p i l i n g  t h e  i n f o r m a t i o n  o b t a i n e d  

d u r i n g  t h e  su rvey ,  and r e p o r t i n g  t h e  s u r v e y  r e s u l t s .  U s i n g  i n f o r m a t i o n  f r o m  

NRC, ERDA, DOT and i n d u s t r y  r e p r e s e n t a t i v e s ,  PNL developed f o u r  q u e s t i o n -  

n a i r e  packe ts  f o r  t h e  v a r i o u s  1  i c e n s e  t y p e s  [i. e. ,  NRC 1 i censees ,  Agreement 

S t a t e  l i c e n s e e s  and Energy Research and Development A d m i n i s t r a t i o n  (ERDA) 

p r i m e  c o n t r a c t o r s  who a r e  exempt from l i c e n s i n g  r e q u i r e m e n t s ;  see S e c t i o n  2.2 

f o r  d e t a i l s ] .  These q u e s t i o n n a i r e  packe ts  were t h e n  m a i l e d  t o  2,275 o f  

a p p r o x i ~ n a t e l y  15,000 o r g a n i z a t i o n s ,  a n d / o r  i n d i v i d u a l s  who were a1 lowed 

by  l a w  t o  possess, use o r  t r a n s f e r  r a d i o a c t i v e  m a t e r i a l  i n  t h e  U n i t e d  

S t a t e s  d u r i n q  t h e  su rvey  p e r i o d   fro^:) [.;arch 1 ,  1974 t o  Feb rua ry  28, 1975. 

The s i x  ~ i i a j o r  program t a s k s  were: 

1  ) d e v e l o p  t h e  q u e s t i o n n a i r e  packe ts ,  

2 )  s e l e c t  q u e s t i o n n a i r e  r e c i p i e n t s ,  

3 )  d i s t r i b u t e  t h e  q u e s t i o n n a i r e  packe ts ,  

4 )  p rocess  r e t u r n e d  q u e s t i o n n a i r e s ,  



5 )  p r o v i d e  a  computer o u t p u t  o f  t h e  su rvey  r e s u l t s ,  and 

6 )  p r e p a r e  a  f i n a l  program r e p o r t  i n c l u d i n q  a  d i s c u s s i o n  o f  t h e  su rvey  

r e s u l t s  and p r o v i d i n g  a  p e r s p e c t i v e  f o r  t h e s e  r e s u l t s .  

The r e l a t i o n s h i p  o f  one t a s k  t o  a n o t h e r  i s  i l l u s t r a t e d  i n  F i g u r e  1.1.  

Each box i n  F i g u r e  1.1 i s  numbered t o  i n d i c a t e  w h i c h  o f  t h e  above s i x  t a s k s  

i s  r e p r e s e n t e d  by  t h e  a c t i v i t y  i n d i c a t e d  i n  t h e  box. S e c t i o n  2 (Survey 

Procedures)  d e s c r i b e s  t h e  f i r s t  t h r e e  t a s k s ,  S e c t i o n  3 (Data P rocess ing )  

d e t a i l s  t h e  f o u r t h  t a s k ,  and S e c t i o n  4 ( R e s u l t s  and D i s c u s s i o n )  and S e c t i o n  

5 (Survey P e r s p e c t i v e )  d e s c r i b e  t h e  l a s t  two t a s k s .  A  s e c t i o n  d e a l i n g  w i t h  

f u t u r e  c o n s i d e r a t i o n s  ( S e c t i o n  6 )  has a l s o  been i n c l u d e d  as w e l l  as appen- 

d i x e s  c o n t a i n i n g  t i e t a i l e d  s u p p o r t i n g  i n f o r m a t i o n .  Appendix A  d e s c r i b e s  

t h e  q u e s t i o n n a i r e  e d i t i n g  process;  Appendix B c o n t a i n s  t h e  computer  r e p o r t s  

and co r respond ing  f l o w  c h a r t s  and c a l c u l a t i o n s ;  and Appendix C shows samples 

o f  t h e  q u e s t i o n n a i r e  packets .  
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2.0 SURVEY PROCEDURES 

T h i s  f i r s t  phase o f  t h e  R a d i o a c t i v e  M a t e r i a l  Shipment Survey Program 

i n v o l v e d  t h r e e  tasks .  These t a s k s  a r e  i n c l u d e d  i n  t h e  f i r s t  t h r e e  m a j o r  

t a s k s  l i s t e d  i n  S e c t i o n  1.3. The f i r s t  t a s k  was t o  d e v e l o p  a  q u e s t i o n n a i r e  

t o  o b t a i n  as  much u s e f u l  t r a n s p o r t a t i o n  d a t a  as p o s s i b l e  w i t h  a  minimum 

e f f o r t  f o r  t h e  respondent .  The second t a s k  i n v o l v e d  s e l e c t i n g  t h e  l i c e n s e e s  

and c o n t r a c t o r s  t o  be surveyed,  and t h e  t h i r d  t a s k  was t o  m a i l  t h e  q u e s t i o n -  

n a i r e  packe ts .  These t a s k s  a r e  d e t a i l e d  i n  t h e  f o l l o w i n g  s u b s e c t i o n s .  

2.1 DEVELOPMEIVT OF THE QUESTIONNAIRE PACKETS 

The m a j o r  o b j e c t i v e  i n  d e v e l o p i n g  t h e  q u e s t i o n n a i r e  was t o  o b t a i n  as 

much u s e f u l  i n f o r m a t i o n  as  p o s s i b l e ,  i n  a  f o r m  t h a t  c o u l d  be c o r r e l a t e d  f o r  

e x t r a p o l a t i o n  purposes.  I n  a d d i t i o n ,  s i n c e  t h e  su rvey  was v o l u n t a r y  and 

t h e  respondents  were n o t  compensated f o r  t h e i r  t i m e ,  t h e  q u e s t i o n n a i r e  had 

t o  be easy t o  comple te .  F u r t h e r ,  t h i s  i n f o r m a t i o n  was m a r k e t - o r i e n t e d  and 

c o u l d  be c o n s i d e r e d  bus iness  s e n s i t i v e  f o r  some respondents .  To encourage 

t h e i r  response,  we i n d i c a t e d  t h a t  t h e  su rvey  r e s u l t s  would be made a v a i l a b l e  

o n l y  i n  a  "summary" form t o  p r o t e c t  p r o p r i e t a r y  bus iness  i n f o r m a t i o n .  

Due t o  t h e  c o m p l e x i t y  o f  t h e  d e s i g n  o b j e c t i v e s  as w e l l  as t h e  l i c e n s e  

c a t e g o r i e s  and sanipl i n g  procedures  (see S e c t i o n s  2.2.1 t h r o u g h  2.2.3) , t h r e e  

q u e s t i o n n a i r e s  were u l t i m a t e l y  developed:  one Summary Q u e s t i o n n a i r e  and 

two D e t a i l e d  Q u e s t i o n n a i r e s .  These q u e s t i o n n a i r e s  a r e  e x p l a i n e d  i n  t h e  

f o l l o w i n g  subsec t i ons  and samples o f  t h e  q u e s t i o n n a i r e  packe ts  s e n t  t o  t h e  

l i c e n s e e s  and c o n t r a c t o r s  a r e  p r o v i d e d  i n  Appendix C .  



2.1.1 D e t a i l e d  O u e s t i o n n a i r e s  

The d e t a i l e d  q u e s t i o n n a i r e s  [SNM") Q u e s t i o n n a i r e  and Nbn-SNM Q u e s t i o n -  

n a i r e ]  were t h e  same e x c e p t  f o r  t h e  u n i t s  s p e c i f i e d  and t h e  l e n g t h  o f  t h e  

su rvey  p e r i o d .  The SNM Q u e s t i o n n a i r e  reques ted  t h a t  t h e  r a d i o a c t i v e  mate-  

r i a l  d a t a  be l i s t e d  i n  grams, w h i l e  t h e  Non-SNM Q u e s t i o n n a i r e  r e q u i r e d  t h i s  

i n f o r m a t i o n  i n  c u r i e s .  The su rvey  p e r i o d  f o r  SNM l i c e n s e e s  was one y e a r , w h i l e  

t h e  su rvey  p e r i o d  f o r  non-SNM l i c e n s e e s  was f l e x i b l e ,  depending on t h e  f r e -  

quency o f  t h e i r  s h i p p i n g  a c t i v i t i e s :  1 )  one week f o r  t h o s e  s h i p p i n g  more 

than  500 packages a  week, 2)  one month f o r  those s h i p p i n g  fewer  t h a n  500 b u t  

more than  10  packages a  week, o r  3 )  s i x  months f o r  t hose  s h i p p i n g  fewer  t h a n  

10 packages a  week. Each q u e s t i o n n a i r e  r e c i p i e n t  was asked t o  s e l e c t  a 

r e p r e s e n t a t i v e  t i t l ie  p e r i o d  s i n c e  these r e s u l t s  would be e x t r a p o l a t e d  t o  

c o v e r  a  one-year  p e r i o d .  

Bo th  q u e s t i o n n a i r e s  reques ted  d e t a i l e d  i n f o r m a t i o n  on t h e  m i l e s  a  con-  

s ignment was sh ipped;  i t s  o r i g i n  and d e s t i n a t i o n ;  t h e  m a j o r  and secondary 

modes of t r a n s p o r t a t i o n ;  t h e  t ypes  of r a d i o a c t i v e  m a t e r i a l s  sh ipped ,  as 

w e l l  as chemica l  and p h y s i c a l  forms; t h e  t y p e s  o f  s h i p p i n g  c o n t a i n e r s  used;  

t h e  T r a n s p o r t  I ndex  ( ~ 1 ) ; ' ~ )  and t h e  amount i n  c u r i e s  ( f o r  non-SNM/Source 

M a t e r i a l )  o r  grams ( f o r  SNM/Source M a t e r i a l )  o f  each package. 

-- 

( a )  The t e r ~ n  "SIVM," a b b r e v i a t i o n  f o r  S p e c i a l  N u c l e a r  M a t e r i a l s ,  i s  used 
t h r o u g h o u t  t h e  t e x t  i n  r e f e r e n c e  t o :  1 )  o r g a n i z a t i o n s  o r  i n d i v i d u a l s  
who a r e  l i c e n s e d  t o  possess, use, and t r a n s p o r t  S p e c i a l  N u c l e a r  Mate-  
t i a l  ; 2 )  t h e  q u e s t i o n n a i r e  p a c k e t  and q u e s t i o n n a i r e  f o r m  used i n  t h i s  
survey f o r  r e p o r t i n g  t h e  t r a n s p o r t a t i o n  of S p e c i a l  N u c l e a r  M a t e r i a l ;  
and 3 )  S p e c i a l  N u c l e a r  M a t e r i a l  i t s e l f  as d e f i n e d  i n  t h e  U.S. Federa l  
Code o f  R e g u l a t i o n s  (1OCFR 7 0 . 4 4 ) .  ( 4 )  The te rm "SNM and Source 
M a t e r i a l , "  u s u a l l y  a b b r e v i a t e d  "SNM/Source M a t e r i a l , "  i s  used t h r o u g h -  
o u t  t h e  t e x t  i n  r e f e r e n c e  t o  d a t a  r e g a r d i n g  t h e  t r a n s p o r t a t i o n  of 
S p e c i a l  Nuc lea r  M a t e r i a l  and/or  Source M a t e r i a l  (1  OCFR 40.4-h) , ( 4 )  
wh ich  i n c l u d e s  a l l  uranium, a l l  p l u t o n i u m ,  and a l l  t h o r i u m .  

( b )  The T r a n s p o r t  Index i s  t h e  "number p l a c e d  on a  package t o  d e s i g n a t e  t h e  
degree o f  c o n t r o l  t o  be e x e r c i s e d  by t h e  c a r r i e r  d u r i n g  t r a n s p o r t a t i o n . "  
I t  i s  de te rm ined  by " t h e  h i g h e s t  r a d i a t i o n  dose r a t e  i n  m i l l i r e m  p e r  
hour  a t  t h r e e  f e e t  frorn any a c c e s s i b l e  e x t e r n a l  s u r f a c e  of t h e  package," 
o r ,  f o r  F i s s i l e  C l a s s  I 1  packages o n l y ,  t h e  "nunlber c a l c u l a t e d  by 
d i v i d i n g  t h e  nun-~ber ' 5 0 '  by t h e  number of s i r n i l  r packages which may 
be t r a n s p o r t e d  t o g e t h e r "  (49CFR 173.389,390). ( 3 7  



2.1.2 Summary Q u e s t i o n n a i r e  

- 
 his q u e s t i o n n a i r e  reques ted  summary i n f o r m a t i o n  f o r  a  one-year p e r i o d  

based on " b e s t  knowledge" r a t h e r  than  a c t u a l  re fe rence  t o  t h e  respondent 's  

r e c o r d s .  We i n t e n d e d  t h a t  t h e  respondent  wou ld  be a b l e  t o  comple te  t h e  

q u e s t i o n n a i r e  q u i c k l y  and e a s i l y .  The p r i m a r y  purpose o f  t h i s  q u e s t i o n n a i r e  

( s e n t  on a  random s e l e c t i o n  b a s i s )  was t o  o b t a i n  g e n e r a l  i n f o r m a t i o n  r e g a r d -  

i n g  t h e  s h i p p i n g  a c t i v i t y  o f  a  l a r g e  number o f  r e p r e s e n t a t i v e  l i c e n s e e s  

(see S e c t i o n  2.2.3) .  

2.2 SELECTION OF QUESTIONNAIRE RECIPZENTS 

The most  common method o f  s u r v e y i n g  a  p o p u l a t i o n  i s  t o  randomly s e l e c t  

a  r e l a t i v e l y  smal l  f r a c t i o n  o f  a  p o p u l a t i o n  t h a t ,  i d e a l l y ,  forms a  r e p r e -  

s e n t a t i v e  c r o s s  s e c t i o n  o f  t h e  t o t a l  p o p u l a t i o n .  The i n f o r m a t i o n  r e c e i v e d  

from t h i s  c r o s s  s e c t i o n  i s  t h e n  e x t r a p o l a t e d  t o  r e p r e s e n t  i n f o r m a t i o n  f o r  

t h e  t o t a l  p o p u l a t i o n .  T h i s  method i s  r e l i a b l e  if t h e  i n f o r m a t i o n  o b t a i n e d  

f rom t h e  sampled p o p u l a t i o n  i s  reasonab ly  u n i f o r m  and if p r o p e r  sampl ing  

procedures  a r e  used. 

A  s t r i c t l y  random s e l e c t i o n  was cons ide red  inadequa te  f o r  t h i s  survey 

f o r  two reasons:  f i r s t ,  p a r t i c i p a t i o n  i n  t h e  su rvey  was v o l u n t a r y .  Even 

though a  random c r o s s  s e c t i o n  i s  s e l e c t e d  t o  r e c e i v e  q u e s t i o n n a i r e s ,  i t  

i s  u n l i k e l y  t h a t  t h e  same (random) group w i l l  e l e c t  t o  r e t u r n  comple ted 

q u e s t i o n n a i r e s .  Thus, t h e  c r o s s  s e c t i o n  r e p r e s e n t e d  by t h e  r e t u r n e d  ques- 

t i o n n a i r e s  may become q u i t e  s e l e c t i v e .  Our e x p e r i e n c e  w i t h  r e t u r n e d  ques- 

t i o n n a i r e s  and c o n t a c t  w i t h  respondents  and nonrespondents c o n f i r m e d  t h i s  

t r e n d .  I n  some i n s t a n c e s ,  companies w i t h  few personne l  and sma l l  b u t  s i g -  

n i f i c a n t  s h i p p i n g  a c t i v i t i e s  had no a v a i l a b l e  man-hours f o r  c o m p l e t i n g  a  

D e t a i l e d  Q u e s t i o n n a i r e ,  w h i l e  a  few r e f u s e d  o u t r i g h t  t o  f i l l  o u t  even a  

Summary Q u e s t i o n n a i r e .  Severa l  l i c e n s e e s  who had no s h i p p i n g  a c t i v i t i e s  

d u r i n g  t h e  survey p e r i o d  d i d  n o t  respond,  n o t  r e a l i z i n g  t h e  impor tance  o f  

a  "no a c t i v i t y "  response.  These and o t h e r  problems encountered w i t h  t h e  

survey r e t u r n s  a r e  d e t a i l e d  i n  Appendix A  and S e c t i o n s  4 and 5 .  



The most  i m p o r t a n t  reason  t h a t  c o n t r i b u t e d  t o  t h e  inadequacy o f  a  

t o t a l l y  random su rvey  was t h e  v a r i o u s  s i z e s  and t y p e s  o f  l i c e n s e e  c a t e g o r i e s .  

I n  some 1  i c e n s e  c a t e g o r i e s  ( r a d i o p h a r m a c e u t i c a l s ,  f o r  example)  o n l y  a  

s m a l l  f r a c t i o n  o f  t h e  l i c e n s e e s  may a c c o u n t  f o r  a  v a s t  m a j o r i t y  o f  t h e  

s h i p p i n g  a c t i v i t y  f o r  t h a t  c a t e g o r y .  If t h e s e  few a r e  n o t  c o r r e c t l y  

i n c l u d e d  i n  t h e  random c r o s s  s e c t i o n ,  t h e  e x t r a p o l a t i o n  t o  t h e  t o t a l  p o p u l a -  

t i o n  w i l l  be g r o s s l y  i n  e r r o r ,  s i n c e  t h e  sample i s  n o t  r e p r e s e n t a t i v e  o f  

t h e  norm f o r  t h e  c a t e g o r y .  A random s e l e c t i o n  and response  o f  t h i s  t y p e  

would 1  i k e l y  l e a d  t o  i n a c c u r a t e  r e s u l t s .  On ly  a  v e r y  f o r t u n a t e  (and u n l i k e l y )  

c o i n c i d e n c e  o f  samp l i ng  and e x t r a p o l a t i o n  wou ld  g i v e  a c c u r a t e  r e s u l t s .  

I n  v iew  o f  t hese  prob lems,  we combined randoni and s e l e c t i v e  s u r v e y  

methods.  We f i r s t  a t t emp ted  t o  i d e n t i f y  m a j o r  s h i p p e r s  ( t h o s e  w i t h  u n u s u a l l y  

l a r g e  amounts o f  sh ippyng  a c t i v i t i e s ;  see S e c t i o n  2 . 2 . 2 ) .  We t h e n  s e n t  

D e t a i l e d  Non-SNM Q u e s t i o n n a i r e  p a c k e t s  t o  t h e s e  m a j o r  s h i p p e r s  and s e n t  

D e t a i l e d  SNM Q u e s t i o n n a i r e  packe ts  t o  a1 1  SNM 1  i censees  and ERDA c o n t r a c t o r s  

( see  S e c t i o n  2 . 2 . 1 ) .  

The r e m a i n i n g  1  i censees  were s e n t  Summary Q u e s t i o n n a i r e s  on a  randoni 

sampl i n g  b a s i s  a c c o r d i n g  t o  r e s p e c t i v e  1  i c e n s e  c a t e g o r i e s  ( S e c t i o n  2 . 2 . 3 ) .  

The i n t e n t  o f  t h i s  s u r v e y  method was t o  o b t a i n  d e t a i l e d  i n f o r m a t i o n  f r o m  a  

c o r e  g roup  o f  responden ts  r e p r e s e n t i n g  t h e  n ia jo r  p o r t i o n  of  t h e  r a d i o a c t i v e  

m a t e r i a l  s h i p p i n g  a c t i v i t y  i n  t h e  U n i t e d  S t a t e s .  Sunitnary i n f o r n i a t i o n  

o b t a i n e d  on a  random samp l i ng  b a s i s  f r o m  t h e  ren ia in ing  l i c e n s e e s  se rved  a  

d u a l  purpose.  The p r i m a r y  purpose was t o  e x t r a p o l a t e ,  t o  a  u n i f o r m  t o t a l ,  

s h i p p i n g  a c t i v i t y  f o r  t h e  m i n o r ( a )  s h i p p e r  p o p u l a t i o n .  These d a t a  t h e n  

c o n t a i n  e v e n l y  e x t r a p o l a t e d  i n f o r m a t i o n  f rom wh ich  p a r a m e t r i c  and ave rage  

v a l u e s  can be o b t a i n e d .  The secondary  purpose o f  t h e  summary d a t a  was t o  

c o n f i r i n  t h a t  t h o s e  l i c e n s e e s  we c o n s i d e r e d  m a j o r  s h i p p e r s  d i d  i ndeed  r e p r e -  

s e n t  t h e  b u l k  o f  U.S. s h i p p i n g  a c t i v i t y .  

Q u e s t i o n n a i r e  packe ts  were m a i l e d  t o  r e p r e s e n t a t i v e s  i n  t h e  t h r e e  

g roups  o f  o r g a n i z a t i o n s  o r  persons t h a t  a r e  a1 lowed by  l aw  t o  hand1 e  

r a d i o a c t i v e  ~ i i a t e r i a l s  i n  t h e  U.S .  One group i s  d i r e c t l y  l i c e n s e d  b y  NRC 

( a )  A m a j o r  s h i p p e r  i s  any person o r  o r g a n i z a t i o n  t h a t  a n n u a l l y  s h i p s  an 
u n u s u a l l y  l a r g e  number o f  packages of  r a d i o a c t i v e  m a t e r i a l .  A m i n o r  
s h i p p e r  i s  anyone o t h e r  t han  a rnajor  s h i p p e r .  

2-4 



and c o n s t i t u t e s  s l i g h t l y  l e s s  t h a n  one-ha l f  o f  t h e  U.S. l i c e n s e e s .  Those i n  

t h e  second group a r e  l i c e n s e d  by  t h e i r  r e s p e c t i v e  s t a t e  governments. These 

s t a t e s ,  c a l l e d  Agreement S t a t e s ,  have e n t e r e d  i n t o  an agreement w i t h  NRC 

f o r  t h e  t r a n s f e r  o f  a u t h o r i t y  f o r  l i c e n s i n g  and r e g u l a t i n g  t h e  possess ion,  

use, and t r a n s p o r t a t i o n  o f  c e r t a i n  r a d i o a c t i v e  m a t e r i a l  w i t h i n  t h e i r  

boundar ies .  Agreement S t a t e s  r e g u l a t e  a p p r o x i m a t e l y  o n e - h a l f  o f  t h e  U.S. 

l i c e n s e e s .  The t h i r d  group ( r e l a t i v e l y  sma l l  i n  number) c o n s i s t s  o f  ERDA 

p r ime  c o n t r a c t o r s  wh ich  a r e  r e g u l a t e d  d i r e c t l y  b y  ERDA. T a b l e  2.1 i n d i c a t e s  

t h e  Agreement S t a t e s  w i t h  t h e  number o f  l i c e n s e s  i n  each s t a t e  f o r  each o f  

f o u r  genera l  l i c e n s e  c a t e g o r i e s  and t h e  number o f  NRC l i c e n s e s  f o r  each o f  

t h e  f o u r  c a t e g o r i e s .  The 984 SNM l i c e n s e e s  (see  S e c t i o n  2 .2 .1)  l i s t e d  i n  

Tab le  2.1 c o m p l e t e l y  o v e r l a p  t h e  NRC and Agreement S t a t e s  t o t a l s  and i n c l u d e  

a l l  o f  t h e  ERDA c o n t r a c t o r s ;  t h e r e f o r e ,  t h e s e  a r e  n o t  984 a d d i t i o n a l  l i c e n -  

sees. There  i s  a l s o  c o n s i d e r a b l e  o v e r l a p  between and w i t h i n  l i c e n s e  c a t e -  

g o r i e s ,  w i t h  one l i c e n s e e  h o l d i n g  l i c e n s e s  i n  more t h a n  one c a t e g o r y  and/or  

h o l d i n g  more than one l i c e n s e  i n  a  s i n g l e  c a t e g o r y .  Note  t h a t  Tab le  2.1 i s  

n o t  c o r r e c t e d  f o r  t h i s  o v e r l a p ,  b u t  s i m p l y  l i s t s  t h e  nurober o f  e x i s t i n g  

l i c e n s e s .  T h i s  o v e r l a p  i s  d i scussed  f u r t h e r  i n  t h e  f o l l o w i n g  s u b s e c t i o n s  

and i n  S e c t i o n s  3, 4, and 5. I n  a d d i t i o n ,  t h e  f o l l o w i n g  s u b s e c t i o n s  d e t a i l  

t h e  process used t o  s e l e c t  t h e  su rvey  p a r t i c i p a n t s .  

2.2.1 SNM and ERDA 

A  l i s t  o f  S N M ( ~ )  l i c e n s e e s  was comp i led  on t h e  b a s i s  o f  i n f o r m a t i o n  

f rom t h e  NMIS(~) and a  l i c e n s e e  l i s t  s u p p l i e d  by  NRC. (The NRC SNM L icense  

Ca tegor ies  21-100 t h r o u g h  55-000 a r e  l i s t e d  i n  Tab le  4.3. ) No l i s t s  o f  SNM 

l i c e n s e e s  were o b t a i n e d  f r o m  t h e  Agreement S t a t e s ;  t h e r e f o r e ,  t h e  comp i led  

l i s t  does n o t  i n c l u d e  SNM l i c e n s e e s  f rom t h e  Agreement S t a t e s  t h a t  d i d  n o t  

s h i p  any packages c o n t a i n i n g  1  g  o r  more o f  S p e c i a l  N u c l e a r  M a t e r i a l .  

( a )  See f o o t n o t e  ( a ) ,  S e c t i o n  2 .1  .l. 

( b )  NMIS, t h e  N u c l e a r  M a t e r i a l s  I n f o r m a t i o n  System, i s  an automated d a t a  
system c o n t a i n i n g  i n f o r m a t i o n  r e g a r d i n g  t h e  t r a n s p o r t a t i o n  o f  S p e c i a l  
Nuc lea r  M a t e r i a l .  Every  SNM l i c e n s e e  i s  r e q u i r e d  t o  r e c o r d  each 
t r a n s f e r  o f  SNM i n  an amount equal t o  o r  g r e a t e r  t h a n  1  g  on a  741 Form 
and f o r w a r d  t h i s  i n f o r m a t i o n  t o  Oak Ridge N a t i o n a l  L a b o r a t o r y  (ORNL) 
where i t  i s  i n c o r p o r a t e d  i n t o  t h e  NMIS d a t a  system. 



TABLE 2.1 . ( a )  Agreement S t a t e s  and NRC L i c e n s e s  
and ERDA O p e r a t i o n s  and Area O f f i c e s  

Regu 1  a t  i ng Body - 

Agreement S t a t e s  

A1 a  bama 
A r i z o n a  
Arkansas 
~ a l  i f o r n i a  ( b )  
Co lorado 
F l o r i d a  
Georg ia  
Idaho 
Kansas 
Kentucky 
L o u i s i a n a  
Mary land 
M i s s i s s i p p i  
Nebraska 
Nevada 
New Harr~psh i r e  
New Mexico 
New York 
N o r t h  Caro l  i na 
N o r t h  Dakota 
Oregon 
South C a r o l i n a  
Tennessee 
Texas 
Washington 

T o t a l  F,grce~;ient S t a t e s  

T o t a l  NRC 

TOTAL NRC AND STATES 

S N M ( ~ )  

ERDA Opera t i ons  and 
Area O f f i c e s  

Nurr~ber o f  L i censes  bv ., 
General  Category  

Medica l  Academic I n d u s t r i a l  O the r  -- . -- 

T o t a l  f o r  
R e g u l a t i n g  

Body 

( a )  These f i g u r e s  a r e  n o t  c o r r e c t e d  f o r  o v e r l a p  and d u p l i c a t i o n  
between and w i t h i n  1  i c e n s e  c a t e g o r i e s .  

( b )  On ly  a  t o t a l  number of l i c e n s e s  was a v a i l a b l e  f r o m  C a l i f o r n i a .  
The d i s t r i b u t i o n  o f  t h e  1400 l i c e n s e s  i n t o  t h e  f o u r  c a t e g o r i e s  
was assumed u s i n g  t h e  o v e r a l l  average d i s t r i b u t i o n  e x i s t i n g  i n  
t h e  o t h e r  24 Agreement S t a t e s .  

( c )  The 984 SNM l i c e n s e s  o v e r l a p  c o n i p l e t e l y  w i t h  t h e  Agreement S t a t e s ,  
NRC, and ERDA groups.  



A l l  n i n e  ERDA Opera t i ons  O f f i c e s  and one o f  t h e  t e n  ERDA Area O f f i c e s  

were s e n t  SNM Q u e s t i o n n a i r e  packe ts  f o r  d i s t r i b u t i o n  t o  p r ime  c o n t r a c t o r s  

as a p p r o p r i a t e ;  Appendix C c o n t a i n s  a  l i s t  o f  t h e  ERDA o f f i c e s  t h a t  

r e c e i v e d  q u e s t i o n n a i r e s .  

The o r i g i n a l  m a i l i n g  l i s t  o f  SNM l i c e n s e e s  and ERDA c o n t r a c t o r s  con- 

t a i n e d  984 e n t r i e s  o f  wh ich  78 were d u p l i c a t i o n s ,  l e a v i n g  a  n e t  906 SNM 

Q u e s t i o n n a i r e  packets  m a i l e d  (see Column l a  o f  T a b l e  4.2A). O f  t h e  906, 

45 SNM l i c e n s e e s  were i d e n t i f i e d  as p r o b a b l e  "ma jo r "  s h i p p e r s  (see 

S e c t i o n  2.2.2 f o r  d e t a i l s ) .  

2.2.2 M a j o r  Sh ippers  

A  "ma jo r  s h i p p e r "  f o r  t h e  purposes o f  t h i s  su rvey  i s  d e f i n e d  as any 

o r g a n i z a t i o n  o r  person t h a t  a n n u a l l y  s h i p s  more t h a n  500 packages o f  r a d i o -  

a c t i v e  m a t e r i a l .  However, t h i s  d e f i n i t i o n  i s  somewhat a r b i t r a r y .  Fo r  

exarnpl e, 500 packages s h i  pped p e r  y e a r  by a  rad iopharmaceu t i  c a l  s  m a n u f a c t u r e r  

would n o t  n e c e s s a r i l y  q u a l i f y  t h e  manufac turer  as a  m a j o r  s h i p p e r ,  w h i l e  

500 packages a n n u a l l y  f o r  a  g D ~ r  hea t  sou rce  p roducer  would d e f i n i t e l y  be 

cons ide red  m a j o r  s h i p p i n g  a c t i v i t y .  B a s i c a l l y ,  we i n t e n d e d  t o  s e l e c t  t hose  

l i c e n s e e s  who sh ipped t h e  m a j o r i t y  o f  packages i .n a  c a t e g o r y .  

A  l i s t  o f  109 p r o b a b l e  m a j o r  s h i p p e r s  was comp i led  based on r e c e n t  

and i n p u t  from NRC and ERDA s t a f f .  T h i s  l i s t  i s  r e f e r r e d  

t o  as t h e  "Major  L i s t . "  A  second l i s t  o f  107 p r o b a b l e  m a j o r  s h i p p e r s  was 

compi led  f rom l i s t s  s u p p l i e d  by t h e  r e g u l a t o r y  agenc ies  i n  each o f  t h e  

Agreement S t a t e s .  T h i s  l i s t  i s  r e f e r r e d  t o  as  t h e  "Agreement S t a t e s  M a j o r  

L i s t . "  A f t e r  d e t e r m i n i n g  o v e r l a p  and d u p l i c a t i o n  of l i c e n s e e s  i n  b o t h  l i s t s ,  

t h e  M a j o r  L i s t  c o n t a i n e d  96 un ique  l i c e n s e e s  and t h e  Agreement S t a t e s  M a j o r  

L i s t  c o n t a i n e d  92, f o r  a  t o t a l  o f  188 p r o b a b l e  m a j o r  s h i p p e r s  (see Tab le  4 . 2 ~ ) .  

As i n d i c a t e d  i n  S e c t i o n  2.2.1, 45 o f  t hese  188 p r o b a b l e  m a j o r  s h i p p e r s  

( 2 7  from t h e  Ma jo r  L i s t  and 18 from t h e  Agreement S t a t e s  M a j o r  L i s t )  were 

a l s o  SNM l i c e n s e e s .  Thus, SNM Q u e s t i o n n a i r e  packe ts  were m a i l e d  t o  each, 

and were counted as SNM packe ts  m a i l e d  t o  SNM 1  icensees t h a t  were a1 so p rob -  

a b l e  m a j o r  s h i p p e r s .  S ince t h e  SNM packe t  c o n t a i n e d  b o t h  an SNM and a  Non- 

SNM D e t a i l e d  Q u e s t i o n n a i r e ,  t hese  45 packe ts  were counted as 45 SNM 



Q u e s t i o n n a i r e s  m a i l e d  p l u s  45 Non-SNM Q u e s t i o n n a i r e s  n i a i l e d  and a r e  

i n c l u d e d  i n  b o t h  t h e  906 SNM and 1049 Non-SNM Q u e s t i o n n a i r e s  t h a t  were 

s e n t  ( l i s t e d  i n  Column 2a o f  T a b l e  4 .2A) .  The r e m a i n i n g  143 p r o b a b l e  

m a j o r  s h i p p e r s  l i s t e d  i n  Column l a  o f  Tab le  4.2A were s e n t  D e t a i l e d  Non-SNM 

Q u e s t i o n n a i r e s  o n l y .  The rema in ing  861 [1049-(143+45)]  o f  t h e  1049 Non-SNM 

Q u e s t i o n n a i r e s  l i s t e d  i n  Column 2a r e p r e s e n t  t h e  Non-SNM Q u e s t i o n n a i r e s  

wh ich  were c o n t a i n e d  i n  t h e  SNM Q u e s t i o n n a i r e  packe ts  s e n t  t o  t h e  r e m a i n i n g  

861 (906-45) SNM l i c e n s e e s  and ERDA c o n t r a c t o r s  t h a t  were n o t  c o n s i d e r e d  

p r o b a b l e  ma jo r  s h i p p e r s .  

2.2.3 O t h e r  P o t e n t i a l  Sh ippers  

The Summary Q u e s t i o n n a i r e  was m a i l e d  t o  o t h e r  p o t e n t i a l  s h i p p e r s  

( h e r e a f t e r  r e f e r r e d  t o  as "minor  s h i p p e r s " )  who were s e l e c t e d  on a  random 

samp l ing  b a s i s .  A  l i s t  o f  p o t e n t i a l  m i n o r  s h i p p e r s  was comp i led  f rom t h e  

l i c e n s e e  address l i s t s  s u p p l i e d  by  NRC and t h e  Agreement S t a t e s .  

Four  g e n e r a l  s h i p p i n g  c a t e g o r i e s  were i d e n t i f i e d  f o r  t h e  Agreement 

S t a t e s  l i c e n s e e s :  Academic, Med ica l ,  I n d u s t r i a l ,  and Othe r .  "O the r "  

i n c l u d e s  C i v i l  Defense and o t h e r  l i c e n s e e s  who a r e  members o f  s t a t e  and 

l o c a l  governments, as w e l l  as t h o s e  who c o u l d  n o t  be ass igned  t o  any o f  

t h e  t h r e e  o t h e r  c a t e g o r i e s  on t h e  b a s i s  o f  t h e i r  o r g a n i z a t i o n a l  names. The 

o r g a n i z a t i o n a l  name was t h e  o n l y  b a s i s  t h a t  was c o n s i s t e n t l y  a v a i l a b l e  f o r  

a s s i g n i n g  a  s h i p p i n g  c a t e g o r y  t o  t h e  Agreement S t a t e  l i c e n s e e s .  

Key words, o r  d e r i v a t i o n s  f o r  a s s i g n i n g  c a t e g o r i e s  based on t h e  

l i c e n s e e  name, a r e  as f o l l o w s :  

Academic - c o l  l e g e ,  u n i v e r s i t y  , schoo l  , academy 

Med i ca 1  -- - h o s p i t a l  , M.D., m e d i c a l ,  X-ray,  c l i n i c ,  pha rmaceu t i ca l  , 
pharmacy, r a d i o l o g y ,  b i o l o g y  

I n d u s t r i a l  - I n c . ,  Corp. ,  company, systems, chemica l ,  any me ta l  name, 
i n s t r u m e n t s ,  i n d u s t r y ,  e n g i n e e r i n g ,  t e s t i n g ,  o i l ,  s e r v i c e ,  
t echno logy ,  manufac tur ing ,  e l e c t r i c ,  m in ing ,  power, 
i n s t r u m e n t s ,  p roduc ts ,  m e t a l ,  c o n s u l t i n g ,  energy  

O t h e r  - c i v i l ,  i n s t i t u t e ,  agency, p u b l i c ,  comniission, c i t y ,  s t a t e ,  
and an,y obv ious member o f  c i t y  o r  s t a t e  governmental  
s e r v i c e s .  



"Med ica l "  t akes  precedence o v e r  a l l  o t h e r  c a t e g o r i e s ;  "Academic" t a k e s  

precedence o v e r  " I n d u s t r i a l "  and "Other;"  " I n d u s t r i a l "  t a k e s  precedence o v e r  

"Other . "  F o r  example, t h e  " S i l v e r  C i t y  C o l l e g e  o f  M e d i c i n e "  wou ld  f a l l  i n  

t h e  Med ica l  ca tegory ,  even though i t s  o r g a n i z a t i o n  name c o n t a i n s  key words 

f o r  each o f  t h e  o t h e r  t h r e e  c a t e g o r i e s .  A  c e r t a i n  amount o f  s u b j e c t i v e  

judgment was necessary  i n  o r d e r  t o  a s s i g n  a  c a t e g o r y  t o  l i c e n s e e s  i n  cases 

where t h e  above system d i d  n o t  a p p l y .  Fo r  example, t h e  "Acme X-ray S e r v i c e s ,  

I n c . "  m i g h t  w e l l  be i n v o l v e d  i n  n o n d e s t r u c t i v e  t e s t i n g  and a n a l y s i s  ( I n d u s -  

t r i a l  c a t e g o r y ) ,  r a t h e r  t h a n  i n  r a d i o l o g y  (Med ica l  c a t e g o r y ) .  

R e c i p i e n t s  f r o m  t h e  Agreement S t a t e s  l i s t  were then r a n d o ~ i i l y  s e l e c t e d  

f r o m  t h e s e  f o u r  c a t e g o r i e s .  The f r a c t i o n  s e l e c t e d  f r o m  t h e  Academic, Med ica l ,  

and O t h e r  c a t e g o r i e s  was about  5% o f  t h e  t o t a l  l i c e n s e e  p o p u l a t i o n  i n  each 

c a t e g o r y .  A  l a r g e r  f r a c t i o n  (abou t  10%) was s e l e c t e d  f r o m  t h e  I n d u s t r i a l  

c a t e g o r y  because a  g r e a t e r  v a r i a t i o n  i n  amounts and t ypes  o f  n u c l i d e s  

sh ipped was expected.  

A  t o t a l  o f  528 Agreement S t a t e s  l i c e n s e e s  were s e l e c t e d  t o  r e c e i v e  

Summary Q u e s t i o n n a i r e s .  The number o f  l i c e n s e s  i n  each c a t e g o r y  f o r  each 

Agreement S t a t e  i s  l i s t e d  i n  T a b l e  2.1. Note t h a t  o n l y  a  t o t a l  number o f  

l i c e n s e s  (1400) was a v a i l a b l e  f o r  C a l i f o r n i a ;  t h e  d i s t r i b u t i o n  o f  t hese  

1400 i n t o  t h e  f o u r  c a t e g o r i e s  was assumed u s i n g  t h e  o v e r a l l  average c a t e -  

g o r y  d i s t r i b u t i o n  f o r  t h e  24 o t h e r  s t a t e s .  The number o f  Summary Q u e s t i o n -  

n a i r e s  t h a t  were m a i l e d  o u t  and r e t u r n e d  i n  each o f  t h e  f o u r  Agreement S t a t e s  

c a t e g o r i e s  i s  shown i n  T a b l e  4.3B. 

The number o f  l i c e n s e e s  s e l e c t e d  f rom each o f  t h e  39 NRC non-SNM 

1  i cense  c a t e g o r i e s  ( C a t e g o r i e s  01 -1 00 th rough  11 -700) a r e  shown i n  Tab1 e  4.3A, 

t h i r d  column. G e n e r a l l y ,  a  l a r g e r  f r a c t i o n  was s e l e c t e d  f r o m  t h o s e  c a t e -  

g o r i e s  where t h e  g r e a t e s t  v a r i a t i o n  i n  t y p e s  and amounts o f  n u c l i d e s  hand led 

was expected ( C a t e g o r i e s  03-1 20 t h r o u g h  03-800),  whi 1  e  a  sma l l  e r  f r a c t i o n  

was s e l e c t e d  from t h o s e  c a t e g o r i e s  where some u n i f o r m i t y  i n  t ypes  and amounts 

shipped was expected ( f o r  example, 02-100, 02-1 20) .  A  t o t a l  o f  698 NRC 

l i c e n s e e s  were s e l e c t e d  t o  r e c e i v e  Summdry Q u e s t i o n n a i r e s .  

The q u e s t i o n n a i r e  r e t u r n s  and e x t r a p o l a t i o n  o f  d a t a  f r o m  them a r e  

d i scussed  i n  S e c t i o n s  3, 4  and 5 .  



DISTRIBUTION MECHANICS 

When t h e  s e l e c t i o n  o f  survey p a r t i c i p a n t s  was completed,  t h e  cor respond-  

i n g  m a i l i n g  addresses were e n t e r e d  i n t o  a  d a t a  f i l e  f o r  automated p r o c e s s i n g  

and p r i n t i n g  o f  address l a b e l s .  The address l a b e l s  were a f f i x e d  t o  t h e  

p roper  q u e s t i o n n a i r e  packets  a c c o r d i n g  t o  c a t e g o r y  codes 1  i s  t e d  on t h e  

l a b e l s ;  t h e  packe ts  were t h e n  ready  f o r  m a i l i n g .  

F i g u r e  2.1 i s  a  f l o w  c h a r t  of t h e  m a i l i n g  process.  Some SNM Q u e s t i o n n a i r e  

packets  were m a i l e d  d i r e c t l y  t o  SNM l i c e n s e e s  and sollie were m a i l e d  t o  ERDA 

f i e l d  o f f i c e  lnanagers f o r  d i s t r i b u t i o n  t o  t h e  r e s p e c t i v e  c o n t r a c t o r s  under 

t h e i r  j u r i s d i c t i o n .  The SNM l i c e n s e e s  were m a i l e d  a  p o r t i o n  of t h e  NMIS'~) 

p r i n t o u t  wh ich p e r t a i n e d  t o  t h e i r  own s h i p p i n g  a c t i v i t i e s  t o  a i d  them i n  

c o m p l e t i n g  t h e  q u e s t i o n n a i r e .  D e t a i l e d  Non-SNM Q u e s t i o n n a i r e s  and Summary 

Q u e s t i o n n a i r e s  were m a i l e d  d i r e c t l y  t o  m a j o r  and m i n o r  s h i p p e r s .  The c o v e r  

l e t t e r  f o r  a l l  t h r e e  q u e s t i o n n a i r e s  e x p l a i n e d  t h e  purpose o f  t h e  su rvey  and 

urged t h e  r e c i p i e n t s  t o  complete t h e  q u e s t i o n n a i r e  and r e t u r n  i t  t o  PNL. 

S ince  s e v e r a l  ERDA c o n t r a c t o r  q u e s t i o n n a i r e s  were d i s t r i b u t e d  th rough  ERDA 

F i e l d  O f f i c e s ,  those c o v e r  l e t t e r s  were s e n t  o u t  under ERDA l e t t e r h e a d .  

Some o f  t h e  p a r t i c i p a n t s  r e c e i v e d  more t h a n  one q u e s t i o n n a i r e  packe t  due 

t o  some d u p l i c a t i o n  on t h e  address l i s t .  The su rvey  r e t u r n s  a r e  d i scussed  

i n  S e c t i o n  4.1. 

- -- 
( a )  F o r  a  d e s c r i p t i o n  o f  t h e  NMIS, see S e c t i o n  2.2.1, f o o t n o t e  ( b ) .  



FIGURE 2.1 D i s t r i b u t i o n  o f  Q u e s t i o n n a i r e  P a c k e t s  
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3.0  DATA PROCESSING 

The d a t a  f rom t h e  r e t u r n e d  q u e s t i o n n a i r e s  were e d i t e d  manua l l y  i n  a  

two-phase procedure,  t h e n  were keypunched o n t o  d a t a  ca rds  and manua l l y  v e r i -  

f i e d  f o r  keypunch accuracy.  F i n a l l y ,  t h e  d a t a  were a u t o m a t i c a l l y  v e r i f i e d  

by a  program e d i t o r  p r i o r  t o  i n c l u s i o n  on a  mass s t o r a g e  d e v i c e  f o r  process-  

i ng .  The f o l l o w i n g  subsec t ions  d e s c r i b e  these  processes and p r e s e n t  a  b r i e f  

d e s c r i p t i o n  o f  t h e  computer r e p o r t s  generated f rom t h e  da ta  base. The method 

of  e x t r a p o l a t i n g  t h e  Surr~mary Q u e s t i o r ~ n a i r e  d a t a  t o  p o p u l a t i o n  t o t a l s  i s  a1 so 

presented i n  S e c t i o n  3.3; genera l  c a l c u l a t i o n s  f o r  a1 1  o f  t h e  computer r e p o r t s  

a r e  i n c l u d e d  i n  Appendix B. 

3.1 QUESTIONNAIRE EDITING 

A l though  i n s t r u c t i o n s  were i n c l u d e d  w i t h  t h e  q u e s t i o n n a i r e  packets ,  an 

e d i t i n g  process was necessary  t o  ensure t h a t  t h e  d a t a  l i s t e d  were u n i f o r m  and 

compat ib le  w i t h  e s t a b l i s h e d  fo rmat .  T h i s  e d i t i n g  process c o n s i s t e d  o f  a  

p r e l i m i n a r y  i d e n t i f i c a t i o n / i n d e x i n g  s t e p  f o l l o w e d  by  a  two-phase e d i t i n g  

procedure t o  assure u n i f o r m i t y  and t o  o b t a i n  m i s s i n g  i n f o r m a t i o n .  

As t h e  q u e s t i o n n a i r e s  were r e c e i v e d ,  each was ass igned a  un ique  f o u r -  

d i g i t  i d e n t i f i c a t i o n  number. T h i s  number was reco rded  i n  a  master  address 

l i s t  and then  used i n  p l a c e  o f  t h e  responden t ' s  name i n  a l l  subsequent d a t a  

p rocess ing .  

The e d i t i n g  process then proceeded. The f i r s t  phase i n v o l v e d  check ing  

t h e  q u e s t i o n n a i r e s  t o  assure  t h a t  t h e  i n f o r m a t i o n  was c o n s i s t e n t  w i t h  t h e  

e s t a b l i s h e d  format .  I n  t h e  second phase c e r t a i n  respondents  were c o n t a c t e d  

t o  o b t a i n  necessary  i n f o r m a t i o n  n o t  a v a i l a b l e  on t h e i r  r e t u r n e d  q u e s t i o n -  

n a i r e s .  Appendix A  c o n t a i n s  a  d e t a i l e d  d e s c r i p t i o n  of  t h e  assurr~pt ions and 

procedures used i n  t h e  e d i t i n g  process.  

3.2 COMPUTER PROCESSING 

A f t e r  q u e s t i o n n a i r e  e d i t i n g ,  t h e  da ta  from t h e  q u e s t i o n n a i r e s  were key- 

punched o n t o  ca rds .  These ca rds  were then p u t  th rough  two v e r i f i c a t i o n  



processes.  The f i r s t  p rocess compared t h e  numeric d a t a  punched on t h e  c a r d  

w i t h  t h e  a c t u a l  q u e s t i o n n a i r e  t o  ensure keypunching accuracy .  I n  t h e  second 

process t h e  ca rds  were r u n  t h r o u g h  a  program e d i t o r  t o  conipare a lphanumer ic  

d a t a  punched on t h e  ca rds  w i t h  an a c c e p t a b l e  s e t  o f  syn tax  p r e v i o u s l y  e s t a b -  

l i s h e d .  Any d a t a  r e j e c t e d  by  t h e  program e d i t o r  were compared t o  t h e  c o r -  

respond ing  e n t r i e s  on t h e  q u e s t i o n n a i r e s ,  c o r r e c t e d  as needed, and r e c y c l e d  

t h r o u g h  t h e  program e d i t o r  u n t i l  accepted.  Accep tab le  d a t a  were p u t  on a 

d i r e c t  access mass s t o r a g e  d e v i c e  t o  genera te  19 r e p o r t  s e t s :  16 from t h e  

D e t a i l e d  Q u e s t i o n n a i r e  d a t a  and 3 from t h e  Summary Q u e s t i o n n a i r e  da ta .  A  

b r i e f  d e s c r i p t i o n  of each r e p o r t  f o l l o w s ;  a  s tandard  d e t a i l e d  d e s c r i p t i o n  

o f  each r e p o r t  and c a l c u l a t i o n s  used t o  d e r i v e  t h e  r e p o r t s  a r e  i n c l u d e d  i n  

Appendix B. The massive volume ( o v e r  18 inches  t h i c k )  o f  t h e  r e p o r t s  p r e -  

ven ts  i n c l u d i n g  a l l  of t h i s  i n f o r m a t i o n .  However, severa l  r e p o r t s  have been 

summarized i n  S e c t i o n  4. Coniputer r e p o r t s  t h a t  a r e  t o t a l l y  i n c l u d e d  i n  
t h i s  r e p o r t  a r e  preceded by an a s t e r i s k  ( * )  i n  t h e  f o l l o w i n g  l i s t .  A  comple te  

s e t  o f  computer r e p o r t s  i s  a v a i l a b l e  a t  t h e  NRC P u b l i c  Document Room, 1717 

H  S t r e e t  NW, Washington D.C., 20555. 

D e t a i l e d  Q u e s t i o n n a i r e  Repor ts  -. 

Repor t  I. SNM/Source M a t e r i a l  Data  Base Sor ted  A l p h a b e t i c a l l y  by R a d i o n u c l i d e  

A. Suril~nary o f  I n f o r m a t i o n  D. Package Type 

B. Ma jo r  T r a n s p o r t a t i o n  Mode E .  T r a n s p o r t a t i o n  I n f o r m a t i o n  

C .  Secondary T r a n s p o r t a t i o n  Mode 

Repor t  11. Non-SNM/Source M a t e r i a l  Data Base Sor ted  A l p h a b e t i c a l l y  
by R a d i o n u c l i d e  

A.  Summary o f  I n f o r m a t i o n  D. Package Type 

B. M a j o r  T r a n s p o r t a t i o n  Mode E. T r a n s p o r t a t i o n  I n f o r m a t i o n  

C .  Secondary T r a n s p o r t a t i o n  Mode 

Repor t  111. SNM/Source M a t e r i a l  Data Base S o r t e d  i n  Descending Order  o f  - 
T o t a l  Gram Value 

A .  Summary o f  I n f o r m a t i o n  D .  Package Type 

6. M a j o r  T r a n s p o r t a t i o n  Mode E .  T r a n s p o r t a t i o n  I n f o r m a t i o n  

C .  Secondary T r a n s p o r t a t i o n  Mode 



Report  I V .  Non-SNMISource M a t e r i a l  Data Base Sor ted i n  Descending Order 
of T o t a l  Cur ies  Value 

A. Summary o f  I n f o r m a t i o n  D. Package Type 

B. Major  T r a n s p o r t a t i o n  Mode E. T r a n s p o r t a t i o n  I n f o r m a t i o n  

C. Secondary T r a n s p o r t a t i o n  Mode 

Report  V.  A c t i v i t y  Frequency D i s t r i b u t i o n  Us ing  SNMISource M a t e r i a l  Data 
Base 

A -  Each r a d i o n u c l i d e  i n  a l p h a b e t i c a l  o r d e r  

Report  V I .  A c t i v i t y  Frequency D i s t r i b u t i o n  Us ing Non-SNMISource M a t e r i a l  
Data Base 

A - Z .  Each r a d i o n u c l i d e  i n  a l p h a b e t i c a l  o r d e r  

Report  V I I .  T I  Frequency D i s t r i b u t i o n  Us ing SNMISource M a t e r i a l  Data Base - 
A-Z. Each r a d i o n u c l i d e  i n  a l p h a b e t i c a l  o r d e r  

Report  V I I I .  - T I  Frequency D i s t r i b u t i o n  Us ing Non-SNMISource M a t e r i a l  Data 
Base 

A-Z. Each r a d i o n u c l i d e  i n  a l p h a b e t i c a l  o r d e r  

R e ~ r t  I X .  Summary Frequency D i s t r i b u t i o n  by T r a n s p o r t a t i o n  Mode Wi thou t  - - 
Chemica l lPhys ica l  Form Breakdown Accessing SNMISource M a t e r i a l  
Data Base 

A. A i r  Passenger E.  R a i l  

B. A i r  IUon-Passenger 

C.  Truck 

F. M a i l  

G.  Unknown 

D. Sh ip  H. A l l  T r a n s p o r t a t i o n  Modes Combined 

*Report X.  Summary Frequency D i s t r i b u t i o n  by T r a n s p o r t a t i o n  Mode Wi thou t  
Chemica l lPhys ica l  Form Breakdown Accessing Non-SNMISource 
M a t e r i a l  Data Base 

A. A i r  Passenger E. R a i l  

B. A i r  Non-Passenger 

C .  Truck 

F .  M a i l  

G .  Unknown 

D. Ship H. A1 1  T r a n s p o r t a t i o n  Modes Corrlbined 



Report X I .  Summary Frequency D i s t r i b u t i o n  by T r a n s p o r t a t i o n  Mode W i t h  
Chemica l /Phys i ca l  Form Breakdown Access ing  SNM/Source M a t e r i a l  
Data Base 

A. A i r  Passenger 

B. A i r  Non-Passenger 

C.  T ruck  

D. S h i p  

E.  R a i l  

F. M a i l  

G. Unknown 

H. A l l  T r a n s p o r t a t i o n  Modes Combined 

R e p o r t  X I I .  Summary Frequency D i s t r i b u t i o n  by T r a n s p o r t a t i o n  Mode w i t h  - 
Chemica l /Phys i ca l  Form Breakdown Access ing Non-SNM/Source 
M a t e r i a l  Data Base 

A. A i r  Passenger E.  R a i l  

B. A i r  Non-Passenger F. M a i l  

C .  T ruck  G. Unknown 

D. Sh ip  H. A l l  T r a n s p o r t a t i o n  Modes Combined 

*Repor t  X I I I .  Summary Frequency D i s t r i b u t i o n  by T r a n s p o r t a t i o n  Mode W i t h o u t  
Chemica l /Phys i ca l  Form Breakdown Access ing SNM/Source M a t e r i a l  
Data Base I n c l u d i n g  On ly  t h e  N u c l i d e s  N o t  C o n v e r t i b l e  t o  C u r i e s  

A. A i r  Passenger E.  R a i l  

B. A i r  Non-Passenger F. M a i l  

C .  T ruck  

D. S h i p  

G. Unknown 

H.  A1 1  T r a n s p o r t a t i o n  Modes Corr~bi ned 

*Repor t  - X I V .  Summary Frequency D i s t r i b u t i o n  by  T r a n s p o r t a t i o n  Mode W i t h o u t  
Chemica l /Phys i ca l  F o m  Breakdown Access ing t h e  SNM/Source Mate-  
r i a l  Data Base Conver ted t o  C u r i e  Amounts 

A. A i r  Passenger E.  Rai 1  

B. A i r  Non-Passenger 

C.  T ruck  

F. M a i l  

G.  Unknown 

D. S h i p  H.  A l l  T r a n s p o r t a t i o n  Modes Combined 



Report  X V .  Summary Frequency D i s t r i b u t i o n  by T r a n s p o r t a t i o n  Mode w i t h  
Chemica l /Phys ica l  Form Breakdown Accessing t h e  SNM/Source 
M a t e r i a l  Data Base I n c l u d i n g  Only  t h e  N u c l i d e s  Not  C o n v e r t i b l e  
t o  C u r i e  Amounts 

A. A i r  Passenger E. R a i l  

B. A i r  Non-Passenger 

C.  Truck 

F. M a i l  

G. Unknown 

D. Sh ip  H. A l l  T r a n s p o r t a t i o n  Modes Combined 

Repor t  X V I .  Summary Frequency D i s t r i b u t i o n  by T r a n s p o r t a t i o n  Mode w i t h  
Chemical /Physical  Form Breakdown Accessing t h e  SNM/Source 
M a t e r i a l  Data Base Converted t o  C u r i e  Amounts 

A. A i r  Passenger E.  R a i l  

B. A i r  Non-Passenger F. M a i l  

C.  Truck 

D. Sh ip  

G. Unknown 

H. A l l  T r a n s p o r t a t i o n  Modes Combined 

Summary Q u e s t i o n n a i r e  Repor ts  

*Report I. Rad ionuc l ide  I n f o r m a t i o n  

A. Academic L icensees D. Other  L icensees 

B. Medica l  L icensees E.  A l l  Ca tegor ies  Combined 

C. I n d u s t r i a l  L icensees 

*Report 11. Package Type I n f o r m a t i o n  

A. Acade~ii ic L icensees D. Other  L icensees 

B. Medica l  L icensees E.  A l l  Ca tegor ies  Combined 

C .  I n d u s t r i a l  L icensees 

*Report 111. T r a n s p o r t a t i o n  I n f o r m a t i o n  

A. Academic L icensees D. Other  L icensees 

B. Medica l  L icensees E. A1 1 Ca tegor ies  Combined 

C.  I n d u s t r i a l  L icensees 



The D e t a i l e d  Q u e s t i o n n a i r e  Repor t s  X.H, X I I I . H ,  and X1V.H a r e  i n c l u d e d  

w i t h  t h i s  r e p o r t ,  f o l d e d  i n t o  t h e  pocke t  on t h e  i n s i d e  back cove r .  Summary 

Q u e s t i o n n a i r e  Repor ts  1.A t h r o u g h  1 I I . E  i n c l u d e  t h e  responses f o r  NRC and 

Agreement S t a t e s  l i c e n s e e s  combined i n t o  t h e  f o u r  g e n e r a l  s h i p p i n g  c a t e g o r i e s .  

These Summary Repor ts  a r e  i n  Appendix B. Summary Repor t s  I, 11, and 111 a r e  

a l s o  i n c l u d e d  i n  Appendix B f o r  each o f  t h e  NRC s u b c a t e g o r i e s  a l o n e  (Sub- 

c a t e g o r i e s  01 -100 t h r o u g h  11 -700) .  T h i s  i n c l u d e s  o n l y  t h e  s u b c a t e g o r i e s  

f r o m  wh ich  a  q u e s t i o n n a i r e  response was r e c e i v e d .  A  comple te  s e t  o f  computer  

r e p o r t s  i s  a v a i l a b l e  a t  t h e  NRC P u b l i c  Document Room, 1717 H  S t r e e t  NW, 

Washington D.C., 20555. 

3 .3  EXTRAPOLATION OF SUMMARY DATA 

S ince  t h e  Agreement S t a t e s  had no s p e c i f i c  l i c e n s e  s u b c a t e g o r i e s  s i m i l a r  

t o  t h e  NRC c a t e g o r i e s  (01-100,  e t c . ,  see T a b l e  4 .3 ) ,  a  method was d e v i s e d  t o  

e x t r a p o l a t e  t o  an approx imate  t o t a l  s h i p p i n g  a c t i v i t y  f o r  a l l  s h i p p e r s  o t h e r  

t h a n  SNM and m a j o r  s h i p p e r s ,  and combine t h e  t o t a l s  from t h e  NRC s u b c a t e g o r i e s  

w i t h  t h e  Agreement S t a t e s  g e n e r a l  c a t e g o r i e s  on a  s i m i l a r  b a s i s .  The d a t a  

from t h e  NRC l i c e n s e e s  were e x t r a p o l a t e d  i n d e p e n d e n t l y  i n  each subca tegory ,  

t hen  t h e  e x t r a p o l a t e d  d a t a  were combined w i t h  e x t r a p o l a t e d  Agreement S t a t e s  

d a t a  i n t o  t h e  f o u r  genera l  c a t e g o r i e s  (Academic, M e d i c a l ,  I n d u s t r i a l ,  and 

O t h e r )  as shown i n  T a b l e  3.1. 

TABLE 32. Combinat ion  o f  NRC Subca tegor ies  
I n t o  General  C a t e g o r i e s  

General  
Category  E q u i v a l e n t  NRC Subca tegor ies  Combinat ion  

Academic 01-100 and 01 -200 

Med ica l  02-110 t h r o u g h  02-600 

I n d u s t r i a l  03-110 t h r o u g h  03-620, 03-800, 04-100 t h r o u g h  11-700 

O t h e r  03-710 

The Agreement S t a t e s  d a t a  were e x t r a p o l a t e d  t o  t o t a l s  f o r  t h e  p o p u l a t i o n  

i n  each o f  t h e  f o u r  genera l  l i c e n s e  c a t e g o r i e s  by d i r e c t  e x t r a p o l a t i o n ,  modi -  

f i e d  by a  f a c t o r  wh ich  was de te rm ined  by t h e  r e s u l t s  of e x t r a p o l a t i n g  t h e  

NRC d a t a  t o  subca tegory  t o t a l s  and combin ing t h e s e  t o t a l s  i n t o  each g e n e r a l  

c a t e g o r y .  T h i s  m o d i f i c a t i o n  f a c t o r  i s  based on t h e  assumpt ion  t h a t ,  w h i l e  



t h e  NRC s u b c a t e g o r i e s  a r e  n o t  s p e c i f i c a l l y  d e f i n e d  f o r  t h e  Agreement S t a t e s ,  

t h e y  do i n  f a c t  e x i s t .  T h e r e f o r e ,  e r r o r s  c o u l d  be i n t r o d u c e d  i f  t h e  raw 

da ta  from each Agreement S t a t e  genera l  c a t e g o r y  a r e  e x t r a p o l a t e d  d i r e c t l y  

w i t h  no m o d i f i c a t i o n ,  s i n c e  sample s i z e  v a r i a t i o n s  w i t h  r e g a r d  t o  subcate-  

g o r i e s  w i l l  e x i s t  i n  t h e  Agreement S t a t e s  da ta .  T h i s  d i r e c t  e x t r a p o l a t i o n  

i s  e q u i v a l e n t  t o  combin ing t h e  da ta  f r o m  t h e  NRC s u b c a t e g o r i e s  i n t o  a  genera l  

c a t e g o r y  p r i o r  t o  e x t r a p o l a t i o n  (wh ich  would be i n a c c u r a t e )  r a t h e r  t h a n  

e x t r a p o l a t i n g  subcategory  da ta  i n d e p e n d e n t l y  and combin ing t h e  r e s u l t s  i n  

t h e  genera l  c a t e g o r y  ( w h i c h  would be more a c c u r a t e ) .  F o r  example, i f  t h e  

sample s i z e  o f  one subca tegory  was 20% b u t  t h e  o v e r a l l  sample s i z e  o f  t h e  

genera l  c a t e g o r y  was o n l y  2%, t h e  o v e r a l l  e x t r a p o l a t i o n  f o r  t h e  g e n e r a l  c a t e -  

g o r y  would be equa l  t o  50 (1 .010.02) .  The e x t r a p o l a t i o n  f a c t o r  f o r  t h e  sub- 

c a t e g o r y  would o n l y  be 5  ( 1 . 0 / 0 . 2 ) ,  so if t h e  f a c t o r  o f  50 i s  used f o r  t h e  

combined e x t r a p o l a t i o n ,  t h e  r e s u l t  f rom t h e  subca tegory  w i l l  be a  f a c t o r  

o f  10 (5015)  g r e a t e r  t h a n  i t  s h o u l d  be. 

S ince  t h e  d i s t r i b u t i o n  o f  Agreement S t a t e s  l i c e n s e e s  i n t o  s u b c a t e g o r i e s  

i s  n o t  known, t h e  d i s t r i b u t i o n  f rom t h e  NRC c a t e g o r i e s  i s  assumed. The e x t r a p -  

o l a t i o n  f a c t o r s  f o r  t h e  Agreement S t a t e s  c a t e g o r i e s  a r e  t h e n  m o d i f i e d  by t h e  

r a t i o  o f  t h e  subcategory-weighted average NRC e x t r a p o l a t i o n  f a c t o r  and t h e  

o v e r a l l  genera l  c a t e g o r y  NRC e x t r a p o l a t i o n  f a c t o r  as i n  t h e  example i n  t h e  

f o l l o w i n g  s u b s e c t i o n .  

3.3.1 E x a m ~ l e  o f  E x t r a ~ o l a t i o n  F a c t o r  

Cons ide r  t h e  da ta  f r o m  two NRC s u b c a t e g o r i e s ,  a  and b, wh ich  a r e  t o  be 

combined w i t h  t h e  d a t a  f rom Agreement S t a t e s  q e n e r a l  c a t e g o r y ,  c  (see Tab le  3 . 2 ) .  

x n 9  y n 9  zn 9 and Nn ( n  = a,b,c) r e p r e s e n t  t h e  number o f  q u e s t i o n n a i r e s  

r e t u r n e d ,  t o t a l  number o f  l i c e n s e e s  i n  c a t e g o r y  n, e x t r a p o l a t i o n  f a c t o r ,  and 

t h e  numer i ca l  v a l u e  o f  an i t e m  o f  raw da ta  (number o f  packages, i n  t h i s  case) 

from t h e  r e t u r n e d  q u e s t i o n n a i r e s ,  r e s p e c t i v e l y ,  f o r  each subcategory  o r  

genera l  c a t e g o r y .  

No te  t h a t  X i n c l u d e s  q u e s t i o n n a i r e s  r e t u r n e d  w i t h  and w i t h o u t  s h i p p i n g  n  
a c t i v i t i e s  i n d i c a t e d .  Then, Zn i s  t h e  l i c e n s e e  p o p u l a t i o n  i n  a  c a t e g o r y  

d i v i d e d  by  t h e  number o f  l i c e n s e e s  respond ing,  o r  



The o v e r a l l  NRC e x t r a p o l a t i o n  f a c t o r  f o r  t h e  combined NRC s u b c a t e g o r i e s  

i s  Zab, where 

Zab = (Ya + Yb) / (Xa  Xb) .  

The e x t r a p o l a t i o n  of Nn t o  t o t a l s ,  Mn, f o r  t h e  l i c e n s e e  p o p u l a t i o n s  
o f  NRC c a t e g o r i e s  a  and b  i s  t h e  p r o d u c t  o f  Nn and Zn, o r ,  where an 

a s t e r i s k  ( * )  s i g n i f i e s  niul t i p 1  i c a t i o n :  

- 
The subca tego ry  we igh ted  average e x t r a p o l a t i o n  f a c t o r ,  Zab, f o r  t h e  

c o m b i n a t i o n  o f  t h e  NRC s u b c a t e g o r i e s  i s  t h e  r a t i o  o f  t h e  combined e x t r a p -  

o l a t e d  parameters  Mn ( i n  t h i s  example, number o f  packages) t o  t h e  raw d a t a  

( u n e x t r a p o l  a t e d )  conibined parameters ,  Nn, o r  

The e x t r a p o l a t i o n  o f  Nc t o  a t o t a l  Mc f o r  t h e  Agreement S t a t e s  raw 

d a t a  i s  t h e n  t h e  raw d a t a  parameter  N c  m u l t i p l i e d  t i m e s  t h e  c a t e g o r y  c  

e x t r a p o l a t i o n  f a c t o r  Zc,  m o d i f i e d  by t h e  r a t i o  o f  t h e  NRC combined c a t e g o r y  
- 

we igh ted  e x t r a p o l a t i o n  f a c t o r ,  Zab, t o  t h e  NRC conibined c a t e g o r y  o v e r a l l  

average e x t r a p o l a t i o n  f a c t o r ,  Zab, o r  

T h i s  i s  e q u i v a l e n t  t o  

we igh ted  average 
o v e r a l l  

amount e x t r a p o l  a t i o n  f a c t o r  (:0:::~,;8~) = (r::rE:i;:bd) * (extjiFi~i:ioJ*(~eral e x t r a p o l a t i o n  1  average 

f a c t o r  

such t h a t  t h e  e x t r a p o l a t i o n  o f  t h e  Agreement S t a t e s  d a t a  t o  t o t a l s  f o r  t h e  

g e n e r a l  c a t e g o r y  p o p u l a t i o n  i s  s i m i l a r  t o  t h e  t e c h n i q u e s  used t o  e x t r a p o l a t e  

and combine t h e  NRC s u b c a t e g o r i e s  i n t o  t h e  same g e n e r a l  c a t e g o r y .  



Sample d a t a  shown i n  T a b l e  3.2 wou ld  be t r e a t e d  as f o l l o w s :  

z = 100/10 = 10, Zb = 20, zc = 20, 
a 

'ab 
= (100 + 4 0 0 ) / ( 1 0  + 20) = 16.7, 

Ma = 10 * 29 = 290 (packages) ,  

t h e n  

Mc = 45 * 20 * (13.4116.7)  = 722 (packages).  

I n  t h i s  example, t h e  t o t a l  number o f  packages, Mc = 722, i s  l e s s  t h a n  

t h e  number o f  packages r e s u l t i n g  f r o m  a d i r e c t  e x t r a p o l a t i o n  o f  Category  c, 

o r  900 packages (20  * 45 ) .  The t o t a l  packages f o r  t h e  genera l  ca tegory ,  C, 

i s  t h e n  Ma + Mb + Mc, o r  1312 packages. 

The r e s u l t s  o f  t h e  e x t r a p o l a t i o n s  a r e  d i s c u s s e d  i n  S e c t i o n s  4 and 5. 

TABLE 3.2. Sample Parameters f o r  E x t r a p o l a t i o n  Example 

X Y Z N 
# O f  Category # O f  

Ques t i onna i res  Popu la t i on  E x t r a p o l a t i o n  Packages 
Catecory -2 Returned T o t a l  Fac to r  -- (raw da ta )  

a  (NRC) 10 100 10 2 9 

b (NRC) 2 0  400 2  0  15 

c  (Agreement S ta tes )  25 500 2  0  4 5 



4.0 RESULTS AND DISCUSSION 

The r e t u r n e d  q u e s t i o n n a i r e s  were processed ( S e c t i o n  3 )  and t h e  r e s u l t i n g  

d a t a  c o m p i l a t i o n  was ana lyzed  i n  a  summary manner. T h i s  s e c t i o n  summarizes 

r e s u l t s  o f  t h i s  d a t a  c o m p i l a t i o n  and a n a l y s i s  as w e l l  as  t h e  o v e r a l l  response 

t o  t h e  survey.  S e c t i o n  4.1 d i s c u s s e s  Q u e s t i o n n a i r e  Returns  and S e c t i o n  4.2 

cove rs  Computer Repor t s .  A  b r i e f  p e r s p e c t i v e  on t h e  o v e r a l l  s u r v e y  r e s u l t s  

i s  p resen ted  i n  S e c t i o n  5. 

A  t o t a l  o f  3181 q u e s t i o n n a i r e s  were s e n t  t o  2275(a)  l i c e n s e e s  and ERDA 

c o n t r a c t o r s .  By t h e  end o f  January  1976, 1334 (59%) had r e t u r n e d  2036 ques- 

t i o n n a i r e s .  Of  t h e s e  1334 respondents ,  465 (35%) i n d i c a t e d  s h i p p i n g  a c t i v i  - 
t i e s  (on 530 o f  t h e  2063 q u e s t i o n n a i r e s ) .  The annual  s h i p p i n g  a c t i v i t y  f o r  

t h e  p r o b a b l e  m a j o r  s h i p p e r s ,  SNM l i c e n s e e s ,  and ERDA c o n t r a c t o r s  r e s p o n d i n g  

t o  t h e  s u r v e y  was abou t  300,000 SNM/Source M a t e r i a l  packages and a p p r o x i -  

m a t e l y  800,000 non-SNM/Source M a t e r i a l  packages. I n  a d d i t i o n ,  abou t  

770,000 ( m o s t l y  exempt) packages were r e f l e c t e d  i n  21 Summary Q u e s t i o n n a i r e s  

r e t u r n e d  f r o m  apparen t  m a j o r  s h i p p e r s .  W i t h  r e g a r d  t o  c l a s s i f i e d  sh ipments ,  

i n f o r m a t i o n  was exc luded  on weapons, weapons components, and a l l  m a t e r i a l s  

t r a n s p o r t e d  i n  m i l i t a r y  v e h i c l e s .  There  were a p p r o x i m a t e l y  850 packages i n  

t h e  c l a s s i f i e d  shipments wh ich  i s  i n s i g n i f i c a n t  i n  te rms  o f  t h e  o v e r a l l  

survey.  There fore ,  t h e s e  packages were dropped from f u r t h e r  c o n s i d e r a t i o n  

and were n o t  i n c l u d e d  i n  t h e  a n a l y s i s  o f  t h i s  r e p o r t .  

The s h i p p i n g  a c t i v i t y  f r o m  t h e  Sumnary Q u e s t i o n n a i r e s  was e x t r a p o l a t e d  

t o  about  200,000 packages sh ipped  a n n u a l l y  b y  t h e  m i n o r  s h i p p e r  p o p u l a t i o n  

o f  about  14,600 l i c e n s e e s .  

4.1 QUESTIONNAIRE RETURNS -- 

By November 15, 1975 we had a  54% o v e r a l l  response (1234 responses 

from 2275 l i c e n s e e s  and ERDA c o n t r a c t o r s )  t o  t h e  su rvey :  585 SNM D e t a i l e d  

( a )  Some o f  t h e  p a r t i c i p a n t s  r e c e i v e d  packe ts  c o n t a i n i n g  two q u e s t i o n n a i r e s  
as d e s c r i b e d  i n  S e c t i o n s  2.2.1, 2.2.2, and Appendix C.  



Ques t i onna i re  responses (65%), 85 major  sh ipper  responses (452)  and 564 

Sun~mary Ques t i onna i re  responses (46%). Since t h e  major  sh ippers  and SNM 

l i censees  were of prime i n t e r e s t  i n  t h e  survey, and t h e  ques t i onna i re  r e t u r n  

r a t e  had dropped t o  l e s s  than one a  day, we telephoned as many nonrespondents 

as was p r a c t i c a l  t o  encourage t he  response. O f  t he  379 nonresponding major  

sh ippers and SNM l i censees ,  we were a b l e  t o  con tac t  286; Table 4.1 summarizes 

t he  telephone campaign r e s u l t s .  The i n i t i a l  response t o  our  te lephone c a l l s  

was very  p o s i t i v e .  I n  many cases, we d iscovered t h a t  a  ques t i onna i re  had , 

n o t  been re tu rned  because i t  had n o t  reached t h e  p roper  person. I n  o the r  

cases, t h e r e  was i n s u f f i c i e n t  t ime  t o  complete the  ques t i onna i re .  Fu r the r ,  

we were asked t o  send another 181 ques t i onna i res  most o f  which we expected 

t o  be completed and re tu rned .  We a l s o  expected t o  r e c e i v e  responses f rom 

the  25 l i censees  who i n d i c a t e d  t h a t  they  had a l r eady  rece i ved  a  ques t i onna i re  

and planned t o  r e t u r n  i t  soon (see Table 4.1) .  

TABLE 4.1. Telephone Campaign Resu l ts  

Resu l ts  o f  Completed C a l l s  

Send another  ques t ionna i  r e  
Plans t o  r e t u r n  i t  soon 
Do n o t  p l an  t o  r e t u r n  i t  
No sh ipp ing  a c t i v i t y  
Unl i s t e d  te lephone number 
Other incomplete c a l l  s  

T o t a l  i n i t i a l  c a l l s  

T o t a l  c o m ~ l e t e d  c a l l  s  

Successful  c a l l  s  (a 

T o t a l s  

181 
2  5 
18 
62 

( a )  Th i s  i s  t h e  maximum number o f  responses 
t h a t  cou ld  be a t t r i b u t e d  t o  t h e  t e l e -  
phone carnpa i g n  . 

The number o f  responses rece ived  f rom the  end o f  t he  telephone campaign 

(mid-December) t o  January 27, 1976 ( t h e  cu to f f  da te  t o  i n c l u d e  t h e  responses 

i n  the  da ta  base) was 55 SNM Ques t i onna i re  Packets and one major sh ipper  

response f o r  a  t o t a l  o f  56 re tu rned  ques t i onna i re  packets  t h a t  c o u l d  p o s s i b l y  

be a t t r i b u t e d  t o  t he  telephone campaign. I n  a d d i t i o n ,  n i n e  more Summary 



Ques t i onna i r es  were re tu rned .  The 62 l i censees  who i n d i c a t e d  t h a t  they had 

no sh ipp ing  a c t i v i t i e s  a l s o  coun t  as a  response, s i nce  t h e  f a c t  t h a t  they  

d i d  no sh ipp ing  was a l l  t h e  i n f o r m a t i o n  needed f o r  t h e  survey purposes. 

Table  4.1 shows t h a t  t h e  maximum p o s s i b l e  success fu l  c a l l s  t o t a l e d  118 

(56 + 62) of 268 (181 + 25 + 62)  o r  a  maximum success r a t e  o f  44%. As a  

r e s u l t  o f  t h e  te lephone campaign, t h e  SNM Q u e s t i o n n a i r e  r e t u r n s  were increased 

from a  65% response t o  77%. There were 28 a d d i t i o n a l  c a l l s  made t o  l i censees  

who had a l r eady  responded t o  t h e  survey. Th i s  occur red  because o f  t h e  

d u p l i c a t e  e n t r i e s  i n  t h e  address l i s t s .  

The f i n a l  response t o  t h e  survey has been t a b u l a t e d  i n  Table  4.2 which 

i s  d i v i d e d  i n t o  two p a r t s :  4.2A - Ove ra l l  Breakdown, 4.28 - D e t a i l e d  

Breakdown o f  Major Shippers.  The r e l a t i o n s h i p  between P a r t  A  and P a r t  B  i s  

as f o l l o w s :  O f  t h e  188 p robab le  ma jo r  sh ippers  (Tab le  4.2B, Column l a )  sen t  

a  ques t i onna i r e ,  143 were sen t  t h e  Non-SNM Q u e s t i o n n a i r e  Packet (Tab le  4.2A, 

Column l a ) ,  and 45 were sen t  t h e  SNM Q u e s t i o n n a i r e  Packet; these 45 a r e  

i nc l uded  i n  t h e  906 (Tab le  4.2A, Column l a )  SNM 1  icensees who were m a i l e d  

SNM Ques t i onna i r e  Packets.  O f  t h e  86 p robab le  ma jo r  sh ippers  who responded 

(Table  4.28, Column l b ) ,  59 (Tab le  4.2A, Column 1  b )  r e t u r n e d  t h e  Non-SNM 

Ques t i onna i r e  Packet con ten ts  and 27 r e t u r n e d  t h e  SNM Q u e s t i o n n a i r e  Packet 

contents ;  t h e  27 a r e  i nc l uded  i n  t h e  702 SNM 1  icensees responding (Tab le  

4.2A, Column 1  b) .  The reason f o r  t h i s  d u a l i t y  i s  exp la ined  i n  more d e t a i l  

i n  Sec t ions  2.2.1 and 2.2.2. 

Columns l a  and l b  of Table  4.2A show t h a t  of t he  906 SNM l i censees  who 

were sen t  D e t a i l e d  Ques t i onna i r e  Packets, 702 responded (77%) and o f  t h e  

143 probable  ma jo r  sh ippers  who rece ived  Non-SNM Q u e s t i o n n a i r e  Packets, 

59 responded (41%). O f  t h e  1226 Summary Q u e s t i o n n a i r e  Packets t h a t  

were ma i led  (698 t o  NRC l i censees  and 528 t o  Agreement S ta tes  l i c e n s e e s ) ,  

573 (47%) were completed and r e t u r n e d  (350 f rom t h e  NRC l i censees  and 223 

from t h e  Agreement S ta tes  1  i censees ) . 
Columns 2a, 2b and 2c o f  Table 4.2A show t h e  survey response i n  terms 

o f  t h e  number o f  ques t i onna i r es  t h a t  were r e tu rned .  O f  906 SNM Ques t i on -  

n a i r e s  t h a t  were ma i l ed  (Column 2a), 77% o r  702 were completed and r e t u r n e d  



TABLE 4.2. Program S t a t u s  

A. Ove ra l l  Breakdown 

(3 )  
(4) ( 5 )  

Number H i  t h  Percent H i  t h  
(8 )  

Sumnary 
(b)  Sh ipp ing Sh ipp ing (6)  ( 7 )  Quest ionna i re  

Number Number Number Nurber Percent Number Nurber A c t i v i t i e s  A c t i v i t i e s  Class-2 Class-3 Major  o r  S!in 
Deta i l ed  Contacted Responding Sent Returned Returned W i th  Wi thout  i n  Data F i l e  I n  D e t a  F i l e  Responses Responses S h i p p e r s  
Quest:onnalre 

S:il.l 906 702 906 7C2 77  133 569 132 99 1  0  - -  
non-SNM -- I <3 . . -- 59 . l0:9 -761 '5. 2-s 523 % - 96 - 7 - 3 - - 
To ta l  D e t a i l e d  1039 76 1 1955 1463 76 371 1092 360 97 8  3  - - 

s ~ " l 1 1 d  Ty 
Quest ionna i re  

NRC 698 350 698 350 50 89 261 74 8  1 0 

Agree-lent S ta te r  2 - 223 - 528 -. 223 - 42 70 153 - - 5 7 - BZ - 0 - 2 11 Major  

To ta l  Sub~r.ary 1226 573 1226 573 4  7  159 414 131 83 0 3  26 
- --  -- - -- -- - 
0:CRSLL TOTAL 2275 1335 3181 2036 65 530 1506 49 1  93 8  6  26 

0. Deta i l ed  Breakdown o f  Major Shippers 

( 2 )  
(1 )  Shipptno 

Number Nurnber Percent Nun;ber Nmber  Number i n  
De ta i l ed  Ca tepo~~_ .  -2% &?!urn@ Returned .uiitk ~i_lhi&t   at^^^^ 
Major L i s t  96 38 40 2  7 11 37 

Agreement States 3 da % ?!? zZ 48 

TOTAL 188 86 46 53 33 85 

These f i v e  Sumnary Quest ionna l res  were re tu rned  by SNM 1 icensees who rece ived the  S u r m r y  form i n  a d d i t i o n  t o  t he  
Stin packet due to  d u p l i c a t i o n  i n  the address l i s t s .  One o f  t h e  f i v e  i n d i c a t e d  no sh ipp ing a c t i v i t i e s .  



(Column 2c) .  O f  t h e  1049 Non-SNM Ques t i onna i r es  t h a t  were mai led,  761 were 

r e t u r n e d  f o r  a  73% response. 

Columns 3a and 3b o f  Table  4.2A show t h a t  o f  1463 D e t a i l e d  Ques t ion -  

n a i r e s  t h a t  were r e tu rned ,  371 r e f l e c t e d  sh ipp ing  a c t i v i t i e s :  

O f  t h e  702 SNM Ques t i onna i r es  t h a t  were r e tu rned  (Column 2b) 133 

were f rom l i censees  and ERDA c o n t r a c t o r s  who i n d i c a t e d  sh ipp ing  

a c t i v i t i e s ,  w h i l e  569 were f rom l i censees  and c o n t r a c t o r s  who 

i n d i c a t e d  no sh ipp ing  a c t i v i t i e s .  T h i s  i nc l udes  62 l i censees  who 

i n d i c a t e d  no sh ipp ing  a c t i v i t i e s  when con tac ted  by te lephone.  

O f  t h e  761 Non-SNM Q u e s t i o n r a i r e s  r e t u r n e d  (Column 2b),  238 

i n d i c a t e d  sh ipp ing  a c t i v i t i e s  w h i l e  523 i n d i c a t e d  no sh ipp ing  

a c t i v i t i e s .  Th i s  i nc l udes  62 SNM l i censees  who i n d i c a t e d  no 

sh ipp ing  a c t i v i t i e s  when con tac ted  by te lephone.  

As d iscussed i n  Sec t i on  2, some l i censees  and c o n t r a c t o r s  were sen t  two 

ques t ionna i res .  Thus, 371 D e t a i l e d  Ques t i onna i r es  i n d i c a t i n g  sh ipp ing  a c t i v i -  

t i e s  (Column 3a) were r e tu rned  by 312 l i censees  and c o n t r a c t o r s .  O f  these 312, 

53 probable  major sh ippers  ( i n c l u d i n g  27 o f  whom were SNM l i c e n s e e s )  r e tu rned  

54 D e t a i l e d  Ques t i onna i r es  l i s t i n g  sh i pp ing  a c t i v i t i e s  as f o l l o w s :  

47 re tu rned  Non-SNM Ques t i onna i r es  o n l y ,  

5  r e tu rned  SNM Ques t i onna i r es  on ly ,  and 

1  r e t u r n e d  bo th  a  Non-SNM and an SNM Ques t i onna i r e .  

The remain ing 259 SNM 1  icensees ( o t h e r  than ma jo r  sh i ppe rs )  r e t u r n e d  317 

D e t a i l e d  Ques t i onna i r es  l i s t i n g  sh i pp ing  a c t i v i t i e s  as f o l l o w s :  

132 re tu rned  Non-SNM Ques t i onna i r es  on l y ,  

69 r e tu rned  SNM Ques t i onna i r es  on l y ,  and 

58 re tu rned  b o t h  a  Non-SNM and an SNM Ques t i onna i r e .  

Fur ther ,  523 Non-SNM Ques t i onna i r es  were re tu rned  t h a t  i n d i c a t e d  no sh ipp ing  

a c t i v i t i e s .  These ques t i onna i r es  i n c l u d e  responses from: 

33 probable  major sh ippers  (Tab le  4.26, Colun~n Zb), 

22 responses f rom SNM l i censees  and ERDA c o n t r a c t o r s  who r e t u r n e d  

t h e  Non-SNM p o r t i o n  o f  t h e  SNM Q u e s t i o n n a i r e  Packet marked "no 

sh ipp ing  a c t i v i t i e s , "  and 



468 "assumed" responses o f  no sh ipp ing  a c t i v i t i e s .  

These 468 assumed responses were based on t h e  r e t u r n  o f  468 SNM Ques t i onna i r es  

( b o t h  w i t h  and w i t h o u t  SNM sh ipp ing  a c t i v i t i e s )  t h a t  were r e t u r n e d  w i t h o u t  

t h e  Non-SNM Ques t i onna i r e .  S ince t h e  Non-SNM Ques t i onna i r e  had been removed 

by t h e  respondent,  i t  was assumed t h a t  t h e  respondent had no non-SNM sh ip -  

p i n g  a c t i v i t i e s .  A l though t h i s  assumption was n o t  v e r i f i e d  by c o n t a c t i n g  

severa l  o f  t h e  p a r t i c i p a n t s  who responded i n  t h i s  manner, i t  does seem 

reasonable.  

Of t h e  573 S~~mmary Ques t i onna i r es  r e tu rned ,  159 r e f l e c t e d  s h i p p i n g  

a c t i v i t i e s  as shown i n  Column 3a o f  Table  4.2A. 

Column 4 o f  Table  4.2A l i s t s  each t ype  o f  q u e s t i o n n a i r e  t h a t  was i n -  

c luded  i n  t h e  computer data base. A1 1  o f  t h e  D e t a i l e d  Ques t i onna i r es  t h a t  

i n d i c a t e d  no sh ipp ing  a c t i v i t i e s  were i nc l uded  i n  t h i s  data base by i m p l i -  

c a t i o n  s i n c e  t h e  data f rom t h e  D e t a i l e d  Ques t i onna i r es  was e x t r a p o l a t e d  o n l y  

t o  annual t o t a l s  f o r  t h e  l i censees  and c o n t r a c t o r s  responding and n o t  t o  

any l a r g e r  popu la t i on .  A l l  o f  t h e  da ta  f rom t h e  Summary Ques t i onna i r es  

i n d i c a t i n g  no sh ipp ing  a c t i v i t i e s  were p h y s i c a l l y  i nc l uded  i n  t h e  computer 

da ta  base s i nce  these da ta  were e x t r a p o l a t e d  t o  t o t a l s  f o r  t he  l a r g e  minor  

sh ipper  p o p u l a t i o n  (see Sec t i on  3 .3) .  

Column 4  shows t h a t  132 o f  t h e  133 SNM Ques t i onna i r es  w i t h  sh i pp ing  

a c t i v i t i e s  were i nc l uded  i n  t h e  data base, as were 228 o f  t h e  238 Non-SNM 

Ques t i onna i r es  w i t h  sh i pp ing  a c t i v i t i e s .  Thus, a  t o t a l  o f  360 o f  371 

D e t a i l e d  Ques t i onna i r es  were i nc l uded  i n  t h e  da ta  base, o r  97% (Column 5 )  

o f  t h e  D e t a i l e d  Ques t i onna i r es  t h a t  i n d i c a t e d  s h i p p i n g  a c t i v i t i e s .  O f  t h e  

11 D e t a i l e d  Ques t i onna i r es  n o t  i nc l uded  i n  t h e  computer da ta  base, e i g h t  

were Class-2 responses (Column 6 )  w h i l e  t h r e e  were Class-3 responses 

(Column 7 ) .  These c l a s s  des igna t i ons  a r e  b r i e f l y  d e f i n e d  below and f u r t h e r  

exp la i ned  i n  Appendix A  on page A-1 1  : 

Class-1 - Ques t i onna i r es  t h a t  were complete enough t o  be used i n  

t h e  data base. 



Class-2  - Q u e s t i o n n a i r e s  t h a t  were o n l y  p a r t i a l l y  comple te  b u t  

c o n t a i n e d  some i n f o r m a t i o n  r e g a r d i n g  t h e  responden t ' s  s h i p p i n g  

a c t i v i t i e s .  The Class-2 responses a r e  summarized i n  T a b l e  4.9. 

Class-3 - L e t t e r s  s t a t i n g  t h a t  t h e  respondent  d i d  n o t  i n t e n d  t o  

comple te  t h e  q u e s t i o n n a i r e ,  as  w e l l  as  any o t h e r  responses t h a t  d i d  

n o t  i n d i c a t e  t h e  magni tude and t y p e  of  t h e  r e s p o n d e n t ' s  s h i p p i n g  

a c t i v i t i e s .  

The response f r o m  t h e  p r o b a b l e  m a j o r  s h i p p e r s  groups i s  shown i n  

Tab le  4.2B. D e t a i l e d  Q u e s t i o n n a i r e  Packets were s e n t  t o  188 p r o b a b l e  m a j o r  

s h i p p e r s  (96 from t h e  Ma jo r  L i s t  and 92 from t h e  Agreement S t a t e s  M a j o r  L i s t ) ;  

45 were s e n t  t h e  SNM Q u e s t i o n n a i r e  Packet  s i n c e  t h e y  were SNM l i c e n s e e s  as  

w e l l  as p r o b a b l e  m a j o r  sh ippers ;  and 143 were s e n t  t h e  Non-SNM Q u e s t i o n n a i r e  

Packet .  O f  t h e s e  188, 86 (46%) responded (Tab le  4.2B, Colurnn 1  b ) .  One o f  

t h e  86 responses was a  Class-3  response, l e a v i n g  85 t o  be i n c l u d e d  i n  t h e  

d a t a  base: 53 i n c l u d e d  w i t h  s h i p p i n g  a c t i v i t i e s ,  and 33 w i t h  no s h i p p i n g  

a c t i v i t i e s  i n c l u d e d  by i m p l i c a t i o n .  Wi th  33 o f  86 responses (38%) f r o m  

p robab le  m a j o r  s h i p p e r s  i n d i c a t i n g  no s h i p p i n g  a c t i v i t i e s ,  i t  appears t h a t  

t h e  s e l e c t i o n  o f  m a j o r  s h i p p e r s  was n o t  t o t a l l y  a c c u r a t e  (see S e c t i o n  2.2.2 

f o r  a  b r i e f  d i s c u s s i o n  o f  t h e  means used t o  deve lop  t h e  l i s t  o f  m a j o r  

s h i p p e r s )  . However, t h e  p e r c e n t  o f  nonsh i  ppers f o r  t h e  Summary Q u e s t i o n n a i r e s  

(randomly sampled) was 72% and f o r  t h e  SNM l i c e n s e e s  and ERDA c o n t r a c t o r s  

( a l l - i n c l u s i v e  group)  was 81%, wh ich  i n d i c a t e s  t h a t  t h e  s e l e c t i o n  o f  p r o b a b l e  

ma jo r  sh ippers  was somewhat b e t t e r .  

As shown i n  Tab le  4.2A, Column 3a, 159 Summary Q u e s t i o n n a i r e s  i n d i -  

c a t e d  s h i p p i n g  a c t i v i t i e s .  However, o n l y  131 (82%) o f  them were i n c l u d e d  

i n  t h e  d a t a  base f o r  e x t r a p o l a t i o n  t o  t o t a l s .  The r e m a i n i n g  28 q u e s t i o n -  

n a i r e s  i n c l u d e s :  

2  q u e s t i o n n a i r e s  t h a t  were Class-3  responses,  

21 q u e s t i o n n a i r e s  t h a t  r e p o r t e d  s h i p p i n g  a c t i v i t i e s  of  s u f f i c i e n t  

magni tude t o  qua1 i f y  each respondent  as a  m a j o r  s h i p p e r  (see T a b l e  4.8 

f o r  a  summary o f  t h e  responses) ,  and 

5  q u e s t i o n n a i r e s  t h a t  were r e t u r n e d  f r o m  SNM 1  icensees (see  Tab le  4 .10) .  



One o f  t h e  f i v e  SNM Summary Ques t i onna i r es  l i s t e d  i n  Tab le  4.2A, 

Column 8, i n d i c a t e d  no sh ipp ing  a c t i v i t i e s  and i s  i nc l uded  i n  t h e  261 

Summary Ques t i onna i r es  l i s t e d  i n  Column 3b, b u t  i s  n o t  i n  t h e  da ta  base. 

The d i s t r i b u t i o n  o f  Summary Ques t i onna i r es  t h a t  were ma i l ed  and r e t u r n e d  

i s  shown i n  Table  4.3A f o r  t h e  NRC l i c e n s e  subcategor ies  and Table  4.3B 

f o r  t h e  Agreement S ta tes  general  1  i cense  ca tego r i es .  Note t h a t  t h e r e  were 

no ques t i onna i r es  r e t u r n e d  from t h e  l i censees  i n  NRC non-SNM subca tegor ies  

01-100, 02-110, 02-500, 03-213, 03-215, 03-218, 03-231, 03-232, 03-400, 

03-800, 04-100, 04-200, 11-100 through 11-400, and 11 -600. 'Thus, t h e  s h i p -  

p i n g  a c t i v i t i e s  o f  t h e  l i censees  f rom these  subcategor ies  a r e  n o t  represen ted  

i n  t h e  r e s u l t s  o f  t h e  Summary Q u e s t i o n n a i r e  data e x t r a p o l a t i o n s .  The l a s t  

Column o f  Table  4.3 1  i s t s  t h e  nurnber of l i censees  used as t h e  t o t a l  popula- 

t i o n  of each ca tegory  f o r  e x t r a p o l a t i o n  t o  a  t o t a l  sh i pp ing  a c t i v i t y .  These 

t o t a l  ca tegory  popu la t i ons  a r e  c o r r e c t e d  f o r  o v e r l a p  w i t h  t h e  SNM l i censees  

and p robab le  ma jo r  sh ippers ,  bu t  a r e  n o t  co r rec ted  f o r  ove r l ap  between and 

among t h e  NRC subca tegor ies  o r  Agreement S ta tes  genera l  c a t e g o r i e s  themselves. 

The c o r r e c t i o n  f o r  ove r l ap  w i t h  SNM l i censees  and major  sh ippers  i s  

necessary because t h e  ma jo r  sh ippers  and SNM l i censees  were a l r e a d y  accounted 

f o r  as separate  groups represen ted  by t h e  D e t a i l e d  Q u e s t i o n n a i r e  r e t u r n s .  

There fo re ,  t h e y  must n o t  be i nc l uded  aga in  i n  t h e  e x t r a p o l a t i o n  o f  Summary 

Ques t i onna i r e  da ta  t o  p o p u l a t i o n  t o t a l s .  The ove r l ap  o f  p robab le  ma jo r  sh i ppe rs  

was co r rec ted  by  i d e n t i f y i n g  ca tego r i es  i n  which each o f  t h e  188 p robab le  ma jo r  

sh ippers  appeared, then  s u b t r a c t i n g  t h e  t o t a l  number o f  ma jo r  sh ippers  i n  each 

ca tego ry  ( o r  subcategory)  f rom t h e  t o t a l  p o p u l a t i o n  o f  t h a t  ca tegory .  

O f  t h e  906 SNM l i censees ,  45 were sub t rac ted  f rom ca tegory  p o p u l a t i o n s  

as p robab le  ma jo r  sh ippers ,  l e a v i n g  861 SNM l i censees  t o  be sub t rac ted  f r om 

t h e  genera l  ca tegory  and subcategory p o p u l a t i o n  t o t a l s .  

The o v e r l a p  o f  SNM l i censees  w i t h  t h e  Agreement S ta tes  l i c e n s e  ca te -  

g o r i e s  p o p u l a t i o n  was c o r r e c t e d  by a s s i g n i n g  a  ca tegory  t o  each Agreement 

S t a t e  l i c e n s e e  on t h e  SNM l i c e n s e e  l i s t  on t h e  b a s i s  o f  t h e  o r g a n i z a t i o n a l  

name. The t o t a l  number o f  SNM l i censees  from each o f  t h e  f o u r  ca tego r i es  

was then sub t rac ted  f rom t h e  t o t a l  number o f  l i censees  i n  t h a t  ca tegory .  



TABLE 4.3 .  License Categories w i t h  Number o f  Sumnary 
Questionnaires Mailed and Returned 

A .  NRC L I c c n s c  C a t c g o r l c s  ( a s  of A p r i l  1 .  1 9 7 5 )  

Code -- .- 

0 1  - 1 0 0  

0 1  - 2 0 0  

0 2 - 1 1 0  

0 2 - 1 2 0  

0 2 - 2 0 0  

0 2  - 3 0 0  

0 2 - 4 0 0  

0 2 - 5 0 0  

0 2 - 6 0 0  

0 3 - 1  1 0  

0 3 - 1 2 0  

0 3 - 2 1 1  

0 3 - 2 1 2  

0 3 - 7 1 3  

0 3 - 2 1 5  

0 3 - 2 1 6  

0 3 - 2 1 7  

0 3 - 2 1 8  

0 3 - 2 2 0  

0 3 - 2 3 1  

0 3 - 2 3 2  

0 3 - 3 1 0  

0 3 - 3 7 0  

0 3 - 4 C 0  

0 3 - 5 1 0  

0 3 - 5 2 0  

0 3 - 6 1 0  

0 3 - 6 2 0  

0 3 - 7 1 0  

0 3 - b 0 0  

0 4 - 1 0 0  

0 4 - 2 0 0  

1 1 - 1 0 0  

1 1  - 2 0 0  

1 1  - 3 0 0  

1 1  - 1 0 0  

1 1 - 5 6 0  

1 1  - 6 0 0  

1 1 - 7 0 0  

2 1 - 1 0 0  

2 1 - 1 1 0  

2 1 - 1 2 3  

2 1 - 1 3 0  

2 1 - 2 1 0  

-- - Dcscy!pti_qn_- - .--- 
ACAOCMIC  GROAD L IC[:iSC 

ACAUCMIC  O T I K R  L I C i ' I S E  

I f i S T I T U T I O N A L  L R C A 3  L I C C l i S E  

I N S T I T L I T I O ? I A L  OT l lCR  L l C L N S E  

P R l V A l  C P R A C T I C L  

TLL. [Tt ITRAPY 

OTHCR MCDICAL  LIC[ ! iSCS 

M C O I C A L  D I S T R I G U T I C N  

HY-PROD!ICT P b C C M K F R  

WCLI. LOGGING 

OTI ICR MCASURI:iG SYSTLMS 

FlDbS BI IOAD 1 I C I ! i S E S  

MDRS O T t l i R  L I C L l q T L S  

G i N f H A L  L1CE:iSF 0 1 S i R 1 6 U T I O ! i  

EXEIKl'T QU,l! iTIT I L S  

EXLHPT  YATCtICS 

OT l lCR  I X t : , l P i  D I S I R I O U T I O I I  

I I U C L I A R  LAUNDRY 

L E A K  T L S T  L I C E N S E  . 
NASTC D I S P O S A L  ( B U R I A L )  

MAST[  D l S P O S h L  (OT I ICH)  

RADIOG i?AP I IY -5 I I 4GLC L O C A T I O N  ( I N  P L A N T )  

R A O l O T , R r , P I I Y - I I U L T W  LOCATIO' IS ( F I E L D )  

POYCR 5OUi<CC L I C E N S L  

IHKACI;\TOR L l C t l i S E S  AIJTH . 1 0 , 0 0 0  C U R I C S  

I R R A i J l h T O R  L I C L I i 5 L S  AUT I I  ~ 1 0 . 0 0 0  C U R I E S  

R b D  l lHOhD L I C E I I S E S  

R h o  OTWCR L I C C N S E S  

C I V I L  UEFLNSC L l C i f i S E  

BY  -I 'RODIICT CXPDRT 

TRA l l 5P0RTAT lO ! i  ( LARSE Q U A h I  I T Y )  

T R A N 5 P O H T A T l O f l  ( T Y P E  B )  

n u s  
OTHCR . I 5 0 Y G S  

OTt lCR ,150KGS 

U F 6  PHODUCTIO:I PLA t ITS  

M l H l S  

SOURCE M A T E R I A L  EXPORT 

SOURCE !<ATERIAL  IMPGRT L I C f I l 5 E S  

F U E L  F A B R I C P I T I O I I  Ali!, SCRAI '  R tCOVCRY 

F U E L  F A B R I C A T I 0 : I  A!iD SCRAP RECOVLRY 

F U E L  F A E R I C A T I O N  

OTHLK  b S L S  I I ~ C L U D l f i T ,  R 1 D  

U F 6  C!iVP.SII, fi;iL T L h C T f i .  8 SCRAP R L C G V I R Y  

N u ~ ~ i l r c r  o f  
Su l~s l l , l v y  

Q u e s t i o ~ ~ ~ i a  i r e s  
MJ  i lqL-- 

1 

1 5  

1 

N u ~ l ~ t ~ e r  o f  
Quc,t i n11n .111 -cs  

R c t  ur!~c:d- 

0 

1 

0 

1 6  

1 0  

0 

1 

0 

0 

I 

1 0 6  

3 

2 7  
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0 

1 

4 

0 

4 

0 

0 

1 1  

1 A 

0 

3 

3 

4 

34 

1 1  
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0 
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0 

0 

0 

0 

0 

0 

1 

~ o p u ~ a  t t o n ( a )  
u s c u  f o r  

E!tr?~lo!a!-ion 
1 2  



TABLE 4.3. (Contd. ) 

Codc 

21 -220 

21-230 

21-240 

22-110 

22-120 

22-130 

22-140 

22-160 

22-200 

23- 100 

23 -200  

24-100 

24-200 

25-110 

25- 120 

25-130 

25-700 

25-300 

41 -000 

41-110 

41-111 

41-117 

41-170 

41-13:) 

41-THO 

41-210 

42-130 

42-140 

42-150 

42-160 

53-110 

53- 130 

44-019 

45-110 

55-000 

D c s c r l p t i o n  - - - - - . . - -. . - . . . - -. . .. - - - 
FUEL FAIlRICATION IIND SCRAP RECO:EG\ 

FUEL FAIIRlCAl'lON 

OTllER FAfiHICATION A40 PX3CL55l:lti A:iU R&O 

LI::TNCAPSIILATlI) 

NEUTRON SOURCES 

I'OXER SOIJRCES (RlG,RPG,ETC. ) 

oT l l rn  SOLII:CI s 
CARUIAi PAC1 FG'!:LRS 

URANIUM 

FUEL STOI!AGL LICtflSE 

STORAGE OY4I Y L ICIflSE 

IMPORT L ICLIISCS 

SNM EXI'ORT 

IHRADlhTED 

UiI1IlP.?IlIATCIl I'LLIIU:illJM 

UIlIRHAL!lAl t 0 OTIl!:R 

LARGE r]U:VtT I T Y  TRA!~SI'O?TIIT 1011 L ILC!ISES 

TYPE U TI!fi!151'ORTATlIl'l L1CLIi:ES 

!illCLEAR POVLR STA1 1OP+5 

UATCR COOL LU HLF>CTORS 

TTRRLSTRIAL 

OFF-SllORf 

GAS COOL1 I1 REACTOR: 

L l Q i l l l i  i.:I.TP,L LOiil 11) %L:LTOI!S 

OTIlLR 1 II,L!t:f 0 IqYCI L A E  I ' r JJR STAT IOltS 

r n c I L 1 1 u  oc51ca n r i ~ L r ~ : ~ r ~ t r r i s  

tXI'LRIFILi;lAL 

TEST 

R f  SFAPCII 

LRlTlCAL 

f U l L  RLI'ROCI \Sli*!i PLAXTS 

ISOTOPE F.flRlCliMl.lr1 PLI,fIlS 

rULL FALiKILAT 1014 

REACTOR EXPORT LICEflSE 

EXPORT 

B.  A g r c c n ~ c r ~ t  S t d t c s  L i c c n s c  C a t c g o r i c s  

t l u l ~ ~ b r r  o f  
Q~II,!.~ i ~ f i f ! . ~ i  r c s  

R c l u l - ~ ~ t  d - - - - . . . - - 

~ o p u ~ a t i u r > ( ~ )  
U w d  for 

( a )  Tt~c \c .  nuwbors corrected f o r  o v ~ r l d p  o f  5'84 licensees (who 'h ipped onc ? r a n  o r  nlorc o f  SliM m a t e r i a l )  and 
m d j u r  sh ippers  o n l y .  :tlr7y d r c  n o t  corrc.c ! rd f o r  o v e r l a p  w i t h i n  and t e t w c c n  o t h c r  l i c e n s e  c a t e g o r i e s .  

( b )  M a i l ~ d  by M i s t a k c  t o  S:$:4 Iiccn:r!es 



The c o r r e c t i f i n  f o r  o v e r l a p  o f  SNM l i censees  i n  t he  NRC subcategor ies 

was n o t  as s t r a i g h t f o r w a r d  s i n c e  t h e  l i s t  o f  NRC SNM l i censees  d i d  n o t  

i d e n t i f y  which o f  t h e  o t h e r  subcategor ies each o f  t h e  SNM l i censees  h e l d  

l i c e n s e s  i n .  Fur ther ,  t h e  assignment o f  subcategor ies t o  NRC l i censees  

was n o t  based on t h e  o r g a n i z a t i o n a l  name. The c o r r e c t i o n  f o r  SNM 1 icensee 

ove r l ap  i n  t h e  NRC subcategor ies was based on t h e  assumption t h a t  t h e  

d i s t r i b u t i o n  o f  NRC SNM l i censees  i n t o  t he  f o u r  genera l  ca tego r i es  

(Academic, Medical , I n d u s t r i a l ,  and Other)  was t h e  same as t h a t  f o r  t h e  

Agreement S ta tes  SNM 1 icensees. I t  was a1 so assumed t h a t  t h e  NRC SNM 

1 icensees w i t h i n  a  general  category were evenly  d i s t r i b u t e d  among t h e  

ca tegory  popu la t i on  such t h a t  t h e  number o f  SNM l i censees  i n  any subcategory 

i s  p r o p o r t i o n a l  t o  t h e  t o t a l  number o f  l i censees  i n  t h a t  subcategory.  For  

example, i f  a general  ca tegory  con ta ined  20% of ,  t h e  Agreement S ta tes  SNM 

l i censees  and an NRC subcategory o f  t h a t  general  ca tegory  con ta ined  50% o f  

t h e  NRC 1 icensees f o r  t h e  general  category,  then 10% (50% x 20%) o f  t h e  

NRC SNM l i censees  would be sub t rac ted  f rom the  subcategory popu la t i on  t o  

c o r r e c t  f o r  ove r l ap  p r i o r  t o  e x t r a p o l a t i o n .  

There was no apparent  s o l u t i o n  t o  t h e  problem o f  e l i m i n a t i n g  o v e r l a p  

and d u p l i c a t i o n  between and w i t h i n  l i c e n s e  ca tego r i es .  The magnitude o f  

t h e  address 1 i s t  (over  15,000 e n t r i e s )  precludedany a t tempts  t o  e l i m i n a t e  

t h i s  ove r l ap  manual ly.  The problem would be w e l l  s u i t e d  f o r  computer 

s o l u t i o n ,  except  t h a t  t he  1 icensee names and addresses were n o t  i n  any ~ 

s tandard ized fo rmat .  Therefore,  t h e  m u l t i p l e  e n t r i e s  f o r  any g i ven  

l i censee  would n o t  n e c e s s a r i l y  be i d e n t i c a l ,  thus  cou ld  n o t  be e l i m i n a t e d  

au toma t i ca l l y .  Fu r t he r  comp l i ca t i ng  t h e  problem i s  t h e  f a c t  t h a t  each 

l i censee  must be assigned t o  a  s i n g l e  category,  and t h e  bas i s  f o r  such 

assignment i s  n o t  immediate ly  obvious. Th is  i s  d iscussed f u r t h e r  i n  

Sect ion 6. 

The method o f  e x t r a p o l a t i n g  t h e  Summary Ques t i onna i re  da ta  t o  t h e  

t o t a l  minor  sh ipper  popu la t i on  was descr ibed  i n  Sec t ion  3.3 and t he  r e s u l t s  

a r e  presented i n  Sect ions 4.2.2 and 4.2.3. 



4.2 COMPUTER REPORTS 

There a r e  severa l  convent ions used f o r  i d e n t i f y i n g  va r i ous  package con- 

t e n t s  commonly encountered i n  t he  survey. Most o f  these terms used i n  t h e  

computer r e p o r t s  a r e  de f ined  i n  t h e  i n s t r u c t i o n s  f o r  t he  ques t i onna i re  (Appen- 

d i x  C). Some of these terms a r e  def ined more e x p l i c i t l y  i n  t h e  "Exp lana t ion  

f o r  Reports X.H, XII1.H and X1V.H" i nc l uded  i n  t h e  pocket  i n  t h e  back cover,  

and i n  Appendix A ,  Page A-8 (Column 7a) .  Other  symbols a re  d iscussed below. 

Throughout t he  computer r e p o r t s ,  t h e  2 3 5 ~  enr ichments o f  u r a n i  um m i x t u r e s  

a r e  i n d i c a t e d  by  a l phabe t i c  charac te rs  A through Z f o l l o w i n g  t he  i s o t o p e  

des igna t i on  as i s  l i s t e d  i n  Table 4.4. These enr ichment va lues were a  com- 

promise between a  need t o  cover  t h e  range o f  p o s s i b l e  enr ichments and an 

a t tempt  t o  s e l e c t  values t h a t  were c l ose  t o  t he  most common enr ichment.  When 

enr ichments were encountered t h a t  were between t he  va lues l i s t e d  i n  Table 4.4, 

t he  l e t t e r  corresponding t o  t he  c l o s e s t  va lue t o  t he  repo r ted  enr ichment was 

used. For  example, 16% 2 3 5 ~  would be entered as "U235M'. If the  repo r ted  

va lue i s  e x a c t l y  half-way between two from Table 4.4, t h e  nex t  h i ghe r  e n r i c h -  

ment i s  used. For example, 15% 2 3 5 ~  would be en te red  as U235M a l so .  The gram 

amount l i s t e d  f o r  such uranium m ix tu res  i s  t h e  mass o f  2 3 5 ~  i n  t he  m ix tu re .  

For example, 100 g  o f  "U235P" i n d i c a t e s  a  m i x t u r e  o f  40 mass 'X 2 3 5 ~  (100 g )  

and 60 mass % 2 3 8 ~  (150 g )  w i t h  a  t o t a l  uranium mass o f  250 g. When t h e  

package con ten ts  o r  an i n v e n t o r y  i s  l i s t e d  i n  c u r i e s , i t  i s  c u r i e s  o f  235u 

TABLE 4.4. - Alpha Symbols Represent ing 
235U Enrichments 

I n d i c a t e d  I n d i c a t e d  
Symbol Mass " / , 3 5 ~  - Syr~bol Mass % 2 3 5 ~  

A (dep le ted)  
B (dep le ted)  
C ( n a t u r a l )  
D 
E 
F 
G 
H 
I 

z 
Blank 

3 0  
3  5  
4  0  
50 
65 
7  5  
80 
9 0  
9 2  
9 4 
9 6 
9 8 

Unknown 
100 



For  example, 0.001 C i  of UZ35P con ta ins  0.001 C i  o f  2 3 5 ~  (462 g  2 3 5 ~ )  

and 0.00023 C i  of 2 3 8 ~  (693 g  2 3 8 ~  f o r  a  t o t a l  uranium mass o f  1,155 g ) .  

A  b lank  space f o l l o w i n g  t h e  2 3 5 ~  symbol i n d i c a t e s  100% pure  2 3 5 ~ .  The 

l e t t e r  Z, as i n  U2352, i n d i c a t e s  t h a t  t h e  enr ichment was n o t  a v a i l a b l e .  Note 

t h a t  i t  i s  a l s o  n o t  known whether t he  i n v e n t o r y  l i s t e d  f o r  "U235Z" i s  i n  

grams of 2 3 5 ~  o r  t o t a l  grams o f  uranium. 

Another symbol appearing f r e q u e n t l y  on t he  computer r e p o r t s  i n d i c a t e s  

uranium/plutonium mix tu res .  Th i s  symbol i s  composed o f  t h e  l e t t e r s  "UP" 

fo l lowed by t h r e e  numbers which are,  i n  t u rn ,  fo l lowed by an a l phabe t i c  

cha rac te r  ( i . e . ,  UP359A). The f i r s t  two numbers i n d i c a t e  t h e  mass percen t  

o f  p lu ton ium i n  t he  m i x t u r e  w h i l e  t he  t h i r d  number i n d i c a t e s  t h e  i s o t o p e  o f  

p lu ton ium which predominates ( 9  = 2 3 9 ~ u ,  8  = 2 3 8 ~ u ,  0  = 2 4 0 ~ u ,  e t c . ) .  S ince 

no p lu ton ium o f  i s o t o p i c  weight  o f  l e s s  than 236 o r  g r e a t e r  than 244 was 

encountered i n  the  survey, o n l y  one number was adequate t o  i n d i c a t e  p lu ton ium 

isotopes.  The t r a i  1  i n g  a1 phabet i ca l  cha rac te r  i n d i c a t e s  t h e  2 3 5 ~  enr ichment 

i n  t he  t o t a l  uranium f r a c t i o n  o f  the  m ix tu re .  Th i s  t r a i l i n q  cha rac te r  has - 
t he  same purpose as t he  l e t t e r  f o r  2 3 5 ~  enr ichment i n  s t r i c t l y  uranium mix-  

tu res .  Thus, t he  i n f o r m a t i o n  i n  Table 4.4 a p p l i e s  as we1 1. The mass o f  t he  

uranium/plutonium m i x t u r e  1  i s t e d  i s  t he  mass o f  t he  t o t a l  m i x tu re ,  n o t  o f  j u s t  

one of t h e  i so topes .  For  example, 1000 q  of UP359M i n d i c a t e s  a  m i x t u r e  o f  . - - 
35 mass % 2 3 9 ~ u  (350 g )  p l u s  65 mass % uranium (650 g ) .  The uranium f r a c t i o n  

con ta ins  20 mass % 2 3 5 ~  (130 g )  and 80 mass % 2 3 8 ~  (520 g ) .  However, when 

t he  uranium/plutonium m ix tu res  a r e  g i ven  i n  u n i t s  o f  c u r i e s ,  i t  i s  c u r i e s  o f  

p lu ton ium on l y .  For  example, 0.01 C i  o f  UP359M con ta ins  0.01 C i  o f  2 3 9 ~ u  

(0.163 g  2 3 9 ~ u )  p l u s  65 mass % uranium (0.303 g  uranium). The uranium f r a c -  

t i o n  con ta ins  20 mass % ( f r om Table 4.4) 2 3 5 ~  (0.061 g )  and 80 mass % 238u 

(0.242 g ) ,  o r  1.3 x  C i  2 3 5 ~  and 8.1 x  C i  2 3 8 ~ .  Thus, t he  t o t a l  

mass o f  t he  0.01 C i  o f  UP359M would be 0.466 g. 

A l l  nuc l i des  l i s t e d  (on ques t i onna i re  forms, and thus on t h e  computer 

r e p o r t s )  as "U238" a r e  assumed t o  be o f  l e s s  than  o r  equal t o  0.72 mass % 



The f o l l o w i n g  subsect ions c o n t a i n  b r i e f  i n t r o d u c t i o n s  t o  t h e  computer 

r e p o r t s  f o r  t he  D e t a i l e d  Ques t i onna i re  and Summary Ques t i onna i re  da ta  bases, 

r e s p e c t i v e l y .  Sec t ion  4.2.3 con ta ins  summarized i n f o r m a t i o n  f rom t h e  ma jo r  

computer r e p o r t s .  

4.2.1 D e t a i l e d  Ques t i onna i re  Computer Reports 

The D e t a i l e d  Ques t i onna i re  computer r e p o r t s  descr ibed  i n  Sec t ion  3.2 

c o n t a i n  t he  sh ipp ing  i n fo rma t i on  t h a t  has been e x t r a p o l a t e d  t o  a  un i f o rm  

annual bas is .  These computer r e p o r t s  i n c l u d e  i n f o r m a t i o n  f rom 85 respondents 

from t h e  probable major sh ippers group p l u s  674 SNM l i censees  and ERDA 

c o n t r a c t o r s  (27 o f  t h e  85 major  sh ippers  were a l s o  SNM 1  icensees)  who 

re tu rned  Class-1 responses. The 759 respondents shipped approx imate ly  

7300 consignments c o n t a i n i n g  about 270,000 packages o f  SNM/Source M a t e r i a l  

(37 b i l l i o n  grams) p l us  about 560,000 consignments c o n t a i n i n g  approx imate ly  

780,000 packages o f  non-SNM/Source M a t e r i a l  (14 m i  11 i o n  c u r i e s )  over  a  one-year 

pe r i od .  Reports X.H, X I I I .H ,  and X1V.H from the  D e t a i l e d  Ques t i onna i re  da ta  

base a r e  i n  t he  pocket i n  t he  back cover  o f  t h i s  r e p o r t .  The i n f o r m a t i o n  

f rom these r e p o r t s  i s  s o r t e d  by t r a n s p o r t a t i o n  mode i n  Reports X .A th rough  

X.G, XI I1.A through X I I I . F ,  and X1V.A through X1V.G i n  Appendix 0, beg inn ing  

on page 0-18. No o t h e r  D e t a i l e d  Ques t i onna i re  Computer Reports a r e  i nc l uded  

here  s i n c e  t h e i r  t o t a l  b u l k  exceeds 18 inches ( t h e r e  a r e  a  t o t a l  of 19 

sequences of r e p o r t s  c o n t a i n i n g  203 un ique r e p o r t s )  ; however, some impo r tan t  

data f rom these r e p o r t s  a r e  summarized i n  Sec t i on  4.2.3. 

Source M a t e r i a l  da ta  were combined w i t h  Spec ia l  Nuc lear  M a t e r i a l  da ta  

t o  form the  SNM/Source M a t e r i a l  da ta  base f o r  t h ree  reasons. F i r s t ,  w i t h  

t h i s  combinat ion, a1 1  uranium, thor ium, and p lu ton ium w i  11 appear t oge the r  

on t he  same computer r e p o r t s ,  making i t  unnecessary t o  s o r t  through severa l  

r e p o r t s  t o  e x t r a c t  i n f o rma t i on  regard ing  any s i n g l e  element o r  i so tope .  

Second, s ince  t he  corrlmon u n i t s  f o r  i n v e n t o r i e s  of b o t h  SNM and Source Mate- 

r i a l  i s  grams ( o r  o t h e r  mass u n i t s ) ,  data man ipu la t i on  i s  g r e a t l y  s i m p l i f i e d  

by combining t h e  two. The remain ing non-SNMISource M a t e r i a l  data base i s  

then comple te ly  i n  u n i t s  o f  c u r i e s .  The t h i r d  reason f o r  t he  combinat ion 

i s  t h a t  t he  SNM and Source M a t e r i a l  t oge the r  a r e  g e n e r a l l y  assoc ia ted  w i t h  



t h e  f r o n t  end o f  t h e  f u e l  c y c l e  (excep t  f o r  spen t  f u e l  and some n u c l e a r  waste 

s h i  pments) , whi l e  t h e  non-SNM/Source M a t e r i a l  n u c l  i d e s  genera l  l y  a r e  r e l a t e d  

t o  t h e  t a i l  end o f  t h e  f u e l  c y c l e  o r  a r e  f r o m  i r r a d i a t i o n - p r o d u c e d  m a t e r i a l s ,  

and a r e  g e n e r a l l y  d i f f e r e n t  i n  n a t u r e  f rom t h e  SNM/Source M a t e r i a l .  . 

Again, n o t e  t h a t  a l l  o f  t h e  i n f o r m a t i o n  p resen ted  f rom t h e  D e t a i l e d  

Ques t ionna i re  da ta  base r e p r e s e n t s  s h i p p i n g  a c t i v i t y  e x t r a p o l a t e d  t o  a  u n i -  

form annual b a s i s  o n l y  f o r  t h e  D e t a i l e d  Q u e s t i o n n a i r e  survey p a r t i c i p a n t s ,  

and i s  n o t  e x t r a p o l a t e d  t o  a  t o t a l  f o r  some l a r g e r  p o p u l a t i o n .  

4.2.2 Summary Q u e s t i o n n a i r e  Reports 

The Sunimary Q u e s t i o n n a i r e  Co1.11puter Repor ts  I, 11, and I 1 1  a r e  i n  Appendix 

B, beg inn ing  on page B-77. The s h i p p i n g  i n f o r m a t i o n  r e c e i v e d  f r o m  544 l i c e n -  

sees (413 o f  whom had no s h i p p i n g  a c t i v i t i e s )  was e x t r a p o l a t e d  (as desc r ibed  

i n  S e c t i o n  3.3) t o  a  t o t a l  non-SNM minor  sh ipper  p o p u l a t i o n  o f  14,658 l i c e n -  

sees. T h i s  e x t r a p o l a t i o n  i n d i c a t e s  t h a t  t h i s  group s h i p s  about  220,000 

packageslyear c o n t a i n i n g  o v e r  10 m i  11 i o n  C i  of r a d i o a c t i v e  m a t e r i a l  (see 

Repor t  I. E, page B-86, Appendix B ) .  

An i m p o r t a n t  d i f f e r e n c e  e x i s t e d  between t h e  combined NRC Academic 

subca tegor ies  (01 -1 00 and 01 -200) and t h e  Agreement S t a t e s  Academic ca tegory .  

O f  t h e  16 Summary Q u e s t i o n n a i r e s  m a i l e d  t o  academic l i c e n s e e s  i n  t h e  two NRC 

subcategor ies  (see Tab le  4.3A) o n l y  f o u r  were r e t u r n e d ;  a l l  f o u r  were f r o m  

subcategory 01 -200 and i n d i c a t e d  no s h i p p i n g  a c t i v i t i e s  (see Repor t  I. B, 

page 8-98 of Appendix 8 ) .  So a l l  of t h e  4799 packages sh ipped by l i c e n s e e s  

i n  t h e  Academic c a t e g o r y  (Repor t  I .A ,  page 8-79, Appendix B) were sh ipped 

by Agreement S t a t e s  l i c e n s e e s .  Two f a c t o r s  c o n t r i b u t e  t o  t h i s  e f f e c t .  

F i r s t ,  and p r o b a b l y  l e a s t  i m p o r t a n t ,  i s  t h e  f a c t  t h a t  o n l y  f o u r  o f  t h e  

446 NRC Academic 1  icensees ( t h e  c o r r e c t e d  combined p o p u l a t i o n s  of subcate- 

g o r i e s  01-100 and 01-200) responded t o  t h e  survey and those f o u r  d i d  n o t  

s h i p  any r a d i o a c t i v e  m a t e r i a l ,  w h i l e  15 o f  288 l i c e n s e e s  responded (Tab le  

4.3B) f r o m  t h e  Agreement S t a t e s  Academic ca tegory .  More i m p o r t a n t  than 

t h e  d i f f e r e n c e  i n  sample s i z e  i s  t h e  f a c t  t h a t  a l l  schoo ls  ( o t h e r  than  

medical  schoo ls ) ,  academies, c o l l e g e s ,  e t c . ,  w i t h  Agreement S t a t e s  1  icensees 

a r e  cons idered p a r t  of t h e  Academic ca tegory ,  w h i l e  o n l y  t h e  NRC l i c e n s e e s  

from Categor ies  01-100 and 01-200 a r e  cons idered Academic l i c e n s e e s  even 



though many schools under NRC j u r i s d i c t . i o n  do h o l d  l i c e n s e s  i n  o t h e r  NRC 

ca tego r i es  y e t  have no 1  icense i n  Categor ies 01 -100 and 01-200. Schools 

t h a t  ho ld  a  l i c e n s e  o n l y  i n  Subcategor ies 01-100 and 01-200 may use r a d i o -  

a c t i v e  m a t e r i a l s  b u t  n o t  n e c e s s a r i l y  t r a n s p o r t  them. The i m p l i c a t i o n  i s ,  

then, t h a t  t h e  schools under NRC j u r i s d i c t i o n ,  which do t r a n s p o r t  r a d i o a c t i v e  

m a t e r i a l s ,  h o l d  l i c e n s e s  i n  o t h e r  subcategor ies,  b u t  do n o t  n e c e s s a r i l y  have 

a  l i c e n s e  i n  Categor ies 01-100 o r  01-200. The r e t u r n s  were, however, t oo  

sparse t o  c o n f i r m  o r  deny such an exp lana t ion .  

Much o f  t h e  i n fo rma t i on  from the  Summary Ques t i onna i re  Computer Reports 

i s  summarized i n  t h e  f o l l o w i n g  s e c t i o n  a long w i t h  t he  r e s u l t s  o f  t h e  D e t a i l e d  

Ques t i onna i re  da ta  bases. The responses from major  sh ippers as w e l l  as SNM 

l i censees  t h a t  were rece ived  on Summary Ques t i onna i res  a r e  a l s o  condensed 

i n t o  t a b l e s .  

4.2.3 Data Compi la t ion  - Resu l t s  Overview and B r i e f  Ana lys is  

Several nuc l i des  c o n s t i t u t e d  t h e  major  p o r t i o n  o f  t he  sh ipp ing  a c t i v i t y  

f o r  each o f  t h e  data bases. These major  nuc l i des  a r e  l i s t e d  i n  Table 4.5 

which has been d i v i d e d  i n t o  t h r e e  p a r t s :  

P a r t  A i s  condensed f rom Summary Ques t i onna i re  Report 1.E 

(Appendix B )  , 

P a r t  8 i s  f rom D e t a i l e d  Ques t i onna i re  Report X.H, and 

P a r t  C i s  f rom Reports XII1.H and X1V.H f o r  t h e  SNM/Source 

M a t e r i a l  data base. 

P a r t  A o f  Table 4.5 i n d i c a t e s  t h a t  1 2 5 ~ ,  13' 1, 2 3 8 ~ ,  and l g 2 1 r  t oge the r  

made up t he  con ten ts  o f  over  58% o f  the  packages shipped, w h i l e  6 0 ~ ~  and 

l g 2 1 r  t oge the r  accounted f o r  98% o f  the  t o t a l  c u r i e s  shipped by t h e  minor  

sh ippe r  popu la t i on .  Some o f  t h e  same nuc l i des  made up the  con ten ts  o f  

t h e  m a j o r i  t y  of t h e  packages from t h e  De ta i  l e d  Ques t i  onna i re  non-SNM/Source 

M a t e r i a l  da ta  base. T h i s  i s  shown i n  Table 4.5, P a r t  B ,  which shows t h a t  

13' I, l Z 5 1 ,  9 9 m ~ c ,  "MO, and l g 2 1 r  were t he  con ten ts  o f  67% o f  t h e  packages 

shipped, w h i l e ,  as i n  t h e  Summary Ques t i onna i re  data base, l g 2 1 r  and 6 0 ~ o  

accounted f o r  t h e  m a j o r i t y  (76.9%) o f  t h e  c u r i e s  shipped. Uranium ( n a t u r a l  

and dep le ted)  was t h e  major  SNM/Source M a t e r i a l  n u c l i d e  w i t h  respec t  t o  b o t h  

number o f  packages (79.6%) and t o t a l  grams (90.2%) shipped as shown i n  



TABLE 4.5. Ma jo r  N u c l i d e s  (a  

A. Summary Q u e s t i o n n a i r e  Data Base (Summary Q u e s t i o n n a i r e  Repor t  I. E) 
'.F. 

% o f  % o f  
Nuc l  i d e  T o t a l  Packages T o t a l  

T o t a l  
B. Non-SNM/Source M a t e r i a l  Data Base ( D e t a i  1  ed Q u e s t i o n n a i r e  Repor t  X .  H) 

C. SNM/Source M a t e r i a l  Data Base ( D e t a i l e d  Q u e s t i o n n a i r e  Repor ts  X I  11. H 
and X1V.H) 

d e p l e t e d  . U y g j u r a l  
79.6 90.2 enric?ef U C  
12.6 0.26 

~ ( d )  3.1 7.36 
239Pu 1.2 0.0008 

T o t a l  96.5 97.8 

( a )  The use o f  up t o  t h r e e  s i g n i f i c a n t  f i g u r e s  h e r e  i s  p r i m a r i l y  a  m a t t e r  
o f  conven ience and does n o t  i m p l y  a  l i k e  degree o f  accu racy  i n  t h e  
su rvey  r e s u l t s .  

( b )  I n c l u d e s  a l l  U235A, U235B, U235C and U238 f r o m  Repor t  X1V.H. 

( c )  I n c l u d e s  a l l  U235D t h r o u g h  U235Y and U235. 

( d )  Unknown i s o t o p e s  and enr ichments ,  b u t  v e r y  1  i k e l y  made up o f  m o s t l y  
2381). 

( e )  Pe rcen t  o f  t o t a l  c u r i e s  f o r  P a r t s  A  and B, and p e r c e n t  o f  
t o t a l  grams f o r  P a r t  C.  
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Tab le  4.2, P a r t  C. The 2 3 8 ~  f r a c t i o n  of t o t a l  grams of  SNMISource M a t e r i a l  

shipped i s  p robab ly  even h i ghe r  than  90.2%, s i nce  most o f  t h e  n u c l i d e  des ig -  

na ted  as "U" (Uranium, i so tope  unknown) was p robab ly  2 3 8 ~ .  Furthermore, i f  

t h e  2 3 8 ~  p o r t i o n  o f  t h e  enr i ched  2 3 5 ~  (U235D th rough  U235Y and U235) sh i p -  

ments from Repor t  X1V.H i s  cons idered,  about 3  b i l l i o n  g  can be added t o  

t h e  2 3 8 ~  annual t o t a l ,  f u r t h e r  i n c r e a s i n g  t h e  2 3 8 ~  f r a c t i o n  of grams shipped. 

The l a r g e  number o f  packages o f  8 5 ~ r  1  i s t e d  i n  Table  4.8 i n d i c a t e s  t h a t ,  f rom 

t h e  s tandpo in t  o f  number o f  .packages shipped, 8 5 ~ r  should a l s o  be cons idered 

a  ma jo r  nuc l  i de .  

The d i s t r i b u t i o n  o f  p r imary  t r a n s p o r t a t i o n  modes (as a  percen t  o f  t h e  

packages shipped) i s  presented i n  Table  4.6. The i n f o r m a t i o n  f o r  t h e  Summary 

Q u e s t i o n n a i r e  da ta  base i s  f rom Report  I I I . E ,  w h i l e  t h e  i n f o r m a t i o n  f o r  t h e  

D e t a i l e d  Ques t i onna i r e  da ta  base i n  Table  4.6 was condensed f rom Computer 

Reports V and V I .  The most common mode o f  t r a n s p o r t i n g  r a d i o a c t i v e  m a t e r i a l  

was by r a i l  f ~ r  t h e  SNM/Source M a t e r i a l  sh ippers  (51% o f  t h e  packages); 

w h i l e  t h e  most common t r a n s p o r t  mode f o r  t h e  non-SNM/Source M a t e r i a l  and 

Summary Ques t i onna i r e  data bases was by t r u c k  (53% o f  t h e  packages f o r  each).  

The second most impo r tan t  t r a n s p o r t  mode f o r  t h e  SNMISource M a t e r i a l  s h i p -  

ments was by t r u c k  (44% o f  t h e  packages); t h e  second most common mode f o r  

t h e  o t h e r  two groups was by a i r c r a f t .  The l a s t  column i n  Table  4.6 l i s t s  

t h e  o v e r a l l  d i s t r i b u t i o n  o f  t h e  t r a n s p o r t  modes f o r  a l l  t h r e e  groups 

combined. 

F i g u r e  4.1 i l l u s t r a t e s  how a d d i t i o n a l  i n f o r m a t i o n  can be ob ta i ned  f rom 

Reports V ( f o r  SNMISource M a t e r i  a1 ) and V I ( f o r  non-SNM/Source M a t e r i a l  ) . 
(These two r e p o r t s  a re  n o t  i nc l uded  here due t o  s i z e  l i m i t a t i o n . )  The 

curve  i n  F i g u r e  4.1 i s  a  v i s u a l  f i t t i n g  o f  t h e  f requency d i s t r i b u t i o n  p o i n t s  

o f  packages shipped a n n u a l l y  versus t h e  s i z e  o f  t h e  packages ( c u r i e  c o n t e n t  

i n  t h i s  case).  For  example, P o i n t  A on t h e  cu rve  i n d i c a t e s  t h a t  t h e  most 

f r e q u e n t l y  shipped package i n  t h e  non-SNM/Source M a t e r i  a1 (Deta i 1  ed Ques- 

t i o n n a i  r e )  da ta  base con ta ined  approx imate ly  0.01 C i  , w i t h o u t  regard  t o  

i so tope  o r  t r a n s p o r t  mode, and t h a t  about 200,000 such packages were shipped 

a n n u a l l y  by t h e  respondents.  T h e o r e t i c a l l y ,  a  cu rve  s i m i l a r  t o  F i gu re  4.1 



TABLE 4.6. Shipp ing Modes by o f  Packages Shipped 
( f o r  shipments made from March 1, 1974 through 
February 28, 1975) 

Sunmry 
SNH/Source Ha te r i a l  Non-SNn/Source Mater ia l  Quest ionnaire A1 1 Ouestionnaires 
Oata Base (Deta i led  Data Base (Deta i led  Data Base Canbined (Reports V. 

Transpor ta t ion  Quest ionnaire Report V) Quest ionnaire Report V I )  (Report I 1 I .E )  VI  and 1 I I .E  Combined) 
Mode I o f  Packages I o f  Packages I o f  Packages I o f  Packages 

A i r c r a f t  27.7 33.0 

f r e i g h t  0.28 10.9 

passenger 0.84 35.2 

governnent 0.0015 

~ u t o ( ' )  0.041 

Truck 43.8 

Ra i l  51 .O 

A l l  Uodes 100. 100. 100. 100. 

( a )  The use of up t o  three s i g n i f i c a n t  f igures  here i s  p r i m a r i l y  a matter o f  con- 
venience and does not  imply a l i k e  degree of accuracy i n  t he  survey resu l t s .  

( b )  Inc lud ing bus. 

( c )  Includes a l l  wa te rc ra f t .  

Packa~es 
Shipped 
Annua 1 l y  

FIGURE 4.1. Frequency D i s t r i b u t i o n  f o r  Non-SNM Source M a t e r i a l  
Data Base - A l l  Nuc l ides  Combined, A l l  T ranspo r ta t i on  
Modes Combined ( taken  f rom Report V I ) .  



can be drawn f r o m  Repor t s  V and V I  f o r  each n u c l i d e  f o r  each t r a n s p o r t a t i o n  

mode, however f o r  most d e t a i l e d  comb ina t ions  ( n u c l  i d e ,  t r a n s p o r t a t i o n  mode) 

t h e  su rvey  d a t a  i s  sparse.  

T a b l e  4.7 l i s t s  t h e  package t ypes  as a  pe rcen tage  o f  t h e  t o t a l  packages 

sh ipped  f o r  each d a t a  base. Type A  and LS ( l o w  s p e c i f i c  a c t i v i t y )  packages 

make up t h e  m a j o r i t y  o f  t h e  packages sh ipped,  t o t a l i n g :  

1 )  abou t  86% o f  t h e  SNM/Source M a t e r i a l  packages, 

2 )  abou t  96% o f  t h e  non-SNM/Source M a t e r i a l  packages ( D e t a i  1  ed 

Q u e s t i o n n a i r e s ) ,  and 

3)  a b o u t  76% of t h e  packages sh ipped by t h e  m'nor s h i p p e r s  ;Surqnary 

Q u e s t i o n n a i r e s ) .  

TABLE 4.7 .  Package Types by o f  Packages 

~ a c  kage(b) 
T v ~ e  

AF 

A 

B F  

0 

E 

LQ 

L s 

A1 1 Types 

SNM/Source M a t e r i a l  
Data Base ( D e t a i l e d  

Q u e s t i o n n a i r e  Repor t  1.D) 
% o f  Packages 

0.86 

4.86 

10.9 

0.87 

1.31 

0.49 

80.9 

100. 

Non-SNM/Source M a t e r i a l  
Data Base ( D e t a i l e d  

Quest  i onna i r e  Repor t  I I. D) 
X o f  Packages 

- - 

Sumnary Q u e s t i o n n a i r e  
Data Base (Sumnary 

Ques t i onna i re  Repor t  1 I .E )  
% o f  Packages 

0.006 

52.9  

3.82 

9.33 

9.64 

0.895 

23.4 

100. 

( a )  The use o f  up  t o  t h r e e  s i g n i f i c a n t  f i g u r e s  h e r e  i s  p r i m a r i l y  a  r i a t t e r  o f  conven ience 
and does n o t  imp ly  a  l i k e  degree o f  accuracy  i n  t h e  survey r e s u l t s .  

( b )  See Appendix A, page A-5 (Column 10)  f o r  an e x p l a n a t i o n  o f  package types.  

As ment ioned e a r l i e r  i n  t h e  d i s c u s s i o n  o f  Tab le  4.2, 21 Summary Ques- 

t i o n n a i r e s  were r e t u r n e d  by  apparen t  m a j o r  s h i p p e r s .  S ince  t h e  s h i p p i n g  

a c t i v i t i e s  o f  t h e s e  21 were cons ide red  n o t  r e p r e s e n t a t i v e  o f  t h e i r  a s s o c i a t e d  

c a t e g o r i e s ,  t h e y  were p u l l e d  f rom t h e  Summary d a t a  base and a r e  n o t  used i n  

t h e  e x t r a p o l a t i o n  t o  t o t a l s  f o r  t h e  m i n o r  s h i p p e r  p o p u l a t i o n .  The d a t a  f r o m  

these  q u e s t i o n n a i r e s  a r e  sumnlarized i n  T a b l e  4.8; most o f  t h e  packages ( o v e r  

600,000 o f  them) 1  i s t e d  i n  T a b l e  4 .8  were exempt packages. 



TABLE 4.8. Sh ipp ing  Data f r o m  Apparent Major  Sh ippers  
Responding t o  Summary Q u e s t i o n n a i r e  

N u c l i d e  

Kr-85 
CS- 137 
Ra-226 
Co-60 
Pu-238 
Am-241 

1-131 
1-125 

h - 2 4 1  
1-129 
H-3 

co-60 
I r - 1 9 2  
U-235 

Th-232 
U-238 

Mixed 
Ra-226 

H-3 
Kr-85 
C-14 

CO-GO 
CS-137 

1-131 
Cs-137 
h - 2 4 1  
I r - 192  

t Packagestyear b y  Type t Packagesfyear by T r a n s p o r t a t i o n  Mode 
Type Type Type A V ~  . Avg . A V ~ .  Avg. 

E A 6 A i r  T i  M i l e s  Land Miles - -- - -- -- 

Annual 
/\mount 

(C i  o r  g )  

2.1E-1 C i  
2.2E+4 C i  
2.5E+O C i  
4.2E+O C i  
8.OE+3 C i  
1.2E+5 C i  
2.OE+O C i  
7.9E-1 C i  
8.OE+3 C i  
7.OE-6 C i  

2.OE+5 C i  
1.2E+8 9 

( a )  T r a n s p o r t a t i o n  mode no t  a v a i l a b l e  

A l s o  i n d i c a t e d  on Tab le  4.2 were e i g h t  C lass-2 responses. The in fo rma-  

t i o n  f rom these q u e s t i o n n a i r e s  i s  summarized i n  Tab le  4.9.  

One respondent  r e t u r n e d  s h i p p i n g  forms ( i n  1  i e u  o f  a  q u e s t i o n n a i r e )  

r e p r e s e n t i n g  11 51 exempt rad iopharmaceu t i ca l  packages shipped by a i r  and 

t r u c k  as "no l a b e l  r e q u i r e d . "  No i n f o r m a t i o n  r e g a r d i n g  t h e  c o n t e n t s  o f  these 

packages was a v a i l a b l e  o t h e r  than  t h e  f a c t  t h a t  t h e y  were in tended  f o r  

medical  use and t h a t  t h e  T I  p e r  package was zero.  These r e p o r t e d  packages 

were shipped d u r i n g  a  one-week r e p r e s e n t a t i v e  p e r i o d ,  and when e x t r a p o l a t e d  

t o  a  one-year p e r i o d ,  they  r e p r e s e n t  approx imate ly  57,000 such exempt 

packages shipped by a i r  and 3,000 such exempt packages sh ipped by t r u c k  

a n n u a l l y .  

Four o f  t h e  f i v e  SNM l i c e n s e e s  who were sen t  Summary Q u e s t i o n n a i r e s  due 

t o  d u p l i c a t i o n  on t h e  address 1 i s t s  (and r e t u r n e d  them) i n d i c a t e d  s h i p p i n g  

a c t i v i t i e s .  The i n f o r m a t i o n  f rom these f o u r  i s i  p resented i n  Tab le  4.10. 



TABLE 4.9. Annual Sh ipp ing  Data f rom Class-2 
Ques t i onna i re  Responses 

Average 
Grams o r  

Cur ies pe r  
Package 

N l A  ( b )  

Number 
o f  

Consignments 

Number 
0 f 

Packages 
To ta l  
M i  1 es Nucl i d e  

Ta-182 

CS-1 37 

N /A  ( b )  

CS-1 37 

Am-241 

M i  xed ( a )  

Cs- 137 ' 

( a )  See " I n s t r u c t i o n s "  f o r  Ques t i onna i res  (Appendix C )  and 
Appendix A ,  Page A-8 (Column 7 )  f o r  d e f i n i t i o n s  of these terms. 

( b )  Not a v a i l a b l e  
4-22 



Whi le  some o f  t h e  d a t a  r e c e i v e d  i n  t h e  su rvey  were e x t r a p o l a t e d  

l i n e a r l y  t o  r e p r e s e n t  t h e  t o t a l  s h i p p i n g  a c t i v i t y  o f  a  group o f  l i c e n s e e s  

(minor s h i p p e r s )  f o r  comparison purposes, t h e  a c t u a l  p r e d i c t i o n  o f  t o t a l s  

f o r  t h e  shipments o f  r a d i o a c t i v e  m a t e r i a l s  f o r  t h e  whole U.S. n u c l e a r  

i n d u s t r y  i s  beyond t h e  scope o f  t h i s  survey.  However, an e s t i m a t i o n  o f  

t h e  o r d e r  o f  magni tude o f  t h e  s h i p p i n g  o f  r a d i o a c t i v e  m a t e r i a l s  c o u l d  be 

made u s i n g  t h e  survey r e s u l  t s  w i t h  severa l  assumpt ions (see Summary). 

C e r t a i n  pa ramet r i c  and average va lues a v a i l a b l e  f rom t h e  d a t a  a r e  con- 

s i d e r e d  t o  be r e p r e s e n t a t i v e  o f  t h e  r e a l  s i t u a t i o n .  The above p o i n t s  a r e  

d iscussed i n  more d e t a i l  i n  S e c t i o n  5. 

TABLE 4.10. Sh ipp ing Data f rom SNM Licensees 
Responding w i t h  Summary Q u e s t i o n n a i r e  

# Packages lyear  -- by  Type 
TY pe Type Type 

Nucl  i d e  -- E A B -- 

U-238 9 
MF (a 2 0 

Au- 198 6 

U-238 57 125 
Po-21 0 1 

" -?  2 
MC a )  4 

w ( ~ )  26,600 ( L S )  

! 
M F ( ~ )  6 (LS) 

U-238 424 (LS) 7 

Annua 1 
# Pack%s/Yearby T r a n y o r t a t i o n  Mode Aniount -- - -- - 

Avg. Avg. Avg. Avg. C u r i e s  o r  
A i r  T I  M i l e s  Land T I  M i l e s  Granis 
- - - - - - 

( a )  See f o o t n o t e  ( a ) ,  T a b l e  4.9 



Immediate ly  p r i o r  t o  f i n a l  r e p o r t  p r i n t i n g  we i d e n t i f i e d  apparen t  

e r r o r s  i n  o u r  computer o u t p u t  f o r  2 3 8 ~ u  and 2 3 1 ~  (Computer Reports XIV.D, 

X1V.F and XIV.H, Appendix B). These and o t h e r  apparent  e r r o r s  a r e  d iscussed 

i n  d e t a i l  i n  Appendix B  (Pages B- i  and 0 - i i  , "ERRATA"). However, t h e  t ime  

and funds budgeted f o r  t h i s  program d i d  n o t  a l l o w  t r a c i n g  these  apparent  

e r r o r s  back t o  t h e  o r i g i n a l  ques t i onna i r es  and r e s o l v i n g  them. A l though we 

made every  e f f o r t  t o  a c c u r a t e l y  process t h e  data f rom re tu rned  ques t i onna i r es ,  

t h i s  i s  an i n d i c a t i o n  t h a t  t h e  da ta  base i s  n o t  w i t h o u t  e r r o r ,  a l t hough  we 

f e e l  any e r r o r s  i n t r oduced  d u r i n g  p rocess ing  a r e  m in ima l .  Readers a r e  

cau t ioned  t o  keep t h e  above i n  mind, e s p e c i a l l y  when us i ng  n u c l i d e  s p e c i f i c  

data f rom t h i s  r e p o r t .  



5.0 PERSPECTIVE 

Most  o f  t h e  d a t a  f r o m  t h e  r e t u r n e d  q u e s t i o n n a i r e s  ( e s s e n t i a l l y  a1 1  o f  

t h e  d a t a  t h a t  was u s a b l e )  were processed i n  an a t t e m p t  t o  o b t a i n  as much use-  

f u l  i n f o r m a t i o n  as p o s s i b l e  about  r e p r e s e n t a t i v e  average va lues ,  parameters  

and t r e n d s  r e g a r d i n g  t h e  t r a n s p o r t a t i o n  o f  r a d i o a c t i v e  m a t e r i a l s .  Enough 

d a t a  were o b t a i n e d  f r o m  a  l a r g e  enough (abou t  8:: o v e r a l l )  sample o f  t h e  

l i c e n s e e  p o p u l a t i o n  t o  i n d i c a t e  t h a t  t h e  average va lues  o b t a i n e d  a r e  reasonab ly  

a c c u r a t e  and a r e  r e p r e s e n t a t i v e  o f  normal s h i p p i n g  a c t i v i t i e s .  The good 

agreement between t h e  non-SNt4/Source M a t e r i a l  d a t a  base ( D e t a i l e d  Q u e s t i o n -  

n a i r e s )  and t h e  non-SNM m i n o r  s h i p p e r s  d a t a  base (Sum~nary Q u e s t i o n n a i r e s )  

r e g a r d i r l g  ma jo r  package t y p e s  (Tab l  e  4 .7)  and p r i m a r y  t r a n s p o r t a t i o n  modes 

( l a b l e  4 . 6 )  t ends  t o  c o n f i r m  t h e  accu racy  o f  t h e  e x t r a p o l a t i o n s  and subse- 

quent  d e t e r m i n a t i o n  o f  parameters and averages,  s i n c e  t h e s e  two d a t a  bases 

r e p r e s e n t  two d i f f e r e n t  segments o f  a  l a r g e r  g roup  o f  s h i p p e r s ,  and were 

e x t r a p o l a t e d  i n d e p e n d e n t l y .  The D e t a i l e d  Q u e s t i o n n a i r e  d a t a  was e x t r a p o l a t e d  

t o  a  u n i f o r m  annual  t o t a l  f o r  t h e  p a r t i c i p a n t s  respond ing ,  w h i l e  t h e  Sumniary 

Q u e s t i o n n a i r e  d a t a  was e x t r a p o l a t e d  t o  t o t a l s  f o r  t h e  e n t i r e  m i n o r  s h i p p e r  

p o p u l a t i o n .  The agreement between t h e s e  two d a t a  bases i s  a l s o  f a i r l y  c l o s e  

r e g a r d i n g  m a j o r  n u c l  i d e s  sh ipped (Tab l  e  4 . 5 ) .  

S ince  t h e r e  a r e  fundamental  d i f f e r e n c e s  between t h e  SNM/Source M a t e r i a l  

da ta  base and t h e  above two d a t a  bases, t h e  same genera l  agreement does n o t  

occu r .  Fo r  most  p r a c t i c a l  purposes t h e  SNM/Source M a t e r i a l  d a t a  base 

r e p r e s e n t s  a  separa te  group f r o m  t h e  o t h e r  two d a t a  bases. The SNM/Source 

M a t e r i a l  shipments a r e  g e n e r a l l y  a s s o c i a t e d  w i t h  t h e  f r o n t  end o f  t h e  f u e l  

c y c l e  ( e x c e p t  f o r  spen t  f u e l  and some n u c l e a r  waste  shipments)  w h i l e  t h e  

shipments f r o m  t h e  non-SNM/Source M a t e r i a l  groups a r e  g e n e r a l l y  e i t h e r  fro111 

t h e  t a i l  end o f  t h e  f u e l  c y c l e  o r  f r o m  i r r a d i a t i o n - p r o d u c e d  m a t e r i a l s  

( i  . e . ,  "coo). \Ji t h  sol?ie e x c e p t i o n s ,  t h e  packages fro111 t h e  SNM/Source 

M a t e r i a l  s h i p p e r s  were g e n e r a l l y  o f  l a r g e  niass and low  a c t i v i t y  ( c o n t a i n i n g  

i s o t o p e s  o f  l o n g  h a l f - 1  i f e )  and were sn ipped  most  f r e q u e n t l y  by  r a i l  

and t r u c k  as opposed t o  t h e  non-SNM/Source M a t e r i a l  packages which  were 



g e n e r a l l y  o f  l o w e r  mass and h i g h e r  a c t i v i t y  ( c o n t a i n i n g  i s o t o p e s  o f  r e l a -  

t i v e l y  s h o r t  h a l f - l i f e )  and were sh ipped most f r e q u e n t l y  by t r u c k  and a i r .  

Thus, t h e  d i f f e r e n c e s  i n  p r i m a r y  t r a n s p o r t a t i o n  modes m i g h t  w e l l  be expected,  

i n  v iew o f  t h e  d i f f e r e n c e  i n  s i z e  and w e i g h t  o f  t h e  packages. F u r t h e r ,  s i n c e  

t h e  elements and i s o t o p e s  i n  t h e  SNM/Source M a t e r i a l  d a t a  base a r e  c o m p l e t e l y  

d i f f e r e n t  f rom t h e  non-SNM Source M a t e r i a l  d a t a  base, t h e  m a j o r  n u c l i d e s  and 

m a j o r  package types w i l l  a l s o  be d i f f e r e n t .  

Genera l l y ,  t h e  p a r a m e t r i c  and average va lues  a v a i l a b l e  f r o m  t h e  da ta  

base appear t o  be r e p r e s e n t a t i v e .  However, i t  i s  i m p o r t a n t  t o  n o t e  t h a t  

t h e  s h i p p i n g  a c t i v i t i e s  f o r  s e v e r a l  of t h e  NRC subca tegor ies  have no r e p r e -  

s e n t a t i o n  i n  t h e  da ta  base, s i n c e  no q u e s t i o n n a i r e s  were r e t u r n e d  f r o m  these  

subca tegor ies .  The subca tegor ies  i n v o l v e d  a r e  t h e  source m a t e r i a l  subcate-  

g o r i e s  11-100 t h r o u g h  11-700 p l u s  subca tegor ies  01-100, 02-110, 02-500, 03- 

213, 03-215, 03-218, 03-231, 03-232, 03-400, 03-800, 04-100 and 04-200 ( T a b l e  

4 . 3 ) .  These subca tegor ies  r e p r e s e n t  674 1  icensees o r  about  9% o f  t h e  t o t a l  

NRC minor  s h i p p e r  p o p u l a t i o n .  Another f a c t o r  wh ich may c o n t r i b u t e  t o  i naccu-  

r a c y  i n  e x t r a p o l a t i n g  t h e  Summary Q u e s t i o n n a i r e  response t o  t h e  t o t a l  m i n o r  

s h i p p e r  p o p u l a t i o n  i s  t h a t  t h e  e x t e n t  o f  o v e r l a p  and d u p l i c a t i o n  w i t h i n  t h e  

l i c e n s e  c a t e g o r i e s  i s  n o t  known. The o v e r l a p  between and dup l  i c a t i o n  w i t h i n  

t h e  NRC subca tegor ies  and Agreement S t a t e s  genera l  c a t e g o r i e s  was n o t  

e l i m i n a t e d  p r i o r  t o  e x t r a p o l a t i o n .  F u r t h e r ,  t h e  o v e r l a p  o f  SNM l i c e n s e e s  

w i t h  t h e  NRC subca tegor ies  was c o r r e c t e d  i n  an approx imate manner o n l y .  The 

n e t  e f f e c t  o f  t h e  d u p l i c a t i o n  and o v e r l a p  i s  t o  cause o v e r e s t i m a t i o n  o f  t h e  

s h i p p i n g  a c t i v i t i e s .  The magni tude o f  t h i s  o v e r e s t i m a t i o n  i s  n o t  known. 

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  2 3 8 ~  was i n d i c a t e d  as one o f  t h e  m a j o r  

n u c l i d e s  i n  t h e  data  base f o r  t h e  non-SNM m i n o r  sh ippers  (Tab le  4.5A). The 

f r a c t i o n  o f  t h e  t o t a l  packages ( o r  package c o n t e n t s )  o f  2 3 8 ~  would p r o b a b l y  

have been much h i g h e r  i f  a  more comple te  response had been r e c e i v e d  f rom t h e  

NRC Subcategor ies  11 -100 t h r o u g h  11-700 (Tab le  4 .3 ) .  A1 though t h e  e f f e c t  

o f  t h i s  on t h e  v a l i d i t y  o f  t h e  averages an3 parameters i s  n o t  immnd ia te l y  

obv ious,  i t  i s  c l e a r  t h a t  t h e  nonrespondents must be cons ide red  w i t h  any 

a p p l i c a t i o n  o f  t h e  d a t a .  



Average va lues and parameters a re  of unques t ionab le  va lue  when a p p l i e d  

t o  t h e  a n a l y s i s  of complex systems. However, t h e  dimensions of t h e  system 

must e v e n t u a l l y  be e s t a b l i s h e d  f o r  a  complete a n a l y s i s .  Many obs tac l es  a re  

encountered when e s t i m a t i n g  t o t a l  sh i pp ing  a c t i v i t i e s  f o r  t h e  system o f  r a d i o -  

a c t i v e  shipments. I t  i s  n o t  c l e a r  what bas i s  should  be used f o r  t h e  est ima-  

t i o n .  Poss ib l e  bases i n c l u d e  t o t a l  packages, consignments o r  c u r i e s  (and 

grams) shipped annua l l y ,  o r  pa ramet r i c  t o t a l s  such as c u r i e  m i l e s  o r  package 

m i l e s  pe r  year .  To f u r t h e r  comp l i ca te  t h e  problem, e x t r a p o l a t i o n s  l o s e  some 

meaning if they  a r e  a p p l i e d  across ca tegory  boundar ies.  I n  a d d i t i o n ,  many 

common modes o f  t r a n s p o r t a t i o n  e x i s t  and a l l  must be t r e a t e d  sepa ra te l y ,  y e t  

somehow be combined f o r  e x t r a p o l a t i o n  t o  a  t o t a l .  I d e a l l y ,  a  separate  

e x t r a p o l a t i o n  would be made f o r  a l l  combinat ions o f  t h e  b a s i s  f o r  each 

nuc l i de ,  each t r a n s p o r t a t i o n  mode, and each un ique  ca tegory .  Thus, a  number 

of independent e x t r a p o l a t i o n s  should be made t h a t  would combine t o  t h e  over -  

a l l  t o t a l .  

A l though a  d e t a i l e d  p r o j e c t i o n  o f  t h e  t o t a l  sh i pp ing  a c t i v i t y  i n  t h e  

U.S. was beyond t h e  scope o f  t h i s  study, t h e  p o s s i b i l i t y  o f  us i ng  t h e  da ta  

from t h i s  survey f o r  such a  p r o j e c t i o n  was b r i e f l y  i n v e s t i g a t e d .  

The poss i  b i l  i ty  was i n v e s t i g a t e d  t h a t  a  we1 1  - de f i ned  c o r e  group o f  

major sh ippers  e x i s t e d  (most of whom had been reached by t h e  survey)  which 

i nc l uded  o n l y  a  smal l  f r a c t i o n  of t h e  l i c e n s e e  popu la t i on ,  b u t  rep resen ted  

a  ve r y  l a r g e  f r a c t i o n  o f  t h e  sh ipp ing  a c t i v i t y .  I d e a l l y ,  t h e  sh i pp ing  

a c t i v i t i e s  o f  each o f  these ma jo r  sh ippers  would be some o rde rs  o f  magnitude 

g rea te r  than  t h e  a c t i v i t i e s  o f  any o f  t h e  minor  sh ippers .  I f  t h i s  were t r u e ,  

t h e  e x t r a p o l a t i o n  method ou t1  i ned  below cou ld  be used. 

Assuming t h e  f o l l o w i n g  d e f i n i t i o n s :  

* = " m u l t i p l i e d  by" 

t h e  bas is ,  u  = a  r a d i o a c t i v e  sh i pp ing  u n i t  ( c u r i e - m i l e ,  package, e t c . ) ,  

Y = number o f  major  sh ippers  surveyed, 

b = number o f  minor  sh ippers  surveyed, 

m = average t o t a l  u  per  major  sh ipper ,  



n = average t o t a l  u pe r  m inor  sh ipper ,  

then  

and 

W = t o t a l  number o f  ma jo r  sh ippers ,  

D = t o t a l  number o f  m inor  sh ippers  such t h a t  W+D = t o t a l  
U.S. l i censees ,  

M = W*m = t o t a l  u  f o r  ma jo r  sh ippers ,  

N = D*n = t o t a l  u  f o r  m ino r  sh ippers ,  

V = Y / W  = f r a c t i o n  of ma jo r  sh ippers  surveyed, 

P = f r a c t i o n  o f  t o t a l  U.S. sh i pp ing  a c t i v i t y  which i s  
represented by t h e  survey, 

I = x ( u )  = MtN = a c t u a l  t o t a l  sh i pp ing  a c t i v i t y  f o r  a l l  
W+ D 1  icensees , and 

i = x ( u )  = Y*m + D*n = t o t a l  s h i p p i n g  a c t i v i t i e s  f o r  ma jo r  
Y+D sh ippers  surveyed p l u s  a l l  m inor  

sh ippers .  

Then i d e a l  l y ,  

m >> n  and M >> N such t h a t  m/n = M/N -+ - 
Pos tu l a ted  accep tab le  va lues a r e  m/n > 10000, 

M/N > 100, 

and V > 0.85, 

such t h a t  i = Y*m, and 

I - M = W*m, then 

Whi le  m may be imposs ib l e  t o  d e f i n e  a c c u r a t e l y  due t o  l a r g e  d e v i a t i o n  

f rom t h e  mean, t h e  va lue  o f  Y*m i s  a v a i l a b l e  f rom t h e  survey r e s u l t s .  

The t o t a l  U.S. sh i pp ing  a c t i v i t y  o f  bas i s  u  i s  then, 

T  may then be determined f o r  each bas i s ,  nuc l i de ,  and ca tegory  combinat ion.  

Us ing t h e  p reced ing  method, t h e r e  a r e  t h r e e  genera l  problem areas 

encountered when a t t en lp t i ng  t o  e x t r a p o l a t e  t o  o v e r a l l  t o t a l  s h i p p i n g  

a c t i v i t y  w i t h  t h e  da ta  r ece i ved  i n  t h i s  survey. 



The f i r s t  i s  t h a t  o f  t h e  ma jo r  sh ippers  responding, t h e i r  i n d i c a t e d  

t o t a l  annual sh i pp ing  a c t i v i t i e s  were n o t  o rde rs  o f  magnitude g r e a t e r  than  

t h e  t o t a l  f o r  t h e  e n t i r e  minor  sh ipper  p o p u l a t i o n  (e.g., M/N i s  n o t  > 100) .  

I n  f ac t ,  t h e  sh i pp ing  a c t i v i t i e s  o f  t h e  major  sh ippers  combined w i t h  those 

of t h e  SNM l i censees  responding were o n l y  about  f i v e  t imes t h e  magnitude 

of  t h e  a c t i v i t i e s  o f  t h e  es t imated  minor  sh ippers  p o p u l a t i o n  t o t a l  a c t i v i t y  
6  on a  bas i s  of packages shipped annua l l y  (about  10 packageslyear versus 

220,00O/year). I n  o rde r  words, M/N = 5.0. On a  b a s i s  o f  c u r i e s  shipped 
7  annua l l y ,  t h e r e  were about  1.1 x  10 c u r i e s  ( ex t r apo la ted ,  see Report  I .E, 

Appendix 6, Page 6-86) shipped by t h e  minor  sh i ppe r  (Summary Q u e s t i o n n a i r e )  

popu la t i on  o f  about 14,600 1  icensees, compared t o  1.4 x  l o 7  non-SNM c u r i e s  

(see Report  X .H  i n  t h e  pocket o f  t h e  back cove r )  shipped by t h e  major  sh i p -  

pers, SNM 1  icensees, and ERDA c o n t r a c t o r s  t oge the r  ( i n  t h e  De ta i  1  ed Ques- 

t i o n n a i r e  Non-SNM/Source M a t e r i a l  da ta  base),  f o r  a  r a t i o  of M/N = 1.3. Even 

i f  t h e  probable  major  sh ippers  who d i d  n o t  respond t o  t h e  survey were somehow 

inc luded ,  t h e r e  i s  no d e f i n i t e  evidence i n d i c a t i n g  t h a t  t h e  t o t a l  sh i pp ing  

a c t i v i t y  f o r  t h e  ma jo r  sh ippers  would inc rease  by o rde rs  of magnitude t o  

war ran t  bas ing t h e  o v e r a l l  t o t a l  es t ima te  on t h e  major  sh ippers  a lone .  

The second problem i s  t h a t  W ( t h e  t o t a l  number o f  a c t u a l  major  sh i ppe rs )  

was n o t  a c c u r a t e l y  known, t h e r e f o r e  V ( t h e  f r a c t i o n  o f  t h e  major  sh ippers  

t h a t  responded t o  t h e  su rvey)  i s  n o t  known. The 21 Summary Ques t i onna i r es  

t h a t  were r e tu rned  f rom apparent ma jo r  sh ippers  i n d i c a t e  t h a t  t h e r e  may be 

a  l a r g e  number o f  ma jo r  sh ippers  n o t  y e t  i d e n t i f i e d .  The f a c t  t h a t  these  

21 shipped over  770,000 (mos t l y  exempt) packages annua l l y  may suggest t h a t  

if a l l  o f  t h e  ma jo r  sh ippers  were i d e n t i f i e d  and surveyed, t h e i r  t o t a l  sh i p -  

p i ng  a c t i v i t y  may w e l l  be o rde rs  of magnitude g r e a t e r  than t h a t  of t h e  m inor  

sh ippers .  T h i s  would then i n d i c a t e  t h a t  t he  method f o r  p r o j e c t i n g  t o t a l  sh i p -  

p i ng  a c t i v i t y  out1 ined  above may be a p p l i c a b l e ,  s i nce  t h e  f i r s t  problem ( d i s -  

cussed above) would be e l im ina ted .  

The t h i r d ,  and ~ i i o s t  in.lportant, problem i s  t h e  l a c k  o f  an obv ious s t a t i s -  

t i c a l  bas i s  f o r  d i r e c t  e x t r a p o l a t i o n  o f  t h e  raw da ta  t o  t o t a l s  f o r  l i c e n s e e  

popu la t ions .  The most s e r i o u s  d i f f i c u l t y  i n v o l v e s  t h e  nonresponses. These 

nonresponses c o n s t i t u t e  a. s i g n i f i c a n t  f r a c t i o n  o f  t h e  l i censees  who were 



sen t  ques t i onna i r es  (see Tab le  4.2). From t h e  a v a i l a b l e  data t h e r e  i s  no 

way o f  knowing whether: 1 ) t h e  nonresponse group c o n s i s t s  m a i n l y  of 1 i cen -  

sees who have so much sh ipp ing  a c t i v i t y  t h a t  comp le t ing  t h e  q u e s t i o n n a i r e  

would have r e q u i r e d  t o o  much e f f o r t ,  o r  2 )  t h a t  t h e  nonresponse group con- 

s i s t s  m a i n l y  of  l i censees  who do no sh ipp ing  a t  a l l .  Thus, t h e  magnitude 

and d i r e c t i o n  o f  p o s s i b l e  b i a s  a r e  unknown. (However, t h e  te lephone c o n t a c t  

w i t h  t h e  D e t a i l e d  Ques t i onna i r e  nonrespondents o f f e r s  some i n d i c a t i o n  o f  t h e  

n a t u r e  o f  t h e  nonresponse group. )  

There a r e  t h r e e  ways i n  which t h e  nonresponses m igh t  be handled t o  

a l l e v i a t e  t h i s  problem: 

1 )  C a l c u l a t e  some reasonable  extremes f o r  nonresponses, b o t h  h i g h  and 

low. For i ns tance ,  assume t h e  mean of t h e  nonresponses i s  2 o r  3 

s tandard d e v i a t i o n s  above o r  below t h e  mean f o r  t h e  responses, f o r  

whatever bas i s  i s  c o n t r o l  1 i n g  (packages shipped pe r  year ,  f o r  example) . 
Thus, bounds can be ob ta ined  f o r  t h e  combined responses and nonresponses. 

2 )  C a l c u l a t e  p l a u s i b l e  va lues and 1 i m i t s  f o r  t h e  nonresponses. T h i s  

i s  b a s i c a l l y  a s u b j e c t i v e  judgment, and i n  a d d i t i o n  would r e q u i r e  

more i n f o r m a t i o n  than  e x i s t s  i n  t h e  da ta  base f rom t h i s  survey 

a1 one. 

3 )  Use t h e  responses i n  e x t r a p o l a t i n g  t o  t h e  t o t a l  p o p u l a t i o n  (respondents 

and nonrespondents).  The assumption i s  n e c e s s a r i l y  t h a t  t h e r e  i s  no 

e s s e n t i a l  d i f f e r e n c e  between t h e  response and nonresponse groups. 

Whichever a l t e r n a t i v e  i s  se lected,  a s ta tement  about t h e  accuracy o f  t h e  

r e s u l t i n g  e x t r a p o l a t i o n  based on s t a t i s t i c a l  t heo ry  a l one  rnay be d i f f i c u l t .  

The t h i r d  method o f  hand l i ng  t h e  nonresponses was used w i t h  some modi- 

f i c a t i o n  (Sec t i on  3.3) t o  es t ima te  t h e  sh ipp ing  a c t i v i t i e s  o f  t h e  m inor  

sh ipper  (Summary Ques t i onna i r e )  p o p u l a t i o n  on a b a s i s  o f  packages s h i  pped 

annua l l y .  The accuracy o f  t h a t  e x t r a p o l a t i o n  was measurable t o  some degree 

by comparing t h e  r e s u l t a n t  averages and parameters f rom t h e  minor  sh i ppe r  

p o p u l a t i o n  w i t h  1 i ke parameters f rom a s i m i l a r  group ( t h e  non-SNMISource 

M a t e r i a l  data  base) which had been e x t r a p o l a t e d  independent l y  t o  a u n i f o r m  

annual bas is ,  b u t  n o t  t o  a popu la t i on  t o t a l .  



I t  should  be ment ioned t h a t  t h e r e  i s  v e r y  l i k e l y  some bia.s i n  t h e  

non-SNM/Source M a t e r i a l  da ta  base a l s o  due t o  t h e  f a c t  t h a t  t h e  respondents 

were asked t o  choose a  " r e p r e s e n t a t i v e "  t ime  p e r i o d  f o r  r e p o r t i n g  t h e i r  

sh i pp ing  a c t i v i t i e s  (see Appendix C) . The concept o f  a  r e p r e s e n t a t i v e  

p e r i o d  c o u l d  be s u b j e c t  t o  a  broad i n t e r p r e t a t i o n .  

Wh i le  process ing t h e  survey data,  a  g r e a t  number o f  da ta  e n t r i e s  were 

handled and a  s i g n i f i c a n t  amount of e d i t i n g  work was done. Chances f o r  

e r r o r  e x i s t  i n  every  man ipu la t ion .  A c ross-check ing (qua1 i ty  assurance) 

procedure was s e t  up t o  m in im ize  t h e  e r r o r s  i n t r oduced  i n t o  t h e  data base 

as a  r e s u l t  o f  t h e  manual process ing.  However, t h e r e  s t i l l  remains a  poss i -  

b i l i t y  t h a t  e r r o r s  do e x i s t  i n  t h e  da ta  base which was used t o  generate  t h e  

ou tpu t  t a b l e s  (Appendix B ) .  

I n  summary, t h e  accuracy o f  e x t r a p o l a t i o n s  t o  t o t a l  sh i pp ing  a c t i v i t y ,  

based s o l e l y  on these  program r e s u l  t s  , should be c a r e f u l  l y  eva lua ted .  

D e t a i l e d  e x t r a p o l  a t i o n s  o r  d e t a i l e d  i n v e s t i g a t i o n s  o f  e x t r a p o l  a t i o n  accuracy 

were beyond t h e  scope o f  t h i s  program. 



6.0 FUTURE CONS1 DERATIONS 

Dur ing  t h e  course  o f  t h e  program, we i d e n t i f i e d  s e v e r a l  u s e f u l  changes 

t h a t  may e x p e d i t e  t h e  process i f  a  s i m i l a r  su rvey  was ever  conducted i n  

t h e  f u t u r e .  More t i m e  and e f f o r t  spen t  i n  d e v e l o p i n g  t h e  q u e s t i o n n a i r e  would 

be e f f e c t i v e  i n  e l i c i t i n g  a  more u n i f o r m  response. A f t e r  t h e  q u e s t i o n n a i r e  

has been developed, i t  should  be s e n t  o u t  t o  i n d i v i d u a l s  i n  t h e  n u c l e a r  

i n d u s t r y  t o  determine i f  i t  i s  unders tandable  and usable .  A l though  we d i d  

f i e l d  t e s t  t h e  q u e s t i o n n a i r e  and i n c o r p o r a t e d  t h e  recommended changes, 

ano ther  f i e l d  t e s t  would have been b e n e f i c i a l .  As a  consequence o f  n o t  

hav ing  t h i s  second f i e l d  t e s t ,  severa l  ambiguous s ta tements  appeared on 

t h e  q u e s t i o n n a i r e  t h a t  caused u n c e r t a i n t y .  O f  p a r t i c u l a r  impor tance f o r  

t h e  D e t a i l e d  Q u e s t i o n n a i r e s  a r e  t h e  suggested changes l i s t e d  below: 

Change t h e  heading i n f o r m a t i o n  f r o m  "No Sh ipp ing  A c t i v i t i e s  " 
t o  "Have you shipped any r a d i o a c t i v e  m a t e r i a l  d u r i n g  t h e  su rvey  

p e r i o d ?  Yes No ." Many respondents  unders tood 

"No Sh ipp ing  A c t i v i t i e s "  t o  mean "Number o f  Sh ipp ing  A c t i v i t i e s . "  

P r o v i d e  a  l i s t  o f  t h e  l i c e n s e  c a t e g o r i e s  so t h e  respondent  can 

s e l e c t  one r a t h e r  t h a n  use h i s  own te rm ino logy .  

D e f i n e  consignments more c l e a r l y  and e x p l a i n  t h e  d i f f e r e n c e s  

between consignments and packages. 

Determine a  system f o r  i d e n t i f y i n g  packages c o n t a i n i n g  mixed 

n u c l i d e s  and p r o v i d e  a  g u i d e  f o r  t h e  system i n  t h e  q u e s t i o n n a i r e  

packet  . 

D e f i n e  d i s p e r s i b l e  versus n o n d i s p e r s i  b l  e  s o l  i d s  and p r o v i d e  

symbols f o r  t h e i r  use i n  Column 9. 

Supply a  l i s t  o f  t h e  p o t e n t i a l  chemical  and p h y s i c a l  forms 

(Columns 8 & 9 ) .  Many o f  these forms can be i d e n t i f i e d  from Sum- 

mary Ques t ionna i re  Repor t  I . E . ,  Page B-84, Appendix B. 



a Use t h e  t e n  "DOT number" o r  c e r t i f i c a t e  o f  compl iance number r a t h e r  

than  "model number" f o r  package model numbers (Column 11 on t h e  

ques t i onna i r e ) .  

The Transpor t  Index (Column 12)  should  be more c l e a r l y  de f i ned  

and examples should  be g i v e n  f o r  s i t u a t i o n s  where a  compartmental ized 

c o n t a i n e r  i s  used o r  when m u l t i p l e  packages a r e  p u t  i n t o  one 

con ta i ne r .  

Add a  column t o  t h e  q u e s t i o n n a i r e  r e q u e s t i n g  t h e  enr ichment  o f  

uranium and o t h e r  f u e l s .  

P rov ide  adequate spac ing i n  t h e  columns. For example, more space 

was needed i n  co luc~ns t h a t  r e q u i r e d  words r a t h e r  than  l e t t e r s  such 

as Columns 2, 6A, 6B, 8, 9, and 13 w h i l e  l e s s  space was needed i n  

Columns 5C and 7C. 

Many o f  these suggested changes c o u l d  be i nc l uded  on t he  Summary 

Ques t ionna i re  as w e l l .  Further,  i f  c o r r e l a t i o n  o f  t h e  t h r e e  p a r t s  o f  t h e  

Summary Q u e s t i o n n a i r e  i s  des i red ,  t h e  t h r e e  p a r t s  shou ld  be combined on 

one page. 

Several  improvements can be made i n  t h e  des ign  o f  t h e  survey i t s e l f .  

As was d iscussed i n  Sec t i on  4, an ove r l ap  e x i s t e d  on t h e  address l i s t s  due t o  

some l i censees  possessing m u l t i p l e  l i c e n s e s .  The t a r g e t  p o p u l a t i o n s  shou ld  

be i d e n t i f i e d  by e l i m i n a t i n g  t h i s  ove r l ap .  Th i s  would p robab ly  r e q u i r e  

s i g n i f i c a n t  r e d e f i n i t i o n  o f  sh i pp ing  ca tego r i es  based on p r ima ry  a c t i v i t y  

o f  t h e  l i censees ,  p r ima ry  use o f  r a d i o a c t i v e  m a t e r i a l ,  r e l a t i v e  l i c e n s e e  

s i ze ,  o r  some o t h e r  bas i s .  The response o f  each group cou ld  then  be 

e x t r a p o l a t e d  independent ly .  For  example, t h e  f o l l o w i n g  groups cou ld  p o s s i b l y  

be i d e n t i f i e d :  

a SNM/Source M a t e r i a l  Group, c o n s i s t i n g  o f  t h e  SNM l i censees  a l r eady  

i d e n t i f i e d ,  p l u s  NRC Subcategor ies  11-100 th rough  11-700, p l u s  

s i m i l a r  groups f rom t h e  Agreement S ta tes .  

Ma jo r  Shippers  Category t h a t  would ove r l ap  o t h e r  ca tego ry  bounda- 

r i e s .  These ma jo r  sh ippers  cou ld  perhaps be i d e n t i f i e d  by an 

i n i t i a l  m in i - su r vey  sen t  t o  a l l  l i censees ,  ask ing  o n l y  f o r  t h e  

number o f  packages o r  consignments, and/or t h e  amount o f  m a t e r i a l  

t h e  1  icensee sh ips  i n  one year .  



Minor  and P o t e n t i a l  Shippers,  i n  va r i ous  ca tego r i es  s i m i l a r  t o  

t h e  NRC subcategor ies  bu t  i d e n t i f i e d  f o r  Agreement S ta tes  l i censees  

a1 so. 

ERDA Prime Cont rac to rs  Group t h a t  would be e x t r a p o l a t e d  independent l y  

f rom o t h e r  sh ippers .  

A d e t a i l e d  s t a t i s t i c a l  e v a l u a t i o n  o f  t h e  survey des ign  should  be made 

i n  t h e  i n i t i a l  survey stages t o  c a r e f u l l y  d e f i n e  sample s i z e s  r e q u i r e d  f o r  

each "popu la t i on . "  

Th i s  e v a l u a t i o n  may i n d i c a t e  t h a t  a  l a r g e  f r a c t i o n  o f  t h e  t o t a l  popu- 

l a t i o n  should be sampled f rom t h e  Major  Shippers and ERDA Prime Cont rac to rs  

groups, s i n c e  t h e  v a r i a t i o n  among t h e  members w i t h  r ega rd  t o  m a t e r i a l s  and 

amounts shipped appears t o  be cons iderab le .  I f  t h e  ni inor sh ippers  ca te -  

g o r i e s  were w e l l  chosen on t h e  bas i s  o f  f u n c t i o n  o f  bus iness a c t i v i t y ,  a  

good degree o f  u n i f o r m i t y  cou ld  be expected. Thus, a  reasonably  smal l  

sample should p rov i de  r e p r e s e n t a t i v e  data.  

The problem o f  nonrespondents w i l l  s t i l l  occur  i n  any survey which 

depends on v o l u n t a r y  response. L i m i t s  cou ld  be e s t a b l i s h e d  f o r  t h e  ex t r ap -  

o l a t i c n  t o  t o t a l s  by assuming l i m i t i n g ,  bu t  reasonable ,  extremes f o r  t h e  

nonrespondents s i m i l a r  t o  t h e  f o l l o w i n g :  

F i r s t  Extreme (upward boundary) - A l l  o f  t h e  l i censees  who had no 

sh ipp ing  a c t i v i t i e s  responded, thus  t h e  nonrespondees a r e  s i m i l a r  

t o  t h e  respondees who had sh ipp ing  a c t i v i t i e s .  

Second Extreme ( lower  boundary) - A l l  o f  t h e  nonrespondees had no 

sh ipp ing  a c t i v i t i e s ,  and, n o t  r e a l i z i n g  t h e  importance o f  such 

i n f o rma t i on ,  d i d  n o t  respond. 

I n t e rmed ia te  Case - A l l  nonrespondees were i d e n t i c a l  t o  t h e  

respondees i n  every  way. 

The two extremes can then be narrowed down t o  an accep tab le  range o f  

d e v i a t i o n  f rom t h e  norm ( c l o s e r  t o  t h e  i n t e rmed ia te  case) by comparing 

est imates f rom independent sources, p l u s  l i m i t e d  fo l low-up  c o n t a c t  w i t h  t h e  

nonrespondees. 



F i n a l l y ,  improvements which cou ld  be made t o  t h e  data hand1 i n g  system 

have been i d e n t i f i e d .  Because o f  t h e  e v o l u t i o n a r y  na tu re  o f  t he  ques t i on  

and answer process encountered i n  t h e  survey, i t  i s  suggested t h a t  t he  data 

be i n s t a l l e d  on an i n t e r a c t i v e  da ta  management system which i nco rpo ra tes  a 

genera l i zed  query and r e p o r t  genera t ion  module. Th i s  t ype  o f  system would 

a l l o w  anyone t o  address t h e  data,  base dec i s i ons  on t he  i n i t i a l  r e s u l t s ,  

and readdress t h e  da ta  w i t h o u t  des ign,  model o r  program changes. 
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A P P E N D I X  A  

O U E S T I O N N A I R E  E D I T I N G  



APPENDIX A 

QUESTIONNAIRE EDITING 

A l though  i n s t r u c t i o n s  were i n c l u d e d  w i t h  t h e  q u e s t i o n n a i r e  packets ,  an 

e d i t i n g  process was necessary t o  ensure t h a t  t h e  da ta  l i s t e d  were u n i f o r m  

and compat ib le  w i t h  e s t a b l  i s h e d  fo rmat .  A f t e r  p r e l  ' ini inary i d e n t i f i c a t i o n 1  

i n d e x i n g ,  t h e  da ta  were e d i t e d  i n  two phases t o  assure  u n i f o r m i t y  and t o  

o b t a i n  m i s s i n g  i n f o r m a t i o n  as d e t a i l e d  i n  t h i s  appendix .  

As a  q u e s t i o n n a i r e  was r e c e i v e d ,  i t  was ass igned a  u n i q u e  f o u r - d i g i t  

i d e n t i f i c a t i o n  number. T h i s  number was reco rded  i n  a  master  address l i s t  

and enabled us t o  q u i c k l y  i d e n t i f y  t h e  respondent  as w e l l  as t h e  o r i g i n  o f  

t h e  s h i p p i n g  a c t i v i t i e s .  T h i s  i d e n t i f i c a t i o n  number was t h e n  used i n  p l a c e  

o f  t h e  r e s p o n d e n t ' s  name i n  a l l  subsequent d a t a  p rocess ing .  The e d i t i n g  

process then  proceeded. The f i r s t  phase i n v o l v e d  check ing  t h e  q u e s t i o n n a i r e s  

t o  assure  t h a t  t h e  i n f o r m a t i o n  was c o n s i s t e n t  w i t h  t h e  e s t a b l i s h e d  f o r m a t .  

The second phase n e c e s s i t a t e d  c o n t a c t i n g  t h e  respondents  t o  o b t a i n  necessary  

i n f o r m a t i o n  t o  h e l p  c l a r i f y  t h e i r  r e t u r n e d  q u e s t i o n n a i r e s .  

DETAILED QUESTIONNAIRES - PHASE ONE 

The purpose o f  t h e  f i r s t  e d i t i n g  phase was t o  ensure t h a t  t h e  i n f o r m a -  

t i o n  on t h e  q u e s t i o n n a i r e s  was compat ib le  w i t h  t h e  f o r m a t  e s t a b l i s h e d  f o r  

computer p rocess ing .  The e d i t i n g  a c t i v i t i e s  and assumpt ions a r e  d e t a i l e d  

i n  t h e  f o l l o w i n g  subsec t ions .  A r e v i e w  o f  t h e  q u e s t i o n n a i r e  packets  i n  

Appendix C a t  t h i s  p o i n t  c o u l d  be h e l p f u l  i n  unders tand ing  t h e  d i s c u s s i o n .  

Head i ng 

The q u e s t i o n n a i r e  heading was checked t o  make s u r e  t h a t :  1  ) t h e  com- 

pany i d e n t i f i c a t i o n  number and z i p  code were complete,  2 )  page numbers were 

i n  t h e  c o r r e c t  o r d e r ,  and 3 )  t h e  survey p e r i o d  was l i s t e d  i n  u n i t s  o f  weeks. 

Also,  i f  numer ica l  ranges were used f o r  t h e  es t ima ted  annual consignments 



and c u r i e s  ( o r  granis) t hese  ranges were averaged.  I f  t h e  l i c e n s e  c a t e g o r y  

c l a s s i f i c a t i o n  was b lank ,  t h e  a p p r o p r i a t e  c l a s s i f i c a t i o n  was de te rm ined .  

Col umn 1 - 

The d a t e  was checked t o  make s u r e  t h a t  t h e  y e a r  was e n t e r e d  as a  f o u r -  

d i g i t  number, t h e  month as  a  t h r e e - l e t t e r  code c o n s i s t i n g  o f  t h e  t h r e e  

f i r s t  l e t t e r s  o f  t h e  i n t e n d e d  month, and t h e  day as a  one- o r  t w o - d i g i t  

number w i t h  no 1  ead ing ze ro .  

Co1 unin 2 -- 

The c i t y  names were checked f o r  c o r r e c t  s p e l l i n g  and t h e  names t h a t  

were a b b r e v i a t e d  were w r i t t e n  o u t .  

Column 3 

The s t a t e  names were compared t o  t h e  s tandard  U.S .  Pos t  O f f i c e  abbre -  

v i a t i o n s  f o r  c o n s i s t e n c y .  I f  t h e  sh ipment  was an  e x p o r t ,  t h e  name o f  t h e  

r e c e i v i n g  c o u n t r y  was l i s t e d  i n  Column 3 .  

Column 4 -- 

The e n t r i e s  f o r  t h e  m i l e s  t r a v e l e d  by t h e  sh ipment  were spot -checked 

f o r  accu racy .  When no m i l e a g e  e n t r y  was 1  i s t e d ,  o r  a  numer i ca l  range  was 

en te red ,  a  v a l u e  was e s t i m a t e d  u s i n g  an a t l a s  as w e l l  as t h e  o r i g i n  ( i n  

t h e  head ing i n f o r m a t i o n )  and d e s t i n a t i o n  i n f o r m a t i o n  (Columns 2 and 3 ) .  

Columns 5A and 5B 

E n t r i e s  f o r  t r a n s p o r t a t i o n  modes were checked t o  make s u r e  t h e y  con-  

formed t o  t h e  symbols l i s t e d  i n  t h e  q u e s t i o n n a i r e  i n s t r u c t i o n s .  When 

" p e d e s t r i a n "  was e n t e r e d  as  t r a n s p o r t a t i o n  mode, i t  was changed t o  " m a i l "  

(syrnbol M )  i n  t h i s  column. 

Columns 6A and 66 

C i t y  and s t a t e  o f  e x p o r t  o r  i m p o r t  were checked f o r  s p e l l i n g  and 

c o n s i s t e n c y  w i t h  Pos t  O f f i c e  a b b r e v i a t i o n s .  



Column 7A 

The r a d i o n u c l i d e  name was checked t o  make s u r e  i t  was i n  t h e  f o r m  o f  

one o r  two l e t t e r s  f o l l o w e d  by one, two, o r  t h r e e  numbers (H3, L16, C14, 

SR90, RA226, e t c . )  w i t h  no dashed 1  i n e s  s e p a r a t i n g  t h e  c h a r a c t e r s .  The 

n u c l i d e  name column a l s o  c o n t a i n e d  a  space ( f o l l o w i n g  t h e  i s o t o p e  number) 

f o r  a  l e t t e r  (A-Z) i n d i c a t i n g  uran ium en r i chmen t .  O the r  s p e c i a l  cases o f  

n u c l i d e  names e x i s t e d  wh ich  a r e  d i scussed  i n  t h e  " D e t a i l e d  Q u e s t i o n n a i r e s  - 
Phase Two" s e c t i o n  o f  t h i s  append ix  and i n  S e c t i o n  4 .  

Column 7B 

T h i s  column was f i r s t  scanned t o  v e r i f y  t h a t  t h e  number o f  packages 

was l i s t e d  f o r  each consignment.  Where no e n t r y  was made, t h e  number o f  

packages was assumed t o  be u n i t y  when o t h e r  i n f o r m a t i o n  on t h e  q u e s t i o n -  

n a i r e  i n d i c a t e d  t h a t  t h i s  was t h e  case. When t h e  number o f  packages c o u l d  

n o t  r e a s o n a b l y  be assumed equal  t o  u n i t y ,  t h e  q u e s t i o n n a i r e  was s u b j e c t e d  

t o  t h e  second phase e d i t i n g  process d i scussed  l a t e r  i n  t h i s  append ix .  

Column 7C 

Three symbols were a c c e p t a b l e  i n  t h i s  colunin as s t a t e d  i n  t h e  Q u e s t i o n -  

n a i r e  E x p l a n a t i o n :  M  (Medica l  ) ,  R (Research),  and X ( O t h e r ) .  However, t h e  

words "medica l  r e s e a r c h "  were o f t e n  e n t e r e d  i n  t h i s  column. A l l  such 

e n t r i e s  were r e v i s e d  t o  t h e  symbol M  s i n c e  t h e  t e r m  "medica l  " (M) f o r  t h e  

survey purposes i n c l u d e d  a1 1  med ica l  (app l  i e d  and r e s e a r c h )  use o f  r a d i o -  

a c t i v e  m a t e r i a l .  A  s u r p r i s i n g  number o f  d e t a i l e d  d e s c r i p t i o n s  appeared i n  

Column 7C; these  e n t r i e s  were reduced t o  t h e  p r o p e r  symbol. 

Column 8 

The f i r s t  t a s k  i n  e d i t i n g  Column 8 was t o  check t h a t  t h e  chemica l  f o rm 

l i s t e d  was t r u l y  a  chemica l  fo rm.  A p h y s i c a l  f o r m  was o f t e n  l i s t e d  f o r  

chemical  fo rm.  I f  t h e  p h y s i c a l  f o r m  l i s t e d  was r e c o g n i z a b l e ,  i t  was t r a n s -  

f e r r e d  t o  Column 9, p r o v i d e d  Column 9  was o r i g i n a l l y  b l a n k .  However, i f  

t h e  chemica l  f o r m  was n o t  r e c o g n i z a b l e ,  t h e  e n t r y  was l e f t  b l a n k .  I n  a d d i -  

t i o n ,  many o r g a n i c  compounds were l i s t e d  as chemica l  fo rm.  To s i m p l i f y  



t h e  su rvey  and s h o r t e n  t h e  r e p o r t ,  a l l  i d e n t i f i a b l e  o r g a n i c  compounds l i s t e d  

were c a t e g o r i z e d  as " o r g a n i c " .  Excep t ions  i n c l u d e d  "ca rbona te " ,  " r e s i n " ,  

and " c a r b i d e " ,  wh ich  were l e f t  as u n i q u e  chemica l  fo rms.  

A  few respondents  i n d i c a t e d  on t h e  q u e s t i o n n a i r e  t h a t  t h e  chemica l  

f o rm was p r o p r i e t a r y  and c o u l d  n o t  be l i s t e d .  Others  l i s t e d  s p e c i f i c  chemi-  

c a l  f o rmu las  (CH3CH0 r a t h e r  than  ace ta ldehyde ,  f o r  example) ;  t hese  had t o  

be changed t o  t h e  p roper  form. About o n e - t h i r d  o f  t h e  l i n e  e n t r i e s  f o r  

chemica l  f o r m  r e q u i r e d  manual r e v i s i o n .  

Column 9 

As was p r e v i o u s l y  ment ioned i n  t h e  d i s c u s s i o n  o f  Column 8 ,  a  p h y s i c a l  

fo rn i  was o f t e n  l i s t e d  i n c o r r e c t l y  i n  t h e  chemica l  f o r m  column. I f  t h e  

p h y s i c a l  f o r m  (Column 9 )  was b lank ,  t h e  e n t r y  i n  Column 8  was t r a n s f e r r e d  

t o  Column 9. An o v e r s i g h t  i n  d e v e l o p i n g  t h e  q u e s t i o n n a i r e  f o r m  l e d  t o  t h e  

e x c l u s i o n  o f  a  symbol d e s c r i b i n g  m o n o l i t h i c ,  n o n d i s p e r s i b l e  s o l i d s  as 

p h y s i c a l  f o rm.  Many q u e s t i o n n a i r e s  were r e t u r n e d  w i t h  t h e  words " s o l i d " ,  

" m o n o l i t h " ,  o r  " n o n d i s p e r s i b l e  s o l i d "  e n t e r e d  i n  Column 9. I n  t h e s e  cases 

t h e  symbol "NS" ( n o n d i s p e r s i b l e  s o l i d )  was e n t e r e d  n ianua l l y .  Another  com- 

mon e n t r y  f o r  t h e  p h y s i c a l  (and chemica l  ) form d e s i g n a t i o n ,  wh ich  was n o t  

a n t i c i p a t e d  i n  t h e  q u e s t i o n n a i r e  des ign ,  was " s e a l e d  s o u r c e " .  I t  was assumed 

t h a t  t h i s  e n t r y  i n d i c a t e d  t h a t  t h e  a c t u a l  chemica l  and p h y s i c a l  forms were 

e i t h e r  unknown o r  n o t  a v a i l a b l e ,  and t h a t  t h e  package d i d  n o t  q u a l i f y  

as " s p e c i a l  f o r m "  (SF; see " I n s t r u c t i o n s "  f o r  t h e  D e t a i l e d  Q u e s t i o n n a i r e ,  

Appendix C) . T h i s  dssunipt ion was genera l  l y  c o n f i r m e d  by c o n f e r r i n g  w i t h  

s e v e r a l  responden ts  who had used t h e  sea led  source d e s i g n a t i o n .  Thus, a l l  

e n t r i e s  o f  " s e a l e d  source"  i n  e i t h e r  Column 8  o r  Column 9 were d e l e t e d  and 

c o n s i d e r e d  a  b l a n k  e n t r y .  

When t h e  symbol " G " ,  i n d i c a t i n g  gaseous p h y s i c a l  foro l ,  appeared i n  

Column 9, t h e  r a d i o n u c l i d e  l i s t e d  was one o f  t h e  n o b l e  gases, and Column 8  

was l e f t  b l a n k ,  t h e  chel- i ica l  f o rm was assumed t o  be "e lement"  and was 

m a n u a l l y  e n t e r e d  i n  Column G as such.  



Frequen t l y ,  more than one p h y s i c a l  form was l i s t e d  i n  Column 9, 

e s p e c i a l l y  f o r  packages c o n t a i n i n g  mixed n u c l i d e s .  When t h i s  occurred,  

t h e  most d i s p e r s i b l e  p h y s i c a l  fo rm was r e t a i n e d .  The assumed h i e r a r c h y  o f  

d i s p e r s i b i l i t y  was G > L  > DS > NS (gas > l i q u i d  > d i s p e r s i b l e  s o l i d  > 

n o n d i s p e r s i b l e  s o l i d ) .  

A1 though many q u e s t i o n n a i r e s  were r e t u r n e d  w i t h  no e n t r y  i n  Column 9, 

no a t t e m p t  was made t o  determine t h e  p h y s i c a l  fo rm based on t h e  chemical  

form i n  Column 8, i f  l i s t e d .  

Column 10 

Package type  e n t r i e s  were t o  r e f l e c t  Code o f  Federal  Regu la t ions  (CFR) 

d e f i n i t i o n s  o f  Type A, B, AF, BF, E (exempt) ,  LQ ( l a r g e  . . q u a n t i t y ) ,  and LS 

( low s p e c i f i c  a c t i v i t y )  packages (see 49 CFR 173.389, 390, 391 ) .  ( 4 )  However, 

severa l  respondents f a i l e d  t o  i n d i c a t e  package t y p e  i n  Column 10. I n  these 

cases, t h e  package type  was manual ly  determined f rom t h e  amount o f  r a d i o a c t i v e  

m a t e r i a l  l i s t e d  i n  Column 13 f o r  t h e  p a r t i c u l a r  r a d i o n u c l i d e  en te red  i n  

Colunin 7A. When t h e  n u c l i d e  l i s t e d  was o t h e r  t h a n  a  s i n g l e  i s o t o p e ,  no 

a t tempt  was made t o  determine t h e  package type .  When t h e  e n t r y  i n  

Column 10 was "homemade", o r  "wooden box", o r  s i m i l a r  l i s t i ~ g s ,  these  were 

c o r r e c t e d  (when p o s s i b l e )  t o  r e f l e c t  CFR d e f i n i t i o n s .  A1 so t h e  c o r r e c t  

model number o f  t h e  package was o f t e n  en te red  i n  Column 10 r a t h e r  t h a n  i n  

Column 11. I n  t h i s  case, t h e  e n t r y  was t r a n s f e r r e d  t o  Column 11, i f  

Column 11 had been 1  e f t  b lank .  

Column 11 

The model number o f  t h e  package was in tended  t o  r e f l e c t  U.S. Depar t -  

ment o f  T r a n s p o r t a t i o n  (DOT) formal  package model d e s i g n a t i o n s .  The ques- 

t i o n n a i r e  i n s t r u c t i o n s ,  however, were somewhat vague on t h i s  p o i n t ,  and as 

a  r e s u l t  most o f  t h e  e n t r i e s  i n  Column 11 were n o t  c o r r e c t .  Package model 

numbers were r e p e a t e d l y  en te red  as commercial model numbers p a r t i c u l a r  t o  

a  manufacturer .  Var ious b o t t l e  and box s i z e s  were a1 so l i s t e d  i n  an a t t e m p t  

t o  f i l l  o u t  Column 11. The g r e a t  v a r i e t y  o f  model numbers and d e s c r i p t i o n s  

prec luded any a t t e m p t  t o  determine c o r r e c t  DOT model numbers. I n  some cases 



t h e  respondents  d i d  l i s t  DOT model numbers, p a r t i c u l a r l y  t h e  ERDA p r ime  con- 

t r a c t o r s .  A l l  model number e n t r i e s  were accepted t h a t  were 1  i s t e d  as com- 

b i n a t i o n s  o f  numbers and l e t t e r s ,  b u t  were n o t  common words ( i  .e., wooden 

box, 55-gal  drum, homemade), w h i l e  e n t r i e s  were d e l e t e d  t h a t  o b v i o u s l y  

i n d i c a t e d  commercial brand names o r  were o t h e r w i s e  i n d i c a t i v e  o f  a  s i n g l e  

o r g a n i z a t i o n  o r  manu fac tu re r .  Most o f  t h e  e n t r i e s  i n  Column 11 r e q u i r e d  

some manual e d i t i n g .  

Column 12 

The T r a n s p o r t  Index ( T I )  (see " I n s t r u c t i o n s "  f o r  D e t a i l e d  Q u e s t i o n -  

n a i r e s ,  Appendix C )  e n t r y  was ano the r  f r e q u e n t l y  misunders tood i t e m  on t h e  

q u e s t i o n n a i r e .  A few respondents  e n t e r e d  a  q u e s t i o n  mark i n  Column 12, 

w h i l e  many o t h e r s  j u s t  l e f t  i t  b l a n k .  Some respondents  confused T I  w i t h  

T r a n s p o r t  Group o r  F i s s i l e  C lass  d e f i n i t i o n s  (see 49 CFR 173.339,390) ( 4 )  

and e n t e r e d  Roman numerals I t h rough  V I I  i n  Column 12.  I f  a  p roper  T I  was 

n o t  en te red ,  t h e  i tern was changed t o  a  b l a n k  e n t r y  and no f u r t h e r  a t t e m p t  

was made t o  de te rm ine  t h i s  number. 

Column 13 

The amount ( c u r i e s  o r  grams) o f  t h e  r a d i o n u c l i d e  p e r  package was 

u s u a l l y  f i l l e d  o u t ;  however, i n  many cases t h e  u n i t s  were n o t  t h e  ones 

reques ted  on t h e  q u e s t i o n n a i r e .  E n t r i e s  were f r e q u e n t l y  l i s t e d  i n  m i l l i -  

c u r i e s ,  m i c r o c u r i e s ,  k i l o c u r i e s ,  micrograms, m i l l i g r a m s ,  k i l og rams,  and 

ounces. To ensure c o n s i s t e n c y  i n  t h e  d a t a  base, these  were r e v i s e d  t o  t h e  

c o r r e c t  u n i t s .  'The most s e r i o u s  d e v i a t i o n s  f rom t h e  e s t a b l i s h e d  f o r m a t  

o c c u r r e d  when t h e  e n t r y  f o r  a  "non-SNM/Source M a t e r i a l "  r a d i o n u c l i d e  was 

1  i s t e d  i n  mass u n i t s  (grams, e t c . )  o r  a  SNM/Source M a t e r i a l  n u c l i d e  was 

l i s t e d  i n  a c t i v i t y  u n i t s  ( c u r i e s ,  e t c . ) .  T h i s  r e q u i r e d  a  l e n g t h y  u n i t  con-  

v e r s i o n  process,  p a r t i c u l a r l y  when t h e  package c o n t a i n e d  a  m i x t u r e  o f  

n u c l i d e s  (such as e n r i c h e d  2 3 5 ~ ) .  

General Edi  t i  ng ----- 

The p reced ing  d i s c u s s i o n  on t h e  f i r s t  phase e d i t i n g  d e s c r i b e s  t h e  

most common e d i t i n g  problems a s s o c i a t e d  w i t h  each column on t h e  d e t a i l e d  



ques t ionna i res .  A v a r i e t y  o f  o t h e r  problems were encountered i n  t h e  

r e tu rned  da ta  b u t  a re  t o o  numerous t o  d e t a i l  here.  Most o f  these problems 

occurred o n l y  once on j u s t  a  few, o r  i n  some cases o n l y  one, o f  t h e  ques- 

t i o n n a i r e s ;  however, few ques t i onna i r es  passed t h e  e d i t i n g  process w i t h o u t  

s i g n i f i c a n t  r e v i s i o n .  

Some phase-one e d i t i n g  procedures d i d  n o t  app l y  t o  any p a r t i c u l a r  

column on t h e  ques t i onna i r es .  The most s i g n i f i c a n t  genera l  e d i t i n g  p ro -  

cedure was used when respondents en te red  SNM i n f o r m a t i o n  on t h e  non-SNM 

ques t i onna i r e ,  o r  v i ce -versa .  When t h i s  happened, t h e  e n t i r e  l i n e  e n t r y  

was manual ly  t r a n s f e r r e d  t o  a  d i f f e r e n t  q u e s t i o n n a i r e  form so t h a t  t h e  

e n t r y  would be inc luded  i n  t h e  c o r r e c t  data f i l e .  

DETAILED QUESTIONNAIRES - PHASE TWO 

The second phase o f  t h e  e d i t i n g  process i n v o l v e d  o b t a i n i n g  a d d i t i o n a l  

i n f o r m a t i o n  f rom respondents who had f i l l e d  o u t  t h e  q u e s t i o n n a i r e  i n c o r -  

r e c t l y ,  o r  o b t a i n i n g  data n o t  s p e c i f i c a l l y  requested on t h e  form. The 

problems a r e  d iscussed i n  t he  approximate o r d e r  i n  which they were encoun- 

t e r e d  as t h e  ques t i onna i r es  were re tu rned .  The f i r s t  problem area was 

b lank o r  unreadable e n t r i e s  i n  e s s e n t i a l  i t e m  columns, i n c l u d i n g  Columns 2, 

3, and 4 ( d e s t i n a t i o n  and m i l e s  t r a v e l e d  by consignment) ,  Column 7A ( r a d i o -  

n u c l i d e  name), 7B (number o f  packages per consignment) and Column 13 (grams 

o r  c u r i e s  per package) ; " e s s e n t i a l  " means necessary f o r  un i fo rm,  meaningful  

automat ic  data process ing.  

Columns 2, 3  and 4 -- 

The e s s e n t i a l  i n f o r m a t i o n  needed f rom Columns 2, 3  and 4 was t h e  m i l e s  

t r a v e l e d  by t h e  consignment. I f  o n l y  Column 4 ( m i l e s )  was b lank,  t h e  m i l e -  

age cou ld  be est imated f rom t h e  o r i g i n  and d e s t i n a t i o n  us i ng  an a t l a s .  I f  

a l l  t h r e e  columns were b lank,  no es t ima te  cou ld  be made and t h e  respondent 

was contacted f o r  t h e  i n f o rma t i on .  Th i s  process was 100% successfu l  f o r  

domestic shipments. I n  t h e  case o f  impor t  o r  expo r t  shipments, t h e  U.S. 

c i t y  o f  r e c e i p t  o r  o r i g i n  was needed i n  a d d i t i o n  t o  t h e  r e s p e c t i v e  f o r e i g n  



o r i g i n  o r  d e s t i n a t i o n  c o u n t r y  ( s i n c e  i t  was u s u a l l y  d i f f e r e n t  f r o m  t h e  

address  o f  t h e  responden t )  i n  o r d e r  t o  e s t i m a t e  t h e  m i l e s  t r a v e l e d  by t h e  

consignment.  I n  most  cases,  when responden ts  were c o n t a c t e d  r e g a r d i n g  p o r t s  

o f  e n t r y  o r  e x i t  f o r  f o r e i g n  shipments,  t h e y  d i d  n o t  have t h e  i n f o r m a t i o n  

s i n c e  a  c o n t r a c t  c a r r i e r  had hand led  t h e  shipment.  I n  l i e u  o f  a c c u r a t e  

m i l e a g e  e n t r i e s  f o r  t hese  cases, sh ipments  t o  o r  f r o m  Western Europe, t h e  

Near East ,  I c e l a n d ,  and A f r i c a  were assumed t o  o r i g i n a t e  a t  New York City 

( o r  be r e c e i v e d  a t  New York C i t y  i n  t h e  case o f  i m p o r t s ) .  Shipments t o  o r  

f r o m  Taiwan, t h e  Fa r  East ,  Japan, I n d i a ,  A u s t r a l i a ,  New Zealand, and t h e  

P h i l i p p i n e s  were assumed t o  o r i g i n a t e  o r  t e r m i n a t e  a t  San F r a n c i s c o  w h i l e  

shipments t o  o r  f r o m  Mexico,  Panama, o r  t h e  South  American n a t i o n s  were 

assumed t o  o r i g i n a t e  o r  t e r m i n a t e  i n  Houston. The  miles t r a v e l e d  were 

t h e n  e s t i m a t e d  a c c o r d i n g l y .  A1 1  sh ipments  t o  Canada were o r i g i n a l l y  1  i s t e d  

w i t h  a  p o r t  o f  e n t r y  o r  e x i t ,  o r  t h e  m i l e s  t r a v e l e d  by t h e  shipment were 

l i s t e d .  When t h i s  e d i t i n g  t a s k  was comple ted,  e v e r y  consignnient  had an 

e n t r y  f o r  m i l e s  t r a v e l e d .  

Col urnn 7A 

The r a d i o c u c l  i d e  name e n t e r e d  i n  Column 7A o f t e n  was n o t  a  r e c o g n i z a b l e  

i s o t o p e .  However, t h e  i n t e n d e d  n u c l i d e  was u s u a l l y  apparen t  f r o m  e i t h e r  

t h e  element d e s i g n a t i o n  (Ra, Na, S r ,  e t c . )  o r  t h e  i s o t o p e  d e s i g n a t i o n  (226,  

22, 90, e t c . )  p l u s  o t h e r  r e l a t e d  i n f o r m a t i o n  on t h e  q u e s t i o n n a i r e .  A l t h o u g h  

t h e  e r r o r  was u s u a l l y  an obv ious  t y p o g r a p h i c a l  e r r o r ,  s e v e r a l  e n t r i e s  i n  

Column 7A were u n i d e n t i f i a b l e  and t h e  respondent  was c o n t a c t e d  f o r  c o r r e c t  

i n f o r m a t i o n .  T h i s  e f f o r t  was v e r y  s u c c e s s f u l .  I n  t h e  few cases where t h e  

n u c l i d e  name was n o t  known by t h e  respondent ,  t h e  symbol "UN" (unknown) 

was en te red .  

Fo r  numerous e n t r i e s  i n  Column 7A more t h a n  one r a d i o n u c l i d e  o r  i s o t o p e  

was l i s t e d  f o r  one package. An i n i t i a l  e f f o r t  was made t o  r e c t i f y  t h i s  

prob lem by  c o n t a c t i n g  t h e  respondent  t o  d e t e r m i n e  wh ich  n u c l  i d e  o r  i s o t o p e  

c o n s t i t u t e d  t h e  m a j o r  c o n t e n t s  o f  t h e  package; however, t h i s  was e s s e n t i a l l y  

unsuccess fu l .  T h e r e f o r e ,  an a t t e m p t  was made t o  d e v i s e  a coded l i s t  o f  

symbols c o n s i s t i n g  o f  two a1 p h a b e t i c a l  c h a r a c t e r s  and t h r e e  numer i ca l  



c h a r a c t e r s  (XX#R?) t o  r e p r e s e n t  t h e  v a r i o u s  comb ina t ions  o f  i s o t o p e  and 

n u c l i d e  m i x t u r e s .  The f i r s t  un ique  m i x t u r e  encountered was ass igned  t h e  

symbol XX001, t h e  second was ass igned  XX002, e t c .  T h i s  system was aban- 

doned e a r l y  i n  t h e  process when t h e  number o f  u n i q u e  m i x t u r e s  exceeded 200; 

t h e  survey r e s u l t s  were c o m p l i c a t e d  enough w i t h o u t  t h e  a d d i t i o n  o f  hundreds 

more un ique  n u c l i d e  names. I t  was f i n a l l y  agreed t h a t  a l l  m i x t u r e s  o f  

n u c l i d e s  o r  i s o t o p e s ,  w i t h  t h e  e x c e p t i o n  o f  t h o s e  a l r e a d y  d e f i n e d  i n  t h e  

q u e s t i o n n a i r e  i n s t r u c t i o n s  (MC, FIF, e t c  .), would be e n t e r e d  "mixed" .  The 

SNM/Source M a t e r i a l  nuc l  i d e s  ( e n r i c h e d  uran ium and u r a n i  um/pl u ton ium mix -  

t u r e s )  were a n o t h e r  e x c e p t i o n  t o  t h i  s  c o n v e n t i o n .  

A f t e r  t h e  D e t a i l e d  Q u e s t i o n n a i r e s  had been m a i l e d ,  i t  was d i s c o v e r e d  

t h a t  no p r o v i s i o n  had been made f o r  t h e  respondents  t o  i n d i c a t e  u ran ium 

en r i chmen ts .  Thus, e v e r y  respondent  who had l i s t e d  any uran ium shipments 

was c o n t a c t e d  f o r  i n f o r m a t i o n  r e g a r d i n g  2 3 5 ~  en r i chmen t  and whether  t h e  

e n t r y  i n  Column 13 r e p r e s e n t e d  grams o f  2 3 5 ~  i s o t o p e  o r  grams o f  u ran ium 

e lement .  The en r i chmen t  was t h e n  manua l l y  reco rded  on t h e  q u e s t i o n n a i r e  

fo rm f o r  each uran ium sh ipment .  When t h e  i n f o r m a t i o n  was a v a i l a b l e ,  an  

a1 p h a b e t i c  c h a r a c t e r  (A t h r o u g h  Z) r e p r e s e n t i n g  235U en r i chmen t  was l a t e r  

en te red  a f t e r  t h e  n u c l i d e  name i n  Column 7A f o r  each 235U shipment;  

Tab le  4.4 i n  S e c t i o n  4 l i s t s  t h e  symbols and t h e i r  c o r r e s p o n d i n g  e n r i c h -  

ments. The e n t r y  i n  Column 13 was t h e n  changed t o  equal  t h e  grams o f  2 3 5 ~  

c o n t a i n e d  p e r  package. For  example, 100 g  of "U235JN i n d i c a t e s  a  package 

c o n t a i n i n g  2000 g  o f  a  m i x t u r e  o f  5  mass % 2 3 5 ~  (100 g )  and 95 mass % 2 3 8 ~  

(1900 g ) .  A l l  2 3 5 ~  shipments f o r  wh ich  no i n f o r m a t i o n  r e g a r d i n g  enr ichment  

c o u l d  be o b t a i n e d  were i n d i c a t e d  as "U235Z". I t  i s  n o t  known whether  t h e  

e n t r y  i n  Column 13 r e p r e s e n t s  grams o f  i s o t o p e  2 3 5 ~  o r  t o t a l  grams u ran ium 

when U235Z i s  l i s t e d  as n u c l i d e .  Pure  (100%) 2 3 5 ~  i s  i n d i c a t e d  by t h e  

normal d e s i g n a t i o n  U235. 

On s e v e r a l  r e t u r n e d  SNM/Source M a t e r i a l  q u e s t i o n n a i r e s ,  m i x t u r e s  o f  

p l u t o n i u m  and uran ium were l i s t e d  as r a d i o n u c l i d e  i n  Column 7A. I t  was 

determined t h a t  t hese  m i x t u r e s  r e p r e s e n t e d  s p e c i a l  f u e l  e lements ,  and t h e  

n a t u r e  o f  t h e  m i x t u r e  was t o o  i m p o r t a n t  t o  be h idden  i n  t h e  genera l  te rm,  



"mixed" .  Thus, a f t e r  t h e  n a t u r e  o f  t h e  m i x t u r e  was determined,  o f t e n  b y  

c o n t a c t i n g  t h e  respondent ,  a  new symbol was e s t a b l i s h e d  t o  d e s c r i b e  t h e  

m i x t u r e .  T h i s  synlbol c o n s i s t s  o f  two a l p h a b e t i c a l  c h a r a c t e r s  (LIP) f o l l o w e d  

by  t h r e e  numbers and a n o t h e r  a l p h a b e t i c a l  c h a r a c t e r ,  s i m i l a r  t o  t h e  uran ium 

en r i chmen t  c h a r a c t e r s .  The f i r s t  two l e t t e r s  (UP) i n d i c a t e  a  u ran iun i /p lu -  

t on ium m i x t u r e  w h i l e  t h e  f i r s t  two numbers r e p r e s e n t  t h e  mass f r a c t i o n  o f  

p l u t o n i u m  and t h e  t h i r d  number i n d i c a t e s  t h e  i s o t o p e  o f  p l u t o n i u m  wh ich  

e x i s t s  i n  t h e  m i x t u r e .  The t r a i l i n g  l e t t e r  i n d i c a t e s  t h e  en r i chmen t  o f  

235U i n  t h e  m i x t u r e  based on t h e  t o t a l  u ran ium i n  t h e  m i x t u r e  ( t h e  same as  

i n  t h e  uran ium sh ipments  d e s c r i b e d  i n  t h e  p r e v i o u s  pa rag raph) .  The e n t r y  

i n  Column 13 was t h e n  r e v i s e d ,  i f  necessary,  t o  r e p r e s e n t  t h e  t o t a l  grams 

o f  t h e  m i x t u r e  pe r  package. Fo r  example, 100 g  o f  n u c l  i d e  UP21 9J  ( see  

T a b l e  4 . 4 )  r e p r e s e n t s  a  package c o n t a i n i n g  21 mass :! 239PU (210 g )  and 79 

mass 7; uran ium (790 g ) .  The u ran ium f r a c t i o n  c o n t a i n s  5  mass 7: n5U 

(39.5 g )  and 95 mass " 2 3 8 ~  (750.5 g ) .  When no i n f o r m a t i o n  r e g a r d i n g  t h e  

r e l a t i v e  f r a c t i o n s  o f  u ran ium and p l u t o n i u m  was a v a i  1  a b l e ,  t h e  syrr~bol "UP" 

was l i s t e d  f o r  n u c l i d e  name and t h e  e n t r y  i n  Column 13 i s  t h e  t o t a l  grams 

o f  t h e  m i x t u r e .  

O c c a s i o n a l l y ,  a  r a d i o n u c l i d e  name was e n t e r e d  i n d i c a t i n g  o n l y  t h e  

element t y p e  w i t h o u t  t h e  i s o t o p e  d e s i g n a t i o n  ( S r  r a t h e r  t h a n  "Sr e t c .  ) .  

I n  t h e s e  cases an a t te rnpt  was made t o  c o n t a c t  t h e  respondents  t o  o b t a i n  

t h e  c o r r e c t  i n f o r m a t i o n .  S ince  t h i s  was n o t  success fu l ,  t h e  e lement  

d e s i g n a t i o n  a1 one was f i n a l  l y  accepted f o r  t h e s e  few cases.  

Col unin 7B 

As no ted  p r e v i o u s l y ,  Column 7B was o c c a s i o n a l l y  l e f t  b l a n k .  When 

t h e r e  was no ev idence  t h a t  i n d i c a t e d  t h e  number o f  packages p e r  cons ignment  

was t o  be u n i t y ,  t h e  respondent  was c o n t a c t e d  t o  o b t a i n  t h e  c o r r e c t  i n f o r -  

m a t i o n .  T h i s  e f f o r t  was r e l a t i v e l y  s u c c e s s f u l .  Excep t ions  a r e  d i s c u s s e d  

be low under "General E d i t i n g  Procedures" .  

Column 13 -- 

O c c a s i o n a l l y ,  Column 13 was l e f t  b l a n k ,  b u t  no a t t e m p t  was made t o  

e s t i m a t e  t h e  amount o f  r a d i o a c t i v e  m a t e r i a l  p e r  package based on s i m i l a r  



information l is ted elsewhere on the questionnaire. I n  th i s  s i tuat ion,  the 

respondents were contacted for  the correct information. This e f fo r t  was 

partial ly successful . 
General Editing Procedures 

The attempt t o  obtain missing essential information (such as Columns 4 ,  

7A, 78, and 13) was, as  noted, generally successful. Exceptions were usually 

due t o  incomplete information in the respondent's records. In other cases 

the respondents were n o t  willing t o  review the questionnaire or the i r  

records a second time. Also, a few respondents could not be contacted by 

any reasonabl e e f fo r t .  

Most questionnaires for which essent ial '  information was unobtainable 

in th is  second ef for t  contained blank entr ies  in two or more essential 

columns on the same l ine .  Although several questionnaires were missing 

the essential information on nearly every l ine ,  most had only one or two 

lines t h a t  contained blanks. When the questionnaires had  only one or two 

incomplete 1 ines o u t  of many more correct 1 ines , the incomplete 1 ines were 

deleted from the questionnaire and n o t  included in the computer d a t a  base. 

The remaining complete l ines were considered representative of the respon- 

dent 's  shipping ac t iv i t i e s  and  were included in the data base. 

After completing these steps,  a l l  l ines containing blank entr ies  in 

essential data items were excluded from the computer data base. Three 

classes of responses were then defined. Class-1 questionnaires were pro- 

cessed by computer and included a l l  questionnaires t h a t  were complete in 

a t  leas t  a l l  four essential data items. Class-2 includes questionnaires 

that were missing essential data items b u t  contained suff ic ient  information 

to just i fy summarizing their  contents. These responses are  summarized 

manually in Section 4.  Class-3 responses include l e t t e r s  indicating that 

the respondent did not intend t o  complete the questionnaire and other 

responses t h a t  did n o t  indicate the respondent's shipping ac t iv i t i e s .  

Several respondents apparently f o u n d  the questionnaire form inadequate 

and constructed the i r  own. Because these forms lacked the l ine numbering 



system on t h e  s tandard  form, these numbers had t o  be added s i n c e  t h e y  a r e  

e s s e n t i a l  f o r  computer d a t a  h a n d l i n g .  Many o f  these  s u b s t i t u t e  forms were 

n o t  i n  t h e  same format as t h e  s tandard  su rvey  q u e s t i o n n a i r e  so a l l  o f  t h e  

i n f o r m a t i o n  had t o  be t r a n s f e r r e d  t o  t h e  s tandard  f o r m  t o  enab le  s y s t e m a t i c  

p rocess ing .  I n  a  few cases these  s u b s t i t u t e  forms l a c k e d  e s s e n t i a l  d a t a  

i t ems  wh ich  n e c e s s i t a t e d  c o n t a c t i n g  t h e  respondent  t o  o b t a i n  t h e  m i s s i n g  

i n f o r m a t i o n .  

A  few respondents  r e t u r n e d  s h i p p i n g  forms i n  l i e u  o f  t h e  comple ted 

q u e s t i o n n a i r e ,  thus  s h i f t i n g  t h e  burden o f  r e c o r d i n g  t h e  da ta  on t h e  

q u e s t i o n n a i r e  t o  PNL s t a f f .  Many of t h e s e  s h i p p i n g  forms c o n t a i n e d  no 

i n f o r m a t i o n  r e g a r d i n g  chemical  and p h y s i c a l  form, i n tended  use, o r  n u c l i d e  

amounts. I n  these  cases, t h e  respondent  was c o n t a c t e d  t o  o b t a i n  t h e  

i n f o r m a t i o n .  

A few Summary Q u e s t i o n n a i r e s  were m i s t a k e n l y  m a i l e d  t o  SNM/Source 

M a t e r i a l  s h i p p e r s  i n  a d d i t i o n  t o  t h e  a p p r o p r i a t e  D e t a i l e d  Q u e s t i o n n a i r e .  

I n  some of t h e s e  cases,  t h e  Summary form reached t h e  l i c e n s e e  f i r s t  and 

was f i l l e d  o u t  and r e t u r n e d .  Subsequent ly ,  t h e  respondent  was unders tand-  

a b l y  r e l u c t a n t  t o  comple te  t h e  D e t a i l e d  Q u e s t i o n n a i r e .  An a t ternpt  was 

rnade t o  expand t h e  i n f o r m a t i o n  f r o m  these  Summary fornis and r e c o r d  i t  on 

t h e  p roper  D e t a i l e d  Q u e s t i o n n a i r e  for lns.  T h i s  r e q u i r e d  c o n s i d e r a b l e  a d d i -  

t i o n a l  i n p u t  f rom t h e  respondents  s i n c e  t h e  i n f o r m a t i o n  on t h e  f i r s t  page 

o f  t h e  Summary fornr d i d  not n e c e s s a r i l y  cor respond t o  t h a t  on t h e  second 

and t h i r d  pages. No i nfo rn ra t ion  r e g a r d i n g  d e s t i n a t i o n  o r  d a t a  o f  s h i  prnents 

was a v a i l a b l e  i n  those  cases, n o r  was t h e r e  any i n f o r m a t i o n  r e g a r d i n g  

secondary t r a n s p o r t a t i o n  mode o r  f o r e i g n  t r a n s p o r t a t i o n .  T h i s  e f f o r t  was 

success fu l  f o r  o n l y  one case. 

Severa l  o f  t h e  Surn~ilary Q u e s t i o n n a i r e s  which were sen t  o u t  on a  random 

b a s i s  t o  assumed m inor  s h i p p e r s  were r e t u r n e d  l i s t i n g  s h i p p i n g  a c t i v i t i e s  

i n d i c a t i n g  t h a t  t h e  respondent  was a c t u a l l y  a  m a j o r  s h i p p e r  ( thousands o f  

packages p e r  y e a r ) .  T h c s e  w r e  p u l l e d  f rom t h e  Summary da ta  f i l e  and an 

a t te inp t  was rnade t o  expand and r e c o r d  t h e  i n f o r m a t i o n  on a  D e t a i l e d  Q u e s t i o n -  

n a i r e .  However, t h i s  stter: ipt was unsuccess fu l  s i n c e  t h e r e  was u s u a l l y  no 



d i r e c t  correspondence o f  d a t a  between t h e  t h r e e  pages o f  t h e  Summary Ques- 

t i o n n a i r e s ,  and t h e  name o f  t h e  person f i l l i n g  o u t  t h e  Summary fo rm was 

u s u a l l y  n o t  l i s t e d  making d i r e c t  c o n t a c t  d i f f i c u l t  and t i m e  consuming. 

Thus, t h e  d a t a  f r o m  these  q u e s t i o n n a i r e s  were summarized manual l y  (see 

S e c t i o n  4 ) .  

On many o f  t h e  D e t a i l e d  Q u e s t i o n n a i r e s  l i s t i n g  more t h a n  one package 

pe r  shipment, i t  was u n c l e a r  whether t h e  T r a n s p o r t  Index 1  i s t e d  i n  Column 12 

and t h e  n u c l i d e  amount l i s t e d  i n  Column 13 were on a  p e r  package b a s i s  o r  

were t o t a l s  f o r  t h e  shipment.  Q u e s t i o n n a i r e s  t h a t  c o n t a i n e d  such l i n e s  

were p u l l e d  f rom t h e  d a t a  base u n t i l  t h e  respondent  c o u l d  be c o n t a c t e d  f o r  

c l a r i f i c a t i o n .  It was found t h a t  o n l y  a  few (abou t  10% o f  those  i n  d o u b t )  

had c o r r e c t l y  1  i s t e d  t o t a l s .  Thus, when t h e  i n f o r m a t i o n  was u n a v a i l a b l e  

f rom t h e  respondent  on a  p e r  package b a s i s ,  t h e  e n t r y  i n  Column 13 was 

d i v i d e d  by t h e  number o f  packages t o  i n d i c a t e  t h e  average amount o f  n u c l i d e  

pe r  package. The e n t r y  i n  Column 12 was changed t o  a  b l a n k  e n t r y  i n  t h i s  

case, s i n c e  t h e  t o t a l  T I  o f  a  group o f  packages i s  r a r e l y  t h e  a r i t h m e t i c  

sum o f  t h e  i n d i v i d u a l  packages' T I .  To d i v i d e  t h e  o r i g i n a l  T I  by t h e  number 

o f  packages would l e a d  t o  an i n c o r r e c t  i n t e r p r e t a t i o n  o f  t h e  da ta ;  t h e  

t r e a t m e n t  o f  d a t a  f o r  consignments w i t h  a  b l a n k  e n t r y  i n  t h e  T I  column i s  

d e s c r i b e d  i n  S e c t i o n  4  and Appendix B.  

SUMMARY OUESTIONNAI RES 

Most o f  t h e  phase-one e d i t i n g  f o r  t h e  Summary forms c o n s i s t e d  o f  

check ing t o  make s u r e  t h e  e n t r i e s  were c o n s i s t e n t  w i t h  t h e  e s t a b l i s h e d  

fo rmat .  Two numbers were a l s o  ass igned t o  each Summary Q u e s t i o n n a i r e .  

The f i r s t  number was f o r  i d e n t i f i c a t i o n  and i n d e x i n g  purposes w h i l e  t h e  

second number i n d i c a t e d  l i c e n s e  c a t e g o r y  and was used f o r  e x t r a p o l a t i o n  

t o  t h e  t o t a l  p o p u l a t i o n .  

No phase-two e d i t i n g  ( a c t u a l  c o n t a c t  by te lephone)  w i t h  t h e  respondent  

occur red  w i t h  t h e  Summary Q u e s t i o n n a i r e s ,  m a i n l y  because t h e  person who 

completed t h e  f o r m  was n o t  i d e n t i f i e d .  Fur thermore,  t h e  Summary Q u e s t i o n -  

n a i r e s  r e q u i r e d  l e s s  e d i t i n g  t h a n  t h e  D e t a i l e d ,  p o s s i b l y  because such r i g i d  

forn ia t  and d e t a i  1  were n o t  r e q u i r e d .  



A P P E N D I X  B 

COMPUTER REPCIRTS 



ERRATA 

Page B-19. Note t h a t  i n  t h e  f i r s t  l i n e  o f  data i n  Report  X1V.F (pages B-56, 

57, 58) 2 3 8 ~ u  appears t o  be shipped i n  247 packages c o n t a i n i n g  g r e a t e r  

than 1000 C i  ( s i x t h  C i  range)  o f  2 3 8 ~ u  each. The t o t a l  amount o f  2 3 8 ~ u  

shipped i s  l i s t e d  as 4.13785E+08 ( l a s t  column).  However, t h i s  i s  n o t  

c o r r e c t .  The apparent  source o f  t he  e r r o r  i s  t h a t  an e n t r y  of 11238u11 

on a ques t i onna i r e  was keypunched as "PU 238" on t h e  da ta  ca rd  and t h e  

e r r o r  was n o t  d iscovered d u r i n g  p roo f read ing .  Th i s  apparent  source o f  

t h e  e r r o r  has n o t  been v e r i f i e d .  The impact on t h e  o v e r a l l  2 3 8 ~  da ta  

base i s  smal l ,  s i n c e  t he  e r r o r  i n v o l v e s  247 packages c o n t a i n i n g  no more 

than  8.2 C i  o f  2 3 8 ~ .  Th i s  e r r o r  i s  c a r r i e d  through on to  Report  X1V.H i n  

t h e  pocket  o f  t h e  back cover.  

The n e t  e f f e c t  o f  t h e  e r r o r  on t h e  2 3 8 ~ u  da ta  base i s  t h a t  t h e  t o t a l  

c u r i e s  o f  2 3 8 ~ u  shipped by t r u c k  (Report  X1V.F) and t h e  t o t a l  amount o f  

2 3 8 ~ u  shipped by a1 1 t r a n s p o r t  modes combined (Repor t  X1V.H) i s  n o t  

ava i  1  ab le .  However, t h e  2 3 8 ~ u  sh ipp ing  i n f o r m a t i o n  rega rd i ng  o t h e r  

t r a n s p o r t a t i o n  ~iiodes i s  c o r r e c t  (Reports X I V  . A  through XIV.E, and X I V  .G )  

as i s  t h e  2 3 8 ~ u  in fo rmat ion  under t h e  f i r s t  f i v e  c u r i e  ranges of Reports 

X1V.F and X1V.H. 

A second da ta  e r r o r  e x i s t s  i n  Reports X1V.D and X1V.H. The second 

l i n e  o f  data i n  Report  X1V.D (and t h e  23rd l i n e  i n  Report  X1V.H) show 

the  n u c l i d e  "U 231" be ing shipped i n  2757 packages c o n t a i n i n g  over  1,000 

C i  o f  2 3 1 ~  each ( s i x t h  c u r i e  range) .  Th i s  i s  obv ious l y  i n  e r r o r .  The 

apparent source o f  t h i s  e r r o r  i s  t h a t  an e n t r y  f o r  2 3 8 ~  on a ques t i onna i r e  

was e r roneous ly  keypunched as "U 231" on a da ta  ca rd .  Reports X1V.D and 

X1V.H show a t o t a l  o f  "9.02645E+13" C i  o f  2 3 1 ~  be ing  shipped and Report  

X1V.H shows t h e  convers ion  o f  t h i s  i n v e n t o r y  t o  grams as "6.70766E+08" 

grams 2 3 1 ~ .  If t h i s  i s  a c t u a l l y  supposed t o  be 2 3 8 ~ ,  t h e  t o t a l  6.7 x  
8  10 grams 2 3 8 ~  (sh ipped by r a i l  i n  2757 packages) i s  c o r r e c t .  The impact 

o f  t h i s  i s  smal l  compared t o  t h e  t o t a l  2 3 8 ~  sh ipp ing  a c t i v i t y  shown on 

Report X1V.H o f  3.3 x 10" grams 2 3 8 ~  shipped i n  about 250,000 packages. 



ERRATA (con td )  

Th i s  source o f  t h e  e r r o r  has n o t  been v e r i f i e d .  Note a l s o  t h a t  t h e  t o t a l  

c u r i e s  shown a t  t h e  bot tom of bo th  Repor ts  X1V.D and X1V.H a r e  i n c o r r e c t  

due t o  t h e  2 3 1 ~  e r r o r .  

These two e r r o r s  have been taken i n t o  account i n  t h e  c a l c u l a t i o n s  o f  

pa ramet r i c  and average va lues i n  Sec t i on  4. 

Page B-78. Note t h a t  i n  Surr~mary Ques t i onna i r e  Reports 1.A (page B-78) and 

1.E (pages B-84, 85, 86) ,  t h e  n u c l i d e  des ignated "U235C" i s  shown be ing  

shipped i n  58 packages c o n t a i n i n g  ". 1918Et06" c u r i e s  annua l l y .  The 

".1918Et06" i s  grams and n o t  c u r i e s .  The i n v e n t o r i e s  l i s t e d  f o r  a l l  

o t h e r  n u c l i d e s  i n  t h e  Summary Ques t i onna i r e  Reports a re  c o r r e c t l y  i n  

c u r i e s .  

A second e r r o r  appears on Summary Ques t i onna i r e  Reports 1.C and I . E .  

The n u c l i d e s  des ignated as " C I  36" and " C I  38" should bo th  be "CL 36". 

The assoc ia ted  i n f o r m a t i o n  f o r  those e n t r i e s  should  then  be added t o  t h e  

t o t a l s  f o r  3 6 ~ ~  . 



APPENDIX B 

COMPUTER REPORTS 

A f t e r  t e c h n i c a l  e d i t i n g ,  t h e  responses t o  t h e  q u e s t i o n n a i r e s  were key-  

punched o n t o  d a t a  cards .  These c a r d s  were t h e n  p u t  t h r o u g h  two v e r i f i c a t i o n  

processes.  The f i r s t  p rocess  compared t h e  numer ic  d a t a  punched on t h e  c a r d  

w i t h  t h e  a c t u a l  q u e s t i o n n a i r e  t o  ensure  accu racy  i n  keypunching.  I n  t h e  second 

process,  t h e  c a r d s  were r u n  t h r o u g h  a  program e d i t o r  t o  compare a lphanumer ic  

d a t a  punched on t h e  c a r d s  w i t h  an a c c e p t a b l e  s e t  o f  syn tax  p r e v i o u s l y  e s t a b l i s h e d  

Accep tab le  d a t a  were p u t  on a  d i r e c t  access mass s t o r a g e  d e v i c e  where t h e y  

were used t o  genera te  19 r e p o r t  se ts ,  16 s e t s  f rom t h e  D e t a i l e d  Q u e s t i o n n a i r e  

r e t u r n s  and 3 f r o m  t h e  Summary Q u e s t i o n n a i r e  r e t u r n s .  A  d e t a i l e d  d e s c r i p t i o n  

o f  each r e p o r t  s e t  f o l l o w s .  D e t a i l e d  Q u e s t i o n n a i r e  Repor t s  I, 111, V,  V I I ,  I X ,  

X I ,  X I I I ,  X I V ,  X V ,  X V I  c o n t a i n  SNM/Source M a t e r i a l  da ta ;  D e t a i l e d  Q u e s t i o n n a i r e  

Repor t s  11, I V Y  V I ,  V I I I ,  X ,  X I 1  c o n t a i n  non-SNM/Source M a t e r i a l  da ta .  

DETAILED QUESTIONNAIRE REPORT DESCRIPTIONS 

The f o l l o w i n g  s u b s e c t i o n s  i d e n t i f y  t h e  o r d e r  o f  t h e  computer  r e p o r t s  and 

p r o v i d e  a  l i s t  o f  t h e  components. Computer r e p o r t s  t h a t  a r e  t o t a l l y  i n c l u d e d  i n  

t h i s  append ix  a r e  preceded by  an a s t e r i s k  ( * )  i n  t h e  f o l l o w i n g  l i s t .  

A  co r r~p le te  s e t  o f  computer  r e p o r t s  i s  a v a i l  a b l e  a t  t h e  NRC Pub1 i c  Docu- 

ment Room, 1717 H  S t r e e t ,  NW, Washington D.C. 

SNM SOURCE MATERIAL REPORTS - ANNUAL SHIPMENTS 

Repor t  I .A. Summary I n f o r m a t i o n  (by  a l p h a b e t i c a l  o r d e r  o f  r a d i o n u c l i d e )  

T o t a l  packages, t o t a l  grams, t o t a l  T I ,  t o t a l  m i l e s ,  t o t a l  T I  m i l e s ,  grams 

p e r  package, T I  p e r  package, T I  m i l e s  p e r  package, maximum grams p e r  package, 

predominant  chemica l  f o r m  and i t s  p e r c e n t  o f  t h e  t o t a l  grams f o r  t h e  r a d i o n u -  

c l i d e ,  p redominant  p h y s i c a l  f o r m  and i t s  p e r c e n t  o f  t h e  t o t a l  grams f o r  t h e  

predominant  chemica l  form, secondary chemica l  f o r m  and i t s  p e r c e n t  o f  t h e  t o t a l  

grams f o r  t h e  r a d i o n u c l i d e ,  secondary p h y s i c a l  f o r m  and i t s  p e r c e n t  o f  t h e  t o t a l  

grams f o r  t h e  secondary chemica l  form, f r e i g h t  f o r w a r d e r  package t o t a l  , f r e i g h t  

f o r w a r d e r  T I  m i l e s ,  f r e i g h t  f o r w a r d e r  t o t a l  T I ,  f r e i g h t  f o r w a r d e r  t o t a l  grams, 

number o f  packages i n  v a r i o u s  a p p l i c a t i o n s  ( research ,  med ica l ,  and o t h e r )  f o r  

SNM/Source M a t e r i a l  r a d i o n u c l  i des .  



Report I  .B. Major Transpor ta t ion  Mode (by a1 phabetical order  of 
radionucl i de )  

Number of packages, TI mi les ,  maximum grams per package, t o t a l  TI ,  

t o t a l  grams f o r  SNMISource Material  rad ionucl ides ,  by major t r a n s p o r t a t i o n  

1110 d e  . 
Report I  . C .  Secondary Transportat ion Mode (by a lphabe t i ca l  o rde r  of 
r ad ionuc l ide )  

Number of packages, maximum grams per package, t o t a l  T I ,  t o t a l  grams 

f o r  SNMISource Material  rad ionucl ides ,  by secondary t r a n s p o r t a t i o n  mode. 

Report I .  D. Package Types (by a1 phabet ical  o rde r  of radionucl i d e )  

Number of packages, TI mi les ,  maximum grams per package, t o t a l  T I ,  

t o t a l  grams f o r  SNMISource Material  rad ionucl ides  and model number, by 

package type. 

Report I .E.  Trans o r t a t i o n  Information (by a lphabet ica l  o rder  of 
rad ionucl ide  ?~~~ 
Number of packages, TI mi l e s ,  maximum grams per  package, t o t a l  T I ,  t o t a l  

grams f o r  SNMISource Material  rad ionucl ides ,  o r i g i n  ( ind ica t ed  by t h e  f i r s t  two 

d i g i t s  of the z i p  code of t he  c i t y  of o r i g i n )  and d e s t i n a t i o n ,  by major and 

secondary t r anspor t a t ion  mode. 

Reqort I  I I  . A .  Sununary of Information (by decreasing t o t a l  grams) - - 

Total packages, t o t a l  grams, t o t a l  T I ,  t o t a l  mi l e s ,  t o t a l  TI mi l e s ,  
grams per package, mi les  per package, TI per package, TI miles  per package, 

maximum grams per package, predominant chemical form and i t s  percent  of t h e  

t o t a l  qr,xns for' the  rad ionucl ide ,  predominant physical form and i t s  percent  
of the  t o t a l  grams f o r  t h e  predominant chemical form, secondary chemical 
form and i  t s  percent  of t h e  t o t a l  grams f o r  t h e  radionucl i d e ,  secondary 

physical form and i t s  percent  of t h e  t o t a l  grams f o r  t he  secondary chemical 
form, f r e i g h t  forwarder package t o t a l ,  f r e i g h t  forwarder TI mi l e s ,  f r e i g h t  

forwarder t o t a l  TI ,  f r e i g h t  forwarder t o t a l  grams, number of packages i n  

var ious app l i ca t ions  ( r e sea rch ,  medical,  and o t h e r )  f o r  SNMISource Material  

rad ionucl ides  in  descending o rde r  of t o t a l  grams. 

Report I  I1 . B .  Major Transpor ta t ion  Mode - (by decreasing t o t a l  grams) 

Number of packages, TI mi l e s ,  maximum grams per package, t o t a l  TI ,  

t o t a l  grams f o r  SNMjSource Material  radionucl i d e s ,  by major t r a n s p o r t a t i o n  

modes i n  descending o rde r  of t o t a l  grams. 



Report  I I I. C. Secondary T r a n s p o r t a t i o n  Mode (by dec reas ing  t o t a l  grams) 

Number o f  packages, maximum grams per  package, t o t a l  T I ,  t o t a l  grams 

f o r  SNM/Source M a t e r i a l  r a d i o n u c l i d e s ,  by secondary t r a n s p o r t a t i o n  mode i n  

descending o r d e r  o f  t o t a l  grams. 

Repor t  I I 1  .D. Package Types (by dec reas ing  t o t a l  grams) 

Number o f  packages, T I  m i l e s ,  maximum grams p e r  package, t o t a l  T I ,  

t o t a l  grams f o r  SNM/Source M a t e r i a l  r a d i o n u c l i d e s  and model number by 

package t y p e  i n  descending o r d e r  o f  t o t a l  grams. 

Repor t  I I I. E. T r a n s p o r t a t i o n  I n f o r m a t i o n  (by  dec reas ing  t o t a l  grams) - 

Number o f  packages, T I  m i l e s ,  maximum grams per package, t o t a l  T I ,  

t o t a l  grams f o r  SNM/Source M a t e r i a l  r a d i o n u c l i d e s ,  o r i g i n ,  and d e s t i n a t i o n ,  

by ma jo r  and secondary t r a n s p o r t a t i o n  mode i n  descending o r d e r  o f  t o t a l  

grams. 

Repor t  V .  A c t i v i t y  Frequency D i s t r i b u t i o n  

For each r a d i o n u c l i d e ,  packages per y e a r  by range o f  grams f o r  ma jo r  

t r a n s p o r t a t i o n  mode. 

Report  V I I .  T I  Frequency D i s t r i b u t i o n  

For each r a d i o n u c l i d e ,  packages per  year  by  range o f  T I  f o r  ma jo r  

t r a n s p o r t a t i o n  mode. 

Report  1X.A. Summary Frequency D i s t r i b u t i o n  ( A i r  Passenger: AP 
~;!a j o r  t r a n s p o r t a t  i o n  mode) 

Packages per year ,  average T I  pe r  package, and average m i l e s  p e r  

package by range o f  grams f o r  SNM/Source M a t e r i a l  r a d i o n u c l i d e s .  

Repor t  I X .  B. Summary Frequency D i s t r i b u t i o n  (P,i r Pion-Passenger : -- 
AF, AG, H, A1 major  t r a n s p o r t a t i o n  modes) 

Packages per  y e a r ,  average T I  pe r  package, and average m i l e s  pe r  

package by range o f  grams f o r  SNM/Source M a t e r i a l  r a d i o n u c l i d e s .  

Report  1X.C. Sur~iniary Frequency D i s t r i b u t i o n  (T ruck :  TC, TK, TP, 
TR, A, BU ma jo r  t r a n s p o r t a t i o n  modes) 

Packages per  year ,  average T I  per  package, and average m i l e s  pe r  

package by range o f  grams f o r  SNM/Source M a t e r i a l  r a d i o n u c l i d e s .  



R e p o r t  1X.D. Summary Frequency D i s t r i b u t i o n  ( S h i p :  S, B m a j o r  
t r a n s p o r t a t i o n  modes) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  pack- 

age by  range o f  grams f o r  SNMISource M a t e r i a l  r a d i o n u c l i d e s .  

Repor t  I X .  E. Summary Frequency D i s t r i b u t i o n  ( R a i l  : R m a j o r  t r a n s -  
p o r t a  t i o n  mode) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  

package by range  o f  grams f o r  SNM/Source M a t e r i a l  r a d i o n u c l i d e s .  

Repor t  I X .  F. Summary Frequency D i s t r i b u t i o n  (Mai 1 : M, PE m a j o r  
T a n s p o r t a  t i o n  m o d e s F  

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  

package by range o f  grams f o r  SNMISource M a t e r i a l  r a d i o n u c l  i d e s .  

R e p o r t  1X.G. Summary Frequency D i s t r i b u t i o n  (Unknown: u n s p e c i f i e d  m a j o r  
t r a n s p o r t a t  i o n  mode) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  

package by range o f  grams f o r  SNMISource M a t e r i a l  r a d i o n u c l i d e s .  

Repor t  1X.H. Summary Frequency D i s t r i b u t i o n  (A1 1 : a1 1 m a j o r  t r a n s -  
p o r t a t i o n  Z d e s  combined) 

Packages pe r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  

package by range o f  grams f o r  SNMISource M a t e r i a l  r a d i o n u c l i d e s .  

Repor t  X I  .A. Summary Frequency D i s t r i b u t i o n  ( A i r  Passenger: AP m a j o r  
t r a n s p o r t a t i o n  mode) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  

package by range o f  grams f o r  SNM/Source M a t e r i a l  r a d i o n u c l i d e s ,  chemica l  

and p h y s i c a l  fo rm.  

R e p o r t  X I .  B.  Sumn~aryFrequency D i s t r i b u t i o n  ( A i r  Non-Passenger: AF, 
~ ~ , r ~ I a j o r  t r a n s p o r t a t i o n  m o d e s 7  

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  

package by  range  o f  grams f o r  SNM/Source M a t e r i a l  r a d i o n u c l i d e s ,  chemica l  

and p h y s i c a l  fo rm.  



Repor t  X1.C. Surrmary Frequency D i s t r i b u t i o n  ( T r u c k :  TC, TK, TP, TR, 
A, BU ma jo r  t r a n s p o r t a t i o n  modes) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  

package by range  o f  grams f o r  SNMISource M a t e r i a l  r a d i o n u c l i d e s ,  chemica l  

and p h y s i c a l  form. 

Repor t  X1.D. Summary Frequency D i s t r i b u t i o n  ( S h i p :  S, B ma jo r  
t r a n s p o r t a t i o n  modes) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  

package by range o f  grams f o r  SNMISource M a t e r i a l  r a d i o n u c l i d e s ,  chemica l  

and p h y s i c a l  form. 

Repor t  X I .  E. Summary Frequency D i s t r i b u t i o n  (Ra i  1  : R m a j o r  t r a n s -  
p o r t a t i o n  mode) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  

package by range o f  grams f o r  SNMISource M a t e r i a l  r a d i o n u c l i d e s ,  chemica l  

and p h y s i c a l  form. 

Repor t  X1.F. Summary Frequency D i s t r i b u t i o n  ( M a i l  : M, PE m a j o r  - 
t r a n s p o r t a t i o n  modes) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  

package by range  o f  grams f o r  SNMISource M a t e r i a l  r a d i o n u c l i d e s ,  chemica l  

and p h y s i c a l  form. 

Repor t  X I  .G. Summary Frequency D i s t r i b u t i o n  (Unknown: u n s p e c i f i e d  
ma jo r  t r a n s p o r t a t i o n  mode) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  

package by  range  o f  grams f o r  SNMISource M a t e r i a l  r a d i o n u c l  i d e s ,  chemica l  

and p h y s i c a l  fo rm.  

Repor t  X I  .H.  Summary Frequency D i s t r i b u t i o n  ( A l l  : a l l  m a j o r  t r a n s -  
p o r t a t i o n  modes combined) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  

package by range  o f  grams f o r  SNMISource M a t e r i a l  r a d i o n u c l i d e s ,  chemica l  

and p h y s i c a l  form. 



*Repor t  X I  I 1  .A. Summary Frequency D i s t r i b u t i o n  ( A i r  Passenger: AP 
ma jo r  t r a n s p o r t a t i o n  mode) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range o f  grams f o r  SNM/Source M a t e r i a l  r a d i o n u c l  i d e  (where i n f o r m a t i o n  f o r  

c o n v e r s i o n  t o  c u r i e s  i s  u n a v a i l a b l e ) .  

*Report  X1 I I .B .  Summary Frequency D i s t r i b u t i o n  ( A i r  Non-Passenger: 
AF, AG, H, A1 ma jo r  t r a n s p o r t a t i o n  modes) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range o f  grams f o r  SNM/Source M a t e r i a l  r a d i o n u c l  i d e  (where i n f o r m a t i o n  f o r  

c o n v e r s i o n  t o  c u r i e s  i s  u n a v a i l a b l e ) .  

*Report  X I  I 1  . C .  Summary Frequency D i s t r i b u t i o n  (T ruck :  TC, TK, TP, 
TR, A, BU ma jo r  t r a n s p o r t a t i o n  modes) 

Packages pe r  y e a r ,  average T I  p e r  package, and average m i l e s  pe r  package 

by range o f  grams f o r  SNM/Source M a t e r i a l  r a d i o n u c l i d e  (where i n f o r m a t i o n  f o r  

c o n v e r s i o n  t o  c u r i e s  i s  u n a v a i l a b l e ) .  

*Repor t  XI I1 .D.  Summary Frequency D i s t r i b u t i o n  ( S h i p :  S, B ma jo r  
t r a n s p o r t a t i o n  modes) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range o f  grams f o r  SNM/Source M a t e r i a l  r a d i o n u c l  i d e  (where i n f o r m a t i  on f o r  

convers ion  t o  c u r i e s  i s  u n a v a i l a b l e ) .  

*Report  XI11 . E .  Summary Frequency D i s t r i b u t i o n  ( R a i l  : R ma jo r  t r a n s -  
p o r t a t i  on mode) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range o f  grams f o r  SNM/Source M a t e r i a l  r a d i o n u c l  i d e  (where i n f o r m a t i o n  f o r  

c o n v e r s i o n  t o  c u r i e s  i s  unava i  l a b 1  e ) .  

*Report  X I I1 .F .  Summary Frequency D i s t r i b u t i o n  ( M a i l :  M, PE ma jo r  
t r a n s p o r t a t i o n  modes) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range o f  grams f o r  SNM/Source M a t e r i a l  r a d i o n u c l i d e  (where i n f o r m a t i o n  f o r  

c o n v e r s i o n  t o  c u r i e s  i s  u n a v a i l a b l e ) .  



*Repor t  X I  I I .G. Summary Frequency D i s t r i b u t i o n  (Unknown: u n s p e c i f i e d  
m a j o r  t r a n s p o r t a t i o n  mode) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by  range  o f  grams f o r  SNMISource M a t e r i a l  r a d i o n u c l  i d e  (where i n f o r m a t i o n  f o r  

c o n v e r s i o n  t o  c u r i e s  i s  u n a v a i l a b l e )  . 
"Repor t  XI11 .H. S u m a r y  Frequency D i s t r i b u t i o n  (A1 1  : a1 1  m a j o r  t r a n s -  

p o r t a t  i o n  modes combined) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by  range  o f  grams f o r  SNMISource M a t e r i a l  r a d i o n u c l  i d e  (where i n f o r m a t i o n  f o r  

c o n v e r s i o n  t o  c u r i e s  i s  u n a v a i l a b l e ) .  

* R e p o r t u e n c y  D i s t r i b u t i o n  ( A i r  Passenger: AP m a j o r  
t r a n s p o r t a t i o n  mode) 

Packages pe r  year., average T I  p e r  package, and average m i l e s  p e r  package 

by  range o f  c u r i e s  f o r  SNM/Source M a t e r i a l  r a d i o n u c l  i d e s  (where i n f o r m a t  i o n  

f o r  c o n v e r s i o n  t o  c u r i e s  i s  a v a i l a b l e ) .  

*Repor t  X1V.B. Summary Frequency D i s t r i b u t i o n  ( A i r  Non-Passenger: AF, 
AG, H, A1 m a j o r  t r a n s p o r t a t i o n  modes) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range  o f  c u r i e s  f o r  SNMISource M a t e r i a l  r a d i o n u c l  i d e s  (where i n f o r m a t i o n  

f o r  c o n v e r s i o n  t o  c u r i e s  i s  a v a i l a b l e ) .  

"Repor t  X1V.C. Summary Frequency D i s t r i b u t i o n  ( T r u c k :  TC, TK, TP, TR, 
A, BU m a j o r  t r a n s p o r t a t i o n  modes) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range  o f  c u r i e s  f o r  SNM/Source M a t e r i a l  r a d i o n u c l  i d e s  (where i n f o r m a t i o n  

f o r  c o n v e r s i o n  t o  c u r i e s  i s  a v a i l a b l e ) .  

*Repor t  XIV. D. Summary Frequency D i s t r i b u t i o n  ( S h i p :  S, B  m a j o r  
t r a n s p o r t a t i o n  modes) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by  range o f  c u r i e s  f o r  SNMISource M a t e r i  a1 r a d i o n u c l  i d e s  (where i n f o r m a t i o n  

f o r  c o n v e r s i o n  t o  c u r i e s  i s  a v a i l a b l e ) .  



*Repor t  X1V.E. Sunlmary Frequency D i s t r i b u t i o n  ( R a i l  : R m a j o r  t r a n s -  
p o r t a t i o n  mode) 

Packages p e r  y e a r ,  average T I  pe r  package, and average m i l e s  p e r  package 

by range o f  c u r i e s  f o r  SNMISource M a t e r i a l  r a d i o n u c l i d e s  (where i n f o r m a t i o n  

f o r  c o n v e r s i o n  t o  c u r i e s  i; a v a i l a b l e ) .  

*Repor t  X1V.F. Suinmary Frequency - D i s t r i b u t i o n  ( M a i l  : M, PE m a j o r  
t r a n s p o r t a t i o n  modes) 

Packages pe r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range  o f  c u r i e s  f o r  SNMISource M a t e r i a l  r a d i o n u c l  i d e s  (where i n f o r m a t i o n  

f o r  c o n v e r s i o n  t o  c u r i e s  i s  a v a i l a b l e ) .  

*Repor t  X I V .  G. Summary Frequency D i  s  t r - i  b u t i  on (Unknown: u n s p e c i f i e d  
ma jo r  t r a n s p o r t a t i o n  mode) 

P ~ c k a g e s  p e r  y e a r ,  average T I  p e r  package, and averaqe m i l e s  p e r  package 

by range  o f  c u r i e s  f o r  SNM/Source M a t e r i a l  r a d i o n u c l i d e s  (where i n f o r m a t i o n  

f o r  c o n v e r s i o n  t o  c u r i e s  i s  a v a i l a b l e ) .  

*Repor t  X1V.H. Summary Frequency D i s t r i b u t i o n  ( A l l :  a l l  m a j o r  
t r a n s p o r t a t i o n  modes combined) 

Packages pe r  y e a r ,  average T I  p e r  package, and average  miles p e r  package 

by range o f  c u r i e s  f o r  SNMISource M a t e r i a l  r a d i o n u c l i d e s  (where i n f o r m a t i o n  

f o r  c o n v e r s i o n  t o  c u r i e s  i s  a v a i l a b l e ) .  

Repor t  X V  . A .  Sunnrlary Frequency D i s t r i b u t i o n  ( A i r  Passenger: AP m a j o r  
t r a n s p o r t a t i o n  mode) 

Packages p e r  y e a r ,  average T I  pe r  package, and average m i l e s  p e r  package 

by range  o f  grams f o r  SNMISource M a t e r i  a1 r a d i  onuc l  i d e s  (where i n f o r m a t i  on 

f o r  c o n v e r s i o n  t o  c u r i e s  i s  u n a v a i l a b l e ) ,  chemica l  and p h y s i c a l  fo rm.  

Repor t  XV.B. Sunlmary ( A i r  Non-Passenger: AF, 
AG, H, A1 m a j o r  t r a n s p o r t a t i o n  modes 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range o f  grams f o r  SMMISource M a t e r i a l  r a d i o n u c l  i d e s  (where i n f o r m a t i o n  

f o r  c o n v e r s i o n  t o  c u r i e s  i s  unava i  l a b l e j ,  chemica l  and p h y s i c a l  fo rm.  



Repor t  X V . C .  Surr~mary Frequency D i s t r i b u t i o n  (T ruck :  TC, TK, TP, TR, 
A, BU major  t r a n s p o r t a t i o n  modes) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range o f  grams f o r  SNM/Source M a t e r i a l  r a d i o n u c l  i d e s  (where i n f o r m a t i o n  

f o r  convers ion  t o  c u r i e s  i s  u n a v a i l a b l e ) ,  chemica l  and p h y s i c a l  fo rm.  

Repor t  XV.D. Summary Frequency D i s t r i b u t i o n  (Sh ip :  S ,  B ma jo r  t r a n s -  
p o r t a t i o n  modes) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range o f  grams f o r  SNMISource M a t e r i a l  r a d i o n u c l  i d e s  (where i n f o r m a t i o n  

f o r  convers ion  t o  c u r i e s  i s  u n a v a i l a b l e ) ,  chemica l  and p h y s i c a l  form. 

Repor t  X V .  E. Summary Frequency D i s t r i b u t i o n  (Rai  1  : R ma jo r  t r a n s -  
p o r t a t i o n  mode) 

Packages pe r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by  range o f  grams f o r  SNMISource M a t e r i a l  r a d i o n u c l  i d e s  (where i n f o r m a t i  on 

f o r  convers ion  t o  c u r i e s  i s  unava i  l a b l e ) ,  chemica l  and p h y s i c a l  form. 

Repor t  XV.F. Summary Frequency D i s t r i b u t i o n  ( M a i l :  M, PE m a j o r  
t r a n s p o r t a t i o n  modes) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range o f  grams f o r  SNMISource M a t e r i a l  r a d i  onuc l  i d e s  (where i n f o r m a t i o n  

f o r  convers ion  t o  c u r i e s  i s  u n a v a i l a b l e ) ,  c h e ~ n i c a l  and p h y s i c a l  fo rm.  

Repor t  X V .  G. Summary Frequency D i s t r i b u t i o n  (Unknown: u n s p e c i f i e d  
ma jo r  t r a n s p o r t a t i o n  mode) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range o f  grams f o r  SNM/Source M a t e r i a l  r a d i  onuc l  i d e s  (where i n f o r m a t i o n  

f o r  convers ion  t o  c u r i e s  i s  unavai  l a b 1  e )  , chemical  and p h y s i c a l  form. 

Repor t  X V . H .  Summary Frequency D i s t r i b u t i o n  (A1 1  : a1 1  ma jo r  t r a n s -  
p o r t a t i o n  modes combined) 

Packages p e r  year ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range o f  grams f o r  SNM/Source M a t e r i a l  r a d i o n u c l  i d e s  (where i n f o r m a t i o n  

f o r  convers ion  t o  c u r i e s  i s  u n a v a i l a b l e ) ,  chemical  a ~ d  p h y s i c a l  form. 

Repor t  X V I  .A. Summary Frequency D i s t r i b u t i o n  ( A i r  Passenger: AP 
major  t r a n s p o r t a t i o n  mode) 

Fackages pe r  year ,  average T I  p e r  package, and average m i  1  es pe r  package 

by range o f  c u r i e s  for- SNMlS~urce  M a t e r i a l  r a d i o n u c l  i d e s  (where i n f o r m a t i o n  

f o r  convers ion  t o  c u r i e s  i s  a v a i l a b l e ) ,  chemical  and p h y s i c a l  fo rm.  



Repor t  X V I .  B. Surmary Frequency D i s t r i b u t i o n  ( A i r  Non-Passenger : AF, 
AG, H, A1 ma jo r  t r a n s p o r t a t i o n  modes) 

Packages p e r  year ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range o f  c u r i e s  f o r  SNM/Source M a t e r i a l  r a d i  onuc l  i d e s  (where i n f o r m a t i o n  

For c o n v e r s i o n  t o  c u r i e s  i s  a v a i l a b l e ) ,  chemica l  and p h y s i c a l  form. 

Repor t  X V 1 . C .  Summary Frequency D i s t r i b u t i o n  ( T r u c k :  TC, TK, TP, TRY 
A, BU ma jo r  t r a n s p o r t a t i o n  modes) 

Packages pe r  year ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range  o f  c u r i e s  f o r  SNM/Source M a t e r i a l  r a d i o n u c l  i d e s  (where i n f o r m a t i o n  

f o r  c o n v e r s i o n  t o  c u r i e s  i s  a v a i l a b l e ) ,  chemica l  and p h y s i c a l  fo rm.  

Repor t  XV1.D. Summar Frequency D i s t r i b u t i o n  ( S h i p :  S ,  B m a j o r  
t r a n s p o r t a t i o n  ----7" modes 

Packages pe r  year ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range o f  c u r i e s  f o r  SNM/Source M a t e r i a l  r a d i o n u c l  i d e s  (where i n f o r m a t i o n  

f o r  c o n v e r s i o n  t o  c u r i e s  i s  a v a i l a b l e ) ,  chemica l  and p h y s i c a l  fo rm.  

Repor t  X V I  .E .  Summary Frequency D i s t r i b u t i o n  ( R a i l  : R m a j o r  t r a n s -  
p o r t a  t i on mode) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range o f  c u r i e s  f o r  SNM/Source M a t e r i a l  r a d i o n u c l  i d e s  (where i n f o r m a t i o n  

f o r  c o n v e r s i o n  t o  c u r i e s  i s  a v a i l a b l e ) ,  chemica l  and p h y s i c a l  fo rm.  

Repor t  X V I  .F. Summary Frequency D i s t r i b u t i o n  (Mai 1  : M y  PE m a j o r  
t r a n s p o r t a t i o n  modes) 

Packages pe r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range o f  c u r i e s  f o r  SNM/Source M a t e r i a l  r a d i o n u c l  i d e s  (where i n f o r m a t i  on 

f o r  c o n v e r s i o n  t o  c u r i e s  i s  a v a i l a b l e ) ,  chemical  and p h y s i c a l  fo rm.  

Repor t  X V I  . G .  Summary Frequency D i s t r i b u t i o n  (Unknown: u n s p e c i f i e d  
m a j o r  t r a n s p o r t a t i o n  mode) 

Packages pe r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range o f  c u r i e s  f o r  SNM/Source M a t e r i a l  r a d i o n u c l  i d e s  (where i n f o r m a t i o n  

f o r  c o n v e r s i o n  t o  c u r i e s  i s  a v a i l a b l e ) ,  c h e ~ i c a l  and p h y s i c a l  fo rm.  



Repor t  X V I  .H. Summary Frequency D i s t r i b u t i o n  (A1 1  : a1 1  m a j o r  t r a n s -  
p o r t a t i o n  modes combined) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range  o f  c u r i e s  f o r  SNM/Source M a t e r i a l  r a d i o n u c l  i d e s  (where i n f o r m a t i o n  

f o r  c o n v e r s i o n  t o  c u r i e s  i s  a v a i l a b l e ) ,  chemica l  and p h y s i c a l  fo rm.  

Non-SNM/Source M a t e r i a l  Repor t s  - Annual Shipments 

Repor t  I I .A. Summary of I n f o r m a t i o n  (by  a l p h a b e t i c a l  o r d e r  o f  
r a d i o n u c l i d e )  

T o t a l  packages, t o t a l  c u r i e s ,  t o t a l  T I ,  t o t a l  m i l e s ,  t o t a l  T I  m i l e s ,  

c u r i e s  p e r  package, m i l e s  p e r  package, T I  p e r  package, T I  m i l e s  p e r  package, 

maximum c u r i e s  p e r  package, predominant  chemica l  f o r m  and i t s  p e r c e n t  o f  

t h e  t o t a l  c u r i e s  f o r  t h e  r a d i o n u c l i d e ,  p redominant  p h y s i c a l  f o r m  and i t s  

p w c e n t  o f  t h e  t o t a l  c u r i e s  f o r  t h e  predominant  chemica l  fo rm,  secondary 

chemica l  f o r m  and i t s  p e r c e n t  o f  t h e  t o t a l  c u r i e s  f o r  t h e  r a d i o n u c l i d e ,  

secondary p h y s i c a l  f o r m  and i t s  p e r c e n t  o f  t h e  t o t a l  c u r i e s  f o r  t h e  secon- 

d a r y  chemica l  form, f r e i g h t  f o r w a r d e r  package t o t a l  , f r e i g h t  f o r w a r d e r  T I  

m i l e s ,  f r e i g h t  f o r w a r d e r  t o t a l  T I ,  f r e i g h t  f o r w a r d e r  t o t a l  c u r i e s ,  number 

o f  packages i n  v a r i o u s  app l  i c a t i o n s  ( r e s e a r c h ,  med ica l  , and o t h e r )  f o r  

non-SNM/Source M a t e r i a l  r a d i o n u c l i d e s .  

Repor t  1 I .B .  M a j o r  T r a n s p o r t a t i o n  Mode (by  a l p h a b e t i c a l  o r d e r  o f  
r a d i o n u c l i d e )  

Number o f  packages, T I  m i l e s ,  maximum c u r i e s  p e r  package, t o t a l  T I ,  

t o t a l  c u r i e s  f o r  non-SNM/Source M a t e r i a l  r a d i o n u c l i d e s ,  by m a j o r  t r a n s -  

p o r t a t i o n  mode. 

Re o r t  1I .C.  Secondary T r a n s p o r t a t i o n  Mode ( b y  a l p h a b e t i c a l  o r d e r  o f  
~ F i k a m -  

Number o f  packages, maximum c u r i e s  p e r  package, t o t a l  T I ,  t o t a l  c u r i e s  

f o r  non-SNM/Source M a t e r i a l  r a d i o n u c l  i d e s  , by secondary  t r a n s p o r t a t i o n  mode. 

Repor t  I I. D. Package Types ( b y  a1 p h a b e t i c a l  o r d e r  o f  r a d i o n u c l  i d e )  - 

Number o f  packages, T I  m i l e s ,  maximum c u r i e s  p e r  package, t o t a l  T I ,  

t o t a l  c u r i e s  f o r  non-SNM/Source M a t e r i a l  r a d i o n u c l i d e s  and model number, 

by package t ype .  



Repor t  1I .E.  T r a n s p o r t a t i o n  I n f o r m a t i o n  (by  a l p h a b e t i c a l  o r d e r  o f  
r a d i o n u c l i d e )  

Number o f  packages, T I  m i l e s ,  maximum c u r i e s  p e r  package, t o t a l  T I ,  

t o t a l  c u r i e s  f o r  non-SNM/Source M a t e r i  a1 r a d i o n u c l  i d e s ,  o r i g i n ,  and d e s t i n a -  

t i o n ,  by  m a j o r  and secondary t r a n s p o r t a t i o n  mode. 

Repor t  1V.A. -- Summaryof I n f o r m a t i o n  (by  dec reas ing  t o t a l  c u r i e s )  

To ta l  packages, t o t a l  c u r i e s ,  t o t a l  T I ,  t o t a l  m i l e s ,  t o t a l  T I  m i l e s ,  

c ~ r i e s  p e r  package, m i l e s  p e r  package, T I  p e r  package, T I  m i l e s  p e r  package, 

maximum c u r i e s  p e r  package, predominant chemical  f o r m  and i t s  p e r c e n t  o f  t h e  

t o t a l  c u r i e s  f o r  t h e  r a d i o n u c l i d e ,  predominant  p h y s i c a l  f o rm and i t s  p e r c e n t  

o f  t h e  t o t a l  c u r i e s  f o r  t h e  predominant chemica l  form, secondary chemica l  

f o r m  and i t s  p e r c e n t  o f  t h e  t o t a l  c u r i e s  f o r  t h e  r a d i o n u c l i d e ,  secondary 

p h y s i c a l  f o r m  and i t s  p e r c e n t  o f  t h e  t o t a l  c u r i e s  f o r  t h e  secondary chemical  

form, f r e i g h t  f o r w a r d e r  package t o t a l ,  f r e i g h t  f o r w a r d e r  T I  m i l e s ,  f r e i g h t  

f o r w a r d e r  t o t a l  T I ,  f r e i g h t  f o r w a r d e r  t o t a l  c u r i e s ,  number o f  packages i n  

v a r i o u s  a p p l i c a t i o n s  ( research ,  med ica l ,  and o t h e r )  f o r  non-SNM/Source 

M a t e r i a l  r a d i o n u c l  i d e s  i n  descending o r d e r  o f  t o t a l  c u r i e s .  

Repor t  1V.B. M a j o r  T r a n s p o r t a t i o n  Mode ( b y  dec reas ing  t o t a l  c u r i e s )  

Number o f  packages, T I  m i l e s ,  maximum c u r i e s  p e r  package, t o t a l  T I ,  

t o t a l  c u r i e s  f o r  non-SNM/Source M a t e r i a l  r a d i o n u c l i d e s ,  by ma jo r  t r a n s p o r -  

t a t i o n  modes i n  d e c r e a s i n g  o r d e r  o f  t o t a l  c u r i e s .  

Re o r t  1V.C. Secondary T r a n s p o r t a t i o n  Mode (by  dec reas ing  t o t a l  .*r- 
Nurnber o f  packages, maximum c u r i e s  p e r  package, t o t a l  T I ,  t o t a l  c u r i e s  

f o r  non-SNM/Source M a t e r i a l  r a d i o n u c l i d e s , b y  secondary t r a n s p o r t a t i o n  mode 

i n  descending o r d e r  o f  t o t a l  c u r i e s .  

Repor t  1V.D. Package Types (by dec reas ing  t o t a l  c u r i e s )  - - -- 

Number of packages, T I  m i l e s ,  maximum c u r i e s  p e r  package, t o t a l  T I ,  

t o t a l  c u r i e s  f o r  non-SNM/Source M a t e r i a l  r a d i o n u c l i d e s  and model number 

i n  descending o r d e r  o f  t o t a l  c u r i e s .  



Repor t  I V .  E. T r a n s p o r t a t i o n  I n f o r m a t i o n  (by  d e c r e a s i n g  t o t a l  c u r i e s )  

Number o f  packages, T I  m i l e s ,  maximum c u r i e s  p e r  package, t o t a l  T I ,  

t o t a l  c u r i e s  f o r  non-SNMISource M a t e r i a l  r a d i o n u c l i d e s ,  o r i g i n ,  and d e s t i n a -  

t i o n ,  by m a j o r  and secondary t r a n s p o r t a t i o n  mode i n  descend ing o r d e r  o f  

t o t a l  c u r i e s .  

Repor t  V I .  A c t i v i t y  Frequency D i s t r i b u t i o n  

For  each r a d i o n u c l i d e ,  packages p e r  y e a r  by range  o f  c u r i e s  f o r  m a j o r  

t r a n s p o r t a t i o n  mode. 

Repor t  V I I .  T I  Frequency D i s t r i b u t i o n  

For  each r a d i o n u c l i d e ,  packages p e r  y e a r  by range  o f  T I  f o r  ma jo r  

t r a n s p o r t a t i o n  mode. 

*Repor t  - X.A. Summary Frequency Di s t r i  b u t i  on ( A i r  Passenger: AP m a j o r  
t r a n s p o r t a t i o n  mode) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range o f  c u r i e s  f o r  non-SNM/Source M a t e r i a l  r a d i o n u c l i d e s .  

*Repor t  X.B. Summary Frequency D i s t r i b u t i o n  ( A i r  Non-Passenger: AF, 
AG, H T  m a j o r  t r a n s p o r t a t i o n  m o d e s 7  

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range o f  c u r i e s  f o r  non-SNM/Source M a t e r i a l  r a d i o n u c l i d e s .  

*Repor t  X . C .  Summary Frequency D i s t r i b u t i o n  ( T r u c k :  TC, TK, TP, TR, 
A, BU m a j o r  t r a n s p o r t a t i o n  modes) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range o f  c u r i e s  f o r  non-SNM/Source M a t e r i a l  r a d i o n u c l i d e s .  

*Repor t  X.D. Summary Frequency D i s t r i b u t i o n  ( S h i p :  S, B ma jo r  t r a n s -  
p o r t a t i o n  modes) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range o f  c u r i e s  f o r  non-SNM/Source M a t e r i a l  r a d i o n u c l i d e s .  

*Re o r t  X.E Summary Frequency D i s t r i b u t i o n  ( R a i l :  R m a j o r  t r a n s p o r -  
t a t i o n  mode -.+-- 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range o f  c u r i e s  f o r  non-SMM/Source M a t e r i a l  r a d i o n u c l i d e s .  



*Repor t  X.F. Summary Frequency D i s t r i b u t i o n  ( M a i l  : M, PE ma jo r  
t r a n s p o r t a  t i on modes) 

Packages p e r  year ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range o f  c u r i e s  f o r  non-SNMISource M a t e r i a l  r a d i o n u c l i d e s .  

*Repor t  X.G. Summary Frequency D i s t r i b u t i o n  (Unknown : u n s p e c i f i e d  
ma jo r  t r a n s p o r t a t i o n  mode) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range o f  c u r i e s  f o r  non-SNM/Source M a t e r i a l  r a d i o n u c l i d e s .  

*Repor t  X.H. Summary Frequency D i s t r i b u t i o n  ( A l l :  a l l  ma jo r  t r a n s p o r -  
t a t i o n  modes combined) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range o f  c u r i e s  f o r  non-SNMISource M a t e r i a l  r a d i o n u c l  i d e s .  

Repor t  X I  I .A. Suw~mdry Frequency D i s t r i b u t i o n  ( A i r  Passenger: AP ma jo r  
t r a n s p o r t a t i o n  mode) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range o f  c u r i e s  f o r  non-SNM/Source M a t e r i a l  r a d i o n u c l i d e s ,  chemica l  and 

p h y s i c a l  fo rm.  

Repor t  X I  I. B.  Summary Frequency D i  s t r i  b u t i o n  ( A i r   on-passenger: AF 
AG, H, A1 ma jo r  t r a n s p o r t a t i o n  modes) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range o f  c u r i e s  f o r  non-SNMISource M a t e r i a l  r a d i o n u c l i d e s ,  chemica l  and 

p h y s i c a l  form. 

Repor t  X1I.C. Sum~~i?ry Frequency D i s t r i b u t i o n  (T ruck :  TC, TK, TP, TR, - 
A, BU m a j o r  t r a n s p o r t a t i o n  modes) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range o f  c u r i e s  f o r  non-SNMISource M a t e r i a l  r a d i o n u c l i d e s ,  chemica l  and 

p h y s i c a l  fo rm.  

Repor t  XI1.D. Sulnrnary Frequency D i s t r i b u t i o n  (Sh ip :  S, B ma jo r  
t r a n s p o r t a t  i o n  modes) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range o f  c u r i e s  f o r  non-SNMISource M a t e r i a l  r a d i o n u c l i d e s ,  chemica l  and 

p h y s i c a l  form. 



Repor t  XI1.E. Summary Frequency D i s t r i b u t i o n  ( R a i l  : R m a j o r  t r a n s -  
p o r t a t i  on mode) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by  range  o f  c u r i e s  f o r  non-SNM/Source M a t e r i a l  r a d i o n u c l i d e s ,  chemica l  and 

p h y s i c a l  form. 

Repor t  X I 1  .F. Summary Frequency D i s t r i b u t i o n  ( M a i l  : M, PE m a j o r  
t r a n s p o r t a t i o n  modes ) 

Packages p e r  y e a r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range  o f  c u r i e s  f o r  non-SNM/Source M a t e r i a l  r a d i o n u c l  i d e s ,  chemica l  and 

p h y s i c a l  fo rm.  

Repor t  X I  I .G. Sunimary Frequency D i s t r i b u t i o n  (Unknown: u n s p e c i f i e d  
m a j o r  t r a n s p o r t a t i o n  mode) 

Packages p e r  yea r ,  average T I  p e r  package, and average m i l e s  p e r  package 

by range o f  c u r i e s  f o r  non-SNM/Source M a t e r i a l  r a d i o n u c l i d e s ,  chemica l  and 

p h y s i c a l  fo rm.  

Repor t  X I  I. H. Summary Frequency D i s t r i b u t i o n  (A1 1 : a1 1 m a j o r  t r a n s -  -- - 
p o r t a  t i on rnodes co inb i  ned ) 

Packages p e r  y e a r ,  average T I  p e r  package, and a v e r a g e m i l e s  p e r  package 

by range o f  c u r i e s  f o r  non-SNMISource M a t e r i a l  r a d i o n u c l i d e s ,  chemica l  and 

p h y s i c a l  fo rm.  

SUPIMARY - QUESTIONNAIRE REPORTS 

"Repor t  1 .A. Rad ionuc l  i d e  I n f o r m a t i o n  f o r  Academic L icensees 

T o t a l  packages p e r  y e a r  and t o t a l  c u r i e s  p e r  y e a r  f o r  r a d i o n u c l i d e ,  

chemical  and p h y s i c a l  form, e x t r a p o l a t e d  t o  t o t a l  academi c 1 i c e n s e  popu- 

l a t i o n  o f  c a t e g o r y .  

*Repor t  1 .B.  R a d i o n u c l i d e  I n f o r m a t i o n  f o r  Medica l  L icensees 

T o t a l  packages p e r  y e a r  and t o t a l  c u r i e s  p e r  y e a r  f o r  r a d i o n u c l i d e ,  

chemical  and p h y s i c a l  fo rm,  e x t r a p o l a t e d  t o  t o t a l  p o p u l a t i o n  o f  med ica l  

l i c e n s e  c a t e g o r y .  



*Repor t  I .C.  R a d i o n u c l i d e  I n f o r m a t i o n  f o r  I n d u s t r i a l  L icensees 

T o t a l  packages p e r  y e a r  and t o t a l  c u r i e s  pe r  y e a r  f o r  r a d i o n u c l i d e ,  

chemica l  and p h y s i c a l  form, e x t r a p o l a t e d  t o  t o t a l  p o p u l a t i o n  o f  i n d u s t r i a l  

1  i c e n s e  c a t e g o r y .  

*Repor t  I . D .  R a d i o n u c l i d e  I n f o r m a t i o n  f o r  Other  L icensees - 

T o t a l  packages pe r  y e a r  and t o t a l  c u r i e s  pe r  y e a r  f o r  r a d i o n u c l i d e ,  

chemica l  and p h y s i c a l  form, e x t r a p o l a t e d  t o  t o t a l  p o p u l a t i o n  o f  o t h e r  t h a n  

academic, medica l ,  and i n d u s t r i a l  l i c e n s e  c a t e g o r i e s .  

*Repor t  I .E .  R a d i o n u c l i d e  I n f o r m a t i o n  f o r  A l l  L i c e n s e  Ca tegor ies  
Combi ned 

T o t a l  packages pe r  y e a r  and t o t a l  c u r i e s  p e r  y e a r  f o r  r a d i o n u c l i d e ,  

chemica l  and p h y s i c a l  form, e x t r a p o l a t e d  t o  t o t a l  p o p u l a t i o n  o f  a l l  l i c e n s e  

c a t e g o r i e s  conibi ned. 

*Repor t  1 I .A.  Package Type I n f o r m a t i o n  f o r  Academic L icensees 

T o t a l  packages p e r  y e a r  f o r  each package t ype ,  f o r  academic l i c e n s e  

c a t e g o r y  . 
*Repor t  I I. B. Package Type I n f o r m a t i o n  f o r  Medica l  L icensees 

T o t a l  packages p e r  y e a r  fa r  each package type,  f o r  med ica l  l i c e n s e  

ca tegory  . 

*Repor t  I 1  . C .  Package Type I n f o r m a t i o n  f o r  I n d u s t r i a l  L icensees 

T o t a l  packages p e r  y e a r  f o r  each package t y p e ,  f o r  i n d u s t r i a l  l i c e n s e  

c a t e g o r y  . 
*Repor t  I 1  .D. P a c k g e  Type I n f o r m a t i o n  f o r  O the r  L icensees 

T o t a l  packages p e r  y e a r  f o r  each package t y p e ,  f o r  o t h e r  t h a n  academic, 

med ica l ,  and i n d u s t r i a l  l i c e n s e  c a t e g o r i e s .  

*Repor t  -- I I .E. Package Type I n f o r n i a t i o n  f o r  A1 1  L i cense  Ca tegor ies  
Conib i n  ed 

T o t a l  packages p e r  y e a r  f o r  each package t ype ,  f o r  a1 1 1  i c e n s e  c a t e -  

g o r i e s  combined. 



*Report 1II.A. Transportat ion Information f o r  Academic .- Licensees 

Total packages per year  and t o t a l  T I  per year  f o r  each t r anspor t a t ion  

mode, f o r  academic l i cense  category.  

*Reuort 1II .B.  Transnortat ion Information f o r  Medical Licensees 

Total packages per year  and t o t a l  T I  per year  f o r  each t r anspor t a t ion  

mode, f o r  medical l i cense  category.  

*Reoort 1II .C.  Transnortat ion Information f o r  Indus t r i a l  Licensees 

Total packages per year  and t o t a l  T I  per year  f o r  each t r anspor t a t ion  

mode, f o r  i ndus t r i a l  l i cense  category.  

*Report - 1II .D.  Transportat ion .- Information f o r  Other Licensees 

Total packages per year  and t o t a l  T I  per year  f o r  each t r anspor t a t ion  

mode, f o r  o the r  than academic, medical,  and i n d u s t r i a l  l i cense  ca t egor i e s .  

*Report I I  I .&- -. Transpor' tation - - .- - Information f o r  A 1  1 - License Categories 
Conibi ned 

Total packages per year  and t o t a l  T I  per year  f o r  each t r anspor t a t ion  

mode, f o r  a l l  l i cense  ca t egor i e s  combined. 

The ca l cu la t ions  used in each of these r e p o r t s  and the  system flow 

c h a r t s  a r e  included in t h i s  appendix. 



DETAILED QUESTIONNAIRE REPORTS 

The f o l l o w i n g  computer r e p o r t s  c o n t a i n  t h e  i n f o r m a t i o n  f r o m  Reports X.H, 

X I I I . H ,  and X1V.H ( i n  t h e  pocket  of t h e  back c o v e r )  broken down i n t o  t h e  

v a r i o u s  t r a n s p o r t a t i o n  modes. Repor ts  X.A th rough  X .G  c o n t a i n  t h e  d a t a  from 

Report  X.H s o r t e d  by t h e  seven t r a n s p o r t  mode types  ( a i r  f r e i g h t ,  passenger 

a i r ,  m a i l ,  r a i l ,  s h i p  o r  boat ,  t r u c k ,  and unknown). Reports X1V.A th rough  

X1V.G cor respond i d e n t i c a l l y  t o  Repor t  X I V . H ,  and Reports X I I1 .A  th rough  

XI I1 .D and XI I1 .F cor respond t o  Repor t  XI I1.H. 

Note t h a t  each o f  t h e  r e p o r t s  a r e  i n  t h r e e  p a r t s  ( t h r e e  pages).  Com- 

b i n i n g  t h e  t h r e e  pages t o  make t h e  complete r e p o r t  i n  t h e  f o r m  o f  Reports 

X.H, X I I1 .H and X1V.H i n  t h e  back cover  pocket  can be done by r e p r o d u c i n g  

t h e  t h r e e  pages and combining them as shown i n  F i g u r e  B.1. 

FIGURE B.1. Combinat ion o f  t h e  Three 
Pages f o r  D e t a i l e d  Reports 

I n  F i g u r e  B . l ,  t h e  c h a r a c t e r  n = A, B, C, D, E, F, o r  G such t h a t  

n = A f o r  Reports X.A, X I I I . A ,  XIV.A, e t c .  A l l  t h r e e  pages o f  each r e p o r t  

have been reproduced here  w i t h  t h e  same r e d u c t i o n  so t h a t  t h e  l i n e s  and 

columns w i l l  1  i n e  up c o r r e c t l y  when t h e  t h r e e  pages a r e  combined. 



The dashed l i n e s  i n  F i g u r e  6.1 i n d i c a t e  t h e  o v e r l a p  o f  t h e  pages such 

t h a t  page n.1 o v e r l a p s  t h e  r a d i o n u c l i d e  name column o f  page n.2, and page n.2 

o v e r l a p s  t h e  r a d i o n u c l i d e  name column o f  page n.3. 

The e x p l a n a t i o n  f o r  use o f  these  r e p o r t s  (wh ich  i s  i d e n t i c a l  t o  t h e  

e x p l a n a t i o n  f o r  use o f  Repor ts  X.H, X I I I . H ,  and X1V.H) i s  l o c a t e d  i n  t h e  

pocke t  i n  t h e  back cover .  

Note  t h a t  these  r e p o r t s  r e p r e s e n t  t h e  s h i p p i n g  a c t i v i t i e s  ( e x t r a p o -  

l a t e d  t o  a  un i fo rm one-year b a s i s )  o n l y  of t h e  l i c e n s e e s  and ERDA c o n t r a c t o r s  

t h a t  responded w i t h  t h e  D e t a i l e d  Q u e s t i o n n a i r e ,  and n o t  f o r  any t o t a l  popu- 

l a t i o n .  The number o f  respondents  i n v o l v e d  (as seen i n  Tab le  4 .2 ,  colurr~n 

1  b )  were 640 SNM 1  icensees and ERDA c o n t r a c t o r s  p l u s  59 a d d i t i o n a l  p r o b a b l e  

m a j o r  s h i p p e r s  (27 o f  t h e  640 SNM Q u e s t i o n n a i r e  responses were f r o m  m a j o r  

s h i p p e r s  f o r  a  t o t a l  o f  86 (59+27) p r o b a b l e  m a j o r  s h i p p e r s ) .  O f  t h e  699 

(640+59) D e t a i l e d  Q u e s t i o n n a i r e  responses,  11 were Class-2  o r  C lass-3  

responses,  and, t h e r e f o r e  a r e  n o t  i n c l u d e d  i n  t h e  f o l l o w i n g  r e p o r t s ,  b u t  

a r e  sumniarized i n  S e c t i o n  4. 
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NO SHlPrlNG ACTIVITIES 0 

QUESTIONNAIRE ON SPECIAL NUCLEAR MATERIALS At tachment  3 

VB v 
PlIN:\I f : \ J t P . F !  i S c P P F y  Cs'P,Abi'f 

2236  LAPLACE STFEET 
NAME PHONE NO DATE P ITTSBURGkr PENhSYLVANIA 15219 

ATTN: MR.  T .  K A R L  STAR& 
POSITION DEPARTMENT 

HOW MANY CONSIGNMENTS AND C R A M S  D O  YOU ESTIMATE THAT YOUR COMPANY TRANSPORTS DURING A 1-YEAR PERIOD? 

CONSIGNMENTS CRAMS 

WHAT IS YOUR LICENSE CATEGORY CLASSIFICATION (i.e., RADIOPHARMACEUTICAL, RADIOGRAPHER, GAUGE, ETC.)? 

INFORMATION RELATED TO EACH CONSIGNMENT INFORMATION RELATED TO EACH PACKAGE I N  EACH CONSIGNMENT 



QUESTIONNAIRE ON SPECIAL NUCLEAR MATERIALS (CONT) 
Attachment 3 

(con t d  ) 







QUESllOWWAIRE OW SPECIAL WUCEAR MATERIALS 



SAMPLE 2  - Non-SNM Q u e s t i o n n a i r e  Packet 

Cover L e t t e r  

Q u e s t i o n n a i r e  E x p l a n a t i o n  (At tachment 1  ) 

I n s t r u c t i o n s  (At tachment 2 )  

Blank Non-SNM Q u e s t i o n n a i r e  Form (Attachment 3 )  

Sample Q u e s t i o n n a i r e  (At tachment 4 )  

Return Envelope 

T h i s  packet  was sen t  t o  those NRC and Agreement S t a t e  l i c e n s e e s  who 

were cons idered ma jo r  sh ippers .  I t  con ta ined  t h e  same cover  l e t t e r ,  exp lana-  

t i o n  page and I n s t r u c t i o n  Sheet as t h e  SNM Q u e s t i o n n a i r e  Packet (Sample 1 ) .  

Because o f  s i m i l a r i t i e s  t o  t h e  SNM Q u e s t i o n n a i r e  Packet (Sample 1 )  o n l y  t h e  

cover  1  e t t e r ,  Q u e s t i o n n a i r e  Exp lana t ion ,  I n s t r u c t i o n s ,  Blank Non-SIVM Ques- 

t i o n n a i r e  form and Sample Q u e s t i o n n a i r e  appear on t h e  f o l l o w i n g  pages. 



UNITED STATES 

NUCLEAR REGLILATORY COMMISSION 
WASHINGTON, D. C. 20555 

Your h e l p  i s  needed i n  a  survey. 

The U.S. Nuc lear  Regu la to ry  Commission (NRC) , i n  coopera t ion  w i t h  t h e  
Department o f  T r a n s p o r t a t i o n  (DCT) and t he  Agreement S ta tes ,  i s  conduc t ing  
a  survey t o  o b t a i n  i n f o r m a t i o n  on t h e  number and types o f  r a d i o a c t i v e  
m a t e r i a l  shipments made i n  t h e  U n i t e d  S ta tes .  The survey r e s u l t s  w i l l  be 
compi led t o :  1 )  p r o j e c t  t h e  t o t a l  number and c h a r a c t e r i s t i c s  o f  sh i p -  
ments made annua l l y ,  2)  p r o v i d e  a  f a c t u a l  bas i s  f rom which t h e  r a d i a t i o n  
exposure t o  i n d i v i d u a l s  and t h e  popu la t i on  f rom such shipments can be 
est imated,  3 )  i nc rease  t h e  unders tanding o f  t h e  t r a n s p o r t a t i o n  p a t t e r n s  
o f  r a d i o a c t i v e  m a t e r i a l s ,  and 4) p r o v i d e  a  f a c t u a l  bas i s  f o r  work r e l a t e d  
t o  i r r~pact  statements and pub1 i c  de l  i bera t i ons  concern ing r a d i o a c t i v e  
m a t e r i a l  shipments. 

Ba t t e l l e -No r t hwes t  (Operators  o f  t h e  Energy Research and Development 
A d m i n i s t r a t i o n ' s  P a c i f i c  Northwest Laboratory ,  ERDA-PNL) has been con t rac ted  
t o  survey a  sample o f  l i censees  t r a n s p o r t i n g  r a d i o a c t i v e  m a t e r i a l s .  You 
have been randomly s e l e c t e d  t o  p a r t i c i p a t e  i n  t h i s  survey by supp l y i ng  
da ta  t h a t  w i l l  be combined w i t h  s i m i l a r  data submi t ted  by severa l  hundred 
o t h e r  sampled l i censees .  We hope you w i l l  t a ke  t h e  t ime  t o  p r o v i d e  us w i t h  
t h i s  i n f o r m a t i o n  which w i l l  be used and pub l i shed  i n  summary fo rm on ly .  
To h e l p  ensure t h e  p r o t e c t i o n  o f  any data t h a t  m igh t  be "company c o n f i -  
d e n t i a l " ,  p lease  i n d i c a t e  t h e  p o r t i o n s  o f  t h e  i n f o r m a t i o n  t h a t  should  be 
t r e a t e d  as p r o p r i e t a r y  p l u s  a p p r o p r i a t e  reasons f o r  you r  request .  

b.-.' 

I f  you have any ques t ions  about  t h e  survey o r  t h e  a t tached  ques t i onna i r e  
p lease  c o n t a c t  e i t h e r  D r .  James H. J a r r e t t  (509-942-3308) a t  PNL o r  
Dr. Anthony N. Tse (301 -443-6910) a t  NRC. Your coope ra t i on  i n  p r o v i d i v g  
t h e  necessary i n f o r m a t i o n  by J u l y  25, 1975, w i l l  be g r e a t l y  apprec ia ted .  
Please r e t u r n  t h e  q u e s t i o n n a i r e  t o  Dr.  J a r r e t t  u s i n g  t h e  m a i l i n g  envelope 
p rov ided  i n  t h i s  packet .  Please m a i l  any c l a s s i f i e d  i n f o r m a t i o n  s e p a r a t e l y  
f o l l o w i n g  a p p r o p r i a t e  m a i l i n g  procedures t o :  B a t t e l l e  Memorial I n s t i t u t e ,  
A t t n .  Technica l  I n f o r m a t i o n  Sect ion,  P a c i f i c  Nor thwest  Laboratory ,  P. 0 .  
Box 999, Rich land,  WA 99352. 

Thank you. 

Attachments 

1. Ques t i onna i r e  Exp lana t i on  
2. I n s t r u c t i o n s  
3. Q u e s t i o n n a i r e  on Rad ioac t i ve  

M a t e r i a l s  Other  Than 
Spec ia l  Nuc lear  M a t e r i a l  

4. Sarnpl e  Q u e s t i o n n a i r e  
5. Return Envelope 

S ince re l y ,  

iq . ,?% L d?i ;-L co:L b 

Robert  F. Barker,  C h i e f  
T r a n s p o r t a t i o n  and Product  

Standards Branch 
O f f i c e  o f  Standards Development 
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Attachment 1  

QUESTIONNAIRE EXPLANATION 

Please complete t he  a t tached  ques t i onna i re  f o r  a1 1  u n c l a s s i f i e d  and c l a s s i -  
f i e d  consignments (exc lud ing  weapons, weapon components, and any m a t e r i a l  
t r anspo r ted  by m i l i t a r y  v e h i c l e s ) :  1  ) you have shipped, 2 )  you have 
expor ted o r  imported, and/or 3)  you t r anspo r ted  t o  y o u r s e l f  f o r  you r  own 
use b u t  ou t s i de  o f  you r  f a c i  1  i t i e s  on pub1 i c  roads ( i  .e. , radiography o r  
we1 1-1 ogging sources) .  

For a1 1  consignments o t h e r  than  Specia l  Nuclear P la te r ia l  (Attachment 3 ) ,  
t he  survey p e r i o d  i s :  1  ) one week f o r  those sh ipp ing  more than 500 packages/ 
week, 2 )  one month f o r  those sh ipp ing  fewer than  500, b u t  more than  10 pack- 
ages/week, o r  3 )  s i x  months f o r  those sh ipp ing  1  ess than 10 packages/week. 
Please s e l e c t  a  r e c e n t  r e p r e s e n t a t i v e  p e r i o d  s i nce  t h e  r e s u l t s  o f  t h e  
survey w i l l  be ex t rapo la ted  t o  cover  a  1-year pe r i od .  

I f  you have made no r a d i o a c t i v e  m a t e r i a l  shipments w i t h i n  t he  l a s t  year ,  
p lease p lace  an X i n  t h e  a p p r o p r i a t e  box under t he  Survey Per iod  a t  t h e  
t o p  o f  t h e  Ques t i onna i re ,  complete t h e  Name and P o s i t i o n  l i n e s  o f  t h e  Ques- 
t i o n n a i r e  heading, and r e t u r n  t he  ques t i onna i re  as i n d i c a t e d  i n  t h e  l e t t e r .  

Note t h a t  t h e  terms "consignment" and "package" have been used i n  t h e  
ques t i onna i re .  The d e f i n i t i o n s  o f  consignment and package, as used here, 
a re :  

Consignment - a  package o r  group o f  packages be ing  shipped, 
under one sh ipp ing  paper, f rom one p lace  t o  
another .  

Package - a  box, drum, can, c y l i n d e r ,  o r  s e r i e s  o f  con- 
t a i n e r s ,  one i n s i d e  t h e  o the r ,  i n  which t h e  
r a d i o a c t i v e  m a t e r i a l  i s  shipped. 

The ques t i onna i re  i s  arranged i n  columns which have been numbered and 
exp la ined  i n  t h e  I n s t r u c t i o n s  (Attachment 2 ) ;  a  p a r t i a l l y  completed Sample 
Ques t i onna i re  (Attachment 4 ) i s  a1 so p rov ided  f o r  guidance. 



Attachment 2 

INSTRUCTIONS 

Information Related to Each Consignment 

The shipping date f o r  each consignment i n  the f o l l o w i n g  order: year, 
month (us ing the  symbols below) and day. 

Symbol Explanation Symbol Explanation 

Jan = January 
Feb = February 
Mar = March 
Apr = A p r i l  
May = May 
Jun = June 

Ju l  = Ju l y  
Aug = August 
Sep = September 
Oct = October 
Nov = November 
Dec = December 

The c i t y  i n  which the  consignee i s  loca ted  i nc l ud i ng  those consignments 
t ranspor ted  t o  you rse l f .  

3 The s t a t e  i n  which the  consignee i s  loca ted  i nc l ud i ng  those consignments 
t ranspor ted  t o  you rse l f .  

Approximate mi les  t r ave led  by the  consignment i n c l ud i ng  an est imate o f  
t r anspo r t  m i l es  t o  you rse l f .  

5-A- 1  Using t he  symbols below, i n d i c a t e  t he  major mode o f  t r anspo r t a t i on  used 
t o  sh i p  t he  r ad i oac t i ve  mater ia l  from one l o c a t i o n  t o  another. 

AF = F r e i g h t  A i r c r a f t  (no passenger) H  = He1 i cop te r  
AP = Passenger A i r c r a f t  M = Ma i l  
AG = Government A i r c r a f t  (nonmi 1  i t a r y  ) R  = Ra i l  
A  = Automobile S = Ship 
B  = Barge TC = Truck - Contract  C a r r i e r  
BU = Bus TK = Truck - Comnon C a r r i e r  

TP = Truck - P r i va te  C a r r i e r  

5-A-2 Place a  check i n  t h i s  column i f  t he  mode was assigned f o r  your  use 
exc l us i ve l y  and no o ther  f a c i l i t y ' s  ma te r i a l  was car r ied .  

5-8-1 Using t he  symbols below, i n d i c a t e  t he  secondary mode o f  t r anspo r t a t i on  ( i - e . ,  
from you t o  t he  a i r p o r t ) .  

A  = Automobile 
H  = He l i cop te r  
TC = Truck - Contract  Ca r r i e r  
TK = Truck - Comnon Ca r r i e r  
TP = Truck - P r i v a t e  C a r r i e r  

Place a  check i n  t h i s  column if the mode was assigned f o r  your  use exc l us i ve l y  
and no o the r  f a c i l i t y ' s  ma te r i a l  was ca r r i ed .  

Place a  check i n  t h i s  column i f  a  F re i gh t  Forwarder handled your  t ranspor la -  
t i o n  arrangements. 

For imported r ad i oac t i ve  ma te r i a l  i n d i c a t e  t h e  c i t y  and s t a t e  o f  t he  Po r t  o f  
En try. 

For exported r ad i oac t l ve  ma te r i a l  l n d i c a t e  t he  c i t y  and s t a t e  of t h e  Po r t  o f  
E x i t .  



Attachment 2 
(contd) 

Columns 
7- 1  3* Information Related to Each Package in Each Consignment 

The symbol and mass number o f  the  p r i n c i p a l  rad ionuc l ide  i n  each package. I f  
the  p r i n c i p a l  rad ionuc l ide  i s  unknown, use t he  f o l l ow ing  symbols t o  i n d i c a t e  
the  specia l  na tu re  o f  the  mater ia l :  

EC = Empty Container 
MC = Mixed Corros ion Products 
MF = Mixed F i ss i on  Products 
SF = Spent ( o r  i r r a d i a t e d )  Reactor Fuel 
W = Waste 

The number o f  packages con ta in ing  the same rsd ionuc l ide .  

The intended use of the mater ia l  us ing the  f o l l ow ing  symbols: 

M = Medical 
R = Research 
X = Other 

Chemical form o f  the  r ad i oac t i ve  mater ia l  ( i . e . ,  ch lo r ide ,  oxide, n i t r a t e ,  
s a l t ,  e t c ) .  

Physica l  form o f  the r ad i oac t i ve  mater ia l  us ing  the  f o l l ow ing  symbols: 

DS = D i spe rs i b l e  Sol ids ( i  .e., powders) 
G = Gases 
L  = L iqu ids  
SF = Special Form 

Type of package using the  f o l l o w i n g  symbols: 

A  = Type A  
B  = Type B 
AF = Type A  ( F i s s i l e )  
BF = Type B ( F i s s i l e )  
E  = Exempt 
LQ = Large Q u a n t i t y  
LS = Low Spec i f i c  A c t i v i t y  

11 Model number o f  t he  package. 

Transport Index ( T I )  f o r  the package ( i .e . ,  the  number o f  m i l l i r ems  
per  hour a t  3  f e e t  from the  package sur face or ,  f o r  f i s s i l e  mater ia l ,  
50 d i v i ded  by t he  a l lowab le  number o f  s i m i l a r  packages f o r  
nuc lear  c r i t i c a l i t y  sa fe t y ) .  

Amount o f  r ad i oac t i ve  ma te r i a l  contained i n  each package i n  cur ies ;  
i f  t he  r ad i oac t i ve  ma te r i a l  i s  Pu, U (depleted, na tu ra l ,  low o r  h i gh l y  
enr iched) ,  o r  Th, i n d i c a t e  the  amount i n  grams. 

*Use repeat  marks ( " )  i n  t he  columns where a  l a rge  number o f  packages are i d e n t i c a l ;  sumnary 
data may a l so  be used i n  these cases. 



RADIOACTIVE MATERIALOTHER THAN SPECIAL NUCLEAR MATERIAL 
Attachment 3 

-. -....- a * . - . - - - -  -..- -..-..-.. ---.-- -..-.-. ..-.... ~ - . =  .-.. .-..--. . -.- ..... . - - -  ~- - - 

1 week 

1 month a 
6 months 

NO SHIPPING ACTIVITIES 0 

NAME PHONE NO. DATE 

POSITION DEPARTMENT 

HOW MANY CONSIGNMENTS AND CURIES DO YOU ESTIMATE THAT YOUR COMPANY TRANSPORTS DURING A 1-YEAR PERIOD? 

CONSIGNMENTS CURIES 

WHAT IS YOUR LICENSE CATEGORY CLASSIFICATION (i.0.. RADIOPHARMACEUTICAL. RADIOGRAPHER. GAUGE. ETC.17 

INFORMATION RELATED TO EACH CONSIGNMENT INFORMATION RELATED TO EACH PACKAGE IN EACH CONSIGNMEWT 



Attachment 4 



SAMPLE 3  - Summary Q u e s t i o n n a i r e  Packet 

Cover L e t t e r  

Q u e s t i o n n a i r e  E x p l a n a t i o n  (At tachment 1  ) 

I n s t r u c t i o n s  (At tachment 2 )  

Summary Q u e s t i o n n a i r e  Forms (Attachments 3, 4 and 5 )  

Sample Q u e s t i o n n a i r e s  (At tachments 6 and 7 )  

The Summary Q u e s t i o n n a i r e  was sen t  t o  non-SNM l i c e n s e e s .  I t  i n c l u d e s  

t h e  same cover  l e t t e r  as i n  t h e  o t h e r  two packets ,  as w e l l  as a  Q u e s t i o n -  

n a i r e  e x p l a n a t i o n  page (Attachment I ) ,  and an I n s t r u c t i o n  page ( A t t a c h -  

ment 2 )  s i m i l a r  t o  t h e  one f o r  t h e  SNM and Non-SNM Q u e s t i o n n a i r e s .  The 

Q u e s t i o n n a i r e  i t s e l f  i s  d i v i d e d  i n t o  t h r e e  t a b l e s  t h a t  were t o  be f i l l e d  

o u t  a c c o r d i n g  t o  t h e  samples a t t a c h e d  t o  t h e  end o f  t h e  packet  (At tachments 6 

and 7 ) ;  see t h e  f o l l o w i n g  pages. 



UNITED STATES I 

NUCLEAR REGULATORY COMMISSION 
WASHINGTON, D. C. 20555 

Your h e l p  i s  needed i n  a  survey. 

The U  .S. Nuc lear  Regu la to ry  Commission (IjRC), i n  coopera t ion  w i t h  t h e  
Department o f  T r a n s p o r t a t i o n  (DOT) and t h e  Agreement S ta tes ,  i s  conduc t ing  
a  survey t o  o b t a i n  i n f o rma t i on  on t h e  number and types o f  r a d i o a c t i v e  
m a t e r i a l  shipments made i n  t h e  Un i t ed  S ta tes .  The survey r e s u l t s  w i l l  be 
compi led t o :  1 )  p r o j e c t  t h e  t o t a l  number and c h a r a c t e r i s t i c s  o f  sh i p -  
ments made annua l l y ,  2) p rov i de  a  f a c t u a l  bas i s  f rom which t h e  r a d i a t i o n  
exposure t o  i n d i v i d u a l s  and t h e  p o p u l a t i o n  f rom such shipments can be 
est imated,  3) i nc rease  t h e  unders tanding o f  t h e  t r a n s p o r t a t i o n  p a t t e r n s  
o f  r a d i o a c t i v e  m a t e r i a l s ,  and 4) p r o v i d e  a  f ac tua l  bas i s  f o r  work r e l a t e d  
t o  - i ~ ~ ~ p a c t  statements and p u b l i c  d e l i b e r a t i o n s  concern ing r a d i o a c t i v e  
m a t e r i a l  shipments. 

Ba t t e l l e -No r t hwes t  (Operators  of t h e  Energy Research and Development 
A d m i n i s t r a t i o n ' s  P a c i f i c  Nor thwest  Labora to ry ,  ERDA-PNL) has been con t rac ted  
t o  survey a  sample o f  l i censees  t r a n s p o r t i n g  r a d i o a c t i v e  m a t e r i a l s .  You 
have been randomly se l ec ted  t o  p a r t i c i p a t e  i n  t h i s  survey by supp l y i ng  
da ta  t h a t  w i l l  be combined w i t h  s i m i l a r  da ta  submi t ted  by severa l  hundred 
o t h e r  sampled l i censees .  We hope you w i l l  t a ke  t h e  t ime  t o  p r o v i d e  us w i t h  
t h i s  i n f o r m a t i o n  which w i l l  be used and pub l i shed  i n  sunimary form o n l y .  
To h e l p  ensure t h e  p r o t e c t i o n  o f  any data t h a t  m igh t  be "company c o n f i -  
d e n t i a l " ,  p lease i n d i c a t e  t h e  p o r t i o n s  of  t h e  i n f o r m a t i o n  t h a t  should  be 
t r e a t e d  as p r o p r i e t a r y  p l u s  a p p r o p r i a t e  reasons f o r  your  reques t .  

I f  you have any ques t ions  about t h e  survey o r  t h e  a t tached  ques t i onna i r e  
p lease  c o n t a c t  e i t h e r  Dr. James H. J a r r e t t  (509-942-3308) a t  PNL o r  
Dr. Anthony N. Tse (301-443-6910) a t  NRC. Your coope ra t i on  i n  p r o v i d i n g  
t h e  necessary i n f o r m a t i o n  by J u l y  25, 1975, w i l l  be g r e a t l y  apprec ia ted .  
Please r e t u r n  t h e  q u e s t i o n n a i r e  t o  Dr .  J a r r e t t  us i ng  t h e  m a i l i n g  envelope 
p rov ided  i n  t h i s  packet .  P lease m a i l  any c l a s s i f i e d  i n f o r m a t i o n  sepa ra te l y  
f o l l o w i n g  a p p r o p r i a t e  m a i l i n g  procedures t o :  B a t t e l l e  Memorial I n s t i t u t e ,  
A t t n .  Technica l  I n f o r m a t i o n  Sect ion,  P a c i f i c  Northwest Laboratory ,  P. 0. 
Box 999, Rich land,  WA 99352. 

Thank you. 

Attachments 

1. Exp lana t i on  o f  Q u e s t i o n n a i r e  
2. I n s t r u c t i o n s  
3. Table  1  
4. Tab le  2  
5. Table  3 
6. Sample Ques t i onna i r e  
7. Return Envelope 

Rober t  F.  Barker,  Ch ie f  
T ranspo r t a t i on  and Product  

Standards Branch 
Of f i ce  of Standards Development 
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Attachment 1  

QUESTIONNAIRE EXPLANATION 

Please complete t he  at tached ques t ionna i re  w i t h  your  bes t  es t imate  o f  t h e  
i n fo rma t i on  f o r  a1 1  r a d i o a c t i v e  m a t e r i a l s :  1  ) shipped by you t o  someone 
e l s e  ( i n c l u d i n g  expor ts ) ,  2)  imported by you, o r  3 )  t ranspor ted  by you f o r  
your  own use ou ts ide  o f  your  f a c i  1  i t y  on pub1 i c  roads ( i  .e., rad iography 
o r  we l l - l ogg ing  sources) du r i ng  t h e  most recen t  ( w i t h i n  t h e  l a s t  18 months) 
1  -year per iod .  I f  you have made no r a d i o a c t i v e  m a t e r i a l  shipments w i t h i n  
t he  l a s t  18 months, please p lace  an X i n  t he  app rop r i a te  box a t  t h e  t o p  o f  
Table 1  and r e t u r n  as i n d i c a t e d  i n  t h e  l e t t e r .  

Note t h a t  t h e  terms "consignment" and "package" have been used i n  t h e  
ques t ionna i re .  The de f - in i  t i o n s  o f  consignment and package, as used here, 
are: 

Consignment - a  package o r  group o f  packages being shipped, 
under one sh ipp ing  paper, f rom one p lace  t o  
another.  

Package - a  box, drum, can, c y l i n d e r ,  o r  se r i es  o f  
conta iners,  one i n s i d e  the  other ,  i n  which 
t h e  r a d i o a c t i v e  ma te r i a l  i s  shipped. 

The ques t ionna i re  i s  d i v i d e d  i n t o  t h r e e  tab les  (Attachments 3-5) and t h e  
columns i n  each t a b l e  a r e  expla ined i n  t h e  I n s t r u c t i o n s  (Attachment 2); 
a  p a r t i a l  l y  completed Sample Quest ionna i re  (Attachment 6 )  i s  a1 so prov ided 
f o r  guidance. 



Attachment 2 

INSTRUCTIONS 

Table 1 -Information on Quantity and Form for Each Radionuclide Shipped 

Col umn 

1-1 The symbol and atomic number o f  the  rad ioac t i ve  ma te r i a l  shipped by you. Also,  where 
appropr iate,  i d e n t i f y  the  spec ia l  na ture  o f  t he  ma te r i a l  us ing the  f o l  lowing symbols: 

Symbol 

E  = 
FF = 
LS = 
MC = 
MF = 
SF = 
W =  

Explanat ion 

Exempt 
Fresh Reactor Fuel 
Low Spec i f i c  A c t i v i t y  Ma te r i a l s  
Mixed Corrosion Products 
Mixed F i ss ion  Products 
Spent o r  I r r a d i a t e d  Reactor Fuel 
Waste 

Number o f  packages shipped dur ing  a  year.  

Tota l  cu r i es ;  i f  the  rad ioac t i ve  ma te r i a l  i s  Pu, U  (depleted, na tu ra l ,  low o r  h i g h l y  
enr iched) ,  o r  Th, i n d i c a t e  t he  amount i n  grams shipped per year.  

Average cu r i es  per package; i f  the rad ioac t i ve  ma te r i a l  i s  Pu, U (depleted, n a t u r a l ,  low 
o r  h i g h l y  enr iched) ,  o r  Th, i n d i c a t e  t he  amount i n  grams. 

The maximum amount of  cu r i es  shipped i n  a  s i n g l e  package dur ing  a  year; i f  the rad io -  
a c t i v e  ma te r i a l  i s  Pu, 2 3 3 U ,  U (depleted, na tu ra l  o r  h i g h l y  enr iched) ,  o r  Th, i n d i c a t e  
the  amount i n  grams. 

Chemical form o f  the  rad ioac t i ve  ma te r i a l  ( i .e . ,  ch lo r i de ,  oxide, n i t r a t e ,  s a l t ,  e t c . )  

Physical  form o f  t he  rad ioac t i ve  ma te r i a l  us ing the  f o l l o w i n g  symbols: 

DS = D i spe rs ib le  So l i ds  ( i .e. ,  powders) 
G = Gases 
L  = L iqu ids  
NS = Nondispersible So l i ds  

Table 2 - Information Related to Types of Packages 

Types of packages used du r i ng  a  year us ing the f o l l o w i n g  symbols: 

BF = ~ y b e  B ( ~ i s s i l e j  
F  = Exempt 
LQ = Large Quant i ty  
LS = Low S p e c i f i c  A c t i v i t y  

To ta l  number o f  packages (no t  consignments) f o r  each type o f  packaging shipped per year.  

Model number f o r  the  predominant packages 

Table 3 - Information Related to Consignments 

Major mode o f  t r anspo r ta t i on  used t o  sh ip  your consignments. 

To ta l  number o f  consignments (no t  packages) shipped per  year .  

Average number o f  m i l es  t r ave led  per consignment. 

Average number o f  packages shipped per  consignment. 

Aveiage Transpor ta t ion  Index ( T I )  per package ( i .e . ,  t he  number o f  m i l l i r e m s  per hour a t  
3 f e e t  from the  package surface o r ,  f o r  f i s s i l e  ma te r i a l ,  50 d i v i ded  by t he  a l lowable  
f o r  nuc lear  c r i t i c a l i t y  sa fe ty ) .  



SUMMARY QUESTIONNAIRE 

NO SHIPPING ACTIVITIES 

PLEASE ESTIMATE TO THE BEST OF YOUR KNOWLEDGE THE ITEMS INDICATED 
IN THE FOLLOWING TABLES. 

TABLE 1. INFORMATION ON QUANTITY AND FORM FOR EACH RADIONUCLIDE SHIPPED 

A01 1 

A021 

A031 

A04 1 

A06 1 

A06 1 

A071 

A08 1 

A09 1 

A1 01 

A l l 1  

A121 

1-1 

RADIO- 
NUCLIDE 
SHIPPED 

-- -- 

-- 

1-2 

PACKAGES/ 
YEAR 

- 

1-3 1-4  
FORM MATERIALS 

C .  
MAXIMUM/ 
PACKAGE 

- 

- 

-- 

A. 

CHEMICAL 

-- 

QUANTITY OF 

A. 
TOTAL FOR 

1 YEAR 

6 .  

PHYSICAL 

- 

RADIOACTIVE 

6.  
AVERAGE/ 
PACKAGE 

t 



SUMMARY QUESTIONNAIRE 

PLEASE ESTIMATE TO THE BEST OF YOUR KNOWLEDGE THE ITEMS INDICATED 
IN THE FOLLOWING TABLES. 

TABLE 2. INFORMATION RELATED TO TYPES OF PACKAGES 

B o l l  

B02 1 

B03 1 

B041 

BOB1 

BO6l 

B07 1 

8081 

B09 1 

B l O l  

B l l l  

B1 21 

2-3 
MODEL NUMBER FOR 

PREDOMINANT 
PACKAGES 

2- 1 
TYPES OF 

PACKAGES 
SHIPPED 

2- 2 

TOTAL NUMBER OF 
PACKAGES/YEAR 



SUMMARY QUESTIONNAIRE 

PLEASE ESTIMATE TO THE BEST OF YOUR KNOWLEDGE THE ITEMS INDICATED 
IN THE FOLLOWING TABLES. 

TABLE 3. INFORMATION RELATED TO CONSIGNMENTS 

COl 1 

C02 1 

C03 1 

C041 

C061 

C061 

C071 

C08 1 

C09 1 

C101 

C111 

C121 

C131 

C141 

3- 1 

MAJOR 
TRANSP. 

MODE 

3-2 

OF 
CONSIGNMENTS/ 

YEAR 

3-3 

AVERAGE MILES/ 
CONSIGNMENT 

3-4 
AVERAGE NUMBER 

OF PACKAGES/ 
CONSIGNMENT 

3-5 

AVERAGE TI/ 
PACKAGE 



SUMMARY QUESTIONNAIRE 

u SUMMARY QUESTIONNAIRE 
NO SHIPPING ACTNmES 0 

PLEASE ESTIMATE TO THE BEST OF YOUR KNOWLEDGs ;i:E ITEMS INDICATED PLEASE ESTIMATE TO THE BEST OF YOUR KNOWLEDGE THE ITEMS INDICATED n IN  THE FOLLOWINQ TABLES. 0 IN THE FOUOWING TABLES. - 
TABLE 1. INFORMAnON ON QUANTITY AND FORM FOR EACH RADIONUCLIDE SHIPPED TABLE 2. INFORMATION RELATED T 

I 2- 1 I I 
MODEL NUMBER FOR 



SUMMARY QUESTIONNAIRE 

PLEASE ESTIMATE TO THE BEST OF YOUR KNOWLEDGE THE ITEMS INDICATED 
IN THE FOLLOWING TABLES. 

CG9l 

C l  0 1  

C l l l  

C121 

C131 

C141 



SAMPLE 4  - ERDA Ques t i onna i re  Packet 

Cover L e t t e r  

Ques t i onna i re  Exp lana t ion  (Attachment 1  ) 

I n s t r u c t i o n s  (Attachment 2 )  

Blank SNM Ques t i onna i re  Form (Attachment 3 )  

Blank Non-SNM Ques t i onna i re  Form (Attachment 4) 

Sample Ques t i onna i re  (Attachment 5 )  

Return Envelope 

L i s t  o f  ERDA Rec ip ien ts  

Th i s  packet i s  t h e  same as t he  SNM Ques t i onna i re  Packet (Sample 1 )  

except f o r  the cover l e t t e r ,  which was signed by W .  A. Brobst  o f  ERDA; thus, 

o n l y  t he  cover l e t t e r  i s  i nc l uded  i n  t h i s  sample. These packets were sen t  

t o  a l l  ERDA F i e l d  Of f i ce  Managers, who then d i s t r i b u t e d  them t o  t h e i r  con- 

t r a c t o r s .  A lso  inc luded  i s  a  l i s t  o f  the  ERDA F i e l d  O f f i c e s  and Area O f f i c e s  

t h a t  were mai led ques t i onna i re  packets.  



L 
UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

Your h e l p  i s  n e e d r d  i n  a  s u r v e y  

The U .S .  N u c l e a r  ~ e g u l a t o r ~  Commission (NRC) , i n  c o r ! r n r a t i o n  w i t h  t h e  Energy  
Research  and Developrncnt  A d : i : i n i s t r a t i o n ,  t h e  Depar t~ ; : ; .~~ t  o f  T r a n s p o r t a t i o n  
(DOT) and t h e  Agreement S t a t e s ,  i s  conduc t i ! !g  a  s u r v e y  t o  o b ~ a i n  i n f ~ r - n ~ ~ ~ t i c n  
on t h e  number and t y p e s  o f  r a d i o a c t i v e  r n ~ r . e r i a 1  s h i p n ~ e n l s  made i n  t h e  L!?i:ed 
S t a t e s .  The s u r v e y  r e s u l t s  w i l l  be c o n ~ p i l e d  t o :  1  ) p r o j e c t  t h e  t o t a l  n u l l . x r  
and characteristics o f  sh ipments  made a n n v a l l y ,  2 )  ; l r o v i d e  a  f a c t u a l  h a s i s  
f r o m  w h i c h  t h e  r a d i a t i o n  exposure  t o  i n d i v i d u a l s  and tr;e p o ~ u l a t i o n  f ~ - v , ~  itch 
sh ipments  can be e s t i m a t e d ,  3 )  i n c r e ? s e  t h e  u n d e r s t a n d i n g  c f  t h e  t ran_c l )u t - ta -  
t i o n  p a t t e r n s  o f  r a d i o a c t i v e  m a t e r i a l s ,  and 4 )  p r o v i d e  a  f a c t l r a l  b a s i s  f o r  
work r e l a t e d  tcr i m p a c t  s t a t e m e n t s  and p u b l i c  d e l i b e r a t i o n s  c o n c e r n i n g  r a d i o -  
a c t i v e  m a t e r i a l  sh ipments .  

B a t t e l  l e - N o r t h w e s t  ( O p e r a t o r s  o f  t h e  Enercjv Research  2nd Development Adi l i in i  s -  
t r a t i o n ' s  P a c i f i c  N o r i l l w e s t  Lab?'-;tory, CRDA-PNL) has been c o n t r a c t e d  t o  s u r -  
vey s h i p p e r s  o f  r a d i o a c t i v e  ma e l i a l s .  You have been s e l e c t e d  t o  p a r t i c i p a t e  
i n  t h i s  s u r v e y  b y  s u p p l y i n g  d a - a  t h a t  w i l l  be col i(t l iaed w i t h  s i m i l a r  d a t a  sub- 
m i t t e d  b y  s e v e r a l  hundred  sanipled l i c e n s e e s .  P l e a s e  t a k e  t h e  t i m e  t o  p r o v i d e  
us  w i t h  t h i s  i n f o r m a t i o n  w h i c h  w i l l  be used  and p u b l i s h e d  i n  s u m a r y  f o r m  o n l y .  

I f  y o u  have any q u e s t i o n s  a b o u t  t h e  s u r v e y  o r  t h e  a t t a c h e d  q u e s t i o n n a i r e  
p l e a s e  c o n t a c t  e i t h e r  D r .  James H. J a r r e t t  (509-942-3308) a t  PNL o r  T .  L .  Duncke l  
(301-973-5361) a t  ERDA. Your c o o p e r t i t i o n  i n  p r o v i d i n g  t h e  n e c e s s a r y  i r~ fo r l r ia t , ion  
by  J u l y  25, 1975, w i l l  be g r e a t l y  a p ~ ~ r e c i a t e d .  P l e a s e  r e t u r n  t h e  q u e s t i o n n a i r e  
t o  Dr .  J a r r e t t  u s i n g  t h e  i ~ i a i l i n g  e n v e l o p e  p r o v i d e d  i n  t h i s  packet. and send a  
copy o f  y o u r  response  t o  rrie. P l e a s e  p r e p a r e  i n f o r m a t i o n  on c l a s s i f i e d  ~ h i p r ~ i e n t s  
f o r  an u n c l a s s i f i e d  p r e s e n t a t i o n .  

Thank y o u .  

S i n c e r e l y ,  

W i l l i a m  A.  B r o b s t ,  C h i e f  
D i v i s i o n  E n v i r o n m e n t a l  C o n t r o l  

T e c h n o l o g y  

1. Q u e s t i o n n a i r e  E x p l a n a t i o n  
2 .  I n s t r u c t i o n s  
3. Q u e s t i o n n a i r e  on S p e c i a l  

N u c l e a r  M d t e r i a l  
4 .  Q u e s t i o n n a i r e  on R a d i o a c t i v e  

M a t e r i a l  o t h e r  Than S p e c i a l  
N u c l e a r  M a t e r i a l  

5. Sample Q u e s t i o n n a i r e  
6. R e t u r n  Enve lope  



DISTRIBUTION 



DISTRIBUTION 

No. o f  
Copies 

EKDA Chicago Patent  Group 
9800 S. Cass Avenue 
Argonne, I L  60439 

A. A .  Churm 

U.S.  Nuclear Regulatory  Commission 
Cent ra l  Ma i l  and F i l e s  
Washington, DC 20555 

Mary J i nks  

USNRC D i v i s i o n  o f  Engineer ing Standards 
Washi ngton, DC 20555 
Ch ie f ,  T ranspo r ta t i on  and Product Standards Branch 

R .  F. Barker 

2 7 ERDA Technica l  I n fo rma t i on  Center 
NT I S 

1 ERDA D i v i s i o n  of Biomedical and Environmental Research 
Gerniantown Headquarters Bui 1 d i  nq 
German town, MD '20545 

J .  N .  Maddox 

OFFSITE 
AND 

ONSITE -- 

1 

ERDA D i v i s i o n  o f  Environmental Cont ro l  Technology 
Century O f f i c e  B u i l d i n g  

W .  A .  Brobst ,  Ch ie f  T ranspo r ta t i on  Branch 
T. L .  Dunkel, T ranspo r ta t i on  Branch 

Sandi a La bora t o r  i es 
A1 buquerque, NM 

R .  Luna 

1 ERDA R ich land  Operat ions Of f i ce  

B. J .  Me l ton  



ONS ITE 

44 

DISTRIBUTION (contd) 

Battelle-Northwest 

M .  0.  Cloninger ( 4 )  R .  E .  Nightingale 
B. M .  Cole J .  L .  Simmons (18) 
P .  J .  Dionne J .  R .  Sletager 
J .  H .  J a r r e t t  ( 2 )  D .  L .  Williams 
R .  J .  Hall B N W  Technical Information Files ( 3 )  
A .  E.  Medford 
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EXPLANATION FOR USE OF REPORTS X.H, X I I I . H ,  AND X1V.H 

Repor ts  X.H, X I I I .H ,  and X1V.H c o n t a i n  t h e  d a t a  f rom a l l  o f  t h e  D e t a i l e d  Ques t ion -  
n a i r e s ,  e x t r a p o l a t e d  t o  annual t o t a l s  f o r  t h e  l i c e n s e e s  and ERDA c o n t r a c t o r s  responding 
t o  t h e  survey.  No a t t e m p t  has been made t o  e x t r a p o l a t e  t h e  d a t a  from t h e  D e t a i l e d  
Q u e s t i o n n a i r e 3  t o  any t o t a l  p o p u l a t i o n  (see Sec t ions  4  and 5  f o r  d i s c u s s i o n ) .  

Repor t  X.H 1  i s t s  t h e  d a t a  f r o m  t h e  Non-SNM/Source M a t e r i a l  da ta  base ( D e t a i l e d  
Q u e s t i o n n a i r e s )  f o r  a1 1  t r a n s p o r t a t i o n  modes combined s o r t e d  by r a d i o n u c l i d e  v e r t i -  
c a l l y  i n  a l p h a b e t i c a l  o r d e r  and by c u r i e s  p e r  package range. Note t h a t  t h e  l e t t e r  "M" 
' o l l ow ing  t h e  n u c l i d e  name i n d i c a t e s  t h e  metas tab le  f o r m  o f  t h e  i s o t o p e .  The s i x  ranges 
)f c u r i e s  p e r  package l i s t e d  i n  t h e  column headings a r e  based on Department o f  Transpor-  
a t i o n  (DOT) d e f i n i t i o n s  o f  Type A  and Type B  amounts o f  r a d i o a c t i v e  m a t e r i a l  f o r  t h e  

" a r i o u s  t r a n s p o r t  groups (49 CFR 173.389, 390, 391) p e r t i n e n t  t o  t h i s  survey.  The num- 
her  o f  packages (PKGS) l i s t e d  under each c u r i e  range rep resen ts  t h e  number o f  packages 
;hipped which con ta ined  t h e  cor responding r a d i o n u c l i d e  i n  an amount w i t h i n  t h e  range 
i n d i c a t e d .  The number o f  packages l i s t e d  i n  a l l  cases i s  t h e  number ob ta ined  by e x t r a p -  
o l a t i n g  t h e  d a t a  l i s t e d  on each D e t a i l e d  Q u e s t i o n n a i r e  t o  a  u n i f o r m  one-year p e r i o d  (see 
" C a l c u l a t i o n s  f o r  Computer Reports ," Appendix B). A1 1  o t h e r  average and t o t a l  va lues 

,assoc ia ted  w i t h  these packages a r e  based on t h i s  annual e x t r a p o l a t i o n .  The second i t e m  
(MILES/PKG) l i s t e d  under each c u r i e  range i s  t h e  average d i s t a n c e  i n  m i l e s  t h a t  t h e  i n d i -  
ca ted  packages t r a v e l e d  f rom o r i g i n  t o  d e s t i n a t i o n .  The t h i r d  i t e m  l i s t e d  under each 
c u r i e  range i s  t h e  average t r a n s p o r t  index (TI/.PKG) assoc ia ted  w i t h  t h e  number o f  pack- 
ages l i s t e d .  Not  a l l  o f  t h e  packages had a  T I  l i s t e d  w i t h  them ( t h e  T I  column was l e f t  
b l a n k  on t h e  q u e s t i o n n a i r e  form). The a c t u a l  ( e x t r a p o l a t e d )  number of packages on which 
t h e  average T I  was based i s  l i s t e d  as t h e  f o u r t h  i t e m  ( T I  PKGS) under each c u r i e  range. 

The l a s t  f o u r  columns on Repor t  X . H  l i s t  t h e  t o t a l s  f o r  t h e  i n d i c a t e d  packages 
summed over  a l l  s i x  c u r i e  ranges. The t o t a l  number of packages i s  s i m p l y  t h e  a r i t h m e t i c  
sum o f  t h e  number o f  packages l i s t e d  i n  each of t h e  s i x  c u r i e  ranges. The T o t a l  T I  
l i s t e d  i s  ob ta ined  by m u l t i p l y i n g  t h e  number of packages ( f i r s t  i t e m )  under each c u r i e  
range t imes t h e  assoc ia ted  average T I  p e r  package ( t h i r d  i t e m )  f o r  each of t h e  s i x  c u r i e  
ranges and surr~ming t h e  r e s u l t s .  T h i s  procedure assumes t h a t  t h e  packages, which had no 
T I  a s s o c i a t e d  w i t h  them i n  each c u r i e  range, a r e  ass igned t h e  average T I  p e r  package f o r  
t h e  r e s p e c t i v e  c u r i e  range. The t o t a l  d i s t a n c e  i n  m i l e s  which t h e  i n d i c a t e d  packages 
t r a v e l e d  f rom o r i g i n  t o  d e s t i n a t i o n  i s  ob ta ined  by m u l t i p l y i n g  t h e  number o f  packages i n  
each c u r i e  range ( f i r s t  i t e m )  by t h e  average m i l e s  p e r  package i n  t h e  same c u r i e  range 
(second i t e m )  and summing t h e  r e s u l t s  o v e r  a1 1  s i x  c u r i e  ranges. The t o t a l  c u r i e s  con- 
t a i n e d  i n  t h e  t o t a l  packages a r e  l i s t e d  i n  t h e  l a s t  column. The o v e r a l l  average T I  p e r  
package, m i l e s  t r a v e l e d  p e r  package, and c u r i e s  p e r  package may be determined f o r  any 
l i n e  e n t r y  by  d i v i d i n g  t h e  i n d i c a t e d  t o t a l  T I  o r  t o t a l  m i l e s  by t h e i r  a s s o c i a t e d  t o t a l  
number o f  packages. The o v e r a l l  t o t a l s  f o r  a l l  n u c l i d e s  of t h e  l a s t  f o u r  columns appear 
i n  t h e  l a s t  l i n e  o f  Repor t  X.H. 

For  an example o f  t h  i n f o r m a t i o n  a v a i l a b l e  f rom Repor t  X.H, c  n s i d e r  t h e  t h i r t y -  
second l i n e  o f  da ta ,  t h e  %OCO e n t r y .  I n  t h i s  l i n e  t h e r e  a r e  2772(a7 packages o f  6 0 ~ 0  
i n d i c a t e d ,  each c o n t a i n i n g  l e s s  than  o r  equal  t o  0.001 C i  ( f i r s t  c u r i e  range) o f  6 0 ~ 0 .  
These packages t r a v e l e d  an average of 446 m i l e s  f r o m  o r i g i n  t o  d e s t i n a t i o n  and t h e  average 
T I  p e r  package was 0.1 1  (1  .1 E-01) based on 1368 o f  t h e  2772 packages. There a r e  1646 
packages i n d i c a t e d  c o n t a i n i n g  an amount of 6 0 ~ 0  w i t h i n  t h e  second c u r i e  range ( g r e a t e r  
than 0.001 C i  and l e s s  than  o r  equal  t o  3.0 C i ) .  These were shipped an average d i s t a n c e  
o f  792 m i l e s  from o r i g i n  t o  d e s t i n a t i o n .  The average T I  p e r  package was 18 (1 .8  E+01) 
based on 1085 o f  t h e  1646 packages i n  t h i s  range. There a r e  322, 52, 48, and 154 packages 

( a )  Numeric va lues a r e  quoted here w i t h  up t o  seven s i g n i f i c a n t  f i g u r e s  o n l y  as an a i d  i n  
f i n d i n g  t h e  numbers on t h e  computer r e p o r t s .  



i n d i c a t e d  i n  t he  t h i r d ,  f o u r t h ,  f i f t h ,  and s i R t h  c u r i e  ranges, r e s p e c t i v e l y .  Each o f  
these e n t r i e s  i n  t he  t h i r d  through s i x t y  columns a l s o  have t he  assoc ia ted  average m i l e s  
and T I  pe r  package l i s t e d .  The ex t r apo la ted  t o t a l  number of packa es o f  6 0 ~ o  i n d i c a t e d  
i n  t he  "To ta l  Packages" column i s  4996. (Note t h a t  t he  number of ZoCo packages l i s t e d  
under each o f  the  s i x  c u r i e  i n t e r v a l s  add t o  a  t o t a l  o f  4994 packages. The d i f f e r e n c e  
between t h i s  sum and t h e  t o t a l  packages 1  i s t e d  i s  due t o  roundoff d i f f e rences  i n  t he  
independent ex t r apo la t i ons .  ) These packages were shipped a  t o t a l  o f  3,210,630 m i l e s  
from o r i g i n  t o  d e s t i n a t i o n .  T h e i r  t o t a l  T I  was 32,703.7 (3.27037Et04) and t o t a l  6 0 ~ 0  
con ten t  was 2,520,050 C i .  From the  e n t r i e s  i n  the l a s  f o u r  columns, i t  can be d e t e r -  
mined t h a t  t h e  o v e r a l l  average d i s t ance  t r a v e l e d  by a  i°Co package was 643 m i l e s  per  
package (3,210,630 m i l e s  t 4996 packages), t h e  o v e r a l l  average T I  pe r  6 0 ~ o  packages 
was 6.5 (32,703.7 t 4996), and t he  average 6 0 ~ 0  package con ten ts  was 504 C i  (2,520,050 : 
4996). 

F u r t h e r  i n f o r m a t i o n  may be ob ta ined  by summing t he  number of packages l i s t e d  under 
t h e  c u r i e  range up t o  and i n c l u d i n g  t h e  1  i m i t i n g  amount f o r  Type A  o r  Type B q u a n t i t y  
s p e c i f i c a t i o n .  The l i m i t s  f o r  6 0 ~ 0  a r e  (49CFR173.389,390), 3.0 C i  o r  l e s s  f o r  Type A, 
and r e a t e r  than  3.0 b u t  l e s s  than  o r  equal t o  200 C i  f o r  Type B. The number o f  packages a of 6  Co i n d i c a t e d  on Report  X.H which con ta ined  3.0 ( o r  l e s s )  C i  i s  2772 p l u s  1646 ( those  
l i s t e d  i n  t he  f i r s t  and second c u r i e  ranges) o r  4418 packages. The number o f  packages 
t h a t  con ta ined  Type B amounts o f  6 0 ~ 0  i s  322 p l u s  52 ( t h e  t h i r d  and f o u r t h  c u r i e  ranges) 
o r  374. The remain ing 202 ( f i f t h  p l u s  t he  s i x t h  c u r i e  range e n t r i e s )  packages conta ined 
Large Q u a n t i t y  (49CF~173.389) amounts o f  6 0 ~ 0 .  Parametr ic  va lues can a l s o  be ob ta ined  
f rom the  l a s t  f o u r  columns. T o t a l  o r  average cu r i e -m i l es  o r  T I - m i l e s  can be c a l c u l a t e d  
by m ~ ~ l t i p l y i n g  o r  d i v i d i n g  t h e  va lues from t h e  proper  columns. A l l  of t he  above in forma-  
t i o n  can be e x t r a c t e d  f rom Report  X .H  f o r  each r a d i o n u c l i d e  l i s t e d .  

The v e r y  l a s t  l i n e  on Report  X.H l i s t s  t h e  o v e r a l l  t o t a l s  o f  t he  l a s t  f o u r  t o t a l  
columns. The t o t a l s  i n d i c a t e  t h a t  t h e  1  icensees and c o n t r a c t o r s  responding w i t h  D e t a i l e d  
Ques t i onna i r es  shipped 778,752 packages con ta i n i ng  a  t o t a l  of 14,089,600 C i .  These packages 
t r a v e l e d  a  t o t a l  o f  528,007,796 m i l e s  and t h e i r  t o t a l  T I  was 1,146,180. 

The same type  o f  i n f o r m a t i o n  i s  a v a i l a b l e  f o r  t h e  SNM/Source M a t e r i a l  nuc l i des  
l i s t e d  i n  Reports XI I1 .H and X1V.H. Report  X1V.H con ta ins  t h e  i n f o rma t i on  f rom the  SNM/ 
Source M a t e r i a l  da ta  base which.was c o n v e r t i b l e  from gram i n v e n t o r i e s  t o  c u r i e s  t o  more 
c l e a r l y  r e f l e c t  DOT package type  d e f i n i t i o n s  by ( c u r i e )  package con ten ts .  Report  X1V.H 
i s  i d e n t i c a l  i n  format  t o  Report  X.H except  t h a t  a  f i f t h  "To ta l s "  column has been added 
i n d i c a t i n g  the  i n v e n t o r y  t o t a l s  i n  grams f o r  each nuc l i de .  Report  XI I1 .H con ta i ns  t h e  
remain ing da ta  f rom the  SNM/Source M a t e r i a l  da ta  base t h a t  cou ld  n o t  be conver ted f rom 
gram i n v e n t o r i e s  t o  c u r i e s ,  s i nce  no decay h a l f - l i f e  i s  a v a i l a b l e  f o r  t h e  package con ten ts  
invo lved .  Report  XI I1.H i s  s i m i l a r  t o  Report  X.H, however t he  package con ten ts  ranges and 
i n v e n t o r y  t o t a l s  a re  i n  grams and do n o t  r e f l e c t  DOT package type  des igna t ions .  Reports 
XII1.H and X1V.H combined con ta i n  t he  t o t a l  SNM/Source M a t e r i a l  da ta  base. 

Note t h a t  the  r a d i o n u c l i d e  symbols i n  Repor t  X1V.H such as "U235A" i n d i c a t e  p a r t i c u -  
l a r  enr ichments o f  2 3 5 ~  w h i l e  o t h e r  symbol s  such as "UP229C" represen t  uranium-plutonium 
mix tu res .  See Pages A-8 through A-10, Appendix A, under t he  subheading "Column 7A" f o r  
an exp lana t i on  and example o f  these symbols and amounts; a l s o  see Table  4.4, Sec t ion  4. 
The c u r i e  and gram amounts l i s t e d  f o r  enr i ched  uranium i n  Report  X1V.H a r e  c u r i e s  o r  
grams o f  23% w h i l e  t he  c u r i e  and gram amounts l i s t e d  f o r  uranium-plutonium m ix tu res  
a re  c u r i e s  o f  p lu ton ium b u t  a re  grarlis o f  the m i x tu re .  

The symbols f o r  i r r e g u l a r  n u c l i d e  des igna t ions  i n  Reports X.H, X I I I . H ,  and 
X1V.H a r e  i n t e r p r e t e d  as fo l l ows :  



E C ( ~ )  = empty c o n t a i n e r  (some were contaminated) 
MC = mixed c o r r o s i o n  products  
MF = mixed f i s s i o n  p roduc ts  
PU = p lu ton ium ( i s o t o p e  unknown) 
SF = spent fue l  
TH = tho r ium ( i s o t o p e  unknown) 
LIP = uranium/plutonium m i x t u r e  ( i so topes  and r a t i o s  unknown) 
UN = n u c l i d e  i s  unknown 
U = uranium ( i  sotope unknown) 
W = waste ( na tu re  unknown) 

The i n f o rma t i on  conta ined i n  Reports X.H, XI I1 .H and X1V.H i s  s o r t e d  by t r anspo r -  
t a t i o n  modes' in Reports X.A through G, X I I1 .A through D and F, and X1V.A through G i n  
Appendix B. Reports XII1.A through H c o n t a i n  t h e  da ta  f rom the  SIVM/Source M a t e r i a l  
da ta  f i l e  t h a t  cou ld  n o t  be conver ted from gram i n v e n t o r i e s  t o  c u r i e  i n v e n t o r i e s  such 
t h a t  t h e  sum of Repor t  Ser ies  XI11 and X I V  c o n t a i n  a l l  o f  t h e  da ta  from t h e  SNM/Source 
M a t e r i a l  da ta  f i l e .  

( a )  A va lue  o f  e i t h e r  1  m i c r o c u r i e  o r  1 microgram was ass igned as t h e  con ten ts  o f  empty 
con ta i ne rs  (EC) t o  avo id  t h e  p o s s i b i l i t y  o f  d i v i s i o n  by zero i n  computer c a l c u l a -  
t i o n s .  T h i s  was l a t e r  found t o  be unnecessary, however t h e  ass igned va lues were 
n o t  co r rec ted .  To determine t h e  average c u r i e s  o r  grams of con tamina t ion  per  EC, 
m u l t i p l y  t he  t o t a l  number o f  EC packages by 1  m i c r o c u r i e  ( f o r  Report  Ser ies  X.A-H) 
o r  1  microgram ( f o r  Report  Se r i es  XI I1 .A-h)  and s u b t r a c t  t h i s  va lue from t h e  t o t a l  
c u r i e s  o r  grams l i s t e d .  Then d i v i d e  t h e  remainder by  t h e  t o t a l  number o f  packages. 
For  example, f rom Report  X.H, t h e  average contaminat ion pe r  empty c o n t a i n e r  i s  
0.023 C i  p e r  package: 

44.282 C i  - [ ( I 9 0 5  packages) ( 1 0 ' ~  C i  pe r  package)] = 0.023 Ci per package 

1905 packages 

The na tu re  o f  t h e  con tamina t ion  was, i n  a l l  cases, n o t  a v a i l a b l e .  

ERRATA 

The e n t r i e s  f o r  2 3 8 ~ u  (2nd l i n e  o f  da ta )  and 2 3 1 ~  (23rd  l i n e  of da ta )  
i n  Report  X1V.H c o n t a i n  e r r o r s .  These e r r o r s  a r e  d iscussed i n  d e t a i l  on 
Page B- i  o f  Appendix B. 




