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SURVIVBZ. OF THE RELOCATED POPULATION 
OF THE U.S. AFTER A NUCLEAR ATTACK 

C. M. Haaland, C.  V.  Ches te r ,  and E. P.  Wigner 

ABSTRACT 

The f e a s i b i l i t y  of cont inued  s u r v i v a l  a f t e r  a hypo- 
t h e t i c a l  nuc lea r  a t t a c k  i s  eva lua ted  f o r  people  r e l o c a t e d  
from h igh- r i sk  areas dur ing  t h e  crisis pe r iod  b e f o r e  
t h e  a t t a c k .  The a t t a c k  c o n s i s t s  of 6559 MT, of which 
5951 MT a re  ground b u r s t s ,  on m i l i t a r y ,  i n d u s t r i a l ,  and 
urban t a r g e t s .  Relocated people  are assumed t o  b e  
adequa te ly  p r o t e c t e d  from f a l l o u t  r a d i a t i o n  by s h e l t e r s  
of  v a r i o u s  k inds .  The major problems i n  t h e  p o s t a t t a c k  
s i t u a t i o n  w i l l  be t h e  c o n t r o l  of exposure t o  f a l l o u t  
r a d i a t i o n ,  and p reven t ion  of s e v e r e  food shor t ages  t o  
s e v e r a l  t e n s  of m i l l i o n s  of people .  A reserve of 
several m i l l i o n  a d d i t i o n a l  dos imeters  is recommended t o  
p rov ide  c o n t r o l  of r a d i a t i o n  exposure.  Wr i t t en  i n s t r u c -  
t i o n s  should be  provided w i t h  each on t h e i r  u se  and 
t h e  e v a l u a t i o n  of  t h e  hazard.  Adequate food r e s e r v e  
exists i n  t h e  U.S. i n  t h e  form of g r a i n  s t o c k s ,  b u t  a 
v igorous  sh ipp ing  program would have t o  be  i n i t i a t e d  
w i t h i n  two o r  t h r e e  weeks a f t e r  t h e  a t t a c k  t o  avoid  
l a r g e  scale s t a r v a t i o n  i n  some areas. I f  t h e  a t t a c k  
occurred  i n  June when c rops  on t h e  average  are t h e  most 
v u l n e r a b l e  t o  f a l l o u t  r a d i a t i o n ,  t h e  c rop  y i e l d  could 
be  reduced by about  one- th i rd  t o  one-ha l f ,  and t h e  
e f f e c t s  on c rops  of p o s s i b l e  inc reased  u l t r a v i o l e t  
r a d i a t i o n  r e s u l t i n g  from ozone l a y e r  d e p l e t i o n  by 
n u c l e a r  d e t o n a t i o n s  may f u r t h e r  i n c r e a s e  t h e  l o s s .  
About 80% of t h e  U.S. crude  r e f i n i n g  c a p a c i t y  and 
n e a r l y  a l l  o i l  p i p e l i n e s  would be e i t h e r  des t royed  o r  
i n o p e r a t i v e  du r ing  t h e  f i r s t  several weeks a f t e r  a n  
a t t a c k .  However, a few b i l l i o n  g a l l o n s  of d i e s e l  f u e l  
and g a s o l i n e  would s u r v i v e  i n  tank  s t o r a g e  throughout  
t h e  count ry ,  more t h a n  enough f o r  t r a i n s  and t r u c k s  t o  
accomplish t h e  g r a i n  shipments  r e q u i r e d  f o r  s u r v i v a l .  
R e s u l t s  oE a computer program t o  minimize t h e  ton-miles 
of  shipments of g r a i n  between Business  Economic Areas 
(BEAs) i n d i c a t e  t h a t  less t h a n  2% of t h e  1970 r a i l  
sh ipp ing  c a p a c i t y ,  o r  less t h a n  6% of t h e  1970 t r u c k  
sh ipp ing  c a p a c i t y  would be  adequate  t o  c a r r y  o u t  t h e  
necessa ry  g r a i n  shipments .  
f e d e r a l  government throughout  t h e  a t t a c k  and p o s t a t t a c k  
p e r i o d  i s  essential t o  c o o r d i n a t e  t h e  wide-scale  i n t e r s t a t e  
s u r v i v a l  a c t i v i t i e s .  

The c o n t i n u i t y  of a s t r o n g  
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1. INTRODUCTION 

* 
This report. describes research performed at ORNL f o r  IICPA Work 

Unit 35398 titled 3" The objective and scope 

of work for the study are quoted from the Task Order as fo l lows:  

"SCOPE: Given the assumptions that: 

(1) At a time in the not too distant future an 
international nuclear crisis occurred; 

(2) That U.S. Crisis Relocation Plans in accordance 
with currently conceived elements have been implemented; 

( 3 )  That radiological protection has been provided 
and used, again according to currently conceived ideas; 
and 

( 4 )  Thatr a nuclear attack on the U.S. of a magni- 
tude within that considered consistent with current 
SALT weapons limitations has occurred. 

"Define the nature and scope of plans for caring for 
the survivors of the attack, concentrating on those 
personnel who have been relocated into the host areas. 

"The time of consideration for this research effort 
will be from about one day following initiation of the 
nuclear attack until the end of the so-called survival 
period--a few weeks to a few months later. 

"This survival plan shall consider two possibilities: 

(1) The attack occurs in the quite near future, 
therefore only today's resources {i.e., radiological 
instruments, current state of trained personnel, 
warning capabilities, and the like) exist; and 

The attack occurs after a few years of 
modest civil preparedness effort, and therefore 
today's resources could have been augmented accordingly. 

( 2 )  

"The cost/benefits of such augmentation shall be examined. 

'The constituents of these postattack survival plans 
shall include, but not be limited to, the following: 

(1) Radiological exposure control; 

* 
A Glossary of Acronyms for this report begins on page xi. 
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( 2 )  Housing, feeding  , medical  and pub l i c  h e a l t h  

(3)  Organiza t ion  and c o n s t i t u t i o n  of an emergency 

( 4 )  Expedient (and perhaps temporary) soc ia l .  

s e r v i c e s  ; 

l a b o r  f o r c e ;  

and p o 1 i. t i c a l  r eo rgan iza t ion .  

" In  a d d i t i o n  __.--_----I t o  an  overal l .  r e p o r t ,  an e x p l i c i t  ou tput  
of t h e  s tudy  s h a l l  be  a d e f i n i t i o n  of areas where 
a d d i t i o n a l  r e s e a r c h  is  requ i r ed  ( i n c l u d i n g s u g g e s t e d  
Scopes of I--- Work). I '  

___I.._-- 

This  r e p o r t  c o n s i s t s  of  t e n  c h a p t e r s ,  b r i e f l y  o u t l i n e d  as foll.ows: 

Chapter 2 summarizes important  r e s u l t s ,  conc lus ions  and recommendations. 

Chapter 3 d e s c r i b e s  t h e  a t t a c k  scena r io  as s p e c i f i e d  by DCPA, inc lud ing  

t h e  d e t a i l s  of t h e  nuc lea r  a t t a c k  and t h e  l o c a t i o n  of people  under 

r e l o c a t i o n  p lanning .  Chapter 4 d i s c u s s e s  an i d e a l i z e d  f a l l o u t  p a t t e r n  

from t h e  a t t a c k ,  b r i e f l y  reviews t h e  c u r r e n t  U.S. MDEF program, and 

surveys  r a d i o l o g i c a l  monitor ing and c o n t r o l ,  i nc lud ing  t h a t  of t h e  

Sov ie t  Union. Chapter 5 p r e s e n t s  a b r i e f  survey of c u r r e n t  communi- 

c a t i o n s  c a p a b i l i t i e s  i n  the U . S .  followed by a rough estimate of what 

might s u r v i v e  a nuc lea r  a t t a c k ,  t h e  e f f e c t  of EM!?, and what communi- 

c a t i o n s  w i l l  be e s s e n t i a l  f o r  p o s t a t t a c k  s u r v i v a l .  Tn Chapter 6 the  

s t a t u s  of food arid water i n  t h e  U.S, is  reviewed as 'it might e x i s t  

b e f o r e  and a f t e r  t h e  a t t a c k ,  w i th  emphasis on t h e  l o c a t i o n  and q u a n t i t i e s  

of su rv iv ing  g r a i n  s t o c k s  i.11 r e l a t i o n  t o  t h e  d i s t r i b u t i o n  of t h e  su rv iv ing  

r e l o c a t e d  people .  T ranspor t a t ion  c a p a b i l i t i e s  be fo re  and a f t e r  t h e  

a t t a c k  are d iscussed  i n  C h a p t e r  7 with emphasis on t h e  c a p a b i l i t y  of t h e  

t ruck ing  i n d u s t r y  t o  t r a n s p o r t  g r a i n  i n  o r d e r  t o  avert s t a r v a t i o n .  

Petroleum r e s e r v e s ,  r e f i n i n g  and sh ipping  c a p a b i l i t i e s ,  be fo re  and a f t e r  

an  a t t a c k ,  are d i scussed  i n  Chapter 8 p r i m a r i l y  i n  regard  t o  needs f o r  

s u r v i v a l ,  p r i n c i p a l l y  food t r a n s p o r t  and fuel f o r  hea t ing .  Estimates of 

t h e  a d d i t i o n a l  medical  load  brought about by r e l o c a t i o n  of people  fol.l.owed 

by an  a t t a c k  are g iven  i n  Chapter 9 i n  a d d i t i o n  t o  a review of s t a t u s  of 

drug s u p p l i e s .  Requirements €o r  governmental func t lons  and s o c i a l  

s t r u c t u r e  are d iscussed  i n  Chapter 10  e s p e c i a l l y  i n  r e l a t i o n  t o  s u r v i v a l  

c a p a b i l i t y .  The l as t  chap te r  i s  followed by an annotated b ib l iography 
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of about150 reports r e l a t i n g  t o  p o s t a t t a c k  s u r v i v a l  and t h r e e  appendices  

which c o n t a i n  material too  d e t a i l e d  and/or  technical t o  i n c l u d e  i n  the 

main body of the r e p o r t .  
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2. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

2 . 1  summary 

A h y p o t h e t i c a l  nuc lea r  a t t a c k  of 6559 PIT, of which 5951 KC are 

ground b u r s t s ,  i s  assumed t o  s t r i k e  i n d u s t r i a l  and popula t ion  t a r g e t s  i n  

rhe U.S. i n  the  not-too-distant f u t u r e .  I f  t h e  people  i n  h igh - r i sk  

areas are r e l o c a t e d  dur ing  t h e  crisis per iod  preceding t h e  a t t a c k  t o  

r u r a l  s h e l t e r s  where they  are remote from t h e  d i r e c t  e f f e c t s  of nuc lea r  

weapons and p r o t e c t e d  a g a i n s t  f a l l o u t ,  can they  s u r v i v e  through t h e  

f i rs t  few weeks after t h e  a t t a c k ,  u n t i l  recovery  o p e r a t i o n s  are w e l l  

under way? 

The two major t h r e a t s  t o  i n d i v i d u a l  s u r v i v a l  i n  t h e  e a r l y  post-  

a t t a c k  s i t u a t i o n  under t h e s e  circumstances are: (1) excess ive  exposure 

t o  f a l l o u t  r a d i a t i o n  through improper monitor ing and c o n t r o l  of dose;  

and, (2) s h o r t a g e s  of food. 

I n  r ega rd  t o  t h e  f i r s t  t h r e a t ,  t h i s  r e p o r t  reviews e s t a b l i s h e d  

exposure c o n t r o l  g u i d e l i n e s  f o r  f a l l o u t  r a d i a t i o n ,  i nc lud ing  t h e  "penalty" 

t a b l e  r e c e n t l y  publ i shed  by t h e  Na t iona l  Council  on Rad ia t ion  P r o t e c t i o n ,  

and assesses t h e  c a p a b i l i t y  f o r  fo l lowing  them. 

I n  r ega rd  t o  t h e  second t h r e a t ,  t h e  l o c a t i o n  of people  as planned 

w i t h  t h e  c u r r e n t  program and t h e  l o c a t i o n  of g r a i n  s t o c k s  i n d i c a t e s  a 
p o s s i b i l i t y  t h a t  m i l l i o n s  may p e r i s h  from food shor t ages  u n l e s s  food 

shipments are begun w i t h i n  two o r  t h r e e  weeks a f t e r  t h e  a t t a c k .  Su f f i -  

c i e n t  g r a i n  t o  f eed  t h e  e n t i r e  popu la t ion  of t h e  U.S .  f o r  s e v e r a l  months 

t o  more than  a y e a r ,  depending on t h e  season,  e x i s t s  i n  s t o r a g e  i n  t h e  

l oca l  areas where i t  is  produced. When the q u a n t i t y  of g r a i n  i n  s t o r a g e  

is  less t h a n  a y e a r ' s  supply,  t h e r e  i s  adequate  g r a i n  growing i n  t h e  

f i e l d s ,  much of  which can  be ha rves t ed  wi th  l i t t l e  r a d i a t i o n  hazard t o  

a g r i c u l t u r a l  workers  i f  a p p r o p r i a t e  p recau t ions  are taken .  If t h e  

a t t a c k  occur s  i n  June,  when c rops  are on t h e  average  most v u l n e r a b l e  t o  

f a l l o u t  r a d i a t i o n ,  about  one- th i rd  t o  one-half of t h e  annual  c rop  y i e l d  

could  be  des t royed .  Add i t iona l  crop f a i l u r e  could occur  due t o  inc reased  

u l t r a v i o l e t  r a d i a t i o n  r e s u l t i n g  from d e p l e t i o n  of t h e  ozone layer. 
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The shipment of g r a i n  t o  d e f i c i t  areas w i l l  r e q u i r e  n o t  more t h a n  

22 o f  t h e  1970  r a i l  s h i p p i a g  c a p a b i l i t y  more than  6% of t h e  Lrucking 

c a p a b i l i t y ,  and s u f f i c i e n t  reserve petroleum wi1.1. survive t o  accotnplish 

t h i s  shipment. 

The s u r v i v a l  of communications, t r a n s p o r t a t i o n ,  petroleum, e lectr i -  

c a l  power, and t h e  requirements  f o r  medical  a i d  are surveyed and a s s e s s e d  

o n l y  as f a r  as they  are necessary  t o  a s s u r e  survival .  of the r e l o c a t e d  

popula t ion  through t h e  f i r s t  few weeks a f t e r  t h e  n u c l e a r  a t t a c k .  The 

r e s u l t s  a t  t h i s  assessment are summarized i n  Table  2.1. 

C i t i z e n s '  Band r a d i o s  w i l l  probably s u r v i v e  i n  numbers adequate  f o r  

c r i t i c a l  c i v i l i a n  communications e In 1973,  t h e r e  were approximately 4 

m i l l i o n  CB t r a n s m i t t e r s  i n  t h e  U.S . ,  and t h i s  number may double  by 1977.  

Shipment of food and o t h e r  c r u c i a l  s u p p l i e s  w i . 1 1  use  p r i m a r i l y  t r u c k s  

and t r a i n s ,  of which a t  least  60% may be  expected t o  s u r v i v e  because o f  

r e l o c a t i o n  measures t a k e n  dur ing  t h e  crisis per iod .  Ships  and barges  

may n o t  be v e r y  u s e f u l  i n  t h e  f i r s t  few weeks a f te r  t h e  a t t a c k  because 

of f a l l e n  b r i d g e s  and des t royed  l o c k s  and docks, a l though t h e  vessels 

themselves may s u r v i v e  because of cr is is  per iod  a c t i o n .  O i l  p i p e l i n e  

t e r m i n a l s  w i l l  be damaged o r  destroyed im c r u c i a l  l o c a t i o n s ,  and most of 

t h e  r e f i n e r i e s  w i l l  be  des t royed .  However, about  two b i l l i o n  gal-lons of 

d i e s e l  and about  t h r e e  b i l l i o n  gal lot is  of  g a s o l i n e  would s u r v i v e  i n  tank 

s t o r a g e  o u t s i d e  of t h e  major r i s k  areas, which would b e  m o r e  t h a n  adequate 

f o r  t h e  t r a i n s  and t r u c k s  t o  c a r r y  o u t  s u r v i v a l  miss ions  dur ing  t h e  

f i r s t  few weeks a f t e r  the at tack.  

A t  least  20 million g a l l o n s  of a i r c r a f t  f u e l  w i l l  s u r v i v e  i n  t a n k s  

a t  lesser a i r p o r t s ,  which may b e  a v a i l a b l e  t o  l i g h t  a i r c r a f t  of t h e  

C i v i l  A i r  Patrol. F i r s t  p r i o r i t i e s  should be given f o r  reconnaissance  

of  t r a n s p o r t a t i o n  r o u t e s ,  surveying blockages by d e b r i s  and f a l l e n  

b r i d g e s ,  and monitor ing r a d i o l o g i c a l  hazard w i t h  aer ia l  survey meters. 

Very few l a r g e  in te rconnec ted  power p l a n t s  are expected t o  be 

o p e r a t i n g  i n  t h e  f i r s t  f e w  weeks a f t e r  a n  a t t a c k  because of  d i s r u p t i o n  

of t h e  t ransmiss ion  g r i d  by b l a s t  and f i r e .  It i s  a n t i c i p a t e d  t h a t  

e l e c t r i c a l  power w i l l  n o t  be e s s e n t i a l  :for b a s i c  s u r v i v a l  i n  t h e  f i rs t  

f e w  weeks a f t e r  t h e  a t t a c k  and w i l l  g r a d u a l l y  be r e s t o r e d  dur ing  t h e  

recovery  per iod .  



Table 2.1 

Summary of Assessment of Postattack Survival of Sectors for 
Support f o r  the Relocated Population 

Sector Item Estimated Survival 

Communications Telephones 

AM Radio Broadcast 

FM Radio Broadcast 
CB Radios 

Public Safety Transmitters 

Industrial Services Transmitters 

Land Transportation Transmitters 

Amateur and Disaster Radio 
Services 

Transportation Automobiles 

Buses (includes school buses} 

Trucks 

Train Locomotives 

Freight Train Cars 

Aircraft (single engine) 

Classified information 

At least two operating stat%.ons receivable at any 
location in U.S., and at least 100 million portable 
AM receivers 

Not est %mat ed 

4-6 million mobile units (1977) 

0.5 to 1.5 million mobile units, 80-100 thousand 

0,s  to 1;s m i l l l o r !  lnobile units, 90-110 thousand 

0.8 to 1.2 million mobile unlts 

80 to 120 thousand fixed units 

fixed units 

fixed units 

At least 60 million (over 60%) 

2QO-240 thousand (SO-BOX) 

11-16 m i l l i o n  (50-752)  

15-22 thousand (50-75%) 

0.9 t o  1 . 3  million (50-75%) 

59-88 thousand (50-75%) (at least 1000 airports with 
runways of 4000 feet or less w i l l  survive) 



Table 2 . 1  (cont'd! 

Sector I t e m  Est imated S u r v i v a l  

Transportat ion A i r c r a f t  ( twin  engine o r  l a r g e r )  11 -17  thousand (50-75%) 
(con ' d)  

Barges 11-17  thousand (50-75%) ( u s e f u l n e s s  l i m i t e d  because 
of des t royed  l o c k s  and p o r t  f a c i l i t i e s )  

Petroleum 

Towboats 

Ships  

P i p  e l  i n e  s 

Gasol ine,  automotive 

2-3 thousand (50-75%) 

3-4 hundred (50-75%) 

Most of t h e  p i p e l i n e s  w i l l  survive b u t  w i l l  n o t  b e  
a b l e  t o  f u n c t i o n  because of des t royed  t e r m i n a l s  and 
c o n t r o l s  

P 
0 3.0-4.4 b i l l i o n  g a l l o n s  (40-60%) 

Dis t i l l a te  f u e l  o i l  and d i e s e l  2.3-3.4 b i l l f o n  g a l l o n s  (40-60%) 

Avia t ion  g a s o l i n e  15-25 m i l l i o n  g a l l o n s  

R e f i n e r i e s  80-300 refineries, having 20% pre-a t tack  crude 
r e f i n i n g  c a p a c i t y  

Elec t r ica l  Power Power g e n e r a t i o n  s t a t i o n s  1.4-2.1 thousand (40-60%) 

Transmission networks 13-14 thousand m i l e s  (90-95%) Most of t h e  power 
t ransmiss ion  net will s u r v i v e  but will n o t  f u n c t i o n  
f o r  some t i m e  because of g e n e r a l  damage by 'EM3p and 
l o c a l  b l a s t  and f i r e  damage t o  s u b s t a t i o n s .  
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2 . 2  Conclusions 

Under t h e  assumptions s p e c i f i e d  for t h i s  r e s e a r c h  program i n  t h e  

Scope of Work s t a t emen t ,  w e  are t o  assume t h a t  people  i n  h igh- r i sk  areas 
are r e l o c a t e d  " in  accordance w i t h  c u r r e n t l y  conceived elements ,"  one of 

which w a s  the ADAGIO computer program which a s s i g n s  89.6 m i l l i o n  people  

t o  h o s t  areas. According t o  t h i s  ass ignment ,  about 90% of t h e  U.S. 

popu la t ion  would be l o c a t e d  remote from t h e  b l a s t  and f i r e  e f f e c t s  of 

t h e  n u c l e a r  weapons of t h e  6559 MT a t t a c k ,  and would t h e r e f o r e  s u r v i v e  

through t h e  a t t a c k  per iod .  

Also,  accord ing  t o  assumptions s p e c i f i e d  i n  t h e  Scope of Work 

s t a t emen t ,  w e  are t o  assume t h a t  " r a d i o l o g i c a l  p r o t e c t i o n  has been 

provided and used du r ing  and a f t e r  t h e  attack," a g a i n  accord ing  t o  

c u r r e n t l y  Conceived ideas .  

65591 MT CRP-2B a t t a c k  i s  more severe than  most a t t a c k s  which have been 

cons idered  i n  t h e  p a s t ,  and i t  may be  necessary  t o  i n c r e a s e  t h e  p r o t e c t i o n  

f a c t o r  requi rements  of s h e l t e r s  t o  cope wi th  t h e  inc reased  t h r e a t .  

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

I f  w e  assume t h a t  t h e  c u r r e n t l y  conceived i d e a s  provide  adequate  

f a l l o u t  p r o t e c t i o n ,  t hen  w e  conclude t h a t  most of those  people  in h o s t  

areas who s u r v i v e  the a t t a c k  w i l l  a l s o  s u r v i v e  through t h e  e a r l y  pos t -  

a t t a c k  per iod ,  provided  t h a t :  (1) g u i d e l i n e s  f o r  c o n t r a 1  of exposure 

t o  r a d i a t i o n  are g e n e r a l l y  known, equipment i s  a v a i l a b l e  t o  enab le  

s h e l t e r e e s  t o  adhere  t o  t h e s e  g u i d e l i n e s ,  and c o n t r o l  measures are 
e s t a b l i s h e d  t o  ensu re  t h a t  s h e l t e r e e s  adhere  t o  t h e s e  g u i d e l i n e s  i n  

a c t u a l i t y ;  and (2) a v igorous  sh ipping  program of g r a i n  s t o c k s  is  

inaugura ted  i n  t h e  f i r s t  two o r  t h r e e  weeks a f t e r  t h e  a t t a c k  to prevent  

food s h o r t a g e s  i n  t h o s e  areas which do n o t  have a n  adequate  food reserve 

S u r v i v a l  of adequate  g r a i n  s t o c k s  and t h e  emergence of a more-than- 

adequate  t r a n s p o r t a t i o n  c a p a b i l i t y  s h o r t l y  a f t e r  t h e  a t t a c k  i s  v i r t u a l l y  

c e r t a i n .  

Proper  equipment i n  s h e l t e r s  i nc ludes  adequate  food and w a t e r  f o r  

t h e  a n t i c i p a t e d  p e r i o d  of confinement,  adequate  v e n t i l a t i o n ,  t w o  o r  more 

r a d i a t i o n  survey  meters and/or dos imeters  f o r  s h e l t e r s  of 50 o r  more 

occupants ,  two-way communications e i t h e r  by p o r t a b l e  radio transmitter- 

r e c e i v e r  o r  te lephone ,  and a t  least  one p o r t a b l e  AM r a d i o  receiver per  
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s h e l t e r .  A t  t h e  p re sen t  t i m e  t h e r e  are not  enough dos imeters  o r  survey 

meters t o  provide  two f o r  every l a r g e  s h e l t e r ,  However, t h e r e  are more 

than  enough p o r t a b l e  hM r a d i o  r e c e i v e r s ,  and b roadcas t s  from AM s t a t i o n s  

should provide  adequate  gene ra l  in format ion  concerning f a l l o u t  i n  t h e i r  

v i c i n i t y  t o  prevent  c a s u a l t i e s  due t o  people  l eav ing  s h e l t e r s  too soon 

a f t e r  t h e  a t t a c k .  

Add i t iona l  modest C i v i l  Defense e f f o r t s  c a r r i e d  on through s e v e r a l  

more y e a r s  could r e s u l t  i n  a s i g n i f i c a n t  i n c r e a s e  i n  t h e  number of 

s u r v i v o r s  over  t h e  number r e s u l t i n g  from t h e  c u r r e n t  s i t u a t i o n  by 

developing t h e  f u l l  p o t e n t i a l  of c u r r e n t l y  conceived Crisis Reloca t ion  

P lans .  

2 .3  Recommendations 

2 .3 .1  - The inc reased  t h r e a t  from f a l l o u t  r a d i a t i o n  posed by cur-  

r e n t  f o r c e  l e v e l s  i n d i c a t e s  t h a t  p r o t e c t i o n  f a c t o r s  of s h e l t e r s  may have 

t o  be  inc reased  t o  reduce f a t a l i t i e s ,  and a l s o  t o  p e r m i t  t h e  c o n t r o l  of 

dose accumulat ion SO t h a t  i t  oc.curs p r i m a r i l y  o u t s i d e  t h e  s h e l t e r s  i n  

t h e  p o s t a t t a c k  s i t u a t i o n .  I f  t he  r a d i a t i o n  p r o t e c t i o n  of ' ' cu r r en t ly  

conceived ideas"  i s  adequate ,  as w e  are t o  assume f o r  t h i s  s tudy ,  then  

t h e  a d d i t i o n a l  requirement  i n d i c a t e d  by t h e  inc reased  t h r e a t  is  an 

i n c r e a s e  of t h e  number of dos imeters  i n  r e s e r v e  s to rage .  During t h e  

s h e l t e r  confinement per iod  i t  may be necessary  :Eor one o r  mre volun- 

teers t o  perform an  urgent  mission o r  e r r and  i n t o  t h e  e x t e r n a l  environ- 

ment, and a t  l a te r  t i m e s  of t h e  confinement,  an inc reas ing  number of 

people  may be r equ i r ed  t o  l eave  t h e  s h e l t e r s  f o r  va r ious  t a s k s .  I f  t h e  

s h e l t e r  occupancy averages  100 people ,  t h e r e  should be a; ..._I_ least  t h r e e  

dos imeters  per  s h e l t e r .  Two dos imeters  should be reserved  f o r  e x t e r n a l  

use  t o  provide a f a i r l y  good i n d i c a t i o n  of accumulated dose among those  

who l e a v e  t h e  s h e l t e r s  t o  work dur ing  t h e  la ter  pe r iods  of s h e l t e r  

confinement,  t h a t  i s ,  dur ing  t h e  pe r iod  of gradual  emergence from she l -  

ters.  An a d d i t i o n a l  dosimeter  should remain w i t h i n  t h e  s h e l t e r  t o  

determine t h e  accumulated exposure of t h e  s h e l t e r e e s .  I f  180 m i l l i o n  

peop le  are s h e l t e r e d  i n  t h e  h o s t  areas, then ,  a t  100 people  p e r  s h e l t e r  
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on t h e  average ,  and t h r e e  dos imeters  p e r  s h e l t e r ,  5.4 m i l l i o n  dos imeters  

would be  r e q u i r e d  f o r  s h e l t e r s .  Actua l ly  a number of people  may be 

l o c a t e d  i n  s m a l l  s h e l t e r s ,  averaging  perhaps 5 t o  10 people  p e r  s h e l t e r .  

These s h e l t e r s  should have a t  least  one dosimeter--an urgent  requirement  

f o r  t h e  f i r s t  emerging person  and p o s s i b l e  subsequent emergents,  depend- 

i n g  on t h e  l o c a l  s i t u a t i o n .  If dos imeters  are no t  a v a i l a b l e  i n  t h e  

s h e l t e r s ,  some people  may r e f u s e  t o  emerge, even though they are t o l d  by 

t h e  local AM r a d i o  b roadcas t s  that t h e  r a d i a t i o n  f i e l d s  have decayed t o  

s a f e  levels. 

Dosimeters should a l s o  b e  provided f o r  workers i n  c r i t i c a l  i n d u s t r y ,  

who may b e  asked t o  v o l u n t e e r  t o  r e t u r n  t o  work in areas contaminated 

w i t h  f a l l o u t .  Each person  who must enter a l o n e  i n t o  a contaminated area 

should have a dos imeter ,  and every s m a l l  group of two t o  f i v e  people  who 

work t o g e t h e r  i n  a contaminated area should have a t  least two dos imeters .  

I f  a group working i n  a contaminated area has  only  one dosimeter  and 

t h a t  dosimeter  becomes damaged dur ing  t h e  working t i m e ,  t h e n  t h e r e  i s  no 

r eco rd  of t h e  dose r ece ived ,  and it  must t hen  be assumed t h a t  t h e  group 

w a s  exposed t o  t h e  maximum e x i s t i n g  r a d i a t i o n  i n  t h a t  area as determined 

by r a d i a t i o n  survey meters. This  procedure,  which i s  s i m i l a r  t o  c u r r e n t  

p r a c t i c e  wi th  r a d i a t i o n  survey crews, w i l l  u s u a l l y  r e s u l t  i n  t h e  grounding 

of t h e  work crew f o r  a pe r iod ,  t h e  l e n g t h  depending on t h e i r  exposure 

h i s t o r y  and t h e  i n t e n s i t y  of r a d i a t i o n  i n  t h e  h o t t e s t  s p o t s  i n  t h e  area 
i n  which they  were working. I f  we assume that 20% of t h e  workers i n  

n o n a g r i c u l t u r a l  i n d u s t r y ,  of which t h e r e  w e r e  72 m i l l i o n  i n  1972, are 

involved i n  a c r i t i c a l  i n d u s t r y ,  and t h a t  a dosimeter  is  requ i r ed  on t h e  

average  f o r  every o t h e r  person ,  t hen  7 .2  m i l l i o n  dos imeters  would be  

r equ i r ed  f o r  t h e s e  workers.  Perhaps as many as  ha l f  of t h e  dos imeters  

provided f o r  s h e l t e r s  could  be used f o r  t h e  c r i t i c a l  l a b o r  f o r c e .  These 

would reduce  t h e  number of dos imeters  r equ i r ed  Eor t h e  c r i t i c a l  l a b o r  

f o r c e  t o  4.5 m i l l i o n ,  i f  5.4 m i l l i o n  are provided f o r  s h e l t e r s  {al though 

more dos imeters  may be r e q u i r e d  f o r  s h e l t e r s  when those  w i t h  low occu- 

pancy are counted) .  

A n  a d d i t i o n a l  number of dos imeters  may be  necessary  f o r  fa rmers ,  i n  

t h e  e v e n t u a l i t y  t h a t  t h e i r  f i e l d s  are contaminated wi th  r a d i o a c t i v e  
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f a l l o u t  du r ing  p l a n t i n g  o r  h a r v e s t  t i m e .  Because of t h e ?  n a t u r e  of f a r m  

l a b o r ,  a dos imeter  should be  provided f o r  each farm laborer .  In 1970, 

t h e r e  w e r e  2 .3  m i l l i o n  people employed in a g r i c u l t u r e ,  i nc lud ing  self- 

employed, wage and s a l a r y ,  and unpaid Earni1.y workers, i nd ica t ing .  t h a t  

about 2 .3  m i l l i o n  dos imeters  should be madc a v a i l a b l e  :€or a g r i c u l t u r a l .  

workers.  

The t o t a l  riutnber of dos imeters  r e q u i r e d  accord ing  t o  t h i s  ve ry  

rough estimate is  112.2 m i l l i o n ,  compared w i t h  2.7 m i l l i o n  dos imeters  on 

hand a t  t h e  p r e s e n t  t i m e .  A more d e t a i l e d  survey should be made to 

determine  w i t h  g r e a t e r  c e r t a i n t y  the number of a d d i t i o n a l  dos imeters  

which may be r e q u i r e d  t o  cope wi th  the  greaker t h r e a t  o f  the c u r r e n t  

n u d e a r  f o r c e  levels ,  From our  rough estimates, i t  seems c e r t a i n  c h a t  a 

l a r g e  number of a d d i t i o n a l  dos imeters  would be r equ i r ed .  I f  t h e s e  

add i - t i ona l  dos imeters  canno'i be suppl.l.ed then  in fo rma t ion  on the 

c o n s t r u c t i o n  of improvised f a l l o u t  meters should be wI(Xe1.y d isseminated .  

2 . 3 . 2  - The Rad io log ica l  Defense Planning and Operations Guide 

should be r e w r i t t e n  t o  adopt t h e  guidel. ines of the "penalty" t a b l e ,  and 

t,he ERD concept should be dropped, The .mathematical formula t ion  o f  t h e  

ERD r e q u i r e s  c a l c u l a t i o n s  i.~i o r d e r  t o  de te rmine  t h e  ERD and t h e s e  calcu- 

l a t i o n s  are  beyond t h e  c a p a b i l i t i e s  of t h e  average  l a y m a ,  whereas t h e  

"penalty" t a b l e  i s  very simple. t o  understand and provides  equa l ly  ef f ec- 

t i v e ,  i f  n o t  b e t t e r ,  g u i d e l i n e s .  

2 .3 .3  - A l t e r n a t e  r e l o c a t i o n  p l a n s  should be considered which would 

minimize n o t  on ly  exposure t.o f a l l o u t ,  but  a l s o  reduce the requi rements  

f o r  g r a i n  shipments a f t e r  t h e  a t t a c k .  For example, heavy r e l o c a t i o n  

from the titi-es of N e w  York and Boston i n t o  t h e  N e w  England states 

r e s u l t s  i n  a d i E f i c u l t  food supply s i tua t : ion ,  whereas, i f  p a r t  of t h i s  

p o p d a t i o n  drove a g r e a t e r  d i s t a n c e  di.iring r e l o c a t i o n  i n t o  Ohio or 

V i r g i n i a ,  f o r  example,  t h e  q u a n t i t y  of g r a i h  shipped cou ld  be g r e a t l y  

reduced. 

2 , 3 . 4  - Fur the r  research on food crops is reqrsired t o  determine the 

e f f e c t s  of f a l l o u t  r a d i a t i o n  combined.with a d d i t i o n a l  u l t r a v i o l e t  
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r a d i a t i o n  which may r e s u l t  from d e p l e t i o n  of t h e  ozone l a y e r .  It must 

b e  emphasized t h a t  t h e  gamma and b e t a  r a d i a t i o n  t o  which t h e  p l a n t s  are 
exposed must s imula t e  t h e  decaying  i n t e n s i t y  of t h e  f a l l o u t  r a d i a t i o n  a t  

e a r l y  t i m e s  a f t e r  t h e  de tona t ion .  

i n t e n s i t y  has  been used i n  t h e  p a s t ,  and t h e  e x t r a p o l a t i o n  of t h e s e  

r e s u l t s  t o  t h e  case of a f i e l d  of decaying i n t e n s i t y  is doub t fu l  because 

of t h e  s e l f - r e p a i r  mechanisms which occur  i n  p l a n t s .  

A gamma r a d i a t i o n  f i e l d  of unvarying 

2.3.5 - Addi t iona l  maps of t h e  U.S. should be  prepared similar t o  

Fig.  4 .1 ,  which would show contours  of f a l l o u t  r a d i a t i o n  i n  terms of t h e  

uni t - t ime r e f e r e n c e  dose rates, bu t  f o r  d i f f e r e n t  wind cond i t ions .  

These maps would have gene ra l  u s e f u l n e s s  f o r  p lanning  and f o r  damage 

e s t ima t ion .  "he computer program which genera ted  Fig.  4 .1  was designed 

t o  permi t  easy  mod i f i ca t ion  of e n t r y  parameters ,  and a d d i t i o n a l  maps can 

b e  genera ted  f o r  d i f f e r e n t  i npu t  cond i t ions  a t  r e l a t i v e l y  low c o s t s .  

2.3.6 - According t o  Bu l l  and Sobin (1970) t h e  animal f eed  i n d u s t r y  

has  cons ide rab le  p o t e n t i a l  f o r  r a p i d  convers ion  t o  t h e  p rocess ing  of 

g r a i n  f o r  human consumption i n  a n a t i o n a l  emergency. 

m i l l  l o c a t i o n  and c a p a c i t y  w a s  made by USDA i n  1971. 

should be analyzed t o  determine t h e  r o l e  t h e s e  m i l l s  may have i n  con- 

n e c t i o n  w i t h  CRP, t h e  CRP-2B a t t a c k ,  and p o s t a t t a c k  s u r v i v a l .  

A survey of f eed  

This  d a t a  base  

2.3.7 - A d e t a i l e d  estimate should be  made on a county-by-county 

b a s i s  of t h e  q u a n t i t y  and c o n d i t i o n  of non-grain food r e s o u r c e s  su rv iv ing  

t h e  a t t a c k ,  i nc lud ing  a n  assessment  of t h e  c a p a b i l i t y  of p o s t a t t a c k  

food-processing p l a n t s  t o  supply  t h e  s u r v i v i n g  popula t ion .  

2.3.8 - A survey should b e  made of caves and mines which are s u i t a b l e  

fox  human occupancy wi th  s p e c i a l  a t t e n t i o n  t o  t h e  preva lence  of h i s t o -  

plasmosis  i n  t h e  caves  and mines. 
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3 .  THE ATTACK SCENARIO 

3 .1  I n t r o d u c t i o n  

The g e n e r a l  s c e n a r i o  t o  set t h e  s t a g e  f o r  r e s e a r c h  on t h i s  p r o j e c t  

w a s  o u t l i n e d  f o r  us  i n  t h e  f i r s t  fou r  s t a t emen t s  of t h e  Scope of Work 

s p e c i f i e d  by DCPA, as  quoted i n  Chapt.er 1. B r i e f l y ,  i t  c o n s i s t s  of 

(1) an i n t e r n a t i o n a l  crisis; (2) r e l o c a t i o n  of people  i n  t h e  U.S.; 

(3)  p r o t e c t i o n  a g a i n s t  f a l l o u t ;  and ( 4 )  a nuc lea r  a t t a c k .  I n  t h i s  

c h a p t e r ,  f u r t h e r  d e t a i l s  w i l l  be presented  and examined on t h e  l o c a t i o n  

and d i s t r i b u t i o n  of t h e  r e l o c a t e d  p e o p l e , * a n d  on t h e  magnitude of t h e  

nuc lea r  a t t a c k .  Before g e t t i n g  i n t o  those  d e t a i l s ,  i t  may be  u s e f u l  f o r  

t h e  g e n e r a l  r e a d e r  t o  review t h e  e v o l u t i o n  of p o l i c y  which p r e s c r i b e s  

t h i s  s c e n a r i o .  

From s t u d i e s  throughout  t h e  1960's on how t o  p r o t e c t  people  from 

t h e  b l a s t  and f i r e  e f f e c t s  of nuc lea r  weapons, DCPA ( t h e n  OCD) reached 

t h e  fo l lowing  b a s i c  conclus ions  i n  t h e  e a r l y  1970 ' s ,  as quoted from a 

f a c t  s h e e t  on crisis r e l o c a t i o n  p lanning  r e l e a s e d  by Informat ion  Se rv ices  

of DCPA on May 20, 1974: 

"(1) I f  an  a t t a c k  should occur ,  t h e  primary enemy 
t a r g e t s  probably would be  U.S. missile s i tes ,  m i l i t a r y  
i n s t a l l a t i o n s ,  and centers of i n d u s t r y  and popula t ion  
( i . e . ,  me t ropo l i t an  areas). 

An a t t a c k  ve ry  l i k e l y  would be preceded by a 
per iod  of i n t e r n a t i o n a l  t e n s i o n  o r  crisis. This  could 
c o n s t i t u t e  ' s t r a t e g i c  warning, '  and provide  t i m e  f o r  
p r o t e c t i v e  a c t i o n s  t o  be taken.  

f a l l o u t  ( i . e . ,  f a l l o u t  s h e l t e r )  a l r e a d y  e x i s t s  i n  t h e  
United S t a t e s ,  and more i s  being i d e n t i f i e d  (mostly i n  
new b u i l d i n g s )  as t i m e  goes on. A t t e n t i o n  should not  
b e  g iven  t o  p r o t e c t i o n  a g a i n s t  nuc lea r  b l a s t  and f i r e .  

o r  working near  m i l i t a r y  t a r g e t s  and i n  l a r g e  me t ropo l i t an  
areas. These two types  of l o c a t i o n  may t h e r e f o r e  be 
c a l l e d  ' h igh - r i sk '  areas. 

"(5) I t  i s  n o t  f i n a n c i a l l y  f e a s i b l e  t o  b u i l d  s p e c i a l  
underground b la s t - and- f i r e  s h e l t e r s  i n  t h e s e  h igh- r i sk  
areas. 

"(2) 

"(3)  A g r e a t  d e a l  of p r o t e c t i o n  a g a i n s t  r a d i o a c t i v e  

" ( 4 )  Blast and f i r e  would endanger mainly people  l i v i n g  
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"(6) It may be f e a s i b l e ,  however,..wxn an  i n t e r n a t i o n a l  
crisis t h r e a t e n s  t o  res-ult i n  a nuc lear  attack,--!= 
r e s i d e n t s  of h igh- r i sk  areas t o  be temporar i ly  r e l o c a t e d  
i n  small-town .- and r u r a l  areas, where nuc lea r  weapons- 
probably  would not  b e  t a r g e t e d ,  provided t h e s e  people  
could be  p ro tec t ed  a g a i n s t  r a d i o a c t i v e  f a l l o u t . "  

The conc-1-usion under l ined  i n  t h e  s i x t h  s ta tement  above has l e d  t o  a 

comprehensive i n v e s t i g a t i o n  by DCPA i n t o  t h e  p r a c t i c d i t y  of evacuat ing  

h igh- r i sk  areas when nucl.ear a t t a c k  t h r e a t e n s .  This  program of crisis 

r e l o c a t i o n  has  been adopted as a c i v i l  defense  op t ion  by t h e  Department 

o f  Defense, as descr ibed  i n  t he  fo l lowing  words by former Sec re t a ry  of 

Defense James K .  Schles inger  i n  a budget r e p o r t  t o  Congress on February 5, 

1975 : 

"The Sovie t  Union f o r  many y e a r s  has  g iven  a g r e a t  
d e a l  of a t t e n t i o n  t o  c i v i l  defense ,  i nc lud ing  not  on ly  
t h e  c o n s t r u c t i o n  of s h e l t e r s  and t h e  t r a i n i n g  of c i v i l i a n s  
b u t  a l s o  t h e  p r e p a r a t i o n  of p l a n s  f o r  evacuat ion  of t h e  
bulk of t h e  popula t ion  from i ts  major c i t i e s  i n  t h e  
event  of a crisis. Thus, t h e  Sov-iet l e a d e r s  have t h e  
o p t i o n  t o  evacuate  t h e  c i t ies  o r  t o  s h e l t e r  t h e  popula t ion  
i n  p l ace ,  depending upon t h e i r  assessment of t h e  s i t u a t i o n  
a t  t h e  t i m e .  

"We b e l i e v e  t h a t  t h e  United States should have a 
similar op t ion  f o r  t w o  reasons: (1) t o  be a b l e  t o  
respond i n  kind i f  t h e  Sov ie t  Union a t t empt s  t o  i n t i m i d a t e  
us  i n  a t i m e  of crisis by evacuat ing  the popula t ion  
from i t s  ci t ies ;  and ( 2 )  t o  reduce f a t a l i t i e s  i f  an  
a t t a c k  on our  c i t i e s  appears  imminent', 

t h e  event  of a n  i n t e n s e  crisis t o  evacuate  t h e  c i v i l i a n  
popula t ion  from h igh  r i s k  areas n e a ~  such m i l i t a r y  
i n s t a l l a t i o n s  as SAC bases ,  ICBM f i e l d s ,  SLBM suppor t  
f a c i l i t i e s ,  e t c . ,  t o  less hazardous areas whi l e  p r o t e c t i n g  
t h e  rest of t h e  popula t ion  a g a i n s t  f a l l o u t .  A s  noted 
las t  yea r ,  a Sov ie t  coun te r fo rce  a t t a c k  which d e l i b e r a t e l y  
avo ids  o u r  c i t i e s  would s t i l l  produce a l a r g e  amount of 
nuc lea r  f a l l o u t  which could d r i f t  over  areas t h a t  are 
downwind f r o m  s t r a t e g i c  m i l i t a r y  i n s t a l l a t i o n s .  This 
c i v i l  defense  o p t i o n  would complement t h e  m i l i t a r y  
response  o p t i o n s  that w e  are now in t roduc ing  i n t o  our  
planning t o  s t r e n g t h e n  d e t e r r e n c e  a g a i n s t  a Sovie t  
counter - force  a t t a c k .  

"S imi l a r ly ,  t h i s  n a t i o n  should have t h e  o p t i o n  i n  

"Accordingly, w e  propose t o  cont inue  ou r  e f f o r t s ,  
w i t h i n  the  l i m i t s  of t h e  r e sources  a v a i l a b l e ,  t o  improve 
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our  a b i l i t y  t o  p r o t e c t  t h e  popu la t ion  i n  p l a c e  a g a i n s t  
f a l l o u t  and t o  develop i n  an o r d e r l y  way two major 
o p t i o n s  € o r  t h e  r e l o c a t i o n  oE t h e  popu la t ion  i n  a 
crisis. The f i r s t  o p t i o n ,  which would be designed 
a g a i n s t  t h e  t h r e a t  of a Sov ie t  coun te r fo rce  a t t a c k ,  
would invo lve  t h e  r e l o c a t i o n  of t h e  popu la t ion  from 
h igh- r i sk  areas nea r  key m i l i t a r y  i n s t a l l a t i o n s  and t h e  
p r o t e c t i o n  of t h e  rest of t h e  popu la t ion  a g a i n s t  f a l l o u t .  
This  o p t i o n  could reduce nat ionwide f a t a l i t i e s  due t o  
Ea l lou t  from a l i m i t e d  Sov ie t  c o u n t e r f o r c e  a t t a c k  to 
r e l a t i v e l y  low l e v e l s  -- w e l l  under one m i l l i o n  -- 
provided t h a t  t h e  people  i n  t h e  communities t h a t  would 
be  most exposed t o  f a l l o u t  from such. an  a t t a c k  make 
e E f e c t i v e  u s e  of t h e  s h e l t e r s  a v a i l a b l e .  

"The second op t ion ,  which would be  designed a g a i n s t  
an a l l - o u t  Sov ie t  n u c l e a r  attack, would invo lve  t h e  
evacuat ion  of t h e  popu la t ion  from c i t ies ,  as w e l l  as 
from areas nea r  key m i l i t a r y  i n s t a l l a t i o n s .  Repeated 
s t u d i e s  have shown t h a t  t h e  evacuat ion  of t h e  bu lk  of 
t h e  popu la t ion  from our  major me t ropo l i t an  areas could 
save some 70 m i l l i o n  l i v e s  i n  an  a l l - o u t  Sov ie t  a t t a c k  
on t h e  United S t a t e s ,  over  and above those  saved by in -  
p l a c e  p r o t e c t i o n  op t ions .  

of OUK important  m i l i t a r y  i n s t a l l a t i o n s  du r ing  f i sca l  
y e a r s  1974-75, has  e s t a b l i s h e d  t h e  f e a s i b i l i t y  of 
developing p l a n s  t o  a l l o c a t e  r i s k  area popu la t ions  t o  
sur rounding  h o s t  areas, inc lud ing  t h e  development of 
s tandby p u b l i c  in format ion  ( f o r  p u b l i c a t i o n  dur ing  a 
c r i s i s )  on 'where t o  go and what t o  do '  should r e l o -  
c a t i o n  be  implemented. Pub l i c  o f f i c i a l s  a t  s ta te  and 
l o c a l  levels i n  t h e  p i l o t  areas accepted  t h e  need f o r  
t h i s  type  of cont ingency p lanning  bu t  po in ted  o u t  
t h a t  federa l ly-suppor ted  p lanning  a s s i s t a n c e  would 
be needed. 

"P i lo t -p ro jec t  work undertaken i n  areas nea r  some 

"Other s t u d i e s  i n d i c a t e  t h a t  i t  would be f e a s i b l e  
t o  r e l o c a t e  popu la t ion  from c i t i e s  over  a per iod  of 
s e v e r a l  days ,  and t o  p rov ide  €o r  t h e i r  r e c e p t i o n  and 
care i n  h o s t  c o u n t i e s  f o r  a pe r iod  of up t o  two weeks. 
S p e c i a l l y - t a i l o r e d  s o l u t i o n s ,  however, would have t o  
be developed f o r  t h e  most densely-urbanized p a r t s  of 
the U.S., such as t h e  Nor theas t .  It would a l s o  be  
f e a s i b l e  t o  r e d i r e c t  t h e  d i s t r i b u t i o n  of food and o t h e r  
e s s e n t i a l s  t o  suppor t  evacuees i n  h o s t  areas, provided 
adequate  state-level p lanning  is  done wi th  i n d u s t r i e s  
concerned. Y i l o t - p r o j e c t  exper ience  wi th  a ' hos t  area 
survey' i n d i c a t e s  t h a t  l o c a l  p l ans  i n  h o s t  areas can 
provide  f o r  p r o t e c t i n g  evacuees from f a l l o u t  r a d i a t i o n  
by u s e  of b e s t  a v a i l a b l e  e x i s t i n g  p r o t e c t i o n ,  p lus  
crisis a c t i o n  t o  improve f a l l o u t  p r o t e c t i o n  i n  e x i s t i n g  
b u i l d i n g s  and t o  c o n s t r u c t  expedient  s h e l t e r s . "  
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Given t h e  assumptions concerning r e l o c a t i o n  as s t a t e d  above, and 

t h a t  90% of t h e  U . S .  popul-ation s u r v i v e s  t h e  a t t a c k ,  i t  i s  our t a s k  t o  

assess t h e i r  cont inuing  s u r v i v a b i l i t y  throughout t h e  p o s t a t t a c k  pe r iod .  

3 .2  The At tack  

I f  t h e r e  were an a l l - o u t  nuc lea r  war between t h e  U . S .  and the 

Sovie t  Union, how would t h e  Sov ie t  Union d i s t r i b u t e  t ~ a p o n s  on t h e  

United States? It i s  gene ra l ly  be l i eved  among defense  p l anne r s  i n  t h e  

1J.S. t h a t  t h e  p r i n c i p a l  t a r g e t s ,  i n  o rde r  of p r i o r i t y ,  would be: 

(1) U.S. m i l i t a r y  i n s t a l l a t i o n s  

(2) Mi l i ta ry-suppor t ing  indus t . r i -a l ,  t r a n s p o r t a t i o n  

(3) Other b a s i c  i n d u s t r i e s  and f a c i l i t i e s  which 

and l o g i s t i c s  f a c i l i t i e s  

c o n t r i b u t e  t o  t h e  maintenance of t h e  U.S. economy 

( 4 )  Popula t ion  concen t r a t ions  of 50,000 o r  g r e a t e r ,  

These t a r g e t  p r i o r i t i e s ,  combined wieh pub l i c  p r o j e c t i o n s  o f  Sov ie t  

c a p a b i l i t i e s  ( c i r c a  1980) under e x i s t i n g  s t r a t e g i c  arms l i m i t a t i o n s  can 

be used t o  gene ra t e  p o s s i b l e  Sovie t  weapon assignments which are u s e f u l  

f o r  planning purposes .  A s p e c i f i c  h y p o t h e t i c a l  a t t a c k ,  prepared by DCPA 

and o t h e r  defense p lanne r s ,  w a s  given t o  us f o r  our  s tudy .  This  a t t a c k ,  

t i t l e d  CRP-2B At tack ,  i s  summarized i n  Table 3 . 1 ,  and c o n s i s t s  of 1444 

detonated  weapons, f o r  a t o t a l  of 6559 megatons, of which 5051 megatons 

are ground b u r s t s .  The map of t h e  U . S .  i n  Fig.  3 .1  shows c i r c l e s  w i t h i n  

which t h e  ove rp res su re  from b l a s t  exceeds 2 p s i .  Target  p o i n t s  on ICBM 

f i e l d s  do n o t  d e s i g n a t e  a c t u a l  l oca t io i i s  o f  s i l o s  i.n o rde r  t o  r e t a i n  an 

u n c l a s s i f i e d  s t a t u s  f o r  t h i s  a t t a c k ,  b u t  they are s u f f i c i e n t l y  a c c u r a t e  

t o  i n d i c a t e  p o s s i b l e  f a l l o u t  p a t t e r n s  f o r  CRP. Other m i l i t a r y  t a r g e t s  

w e r e  l o c a t e d  p a r t l y  wi th  t h e  a i d  of t h e  February 1973 map t i t l e d  "Major 

Army,  Navy, and A i r  Force I n s t a l l a t i o n s  i n  t h e  United S t a t e s , "  prepared 

by t h e  Defense Mapping Agency. 

I f  people  remained i n  p l a c e  throughout t h e  a t t a c k ,  about  125 m i l l i o n  

(1970 Census) would be  l o c a t e d  w i t h i n  the  2 p s i  c i rc les ,  and about  58 

m i l l i o n  would be i n s i d e  t h e  15  p s i  r eg ion ,  as shown i n  Fig.  3 .2 .  The 

coverage on Nor theas te rn  U . S . A .  f o r  t h e s e  two ove rp res su res ,  chosen l o r  
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Table  3 .1  

Summary of CRP-2B Attack 

Targe t  Type Numbers of Weapons Type of Burs t  T o t a l  Megatons 

Megatons 

1 2 3 20 

ICBM F i e l d s  0 0 0 127 Ground 2540 

SAC AFB o r  SSBN 
Support 46 1 0  0 Ground 48 

CRP~OHVN 183, 0 0  1 Ground 203 

CRP/UI  0 0 0 113 Ground 2260 

CRP/?.TI 614 0 0  0 A i r  614 

CRP/UI 0 183 1 0 A i r  369 

CRP/UI 0 0 175 0 Air 525 

* 
* 
* 

* 
Height of b u r s t  chosen to maximize e x t e n t  of 1 0  psi overp res su re .  



F i g .  3 . 1  CP2-2B Attack Pattern on the U . S .  
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i l l u s t r a t i v e  purposes only ,  are shown i n  F igs .  3 . 3  and 3 . 4 .  It is seen  

t h a t  b u r s t s  ove r l ap  on some t a r g e t s .  Due t o  u n r e l i a b i l i t y  of missi le  

systems,  t h e  a t t a c k e r  cannot be c e r t a i n  t3a t  a l l  of h i s  weapons w i l l  

reac.h t h e i r  t a r g e t s  and explode. Hence, i t  i s  assumed t h a t  a d d i t i o n a l  

weapons would be ass igned  t o  some t a r g e t s  which t h e  a t t a c k e r  e s p e c i a l l y  

wishes t o  des t roy .  The popula t ion  numbers g iven  above i n d i c a t e  t h a t  

m i l l i o n s  of people  could su rv ive  t h e  a t t a c k  without  r e l o c a t i o n  i f  they 

w e r e  provided wi th  b l a s t  and f a l l o u t  s h e l t e r s  of modest hardness .  

However, i f  r e l o c a t i o n  i s  an  a v a i l a b l e  o p t i o n ,  then  t h e  a c t  of remaining 

i n  s h e l t e r s  i n  h igh - r i sk  areas would s e e m  t o  many people  t o  b e  p l ay ing  

Russian r o u l e t t e ,  i n  view of the u n c e r t a i n t i e s  as to t h e  a c t u a l  ass ign-  

ment of weapons by t h e  Sov ie t s  and t h e  inaccurac i e s  i n  p l ac ing  t h e  

weapons. It may be  necessary  f o r  some people  t o  t a k e  such r i s k s  i f  they 

a r e  involved i n  c r i t i c a l  i n d u s t r y ,  o r  are main ta in ing  a manufacturing 

operati .on f o r  whic.11 shutdown may be e i t h e r  d i s a s t r o u s  o r  r e q u i r e  many 

days.  

The f a l l o u t  r e s u l t i n g  from t h i s  a t t a c k  w i l l  be  d iscussed  i n  

Chapter 4 ,  Radiol.ogical Hazards and Defenses. Another a s p e c t  of t h i s  

a t t a c k ,  concerning t h e  survival .  o f  petroleum r e f i n e r i e s  (30% su rv ive ) ,  

w i l l  be  d iscussed  i n  Chapter 8 on pe t ro le lm.  Other u n c l a s s i f i e d  weapon 

assignment programs of s i m i l a r  y i e l d  have been developed by the Fede ra l  

Preparedness  Agency, GSA, and are des igna ted  as UNCLEX 73-Charlie and 

UNCLEX 73-Mike, according t o  whether t h e  a t t a c k  concen t r a t e s  on c i v i l i a n  

(Char l ie )  o r  mi l - i ta ry  (Mike) t a r g e t s  

3 . 3  Crisis Reloca t ion  

The h y p o t h e t i c a l  a t t a c k  descr ibed  above can be used to  d e f i n e  high- 

r i s k  areas from which r e l o c a t i o n  of popu la t ion  should b e  planned. 

o rde r  t o  d e f i n e  t h e s e  areas, t h e  a t t a c k  w a s  modified i n  two ways, f i r s t ,  

t o  maximize d i r e c t  e f f e c t s  ( b l a s t )  and second, t o  maximize f a l l o u t .  For 

t h e  f i r s t  modi f ica t ion ,  a l l  weapons w e r e  assumed t o  be a i r b u r s t ,  systems 

r e l i a b i l i t y  was 90% and t h e  CEP of weapons w a s  0.5 n a u t i c a l  m i l e s .  

Count ies  i n  which t h e  geographica l  c e n t r o i d  w a s  s u b j e c t  t o  a 50% o r  

g r e a t e r  p r o b a b i l i t y  of r ece iv ing  b l a s t  p r e s s u r e  of 2 p s i  o r  more w e r e  

T.n 
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cons idered  t o  b e  h i g h  r i s k  areas due t o  d i r e c t  e f f e c t s .  For the  second 

mod i f i ca t ion ,  a l l  weapons w e r e  assumed t o  d e t o n a t e  a t  ground l e v e l ,  and 

a l l  c o u n t i e s  w i t h  a 50% o r  g r e a t e r  p r o b a b i l i t y  of lO,OOO-roentgen, 4-day 

cumulat ive dose o r  more a t  t h e  c e n t r o i d  were assumed t o  be a t  h igh  r i s k ,  

under cer ta in  f a l l o u t  a r r iva l  assumptions.  

With t h e s e  d e f i n i t i o n s  of h igh  r i s k  areas combined wi th  t h e  

ADAGIO-S computer program (Schmidt, 1974), t h e  DCPA computer f a c i l i t y  a t  
Olney, Maryland, w a s  used t o  develop a p re l imina ry  nat ionwide a l l o c a t i o n  

oE popula t ion .  

risk areas would be r e l o c a t e d ,  involv ing  a t o t a l  of 89.6 m i l l i o n  people .  

T rave l  d i s t a n c e  w a s  l i m i t e d  t o  200 m i l e s  on a s t r a i g h t  l i n e  b a s i s ,  except  

f o r  C a l i f o r n i a  and t h e  New England states. A h o s t i n g  f a c t o r  of 3 ( r a t i o  

of evacuees t o  r e s i d e n t i a l  popula t ion)  w a s  used f o r  a l l  s ta tes  except  as 

i n d i c a t e d  i n  Table  3.2. A h o s t i n g  f a c t o r  of 9 w a s  used i n  C a l i f o r n i a  

because t h e  non-target  areas have such a low popu la t ion  compared w i t h  

t h e  popu la t ion  i n  t a r g e t  areas, due to1 d e s e r t  and mountain t e r r a i n .  

Th i s  h o s t i n g  f a c t o r  could be  reduced by r e q u i r i n g  t h a t  Cal fEornia  sea 

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

It w a s  assumed t h a t  80% of t h e  popu la t ion  i n  a l l  high- 

A copy of t h e  computer t a p e  genera ted  by t h i s  program w a s  sent t o  

us  by DCPA, which made a v a i l a b l e ,  among o t h e r  d a t a ,  t h e  t o t a l  popula t ion  

per county a f t e r  r e l o c a t i o n .  

F igs .  3.5-3.11, i n  which t h e  U.S. i s  broken i n t o  seven reg ions ,  and t h e  

number of people  pe r  county i s  i n d i c a t e d  by t h e  g r i d  of l i n e s  d r a m  

w i t h i n  t h e  county boundary. A f a i r l y  complete evacuat ion  is i n d i c a t e d  

f o r  t hose  c o u n t i e s  f o r  which a l l  o r  n e a r l y  a l l  of t h e  area of t h e  county 

is des igna ted  as a h igh - r i sk  area, such  as Nassau and Suf fo lk  coun t i e s  

i n  New York (F ig .  3 .5) ;  D e  Kalb county i n  Georgia (Fig. 3 . 7 ) ;  Hennepin 

and Ramsey c o u n t i e s  i n  Minnesota,  con ta in ing  Minneapolis and S t .  Paul  

(Fig.  3 . 8 ) ;  Chambers and Galveston c o u n t i e s  i n  Texas (F ig .  3.9);  and San 

F ranc i sco  and San Mateo c o u n t i e s  i n  C a l i f o r n i a  (Fig.  3 .11) .  In some 

a r e a s  t h e s e  maps i n d i c a t e  t h e  presence  of people  i n  h igh- r i sk  areas, o r  

i n  areas which are imposs ib le  t o  l i ve  i n ,  such as d e s e r t  areas. Usual ly  

t h e s e  areas are l a r g e  c o u n t i e s  i n  which t h e  people  are a c t u a l l y  l o c a t e d  

on ly  i n  a p a r t  of t h e  county,  such as Cook county i n  I l l i n o i s ,  San 

Bernadino county i n  C a l i f o r n i a ,  and Coconino county i n  Arizona. 

These d a t a  are d i sp layed  g r a p h i c a l l y  i n  
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Table 3 , 2  

S t a t e s  w i t h  Reloca t ion  Hosting F a c t o r s  Greater than  Three 

-..- 

Arizona 5 Maine 6 Ohio 4 

C a l i f o r n i a  9 Maryland 4 Pennsylvania G 

Colorado 3.5 Massachuset ts  6 Rhode I s land  6 

Connect icut  6 Michigan 4 Vermont 6 

Delaware 4 New Hampshire 6 V i r g i n i a  4 

F l o r i d a  5 New J e r s e y  6 Washington 4 

111 ino  i s  4 New York 6 West V i r g i n i a  4 

Indiana 4 
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i n d i c a t e s  t h e  number of people  pe r  county.  
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The moveiiient and c a r e  of  r e l o c a t e d  popula t ions  are under cont inuing  

s tudy .  For t h e  pu rposes  o f  t h i s  i n v e s t i g a t i o n ,  t h e  pre l iminary  d i s t r i -  

b u t i o n  r e p o r t e d  h e r e i n  w i l l  be used t o  s tudy  t h e  e f f e c t s  of  r a d i a t i o n  

from f a l l o u t  and to assess the a v a i l a b i l i t y  of  food. A s  w e  s1ial.S. see 

from a s tudy  of food d i s t r i - b u t i o n  based on g r a i n  s t o c k s ,  a d i f f e r e n t  

r e l o c a t i o n  p l a n  could be cons idered  which would reduce the requirements  

f o r  g r a i n  shipments i n  t h e  p o s t a t t a c k  s i t u a t i o n .  
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4. RADIOLOGICAL HAZARDS AND DEFENSES 

4 . 1  I n t r o d u c t i o n  

O f  a l l  t h e  d i s a s t r o u s  e f f e c t s  of nuc lea r  weapons, t h e  hazards  of 

r a d i o a c t i v e  f a l l o u t  from ground-burst  d e t o n a t i o n s  cover  t h e  l a r g e s t  

area. The Sovie t  a r s e n a l  of nuc lea r  weapons has  t h e  c a p a b i l i t y  of 
cover ing  over  h a l f  t h e  area of t h e  United S t a t e s  w i th  r a d i o a c t i v e  

f a l l o u t  which would be  l e t h a l  t o  unpro tec ted  humans. I n  t h i s  s tudy ,  w e  

assume t h a t  f a l l o u t  p r o t e c t i o n  has  been provided,  hence our  concern wi th  

f a l l o u t  w i l l  be wi th  t h e  manner i n  which i t  impedes s u r v i v a l  a c t i v i t i e s  

a f t e r  t h e  a t t a c k .  We w i l l  c o n s t r u c t  a h y p o t h e t i c a l  p a t t e r n  of f a l l o u t  

from t h e  a t t a c k  desc r ibed  i n  Chapter 3 and use  i t  t o  i n d i c a t e  t h e  

gene ra l  magnitude o f  t h e  problem. Rad io log ica l  mapping c a p a b i l i t i e s  as 

they  c u r r e n t l y  exist i n  t h e  United S t a t e s  w i l l  t hen  be  desc r ibed ,  

fol lowed by a d i s c u s s i o n  of r a d i o l o g i c a l  c o n t r o l  g u i d e l i n e s ,  i nc lud ing  

those  of t h e  Sov ie t  Union. 

4.2 F a l l o u t  from t h e  CRP-23 At tack  

A number of computer programs have been developed f o r  t h e  purpose 

of p r e d i c t i n g  f a l l o u t  from ground-burst  nuc lea r  weapons (Polan, 1966) .  

Our p a t t e r n s  f o r  f a l l o u t  from t h e  CRP-2B a t t a c k ,  f o r  which t h e  uni t - t ime 

r e f e r e n c e  dose rates are shown i n  Fig.  4.1,  are based on t h e  WSEG-10 

NAS/RAM/LAS model, as t r a n s m i t t e d  t o  us  by Leo A. Schmidt (1974).  For 

s i m p l i c i t y  w e  have assumed t h a t  a l l  weapons are de tona ted  s imul taneous ly ,  

and t h a t  t h e  wind i s  uniformly from t h e  w e s t  w i t h  an  e f f e c t i v e  v e l o c i t y  

of 25 mph. The wind s h e a r  i s  assumed t o  be  0 . 2  mph per  k i l o f o o t  of 

ver t ica l  cloud th i ckness ,  t h e  t e r r a i n  f a c t o r  and f i s s i o n - f u s i o n  r a t i o  

are bo th  u n i t y ,  and t h e  no rma l i za t ion  f a c t o r ,  a l s o  c a l l e d  t h e  K f a c t o r  

(Advisory Committee on C i v i l  Defense, 1973) ,  is 1930 roentgens p e r  hour 

p e r  k i l o t o n  p e r  squa re  m i l e .  Although t h e s e  cond i t ions  and assumptions 

are somewhat i d e a l i z e d ,  t h e  r e s u l t s  should be  adequate  for gaining an  

i n s i g h t  i n t o  t h e  magnitude of t h e  problem, and to  provide  a b a s i s  f o r  

g e n e r a t i n g  p l a n s  t o  cope wi th  the problem. I n  an  a c t u a l  s i t u a t i o n ,  t h e  
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winds and weather w i l l  be h igh ly  v a r i a b l e ,  r e s u l t i n g  i n  extremely com- 

plex  p a t t e r n s  of f a l l o u t  such t h a t  t h e  de t e rmina t ion  of t h e  e x t e n t  of 

f a l l o u t  r a d i a t i o n  must be  determined by a c t u a l  measurements by r a d i a t i o n  

survey  ins t ruments .  

cussed a f t e r  d i s c u s s i o n  of t h i s  h y p o t h e t i c a l  model. 

The c a p a b i l i t y  f o r  such measurement w i l l  be d i s -  

The d a r k e s t  areas i n  Fig.  4 .1  i n d i c a t e  areas i n  which t h e  uni t - t ime 

r e f e r e n c e  dose  rate i s  10,000 R/hr o r  g r e a t e r ,  and t h e  t o t a l  area a t  

t h i s  l e v e l  is  about  60,000 sq m i ,  as summarized i n  Table 4 .1 .  The 

cumulat ive area covered by f a l l o u t  as a f u n c t i o n  of uni t - t ime r e f e r e n c e  

dose  rate is  shown g r a p h i c a l l y  i n  F ig .  4.2.  I f  we assume t h a t  t h e  

r a d i a t i o n  i n t e n s i t y  decays uniformly throughout t h e  count ry ,  and t h a t  

t h e  f a l l o u t  remains f i x e d  i n  p l a c e  a f t e r  be ing  depos i t ed  on t h e  ground, 

t hen  t h e  dose rate i s o p l e t h s  i n  Fig.  4 .1  r e p r e s e n t  t h e  relative levels 

of r a d i a t i o n  i n t e n s i t y  a t  v a r i o u s  t i m e s  a f t e r  t h e  a t t a c k .  According t o  

t h e  s t anda rd  r a d i a t i o n  decay model f o r  f a l l o u t  from nuc lea r  weapons, t h e  
-1.2 i n t e n s i t y  of r a d i a t i o n  dec reases  w i t h  t i m e  accord ing  t o  R = R o t  ? 

where R i s  t h e  i n t e n s i t y  of r a d i a t i o n  i n  roentgens/hour  a t  t i m e  - t i n  hours  

a f t e r  t h e  attack, and R i s  t h e  uni t - t ime r e f e r e n c e  dose rate. F a c t o r s  

by which t h e  r a d i a t i o n  i n t e n s i t y  is reduced according t o  t h i s  l a w  are 

l i s t e d  i n  Table  4 . 2 .  These f a c t o r s  may be app l i ed  t o  t h e  contours  i n  

F ig .  4 . 1  t o  i n d i c a t e  t h e  r a d i a t i o n  i n t e n s i t y  levels a t  t i m e  - t ( i n  hours )  

a f t e r  t h e  a t t a c k .  A s  a n  example, t h e  contours  i n  Fig.  4 . 1  f o r  10,000 

R/h a t  u n i t  t i m e  (H+1) become contours  of 100 R/hr i n  two days a f t e r  t h e  

a t t a c k ,  and t h e  same contours  i n d i c a t e  l e v e l s  of 10 R/hr i n  t h i r t e e n  

days after t h e  a t t a c k ,  and a f t e r  90 days,  t h e  same contours  r e p r e s e n t  

r a d i a t i o n  l e v e l s  of 1 R/hr. 

0 

Because t h e  b i o l o g i c a l  e f f e c t s  of r a d i a t i o n  depend on accumulated 

dose ,  t h e  contours  i n  F ig .  4 . 1  are no t  immediately u s e f u l  t o  a de fense  

p l anne r .  I n  o r d e r  t o  i n c r e a s e  t h e  u s e f u l n e s s  of t h e s e  con tour s ,  t h e  

graphs  i n  F ig .  4 . 3  were developed, which show the four-day dose o r  peak 

ERD (Equivalent  Res idua l  Dose) as a f u n c t i o n  of t h e  a r r i v a l  t i m e  of t h e  

f a l l o u t .  I n  an  a c t u a l  s i t u a t i o n ,  t h e  f a l l o u t  w i l l  arrive a t  d i f f e r e n t  

t i m e s  a t  d i f f e r e n t  l o c a t i o n s ,  due t o  vary ing  wind cond i t ions .  I n  t h i s  

case, t h e  uni t - t ime r e f e r e n c e  dose rate can  be es t imated  by measuring 
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Table 4.2 

Reduction Fac to r s  f o r  Radiation 
Due t o  Decay 

Time 4f te r  At tack  
(Day S 1 

Reduction Fac to r  

1.9 

13.2 

89.8 

0 . 0 1  

0.001 

0.0001 



4 3  

10.0 

5.0 

3.0 , 

2.5 

DOSE TO UNPROTECTED HUMANS, PF= 1 - 
- - - 4-day DOSE, D4 = FRO - - PEAK ERD = F R ~  (NUMBERS IN PARENTHESES s w w  r-G, 
I TIME AT WHICH PEAK ERD OCCURS AFTER 

FALLOUT ARRIVAL 1 
- 

Ro UNIT-TIME REFERENCE DOSE-RATE 

0.1 
2 5 f0 20 50 1 
G I  FALLOUT ARRIVAL TIME (hours of fer detonation j 

Fig. 4 . 3  Four-Day Dose and Peak ERD a6 a Function o f  
Arrival T i m e  of F a l l o u t .  
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t h e  r a d i a t i o n  dose rates a t  v a r i o u s  t i m e s ,  p l o t t i n g  t h e s e  v a l u e s  on a 

graph,  and e x t r a p o l a t i n g  back to  one hour a f t e r  de tona t ion .  

Because t h e  r a d i a t i o n  is  decaying whi le  i t  i s  enroute  t o  t h e  f i n a l  

d e p o s i t i o n  area, t h e  dose a t  t h e  area w i l l  be reduced cons iderably ,  

depending on how f a r  downwind t h e  d e p o s i t i o n  area i s  l o c a t e d  from t h e  

d e t o n a t i o n .  The dose t o  unpro tec ted  humans as a f u n c t i o n  of t h e  f a l l o u t  

a r r iva l  t ine can then  b e  es t imated  by t h e  f a c t o r s  given i n  F ig .  4 . 3 .  

The f a l l o u t  p a t t e r n s  i n  Fig.  4 .1  w e r e  c a l c u l a t e d  w i t h  t h e  assumption 

t h a t  t h e  mean wind v e l o c i t y  f o r  f a l l o u t  t r a i l spo r t  is  25 mph from t h e  

west, as mentioned previous ly .  Suppose, as a n  example, t h a t  w e  wish t o  

estimate t h e  four-day dose t o  unprotected humans a t  Marshall, Minnesota, 

under t h e s e  wind c o n d i t i o n s ,  and f o r  t h e  CW-2B a t t a c k .  Marsha1.l i s  

l o c a t e d  a t  approximately 44.4O N l a t i t u d e  and 95.8' W l o n g i t u d e .  

upwind n u c l e a r  b u r s t s  which w i l l  produce f a l l o u t  on Marsha l l ,  under t h e  

wind and a t t a c k  assumptions used h e r e ,  are l o c a t e d  i n  wes tern  South 

Dakota. The l a t i t u d e  scale on t h e  l e f t  s i d e  of Fig.  4.1. can b e  used as 

a d i s t a n c e  scale; one degree  of l a t i t u d e  corresponds to  60 n a u t i c a l  

m i l e s  o r  69.1 s t a t u t e  m i l e s .  The d i s t a n c e  from H a r s h a l l ,  Minnesota, t o  

t h e  n u c l e a r  b u r s t  sites i n  South. Dakota var ies  between approximately 

4.5' and 5.5O o f  l a t i t u d e ,  o r  between 3 1 1  and 380 m i l e s .  

e f f e c t i v e  wind f o r  f a l l o u t  t r a n s p o r t  of 2.5 mph, t h e  t i m e  of a r r iva l  of 

f a l l o u t  i n  Marshal l  w i l l  range between about  1 2  hours  f o r  t h e  ear l ies t  

a r r iva l  and 15  hours  f o r  t h e  l a t e s t .  From F i g .  4 . 3 ,  file f a c t o r  f o r  

e s t i m a t i n g  t h e  four-day dose ( t h e  dashed l i n e )  is  aboue. 1 .07 f o r  12 

hours  a r r iva l  time, and about  0.96 f o r  15 hours  a r r iva l  t i m e .  We w i l l  

u s e  F = 1. From Fig.  4 .1 ,  t h e  uni t - t ime r e f e r e n c e  dose ra te ,  R i s  

n e a r  t h e  3000 R/hr i s o p l e t h ,  so w e  estimate i t  t o  be about  2500 R/hr.  

The four-day dose a t  Marshal l  f o r  t h e s e  c o n d i t i o n s  f o r  unprotected 

humans i s  t h e n  2500 roentgens ,  ob ta ined  from t h e  product  of F ,  t h e  

f a c t o r  ob ta ined  from F ig .  4 . 3  and Ro9  t h e  uni t - t ime r e f e r e n c e  dose r a t e  

obta ined  from Fig.  4.1. 

The 

With a mean 

0' 

Exposure t o  400-450 roentgens  of whole-body r ad i - a t ion  is  considered 

t o  be f a t a l  t o  50% of t h e  people  exposed, as d iscussed  i n  s e c t i o n s  4.4 

and 4 . 5 .  It i s  evident  t h a t  f a l l o u t  s h e l t e r s  would be  r e q u i r e d  i n  

Marshal l ,  Minnesota, under t h e s e  c o n d i t i o n s .  F a c t o r s  which e n t e r  t h e  
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c o n s i d e r a t i o n s  i n  s e l e c t i n g  t h e  degree  of p r o t e c t i o n  are d i scussed  on 

page 75. 
I f  a person  remained a n  e n t i r e  l i f e t i m e  i n  an area contaminated by 

r a d i o a c t i v e  f a l l o u t  from a s i n g l e  a t t a c k  by nuc lea r  weapons, t h e  t o t a l  

dose,  i f  unpro tec ted ,  would be  approximately fou r  t i m e s  t h e  uni t - t ime 

r e f e r e n c e  dose rate. However, because of b i o l o g i c a l  recovery from much 

of t h e  r a d i a t i o n  damage, t h e  Equivalent  Res idua l  Dose (ERD),  as def ined  

by t h e  equa t ion  i n  Fig.  4 . 3 ,  w i l l  r each  a peak a t  about  f i v e  days a f t e r  

t h e  a t t a c k  i n  t h e  case where t h e  f a l l o u t  reaches  t h e  area i n  one hour 

a f t e r  t h e  de tona t ions ,  about  25 miles downwind f o r  t h e  h y p o t h e t i c a l  case 

w e  are cons ide r ing ,  and t h e  peak ERD w i l l  be about  2.8 t i m e s  t h e  u n i t -  

t i m e  r e f e r e n c e  dose rate. 

The number of people  i n  t h e  areas of f a l l o u t  are l i s t e d  i n  Table 

4 . 3  f o r  two cases, t h e  1970 r e s i d e n t i a l  popula t ion  and t h e  popu la t ion  

r e l o c a t e d  accord ing  t o  t h e  ADAGIO program. 

t h e  d a t a  ob ta ined  i s  shown i n  Fig.  4 . 4 ,  which p l o t s  t h e  pe rcen t  of 

people ,  p l o t t e d  on t h e  o r d i n a t e ,  which are l o c a t e d  i n  areas having a 

uni t - t ime r e f e r e n c e  dose rate equal  t o  o r  g r e a t e r  t han  t h a t  shown a long  

t h e  a b s c i s s a .  

f a l l o u t  from t h i s  a t t a c k  are l i s t e d  i n  Table  4.4 .  

A mre complete d i s p l a y  of 

The names of f o r t y  c o u n t i e s  which have t h e  h e a v i e s t  

It i s  o f t e n  u s e f u l  t o  have a s i n g l e  index  by which t h e  r e l a t i v e  

e f f e c t i v e n e s s  of one s i t u a t i o n  can be compared w i t h  another .  The 

e f f e c t i v e n e s s  of t h e  r e l o c a t i o n  i n  avoid ing  f a l l o u t  can be roughly 

i n d i c a t e d  by a s i n g l e  index ,  If, which w e  c a l l  t h e  F a l l o u t  Avoidance 

Index. I f  t h e  r e l o c a t i o n  i s  t h e  b e s t  p o s s i b l e  wi th  regard  t o  avoid ing  

f a l l o u t ,  t h e  index  w i l l .  have t h e  v a l u e  of un i ty .  I f  t h e  r e l o c a t i o n  

makes no change, t h e  index  w i l l  b e  zero ,  and i f  c o n d i t i o n s  are worse,  

t h e  index  w i l l  be nega t ive .  W e  d e f i n e  G e =xiPieRi ,  t h e  sum over  all 

U.S, c o u n t i e s  of t h e  product ,  i n  each county,  of t h e  popu la t ion  i n  t h e  

county a f t e r  r e l o c a t i o n ,  and Ri,  t h e  uni t - t ime r e f e r e n c e  dose rate i n  

t h e  county.  S i m i l a r l y ,  w e  d e f i n e  G =CiPirRi,  involv ing  t h e  r e s i d e n t i a l  

i n  s i t u  popula t ion .  F i n a l l y ,  w e  d e f i n e  G = 1.94 x 1 0  P ,  where P is  

t h e  t o t a l  popu la t ion  of t h e  count ry ,  and t h e  cons t an t  is t h e  dose rate 
p e r  hour based on t h e  t o l e r a b l e  background r a d i a t i o n  of 170 mr/yr ,  as 

-5 
0 
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TAHJX 4 .4  

For ty  Counties  w i t h  Sevcte  F a l l o u t  Radiat ion from t h e  
CRP--2B Attack (Hypothet ical  S i t u a t i o n )  

County S t a t e  Unit-Time Reference 
Dose Rate (Rjhr)  

1. 
2, 
3. 
4. 
5. 
6 .  
7. 

9 .  
10.  
11. 
1 2 .  
13. 
14. 
15.  
16.  
1 7 .  
18. 
1 9 .  
20. 
2 1 .  
22 c 
23. 
24. 
25 - 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34 
35. 
36. 
37. 
38. 
39. 
40 .  

a .  

Queens 
Nassau 
New York 
White 
Cooper 
Moniteau 
Deuel 
Cheyenne 
Bronx 
Suf Eolk 
Boone 
Kei th  
Kent 
Cole 
C l i n t o n  
Kings 
Cal. laway 
Woodruff 
Walsh 
Cross 
P e t t i s  
Grand Forks 
Osage 
Ramsey 
P e  t r  o leum 
Sedgwi ck 
Shelby 
R r i s t o l  
Madison 
Cochise 
Warren 
Washington 
Marion 
Mar s ha 11 
Wilson 
Mo n t goner y 
F a y e t t e  
Penning t o n  
Contra Cosa 
Queen Annes 

New York 
New York 
New York 
A r  ka iisa s 
Missouri  
M i  s sour j. 
Nebraska 
Nebraska 
New York 
New York 
Missouri  
Nebraska 
Maryland 
Missouri  
111 i n o i s  
New York 
M i  s so u r i  
Arkansas 
North Dakota 
Ark.ansas 
M i . s  sour  i 
North Dakota 
Missouri  
Minnesota 
Montana 
Color ado 
Tennessee 
Massachuset ts  
ill ino i s  
A r t  z o  na 
Missouri  
Minneso Ira 
I11 i no  i s  
Minnesota 
Kan s a 6 
Missouri  
Teiii ies see 
Minneso Ea 
C a l i f o r n i a  
Maryland 

32 , 000 
30,000 
20,600 
19,800 
17,800 
17,800 
17,000 
16,600 
16,600 
16,400 
15,400 
15,300 
15,300 
15,l.OO 
15,000 
15,000 
14,900 
14,500 
14,100 
14,100 
13,800 
13,300 
13,200 
1.3 1.00 
1 2  , 900 
1 2  9 900 
12,800 
1 2  700 
12 ,700  
12,400 
12 , 300 
1%. ,200 
12,100 
12,000 
11,900 
11,900 
11,700 
11 600 
11 , 500 
11 , 500 
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may then  be def ined  If 5 
set by t h e  NCRP. The F a l l o u t  Avoidance Index, 

3s : 

I f  t h e  r e l o c a t i o n  r e s u l t s  i n  p l a c i n g  people  such t h a t  t h e  r a d i a t i o n  

i n  t h e i r  new l o c a t i o n s  i s  equa l  t o  t h e  s p e c i f i e d  t o l e r a b l e  background 

r a d i a t i o n ,  t hen  t h e  va lue  of  t h e  index  is  u n i t y ,  i n d i c a t i n g  a good 

s o l u t i o n  t o  t h e  problem. I f  t h e  r e l o c a t i o n  r e s u l t s  i n  t h e  same sum of 

p roduc t s  of popu la t ion  and r a d i a t i o n  a s  t h e  r e s i d e n t i a l  l o c a t i o n ,  t h e n  

the index w i l l  be ze ro ,  i n d i c a t i n g  a poor s o l u t i o n  t o  t h e  problem. For 

t h i s  a t t a c k ,  G = 4.0 x 10" and Gr = 6.8 x lo1' f o r  t h e  1970 r e s i d e n t i a l  

popula t ion ,  and Go = 3922. The va lue  of  I i s  0.41. The ADAGIO r e l o -  

c a t i o n  w a s  based on a d i f f e r e n t  f a l l o u t  p a t t e r n ,  hence t h e  index  i s  not  

as h igh  as i t  would have been i f  t h e  r e l o c a t i o n  had been based on the  

f a l l o u t  p a t t e r n  used h e r e ,  as shown i n  F ig .  4.1.  

e 

f 

The f a l l o u t  areas shown i n  Fig.  4 . 1  can be  used as a rough i n d i -  

c a t o r  f o r  requirements  f o r  f a l l o u t  s h e l t e r s  under f a i r l y  gene ra l  wind 

cond i t ions .  Transpor t  of f a l l o u t  from megaton-yield weapons t a k e s  p l a c e  

p r i m a r i l y  i n  t h e  s t r a t o s p h e r e .  I n  t h e  win te r ,  s t r a t o s p h e r i c  winds blow 

predominantly from t h e  w e s t ,  bu t  i n  t h e  summer over  much of t h e  U.S., 

t h e  s t r a t o s p h e r i c  winds blow from t h e  east (Crutcher ,  1.959). Because 

% w i n d  d i r e c t i o n  is  p o s s i b l e  ( t h e  p r o b a b i l i t y  is  no t  r e l e v a n t  i f  

a l t e r n a t i v e s  are a v a i l a b l e  u n l e s s  t h e  s h e l t e r e e s  wish t o  engage i n  

Russian r o u l e t t e ) ,  t h e  areas of p o s s i b l e  heavy f a l l o u t  around h igh - r i sk  

areas is  rep resen ted  by a c i rc le  which can be genera ted  by p l a c i n g  a 

compass p o i n t  on  t h e  western edge of t h e  da rk  area, and i n s c r i b i n g  a 

c i rc le  w i t h  r a d i u s  equa l  t o  t h e  downwhd d i s t a n c e  t o  t h e  i s o p l e t h  value.  

A l t e r n a t e l y ,  t h e  f a l l o u t  p r o t e c t i o n  f a c t o r  (PF) f o r  a s h e l t e r  i n  a 

g iven  area can  be e s t ima ted  as fo l lows:  F i r s t ,  l o c a t e  t h e  geographica l  

p o s i t i o n  of t h e  s h e l t e r  on t h e  map; second, p l a c e  a compass p o i n t  on t h e  

wes tern  edge of  t h e  nearest and d a r k e s t  f a l l o u t  p a t t e r n  ( t h e  p o i n t  of 
d e t o n a t i o n ) ;  t h i r d ,  w i t h  r a d i u s  equal t o  t h e  d i s t a n c e  from t h e  compass 

p o i n t  t o  t h e  s h e l t e r  l o c a t i o n ,  i n s c r i b e  a c i r c l e  which passes  through 



the downwind p o r t i o n  of t h e  f a l l o u t  p a t t e r n ;  f o r t h ,  estimate t h e  maximum 

v a l u e  o f  t h e  uni t - t ime r e f e r e n c e  dose ra te  where t h e  c i rc le  i n t e r s e c t s  

t h e  f a l l o u t  p a t t e r n  r e s u l t i n g  from t h e  weapon d e t o n a t i o n  l o c a t i o n  a t  t h e  

center o f  t h e  c i rc le .  This  procedure I s  repea ted  w i t h  a l l  t h e  neigh- 

bor  ing f a l l o u t  p a t t e r n s  which appear  t ~ : )  have a si.giilEicant e f f e c t  . 
For some w i n t e r  wind c o n d i t i o n s ,  the e f f e c t i v e  wind v e l o c i t y  may be 

t w i c e  t h a t  used t o  g e n e r a t e  Fl.g. 4.1 (25 mph) and i f  t h e s e  c o n d i t i o n s  

are t o  be used ,  the  l e n g t h  of t h e  downwind p a t t e r n s  would be  i n c r e a s e d  

and t h e  widch reduced. For more d e t a i l e d  e v a l u a t i o n s ,  several maps 

should be used, correspontl:i.ng t o  several. wind speeds and more d e t a i l e d  

contours  should appear  oii t h e  maps. The t i m e  Of a r r iva l  is  estiruated by 

c a l c u l a t i n g  the d i s t a n c e  from t h e  s h e l t e r  l o c a t i o n  t o  t h e  upwii-id edge of 

t h e  p a t t e r n ,  as provided f o r  t h e  uni t - t ime r e f e r e n c e  dose ra te ,  and 

t h e n  d i v i d i n g  t h a t  d i s t a n c e  by t h e  e f f e c t i v e  wind v e l o c i t y .  

can then  be used &o c a l c u l a t e  t h e  peak E D  o r  4-day dose,  from which t h e  

desi.red PF can  be es t imated .  

F i g u r e  4 . 3  

An example of a p p l i c a t i o n  o f  t h e  procedure descr ibed  above m y  be 

h e l p f u l .  Suppose w e  a re  going t o  b u i l d  a f a l l o u t  s h e l t e r  i n  t h e  v i c i n -  

i t y  of Edgeiiwnr:, South Dakota. I n  Fig.  4 . S ,  two c i rc les  are drawn which 

p a s s  through Edgemont and have t h e i r  o r i g i n s  i n  t h e  western edges of t w o  

01 t h e  d a r k e s t  ( h e a v i e s t  f a l l o u t )  r e g i o n s  i n  t h e  v i c i n i t y  of Edgemont. 

If t h e  effectri.ve wind veloci . ty  w e r e  25 mph and blew f r o m  t h e  south- 

southwest a t  the. time of t h e  a t t a c k ,  t h e  f a l l o u t  p a t t e r n  t o  t h e  south  of 

Edgcmont i n  F i g .  4 .5  would be  r o t a t e d  s o  t h a t  Edgernorat would l i e  w i t h i n  

t h e  r e g i o n  of h e a v i e s t  f a I . 1 . o ~ ~  of t h i s  p a t t e r n ,  and t h e  f a l l o u t  from 

d e t o n a t i o n s  t o  t he  n o r t h  would not. a f f e c t  Edgemont. a t  a l l .  S i m i l a r l y ,  

i.f t h e  wind blew f rom t h e  nor th-nor theas t  a t  t h e  t i m i :  of the a t t a c k ,  t h e  

f a l l - o u t  p a t t e r n  t o  t h e  n o r t h  of Edgemont would be r o t a t e d  so t h a t  

Edgemont would l i e  on the t i p  of t h e  d a r k e s t  p o r t i o n  o f  t h a t  p a t t e r n ,  

arid t h e  f a l l o u t  from d e t o n a t i o n s  from t h e  south would have no e f f e c t  on 

Kdgemont. The r a d i i  of the two c i rc les  are approximately 100 and 130 

m i l e s ,  and the uni t - t ime r e f e r e n c e  dose  rates are  es t imated  t o  be 10,000 

R/hr and 13,000 K/hr r e s p e c t i v e l y ,  and t h e  f a l l o u t  arr ival  t i m e s  a re  

approximately 4 and 5.2 hours  r e s p e c t i v e l y .  
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From Fig.  4 . 3 ,  t h e  peak ERD f a c t o r s  are  rcspective1.y 1 . 7  and 1.53, 

r e s u l t i n g  i n  es t imated  peak ERDs t o  unprotected humans of 17,000 R and 

19 ,900  R r e s p e c t i v e l y .  The l a t t e r  number would be t h e  p r e f e r r e d  number 

t o  use  f o r  Spec i fy ing  t h e  s h e l t e r  PF, which would b e  about  4 0 0  i f  a peak 

ERD of 50 R were t o  be allowed i n  t h e  s h e l t e r .  I f  several. limps were 

used, corresponding t o  d i f f e r e n t  wind v e l o c i t i e s ,  several v a l u e s  of t h e  

peak ERD would r e s u l t ,  and t h e  h i g h e s t  v a h e  obta ined  would be t h e  v a l u e  

chosen f o r  s p e c i f y i n g  t h e  PF of t h e  s h e l t e r .  

Radia t ion  levels  are shobm i n  Fig.  4.6 which would e x i s t  a t  one 

year  a f t e r  t h e  a t tack i f  t h e r e  w e r e  no decontaminat ion measures taken  

and i f  no l e a c h i n g  by r a i n  o c c w r e d .  These r e s u l t s  were es t imated  w i t h  

t h e  use  of d e t a i l e d  a n a l y s i s  of t h e  decay of t h e  v a r i o u s  i s o t o p e s  

(R. Ches te r ,  1974) because t h e  s tandard  decay law does n o t  apply a f t e r  

about  Eive o r  s i x  months a f t e r  t h e  de tona t ion .  A t  one year  a f t e r  t h e  

a t t a c k  t h e  r a d i a t i o n  i n t e n s i t i e s  are decaying sl.owly, and t h e  o n e  year  

dose  s t a r t i n g  a t  one year  a f t e r  the a t t a c k  can be  est imated approxi-  

mately by m u l t i p l y i n g  t h e  hourly dose-rate  shown in Fig .  4.6 by by 8 7 6 0 ,  

t h e  number of hours  i n  a yea r .  The lowest  contour  i n  Fig.  4 . 6  is  0.0001 

R/hr,  and encompasses a n  area of 2.4 m i l l i o n  square  m i l e s ,  80% of t h e  

U.S. area, as l i s t e d  i n  Table 4.5.  The long-ra-nge e f f e c t  of t h i s  r a d i -  

a t i o n  on humans w i l l  be  d i s c u s s e d  l a t e r  i n  t h i s  c h a p t e r ,  and t h e  e f f e c t  

on c rops  w i l l  be d iscussed  i n  Chapter 6.  

4.3 The U.S. RADEF Program 

Radiological  Defense (RADEF) i s  a f i r s t - p r i o r i t y  emergency prepared- 

n e s s  program a t  f e d e r a l ,  s ta te ,  and 1-oca1 levels of government, designed 

t o  enhance t h e  survi-Val of c i t i z e n s  from f a l l o u t  t h r e a t s  i n  the w e n t  of 

a n u c l e a r  a t t a c k .  P r o t e c t i o n  of t h e  people  from r a d i a t i o n  hazards  and 

e a r l y  implementation of  s u r v i v a l  measures can be accomplished o n l y  

through an organized  c a p a b i l i t y  of d e t e c t i n g ,  monitor ing,  r e p o r t i n g ,  and 

ana lyz ing  t h e  f a l l o i i t  s i t u a t i o n  a t  each a f f e c t e d  l o c a l i t y .  Radia t ion  

measuring and d e t e c t i o n  ins t ruments  i n  t h e  bands o f  t r a i n e d  personnel  

are t h e  only  means of g a i n i n g  reasonably  a c c u r a t e  informat ion  on t h e  

E a l l o u t  r a d i a t i o n  level  a t  a g iven  t i m e  and p l a c e ,  because the l e v e l s  of 
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Table 4 .5  

Area Dose-Rates One Year After a Hypothetical Attack 

... . .. 

Do s e-r at e, Area Cuiniilative Area Percent of Area of 
(K/ ’n r )  (sq mi> (sy mi) Coterminous U.S. 

0 . 1  108 108 0.004 

0.01 347,000 347,000 11.7 

0.001 1 089.000 1,436,000 48.5 

0.0001 944,000 2,380,000 80 .3  

0.00001 274 000 2,654,000 89.5 
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r a d i a t i o n  w i l l  va ry  i n  t i m e  due t o  l o c a l  c l ima t i c  c o n d i t i o n s ,  dur ing  and 

a f t e r  t h e  f a l l o u t  d e p o s i t i o n ,  and t h e  v a r i a t i o n s  may b e  cons ide rab le  

over  s h o r t  d i s t a n c e s .  

Fede ra l  guidance r e l a t i n g  t o  RADEF is given  in P a r t  E, Chapter 5,  

of t h e  Fede ra l  Civ i l  Defense Guide (FCDG), which i s  c u r r e n t l y  be ing  

updated by DCPA t o  i n c l u d e  t h e  changing s t r a t e g i c  t h r e a t ,  crisis r e l o -  

c a t i o n ,  and v a r i o u s  peacetime nuc lea r  t h r e a t s .  

F ive  b a s i c  components of t h e  RADEF program are: 

t h e  p r o v i s i o n  of r a d i o l o g i c a l  monitor ing c a p a b i l i t y  
f o r  each s h e l t e r ;  

t h e  e s t ab l i shmen t  of a network of a p p r o p r i a t e l y  
d i spe r sed  c e n t e r s  of monitor ing and r e p o r t i n g  
c a p a b i l i t y  c a l l e d  "monitoring s t a t i o n s ; "  

t h e  development of c a p a b i l i t i e s  a t  EOCs (Emergency 
Operat ing Centers )  to process  t h e  r a w  r a d i o l o g i c a l  
d a t a  i n t o  r e a d i l y  u s a b l e  form, and t o  provide  
s t a f f  suppor t  through i n t e r p r e t a t i o n  of d a t a ,  
p r o v i s i o n  of t e c h n i c a l  guidance,  and recommendations 
of p o s s i b l e  courses  of a c t i o n ;  

t h e  p r o v i s i o n  of in s t rumen ta t ion  and t r a i n i n g  f o r  
t h e  r a d i o l o g i c a l  s e l f - h e l p  p r o t e c t i o n  of emergency 
s e r v i c e  and v i t a l  f a c i l i t y  personnel ;  and 

t h e  p r o v i s i o n  of dos imeters  for p o s t a t t a c k  expo- 
s u r e  c o n t r o l  f o r  c i v i l  de fense  workers engaged i n  
recovery  o p e r a t i o n s .  

p rov i s ion  of r a d i o l o g i c a l  monitor ing i n  each s h e l t e r  and i n  i t s  
immediate v i c i n i t y  i s  e s s e n t i a l  i n  o r d e r  t o  main ta in  a r eco rd  of expo- 

s u r e  f o r  each i n d i v i d u a l ,  e s p e c i a l l y  t h o s e  who must make excur s ions  o u t  

of  t h e  s h e l t e r  f o r  s u r v i v a l  purposes .  Radio b roadcas t s  w i l l  be a b l e  to  
provide  on ly  gene ra l  rough approximations of r a d i a t i o n  levels i n  t h e  

env i rons  of s h e l t e r s .  

The network of "monitoring s t a t i o n s "  w i l l  serve as a base  from which: 

(a) monitors  w i l l  perform o n - s t a t i o n  moni tor ing  dur ing  t h e  pe r iod  when 

t h e  r a d i a t i o n  hazard is  g r e a t ,  and (b) d e t a i l e d  mobile monitor ing w i l l  

t a k e  p l a c e  du r ing  t h e  pe r iod  when r a d i a t i o n  rates w i l l  permit  l i m i t e d  

field Opera t ions  on a c o n t r o l l e d  r i s k  b a s i s .  

e f f e c t i v e l y  supplement, bu t  not r ep lace ,  t h e  d e t a i l e d  monitor ing s t a t i o n  

f u n c t i o n s ,  e s p e c i a l l y  f o r  moni tor ing  t r a n s p o r t a t i o n  r o u t e s ,  a g r i c u l t u r a l  

Aerial monitor ing can 
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l a n d s ,  e tc .  Data obta ined  by t h e  monitor:i.ng s t a t i o n s  w i l l  be  conmiuni- 

c a t e d  t o  EOCs fo-c process ing ,  p r e f e r a b l y  by r a d i o ,  i n  view of t h e  t h r e a t s  

t o  te lephone  l i n e s  from €?MI', b l a s t  and f i r e .  

The system of EOCs  and monitor ing s t a t i o n s  r e q u i r e s  t r a i n e d  RADEF 

o f f i c e r s  (RDOs) p l o t t e r s ,  ana l -ys t s ,  r e c o r d e r s ,  and r a d i o l o g i c a l  monitors .  

A s  of June 30, 1975,  t h e r e  w e r e  3.500 q u a l i f i e d  K D O s  i n  t h e  [J.S. ,  w i t h  a 

goa l  of 10,000, and 177,000 t r a i n e d  r a d i o l o g i c a l  monitors ,  w i t h  a g o a l  

of  38O,000. 

The b a s i c  r a d i o l o g i c a l  ins t ruments  necessary f o r  measuring dose 

rates (survey meters )  and accumulated dosages (dosimeters)  are provided 

by t h e  f e d e r a l  government t o  t h e  s ta tes  and through them t o  l o c a l  govern- 

ment f o r  u s e  i n  community s h e l t e r s  and state and l o c a l  illonitoring s ta-  

t i o n s .  Addi t iona l  and more s p e c i a l i z e d  equipment has a l s o  become p a r t  

of t h e  t o t a l  i n s t r u m e n t a t i o n  r e l a t i n g  t o  c i v i l  defense ,  such as aer ia l  

monitor ing ins t ruments ,  remote sensor  r a d i a t i o n  meters f o r  E O C s ,  e tc .  

To i n s u r e  o p e r a t i o n a l  r e a d i n e s s  and r e l i a b i l i t y ,  a system t o  c o n t r o l ,  

main ta in ,  r e p a i r ,  and c a l i b r a t e  equipment i s  a l s o  provided through 

federal ly-funded s ta te  shops.  

This  RADEF c a p a b i l i - t y  i s  d e t e r i o r a t i n g  i n  some states due t o  s h o r t -  

a g e  of  s ta te  and f e d e r a l  funds,  and from l a c k  of i n t e r e s t  i n  o t h e r s .  

A b r i e f  d e s c r i p t i o n  of t h e  DCPA r a d i o l o g i c a l  ins t ruments  f o r  

o p e r a t i o n a l  use  i s  g iven  i n  Chapter 7, Annex 1, of t h e  Radio logica l  

Defense Planning and Opera t ions  ---.-.-11_ Guide 3 SM-11.23.2, revi.scr.d March 1967, 

Department of Defense, O f f i c e  of C i v i l  Defense. The number and g e n e r a l  

d i s t r i b u t i o n  of ins t ruments  i n  t h e  U.S.,  as of J u l y  1974, i s  l i s t e d  i n  

Table  4 . 6 .  The number of monitor ing k i t s  and o t h e r  survey ins t ruments  

are  I.i.sted by s ta te  i n  Table 4,7.  

r a d i a t i o n  survey m e t e r  (low range ,  h igh  s e n s i t i v i t y ) ,  two V-715  h i g h  

range gamma survey meters, two V-742 h igh  range dos imeters ,  and one 

V-750 dosimeter  charger .  Many of t h e  138,000 s h e l t e r  k i t s  l i s t e d  i n  

Table  4.6 are l o c a t e d  i n  areas which are  considered t o  be  h igh- r i sk  

areas under CRP. These k i t s  shou1.d be moved t o  t h e  r e l o c a t i o n  areas 

d u r i n g  t h e  cr is is  per iod ,  and t h e  p l a n s  f o r  t h i s  movement should b e  made 

i n  de t a i l .  a t  t h e  l o c a l  l eve l  b e f o r e  a crisis occurs ,  

The monitor ing k i t  c o n t a i n s  one V-700 



57 

Table 4 . 6  

Radiation Detection Instruments Currently Distributed 
to States (figures rounded o f f )  

Source: DCPA-Operations & Planning 

Number Approximate Cost 

A. Instruments 

Survey Meters 

Low Range (V-700) 
0-.5 mr/hr 
0-5 mr/hr 
0-50 mr/hr 

Remote Sensor (V-711) 
High Range (V-715) 

0-.5 r/hr 
0-5 r/hr 
0-50 r/hr 
0-500 r/hr 

425,000 

400 
530,000 

Remote Reading (V-717) 80,000 
Chamber remotable t o  25' 

High Range (V-720) 
0-5 r/hr 
0-50 r/hr 
0-500 r/hr 

Dosimeters (Self -reading) 

Training (V-138) 
0-20 Roentgen (V-730) 
0-100 Roentgen (V-740) 
0-200 Roentgen (V-742) 

Chargers 

95,000 

190,000 
130,000 
155,000 

2,700,000 

For all dosimeters (V-750) 500,000 

$ 60.00 

100.00 
60.00 

100.00 

80.00 

25.00 
20.00 
20.00 
20.00 

15.00 

e . . . .  
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Table 4 . 6  (cont 'd )  

Number 

B. D i s t r i b u t i o n  -___ 

The t o t a l  of ins t ruments  i n  states is  about  5,100,000 

In monitor ing s t a t i o n s  - 61,000 k i t s  (1 ea. V-700, 
2 ea. V-715, 2 ea. V-742, 
1 ea. V-750) 366,000 

* 

In s h e l t e r s  - 138,000 k i t s  (same except  
on1.y one V-715  690,000 

Emergency worker dos imeters  and cha rge r s  i.n s t a t e  
b u i l d i n g s  (e .g .  n a t i o n a l  guard armories)  2 9 100 , 000 

In s t a t e  maintenance (one l o c a t i o n  per  s t a t e )  900 9 000 

I n  f e d e r a l  warehouse (Richmond, V i r g i n i a )  600,000 

I n  t r a i n i n g  (h igh  schools ,  e t c .  throughout  s t a t e s )  400,000 

* 
recommended s i t i n g :  a t  1-3 miles c e n t e r s  f o r  urban areas. 

a t  7-10 mi les  c e n t e r s  f o r  r u r a l .  
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Table  4.7 

D i s t r i b u t i o n  of Monitoring K i t s  
(July 1974) 

S t a t e  T o t a l  Number of Sets Other Survey 
(Monitoring K i t s )  I n s  t rvments  

Alabama 
Alaska 
Arizona 
Arkansas 
C a l i f o r n i a  
Golo rado 
Connect icut  
D e l a w a r e  
D i s t .  of Col. 
F l o r i d a  
Georgia 
H a w a i i  
Idaho 
L 1 1 in.0 i s 
Indiana  
Iowa 
Kansas 
Kentucky 
Lo us i a n a  
Maine 
Maryland 
Massachuset ts  
Michigan 
Minnesota 
M i s s i s s i p p i  
Missouri  
Montana 
Nebraska 
Nevada 
New Hampshire 
New J e r s e y  
New Mexico 
New York 
Worth Caro l ina  
North Dakota 
Ohio 
Oklahoma 
Oregon 
Pennsylvania  

1927 
3 7 1  
555 

1187 
6063 

524 
1155 

185 
62 

912 
1708 

238 
699 

1426 
1142 

967 
1123 
1447 
1102 
881 

1112 
1519 
1448 
1504 

867 
1201 

992 
1138 

424 
1 

2126 
7 04 

3952 
990 
811 

2154 
1581 

707 
2346 

1 
0 
0 
1 

18 
0 
1 

121 
25 
0 
0 
0 

82  
127 

1 0  
0 
0 
0 
0 

107 
595 

0 
67 

1. 
0 
0 
0 
0 
0 
1 
0 
0 
2 
0 

22 
0 
0 
0 
1 



60 

Table 4 . 7  (con 'd)  

S ta te  To ta l  Number of Sets Other Survey 
(Nonitor ing K i t s )  Instruments  

Rhode I s l a n d  
South Caro l ina  
South Dakota 
Tennessee 
Texas 
Utah 
Vermont 
V i r g i n i a  
Washington 
West V i r g i n i a  
Wisconsin 
Wyoming 

488 
1083 

796 
1405 
3321 

592 
211 
893 

1018 
807 

2 1 1 1  
436 

0 
0 
0 

164 
0 
5 
0 

15 
0 
8 
0 

49 
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I n  a d d i t i o n  t o  t h e s e  in s t rumen t s ,  11QO V - 7 8 1  ae r ia l  survey meters 

have been d i s t r i b u t e d  t o  t h e  states f o r  use i n  t h e  Civil  A i r  P a t r o l  

aerial  r a d i o l o g i c a l  monitor ing program. The a v a i l a b i l i t y  of a i r c r a f t ,  

f u e l ,  and runways f o r  c a r r y i n g  o u t  t h i s  program w i l l  be d iscussed  i n  

Chapter 7 .  

4 . 4  Radio log ica l  Exposure Control  Guide l ines  

The b a s i c  approach of DCPA t o  control.  of r a d i o l o g i c a l  exposure i s  

desc r ibed  i n  cons ide rab le  d e t a i l  i n  t h e  Rad io log ica l  Defense Planning 

and Opera t ions  Guide, SM-11.23.2, r e v i s e d  March 1967, (RDPOG) which i s  a 

r e p r i n t  of publ i shed  and d r a f t  materials from t h e  Fede ra l  C i v i l  Defense 

Guide. A more r e c e n t  gu ide  is  given i n  NCRP Report  No. 4 2 ,  Radio log ica l  

F a c t o r s  Af fec t ing  Decision-Making i n  a Nuclear At tack ,  November 15, 
1974. The under ly ing  philosophy i n  both documents i s  t o  provide  a 
d e s c r i p t i o n  of t h e  hazards  of r a d i o l o g i c a l  exposure,  how t o  d e t e c t  and 

p r o t e c t  a g a i n s t  i t ,  and how t o  keep t r a c k  of cumulat ive doses  wi thout  

a t t empt ing ,  f o r  p r a c t i c a l  r easons ,  t o  s p e c i f y  p r e c i s e  exposure l i m i t s  

f o r  a l l  people  i n  a l l  k inds  of s i t u a t i o n s  which may occur  in a pos t -  

a t tack s i t u a t i o n .  

One a n t i c i p a t e d  s i t u a t i o n ,  f o r  example, i s  t h a t  some s h e l t e r s  may 

b e  poor ly  s tocked w i t h  food o r  water, and i t  may be  necessary  f o r  some- 

one i n  t h e  s h e l t e r  t o  vo lun tee r  t o  t a k e  a c a l c u l a t e d  r i s k  and d e l i b -  

e r a t e l y  expose himself t o  r a d i a t i o n  i n  o r d e r  t o  procure  s u p p l i e s  f o r  

s u r v i v a l .  Another s i t u a t i o n  may occur  a f t e r  t h e  r a d i a t i o n  hazard has  

diminished t o  some e x t e n t ,  when i t  may become necessary  f o r  some she l -  

terees t o  p a r t i c i p a t e  i n  r a d i o l o g i c a l  monitor ing surveys ,  o r  i n  r e scue  

work, o r  i n  t h e  sh ipping  of v i t a l  s u p p l i e s  t o  less f o r t u n a t e  areas. In 

a l l  t h e s e  cases i t  is  extremely important  t o  have d e t a i l e d  informat ion  

on t h e  r a d i o l o g i c a l  c o n d i t i o n  i n  the immediate v i c i n i t y  of t h e  s h e l t e r .  

This  in format ion  could  be  ob ta ined  e i t h e r  by r a d i a t i o n  survey meters i n  

posses s ion  of t h e  s h e l t e r e e s ,  o r  by r a d i o  communication (two-way) wi th  

someone e x t e r n a l  t o  t h e  s h e l t e r  who has conducted a survey of t h e  she l -  

ter environment. I f  n e i t h e r  survey meters nor two-way communications 

w i t h  an  e x t e r n a l  surveyor  are a v a i l a b l e  o r  p o s s i b l e ,  t h e  s h e l t e r e e s  may 
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have t o  r e l y  o n l y  o-n AM b r o a d c a s t s  f ~ 9 ~  t h e  r a d i o l o g i c a l  s i t u a t i o n ,  which 

may be  g r o s s l y  i n  e r r o r  f o r  t h e i r  p a r t i c u l a r  l o c a r i o n ,  

of "hot spots"  due t o  c l ima t i c  c n n d t t i o n s  can r e s u l t  i n  r a d i a t i o n  i n t e n -  

s i t i e s  which may be  a hundred t i m e s  s t r o n g e r  i n  one l o c a t i o n  than  i n  

another  which i s  only  a m i l e  away. A more d e t a i l e d  discussi .on of she l -  

ter  s u r v i v a l  i n  hazardous r a d i a t i o n  f i e l d s  is  given i n  S e c t i o n  4 . 6 ,  i n  

t h i s  c h a p t e r .  

The p o s s i b i l i t y  

During t h e  e a r l y  per iods  foll-owiag 2 n u c l e a r  a t t a c k  ( t h e  f i r s t  week 

o r  two) b e f o r e  a complete e v a l u a t i o n  of t h e  hazards  can be  determined,  

t h e  recommendations showi i n  Table 4 . 8 ,  t aken  f rom RDPOG, p. 3-27, nay 

be  used as a guide €or d i r e c t i n g  s h e l t e r  and o p e r a t i o n a l  a c t i v i t i e s .  

o r d e r  t o  b e n e f i t  from t h i s  guidance, t h e r e  must be some kind o-E r a d i a t i o n  

survey meter i n  t h e  s h e l t e r .  As soon as informat ion  becomes a v a i l a b l e  

as t o  t h e  age of t h e  f a l l o u t ,  t h e  guideJ.ines i n  Table 4 .8  should be 

modified.  If t h e  f a l l o u t  i s  relal-.:ivel.y young ( 2  o r  3 hours  o l d )  a t  t h e  

t i m e  of measurement o f  t h e  dose ra te ,  t h e  radioacti i-vity i s  decaying 

r a p i d l y ,  and r e l a x a t i o n  of control.  of exposure to r a d i a t i o n  i n  t h e  

s h e l t e r  can b e  t o l e r a t e d  t o  some degree.  However, i f  f a l l o u t  is  several 

days o r  weeks o l d  a t  t h e  t i m e  o f  measurement, then. t h e  r a d i a t i o n  i n t e n -  

s i t y  i s  decaying s lowly,  and more. r i g i d  c o n t r o l  of exposure is necessary .  

In 

The g u i d e l i n e  €or  exposure of emergency personnel  t o  r a d i a t i o n  as 

g iven  i n  RDYOG i s  t h a t  ''to the  e x t e n t  p r a c t i c a b l e  t h e  ERD of emergency 

personnel. should always be  kept  well below 280 R." For workers i n  

cr i t ical .  areas (noli-emergency) tht? comparable maximum ERD i.s 100 R. An 

extreme t o t a l  exposure f o r  emergency personnel  dur ing  a 12  month p e r i o d  

which would keep t h e  ERE below 200 R dur ing  the f i r s t  y e a r ,  wo1il.d p e r m i t  

no more t h a n  200 R i n  t h e  first month, no niore than  2 5  R per  week i n  t h e  

next  5 inontlis, and no ~ i i o - c " e  than 18 R per  week i n  t h e  next  6 months. The 

maxinium exposure f o r  t h e  e n t i r e  year  under t h i s  schedule  i s  about 1008 

R, which i s  extreme. There i s  one example i n  h i - s to ry  so f a r  where a 

person has rece ived  ahout  1000 R i n  a per iod  of 106 days and surv ived  

(Lushbaugh, i n  Tobias and Todd, 1974, pp. 502-503). According t o  

Lushbaugh, "If t h e  exper ience  of t h e  one Mexican s u r v i v o r  can be used as 

a c r i t e r i o n ,  normal man may o n l y  be  a b l e  t o  achieve  s i m i l a r  t o l e r a n c e  t o  
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Table 4.8 

Guidelines f o r  Shelter and Operational Activities 
(Taken from RDPOG) 

If Outside Dose Rate Has 
Fal len  to :  (in R/hr) Activities That May Be Tolerated 

0.5 t o  2 

Less than 0.5 No special precautions necessary for performance 
of essential tasks, except to keep fallout 
particles from contaminating people and to 
sleep in the shelter. 

Outdoor activity (up to a few hours per day) 
tolerable €or  essential purposes, which include 
fire fighting, police action, rescue, repair, 
securing necessary food, water, medicine and 
blankets, important communications, disposition 
of waste, exercise and obtaining fresh air. 
Eating, sleeping, and all other activities 
should be conducted in the best: available 
shelter. 

2 to 10 

10 to 100 

Greatier than 100 

Very short periods (less than an hour per day) 
of outdoor activity are tolerable for the most 
essential purposes. Shelter occupants should 
rotate outdoor tasks to minimize total doses. 
Outdoor activities of children should be limited 
to 10 to 15 minutes per day. Rescue, repair, 
communications and exercise may safely take 
place i n  less than optimum shelter. 

Time outside of shelter should be held to a few 
minutes and limited to those f e w  activities 
that cannot be postponed for at least one more 
day. Insofar as possible, all people should 
remain in the best available shelter no matter 
how uncomfortable. 

Outdoor activity of more than a few minutes 
may result in sickness or lethality. The only 
occasions which might call for moving are 
(1) risk of death or serious injury in present 
shelter from fire, collapse, thirst, etc., and 
(2) present shelter is greatly inadequate-- 
might result in fatality--and better shelter is 
only a few minutes away. 



a n  average  marrow dose  of about 6 rads lday  i f  t h e  i r r a d i a t i o n  i s  by 

high-energy, low LET photons." 

f o r  a y e a r ,  t h e  t o t a l  dose  would be about  3300 R from fa]- lout- type 

r a d i a t i o n .  I n  c o n s i d e r a t i o n  of  p o s s i b l e  I-ong-range e f f e c t s  of exposure 

to  r a d i a t i o n ,  t o  b e  d iscussed  i n  t h e  r iext  s e c t i o n ,  i t  i s  dec idedly  t o  

t h e  advantage of t h e  i n d i v i d u a l  t o  be exposed t o  t:he minimum q u a n t i t y  of 

r a d i a t i o n  which i s  compatible  w i t h  t h e  accomplishment of a n  emergency 

t a sk .  

i f  t h i s  r a t e  of  exposure w e r e  t o l e r a t e d  

A comprehensive s tudy  of t h e  e.€Eects of exposure t o  r a d i a t i o n  w a s  

sponsored by NASA t o  e s t a b l i s h  guidel i -nes  f o r  a s t r o n a u t s  on space- 

f l i g h t s  of long  d u r a t i o n  (Space Radia t ion  Study Panel ,  1967) .  I n  t h e  

l a s t  c h a p t e r  on Evalua t ions  and Recommendations, i t  i s  assumed t h a t  a n  

acceptab1.e r e f  erence-equivalent  space exposure (RES ) , e s t a b l i s h e d  on 

t h e  b a s i s  of t h e  r isk-versus-gain phi losophy,  w a s  2.50 r e f e r e n c e  equiva- 

l e n t  u n i t s  ( r eu )  f o r  a one-year space mission.  For f a l l o u t - t y p e  r a d i -  

a t i o n ,  2.50 r e u  i s  approximately e q u i v a l e n t  t o  250 r a d s ,  mid l ine  absorbed 

dose,  o r  about 375 R, whole-body exposure.  I f  t h i s  dose w e r e  absorbed 

accord ing  t o  t h e  schedule  given i n  Table 3 3  of Radio logica l  F a c t o r s  i n  

Manned Space F l i g h t  (RFMSE' h e r e a f t e r )  (Space Radia t ion  Study Panel ,  

1967) t h e  Em, c a l c u l a t e d  according t o  t h e  formula i n  RDPOG, a t  t h e  end 

of  t h e  year  would be  about 30 r a d ,  o r  a n  exposure ERD t o  f a l l o u t - t y p e  

r a d i a t i o n  of about  45 K. I f  t h i s  recommendation were a p p l i e d  t o  t h e  

e x t e n t  t h a t  t h e  g u i d e l i n e  f o r  exposure of emergency personnel  t o  f a l l o u t  

r a d i a t i o n  were lowered from 200 R t o  a maximum ERD of 50 R ,  then  a n  

exposure r a t e  which would keep t h e  ERD below 50 R dur ing  t h e  f i r s t :  year  

would be as f o l l o w s :  less t h a n  100 R i n  t h e  f i r s t  month; less than  1 5  R 

p e r  week i n  t h e  next  f i v e  months; and less than  3 R per week i n  t h e  

remaining s i x  months, f o r  a t o t a l  maximum y e a r l y  dose of about  475  R. 

m 

The ERD concept of human respoiise t o  r a d i a t i o n  has  been d i s c r e d i t e d  

by a number of people  (Sacher,  1958; Sacher and Grahn, 1964; S t o r e r ,  

1959; Langharii, 1967; Steward, 1 9 7 4 )  y e t  i t  bas provided t h e  b a s i s  f o r  

e x t e n s i v e  g u i d e l i n e s  f o r  c o n t r o l  of exposure t o  r a d i a t i o n  throughout t h e  

world,  p a r t l y  because none of t h e  d e t r a c t o r s  c i t e d  proposed an a l te r -  

n a t i v e  scheme f o r  planning purposes i n  t h e  event  of l a r g e - s c a l e  r a d i a t i o n  
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haza rds  p re sen ted  by nuc lea r  w a r .  A r e c e n t  e f f o r t  t o  provide  an  a l t e r -  

n a t e  g u i d e l i n e  is  t h e  "Penalty" t a b l e ,  reproduced i n  Table 4 . 9  from 

Appendix Is of NCRP Report No. 4 2 .  It relates t h r e e  c a t e g o r i e s  of expo- 

s u r e  r a t e  c o n d i t i o n s  (columns a , b , c )  w i t h  t h r e e  c a t e g o r i e s  of expected 

consequences (rows A , B , C )  , depending upon t o t a l  accumulated exposure.  

Examples  of t h e  use  of  t h i s  t a b l e  are g iven  as fo l lows ,  as quoted from 

t h e  NCRP Report  N o .  4 2 :  

Example 1: 

Purpose: To l i m i t  exposure to  low medical  r i s k .  
(Refer  t o  row A . )  To achieve  t h i s  purpose,  
i t  would be necessary  t o  l i m i t  t h e  t o t a l  
r a d i a t i o n  exposure of i n d i v i d u a l s  t o  less 
than  150 R i n  any one week (column a); 200 R 
i n  any one month (column b ) ;  and 300 R i n  any 
four-month per iod  (column c)  . 

For example, i f  i n d i v i d u a l s  r e c e i v e  t h e  one-week 
l i m i t  of 150 R (column a )  w i t h i n  t h e  f i r s t  week, t hen  
t h e  l i m i t  f o r  a d d i t i o n a l  exposure dur ing  t h e  ensuing 
t h r e e  weeks of t h e  f i r s t  month, t o  keep w i t h i n  t h e  one- 
month l i m i t  (column b ) ,  would be 200 R - 150 K = 50 R.  
This  a d d i t i o n a l  exposure of 50 R could be r ece ived  i n  
any pe r iod  of t i m e ,  ranging  from one day t o  t h r e e  weeks 
of t h e  ensuing t h r e e  weeks of t h e  f i r s t  month, wi thout  
exceeding t h e  one-week o r  one-month l i m i t s  i n  t h e  
"Penal tyf1 Table .  However, i f  t h i s  a d d i t i o n a l  exposure 
of  50 R were rece ived ,  f o r  example, w i t h i n  t h e  second 
week, t h e n  t h e  i n d i v i d u a l s  would have t o  be  kept  f r e e  
of f u r t h e r  exposure du r ing  t h e  remainder of t h e  f i r s t  
month t o  keep w i t h i n  t h e  one-month l i m i t  f o r  row A 
(200R).  S i m i l a r l y ,  if t h e  i n d i v i d u a l s  have r ece ived  
t h e  l i m i t  of 200 R i n  t h e  f i r s t  month, wi thout  exceeding 
150 R i n  any one week of t h a t  month, t h e  l i m i t  of 
a d d i t i o n a l  exposure f o r  t h e  ensuing t h r e e  months of t h e  
f i r s t  f o u r  months (column c) would be  100 R f o r  a t o t a l  
of 300 R (200 R 4- 100 R) i n  fou r  months. 

Example 2. 

Purpose: Opera t ions  a t  t h e  i n t e r m e d i a t e  l e v e l  of 
s i g n i f i c a n t  medical  r i s k  (row B ) ,  j u s t i f i e d  
by h i g h l y  c r i t i ca l  emergency s i t u a t i o n s .  

I n  t h i s  case, t h e  decision-maker may f i n d  i t  
necessa ry  t o  a l low g r e a t e r  exposure than  one o r  ano the r  
of  t h e  l i m i t s  i n d i c a t e d  i n  row A ,  bu t  would be cons t r a ined  
whenever possible by other l i m i t s  i n  r o w  A, and always 
by l i m i t s  i n  row B of t h e  Pena l ty  Table.  
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Table 4 . 9  

The "Penalty" T a b l e  

Accumulated Radia t ion  Exposures 
(R) i n  Any P e r i o d  of 

Medical Care W i l l  B e  Needed By a b c 

One Week One Month FOUI- Xonths 

A NONE 150 200 300 

B SOME (5 p e r c e n t  may d i e )  250 350 5 00 

- C MOST (50 percent  may d i e )  450 600 
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For e x a m p l e ,  i f  i n d i v i d u a l s  who have rece ived  
150 R w i t h i n  t h e  f i r s t  week are r e q u l r e d  i n  some emergency 
to  receive a n  a d d i t i o n a l  200 R d.uring t h e  remainder of 
t h e  f i r s t  month ( f o r  a t o t a l  of 350 R i n  t h e  f i r s t  
month), i t  i s  d e s i r a b l e ,  i f  p o s s i b l e ,  t h a t  t h e  one-week 
c o n s t r a i n t  f o r  row A (column a ) be  observed by a l lowing  
no more than  150 R of t h i s  a d d i t i o n a l  exposure dur ing  
any one week w i t h i n  t h a t  monch, even though t h e  one- 
month l i m i t  (200 R) and four-month l i m i t  (300 R) f o r  
row A w i l l  have been exceeded and t h e  one-month l i m i t  
(350 R) f o r  row R w i l l  have been reached.  I f  i t  is  no t  
p o s s i b l e  t o  keep w i t h i n  any of t he  c o n s t r a i n t s  f o r  row 
A, t hen  t h e  row B c o n s t r a i n t s  have t o  b e  a p p l i e d ,  in an  
a t t e m p t  t o  keep exposure i n  any one week as f a r  as 
p o s s i b l e  below 250 R,  t o  l i m i t  t h e  exposure dur ing  t h e  
f i r s t  month t o  350 8. Any a d d i t i o n a l  exposure a f t e r  
t h i s  f irst  month must be kept  as f a r  as p o s s i b l e  below 
t h e  add i t iona l .  150 R which would a t t a i n  t h e  four-month 
l i m i t  of 500 R (row B ) .  

exposures  i n  a v a r i e t y  of ways w i t h i n  t h e  c o n s t r a i n i n g  
l i m i t s  t o  meet t h e  work r equ i r ed  by t h e  problem a t  
hand. 

A s  i n  Example 1, t h e  decision-maker could schedule  

Example 3 .  

Purpose: Opera t ions  a t  t h e  h igh  l e v e l s  of medical r i s k  
(TOW C ) ,  j u s t i f i e d  only  by extremely c r i t i c a l  
emergency s i t u a t i o n s .  

I n  extreme emergencies,  s i t u a t i o n s  could arise 
that might j u s t i f y  o p e r a t i n g  a t  t h e  h igh  r i s k  l e v e l  
(row C ) ,  Those a c t i v i t i e s  t h a t  could r e s u l t  i n  sav ing  
a s i g n i f i c a n t  number of l ives  may c a l l  f o r  t h e  d e l i b e r a t e  
exposure of some persons  a t  t h e  h ighes t  c o n s t r a i n t  
l e v e l s  where r a d i a t i o n  s i c k n e s s  and a 50 pe rcen t  prob- 
a b i l i t y  of d e a t h  are expected (row C ) .  I f  such s i t u a t i o n s  
arise, t h e  decision-makers would use  f o r  guidance row C 
of t h e  Pena l ty  Table i n  a manner s i m i l a r  t o  t h a t  d i scussed  
f o r  t h e  low o r  i n t e r m e d i a t e  r i s k  rows (A and B) i n  
Examples 1 and 2 above. 

According t o  Example 1, i t  would be necessary  t o  l i m i t  t h e  t o t a l  

r a d i a t i o n  exposure t o  less than  "300 R i n  any four-month per iod ,"  i f  

medica l  care w e r e  t o  be avoided.  This  c r i t e r i o n  i n d i c a t e s  t h a t  a t o t a l  

exposure of 900 R could be  t o l e r a t e d  over  a one-year pe r iod ,  wi thout  

requiring medical  c a r e ,  as long as t h e  t o t a l  r a d i a t i o n  exposure does not 

exceed 300 R i n  any four-month pe r iod .  



One of t h e  conclus ions  given i n  RFMBS may have some bear ing  on 

e s t a b l i s h i n g  a g u i d e l i n e  f o r  maximum exposure rates dur ing  emergency 

miss ions  of s h o r t  d u r a t i o n  (less than  two days) :  ( p .  256) "For bone- 

marrow responses ,  doses  d e l i v e r e d  a t  dose rates of 50 rads lday  and above 

are assumed t o  produce maximum i n j u r y  p e r  r a d ,  whi le  exposures a t  ra tes  

o f  1 rad/day and below are  assumed t o  produce minimum i n j u r y  p e r  r a d  

accumulated." It i s  implied here t h a t  50 r a d s  OK more i s  d e l i v e r e d  i n  

t h e  maximum case. For f a l l o u t - t y p e  r a d i a t i o n ,  50 rads lday  corresponds 

t o  about  75 Kfday whole-body exposure.  'This RFMSF conclus ion  could 

t h e r e f o r e  l e a d  t o  t h e  c r i t e r i o n  t h a t  emergency personnel  should n o t  be  

exposed t o  more t h a n  75 K i n  any one day. 

The S o v i e t  C i v i l  Defense Manual (Egorov e t .  a l . ,  1970)  d e f i n e s  

f a i r l y  s p e c i f i c  c a t e g o r i e s  of r a d i a t i 0 . n  exposure rates, and re la tes  them 

t o  t h e  mode of t r a n s p o r t a t i o n  of t h e  reconnaissance  teams which under- 

t a k e  r ad io log ica l .  surveys ,  as fo l lows:  (p. 163) "The t e r r a i n  i s  coa- 

s i d e r e d  contaminated i f  i t  has  a dose ra te  of 0 .5  R/hr o r  h igher .  As a 

r u l e  reconnaissance on f o o t  i s  cont inued t o  a dose ra te  n o t  h igher  than  

30 K/hr;  i n  automobiles t o  a dose ra te  of not more than 100 R/hr.  

Reconnaissance of r e g i o n s  w i t h  h igher  r a d i a t i o n  l e v e l s  i s  c a r r i e d  o u t  by 

reconnaissance  groups (teams) only on spec ia l  o r d e r  by t h e  ch ief  who 

ordered  t h e  reconnaissance.  L o c a l i t i e s  w i t h  h igher  dose rates up to  

200 R/hr,  can  be  reconnoi te red  only i n  tanks  o r  i n  armored t r a n s p o r t s ,  

and h i g h e r  t h a n  200 R/hr i n  h e l i c o p t e r s  o r  i n  a i r p l a n e s ;  such rec0nnai.s- 

sance  i s  conducted by h igher  CD s t a f f  o f f i c i a l s . "  

The Sovie t  g u i d e l i n e s  on exposure t o  f a l l o u t  r a d i a t i o n  are  o r i e n t e d  

s t r o n g l y  toward r e s c u e  work and g e t t i n g  f a c t o r i e s  i n t o  product ion as 

quick1.y as p o s s i b l e .  Equations and t a b l e s  i n  t h e i r  C1) manuals are based 

on the. s a m e  s t a n d a r d  r a d i a t i o n  decay formula used i n  t h i s  count ry ,  i . e .  

R-R % , where R i s  t h e  dose r a t e  a t  time - t i n  hours  a f t e r  t h e  deto-  

n a t i o n ,  and R i s  t h e  uni t - t ime r e f e r e n c e  dose rate. h i  i n t e r e s t i n g  and 

u s e f u l  t a b l e  from t h e  1970 Sovie t  C i v i l  Defense manual (Egorov e t  a l . ,  

1370), which shows p e r m i s s i b l e  exposure t i m e s  i n  a n  area contaminated by 

f a l l o u t ,  is  reproduced i n  Tab le  4 - 1 0 .  An example i s  given of t h e  use of 

t h i s  t a b l e  i n  t h e  Sovie t  manual, which w i l l  be  r e l a t e d  h e r e  i n  t h e  

fo l lowing  paragraph. 

- 1 . 2  
0 

0 



Table 4 . 1 0  

Permiss ib l e  Exposure T i m e  i n  an  Area Contaminated by 
Fallout Resu l t ing  from a Nuclear Blast (Sovie t )  

T i m e  o f  Entry I n t o  t h e  Contaminated Area (From t h e  T i m e  of t h e  Blast)  (hr) 

D / R  0.5 1 2 3 4 5 6 7 a 9 10 12  24 
Valuea 

Exposure T i m e  ( i n  Hours and Minutes f o r  Which the Determined Value D/R i s  Dbtained 
f o r  D i f f e r e n t  T i m e s  of Entry In to  t h e  Contaminated Area, Refer red  t o  t h e  B l a s t  Time. 

0.2 
0 . 3  
0.4 
0 .5  
0.6 
0.7 
0 .8  
0 . 9  
1.0 
2.0 
2 . 5  
3.0 
4 . 0  
6 . 0  

10.0 

0-15 
0-22 
0-42 
1-02 
1-26 
2-05 
2-56 
4-09 
5-56 

1562-00 11-52 4-06 
31-00 6-26 
96-39 9-54 

3124-00 23-43 
193-19 

0-14 
0-22 
0- 31  
0-42 
0-54 
1-08 
1-23 
1-42 
2-03 

0-13 
0- 20 
0-27 
0- 35 
0-44 
0-52 
1-02 
1-12 
1-23 

0- 12 
0-19 
0- 26 
0- 34 
0-41 
0-49 
0-57 
1-05 
1-14 
3-13 
4-28 
6-09 

11-05 
35-35 

728-49 

0-12 
0-19 
0-26 
0-32 
0-39 
0-47 
0-54 
1-02 
1-10 
2-46 
3-48 
5-01 
8-12 

19-48 
124-00 

0-12 
0-19 
0-25 
0-32 
0-39 
0-46 
0-53 
1-00 
1-08 
2-35 
3-28 
4-28 
6-57 

14-43 
59-18 

0-12 0-12 
0-19 0-18 
0-25 0-25 
0-32 0-31 
0-38 0-38 
0-45 0-45 
0-52 0-51 
0-59 0-58 
1-06 1-05 
2-29 2-24 
3-16 3-08 
4-10 3-58 
6-16 5-50 

12-19 10-55 
39-34 30-39 

~~ 

0-1 2 
0-18 
0-25 
0-31 
0- 28 
0-44 
0-51 
0-58 
1-05 
2- 20 
3-03 
3-49 
5-33 

10-02 
25-42 

0-12 
0-19 
0-25 
0-31 
0-37 
0-44 
0-51 
0-57 
1-04 
2-18 
2-59 
3-43 
5-19 
9-24 

22-35 

~ 

0-1 2 
0-18 
0-25 
0-31 
0-37 
0-44 
0-50 
0-5 7 
1-04 
2-16 
2-55 

5-10 

21-32 

3-38 

8-57 

0-1 2 
0-18 
0-21 
0-31 
0-37 
0-44 
0-50 
0-5 7 
1-03 
2-13 
2-51 
3-30 
4-58 
8-19 

17-52 

0-12 
0-18 
0-24 \o 

0-30 
0-37 
0-43 
0-49 
0-55 
1-02 
2-06 
2-40 
3-14 
4-26 
7-01 

C F  

13-08 

a D/R e q u a l s  p e r m i s s i b l e  dose i n  roentgens  d iv ided  by the dose  ra te  R / h r  at t h e  moment of  e n t r y  i n t o  
t h e  contaminated reg ion .  
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Suppose t h e  n u c l e a r  explos ion  occurred a t  6 o 'c lock ,  and t h e  working 

c r e w  i s  t o  e n t e r  t h e  area a t  8 o ' c l o c k ,  a t  which t i m e  t h e  r a d i a t i o n  

i n t e n s i t y  i s  measured a t  20 R / h r .  

l a t i v e  exposure i s  40 K ,  how much t i . m e  can t h e  crew spend i.n t h e  area? 

It i s  assumed t h a t  t h e  r a d i a t i o n  exposure i s  n e g l i g i b l e  u n t i l  they en%er 

t h e  area. According t o  t h e  measurerqent of t h e  r a d i a t i o n  i n t e n s i t y  and 

t h e  v a l u e  of "es taLl i shed  a l l o w a b l e  dose," t h e  r a t i o  DJR = 40J20 = 2 ,  

and t h e  t i m e  of e n t r y  i s  2 hours  a f t e r  t h e  b l a s t ,  hence we f i n d  from 

Table 4.1.0 t h a t  t h e  p e r m i s s i b l e  exposure t i m e  i n  t h e  area i s  4 hours  ant1 

s i x  minutes.  

I f  t he  e s t a b l i s h e d  al1owabJ.e cumu- 

T h e  Sovie t  C i v i l  Defense manuals do not  d i s c u s s  t h e  b a s i s  f o r  

e s t a b l i s h i n g  p e r m i s s i b l e  1.evels of r a d i a t i o n  exposure, and the concept 

of ERD o r  t h e  accumulat ive e f f e c t  of r a d i a t i o n  exposure are n o t  i n t r o -  

duced, al-though an inst rument  f o r  measuring cuniulative dose,  a dos imeter ,  

i s  descr ibed .  However, i f  t h e  d u r a t i o n  of a work s h i f t  (or  of exposure 

t ime) i s  r e s t r i c t e d  t o  no more and no less than four hours  p e r  day i n  a 

contaminated area, as implied i n  t h e  Sovie t  manua.1.s ~ then  t h e  e n t r y  

t i m e s  as given i n  Table  4.10 wi1.l never  p e r m i t  t:he maximum ERD t o  exceed 

100 R. I -n t h e  worst  case, w i t h i n  t h e  l i m i t s  of Table 4.1.0, e n t r y  time 

w i l l  be  a t  24 hours  a f t e r  t h e  b l . a s t ,  and the r a d i a t i o n  f i e l d s  wt1.1 be 

decaying much more s lowly t h a n  a t  ear l ie r  times, From Table  / . .LO t h e  

four-hour exposure t h e  corresponds t o  D / R  = 3.6 (by i n t e r p o l a t i o n ) ,  

from which R = 11 R/hr ,  and R = 498 R/hr .  If t he  same crew e n t e r s  t h e  

s a m e  area a t  t h e  same t i m e  every day f o r  a four-hour exposure,  t h e i r  

maximum EKD w i l l  be  about  97 R a t  t h e  t h i r t e e n t h  day ,  and i t  w i l l  de- 

crease t h e r e a f t e r .  The cumu1ati.w exposure a t  the t i m e  o f  peak ERD w i l l .  

b e  109 R, and t h e  cumulat ive exposures a t  7 days,  1 month, and 4 months 

are, r e s p e c t i v e l y  9 3  R ,  129 R ,  and 155 R,  a l l  less than  t h e  max-i.iiium 

levels  i n d i c a t e d  i n  rhe "Penalt_y" Table  (Table 4 . 9 )  f o r  i1o medical care 

requirements .  

0 

If t h e s e  examples are  i n d i c a t i v e  of t h e  Sovie t  p o l i c y  towards  

exposure t o  f a l l o u t  r a d i a t i o n ,  then  we may conclude t h a t ,  except  f o r  

extreme emergency, t h e  maximum p e r w i s s i b l ~ e  ERD f o r  t h e  Sovie t  emergency 

perso-nnel i s  100 R f o r  a y e a r ,  compared w3.th 200 R i n d i c a t e d  i n  t h e  U.S. 
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RDPQG, and about 50 R ERI) I i id ica ted  ( f o r  a s t r o n a u t s )  by t h e  Space 

Rad ia t ion  Study Panel (RFMSF). In  g e n e r a l ,  the  Sov ie t  p o l i c y  towards 

exposure t o  r a d i a t i o n  a p p e a r s  t o  be more cau t ious  than  the U.S. p o l i c y ,  

exempl i f ied  by h ighe r  PFs f o r  s h e l t e r s  and lower limits f o r  exposure 

doses .  

The pena l ty  t a b l e  m y  be used t o  .cons t ruc t  a t a b l e  similar t r a  that 

of t h e  S o v i e t ' s  shown i n  Table 4.10 which w i l l  i n d i c a t e  t h e  t i m e  a f t e r  

detonatlion when an  area can  b e  en te red  f o r  a r e g u l a r  per iod  of t i m e  each 

dag, f o r  " s h i f r ' '  work, f o r  example, such that t h e  exposure t o  r a d i a t i o n  

w i l l  n o t  r e s u l t  i n  requirement  f o r  medical  aid, I n  Table  4.11, t h e  t i m e  

a t  which r e g u l a r  exposures  of s p e c i f i c  d u r a t i o n  may begin, count ing  from 

d e t o n a t i o n  t i m e ,  are shown f o r  t h r e e  d i f f e r e n t  u n i t - t i m e  r e f e r e n c e  dose  

rates, 1000, 3000, and 10,000 R/hr, It is assumed t h a t  dur ing  t h e  

pe r iods  between e w o s u r e s  t h e  workers are e i t h e r  p h y s i c a l l y  removed from 

t h e  area of contaminat ion or  else Chey are housed i n  shelrers which have 

such  a high PF that the r a d i a t i o n  dose rece ived  w h i l e  i n s i d e  them is  
n e g l i g i b l e .  

Suppose, f o r  examplc, t h e  uni t - t ime r e f e r e n c e  dose ra te  i s  1000 

R/h r ,  and we wish t o  begin  r e g u l a r  sh i f t  work of e i g h t  hours  p e r  day i n  

t h e  contaminated reg ion .  

a t  3.36 days a f t e r  t h e  de tona t ion  w i t h  8 hours '  exposure every d a y ,  t h e  

t o t a l  exposure i n  one week would m e e t  t h e  pena l ty  t a b l e  maximum of 150 R 
i n  one week, bu t  i f  work were cont inued i n  t h e  same area f o r  8 hour s '  

every  day f o r  a month, t h e  exposure would be 270 R,  which exceeds t h e  

dose of 200 R s p e c i f i e d  by the  pena l ty  t a b l e  f o r  r e q u i r i n g  no medical  

care. I n  o r d e r  t o  meet t h e  p e n a l t y  t a b l e  s p e c i f i c a t i o n s  f o r  no medical 

care, r e g u l a r  s h i f t  work of 8 hour s '  cluratfon p e r  day i n  an area with 

1000 K/hr uni t - t ime r e f e r e n c e  dose  rate should riot begin u n t i l  about  5!5 

days after t h e  de tona t ion .  We assume here t h a t  i n  rhe p o s t a t t a c k  

environment people  w i l l  work 7 days a week, without taking Saturdays and 

Sundays o f f  . 

According to  Table 4.11, i f  w e  s t a r t e d  working 

Entry times f o r  "shi f t"  work i n  cxmtanlinated areas, based on t h e  

pena l ty  t a b l e  f o r  no medical  care requi rements ,  are shown i n  g r a p h i c a l  

form f o r  100 5 Ro I 1 5 0 0  i n  Fig.  4 .7  and f o r  1000 " R 0  :10,000 R/hr i n  
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Table 4 . 1 1  ( con t ' d )  

Day of 
0 c c u r r  enc e 

(Af te r  

r * R 
0 ,  

Peak of  Peak ERD Unit  - T i m e  Entry T i m e  Dura t ion  of ERD 
Reference After Detonat ion Exposure Pe r  Week Month 
Dose-Rate Days Hours Day (Hours)  N= 7 N-30 N=120 Detonat ion)  

Exposure i n  Roentgens 

Four Months 

(R/ h r  

3,000 8.63 

3,000 18.13 

3,000 26.67 

3,000 11.63 

3 , 000 25.75 

3,000 41.67 

10,000 10.00 

10,000 21.00 

10,000 32.00 

10,000 19.00 

10,000 46.00 

10 , 000 83.00 

207.12 

435.12  

640.08 

279.12 

618.00 

1000.08 

240.00 

504.00 

768.00 

456.00  

1104.00 

1992.00 

6 

6 

6 

8 

8 

8 

2 

2 

2 

4 

4 

4 

250 

155 

120 

275 

160 

115 

255 

155 

115 

335 

175 

110 

31 

4 1  

47 

34 

47 

57 

32 

4 3  

51 

4 1  

59 

76 

4 
W 

* 
Exposures a re  under l ined  which duplicate t h e  pena l ty  t a b l e  f o r  "no medical  c a r e  requi red ."  Numbers i n  

s i n g l e  parentheses  are t h e  exposures  for the pe r iods  i n d i c a t e d .  
f o r  t h e  same exposure. 

Numbers i n  double  pa ren theses  g ive  t h e  ERD 
Numbers are rounded o f f  t o  t h e  n e a r e s t  m u l t i p l e  of f i v e .  
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Fig .  4 .8 .  

curves  i n  each of t h e s e  f i g u r e s ,  cor responding  t o  t h e  week, month, and 

four-month dose accumulation pe r iods  s p e c i f i e d  by t h e  pena l ty  t a b l e .  

When t h e  curves  f o r  a s p e c i f i c  s e l e c t e d  d a i l y  exposure per iod  c r o s s  each 

o t h e r ,  t h e  curve  which g ives  t h e  l a r g e s t  e n t r y  t i m e  should be used,  i f  

t h e  p e n a l t y  t a b l e  requirements  are t o , b e  m e t  f o r  a l l  t h r e e  dose accumu- 

For each s p e c i f i e d  d a i l y  exposure pe r iod  t h e r e  are t h r e e  

l a t i o n  pe r iods .  

The e s t ima ted  e n t r y  times f o r  s h i f t  work, as shown i n  Table 4.11, 
F igs ,  4.7 and 4.8,  are based on t h e  assumption t h a t  t h e  workers are 

exposed t o  n e g l i g i b l e  r a d i a t i o n  du r ing  t h e  d a i l y  pe r iods  between t h e  

worksh i f t  t i m e  i n  t h e  contaminated area. This  assumption impl i e s  e i t h e r  

t h a t  t h e  workers have access t o  f a l l o u t  s h e l t e r s  which have a very  h igh  

p r o t e c t i o n  f a c t o r  (over lOOO), o r  t h a t  they can  be t r a n s p o r t e d  t o  a 

r a d i a t i o n - f r e e  area f o r  t h e  t i m e  between s h i f t s .  These cond i t ions  may 

be  u n a t t a i n a b l e  i n  many l o c a t i o n s ,  because the PF of most s h e l t e r s  w i l l  

be under 200, and t h e  d i s t a n c e  to  an  uncontaminated area may be  too  f a r  

f o r  p r a c t i c a l  commutation. 

When t h e  PF of s h e l t e r s  is  taken  i n t o  account ,  t h e  number of p o s s i b l e  

c o n d i t i o n s  t o  cons ide r  becomes v e r y  l a r g e ,  hence w e  have i n v e s t i g a t e d  

only  one case a s  a r e p r e s e n t a t i v e  example, v i z ,  t h e  f a l l o u t  s i t u a t i o n  in 

Mztrshall, Minnesota, as d i scussed  p rev ious ly  on page 44 .  I n  t h i s  ca se  

t h e  uni t - t ime r e f e r e n c e  dose rate a t  Marshal l  ( t h e  exposure rate which 

would have e x i s t e d  a t  Marshal l  a t  one hour a f t e r  d e t o n a t i o n  if t h e  

f a l l o u t  cloud had been t r a n s p o r t e d  i n s t a n t l y  t o  Marsha l l )  w a s  assumed t o  

b e  2500 R/hr .  Because of t h e  assumed wind cond i t ions ,  t h e  f a l lou t :  c loud 

does n o t  a r r i v e  u n t i l  around 13.5 hours (average)  a f t e r  t h e  de tona t ion .  

Ne assume t h a t  t h e  people  of Marshal l  are i n  f a l l o u t  s h e l t e r s  by 

t h e  t i m e  t h e  f a l l o u t  a r r i v e s .  Estimated exposures t o  r a d i a t i o n  f o r  

people  inside s h e l t e r s  of v a r i o u s  p r o t e c t i o n  f a c t o r s  are shorn i n  Table 

4.12 f o r  v a r i o u s  d u r a t i o n s  ranging  from 4 days t o  4 weeks. The numbers 

i n  Table  4.12 i n d i c a t e  t h a t  r a d i a t i o n  exposure w i l l  be  l e t h a l  t o  all 

oc.cupants i n  s h e l t e r s  w i t h  PF of 5; 30--40% of those i n  s h e l t e r s  w i t h  PF 

of 14) w i l l  d i e  from r a d i a t i o n  exposure;  a l l  occupants  i n  s h e l t e r s  w i th  

YF of  15 w i l l  r e q u i r e  medical a t t e n t i o n  f o r  r a d i a t i o n  s i c k n e s s  accord ing  
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Table 4 .12  

Exposures i n  S h e l t e r s  of Low PF. R = 2500 R/hr ,  

F a l l o u t  Arrival T i m e  13.5 Hours A f t e r  Detonat ion 
0 

- -- 
Exposure (R) 

p~ T i m e  i n  S h e l t e r ,  Beginning When F a l l o u t  Ar r ives  Comen t s  
4 days 1 week 2 weeks 3 weeks 4 weeks 

- 

5 508 602 7 10 7 70 8 08 100% l e t h a l  

10 254 301 355 385 404 30-40% l e t h a l  

15 169 201 237 263 269 100% r a d i a t i o n  
s i ckness  

20 127 151 178 193 202 No medica l  
a t t e n t i o n  requi red  
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t o  t h e  Penal ty  Table;  and no one w i l l  r e q u i r e  rrledic.aJ. a t t e n t i o n  f o r  

r a d i a t i - n n  s i c k n e s s  i n  s h e l . t e r s  w t c h  PF of 20 o r  highe:-. 

A PF o f  10 i s  obta ined  by s h i e l d i n g  w i t h  e a r t h  of about 12-in. 

t h i c k n e s s ,  o r  about  8 i n .  of concre te ;  and a PF of 100 is obta ined  with 

earth of about  24-in. t h i c k n e s s ,  o r  csncirete of about 1.6-in, t h i c k n e s s .  

I n  the  s h e l t e r  with PF of  20, no OW can leave t h e  she]-ter dur ing  

t h e  Cirst f o u r  weeks without  t h e  p o s s i b i l i t y  of r e q u i r i n g  medical a t t e n -  

t i o n  according tu t h e  Penal ty  'l'ab1.c. 

Occupants i.n s h e l t e r s  of h igher  PE' m y  l e a v e  t h e  s h e l t e r  a t  earlier 

tirnes f o r  dai1.y work o u t s i d e  i n  t h e  contaminated r e g i o n s  a s  i n d i c a t e d  i n  

F i g .  4 . 9 .  For  example, oc-cupants of s h ~ l l . e r s  w i t h  PF of 25 may begin  a 

4--hour d a i l y  workshi f t  o u t s i d e  as soon as 6 days a f t e r  t h e  d e t o n a t i o n s .  

I€ t.hese peop1.e worked o u t s i d e  f o r  4 hours  every day f o r  a week, they  

would "use up" their "safe"  (no medical care r e q u i r e d )  exposure of 150 

R,  and t h e i r  subsequent exposures would have t o  be c a r e f u l l y  momttosed 

t u  keep t h e i r  exposure below 200 R for: the [+-week p e r i o d ,  accord ing  t o  

the Penal ty  Table. The ftanctions of t h e s e  can-ly o u t s i d e  laborers would 

be  f i.rst t o  map t h e  e x i s t i n g  r a d i a t i o n  Levels and then  begin decontami.- 

n a t i o n .  Areas such as paved streets and bui.1.dings can be r f f e c t i v e l y  

decontaminated f rom f a l l o u t  r a d i a t i o n  by scrubbing and hos ing ,  t h u s  

enabl ing  o t h e r s  t o  come o u t  arid work w i t h  lower exposure LO r a d i a t i o n .  

I t  m u s t  b e  emphasized that these t a b l e s  are presented  :for planning 

purposes  only.  I n  a n  ac tua l .  s i t u a t i o n  t h e  r a d i a t i o n  decay rate may v a r y  

f rom t h e  s t a n d a r d  t r a t e  used f o r  t h e  c a l c u l a t i o n s ,  and t h e  r a d t a t i o n  

i n t e n s i t y  w i l l  vary  cons iderably  from one locati.oli t o  amother ral-iereas 

thtz. c a l c u l a t i o n  of t h e  t a b l e s  i s  based on the assumption of a uniform 

r a d i a t i u n  i n t e n s i t y  throughout the  e n t i r e  area i n  which p m p 1 . e  are 

working. A r e p r e s e n t a t i v e  f r a c t i o n  of t h e  people working in contami- 

n a t e d  areas m u s t .  be  wearing dos imeters ,  and  checks should be made and 

the accumulated dose on each ins t rument  recorded s e v e r a l  t z i m e s  each day 

d u r i n g  t h e  f i r s t  week of  work, and a t  t h e  end of each day f o r  t h e  next: 

f e w  weeks t h e r e a f t e r .  

-I. 2 

For plaiin:i.ng t r i p s  by t r u c k  d r i v e r s ,  buses ,  locomotives,  e tc - .  , t h e  

p r o t e c t i o n  f a c t o r s  l i s t e d  i n  Table 4 . 1 3 ,  taken from But:son ( 1 9 7 4 )  may be 
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Table  4 .13  

Environmental Radia t ion  P r o t e c t i o n  F a c t o r s  
Provided by C i v i l i a n  Vehicles  

Vel1  i c l e Po s i t  ion 

P r o t e c t i o n  
Fac tor  
Range 

Commercial bus 
(cornnion type)  

Comer  c i a l  bus  
( s c e n i c  c r u i s e r  t y p e )  

School bus  

Passenger  c a r  

Pickup 

C r e w  cab 

C a r r y a l l  

2-11 2-ton true-k 

5-ton t r u c k  

Heavy 'Truck 

F i r e  t r u c k  

Swi . t ch  engine 

RailtJay guard car 

E-lenvy locomotive 

Throughout bus  

Throughout bus 

Throughout bus  

Passenger s i d e  ( c h e s t )  
Driver s i d e  

Driver s i d e  

Driver s i d e  
Back s e a t  

Driver s i d e  
Rear s i d e  

Driver  s i d e  
Cen te r  of bed 

Dri-ver s i d e  
S leeper  

I)ri.ver s i d e  
Center  of t r a i l e r  

Driver  s i d e  
Standing area i n  back 

Engineer's seat 

S1 eepiing q u a r t e r s  
Kitchen area 
C e n t e r  a r e a  

Engineer 's  seat  

1.5-2.0 

1.5-2,O 

1.5-1.8 

1.5-1.7 
1 .5-1 .7  

1. " 9- 2 I 1 

1. a 8-2 0 
1.. 8-2 * 0 

1.7-1.9 
1.7-1 .9  

1 .8-2.0 
1.4-1.6 

2.0-2.2 
1.9-2 1 

1.4-1 - 6  
2 .7-3.1 

2.7-3.1 
1.6-1.8 

3.0-3.5 

2.2-2.6 
2.4-2 - 8 
2.0-2 B 4 

3.0-3.5 

SOURCE : Z .  G .  Burson, "Environmental and Fal.1.out Gamma Radiat  ion 
P r o t e c t i o n  Fac tors  Provi-ded by C i v i l i a n  Vehicles," Health 
- Physics ,  26, 41-44,  1 9  7 4 .  

-I___ 
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used t o  estimate t h e  s t a r t i n g  t i m e  a f t e r  de tona t ion  f o r  t r i p s  through a 

r a d i a t i o n  f i e l d  of known average  i n t e n s i t y ,  as determined by ae r i a l  

monitor ing f i r s t ,  and then  by ground reconnaissance  c r e w s .  For example, 

i f  t h e  average  r a d i a t i o n  f i e l d  over  the t r i p  area corresponds t o  a u n i t -  

t i m e  r e f e r e n c e  dose ra te  of 3000 R l h r ,  and t h e  p r o t e c t i o n  f a c t o r  is 1 .5  

f o r  t h e  d r i v e r  of a heavy t ruck ,  then  t h e  s t a r t i n g  t i m e  a f t e r  t h e  deto-  

n a t i o n  can  be es t imated  from Fig.  4.8  by us ing  t h e  o r d i n a t e  v a l u e  of 

2000 R/hr ,  ob ta ined  by d i v i d i n g  t h e  average  uni t - t ime r e f e r e n c e  dose 

rate of 3000 by t h e  p r o t e c t i o n  f a c t o r ,  1 .5 .  A s  an example, i f  a p o r t i o n  

of a r e g u l a r  t r i p  invo lves  4 hours' exposure t o  t h i s  r a d i a t i o n  f i e l d ,  t h e  

t r u c k  d r i v e r  could start t h e s e  p a r t i c u l a r  t r i p s  f i v e  days a f t e r  t h e  

de tona t ion ,  accord ing  t o  Fig.  4.8. 

4.5  The Basis f o r  Rad io log ica l  Exposure Control Guide l ines  

Highly e f f e c t i v e  c o n t r o l  g u i d e l i n e s  a g a i n s t  a s p e c i f i c  hazard can 

be  genera ted  i f  t h e  e f f e c t s  of hazard on man are d e f i n i t i v e ,  so t h a t  t h e  

consequences of any s p e c i f i c  a c t i o n  invo lv ing  t h e  hazard can  be accu- 

r a t e l y  p r e d i c t e d .  Unfor tuna te ly ,  t h e  e f f e c t s  of f a l l o u t - t y p e  r a d i a t i o n  

on man are n o t  s u f f i c i e n t l y  d e f i n a b l e  t o  permit  p r e c i s e  p r e d i c t i o n  o f  

t h e  consequences of exposure.  The e f f e c t s  on m a m m a l s  o t h e r  t han  man 

have been exhaus t ive ly  researched  by experiment,  bu t  t h e  e x t r a p o l a t i o n  

of  t h e  results t o  man remains i n  ques t ion .  The most thorough s t u d i e s  of 

t h e  e f f e c t s  of f a l l o u t - t y p e  r a d i a t i o n  on man must f a l l  back on t h e  

expe r i ence  of t h e  Hiroshima and Nagasaki v i c t i m s ,  t h e  Kongalap n a t i v e s ,  

and e x t r a p o l a t i o n s  of r e l a t i v e l y  few r a d i a t i o n  a c c i d e n t s  and exposures 

of p a t i e n t s  under c l i n i c a l  cond i t ions .  

With t h e s e  obse rva t ions  i n  mind, it should be apparent  t h a t  rad io-  

l o g i c a l  exposure c o n t r o l  g u i d e l i n e s  e s t a b l i s h e d  a t  t h e  p r e s e n t  t i m e  

p rov ide  on ly  a n  i n i t i a l  s t r u c t u r e ,  which r a d i o l o g i c a l  o f f i c e r s  i n  a 

p o s t a t t a c k  s i t u a t i o n  may completely change o r  e x t e n s i v e l y  supplement on 

t h e  basis of t h e i r  a c t u a l  exper ience .  

For emergency personnel ,  t h e  r a d i a t i o n  exposure levels are based on 

t h e  e x p e c t a t i o n s  of e a r l y  responses  which would i n t e r f e r e  w i t h  t h e  

performance o f  t h e i r  mission.  NCRP Report  No. 4 2  d i v i d e s  t h e  symptoms 

of exposure t o  r a d i a t i o n  i n t o  f i v e  groups as f o l l o w s :  
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Group I Syi.mijtoms. L e s s  t-han h a l f  of t h i s  group w i l l  
vomit wi.t:hin 214 hours  aEZler the onset: of exposure.  
There are e i t h e r  no subsequent symptoms o r ,  a t  m o s t ,  
weakness and easy f a t i g u e .  There is  a decrease  i n  t h e  
blood cell. counts .  Less than  5 percent  w i l l  r e q u i r e  
uredical care. A l l  o t h e r s  can perform t h e i r  customary 
t a s k s .  Any d e a t h s  t h a t  occur  are  caused by complicat ions 
Corre la ted  Exposure. Sickness  of t1ii.s type  has been 
seen  a f t e r  b r i e f ,  whole-body doses  of gainma and X- 
r a d i a t i o n  i n  t h e  range of 50-200 K .  Am ERD o f  external. 
gamma rad ia t i . on  of 50-200 R may have a s i m i l a r  e f f e c t .  

..... ~ _ _ _ _ _ . .  .... ___.- 

Group T I  Synip-toms. .... .__. More than half  of t h i s  group  ill. 
v0rnj.t soon a f t e r  t h e  o n s e t  of exposure and are s i c k  f o r  
a few days.  This  i s  followed by a per iod  of 1-3 weeks 
when t h e r e  a re  few o r  no symptoms. During the  l a t e n t  
p e r i o d ,  t y p i c a l  changes occur  i n  t h e  blood count and 
can  he used  f o r  d iagnos is .  A t  t h e  end of t h e  lalietit 
p e r i o d ,  e p i l a t i o n  ( l o s s  of h a i r )  i s  seen  i n  more than  
h a l f ,  and this i s  followed by a moderately severe 
il.Jlness due p r i m a r i l y  h i  t h e  damage t o  t h e  b lood-  
forming organs.  Most of  t h e  people  i.n t h i s  group 
r e q u i r e  -medical care and iiiore than  ha l f  s u r v i v e .  
C o r r e l a t e d  Exposure. Sickness  of t h i s  type  has  been 
seen a f t e r  brri~ef, whole-body doses  of gamma o r  X- 
r a d i a t i o n  on t h e  o r d e r  of  200-450 R. An ERP, of ex te rna l  
gamma r a d i a t i o n  o f  t h e  same s i z e  w i l l  probably cause a 
sirnilar i l l n e s s .  

Group L Z I  S p p L o m s .  This  i s  a more s e r i o u s  v e r s i o n  of 
t h e  s i c k n e s s  descr ibed  as Group 11. The i n i t i a l  per iod  
o f  i l l n e s s  is l o n g e r ,  the  l a t e n t  per iod  i s  s h o r t e r ,  and 
t h e  main ep isode  of i l l n e s s  is  c h a r a c t e r i z e d  by e x t e n s i v e  
hemorrhages and complicat ing i n f e c t i o n s .  People i n  
t h i s  group need medical care and h o s p i t a l i z a t i o n .  L e s s  
t h a n  h a l f  s u r v i v e .  ____........_-I_ Correlnced Exposure. Sickness  of 
this type  has  been seen  a f t e r  b r i e f  whole-body gamma 
r a d i a t i o n  w i t h  doses  i n  excess of 459 K. 

. . .- 

Group I V  .._ Symptoms. ... 
t h e  s i c k n e s s  descr ibed  as  Group 111. A l l .  i n  t h i s  group 
begin  t o  vomit. soon a f t e r  t h e  o n s e t  of exposure,  and 
this eont i i iues  for several .  days o r  u n t i l  dea th .  Damage 
t o  t h e  g a s t r o i n t e s t i n a l  t ract  predominates,  manifested 
by uncontrol- lable  d i a r r h e a ,  which becomes bloody. 
Changes i n  t h e  blood count occur  e a r l y .  Death occurs  
b e f o r e  t h e  appearance of hemorrhages or e p i l a t i o n .  A l l  
i n  t h i s  group need c a r e ,  and i t  i s  un1.i.kely t h a t  many 
w i l l  surv ive .  C o r r e l a t e d  Exposure. Sickness  of t -h i s  
t y p e  has  been seen  a f t e r ' - b r i e f ,  whole-body exposure to  
g a m a  r a d i a t i o n  i n  excess  of 600 R.  During p r o t r a c t e d  

This i s  an a c c e l e r a t e d  v e r s i o n  of 
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exposure t o  e x t e r n a l  g a m a  r a d i a t i o n ,  i t  is  not probable  
t h a t  a n  illness of t h i s  t ype  would be t h e  f i r s t  evidence 
of i n j u r y .  

I-- Group V Symptoms. 
i n  which daiiz-zge t o  t h e  b ra in  and nervous system predomi- 
n a t e s .  Symptoms, s i g n s l  and r a p i d  prostration come on 
almost  as soon as t h e  dose has  been rece ived .  Death 
occur s  w i t h i n  a few hours  o r  a ftw days.  Cor re l a t ed  
Exposure. S i c k n e s s  of t h i s  t y p e  has  been seen  
a f t e r  b r i e f ,  whole-body exposure t o  gamma r ays  i n  
excess  of several .  thousand R, and t o  equ iva len t  doses  
from neut rons .  

Thi .s  i s  an extremely severe i n j u r y  

E s s e n t i a l l y  the same f i v e  c l i n i c a l  l e v e l s  of s e v e r i t y  of a c u t e  

r a d i a t i o n  e f f e c t s  are desc r ibed  i n  the Radio logica l  Defense Planning and 

Opera t ions  Guide. 

The c o r r e l a t i o n  of Croup 1 and ZL symptoms wi th  r a d i a t i o n  exposure 

doses  can be broken down i n t o  f i n e r  d e t a i l  as a r e s u l t  of r e t r o s p e c t i v e  

s t u d i e s  desc r ibed  by Eushbaugh (Tobias and Todd, 1974) ,  i n  which a l a r g e  

volume of c l i n i c a l  d a t a  e x t r a c t e d  from h o s p i t a l  c h a r t s  of 2000 p a t i e n t s  

given t h e r a p e u t i c  total-body i r r a d i a t i o n  w e r e  analyzed t o  g i v e  dose- 

response  r e l a t i o n s  f o r  t h e  sypmtoms and s i g n s  of t h e  prodromal syndrome. 

These d a t a  have been "cor rec ted"  f o r  normal man i n  EZFMSF. The cor re-  

l a t i o n  of dose wi th  symptoms i n  t h e s e  two groups w i l l  be o f  g r e a t  

p r a c r i c a l  s i g n i f i c a n c e  t o  emergency workers i n  r a d i o l o g i c a l l y  contami- 

na ted  areas. The s t a t i s t i c a l l y  determined s i n g l e  exposures  t h a t  can be  

expected t o  produce t h e s e  symptoms i n  50% ~f t h e  p a t i e n t s  so  exposed are 

shown i n  Table 4.14. The c o r r e c t e d  v a l u e s  f o r  normal man, as adopted by 

NCRP Report  No. 42, are a l so  shown. The t a b l e  a l s o  shows estimates by 

Lushbaugh of t h e  inc reased  levels of exposures r equ i r ed  f o r  t h e  same 

inc idence  of response ,  i .e . ,  50% of t h e  p a t i e n t s ,  when t h e  exposure 

pe r iod  i s  lengthened by e i t h e r  f r a c t i o n a t i n g  t h e  exposuresI  o r  by pro- 

t r a c t i n g  t h e  dose accumulat ion by lowering t h e  dose rates. 

According t a  Table 4.14, when total-body exposure of p a t i e n t s  

occur s  promptly i n  less than one day, t h e  e f f e c t i v e  doses f o r  50% i n c i -  

dence of t h e s e  responses (ED ) are anorexia ( lo s s  of a p p e t i t e )  150 R;  

nausea ,  210 R; vomit ing,  275 K; and d i a r r h e a ,  350 R. According t o  

Lushbaugh, e t .  a l . ,  (1966), t h e  exposures f o r  t h e i r  10% inc idence  would 

50 
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b e  about  one-fourth of t h a t  f o r  50% inc idence .  I n  o t h e r  words, t h e  

approximate e f f e c t i v e  doses  f o r  10% inc idence  of t h e s e  responses  (ED ) 

i n  p a t i e n t s  are anorex ia ,  40 R; nausea,  55 R; vomit ing,  70 R; and d i a r -  

rhea ,  90 R. P l ans  f o r  t h e  accomplishment of a mission by emergency 

personnel  f o r  which t h e  outcome is c r i t i c a l  f o r  t h e  s u r v i v a l  of many 

people ,  such  as t h e  d e l i v e r y  of food s u p p l i e s  by t r u c k ,  should probably 

t a k e  i n t o  c o n s i d e r a t i o n  t h e  ED r a t h e r  t han  t h e  ED as a b a s i s  f o r  

e s t i m a t i n g  maximum exposure dur ing  t h e  miss ion .  

r e q u i r e  s e v e r a l  days t o  complete h i s  journey would be g r e a t l y  impaired 

i n  performing h i s  d r i v i n g  duty  i f  nausea,  vomiting, and d i a r r h e a  occurred  

dur.ing t h e  second, t h i r d ,  o r  f o u r t h  day of t h e  t r i p .  Another f a c t o r  

which should be  taken  i n t o  c o n s i d e r a t i o n  i s  the p r e d i c t i o n ,  accord ing  to  

a n a l y s i s  by Lushbaugh (Tobias and Todd, 1974 ,  p.  4 8 6 ) ,  t h a t  a rad io-  

s e n s i t i v e  person  who showed, f o r  example, nausea a t  a low dose would b e  

more l i k e l y  t o  show o t h e r  symptoms and s i g n s  of a g r e a t e r  damage pe r  

u n i t  of r a d i a t i o n  than  a r a d i o r e s i s t a n t  person i n  whom nausea d i d  n o t  

occur  wi thout  a much g r e a t e r  exposure.  

10 

10 50 
A t r u c k  d r j v e r  who may 

It i s  necessary  t o  know a t  what levels of exposure fa ta l i t i es  w i l l  

occur ,  and how qu ick ly ,  f o r  t h e  purposes  of t r i a g e  and damage assess- 

ment. On t h e  human l e t h a l  dose problem, Lushbaugh writes, (Tobias and 

Todd, p. 4 9 2 ) :  "There i s  a worldwide w i l l i n g n e s s  t o  accep t  t h e  estimate 

t h a t  t h e  exposure t h a t  w i l l  k i l l  t h e  unat tended normal man wi th  50% 
c e r t a i n t y  w i t h i n  60 days of exposure (LD 

mechanism of  dea th  is  damage t o  h i s  hemapoiet ic  system and de fense  

mechanisms a g a i n s t  i n f e c t i o n .  The degree  of acceptance  of t h i s  450 R 

v a l u e  is s u r p r i s i n g l y  h igh  i n  view of i ts h i s t o r y  and i t s  l a c k  of v a l i d  

suppor t  from repor t ed  human d a t a . "  

l i es  bur i ed  i n  t h e  pe r sona l  n o t e s  of some of t h e  t e n  members of a d i s t i n -  

guished committee of U . S .  r a d i o t h e r a p i s t s ,  r a d i a t i o n  p h y s i c i s t s ,  and 

p a t h o l o g i s t s  who p o l l e d  t h e  U . S .  community of p r a c t i c i n g  r a d i o t h e r a p i s t s  

t o  de te rmine  what s i z e  of s i n g l e  total-body (photon) exposures w a s  

cons idered  "safe"  and "unsafe". Subsequent ly ,  t h e r e  have been several 

a t t e m p t s  t o  check t h e  450 R estimate from human case h i s t o r i e s  a f t e r  

bo th  a c c i d e n t a l  and i n t e n t i o n a l  r a d i a t i o n  exposures .  These are surnma- 

r i z e d  i n  Table  4.15 t o  show how a l l  s t u d i e s  have produced v a l u e s  lower 

) is 450 R and that t h e  50/ 60 

The o r i g i n  of t h e  450 R estimate 



Table 4.15 

Some Clinical and S t a t i s t i c a l  Esti.mates of Human 
Total-Body Radia t ion  Tolerance 

_l.l_l __ ............. ___ .___ _ ........ _.II ..___..._l__ .............. . 

Exposure f o r  

(Roentgens) 
50/60 L D  

- 

Normal. m e n  

Warren and Bowers (1950) 

CronkiLe and Bond (1960) 

Langharir (1967) 

Jah lon  e t  a l . ,  (1969) 

P a t i e n t s  

Mathe e t  a l . ,  (1964) 

Langharn (1967) 

I,usliba~igh e t  al. , (1954) 

Normal men 4- b l a s t  and burn trauma 

Lushbaugh and Auxier (1959) 

450 

Si18 

4 30 

614" 

400 

380 

370 

394b 

a Using RBE o f  fission neut ron  component = 4 .  

b ~ s i n g  RBE of f i s s i o n  neut ron  component = 2 .  

From: .. S ~ a c e  Radia t ion  -. B i o l o w  lj,tlated -Copi.x-, p .  495. Doses 
gi.ven i n  rad.s and r e m  have been converted to exposure i n  
roentgens by d i v i d i n g  by 2 / 3 .  



t h a n  t h e  o r i g i n a l  estimate and seem t o  i n d i c a t e  ““tat 450 R 1.s too h igh  

t o  be cons idered  an  estimate of mid l ine  depth  dose (absorbed r a d i a t i o n  

energy) ” (Lushbaugh, op . c i t  . ) . 
IR a p o s t a t t a c k  s i t u a t i o n ,  where t h e r e  may be widespread shor t age  

of d o c t o r s  and medicine,  p a r t i c u l a r l y  a n t i b i o t i c s  where t h e  s a n i t a r y  

c o n d i t i o n s  may be unheal thy and morale may b e  poor ,  i t  m y  be more 

realist ic t o  as5ume t h a t  50% of t h e  people  exposed to  a much lower 

r a d i a t i o n  dose ,  say  350 K, w i l l  become f a t a l i t i e s .  Under t h e s e  con- 

d i t i o n s ,  t h e  response  t o  exposure to r a d i a t i o n  may be c l o s e r  t o  t h a t  of 

p a t i e n t s  whose r e c o r d s  w e r e  s t u d i e d  by Lushbaugh e t  aL., (1966),  f o r  

whom upper and lower dose-response r e l a t i o n s  f o r  a c u t e  hernotologic 

syndrome i s  shown i n  Fig.  4.10. If w e  assume t h e  r e f e r e n c e  dose t o  be  

2 / 3  t h e  exposure t o  phorons i n  an average-sized man, then ,  accord ing  t o  

Fig.  4.10, t h e  mid- le tha l  dose i s  250 rads o r  375 R of whole-body expo- 

sure, t h e  dose  f o r  1e tha l i . t y  i n  10% of t hose  exposed i s  75 rads, o r  

about  1-15 R of Whole-bdy exposure,  and the dose f o r  l e t h a l i t y  i n  90% of 

those  exposed i s  400 rads ,  of 600 R of whole-body exposure. 

Man and other  anim;lls appear  t o  have a recovery c a p a b i l i t y  from t h e  

harmful e f f e c t s  of exposure t o  r a d i a t i o n ,  because i t  i s  ev iden t  from 

much r e s e a r c h  and exper ience  t h a t  t hose  exposed t o  p e r i o d i c  doses ,  o r  t o  

a low dose  ra te  over  a long per iod  of t i m e  can wi ths tand  a much g r e a t e r  

cumulat ive dose than  when t h e  same dose is adminis te red  i n  a s h o r t  t i m e  

of a f e w  days o r  less. The i n c r e a s e s  and decreases  in  t h e  number of 

c e l l u l a r  e lements  i n  t h e  blood appear  t o  be  governed by bone-marrow and 

lymphocytic t i s s u e  recovery a f t e r  total-body i r r a d i a t i o n .  Various 

mathematical  models have been proposed t o  p r e d i c t  t h e  r e p a r a b i l i t y  of 

humans, as desc r ibed  by Steward (Tobias and Todd, 1974, pp. 523-564) .  

One of  the b e s t  known models, devised  by Blair (1952, 1953, 19561, g ives  

a n  equa t ion  f o r  ERD, as p rev ious ly  d i scussed ,  which i s  t h e  damage 

remaining unrepa i red  at some s p e c i f i c  t i m e  after exposure.  The theory  

and a p p l i c a t i o n  of t h i s  model i s  thoroughly desc r ibed ,  exempl i f ied ,  and 

a p p l i e d  t o  t h e  p o s t a t t a c k  fallout s i t u a t i o n  by Davidson (1957);  however, 

t h e  r e s u l t s  are n o t  u s e f u l  for c u r r e n t  p lanning  even i f  t h e  ERD concept  

w e r e  s t i l l  in vogue, because t h e  model i s  based on f a l l o u t  r a d i a t i o n  
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Fig.  4 - 1 0  Acute Hematopoietic Syndrome as  a F u n c t i o n  of Dose, 
C. A. Tobias and P. Todd, Editors, Space Radia t ion  ._.. Biology . . .. . .. ._ SOURCE: 

and Related Topics, Academic P r e s s ,  p 4 7 8 ,  1974. 
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decay accord ing  t o  t r a t h e r  t han  t h e  c u r r e n t  s t anda rd  decay of 

t . For want of models based on human d a t a ,  t h i s  ERD concept  has  

a t t a i n e d  worldwide acceptance  by p l anne r s  f o r  emergencies i n  which l a r g e  

segments of t h e  popu la t ion  may be  exposed t o  f a l l o u t  r a d i a t i o n s .  Reviews 

of t h e  inadequac ies  and l i m i t a t i o n s  of t h i s  concept (Sacher,  1958; 

Sacher and Grahn, 1964; S t o r e r ,  1959; Langham, 1967; Steward, 1974)  

sugges t  i t s  abandonment €or human use.  

t a b l e s  have been p resen ted  t o  i n d i c a t e  exposure g u i d e l i n e s  based on I__ bo th  

t h e  ERD concept  and t h e  "Penalty" t a b l e ,  which i s  intended t o  replace 

-1.2 

In  t h i s  r e p o r t ,  graphs and 

t h e  EKD concept .  

The u l t i m a t e  goa l  of r a d i a t i o n  exposure g u i d e l i n e s  i s  t o  p r e s e n t  a 

g e n e r a l  scheme by which RADEF o f f i c e r s  and o t h e r  emergency personnel  can 

minimize t h e  number of f a t a l i t i e s  p r i m a r i l y  i n  t h e  f i r s t  few weeks of a 

p o s t a t t a c k  s i t u a t i o n ,  due t o  r a d i a t i o n  hazards .  I f  p o s s i b l e ,  exposures  

should  b e  l i m i t e d  w i t h  regard  t o  p o s s i b l e  l a t e  responses  such as l i f e  

s h o r t e n i n g ,  c a t a r a c t s  of t h e  o c u l a r  l ens ,  and leukemia. I n  many loca-  

t i o n s ,  t h e s e  c o n s i d e r a t i o n s  would l ead  t o  requirements  of s h e l t e r s  w i th  

much h igher  PF t h a n  p r e s e n t l y  cons idered .  

of l i f e - s h o r t e n i n g  p r o b a b i l i t y  and inc reased  p r o b a b i l i t y  of leukemia t o  

accumulated dose and i n t e n s i t y  of whole-body r a d i a t i o n  are shown i n  

F igs .  4 . 1 1  and 4.12, r e s p e c t i v e l y ,  as taken  from RFMSF, pages 264 and 

265. 

The es t imated  r e l a t i o n s h i p s  

4.6 S h e l t e r  S u r v i v a l  Condi t ions i n  a Hazardous Radia t ion  F i e l d  

It i s  l i k e l y  that many s h e l t e r s  i n  t h e  immediate p o s t a t t a c k  environ-  

ment w i l l  b e  found t o  have d e f i c i e n c i e s  D f  one kind o r  ano the r .  Some of 

t h e s e  d e f i c i e n c i e s  may invo lve  d iscomfor t s ,  bu t  o t h e r s  may become lethal 

i f  n o t  co r rec t ed .  

here, and methods f o r  coping wi th  t h e  v a r i o u s  s i t u a t i o n s  w i l l  be d i s -  

cussed 

The la t ter  ca tegory  of  d e f i c i e n c y  w i l l  be cons idered  

The b a s i c  requirement  of a s h e l t d r  is, of course ,  that:  it provide 

p r o t e c t i o n  from t h e  harmful e f f e c t s  of r a d i a t i o n .  The s h e l t e r  should 

a l s o  be designed and s tocked  t o  p rov ide  adequate  v e n t i l a t i o n ,  w a t e r ,  and 
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food. A d e f i c i e n c y  i n  any one of t h e s e  f o u r  requirements  may r e s u l t  i n  

t h e  n e c e s s i t y  f o r  one o r  more occupants t o  leave t h e  s h e l t e r  i n  s e a r c h  

f o r  h e l p  o r  s u p p l i e s .  Such €orays may n o t  be  n e c e s s a r i l y  hazardous i f  

t h e  people  l e a v i n g  t h e  s h e l t e r  know where t o  go o r  what t o  d o .  

The s u r v i v a l  p r o b a b i l i t y  of occupants  i n  a s h e l t e r  can be  g r e a t l y  

enhanced by having t h e  followiiig i t e m s  on hand and i n  good working 

condi t ion :  a r ad i - a t ion  survey m e t e r  and/or  dosimeter ,  a te lephone o r  

two-way r a d i o ,  and a n  AM r a d i o  r e c e i v e r .  'The e x i s t e n c e  of- t h e s e  t h r e e  

s u r v i v a l  i t e m s  i n  t h e  s h e l t e r  i n  a d d i t i o n  t o  i t s  f u l f i l l m e n t  of t h e  f o u r  

b a s i c  requirements  l i s t e d  above provide maximum survival.  p r o b a b i l i t y  f o r  

t h e  occupants  of t h e  s h e l t e r  through t h e  she l te r -phase  of t h e  p o s t a t t a c k  

per iod .  

I f  one of t h e  b a s i c  requi.rements of t h e  s h e l t e r ,  e i t h e r  t h e  PF, 

v e n t i l a t i o n ,  water o r  food supply i s  inadequate ,  i t  w i l l  become extremely 

urgent  t h a t  some a c t i o n  be taken  t o  prevent  f a t a l i t i e s ,  i f  t h e  s h e l t e r  

i s  s i t u a t e d  i n  a p o t e n t i a l l y  l e t h a l  f i e l d  of f a l l o u t  r a d i a t i o n .  Supp~:~se  

t h a t  whi le  e n r o u t e  t h e  f a l l o u t  r a d i a t i o n  i n t e n s i t y  t h r e a t e n s  t o  become 

about  t e n  t i m e s  o r  more s t r o n g e r  than  a n t i c i p a t e d ,  due t o  a s h i f t  i n  

wind d i r e c t i o n .  I f  t h e  s h e l t e r  has  a n  AM r a d i o  and/or  r a d i o  o r  te le-  

phone communication w i t h  t h e  o u t s i d e  world,  t h e  occupants  may p o s s i b l y  

become informed of t h e  p o s s i b i l i t y  t h a t  t h e  a n t i c i p a t e d  f a l l o u t  w i l l  

exceed t h e i r  s h e l t e r ' s  PF b e f o r e  t h e  f a l l o u t  arr ives ,  thus  enabl ing  them 

t o  evacuate  t o  a b e t t e r  s h e l t e r ,  o r  t a k e  s t e p s  t o  improve t h e  PF of 

t h e i r  s h e l t e r .  The l a t t e r  o p t i o n  would u s u a l l y  be  open t o  those  who had 

c o n s t r u c t e d  a n  expedient  s h e l t e r ,  bu t  would not: al.ways be  a p o s s i b i l i t y  

f o r  those  i n  l a r g e  community s h e l t e r s .  

A s  a n  example of t h e  o p p o s i t e  extreme s i t u a t i o n ,  suppose t h e  she]-ter 

d o e s n ' t  possess  any of t h e  t h r e e  s u r v i v a l  i t e m s - - i t  has  no r a d i o  o r  

te lephone  connect ion t o  t h e  o u t s i d e  world and no radiat:ion survey o r  

dosimeter  ins t ruments .  I n  t h i s  s i t u a t i o n ,  a n  e x t r a  heavy f a l l o u t  s i t u -  

a t i o n ,  as hypothesized above, w i l l  a r r ive  without  d e t e c t i o n  o r  warning, 

and t h e  f i r s t  prodromal react.i.on t o  t h e  radiat.i.on exposure i n  t h e  s h e l t e r  

i . e . ,  nausea and vomiting, could e a s i l y  be i n t e r p r e t e d  by t h e  occupants  

as t h e  symptoms oE a n  i n f e c t i o u s  G I  v i r u s .  T h e  t o t a l  dose t.0 each 

occupant could exceed t h e  l e t h a l  exposure b e f o r e  anyone might r e a l i z e  
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t h a t  t hey  were be ing  over-exposed. 

t h e  n e c e s s i t y  f o r  each s h e l t e r  t o  have some kind of r a d i a t i o n  d e t e c t o r .  

If an o f f i c i a l  CD survey m e t e r  o r  dosimeter  i s  no t  on hand, then  t h e  

occupants  should c o n s t r u c t  an  e l e c t r o s c o p e  type  of r a d i a t i o n  d e t e c t o r ,  

such as t h e  Kearny F a l l o u t  Meter (Kearny, 1975) .  I n s t r u c t i o n s  f o r  

c o n s t r u c t i n g  t h e s e  meters should be widely d isseminated ,  because t h e r e  

are n o t  enough CD dos imeters  and survey meters t o  supply a l l  s h e l t e r s ,  

e s p e c i a l l y  under t h e  circumstances of a c r i s i s  r e l o c a t i o n  where many 

people  w i l l  be improvis ing s h e l t e r s  o r  c o n s t r u c t i n g  expedient  s h e l t e r s .  

For t h e  remainder of t h i s  d i s c u s s i o n ,  we w i l l  assume t h a t  t h e  s h e l t e r s  

a re  equipped wi th  some type  of r a d i a t i o n  d e t e c t o r .  

This  gruesome p o s s i b i l i t y  p o i n t s  ou t  

Suppose t h a t  t h e  PF of t h e  s h e l t e r  is  adequate ,  b u t ,  through over- 

crowding and/or  poor des ign ,  t h e  v e n t i l a t i o n  is  inadequate .  Long b e f o r e  

t h e  l e v e l  of carbon d iox ide  becomes l e t h a l  t h e r e  w i l l  be a Eee l ing  of 

s t u f f i n e s s  and/or  c l aus t rophob ia  and, i n  t h e  summer, ove rhea t ing ,  among 

t h e  occupants ,  t o  t h e  e x t e n t  t h a t  some w i l l  want t o  rush  o u t s i d e .  I n  

t h i s  s i t u a t i o n  t h e  r a d i a t i o n  meters may s e r v e  t o  convince t h e  occupants  

t h a t  they should not  l e a v e  t h e  s h e l t e r .  If two-way communication is  

a v a i l a b l e  t o  t h e  o u t s i d e  world,  i n s t r u c t i o n s  may be obta ined  as t o  t h e  

a v a i l a b i l i t y  of nearby s h e l t e r  space  t o  which some of t h e  occupants  may 

t r a n s f e r ;  o r ,  i n s t r u c t i o n s  may be  r ece ived  on how t o  improve t h e  v e n t i -  

l a t i o n  system of t h e  s h e l t e r .  

are loca ted  i n s i d e  l a r g e  b u i l d i n g s ,  t h e  r a d i a t i o n  survey meters may be 

used t o  l o c a t e  areas i n  t h e  b u i l d i n g  where occupants  may r e s i d e  tempo- 

r a r i l y  i n  o r d e r  t o  relieve t h e  burden on t h e  v e n t i l a t i o n  system of t h e  

main s h e l t e r .  I n s t r u c t i o n s  f o r  making improvised v e n t i l a t i n g  devices ,  

such as t h e  Kearny A i r  Pump, should be  widely d isseminated ,  and avail- 

a b l e  t o  every  s h e l t e r .  

I n  many l a r g e  community s h e l t e r s  which 

I f  t h e r e  is inadequate  w a t e r  o r  food i n  t h e  s h e l t e r ,  r a d i o  o r  

te lephone  c o n t a c t  may be  used t o  a r r ange  f o r  an  emergency d e l i v e r y ,  o r  

t o  determine t h e  c l o s e s t  p o i n t  of supply t o  which v o l u n t e e r s  from t h e  

shelter w i l l  r un  or d r i v e  t o  get t h e  necessary s u p p l i e s .  The l e v e l  of 

r a d i a t i o n  i n t e n s i t y  i n  t h e  v i c i n i t y  of t h e  s h e l t e r  should be  monitored 

s o  t h a t  a f a i r l y  a c c u r a t e  p r e d i c t i o n  can be made of t h e  dose t o  which 

t h e  emergency c r e w  w i l l  be  exposed. 





5. COMMUNICATIONS 

5 . 1  AM Radio Broadcast  

A f t e r  a l a r g e  nuc lear  a t t a c k  on t h e  United S t a t e s ,  it w i l l  be 

e s s e n t i a l  t h a t  AM r a d i o  b roadcas t ing  f a c i l i t i e s  cont inue  t o  f u n c t i o n  t u  

t h e  e x t e n t  t h a t  network t r ansmiss ions  can be  made which cover t h e  e n t i r e  

area of t h e  coun t ry .  This c a p a b i l i t y  is  necessary  t o  a s s u r e  c o n t i n u i t y  

of government, main ta in  morale,  p rovide  news and i n s t r u c t i o n s ,  and 

a l leviate  t h e  sense  of i s o l a t i o n  which may be p r e v a l e n t ,  e s p e c i a l l y  i n  

a r e a s  where people  are fo rced  t o  s t a y  i n  s h e l t e r s  f o r  s e v e r a l  weeks due 

t o  heavy f a l l o u t  cond i t ions .  Every s h e l t e r  should have a t  least  one 

p o r t a b l e  t r a n s i s t o r  r a d i o .  I t  may be necessary  to  run  a w i r e  t o  t h e  

o u t s i d e  t o  which t h e  r a d i o  antenna is  a t t a c h e d  i n  o r d e r  t o  o b t a i n  

r e c e p t i o n  i n s i d e  t h e  s h e l t e r .  

There are  over  fou r  thousand commercial AM broadcas t ing  s t a t i o n s  i n  

t h v  U.S., and most of them are  l o c a t e d  o u t s i d e  t a r g e t  areas. The two 

g r e a t e s t  t h r e a t s  of nuc lea r  w a r  t o  t h e  AM broadcas t  c a p a b i l i t y  are 

(1) M P  (e lec t romagnet ic  pu l se )  from t h e  nuc lea r  de tona t ions  and 

( 2 )  l a c k  of p rov i s ion  f o r  o p e r a t i o n  under r a d i o a c t i v e  f a l l o u t  cond i t ions .  

Widespread e lec t r ica l  power f a i l u r e  j s  no t  a major t h r e a t  t o  t h e  -AM 

broadcas t  c a p a b i l i t y  because many key s t a t i o n s  have been supp l i ed  by 

DCVA w i t h  emergency gene ra to r s ,  w i th  d i e s e l  o i l  s t o r a g e  f o r  a t  least two 

weeks 'opera t ion  under f u l l  load .  The e f f e c t s  of nuc lea r  EMP on t h a s e  AM 

r a d i o  broadcas t  s t a t i o n s  which are a p a r t  oE t h e  ERS (Emergency Broadcast  

System) have been analyzed by Nelson (1973)  and Barnes (1974) .  Consider- 

a b l e  u n c e r t a i n t y  e x i s t s  as t o  how many s t a t i o n s  w i l l  remain f u n c t i o n a l  

a f t e r  t h e  EMPs of a nuc lear  war, bu t  t h e  prospecr. appears  good t h a t  

t h e r e  w i l l  be adequate  AM b roadcas t ing  c a p a b i l i t y  w i t h i n  a f e w  hours  

a f t e r  t h e  a t t a c k ,  p a r t l y  due t o  p r o t e c t i v e  devices  and measures taken  by 

some of t h e  s t a t i o n s ,  and p a r t l y  due t o  t h e  usua l  p r a c t i c e  o f  re ta i .n ing  

s p a r e  p a r t s  on hand which would enab le  s t a t i o n  engineer ing  personnel  t o  

make repairs .  Many s t a t i o n s  maintrain two t r a n s m i t t e r s  w i th  p r o v i s i o n  

f o r  r a p i d  swi tch ing  between them, which reduces t h e  p o s s i b i l i t y  of I L L  

damage t o  t h e  t r a n s m i t t e r  which  .is n o t  i n  o p e r a t i o n  (Nelson, 1 9 7 1 ) .  
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I n  a d d i t i o n  t o  emergency g e n e r a t o r s ,  DCPB has provided m o s t  EBS 

s t a t i o n s  wi th  f a l l o u t  p r o t e c t i o n  . E m  t he  s t u d i o  , and wi th  r a d i a t i o n  

survey m e t e r s .  During t h e  crisis pe.riod preceding a p o t e n t i a l  nuc lea r  

a t t a c k  t h e  s t u d i o  f a l l o u t  s h e l t e r s  can be s tocked wi th  any p rov i s ions  

whi.ch may be l a c k i n g ,  and a d d i t i o n a l  p repa ra t ions  m y  a l s o  be made t o  

prevent  o r  repa i r  damage f rom EMP. 

The ERS w i l l  p rovide  much necessary  and u s e f u l  in format ion  dur ing  

t h e  c r i s i s  pe r iod  and a l s o  a f t e r  the a t t a c k .  One important  b i t  of 

in format ion  which should be g iven  be fo re  a n  a t t a c k  is  t h e  p recau t ion  

necessary  t o  p r o t e c t  two-way r a d i o s  from damage by E a .  For example, 

when t a c t i c a l  warning i s  g iven  t h a t  a nuc lea r  a t t a c k  i s  imminent, owners 

of r a d i o  r e c e i v e r s  should d isconnec t  o r  f o l d  down o r  t e l e s c o p e  t h e  

antennas on t h e i r  equipment t o  make them as s m a l l  as possibJ-e (Barnes, 

1974).  Typica l  p o r t a b l e  AM recei.vc-.rs do not  have a long antenna,  and 

a re  t h e r e f o r e  not  vu lne rab le  t o  :bXP. However, i f  an  e x t e r n a l  w i r e  i s  

hooked t o  the r a d i o  antenna t o  improve r ecep t ion  . ins ide  a she l . t e r ,  t h a t  

wire should be disconnected f o r  s e v e r a l  hours a f t e r  t a c t i c a l  warning i s  

g iven ,  u n t i l  t h e  t h r e a t  of EMP from nuc lea r  de tona t ions  has diminished.  

5 .2  Two-way Communications 

Although much of t h e  U. S a  l and - l ine  corrrmunications network has  been 

hardened a g a i n s t  b l a s t  and ~DTi?, i t  is not  t h e  po l i cy  of t h e  Federa l  

C i v i l  Defense Guide t o  r e l y  comp1etel.y on te lephones  f o r  p o s t a t t a c k  

communication, Tel.ephones may cont inue  t o  o p e r a t e  i n  non-target  areas 

f o r  l o c a l  c a l l s ,  and te lephones  i n s t a l l e d  i n  l a r g e  c o m u n i t y  s h e l t e r s  

w i l l  be extremely u s e f u l .  

f o r  s h e l t e r s  may a l s o  be used f o r  e a r l y  p o s t a t t a c k  emergency messages by 

s h e l t e r  occupants  who f e e l  t h a t  t h e  r i s k  of b r i e f  exposure t o  r a d i a t i o n  

is  o f f s e t  by t h e  possible g a i n  achieved by exchanging a message. Sone 

te lephone  exchanges are b u i l t  w i th  s h i e l d i n g  a g a i n s t  r a d i a t i o n  so that: 

o p e r a t o r s  may cont inue  t o  work i n  them a f t e r  a nuc lea r  a t t a c k .  Tnstruc- 

t i o n s  g iven  on l o c a l  AM b roadcas t s  should g i v e  informat ion  on whether 

te lephones  a re  working, and what numbers t o  d i a l  f o r  in format ion  and 

a s s i s t a n c e .  

Telephones i n  homes where basements are used 
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I n  r e c e n t  y e a r s ,  p a r t l y  because t h e  breakthrough i n  t r a n s i s t o r  

technology r e s u l t i n g  i n  low costs and compact s i z e ,  t h e r e  has been a 

tremendous growth i n  t h e  use  of CB ( C i t i z e n s  Band) r a d i o s ,  and o t h e r  

t ypes  of t ransmit ters ,  as shown i n  F igs .  5.1-5.3. Su i t ab ly  d i s t r i b u t e d ,  

t h e r e  would be enough (about 4 m i l l i o n ,  1973) t o  have one i n  every 

s h e l t e r  (about 1.8 m i l l i o n ) .  

The number of t r a n s m i t t e r s  of a l l  types  show a sha rp  increase i n  

1970-1971, except  t hose  mobile u n i t s  used by i n d u s t r y  ( s e e  P ig .  5 . 2 ) ,  

which decreased  because of t h e  sha rp  d e c l i n e  i n  petroleum e x p l o r a t i o n  by 

i n d u s t r y  due t o  Congressional  changes i n  t h e  t a x  s t r u c t u r e  on t h e  pe t ro -  

leum i n d u s t r y .  

A breakdown of t r a n s m i t t e r s  au tho r i zed  by t h e  PCC i n  1 9 7 3  i s  l i s t e d  

i n  Table 5 .1  t aken  f rom t h e  FCC 1973 Annual Report ,  p .  298. 

T t  is  es t imated  t h a t  about  80% of a l l  semi-trailer t r u c k s  are 

equipped wi th  GI3 r a d i o s ,  and about  56% of t h o s e  wi th  r a d i o s  are l i c e n s e d ,  

accord ing  t o  a p o l l  by FCC. P o r t a b l e  CB u n i t s  can probably t r a n s m i t  t o  

t h e  o u t s i d e  from most s h e l t e r s ,  and would be e s p e c i a l l y  u s e f u l  i n  expe- 

d i e n t  s h e l t e r s .  I f  t h e  u n i t  cannot t r ansmi t  through t h e  s h e l t e r  w a l l s ,  

t hen  an  e x t e r n a l  w i r e  may be  mounted and hooked t o  t h e  antenna.  The 

same p recau t ions  should b e  taken  concerning damage from EPP as desc r ibed  

above f o r  AM r a d i o s .  

n u c l e a r  a t t a c k ,  one o r  two sets of f r e s h  batteries should be purchased 

f o r  each  p o r t a b l e  r a d i o  device .  An assessment  should be  made t o  d e t e r -  

mine whether enough b a t t e r i e s  e x i s t  i n  r e t a i l  o u t l e t s  t o  f u l f i l l  t h i s  

requirement  . 

During t h e  crisis per iod  preceding a p o t e n t i a l  
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Table 5.1 

Transmitters Authorized by FCC, 1973 

Class of Station Base or Fixed Mobile Total 

Aircraft group 
Aeronautical and fixed group 
Aviation auxiliary group 
Aviation radionavigation land 
Civil air patrol 
Operational fixed aviation service 

--- 139,486 139,486 
9,987 --- 9,987 

977 5,373 6,350 
2,562 --- 2,562 
9,334 18,668 2 8  , 002 

6 1  --- 61 

Total aviation services 22 931 163,527 186,448 

Police 
Fire 
Local government 
Highway maintenance 
Forestry conservation 
Special emergency 
State guard 
Operational fixed public safety service 

Total public safety services 

47,401 
25,487 
29,489 
24,531 
40,093 

8 ,458  
388 

2,659 

178,506 

1,114,904 
340,521 
307,939 
208,688 
104,849 

61,852 
I, 1 1 4  

--- 

1,162,305 
366,008 
337,428 
233,199 
144,942 

70,310 
1 ,502  
2,659 

2,139 867 2,318 373 

Special indus tr ia.3 
Business 
Power 
Pet ro 1 eum 
Manufacturers 

37,290 371,444 408,734 
100,176 877,539 977,715 

16,718 285,844 302,562 
11,986 98,667 110,653 

3,731 68,422 72,153 

P 
0 
)” 
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6. THE FOOD AND WATER SITUATION 

6 . 1  Water Supply 

For most areas des igna ted  as r e c e p t i o n  areas i n  t h e  U.S.,  t h e r e  are 

abundant water sources .  I n  many l o c a l i t i e s ,  l o c a l  water p u r i f i c a t i o n  

equipment w i l l  be overloaded I f  evacuees and h o s t s  a t tempt  t o  use  water 

a t  t h e  p r e - c r i s i s  rate of about  100 ga3./day pe r  person.  

t h e  u s e  of p u r i f i e d  water f o r  ba th ing  and washing w i l l  r e s u l t  i n  an  

adequate  supply of  d r ink ing  water f o r  n e a r l y  all areas. I n  those  few 

a r e a s  where t h e  l o c a l  water p u r i f i c a t i o n  equipment w i l l  n o t  b e  adequate  

t u  handle  t h e  overl-oad, t h e r e  w i l l  be o t h e r  sou rces  of water from streams 

and d a m s  which can  be p u r i f i e d  by mobile emergency water p u r i f i c a t i o n  

u n i t s .  Chlor ine  b leaches  can be used t o  make many water sources  s a f e  

f o r  d r ink ing .  A t  wors t ,  some people  may use  water from v a r i o u s  sou rces  

f o r  d r i n k i n g  wi thout  p u r i f i c a t i o n ,  and t h e r e  i s  a danger t h a t  some o f  

t h e s e  people  may consequent ly  s u f f e r  from va r ious  d y s e n t e r i e s ,  typhoid,  

h e p a t i t i s ,  and o t h e r  water-borne d i s e a s e s .  I n  gene ra l ,  t h e s e  w i l l  be 

enough w a t e r  such t h a t  people  w i l l  no t  d i e  of t h i r s t  i n  t h e  p o s t a t t a c k  

s i  tua  t i o n .  

Reduction i n  

There may be  a problem i n  some l o c a t i o n s  w i t h  s o l u b l e  r a d i o a c t i v e  

components of f a l l o u t ,  such as iod ine ,  which may r e q u i r e  s p e c i a l  t reat-  

ment of water by f i l t r a t i o n ,  o r  d i s t i l l a t i o n ,  o r  which may be  counter -  

a c t e d  by p rophy lac t i c  measures. 

i n  w e l l - w a t e r ,  b u t  m y  be p r e v a l e n t  i n  lakes i n  fa l lou t -contaminated  

areas (Brown, e t  aL., 1968) .  I f  t h i s  w a t e r  must be  used it  should be 

f i l t e r e d .  F i l t r a t i o n  through about  5 i n .  of s o i l  w i l l  remove t h e  i o d i n e ,  

as determined by Kearny ( P r i v a t e  Comunica t ion ) .  Extens ive  r e s e a r c h  on 

Radioac t ive  i o d i n e  w i l l  n o t  be p r e s e n t  

expedient  methods t o  remove r a d i o a c t i v e  contaminants  from water has  been 

performed by t h e  Corps of Engineers .  

If i o d i n e  i s  not  removed from t h e  w a t e r ,  doses of s t a b l e  iod ides  

should be taken  o r a l l y  t o  block thy ro id  uptake of t h e  r a d i o a c t i v e  i o d i n e  

(Ramsden, e t  a l . ,  1967).  The r equ i r ed  doses range  from 35 mg every 1 2  

hours  t o  250 mg every 48 hours ,  depending on t h e  s i z e  and a c t i v i t y  of 

t h e  s u b j e c t .  



C a l c u l a t i o n s  by H-rown, e t  a l . ,  (1968) i n d i c a t e  t h a t  t h e  r a d i a t i o n  

dose  due t o  COnSUm!Jt ion of water  which c o n t a i n s  o t h e r  s o l i i h l e  n u c l i d e s ,  

such as  s t r o n t i u m  and crsium, would he  n e g l i g i b l e  f o r  a 1600 M I  a t t a c k  

b u t  could b e  harinful f o r  l a r g e r  a t t a c k s .  F i l t r a t i o n  of w a t e r  through 

s o i l  removes t h e s e  n u c l i d e s  as w e l l  as iod ine .  

6 . 2  The Food S i t u a t i o n  

The problem of supplying t h e  r d o c a t e d  popula t ion  of t h e  IJ. S .  w i t h  

food dur ing  t h e  cr is is  per iod  has  been i n v e s t i g a t e d  by Bil lheimer 

e t  a l . ,  (7.975). Of t h e  s t o c k s  t h a t  might be a v a i l a b l e  a t  r e g i o n a l  and 

l o c a l  levels  f o r  d i s t r i b u t i o n  under c r i s i s  r e l o c a t i o n  c o n d i t i o n s ,  

Bi l lhe imer  e t  a l . ,  foi.ind t h a t  wholesa le rs  have a n  average of t h r e e  w e e k s  

o f  inventory ,  r e t a i l  o u t l e t s  have an average of two weeks inventory ,  and 

consumers have a n  average inventory  of two weeks, measured a g a i n s t  

c u r r e n t  consumption l e v e l s  Food s t o c k p i l e s  under f e d e r a l  c o n t r o l  are  

i n s i g n i f i c a n t  a IJho7.esalc s t o c k s  tend t o  be he ld  i n  r e g i o n a l  d i s t r i b u t i o n  

c e n t e r s  l o c a t e d  i n  t h e  l a r g e s t  c i t i e s ,  i n  t a r g e t  areas. Nearly two- 

t h i r d s  of t h e  u r b m i z e d  r i s k  areas scheduled f o r  evacuat ion  utitler a 

cr is is  r e l o c a t i o n  s t r a t e g y  r e l y  on m e t r o p o l i t a n  areas o t h e r  than  t h e i r  

own f o r  a t  l eas t  50% of t h e i r  processed whol-esale food s u p p l i e s .  

Bi l lhe imer  e t  a l . ,  concluded t h a t  %he most e f f e c t i v e  s t r a t e g y  f o r  food 

d i s t r i b u t i o n  under c r i s i s  r e l o c a t i o n  c o n d i t i o n s  i s  t o  alJ.ow a g r i c u l t u r a l  

o u t p u t  and ma jo r  process ing  p l a n t s  t:o fo l low noruial d i s t r i b u t i o n  channels  

and t o  cont inue  us ing  r i s k  area wholesale  f a c i l i t i e s  t o  serve t h e  evacu- 

a t e d  popula t ion .  Although t h i s  s t r a t e g y  may be t h e  most e f f c x t i v e ,  i t  

w i l l  p lace a stress on t r a n s p o r t a t i o n  t o  d i s t r i b u t e  over  t h e  extra long  

l i n e s ,  and r e t a i l  o u t l e t s  i n  t h e  h o s t i n g  areas w i l - 1  he s t r a i n e d  t o  f i n d  

adequate  s t o r a g e  space and sales f a c i l i t i e s .  The t r a n s p o r t a t i o n  system 

w i l l  be  f u r t h e r  s t r a i n e d  by t h e  demand f o r  extra s u p p l i e s  t o  p r e p a r e  

f a l - l o u t  s h e l t e r s  wi th  r e s e r v e  s u b s i s t e n c e  f o r  a t  ].east two weeks ' d u r a t i o n .  

The k inds  and re la t ive  q u a n t i t i e s  o f  food  purchased by the t y p i c a l  

American fami ly  is  shown i n  Table 6.1,  based on a survey taken  by t h e  

U.S. Department of A g r i c u l t u r e .  
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T a b l e  6.1 

D i s t r i b u t i o n  of t h e  Food D o l l a r  i n  
Nor theas t e rn  USA, 1965-66 

_.__-- 

Food Group by Urbaniza t ion  Spr ing  Summer F a l l  Winter 

Meat, p o u l t r y ,  f i s h ,  eggs: 
A l l  u r b a n i z a t i o n s  

Urban 
Rura l  nonfarm 
Farm 

Milk, cream, cheese: 
A l l  u r b a n i  zat i o n s  

Urban 
Rura l  nonfarm 
Farm 

Gra in  p roduc t s  : 
A l l  u r b a n i z a t i o n s  

Urban 
Rura l  nonfarm 
Farm 

Fresh  v e g e t a b l e s  {excluding p o t a t o e s ) :  
A l l  u r b a n i z a t i o n s  

Urban 
Rura l  nonfarm 
Farm 

Fresh  f r u i t :  
A l l  u r b a n i z a t i o n s  

Urban 
Rural nonfarm 
Farm 

Commercially processed  v e g e t a b l e s  and f r u i t :  
A l l  u r b a n i z a t i o n s  

Urban 
Rura l  nonfarm 
Farm 

Potatoes  sweetpo ta toes ( f r e s h  and processed)  : 
A l l  u r b a n i z a t i o n s  

TJrban 
Rural nonfarm 
Farm 

F a t s  and oils: 
A11 u r b a n i z a t i o n s  

Urban 

36 
37 
34 
34 

1 3  
1 2  
14 
15 

1% 
1 2  
13  
1 2  

5 
5 
4 
5 

4 
4 
4 
6 

4 
4 
4 
3 

2 
2 
3 
3 

3 
3 

36 
38 
33 
30 

12 
1 2  
1 2  
1 3  

11 
1.1 
1 2  
13 

6 
6 
8 

1.2 

5 
5 
5 
7 

3 
3 
5 
2 

2 
2 
3 
4 

3 
3 

38 
39 
36 
33 

1 4  
13  
15 
20 

1 2  
11 
13 
11 

4 
4 
4 
6 

4 
4 
4 
5 

4 
4 
4 
3 

2 
2 
2 
2 

3 
3 

39 
[+ 0 
37 
3% 

1 3  
13 
14 
14 

1 2  
1.1 
1 3  
1 2  

4 
4 
4 
4 

4 
4 
4 
5 

4 
4 
4 
4 

2 
2 
2 
2 

3 
3 
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Table  6 . 1  (cont 'd)  

Food Group by Urbanizat ion S p r l h g  Summer F a l l  Winter 

Rural  nonfarm 
Farm 

4 
4 

Other (beverages,  suga r ,  sweets, j u i c e s ,  e t c )  : 
A l l  u r b a n i z a t i o n s  2 1  

Urban 2 1 
Rura l  nonfarm 20 
Farm 1.8 

4 
4 

4 
4 

3 
5 

22 19 1 9  
20 20 1.9 
20 18 19 
15  1 6  1.6 

T o t a l  100 100 100 100 
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I f  t h e  CRP-2B a t t a c k  t a k e s  p l a c e ,  wholesale  food s t o c k s  i n  r i s k  

a r e a s  w i l l  most l i k e l y  be  des t royed ,  o r  become i n a c c e s s i b l e  f o r  many 

weeks. Furthermore,  accord ing  t o  s t u d i e s  by %PA (Federa l  Preparedness  

Agency) w i t h  t h e  LJNCLEX a t t a c k ,  which i s  similar t o  t h e  CRP-2B a t t a c k ,  

approximately 60% of  t h e  U.S. food p rocess ing  p l a n t s  w i l l  be des t royed  

by d i r e c t  weapons e f f e c t s ,  such as b l a s t  and f i r e .  

t h e  form of l i v e s t o c k  and p o u l t r y  w i l l  become unava i l ab le  a f t e r  t h e  

a t t a c k ,  e i t h e r  because much of t h e  s t o c k  w i l l  be k i l l e d  by E a l l o u t ,  f o r  

which l i t t l e  p r o t e c t i o n  i s  being provided,  o r  i t  w i l l  be  imposs ib le  t o  

p rocess  t h e  l i v e s t o c k  because of t h e  l a c k  of t r a n s p o r t  f a c i l i t i e s  and/or  

process ing  p l a n t s  a t  convenient  l o c a t i o n s .  Many of t h e  su rv iv ing  food 

p rocess ing  p l a n t s  w i l l  be unable  t o  o p e r a t e  because of power outages  o r  

because of i n t e n s e  r a d i a t i o n  from f a l l o u t .  

Most of t h e  food i n  

The outcome of t h e  cumulation of t h e s e  e f f e c t s  on t h e  food s i t u -  

a t i o n  i n  t h e  U.S. is unce r t a in .  I n  most r e l o c a t i o n  areas, t h e  t o t a l  

r e s e r v e  of processed food w i l l  no t  exceed t h r e e  o r  fou r  weeks supply .  

Some of t h e  su rv iv ing  p rocess ing  p l a n t s  may be capable  of t r i p l i n g  t h e i r  

ou tpu t  of p roduc t s  depending on g r a i n s ,  such as f l o u r ,  corn  meal, corn  

o i l ,  margarine,  and secondary products  such as bread ,  cereals, noodles ,  

s p a g h e t t i ,  etc. ,  t o  t h e  e x t e n t  t h a t  l a c k  of meat and d a i r y  products  can 

be  t o l e r a t e d  i n  t h e  areas which can be supp l i ed  by t h e s e  p rocess ing  

p l a n t s .  

may r e q u i r e  t h a t  people  t u r n  t o  p r i m i t i v e  methods of p r e p a r a t i o n  of r a w  

g r a i n s  i n  o r d e r  t o  surv ive .  Many o ld  r e c i p e s  have been red iscovered  as 

a r e s u l t  of t h e  movement t o  communes i n  the U.S.,  and some of t h e s e  and 

o t h e r s  have been t e s t e d  and are desc r ibed  by Kearny (1975). 

I n  many areas, t h e  absence of adequate  food process ing  p l a n t s  

The i n n a t e  c a p a b i l i t y  of g r a i n  t o  be s t o r e d  almost i n d e f i n i t e l y  

w i t h  l i t t l e  care and wi thout  s p o i l a g e ,  and i t s  s u i t a b i l i t y  as a n e a r l y  

complete food f o r  human consumption, has  drawn t h e  a t t e n t i o n  of stra- 

tegic .  p l anne r s  throughout t h e  e n t i r e  known h i s t o r y  of man. Cur ren t ly ,  

one of t h e  p r i n c i p a l  s logans  of Ma0 which is  echoed throughout Red China 

i s  “Dig t unne l s  deep, s tore  g r a i n  everywhere, prepa re  f o r  war and 

d i s a s t e r .  . .I’ The Sov ie t  Union is a l s o  p repa r ing  t o  s t o r e  massive 

q u a n t i t i e s  of g r a i n  (USSR Nat iona l  A f f a i r s ,  1975) ,  and i s  c u r r e n t l y  i n  



110 

the l a s t  f ive-years  s t a g e  of a "shock c o n s t r u c t i o n "  p r o j e c t  to b u i l d  

s t o r a g e  f a c i l i t i e s  f o r  2 - 5  bi-l.l.ion bushe ls  of  g ra in ,  enough t o  supply 

t h e  S o v i e t  popula t ion  w i t h  300 days of food. 

The U. S. has  c o n s i s t e n t l y  produced more g r a i n  annual ly  than 

r e q u i r e d  by i t s  popi i la t ion f o r  human consiuiiption. S ince  1956,  t h e  t o t a l  

p roduct ion  of co rn ,  wheat and soybeans annual ly  i n  t h e  U.S. ha5 always 

been more t h a n  t w i c e  and o c c a s i o n a l l y  t h r e e  t i m e s  t h e  quanti.ty needed 

annualby by t h e  U. S .  popula t ion  f o r  adequate  s u r v i v a l  wequirementx a s  

shown i n  F ig .  5.1.  The amount r e q u i r e d  per  day f o r  s u r v i v a l  i s  es t i -  

m a t e d  t o  be a n  average of two pounds of g r a i n  per  person,  based on a 

requi-rement of a n  average of 3000 c a l o r i e s  p e r  p e r s ~ i i  per  day (Garland, 

1 9 7 2 ) .  The extra q u a n t i t y  of g r a i n  produced i s  used p r i m a r i l y  f o r  

feeding  l ives6ock  and fo r  e x p o r t a t i o n .  'The mount  of g r a i n  on hand does 

n o t  always exceed t h e  annual  minimum s u r v i v a l  q u a n t i t y ,  as shown i.n F i g .  

5.2, From 1954 through 196.5, tihe t o t a l  q u a n t i t y  on hand always exceeded 

t h e  minimum annual. s u r v i v a l  q u a n t i t y ,  h u t  i.ti became less a t  t i m e s  ici 

1966, 1 9 7 1 ,  1973,  and 1 9 7 4 ,  dur ing  certaln q u a r t e r s  of  t h e  y e a r .  Froiii 

F i g .  6 . 2 ,  i t  i s  apparent  t h a t  30 t o  402 sf the annual  U.S. g r a i n  produc- 

t i o n  f o r  the  y e a r s  1965 through t h e  p r a s e . n t  would be adequate f o r  t h e  

minimum annual  s u r v i v a l  q u a n t i t y .  

Nearly all t h e  g r a i n  st:ored on farms and 50-70% of t h e  g r a i n  s t o r e d  

o f f  f a r m s ,  depending on t h e  season,  would n o t  be a f f e c t e d  by a nucl.ear 

a t t a c k .  Grains  s t o r e d  o f f  farms i s  dislrr:i.l)i.it:ed among l o c a l  town and 

county e l e v a t o r s ,  warehouses, p rocess ing  p l a n t s ,  and l a r g e  central .  

t e r m i n a l s .  Many process ing  plar i ts  and most of t h e  large te rmina ls  would 

b e  destroyed by the n u c l e a r  a t tack,  but  t h e  btllk of off-farm s t o r a g e  is 

i n  t h e  l o c a l  e l e v a t o r s  in s m a l l  t o m s  93hi.ch would n.ot be a f f e c t e d  by t h e  

b l a s t  and f i r e  of nuc lear  weapons de tona ted  on major t a r g e t s .  

The corn,  wheat, and soybeans s t o c k s  s i n c e  1945 are  shown f o r  t h e  

January 1 and A p r i l  1 report i .ng da tes  to  IISDA i n  F ig .  6 . 3 ,  and fo r  t h e  

J u l y  1 and October  1 r e p o r t i n g  d a t e s  i n  F ig .  6 . 4 .  The q u a n t i t i e s  

r e p o r t e d  on t h e s e  d a t e s  r e f l ec t :  i:he a c t u a l  s i t u a t i o n  of two t o  three 

months preceding the da te .  Thus, F ig .  6 .3  i n d i c a t e s  t h a t  through t h e  

wi.nt:er months, t h e  stocks on Earns alone are u s u a l l y  s u f f i - c i e n t  f o r  t h e  
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minimum annual  survival.  q u a n t i t y .  The peak t o t a l  on- and of f - fa rm 

q u a n t i t y  of  g r a i n s  s t o r e d  w a s  410 b i l l i o n  pounds, o r  about  6.8 b i l l i o n  

'n~tsl~els, i n  1961 and a g a i n  i n  1972,  aod the peak on-farm quant-i ty of 

g r a i n  s t o r e d  w a s  about 265 b i l - l i o n  pounds, o r  about  4.4 b i l l i o n  bushels, 

i n  1972. 

c a p a c i t y  i n  t h e  United S t a t e s .  

c a p a c i t y  (Feeds tu f f s ,  57- ( 4 8 ) ,  p B., November 24 ,  1975) i s  t o  i n c r e a s e  i t  

s i g n i f  icantl-y, because farmers are becoming i n c r e a s i n g l y  aware of the 

g l o b a l  market f o r  g r a i n s  wi th  i t s  a s s o c i a t e d  Large v a r i a t i o n  i n  p r i c e ,  

and inc reased  s t o r a g e  c a p a c i t y  enables them t o  bold  t h e i r  g r a i n  f o r  the 

most f a v o r a b l e  p r i c e .  The pr ice  of wheat p e r  bushe l  more than  doubled 

i n  1973, as shown i n  F ig .  6.5, p r i m a r i l y  as a r e s u l t  of  l a rge  sales t o  

t h e  Sov ie t  Union. 

These peak numbers are a n  i n d i c a t i o n  of the total g r a i n  s t o r a g e  

'The c u r r e n r  t r end  fo r  on-farm s t o r a g e  

T o t a l  g ra in  s t o c k s  dur ing  summer and f a l l  months, as shown i n  P ig .  

6 . 4  have been adequate  f o r  a y e a r ' s  minimum s u r v i v a l  f o r  t h e  y e a r s  1954- 

1966, but n o t  dur ing  t h e  years of 1.974 and 1975.  
themselves  have been adequate f o r  a t  ].east s i x  months' s u r v i v a l  supply 

f o r  t h e  n a t i o n  du r ing  t h e  s p r i n g  and .summer months f o r  a l l  years s i n c e  

1954. T f  a n u c l e a r  a t t a c k  occurred  dur ing  t h e  s p r i n g  o r  summer, t h e  

stocks on farms would be adequate  f o r  s u r v i v a l  through September o r  

1 a t e r ,  and t h e  harvest:, a l though p a r t i a l l y  des t royed  by f a l l o u t ,  w r w l d  

p rov ide  adequate  Food reserve through t h e  next h a r v e s t ,  

On-farm s tocks  by  

P l a n t  responses  to i r r a d i a t i o n ,  such a s  s u r v i v a l ,  growth i n h i b i t i o n  

o r  s t i m u l a t i o n ,  and seed o r  g r a i n  y i e l d ,  depend on dose, dose  r a t e ,  

p l a n t  s p e c i e s ,  type of r a d i a t i o n ,  and t h e  developmental  stage of t h e  

p l a n t  when i r r a d i a r e d .  K i l l i o n  and Cons tan t in  (1975) c a l c u l a t e  t h a t  t h e  

dose r e q u i r e d  to reduce t h e  y i e l d  t o  50% is 2-4 k i l ~ r a d s  -in wheat and 

corn, and 8-12 k i l o r a d s  i n  soybeans. 

times a t  d i f f e r e n t  l a t i t u d e s ,  hence i f  the a t t a c k  occurs on a c e r t a i n  

day, s imul taneous ly  as far as c rops  are concerned, c rops  which have j u s t  

enierged from the  ground w i l l  be  more s e v e r e l y  a f f e c t e d  than  those which 

have a t t a i n e d  a good s t a n d ,  o r  those which have not  y e t  emerged f r o m  the 

ground 

Crops are p l a n t e d  at: d i f f e r e n t  

A complex computer program has been developed by Ryan, Garza, and 

Brown (1974) f o r  t h e  purpose of  e s t i m a t i n g  damage to c rops  by b e t a  and 
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gamma i r r a d i a t i o n  from f a l l o u t  from nuc lea r  weapons. Two runs  of t h i s  

program w e r e  made by t h e  Fede ra l  Preparedness  Agency o f  t h e  General 

S e r v i c e s  Adminis t ra t ion ,  one f o r  each o f  two d i f f e r e n t  h y p o t h e t i c a l  

a t t a c k s ,  each occur r ing  on June 1, and wi th  crop d a t a  corresponding t o  

the  yea r  1974. According t o  Brown and P i l z  (1949) t h e  e f f e c t  of f a l l o u t  

on t h e  t o t a l  U.S. c rop  product ion  should be t h e  most s eve re  f o r  an 

a t t a c k  i n  t h e  month of June. The a t t a c k s  are very s t m i l a r  t o  t h e  CRP-2B 

a t t a c k  i n  terms of t o t a l  number and y i e l d s  of weapons bu t  d i f f e r  i n  

d i s t r i b u t i o n  of t h e  weapons on t h e  United S t a t e s .  The "UNCLEX-MIKE" 

a t t a c k  eoncen t r a t e s  on m i l i t a r y  t a r g e t s ,  and "UNCLEX-CHARLIE" concen- 

trates on c i v i l i a n  t a r g e t s .  The wind cond i t ions  assumed f o r  d i s t r i b u t i n g  

t h e  f a l l o u t  corresponded t o  a t y p i c a l  meteoro logica l  s i t u a t i o n  f o r  t h e  

month of March. 

A summary of t h e  r e s u l t s  of t h e  computer c a l c u l a t i o n s  f o r  e s t ima t ing  

s u r v i v i n g  y i e l d  of c rops  i s  shown i n  Table  4 . 2 .  Note t h a t  t h e  t o t a l  

e s t ima ted  su rv iv ing  y i e l d  i s  i n  t h e  v i c i n i t y  of 50% of t h e  t o t a l  pro- 

duc t ion  f o r  1974. Soybeans and sorghums are shown t o  have a h igh  es t i -  

mated y i e l d  because of a combination of factors ,  i nc lud ing  t h e i r  h igh  

r e s i s t a n c e  t o  damage by i r r a d i a t i o n  (Ryan, Carza,  and Brown, 1974, p 3 4 ) ,  

t h e  t i m e  of t h e i r  growing season,  and the  d i s t r i b u t i o n  of t h e i r  p l a n t i n g  

i n  r e l a t i o n  t o  l o c a t i o n  of f a l l o u t  Erom t h e s e  a t t a c k s .  

I n  o r d e r  t o  i n v e s t i g a t e  t h e  s e n s i t i v i c y  of t h e  c a l c u l a t e d  su rv iv ing  

crop  y i e l d  w i t h  changes i n  t h e  a g r i c u l t u r a l  model, w e  assumed a crop 

y i e l d  f a c t o r ,  Y ,  f o r  each county,  w i t h  va lues  ranging  between zero and 

u n i t y ,  as a s i m p l i s t i c  f u n c t i o n  of R t h e  u n i t  t i m e  r e f e r e n c e  dose 

rate, va ry ing  according t o  
0' 

The f a c t o r s  ix and f3 are c a l c u l a t e d  by assuming boundary v a l u e s  of 

R f a r  Y = 0 and Y = 1. Under t h e s e  c o n d i t i o n s ,  t h e  equa t ion  provides  

essentially the i d e n t i c a l  curve  as Y = c1 - K I n  Ro f o r  t 20.01. 

Curves of Y v s  R are shown i n  Fig.  6.6 f o r  t h e  t h r e e  boundary 

c o n d i t i o n s  shown i n  Table 6 . 3 .  Curve "B" shows Y = 0.5 a t  R = 500 R/hr ,  

0 

0 

0 



11 8 



119 

y c
 

o
 

0
 

0
 

n
 

3
 

c
)
 
0
 

cn 

0
 
0
 

0
 

m
 

0
 

0
 

0
 
4
 



1 2 0  

corresponding t o  about  2000 roentgens  exposure dur ing  a sixty-day growing 

t i m e ,  a t  areas where t h e  f a l l o u t  arrives w i t h i n  one hour a f t e r  the 

de tona t ion .  'This exposure i s  approximately t h a t  amount r e q u i r e d  t o  

reduce  t h e  y i e l d  of corn  and wheat a t  m a t u r i t y  to 50% according t o  

K i l l i o n  and Cons tan t in  (1975). The y i e l d  would be g r e a t e r  t h a n  50% a t  

most p l a c e s  because t h e  exposure t o  r a d i a t i o n  would be less than  2060 R 

f o r  t h e s e  reasons :  

1. 

2. 

3. 

4 .  

The f a l l o u t  w i l l  a r r ive  la te r  t h a n  one hour a f t e r  
d e t o n a t i o n  a t  most l o c a t i o n s ,  

A t  n o r t h e r n  l a t i t u d e s ,  some seeds  i n  t l - i e  ground 
m y  s t i l l  b e  ungerminated a t  t h e  a t t a c k  t i m e ,  
and t h u s  less a f f e c t e d  dur ing  t h e  per iod  of the  
most i n t e n s e  r a d i a t i o n ,  

I n  southern  l a t i t u d e s  c rops  m y  be well developed 
a t  a t t a c k  t i m e  and may be  harves ted  b e f o r e  t h e  
p e r i o d  of GO days i s  up,  and 

R a i n f a l l  may wash away s i g n i f i c a n t  amounts of 
f a l l o u t  dur ing  t h e  growing per iod .  

The y i e l d  of g r a i n s  f o r  1973  w a s  es t imated  by determining R a t  
0 

t h e  c e n t r o i d  of each  county and then  m u l t i p l y i n g  t h e  product ion  of 

g r a i n s  f o r  1973 € o r  t h a t  county by t h e  v a l u e  of Y corresponding t o  R . 
The r e s u l t s  are shown i n  Table 6 .3 ,  g i v i n g  68% s u r v i v a l  f o r  t h e  rela- 

t i v e l y  i n s e n s i t i v e  case, 42.5% s u r v i v a l  f o r  t h e  s e n s i t i v e  case, and 

30.2% s u r v i v a l  f o r  t h e  h ighly  s e n s i t i v e  case. 

0 

For p lanning  purposes ,  w e  w i l l .  assiiiiie t h a t  g r a i n  s t o c k s  on farms 

and i n  r u r a l  e l e v a t o r s  w i l l  be t h e  major source  of food r e q u i r e d  f o r  

s u r v i v a l  i n  t h e  p o s t a t t a c k  per iod .  A s  w e  have seen  f rom t h e  d a t a  

presented ,  t h i s  SOU KC^ is  adequate  t o  supply t h e  r e l o c a t e d  popula t ion  

u n t i l  t h e  fo l lowing  h a r v e s t ,  under most c i rcumstances r e a d i l y  foreseen .  

W e  a l s o  assinre t h a t  t h e s e  g r a i n  s t o c k s  are located primarily in the  

c o u n t i e s  i n  which they  were produced. The l o c a t i o n  of g r a i n - r i c h  and 

grain-poor c o u n t i e s  i n  t h e  1J.S. can be r a p i d l y  a s s e s s e d  by t h e  maps 

shown i n  F igs .  6.7-6.13, which show t h e  t o t a l  q u a n t i t i e s  of a l l  major 

g r a i n s  produced i n  each county of t h e  coterminous U . S .  i n  1973 ,  accord ing  

t o  USDA f i g u r e s .  A comparison wi th  F i g s .  3.5-3.11., which show t h e  



Table 6.3 

Total U.S. Grain Production for Three Different 
Sensitivities t o  Fallout Irradiation 

Sensitivity Y=l (100% Yield) Y=0 (No Yield) t Calculated Percent 
at Ro Listed at Rt, Listed Survival (U. S .) 

B e l o w  B e l o w  
(R/ hr (E/ hr  1 

Relatively 200 10,000 0.01 68.0 
Insensitive 

Sensitive 50 1,000 3 / 4  42.5 

Highly 50 
Sensitive 

500 3 /  4 30.2 
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Fig 6.8 Grain Production, 1973, Central and Eas t ,  Based on Data 
Suppl ied by the Crop Report ing Board, USDA. 
1.OE6 indicates 1.0 x 106 pounds, or one million pounds. 

I n  t h e  legend,  as an  example, 
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1973 GRFl lN PRODUCTION 

0-1.M6 POUNDS 

l.OE6-5.0E6 POUNDS 

5.OE6- 1.OE7 POUNDS 

l.OE7-5.0E7 POUNDS 

5.M7-1 .OEB PCMJOS 

1. QE8-2.5E8 POUNDS 

2.98-5. OEB POUHOS 

S.OE8-7.5EB POUNDS 

7.5E8-1.CE9 PWNOS 

0 I .  0€9-5.0€9 PolMos 

Fig .  6.10 Gra in  Product ion ,  1973, North C e n t r a l ,  Based on Data 
Suppl ied by t h e  Crop Report ing Board, USDA. I n  the legend, as an example, 
1.OE6 i n d i c a t e s  1.0 x l o 6  pounds, o r  one million pounds. 
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1973 GRFlIN PRODUCTION 

0-1 .E6 PMJNOS 

1.OE6-S. DE6 POUNDS 

S.OE6-1.OE7 POWVOS 

1.OE7-5.OE7 POWJDS 

S,OE7-1.OEB PDW[K 

lSOE8-~.5ES P O W X  

2.5E8-5, OEB POLWE 

5.OEB-7.5&8 PouNos 

7.5E8- 1 .  E 9  l'ou)ro9 

1.OE9-5.1x9 PfXiWK6 

Fig6 6.12 Grain Production, 1973, Northwest, Based on Data Supplied 
by the Crop Reporting Board, USDA. In the legend, a3 an example, 1.OE6 
indicates 1.0 x l o6  pounds, or one million pounds. 
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d i s t r i b u t i o n  of  r e l o c a t e d  people  by county accord ing  t o  t h e  ADAGIO 

program, reveals t h a t  some r e g i o n s ,  such as p e n i n s u l a r  F l o r i d a ,  Nor th- 

e a s t e r n  U.S., and p a r t s  of C a l i f o r n i a ,  are d e f i c i e n t  i n  g r a i n  s t o c k s  

b u t  have a l a r g e  number of  people.  

q u a n t i t i e s  of g r a i n  may have t o  be  shipped i n  o r d e r  t o  avoid massive 

s t a r v a t i o n .  W e  assume t h a t  g r a i n  w i l l  be  moved r a t h e r  than  t h e  people ,  

i n  o r d e r  t o  avoid  exposure of a la rge  number of people  t o  r a d i a t i o n  from 

f a l l o u t .  T h i s  s i t u a t i o n  could have been l a r g e l y  avoided i f  t h e  evacu- 

a t i o n  p l ans  had taken i n t o  account  t h e  l o c a t i o n  of g r a i n  s t o c k s  i n  

a d d i t i o n  t o  f a l l o u t  avoidance and h o s t i n g  c a p a b i l i t y ,  o r  i f  t h e  g r a i n  

had been moved and s t o r e d  b e f o r e  t h e  crisis, as recommended by Garland 

(1971) 

T h i s  p i c t u r e  i n d i c a t e s  t h a t  l a r g e  

I n  o r d e r  t o  conserve f u e l  and t o  reduce  exposure o f  o p e r a t o r s  t o  

r a d i a t i o n ,  i t  would b e  d e s i r a b l e  t o  minimize the t o t a l  ton-miles i n  t h e  

shipments of g r a i n .  The s o l u t i o n  of t h i s  problem involves  l i n e a r  pro- 

gramming of a t y p i c a l  t r a n s p o r t  problem, and w i l l  be presented  i n  t h e  

next  c h a p t e r  on t r a n s p o r t a t i o n .  

We have assumed t h a t  t h e  p r i v a t e l y  owned s t o c k s  of g r a i n s  by farmers 

can b e  obta ined  by t h e  government f o r  r e l i e f  of p o t e n t i a l  s t a r v a t i o n  of 

l a r g e  f r a c t i o n s  of t h e  U.S. popula t ion  i n  a p o s t a t t a c k  s i t u a t i o n .  Some 

€orm of guarantee  should be  g iven  by t h e  government t o  a s s u r e  the farmer 

of  j u s t  compensation € o r  h i s  l a b o r  and t o  a l l a y  h i s  f e e l i n g s  oE a n x i e t y  

f o r  h i s  own f u t u r e .  Such a guarantee  may be d i f f i c u l t  t o  produce i n  a 

p o s t a t t a c k  s i t u a t i o n  u n l e s s  i t  is  e v i d e n t  t o  t h e  farmer t h a t  t h e  f e d e r a l  

s t r u c t u r e  of government remains f i rmly  i n  power. AM r a d i o  b r o a d c a s t s  of 

news and informat ion ,  w i t h  f r e q u e n t  r e a s s u r i n g  messages from t h e  P r e s i d e n t  

would b e  necessary  t o  convey t h i s  in format ion  ( s e e  Chapter 10). 

6 . 3  The E f f e c t s  of Dust and Deple t ion  of t h e  Ozone Layer 
Due t o  Nuclear At tack  

4 It has  been c a l c u l a t e d  t h a t  a 10 MT n u c l e a r  exchange would i n j e c t  
7 8  10 -10 tons of d u s t  i n t o  the  s t r a t o s p h e r e  (NAS 19751, which is  o f  t h e  

same o r d e r  as t h e  amount e s t i m a t e d  t o  be  i n j e c t e d  i n t o  the s t r a t o s p h e r e  

by  t h e  v o l c a n i c  e r u p t i o n  o f  Krakatoa i n  1883. ‘IChe t o t a l  volume of e a r t h  
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and rock  thrown i n t o  t h e  sky by Krakotoa i s  es t imated  t o  be  around 13  

cubic  m i l e s .  Thermonuclear explosiorrs a l s o  produce NO, i n j e c t i n g  approx- 

imate ly  lo4  tons  of NO per  megaton i n t o  t h e  s t r a t o s p h e r e ,  (NAS 1975) 

which may have a c l imat ic  e f f e c t  as a resu1.t of U Z U ~  d e p l e t i o n  and a l s o  

as a r e s u l t  of formation of NU i n  t he  ;lit:niosphere. 2 
It appears  t h a t  v o l c a n i c  i.njecir.ioris of the magnitude of Krakatoa 

m y  l end  t o  m i i i o t :  cool ing  on a hemispheric o r  g l o b a l  average  scale ,  bu t  

t h i s  s ta tement  m i s t  be q u a l i f i e d  because t h e  g l o b a l  mean temperature  

shows a v a r i e t y  of f l u c t u a t i o n s  on d i f f e r e n t  t i m e  scales,  n o t  all of 

whi.ch can be  explained i n  terms of volcan:i (3  i .rrj  e c t i o n s  e According t o  

t h e  Committee t o  Study t h e  Loiig-Term Worldwide E f f e c t s  of Nul- t iple  

Nuclear-Weapons Detonat ions (CSLWENNI)) (NAS 1.975) , a d e v i a t i o n  of 

0.5 C f rom the average lasting f o r  a f e w  y e a r s  might b e  expected f rom 

t h e  s t r a t o s p h e r i c  d u s t  i n j e c t i o n  from a 10 KT n u c l e a r  exchange. 

0 

4 

'The e f f e c t  of NO i n j e c t i o n  i n t o  t h e  s t r a t o s p h e r e  was a l s o  i n v e s t i -  

gated by CSLWEMND, w i t h  the  conclus ion  that Lhe detonat : i .on OF I O 4  MT of 

n u c l e a r  weapons i n  t h e  n o r t h e r n  hernisphme woimld r e s u l t  i n  a maximum 

r e d u c t i o n  of ozoi~e. i.n the s t r a t o s p h e r e  i n  the range of 30 t o  70%, 

beginning a few weeks a f t e r  the n u c l e a r  exchange, and gradual ly  r e s t o r i n g  

t o  w i th in  10% o f  the normal. ozone conten t  w i t h i n  5 t o  7 y e a r s  a f t e r .  

The  model used f o r  t h i s  c a l c u l a t i o n  i s  highly  l i m i t e d ,  and d a t a  f o r  

v e r i f i c a t i o n  do n o t  y e t  exist  i n  s u f f i c i e n t  q u a n t i t y  o r  with s u f f  ic ient  

q u a l i t y ,  hence t h e  es t imated  range of u n c e r t a i n t y  Eole t:he d e p l e t i o n  of 

ozone var ies  witilrin a € a c t o r  of 2 o r  3 .  

If t h e  om11e ].ayes i s  s u b s t a n t i a l l y  d e p l e t e d ,  much of t h e  s o l a r  

r a d i a t i o n  i n  t h e  wavelengths from about  2500 A through 3300 A ,  which 

wou1.d normally be absorbed by t h e  ozone, w i l l  now p a s s  through t o  t h e  

e a r t h ' s  s u r f a c e .  A 5% d e c r e a s e  i n  t h e  average  ozoiie c o n c e n t r a t i o n  would 

cause  a 26% i n c r e a s e  in uv-B r a d i a t i o n  (2800-3150 A ) ;  a 50% r e d u c t i o n  i n  

ozone V J O U ~ ~  produce a fivefo1.d t o  t e n f o l d  increase i n  uv-E r a d i a t i o n .  

Nt:hough re l iable  d a t a  aye meager w i t h  regard  t o  e f f e c t s  of uv-B 

r a d i a t i o n  on b i o l o g i c a l  organisms, and tho  iresponses are v a r i a b l e  and 

o f t e n  s u b t l e ,  t h e  b i o l o g i c a l  i.rnpl.Lcations uE increased uv r a d i a t i o n  a t  

t h e  e a r t h ' s  s u r f a c e  are cons idered  t o  be far-reaching by C S L W W D .  They 



1 3 1  

conclude t h a t  some crops--c.o~n, soybeans, b a r l e y ,  and a 1  f a1.f a--woul.d be 

a f f e c t e d  on ly  s l i g h t l y  by a fivefold t o  Leufold i n c r e a s e  i n  uv-B r ad i -  

;tti.on. O the r s ,  such as tomatoes, peas, beans ,  and onions would b e  

s e v e r e l y  "scalded" and even k i l l e d .  The cornittee d i d  no t  cons ide r  t h e  

s y n e r g i s t i c  e f f e c t s  of the combination of f a l l o u t  r a d i a t i o n ,  i nc reased  

uv r a d i a t i o n ,  and r e d u c t i o n  i n  mean t empera ture ,  which could p o s s i b l y  

result i n  much more  severe r e d u c t i o n  i n  crop y i e l d  than  caused by any 

one o f  t h e  e f fec ts  a lone .  

T h e  U.S. s u r p l u s  c a p a c i t y  p l u s  the a b i l i t y  to s w i t c h  t o  t h e  more 

r e s i s t a n t  c r o p s  should enab le  t h i s  count ry  t o  feed  itse1.f desp i . t e  t h e s e  

k inds  of e c o l o g i c a l  u p s e t s .  The c r i t i c a l  f a c t o r s  f o r  t h e  1J.S. agri.cu1.- 

t u r e  w i l l  be  t h e  supply of f u e l ,  f e r t i l i z e r ,  and p e s t i c i d e s .  P r i n c i p a l  

c a s u a l t i e s  from t h e  p o s s i b l e  e c o l o g i c a l  d i s t u r b a n c e  will be  i n  c o u n t r i e s  

w i t h  margina l  t o  inadequate  a g r i c u l t u r e ,  e s p e c i a l l y  i f  they are dependent 

on U.S. exp0rt .s .  
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7.  TRANSPORTATION FOR POSTATTACK SURVIVAL 

7 . 1  I n t r o d u c t i o n  

The U.S. has  t h e  g r e a t e s t  t r a n s p o r t  c a p a b i l i t y  of any n a t i o n  on 

e a r t h .  I n  1970,  t h e  t o t a l  volume of i n t e r c i t y  t r a f f i c  amounted t o  

a lmost  two t r i l l i o n  ton-miles,  as shown i n  Fig.  7 . 1 ,  of which t h e  r a i l -  

roads  t r a n s p o r t e d  about  40%,  o i l  p i p e l i n e s  about  22.5%, motor v e h i c l e s  

21.3X, i n l and  waterways 15 .7%,  and a i r c r a f t  (not  shown i n  Fig.  7.1) 

about  0.5%. 
The es t imated  number of p r i v a t e l y  and p u b l i c l y  owned t r a n s p o r t  

u n i t s  i n  t h e  U.S. i n  1972 i s  l i s t e d  i n  Table 7 . 1 .  Af t e r  a nuc lea r  w a r ,  

most of t h e  motor v e h i c l e s  and a i rc raf t  t r a n s p o r t  c a p a b i l i t y  w i l l  remain 

i n t a c t ,  some r a i l  and i n l a n d  waterway t r a n s p o r t  c a p a b i l i t y  w i l l  con t inue  

t o  e x i s t ,  bu t  oil p i p e l i n e s  w i l l  probably no t  be a b l e  t o  f u n c t i o n  a t  a l l  

€or  some weeks o r  months a f t e r  t h e  a t t a c k .  I n  t h e  fo l lowing  s e c t i o n s ,  

each mode  of t r a n s p o r t  w i l l  be  b r i e f l y  cons idered  as t o  i t s  s u r v i v a b i l i t y  

and f u n c t i o n a l  c o n t r i b u t i o n  t o  gene ra l  s u r v i v a b i l i t y .  F i n a l l y ,  w e  w i l l  

d i s c u s s  t h e  t r a n s p o r t  model f o r  r e d i s t r i b u t i n g  g r a i n  s t o c k s  t o  prevent  

s t a r v a t i o n .  

7 .2  O i l  P i p e l i n e s  

P i p e l i n e s  i n  themselves ,  be ing  most ly  bur ied  and pass ing  through 

s p a r s e l y  populated areas, are f a i r l y  invu lne rab le  t o  nuc lea r  a t t a c k .  

Xowever, t h e  t e rmina l s  are u s u a l l y  l o c a t e d  i n  t a r g e t  areas, most pumping 

and f low c o n t r o l  s t a t i o n s  are opera ted  by remote e l e c t r o n i c  c o n t r o l s  

which are v u l n e r a b l e  t o  EMP (Stephens,  1973) ,  and t h e  pump motors are 

completely dependent upon commercially supp l i ed  e lectr ical  power f o r  

t h e i r  ope ra t ion .  When p i p e l i n e  t e r m i n a l s  are des t royed  by n u c l e a r  

b l a s t ,  t h e r e  w i l l  be f u r t h e r  damage caused by t h e  f i r e s  from s p i l l e d  

p e t  ro 1 eum . 
I n  1972 t h e r e  w a s  about  172,000 m i l e s  of p i p e l i n e  i n  t h e  U.S. ,  and 

t h e  t o t a l  d e l i v e r i e s  f o r  t h e  year  amounted t o  a lmost  nine b i l l i o n  b a r r e l s ,  

w i t h  a t o t a l  t r u n k l i n e  t r a f f i c  of about 2 . 7  t r i l l i o n  ba r re l -mi l e s  (The 

O i l  and Gas J o u r n a l ,  June 11, 1 9 7 3 ) .  Much of t h e  o i l  t r a n s p o r t e d  by 
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Table 7 . 1  (cont 'd)  

1950 1955 1 9 6 0  1965 1 9 7 0  1972 

Water 

Barges 

Towboats 

Ships 

1 3 , 8 0 5  1 4 , 8 7 5  16 ,777  1 7 , 0 3 3  1 9 , 8 0 9  22 ,245  

4 , 0 4 2  4 , 1 6 3  4 , 2 8 3  4 , 0 5 4  4 , 2 3 0  4 , 0 6 4  

1,099 I, 072 957 998 7 64  622 

a Nuinber of  u n i t s  f a i l s  t o  recognize  g r e a t e r  c a p a c i t y  and utilization of newer equipment. 

b Inc ludes  municipal ly  owned t r a n s i t  u n i t s .  

c, i he  1 9 6 3 ,  1 9 4 7 ,  and 1972 Census of T r a n s p o r t a t i o n  disclose, of t h e  t r u c k s  surveyed,  o n l y  a 
r e l a t i v e l y  m a l l  number were or' t he  l a r g e r  s i z e s ,  i . e . :  

Under 20,000 lbs. % 2 0 , 0 0 0  t o  2 6 , 0 0 0  l b s .  % Over 2 6 , 0 0 0  1bs.  % Miscel laneous Sizes % 

1963 9,466,800 78 .4  1 , 2 5 5 , 8 0 0  10.4 7 3 6 , 7 5 0  6 . 1  6 1 5 , 8 2 5  5.1@ 
1967 1 2 , 3 9 9 , 8 4 3  8 7 . 2  7 3 9 , 4 4 0  5 . 2  1 , 0 8 9  72G 7.6 
1972 1 7 , 4 2 0 , 0 3 0  8 8 . 3  8 2 8 , 0 0 0  4 . 2  I ,500,000 7.6 

SOURCE: Transpor ta t ion ,  Eleventh Edition, T r a n s p o r t a t i o n  Association of America, Decm'ber 1 9 7 4 .  
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p i p e l i n e s  i s  used f o r  h e a t i n g ,  and may become an i t e m  necessary  f o r  

s u r v i v a l  i n  some l o c a t i o n s  i f  t h e  n u c l e a r  a t t a c k  occurs  i n  t h e  win te r .  

Two p i p e l i n e s ,  t h e  P l a n t a t i o n  and t h e  Co lon ia l ,  begin i n  Louis iana  and 

s e r v e  t h e  e a s t e r n  seaboard,  supply ing  about  two-thirds  of t h e  o i l  f o r  

the New York-New J e r s e y  area. I f  t h e s e  two l i n e s  were severed  by a 

n u c l e a r  s t r i k e ,  i t  would r e q u i r e  from 200 t o  250 "-2 t anker  e q u i v a l e n t s  

t o  move t h i s  l i q u i d  from Galveston, Texas, t o  New York, a th i r teen-day  

round t r i p  i nc lud ing  loading  and unloading,  accord ing  t o  Stephens (1973) .  
This  o p e r a t i o n  "would use  a l l  of t h e  U.S. t a n k e r s ,  and t h e  p o r t s  a t  each 

end, i f  t hey  are no t  des t royed  by t h e  a t t a c k ,  would be  so crowded t h a t  a 

complete t r a f f i c  j a m  would r e s u l t . "  

t h a t  i t  would be d e s i r a b l e  t o  c o n s t r u c t  bypass p i p e l i n e s  around major 

t a r g e t  areas, and t o  harden t h e  c o n t r o l  s y s t e m  t o  EMP. 

It i s  ev iden t  from t h e s e  comments 

Although o i l  may become necessary  f o r  s u r v i v a l  of people  i n  some 

s i t u a t i o n s ,  such as ,  f o r  example, those  i n  no r the rn  h o s p i t a l s  i n  t h e  

w i n t e r ,  t h i s  oil could be  d e l i v e r e d  by means o t h e r  than  p i p e l i n e s ,  

p o s s i b l y  by t anke r  t rucks  which d e l i v e r e d  28% of a l l  petroleum i n  1972  

(Transpor t a t ion  Assoc ia t ion  of America, 1 9 7 4 ) .  Healthy people  in s h e l -  

ters may have provided an  improvised wood-burning s t o v e  i n  t h e i r  s h e l t e r  

du r ing  t h e  crisis pe r iod ,  i f  i t  occurred  i n  t h e  win te r .  A des ign  f o r  an  

e f f i c i e n t  improvised wood s t o v e  f o r  cooking i s  descr ibed  by Kearny 

(1975), as w e l l  as means f o r  u s ing  newspaper wrapping around t h e  body 

which w i l l  keep a person w a r m  i n  subzero weather.  

Other  requirements  f o r  petroleum s u p p l i e s ,  such as d iese l .  f u e l  f o r  

t r a i n s  and t r u c k s  t o  move g r a i n  t o  a v e r t  s t a r v a t i o n ,  w i l l  exist i n  

s u f f i c i e n t  q u a n t i t y  i n  r e s e r v e  s t o c k s ,  and w i l l  no t  r e q u i r e  t h e  o i l  

p i p e l i n e s  t o  be i n  o p e r a t i o n  immediately.  

b e  e s s e n t i a l  t o  r e s t o r e  t h e  p i p e l i n e s  t o  o p e r a t i o n  as quick ly  as p o s s i b l e ,  

bu t  w e  do no t  b e l i e v e  t h e i r  o p e r a t i o n  w i l l  b e  necessary  f o r  s u r v i v a l  i n  

t h e  f i r s t  few weeks fo l lowing  a nuc lea r  a t t a c k .  

For economic recovery  i t  w i l l  

7 . 3  In land  Waterways 

Tugs, ba rges ,  and f r e i g h t e r s  which p l y  t h e  U.S. i n l and  waterway 

systems can be  moved o u t  of h igh - r i sk  areas dur ing  t h e  crisis pe r iod .  
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However, i f  t h e  CRP-2B a t t a c k  o c c u r s ,  t hese  vessels w i l l  have l i m i t e d  

u s e  f o r  several weeks, perhaps n m i l t h s  a f t e r  t he  a t t a c k ,  because of t h e  

d e s t r u c t i o n  of c r i t i c a l  locks  and p o r t s ,  and o b s t r u c t i o n  of waterways by 

f a l l e n  b r i d g e s .  Except f o r  Lake Michigan and Lake Super ior ,  t h e  Great 

Lakes w i l l  be i s o l a t e d  from each o t h e r ,  from c a n a l s  lead ing  t o  i.iiland 

waterways, and from t h e  S.t. 1,awrenc:e Seaway, as far as waterborne 

commerce i s  concerned. About 28 of t.he 67 major p o r t s  of tihe Great 

Lakes w i l l .  b e  des t royed ,  and t h e s e  28 handled about 70% of  t h e  t o t a l  

commerce tlirough t h e  Great Lakes p o r t s  i n  1 9 7 1  (World Almanac, 1974) .  

The M i s s i s s i p p i  and t h e  Ohio r i v e r s  wi1.J. each be fragmented i n t o  seven 

pieces f o r  water t r a f f i . ~  by d e s t r u c t i o n  of l ocks .  Along t h e  A t l a n t i c  

and Gulf c o a s t s ,  65 of 71. major p o r t s  w i l l  be  bombed according t o  the 

CRP-2R a t t ac -k ,  and t h e s e  65 p o r t s  handled about 945 m i l l i o n  t o n s  ouc  of 

965 i n  1971, o r  about 98X of t h e  commerce t o  A t l a n t i c  and Gulf c o a s t  

p o r t s .  We conclude t h a t  t h e  i n l a n d  waterway system w i l l  p lay  a very  

minor r o l e  i f  any, i n  t h e  e a r l y  p o s t a t t a c k  s u r v i v a l  per iod.  

7 . 4  R a i  l .roads 

R o l l i n g  s t o c k  can be moved o u t  of h igh- r i sk  areas dur ing  the crisis 

per iod .  Most of t h e  major swi tchyards ,  warehouses and r e p a i r  f a c i l i t i e s  

are  1.ocated i n  inajor c i t i e s  and wi.I.1. be e i t h e r  s e v e r e l y  damaged o r  

des t royed  i n  the CRP-2K a t t a c k .  Previous s t u d i e s  (Hamberg, 1969) i n d i -  

cate  t h a t  I ' i i l  no case would ra i l .  t r a f f i c  be completely blocked' '  by 

d e s t r u c t i o n  of " ra i l  a c t i v i t y  c e n t e r s , "  a l though c i r c u i t o u s  r o u t i n g  

would be r e q u i r e d  t o  gel: around t h e  damaged f a c i l i t i e s  i n  s e v e r a l  cases. 

The major r e s t r i c t i o n  t o  r a i l  shipments i n  t h e  e a r l y  p o s t a t t a c k  s i t u a t i o n  

w i l l  be  des t royed  b r i d g e s  a c r o s s  major r ivers  such as t h e  M i s s i s s i p p i ,  

Missouri ,  Ohio, and Tennessee. A f e w  temporary r a i l r o a d  b r i d g e  construc-  

tion sets may e x i s t  f o r  m i l i t a r y  use, and r a i l r o a d  ferries e x i s t  a t  a 

few r i v e r  l o c a t i o n s ,  bu t  t h e s e  will probably slot be adequate  t o  r e l y  

upon. Shipments of c r u c i a l  s u p p l i e s  a c r o s s  r ivers  dur ing  the f i r s t  few 

weeks o r  months a f t e r  (:he a t t a c k  may have to  be  accomplished by unl.oading 

boxcars at t r a n s f e r  p o i n t s  a long  t h e  r ivers ,  whese t h e  mater ia l s  are  

t h e n  t r a n s p o r t e d  by  crucks across  t h e  r ivers  on p o r t a b l e  pontoon b r i d g e s .  
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The r a i l r o a d s  are equipped t o  c a r r y  g r a i n  i n  l a r g e  q u a n t i t i e s ,  and 

load ing  and unloading equipment f o r  g r a i n  i n  and ou t  of boxcars  e x i s t s  

throughout  t h e  grain-producing r u r a l  areas. The lower c o s t  and g r e a t e r  

e f f i c i e n c y  of r a i l  movement a t  about  1 . 6 2 ~  p e r  ton-mile, 200 ton-miles 

p e r  g a l l o n  o f  f u e l  ( H i r s t ,  1972) as compared wi th  8 . 2 4 ~  p e r  ton-mile and 

58 ton-miles p e r  g a l l o n  f o r  t r u c k s  (197'3 p r i c e s ) ,  also makes t h e  ra i l -  

roads  appear  a t t r a c t i v e  f o r  t h e  major bu lk  of emergency shipments i n  t h e  

p o s t a t t a c k  s i t u a t i o n .  The r a i l r o a d s  and t h e  t ruck ing  i n d u s t r y  w i l l  be  

reqta-ired t o  p l a y  a major r o l e  i n  g r a i n  shipments i n  t h e  p o s t a t t a c k  

s i t u a t i o n  t o  avoid s t a r v a t i o n  i n  many a r e a s .  

7 .5  Commercial A i r c r a f t  and A i r p o r t s  

I n  1974, t h e  IJnited S t a t e s  ope ra t ed  more than  12,000 a i r p o r t s ,  of 

which 3480 had a s p h a l t  o r  c o n c r e t e  runways of 500 f e e t  o r  l o n g e r ,  as 

shown i n  F ig ,  7.2. The d a t a  base f o r  t h i s  in format ion  was obta ined  from 

FAA. 

f a c i l i t i e s ,  and would probably become p r i m e  t a r g e t s .  O f  126 runways i n  

t h i s  ca tegory ,  shown by c i rc les  i n  Fig.  7.2, a l l  b u t  33 are bombed by 

the CRP-2B a t t a c k ,  i n d i c a t i n g  a p o s s i b l e  ove r s igh t  i n  t h e  a t t a c k  p lanning .  

The number of runways i n  d i f f e r e n t  m u l t i p l e s  of 1000 f e e t  i s  shown i n  

Fig.  7.3, where i t  is  shown, f o r  example, t h a t  t h e r e  were 1198 a i r p o r t s  

w i t h  runway l e n g t h s  between 3000 and 4000 feet i n  1974, i n  t h e  c o t e r -  

minous U.S .  

Runways of 8000 f e e t  or longer  are u s u a l l y  a s s o c i a t e d  wi th  SAC 

I n  1971, t h e r e  w e r e  about  134,000 a c t i v e  a i r c r a f t  i n  t h e  U.S. 

( S t a t i s t i c a l  A b s t r a c t s  of t h e  U.S., 1974) ,  of which 2700 w e r e  a i r  csr- 

riers, and about  109,000 were s ingle-engine  fixed-wing a i r c r a f t ,  

CAP ( C i v i l  Air P a t r o l )  a i r c r a f t  w i l l  p l ay  a c r u c i a l  r o l e  f o r  su rv i -  

v a l  i n  t h e  f i r s t  few weeks a f t e r  a nuc lea r  a t t a c k ,  accomplishing aerial  

assessment  of damage, checking highways f o r  o b s t r u c t i o n s  and des t royed  

b r i d g e s ,  and conduct ing aerial  moni tor ing  of r a d i a t i o n  from f a l l o u t .  A s  

mentioned be fo re ,  1100 aer ia l  monitor ing k i t s  have been d i s t r i b u t e d  t o  

the  s ta tes  f o r  mapping r a d i a t i o n  f i e l d s  from f a l l o u t  by CAP a i r c r a f t .  

A i r c r a f t  belonging to CRAF ( C i v i l  Reserve A i r  F l e e t )  and VASP (War 

A i r  S e r v i c e s  Program) can  be used f o r  evacuat ion  of people  from d i s a s t e r  
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areas, o r  from areas h e a v i l y  aEfected by fal.loutl, or thcy  can b e  used 

f o r  emergency a i r l i f t  of su'ppPies, o r  f o r  aer ia l  inonitoi--ing. 'Their 

c a p a b i l i t y  f o r  accomplishing t h e s e  :Ei.tnct:ions are b r i e f l y  assessed  j.n 

Ap p end ix A. 

Most o f  t h e  a i r p o r t s  have s 0 m e  fuel. s'iorage napac i ty ,  as shown i n  

Fj-gs. 7 . 4  and 7 . 5 .  About 95 m i l l i o n  g a l l o n s  capac i ty  of t h e  t o t a l  of  

139 m i l l i o n  gall.ons exri.st:s on t h e  126 airpoi : ts  which have runways o f '  

8000 fee t  o r  h n g e r ,  ailtl 91 of  t h e s e  a i r p o r t s  are  tarZeted by the  CRP-2B 

a t t a c k .  Because t h e s e  ri.inways are  a s s o c i a t e d  wi th  SAC, we wi.11 assume 

t h a t  they are  destroyed.  

of about 44 m i l l i o n  g a l l o n s .  According t o  an inventory  by the Nat iona l  

Petroleum Council ,  1974,  t h e  average q u a n t i t y  i n  t h e  tanks i s  about 45% 

of f u l l  c a p a c i t y ,  hence w e  might expect about 20 m i l l i o n  ga l lons  of 

a i r c r a f t  f u e l  a t  a i r p o r t s  t o  s u r v i v e  t h e  nuclear a t t a c k .  I n  1 9 7 1  t h e  

t o t a l  f u e l ,  g a s o l i n e  and je t  f u e l  consumed f o r  generazi a v i k t i o n  was 7 3 4  

m i l l i o n  g a l l o n s .  A t  t h i s  ra te  of  consi.iiiiption, 20 m i l l i o n  ga1.lo.n~ ~ o u l d  

l as t  f o r  abou t  1 0  days; however, i n  the p o s t a t t a c k  s i t u a t i o n ,  a i r  t r ave l .  

and air shipmerits would be  reduced t o  absol.ute3.y e s s e n t i a l  t r i p s ,  and 

t h i s  f u e l  might be  s t r e t c h e d  t o  several weeks s u p p l y .  After s e v e r a l  

weeks, f u e l  f r o m  o t h e r  sources  may be  brought i n  by tanker t r u c k s .  

,The rem-aining a i r p o r t s  have a s t o r a g e  c a p a c i t y  

0 

A p r i o r i t y  l i s t i n g  of e s s e n t i a l  a i r c r a f t  missions should be  es tab-  

l i s h e d  f o r  t h e  p o s t a t t a c k  s i t u a t i o n .  The h i g h e s t  p r i o r i t i e s  shou1.d be. 

g iven  t t r  l i g h t  a i r c r a f t  engaged i n  reconnaissance: (1) t o  assess damage; 

( 2 )  t o  determ:i.ne which sur face  t r a n s p o r t a t i o n  r o u t e s  are  open  f o r  t r a f f i c ;  

and, (3 )  t o  iiivnitor r a d i a t i o n  i n t e n s i t i e s  from f a l l o u t  a long  t ranspor-  

tation r o u t e s .  

7.5 Trucks 

There i s  a t rend  f o r  t r u c k  t e r m i n a l s  t o  be loca t ed  a long  FaLeLsta te  

highways o u t s i d e  of urban areas. Becaiise of t h i s  t r cnd ,  and Secause of 

the m o b i l i t y  of the  t r u c k s ,  w e  e s t i m a t e  t h a t  60 to  80% o f  the cirrent-  

t r u c k i n g  c a p a b i l i t y  wcluld s u r v i v e  t h e  CRP-2H a t t a r k ,  provid ing  t h a t  

adequate  measures a r e  taken dur ing  t h e  c r i s i s  per iod  to  provide  protecLioin 

dur ing  t h e  a t t a c k  and a f t e r .  
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( R A N K - - O R D E R E D  BY DESCENDING STORAGE CAPACITY) 

A i rcraf t  Fuel (all types) Storage Capacity at  Commercial A i rpor ts ,  
4974 With Asphalt or Concrete Runways of 588ft or Longer. 

F i g .  7 . 5  Cumulative Fuel  S t o r a g e  C a p a c i t y .  
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Most t r u c k  t e r m i n a l s  c o n t a i n  s l e e p i n g  q u a r t e r s  f o r  t r u c k  d r i v e r s  

which would provide  v e r y  l i t t l e  f a l l o u t  p r o t e c t i o n .  During t h e  cr is is  

per iod  it would be  h i g h l y  a d v i s a b l e  t o  c o n s t r u c t  expedient  s h e l t e r s  

at t r u c k  t e r m i n a l s  i n  which d r i v e r s  can rest and bc p r o t e c t e d  from 

fa l .1  o u t  r a d i a t i o n .  

I n  1972, t r u c k s  consumed about  8 . 1  b i l l i o n  g a l l o n s  of f u e l  i n  

t r a n s p o r t i n g  470 b i l l i o n  ton-miles o t  i n t e r c i t y  f r e i g h t ,  about  8% of t h e  

t o t a l  motor f u e l  (105 b i l l i o n  g a l l o n s )  consumed f o r  a l l  highway t r a f f i c  

( T r a n s p o r t a t i o n  Assoc ia t ion  of America, 1 9 7 4 ) ,  a t  a n  average  ra te  of 
22.2 m i l l i o n  g a l l o n s  and 1290 m i l l i o n  ton-miles p e r  day f o r  t r u c k s .  The 

average  q u a n t i t y  of d i s t i l l a t e  f u e l  o i l ,  i n c l u d i n g  d i e s e l  f u e l ,  s t o r e d  

i n  t a n k s  i n  1973 w a s  about  5.67 b i l l i o n  g a l l o n s ,  and t h e  average  quan- 

t i t y  of g a s o l i n e  w a s  about  7.39 b i l l i o n  g a l l o n s  (National Petroleum 

Counci l ,  1974) .  We estimate t h a t  about  60% Q €  t h e s e  f u e l s  w i l l  b e  

des t royed  i n  t h e  CKP-2B a t t a c k ,  which would l e a v e  about  2.27 b i l l i o n  

g a l l o n s  of d i s t i l l - a t e  f u e l  o i l  and d i e s e l  and 2.96 b i l l i o n  g a l l o n s  of 

g a s o l i n e  s u r v i v i n g ,  i f  these numbers were r e p r e s e n t a t i v e  of t h e  f u e l s  i n  

s t o r a g e  a t  t h e  tiriie of t h e  a t t a c k .  I f  t h i s  t o t a l  of 5.23 b i l l i o n  g a l l o n s  

w e r e  t o  b e  used o n l y  by t r u c k s  i n  t h e  p o s t a t t a c k  s i t u a t i o n  a t  t h e  same 

average  rate as b e f o r e  t h e  a t t a c k ,  i.e., a t  22.2 m i l l i o n  g a l l o n s  p e r  

day,  t h i s  supply would l a s t  f o r  236 days,  which i s  probably adequate  t o  

c a r r y  t h e  n a t i o n  through t h e  s u r v i v a l  s ta te  i n t o  t h e  recovery  s t a g e .  

P a r t  of t h i s  f u e l  would b e  used by r a i l r o a d s  and automobiles .  

7.7 P o s t a t t a c k  Shipment of Grain Stocks 

W e  assume t h a t  w i t h i n  two o r  t h r e e  weeks a f t e r  t h e  a t t a c k  most of 

t h e  food on hand f o r  t h e  r e l o c a t e d  p o p u l a t i o n  w i l l  be  consumed; t h a t  60% 

of food p r o c e s s i n g  p l a n t s  and warehouses are des t royed;  t h a t  g r a i n  

s t o c k s  w i l l  have t o  b e  shipped t o  t h e  r e l o c a t e d  people  where process ing  

f o r  human consumption w i l l  t a k e  p l a c e ,  e i t h e r  by s u r v i v i n g  and o p e r a t i n g  

p r o c e s s i n g  p l a n t s  o r  by emergency p r i m i t i v e  techniques ;  t h a t  60% of t h e  

y e a r ' s  p roduct ion  of g r a i n  remains a v a i l a b l e  and undamaged on farms and 

i n  g r a i n  e l e v a t o r s  l o c a t e d  w i t h i n  o r  nearby t h e  c o u n t i e s  in which the 

g r a i n  w a s  produced; and t h a t  89.6 m i l l i o n  people  are r e l o c a t e d  accord ing  
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t o  the ADAGIO program and cannot renili1.y re1ocaI:tr i.17 t h e  f i r s t  f e w  weeks 

a f t e r  t h e  a t t a c k  because of fal.!_out c o n d i t i o n s ,  l a c k  of a p l a c e  t o  g o ,  

and l a c k  of  f u e l  f o r  t r a v e l l i n g .  

The 1-ocation of p e o p l e  by county i s  shown i n  F igs .  3.5-3.7, which 

may be compared w i t h  the d i s t r i b u t i o n  of g r a i n  produced pe r  county,  a s  

shown in F i g s .  6.7-6.13, f o r  t h e  year  7.973. I f ,  i n  a d d i t i o n  t o  the 

assumptions above, we assume t h a t  two pounds of g r a i n  p e r  person  pe r  day 

i s  adequate  on t h e  average  f o r  survival.  (Garland, 1 9 7 2 1 ,  an  a n a l y s i s  of 

t h e  d a t a  shows t h a t  1.43 coun t i e s ,  con ta in ing  a t o t a l  of about  19.8 

m i l l i o n  people ,  most1.y r e l o c a t e d  popu la t ion ,  have no g r a i n  s t o c k s  what- 

soever ;  i n  o t h e r  words, t h e  number of food-days a v a i l a b l e  from I.ocal 

g r a i n  s t o c k s  i-s zero ,  as shown i n  F ig .  7 . 6 .  I n  o t h e r  locat toins ,  about  

26 m i l l i o n  people are loca ted  i n  coun t i e s  :i.n which the I.ocal g r a i n  

s t o c k s  can supply zero t o  5 days of  food supply;  about  8 . 7  m i l l i o n  are  

i n  c o u n t i e s  w i t h  5 t o  1.0 days food  from g r a i n  stock-s,  and S O  f o r t h ,  as 

shown i n  F ig .  7 . 6 .  

The problem of c a l c u l a t i n g  the shlpments of g r a i n  from s u r p l . ~ l s  

areas t o  d e f i c i t  areas such t h a t  t h e  t o t a l  ton-mi1.e~ i s  miniini-zed i s  a 

typi.cal  probleiii of l i n e a r  programming ( H i l l i e r  and Lieberman, 1976).  

The par t icu l .a r  problem at hand was solved wi th  an  unpiublished program 

c a l l e d  TRANSPORT, developed by Brady IIolcornb of the Cornputer Sc iences  

Div i s ion  o f  IJnion Carbi.de Nuclear Divi-sion, and modif ied by Gary Westley 

and Phil-ip Coleman. A formal  s ta tement  of t h e  prob1.m i s  g iven  i.n 

Appenciix A. 

When c o u n t i e s  a r e  used as the  b a s i c  area cel l . ,  t h e  requirements  f o r  

s o l u t i o n  of t h e  problem w i t h  t h e  TRANSPORT program exceeds t h e  memory 

c a p a b i l i t y  of  o u r  l a r g e  computers,  hence ~ Z i e  county in€ormat ion  w a s  

conso l ida t ed  i n t o  BEhs  (Business Econ0rri.i.c Areas) as def ined  by t h e  

Department of Commerce. There are 1 7 1  H E a s  i n  coterminous U . S . A . ,  

compared w i  tb about  3300 counly--type d i v i s i o n s .  The d i s t r i b u t i o n s  of 

people ,  as relocated by ADAGIO, and t h e  product.:i.on of g r a i n  i n  1973, are 

shown by BEAS i n  F igs .  7 . 7  and 7 . 8 .  A BEA was-cons idered  t o  be  a source  

i f  60% of t he  1973 g r a i n  product ion  i n  t h a t  BEh provided more than  365 

days of food f o r  t h e  r e l o c a t e d  ADAGIO popula t ion  i n  t h a t  BECI, and sh ip-  

ments f r o m  a source  w e r e  t e rmina ted  when t h e  reserve was dep le t ed  t o  the 
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Fig. 7.6 Food-Days from Grain for Various P o p u l a t i o n s .  
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l e v e l  of  365 food-days. Dis tances  w e r e  computed along a g r e a t - c i r c l e  on 

t h e  ear thf  s s i x f a c e  conneeti-ng t h e  geographica l  c e n t r o i d s  of t h e  BEAs. 

A solutioxr of t h e  g r a i n  shipment probl-ern f o r  t h e  f i r s t  s i x  weeks i s  

shown i n  Table 7 . 2 ,  The t o t a l  shipments amount t o  about 91,000 t o n s  t h e  

f i r s t  week, and increase to  about 305,000 tons by t h e  s i x t h  week, as 

g r a i n  r e s e r v e s  i n  d e f i c i t  BFAs are used up. The number of t r a i n  car- 

l o a d s  - o r  t ruckloads  = barges whlch would be r e q u i r e d  t o  s h i p  t h ~ !  gra.iiz 

i f  only one mode of t r a n s p o r t a t i o n  were used i s  shown f o r  each week i.n 

Table  7.2. The number of t r a i n  c a r l o a d s  ( o r  t ruckloads)  f o r  g r a i n  

shipment i n c r e a s e s  from 1663 (or  5078) i n  t h e  f i r s t  week t o  5785 (or 

1 7 , 6 7 2 )  i n  the sixth-week, assuming t h a t  2 c losed  o r  covered r a i l r o a d  

c a r  (adapted f o r  emergency use)  averages 55 t o n s  p e r  l o a d ,  and a c losed  

t r u c k  averages 18 t o n s  per  l o a d .  In comparison, t h e  number of railroad 

c a r l o a d s  and t r u c k l o a d s  per  week i n  1970, c o n s i d e r i n g  only t h o s e  v e h i c l e s  

sui tab1.e f o r  haul ing  g r a i n ,  averaged about: 266,000 and 308,000, respec-  

t i v e l y .  The s i x t h  week g r a i n  shipments i n  Table 7 . 2  would r e q u i r e  about  

2 %  of t h e  1970 r a i l r o a d  c a p a b i l i t y ,  o r  about  6% of t h e  1970 t r u c k i n g  

c a p a b i l i t y ,  i f  oiily one mode of t r a n s p o r t a t i o n  w e r e  used. Due t:o i.nef- 

f i c i e n c i e s  i n  communication and c o n t r o l ,  a requirement f o r  a much larger  

percentage  o f  t h e  U.S. t r a n s p o r t a t i o n  c a p a b i l i t y  f o r  sh ipping  food 

s u p p l i e s  should h e  a n t i c i p a t e d .  Actua l ly  a l l  t h r e e  modes of t ranspor-  

tat:ion would b e  used t o  some e x t e n t ,  a l though the use of barges  wou1.d 

probably be  h i g h l y  l i m i t e d  dur ing  the  f i r s t  f e w  weeks because of t h e  

d e s t r u c t i o n  t o  l o c k s  and p o r t  f a c i l i t i e s ,  and o b s t r u c t i o n s  by f a l l e n  

b r i d g e s .  Barges are  extremely u s e f u l  i n  haul.ing b u l k  cargo such a s  

g r a i n ,  averaging  about  1100 t o n s  p e r  l o a d ,  e q u i v a l e n t  t o  about 20 average 

r a i l r o a d  c a r l o a d s .  

An a n a l y s i s  of a l t e r n a t i v e  g r a i n  d i s t r i b u t i o n  systems has  been made 

by Ladd and L i f f e r t h  (1975) f o r  t h e  purpose of optimi.z:ing t h e  peacetime 

shipment yrobl.era. Their  model could p o s s i b l y  b e  adapted to show changes 

which would improve t h e  pos t iattack shipment: problem f o r  t h e  r e l o c a t e d  

popula t ion  

Note t h a t  i n  Table  7 . 2 ,  t h e  h e a v i e s t  shipments a re  from t h e  Bal t imore 

BEA, #17, t o  t h e  N e w  Enghnd REAS, i n  which 26.44 m i l l i o n  peop1.e are  



.
.
.
 

................ 
1 

.............................. 
J 

i 
-
 

(
1

 
*

-
. 

.I 
.

_
.

D
 

!
'
 i 

................. 
I

'
 

-
~

 
-

-
 

/. - 
.._

 
~ 

........... 

... 
,. 

&> 
Y

 

.
.
.
 

.
.
.
.
.
.
.
.
.
.
.
 

-~
".. " z 

... 
1

2
 

.. -~
 

............................... 
11 2 

y
"

?
 
.. 

.I 
.

:
z

n
 

E
"

"
"

 
*

*
 

., 
-, 

L
 

"
I
.
-
 

5
-

 

a
.

-
 

:: 
5 

u 
-

1
 

~ 
........................................... 

-
 

........... 

.
.
.
.
.
.
.
.
.
.
 

_
_

 
.......................... 

.............. 
-

&
 

...... 
-
 .... 

.... 
I
 .. 

i
:
 

:E 
,
-
 

1
 .. 
..... 

I ..... 

i I 
.. e

5
 

.
C

 
:

s
r

i
 

.
e

 
'. 

S
i

,
 

d 
3 

*. 

5
2

%
 

*
*

"
 

~ 

.
.
I
 

* 
a 

...? 3
*

t:z
 

I
:
:
 

................................. 
....... 

_
_

_
'~

 
.................... 

:*I _ ............................... 
2
-. 

.
.
?
.
 . 

... 
_

P
I

I
 

---- 



152 

l o c a t e d  accord ing  t o  the AlMG10  d i s t r i b u t i o n .  I n  t h e  seventh  

shown i n  Table 7 . 2 )  t h e  g r a i n  reserve i n  t h e  Bal t imore BEA i s  

week (not 

exhaizsted , 
and shipments t o  t h e  N e w  England H E A s  must come from o t h e r  more d i s t a n t  

R E A s ,  such as Norfolk,  VA. The s o l u t i o n  f o r  t h e  shipment problem beyond 

s i x  weeks may b e  meaningless  f o r  two reasons :  (1) people  may begin  t o  

move o u t  o f  t h e  r e l o c a t i o n  areas, and,  ( 2 )  t h e  M i s s i s s i p p i  River [nay 

become open t o  barge  t raff ic : ,  and u d o a d i n g  f a c i l i t i e s  f o r  s h i p s  and 

barges  a long  t h e  A t l a n t i c  c o a s t  may begin  t o  o p e r a t e ,  and g r a i n  sh ip-  

nieni;s from t h e  g r a i n  b e l t  iuay become f e a s i b l e .  A complete s o l u t i o n  of 

t h e  g r a i n  shipment problem, i.nuoJ.ving c o s t s  of each mode of t ranspor-  

t a t i o n  and a c t u a l  d i s t a n c e s  of t r a v e l ,  i s  i n f e a s i b l e  because t h e  p r e c i s e  

l o c a t i o n  and degree  of damage t o  f a c i l i t i e s  and t h e  l i m i r a t i o n s  imposed 

by f a l l o u t ,  d e b r i s  and damaged b r idges  i s  unpred ic t ab le .  

The s o l u t i o n  of t h e  g r a i n  shipment. problem i n d i c a t e s  t h a t ,  w i t h i n  

t h e  assumptions desc r ibed  e a r l i e r ,  g r a i n  can be shipped t o  a l l e v i a t e  

food shor t ages  well w i t h i n  t h e  capabi1 i t : i es  o f  t h e  s u r v i v i n g  t r anspor -  

t a t i o n  f a c i l i t i e s  and petroleum. 
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8. PETROLLCJM 

Of 224 r e f i n e r i e s  i n  t h e  U.S. i n  1973, as shown i n  F ig  8.1, 136 are  

des t royed  i n  t h e  CKP-2B a t t a c k ,  and t h e s e  136 had 79.7% of t h e  t o t a l  

U.S. c rude  r e f i n i n g  c a p a c i t y  i n  1973, t h e  t o t a l  be ing  about  14.6 m i l l i o n  

b a r r e l s  p e r  stream-day ( O i l  and Gas J o u r n a l ,  A p r i l  1, 1974) .  In  Canada 

t h e r e  w e r e  4 2  r e f i n e r i e s  i n  1 9 7 3  wi th  a t o t a l  c a p a c i t y  of 2 . 1  m i l l i o n  

b / s d ,  which is  71% of t h e  c a p a c i t y  of t h o s e  r e f i n e r i e s  i n  t h e  1J.S. which 

are n o t  a t t a c k e d  i n  t h e  CRP-2B a t t a c k .  R e f i n e r i e s  which produce a s p h a l t  

o n l y ,  are n o t  cons idered  he re .  

Of t h e  remaining 88 r e f i n e r i e s  i n  t h e  U.S. which are n o t  s t r u c k  by 

t h e  CRP-2B a t t a c k ,  many would be i n o p e r a b l e  because of t h e  l a c k  of e l e c -  

t r i c i t y  and/or  t h e  l a c k  of f e e d s t o c k  such as crude  o i l ,  and t h o s e  e x i s t i n g  

i n s i d e  a r e g i o n  of f a l l o u t  would a l s o  become i n o p e r a b l e ,  because none of 

them are c o n s t r u c t e d  t o  o p e r a t e  under f a l l o u t  c o n d i t i o n s  (Stephens,  

1973).  I f  t h e  S o v i e t s  wished t o  d e s t r o y  t h e s e  remaining r e f i n e r i e s ,  

they would have t o  d i v e r t  about 93 weapons t o  reduce t h e  t o t a l  s u r v i v i n g  

U.S. r e f i n i n g  c a p a c i t y  t o  about  3% of t h e  1973 c a p a c i t y ,  o r  114 weapons 

f o r  2%,  o r  169 weapons f o r  1% remaining c a p a c i t y ,  assuming t h a t  t h e  

system r e l i a b i l i t y  o f  t h e i r  weapons i s  66.7%. Methods f o r  a n a l y s i s  of 

s u r v i v i n g  r e f i n i n g  c a p a b i l i t y  are g iven  i n  Appendix C .  

The petroleum i n d u s t r y  r e q u i r e s  a s u b s t a n t i a l  inventory  f o r  oper- 

a t i o n s  and some inventory  i s  u n a v a i l a b l e ,  such as t h e  product  a t  t h e  

bottoms of t anks .  Minimum o p e r a t i n g  i n v e n t o r i e s  f o r  1973 f o r  t h e  U.S. 

are shown i n  Table  8.1, (Nat iona l  Petroleum Counci l ,  1974) .  Illustra- 

t i v e  o p e r a t i n g  c o n d i t i o n s  of t h e  trans-Alaska p i p e l i n e  are shown i n  F ig .  

8.2.  Under severe emergency c o n d i t i o n s  t h r e a t e n i n g  s u r v i v a l ,  i t  may 

become necessary  t o  t a p  i n t o  t h e  u n a v a i l a b l e  s u p p l i e s ,  t h a t  i s ,  s t o c k s  

i n  t a n k  bottoms and i n  p i p e l i n e s ,  a l though i t  may be i n e v i t a b l e  t h a t  

damage w i l l  be  done t o  t h e  p a r t  of t h e  system which is  tapped i n t o .  
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Table  8.1 

Minimum Operat ing I n v e n t o r i e s ,  1973 
(Mi l l ions  of B a r r e l s )  

T o t a l  Inventory  Add i t iona l  

Bureau of Mines Reported t o  NPC Minimum Operat ing Seasonal Needs 
Reported t o  Unavai lable  Inventory Inventory t o  Meet 

9 / 3 0 /  7 3  9 / 3 0 / 7 3  Inventory  ( 4  1 
(1) (2) ( 3 )  (Percent  of ( 3 ) )  

.k 
Crude O i l  24 1 

Products  

Gasol ines  ( Inc lud ing  
Avgas) 214 

Kerosine/Kero Je t  37 
D i s t r i c t  I-IV - 6 
District  V 42  

Naphtha Je t  Fuel  5 

D i s t i l l a t e  Fuel  O i l  19 9 

155 

74 

11 
2 

1 3  
- 

1 

37 

24 0 

200 

30 
5 

35 
- 

5 

100 

N i l  

12% 

26% 

-$ 
108% 

Residual  Fue l  Oil 62 11 50 N i l  

* 
Inc ludes  producers’  lease s tocks .  

S p e c i f i c  seasonal. build-up l e v e l s  are n o t  shown f o r  naphtha-type j e t  f u e l s .  These are produced by $ 
bleilding c e r t a i n  components i n  the  g a s o l i n e  b o i l i n g  range wi th  components i n  t h e  k e r o s i n e  b o i l i n g  range  
and seasonal  f l u c t u a t i o n s  can be covered by i n v e n t o r i e s  of t h e s e  o the r  products .  
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9 .  THE MEDICAL LOAD 

Our primary concern i n  t h i s  p r o j e c t  is f o r  t h e  r e l o c a t e d  popula t ion  

whicli h a s ,  i n  accordance w i t h  t h e  assumptions g iven  t o  us  i n  our  work 

s t a t e m e n t ,  been adequate ly  p r o t e c t e d  a g a i n s t  f a l l o u t  r a d i a t i o n ,  and has  

been removed from t h e  area a f f e c t e d  w i t h  b l a s t  and f i r e .  I f  t h e  s h e l -  

ters are  a l s o  p r o p e r l y  equipped, as discussed  p r e v i o u s l y  i n  s e c t i o n  4 . 6  

and i f  t h e  g u i d e l i n e s  f o r  exposure t o  r a d i a t i o n  are p r o p e r l y  observed,  

t h e r e  should be  l i t t l e  requirement  € o r  medical  care f o r  tlhe r e l o c a t e d  

popula t ion  beyond t h e  normal s i t u a t i o n .  Under t h e s e  p a r t i c u l a r  con- 

d i t i o n s ,  t h e  p r i n c i p a l  a d d i t i o n a l  p o t e n t i a l  hazards  w i l . 1  be  t h e  i n c r e a s e d  

exposure t o  i n f e c t i o u s  d i s e a s e  brought about  by t h e  c o n d i t i o n s  of con- 

t i n u e d  c l o s e  proximity t o  o t h e r  people  i n  s h e l t e r s ,  and,  i f  t h e  s h e l t e r  

i s  l o c a t e d  i n  a cave, t h e r e  i s  a h igh  p r o b a b i l i t y  o f  h i s t o p l a s m o s i s  i f  

b a t s  have been us ing  t h e  cave. 

A rough estiniate o f  t h e  maximum number of people  who could become 

a f f e c t e d  by a communicable d i s e a s e  i n  s h e l t e r  can b e  made. The number 

o f  r e p o r t e d  cases of i n f e c t i o u s  communicable d i s e a s e s  i n  t h e  U.S. i n  

1974  i s  l i s t e d  i n  Table  9.1. The t o t a l  number of cases i n  1972 w a s  

around 450,000. I f  w e  assume t h i s  number o f  cases occurs  dur ing  t h e  

year  i n  which r e l o c a t i o n  t a k e s  p l a c e ,  and a l s o  assume, very  roughly,  

t h a t  t h e  average  - d u r a t i o n  of i n f e c t i o u s  s t a g e  i s  two weeks, and t h a t  902 

of t h e  i n f e c t e d  p o p u l a t i o n  i s  r e l o c a t e d  i n t o  s h e l t e r s ,  t h e n  i t  i s  

probable  t h a t  about  16,000 i n f e c t e d  people  e n t e r  s h e l t e r s .  I n  t h e  worst  

case, each i n f e c t e d  person  w i l l  e n t e r  a d i f f e r e n t  s h e l t e r .  The average 

s h e l t e r  occupancy i s  expected t o  be  around 100 people ,  and i f  ha l f  of 

t h e s e  c o n t r a c t  t h e  i n f e c t i o u s  d i s e a s e s  because of s h e l t e r  c o n d i t i o n s ,  

t h e n  t h e  t o t a l  number of ill people  i n  s h e l t e r s  may reach  a maximum of 

about  800,000. These numbers do n o t  i n c l u d e  i n f l u e n z a ,  which may 

i n c r e a s e  t h e  number of ill people  by as much as 2 5 % ,  depending on t h e  

season.  

As of  December 31st, 1971,  t h e r e  w e r e  316,545 medical d o c t o r s  i n  

t h e  U.S . ,  one doc tor  f o r  a n  average of about 650 people.  If  d o c t o r s  are 

d i s t r i b u t e d  approximately accord ing  t o  t h e  popula t ion ,  t h e n  60-70% of 



Table 9 . 1  

&ported Cases of S p e c i f i e d  N o t i f i a j l e  Diseases 
United S t a t e s ,  1972-1974 

Disease 1972 1973 1974 

Amebiasis 
An thsax 
Chickenpox 
Diphther ia  
Eric epha 1 i t  i s  
H e p a t i t i s  

Me a s 1 e s ( T u b e l 1 ~ .  1 
Meningococcal i r d e c t i o n s  
Mump s 
P e r  E u s  s Is (whooping cough 1 
P o l i o m y e l i t i s ,  t o t a l  
Rheumatic  f e v e r ,  a c u t e  

S a h o n e l l o s i s ,  e x c l u d i n g  typhoid  f e v e r  
Shigellosis 
Tuberculos is  (newiy r epor t ed  cases )  
Typhoid fever 
Typhus f e v e r  

Leprosy 

2 

3 bel ' :  La . (Germ3 Eeas l e s )  

b 

2 ,199  
2 

164,114 
152 

1,302 
63,476 

1 3 C  
32,275 
1,323 

7 % ,  215 
3,287 

31 
2,614 

25 507 
22 2.51 
20,207 
32,882 

398 
54 1 

2,235 
2 

182,927 
22 8 

1,967 
59,200 

145 
26,690 

1 ,378  
63 612 
1,759 

8 
2 540 

27,804 
23,818 
22,642 
30,998 

680 
700 

2,743 
2 

141,495 
272 

59,340 
Ilk 

22,094. 
I, 346 

59,128 
2,402 

2 ,4 3 2 
LL,917 
21,980 
22,600 
30,210 

437 
780 

1 

To t a l  445,806 455,354 379,302 

a Reports  of cases of a c u t e  rheumatic  Eever w e r e  r ece ived  from 36 s ta tes  
( see  p .  a i .  

b p r o v i s i o n a l  f i g u r e  f o r  ~ 9 7 4 .  

S@URCE: NOREIDITY & XORTALITY, 23 (53) ,  f o r  year  ending December 28, 151174, Center f o r  
I 

D",sease Cont ro l ,  U.5 a Departxent  of Heal th ,  Educat ion,  and Welfare. 
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t h e s e ,  o r  about  200,000 are l o c a t e d  i n  t h e  h igh  r i s k - a r e a s .  I f  t h ree -  

f o u r t h s  of t h e s e  d o c t o r s  r e l o c a t e  wi th  t h e  popu la t ion  du r ing  t h e  c r i s i s  

p e r i o d ,  and t h e  o t h e r s  s t a y  w i t h  t h e i r  p a t i e n t s  i n  t h e  c i t y  h o s p i t a l s ,  

then  t h e r e  would be approximately 250,000 d o c t o r s  s u r v i v i n g  i n  the hos t  

areas a f t e r  t h e  a t t a c k .  T f  t h e  average  s h e l t e r  occupancy is 100 people ,  

t h e r e  w i l l  b e  about 1.8 m i l l i o n  s h e l t e r s ,  with one doc to r  f o r  every 

seven s h e l t e r s ,  f o r  700 people.  

From t h e s e  obse rva t ions ,  w e  conclude t h a t ,  i f  t h e  s h e l t e r s  provide  

adequate  p r o t e c t i o n  a g a i n s t  f a l l o u t ,  and i f  they are p r o p e r l y  equipped, 

t h e  i n i t i a l  medical l oad  a f t e r  an  a t t a c k  w i l l  n o t  be s e v e r e  i n  t h e  hos t  

areas. 

A number of caves  have been s tocked  as f a l l o u t  s h e l t e r s ,  and a 

g r e a t  many more caves  could  probably be adapted f o r  u se  as s h e l t e r s ,  as 

sugges ted  i n  a n  a r t i c l e  i n  PARADE magazine (June 15, 1975) .  O n e  of t h e  

haza rds  of caves  which could  i n c r e a s e  t h e  medical l oad  i f  caves were 
used e x t e n s i v e l y  wi thout  t ak ing  p r e c a u t i o n s  is  t h e  preva lence  of t h e  

fungus,  h i s top la smos i s ,  (Lewis, 1974)  which develops  i n  t h e  droppings o f  

b a t s  o r  b i r d s  which have used t h e  caves as s h e l t e r s .  

It would be u s e f u l  f o r  p lanning  f o r  a crisis r e l o c a t i o n  t o  have a 

survey  of caves  s u i t a b l e  f o r  human occupancy, inc luding  t h e  p reva lence  

of h i s top la smos i s  i n  t h e  caves.  

I f  t h e  s h e l t e r s  i n  t h e  h o s t  areas do not provide  adequate p r o t e c t i o n  

f r o m  f a l l o u t  r a d i a t i o n  and are no t  p rope r ly  equipped, t h e r e  w i l l  obvious ly  

be a g r e a t  i n c r e a s e  i n  t h e  medical load. Because of t h e  lowering of t h e  

number of w h i t e  blood c e l l s  due t o  exposure t o  harmful r a d i a t i o n ,  t h e  

r e s i s t a n c e  t o  i n f e c t i o u s  d i s e a s e s  i s  lowered, which, combined wi th  

p a s s i b l y  reduced morale and non idea l  s a n i t a r y  cond i t ions  i n  t h e  s h e l t e r s ,  

could  l e a d  t o  rampant sp read ing  of d i s e a s e  and more s e r i o u s  r e a c t i o n s  t o  

them i n  s h e l t e r s  which do n o t  provide  adequate  f a l l o u t  p r o t e c t i o n .  

Large q u a n t i t i e s  of a n t i b i o t i c s  may be r e q u i r e d  t o  cope wi th  t h i s  s i t u -  

a t i o n .  Medical s u p p l i e s  should be moved t o  t h e  h o s t  r eg ion  du r ing  t h e  

c r i s i s  pe r iod .  According t o  a s tudy  by Staackmann, e t  a l . ,  (1970),  as 

much as 80% of t h e  c u r r e n t  drug manufacturing c a p a b i l i t y  could be de- 

s t r o y e d  by a n  a t t a c k  on t h e  urbanized  areas, but  t h e  s u r v i v i n g  20% could 

probably  expand t h e i r  o p e r a t i o n  i n  t h e  p o s t a t t a c k  pe r iod  and adequa te ly  

m e e t  t h e  requi rements .  
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10.  GOVERNMENT AND THE ECONOMY 

It i s  g e n e r a l l y  accepted  among c i v i l  defense  r e s e a r c h e r s  (Al lnu t ,  

1 9 7 1 ;  W. M. Brown, 1971; Chenaul t ,  e t  a l . ,  1967;  Chenault  and Nordl ie ,  

1971; Dresch and E l l i s ,  1968; Goen and b k i t e ,  1974)  t h a t  a s t r o n g  con- 

t i n u i n g  government i s  e s s e n t i a l  f o r  economic recovery a f t e r  a nuc lea r  

a t t a c k .  It i s  no t  as widely recognized that a s t r o n g  f e d e r a l  government 

may be  necessa ry  f o r  s u r v i v a l  of a Large number of people  i n  the f i r s t  

few weeks a f t e r  a nuc lea r  a t t a c k ,  e s p e c i a l l y  i f  t h e s e  people  have been 

removed from t a r g e t  areas by r e l o c a t i o n  dur ing  t h e  c r i s i s  per iod .  W .  M. 

Brown (1971) has  developed a s c e n a r i o  i n  which t h e  f e d e r a l  government 

and most of t h e  s ta te  governments are i n c a p a c i t a t e d  due p r i m a r i l y  t o  a 

f a i l u r e  t o  r e l o c a t e  du r ing  t h e  c r i s i s  per iod  preceding a nuc lea r  a t t a c k ,  

a l though  a p a r t i a l  unplanned evacua t ion  of: t h e  urban popula t ion  occur s .  

Brown s ta tes  t h a t  " the  concept  of rescue o r  a s s i s t a n c e  t o  neighboring 

rounmlunities f a i l s  because of t h e  extreme t h r e a t  t o  s u r v i v a l  p rospec t s  

f e l t  n e a r l y  everywhere (due t o  f a l l o u t  r a d i a t i o n ,  and shor t ages  of food 

and fuel), and because of t h e  l a c k  of a n a t i o n a l  a u t h o r i t y  wi th  t h e  

c a p a b i l i t y  t o  e f f e c t  t h e  r e q u i r e d  a c t i o n s "  ( i n s e r t  added) .  

Our r e s e a r c h  i n d i c a t e s  t h a t  a l a r g e - s c a l e  sh ipping  program of g r a i n  

may be necessa ry  i n  t h e  f i r s t  f e w  weeks a f t e r  a nuc lea r  a t t a c k ,  i n  o rde r  

t o  avoid  severe food shor t ages  f o r  60-00 m i l l i o n  people .  This o p e r a t i o n  

w i l l  r e q u i r e  coord ina ted  m u l t i - s t a t e  f e d e r a l  p lanning  and s u p e r v i s i o n ,  

as i n d i c a t e d  by t h e  g r a i n  shipments l i s t e d  i n  Table  7.2.  

The major s u p p l y  of g r a i n  i n  t h e  p o s t a t t a c k  s i t u a t i o n  w i l l .  be i n  

t h e  hands of fa rmers  and owners of r u r a l  e l e v a t o r s .  Surrender  of g r a i n  

by these people  f o r  f e d e r a l  promissory n o t e s  w i l l  r e q u i r e  t h e i r  conf i -  

dence and t r u s t  i n  t h e  federal .  government. It is  u n l i k e l y  t h a t  s u f f i -  

c i e n t  f e d e r a l  l a w  enforcement o r  m i l i t a r y  personnel  w i l l  be a v a i l a b l e  t o  

c o n f i s c a t e  food i n  f a c e  of widespread oppos i t i on  by l o c a l  a u t h o r i t i e s .  

Fede ra l  a u t h o r i t y  w i l l  depend on: (1) t h e  e x i s t e n c e  of a f u n c t i o n a l  

n a t i o n a l  l e a d e r s h i p  wi th  t h e  appearance of s e l f  conf idence ,  and (2) t h e  

e x i s t e n c e  of a c r e d i b l e  recovery  program. The e x i s t e n c e  of each of 

t h e s e  elements  must be conveyed by convincing communications t o  t h e  

pub l i c .  'The P r e s i d e n t ,  o r  o t h e r  emergent l e a d e r s ,  can make an  enormous, 
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almost i n d i s p e n s a b l e ,  con t r ib i i t i on  to  s u r v i v a l  and recovery as well as 

n a t i o n a l  u n i t y  by f r e q u e n t  morale-building speec.hes broadcast  on AM 

r a d i o .  The natiocxal r e s o l v e  f o r  recovery and u n i t y  could be increased. 

by t:he e x i s t e n c e  of external .  t h r e a t s ,  p o s s i b l y  from o t h e r  than  the 

Sovie t  Union. A s t r o n g  f e e l i n g  f o r  revenge may a r i s e ,  which m y  u n i t e  

"Lie nat ion  toward a common goal  even more i n t e n s e l y  than  t h e  s p i r i t  

which pervaded the  n a t i o n  dur ing  World War I'I: ("Remember P e a r l  Harbor"). 

One of  t h e  p lans  f o r  management of t h e  economy i n  t h e  p o s t a t t a c k  

s i t u a t i o n  s p e c i f i e s  t h a t  a l l  r e s o u r c e  alJ.ocations of major importance 

are t o  be d i r e c t e d  by government a g e n c i e s ,  and t h a t  i n f l a t i o n a r y  p r e s s u r e s  

are t o  be  c o n t r o l l e d  by p r i c e  and resource-use regul-at ions r a t h e r  than  

by monetary a u t h o r i t i - e s  (Sobin,  1969) .  Sobin  sugges ts  t h a t  a n  i n f l a t i o n -  

a r y  gap may arise from t h e  u s e  of t11:i.s system which could t h r e a t e n  t h e  

e f f e c t i v e n e s s  of money as a means of exchange. H e  proposes t h a t  g r e a t e r  

e f f - i c i ency  i n  r e s o u r c e  management would r e s u l t  from a system t h a t  would 

divi-de t h e  economy i n t o  two s e c t o r s :  one would be  controll-ed i n  t h e  

manner c u r r e n t l y  planned f u r  t h e  e n t i r e  econoniy, and t h e  o t h e r  would be 

c o n t r o l l e d  by a system t h a t  would leave much l a r g e r  scope f a r  p r i v a t e  

i n i t i a t i v e  and a l low p r i ces  t o  r ise toward a n  equi l ibr ium leve l  appro- 

p r i a t e  t o  t h e  supply and demand c o n d i t i o n s  e x i s t i n g  i n  t h e  p o s t a t t a c k  

s i t u a t i o n .  The c l o s e l y  c o n t r o l l e d  s e c t o r  would i n c l u d e  a l l  product ion  

f o r  government and popula t ion  s u r v i v a l  use;  the f r e e  s e c t o r  wou1.d i n c l u d e  

a l l  o t h e r  product ion ,  i n c l u d i n g  product ion of surv iva l - type  i t e m s  i n  

excess of s u r v i v a l  needs.  

T h e  economic recovery measures i n s t i t u t e d  would have t o  b e  respon- 

s i v e  1:o t h 2  c o n d i t i o n s  t h a t  a c t u a l l y  p r e v a i l e d  a f t e r  t h e  a t t a c k .  T t  i s  

beyond t h e  scope  of t h i s  s tudy  t o  more than i n d i c a t e  t h a t  the economic 

problems would be n a t l o n a l  and r e q u i r e  a s t r o n g ,  competenfl n a t i o n a l  

government enjoying t h e  conf idence  of t h e  p e o p l e  f o r  t h e i r  s o l u t i o n .  
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o c c u r  i n  t h e  p a r t s  of t h e  count ry  wi th  t h e  most i n t e n s e  rad io-  
a c t i v i t y  and/or  t h e  g r e a t e s t  s h o r t a g e  of food and f u e l .  The concept 
of rescue  o r  a s s i s t a n c e  t o  neighboring communities f a i l s  because o f  
t h e  extreme t h r e a t  t o  s u r v i v a l  p r o s p e c t s  f e l t  n e a r l y  everywhere and 
because of t h e  l a c k  of a n a t i o n a l  a u t h o r i t y  w i t h  t h e  c a p a b i l i t y  t o  
e f f e c t  t h e  r e q u i r e d  a c t i o n s .  
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W i l l i a m  14. Brown, Emergency Mobi l iza t ion  f o r  P o s t a t t a c k  Reorganiza t ion ,  ._....I_ 
~ 

HI-874/2-RR Hudson I n s t i t u t e ,  ?4ay 1.5: 1968, (AD 669 6 2 3 ) .  

Elwyn M. Bul l  and Heldon E. Adams, P o s t a t t a c k  .._. Resource Management, . - 

American Technical  Ass is tance  Corporat ion,  May 1975. 

Reviews Ruiaout Prodirction Evalua t ion  (ROPE) model f o r  simul.ating 
r e g d a t e d  resoi i rce  management i n  t h e  f i r s t  n i n e t y  days fol-lowing a 
nucl-ear a t t a c k ,  bu t  does no t  provide r e s u l t s  of  any c a l c u l a t i o n s  
w i t h  t i l e  model. 'The model. does no t  d e a l  wit.h trar:sportati.on 
c o n s t r a i n t s  such as fal.l.out b a r r i - e r s  , destroyed b r i d g e s  petroleum 
s h o r t a g e s ,  hence t h e  u s e f u l n e s s  of  t h e  model as i.t i s  descr ibed  i n  
t h i s  document i s  doubt fu l .  

Elwyn M. Bull, P o s t a t t a c k  C a p a b i l i t i e s  o f  t h e  -. Economy i n  t h e  F i r s t  ........ 

Ninety Days ( U )  ..... F i n a l  Report ,  American Technical  A s s i s t a n c e  
Corporat ion,  June 1973, (AD 526 4 0 3 ) .  

Elwyn M. H u l . l ,  --. The Runout Product ion ......... Evaluat ion ......... (ROPE) _.__ Model. : S t r u c t u r e  .. .- .- ... 
-. and ... Methodology, General Research Corporat ion,  June 1973, 
(AD 7 6 3  810) .  

Elwyn M. BiilL, __ A n t i b i o t i c s  .. Product ion C a p a c i t i e s  i n  t h e  P o s t a t t a c k  
Economy, Kesearch Analysis  Corporat ion,  February 1972 (AD 730 303).  

Elwyn M. B u l l  and Bernard Sobin,  Measurement of  Cr i t ica l  ......... Product ion ~ 

C a p a c i t i e s  f o r  ModzL:? of t h e  ............... P o s t a t t a c k  Economy, ......... .- .- 
Corporat ion,  Technical  Paper RAC-TP-387, February 1970, (All, 701 914) .  

Research AnaLysis 

Z.  G.  Burson, "Environmental an3 F a l l o u t  Ganuna R a d i a t i o n  F r o i e r t i o n  
F a c t o r s  Provided by C i v i l i a n  Vehic les , "  Heal-t-Ji- Phys ics ,  26 - 41-44 
1974.  

bJilliain W .  Chenault , P o s t a t t a c k  CondLlions arid .......... Kecovery Management 
\ Requir.cJiruents, Human Sc iences  Research, Inc .  , February 1971. 

W i l l i a m  W. Chenaul t ,  Richard E .  Engler ,  and Peter G .  Nordl ie ,  ..... S o c i a l  .- 
and Behavioral  F a c t o r G n  the I h ~ i l e m e n t a t i o n  ... .......... of Local Surv iva l  
~ - - - -  and R e c o v e r ~ c - t . i . v ~ t i e s ,  H u m a n  Sciences Research, Inc.  , August 1967 
(AD 663 811). 

W i l l i a m  W .  Chenault and P e t e r  G .  Nordl ie ,  ____... Consumer- Behavior and _______ Worker 
-. P a r t i c i p a t i o n  i n  Recovery Activi-t ies,  
I n c . ,  February 1967, 

H u m a n  Sciences Research, 
(AD 65.1 09t?):-- 

Examines t h e  problems of get t - ing  s u r v i v o r s  t o  p a r t i c i p a t e  i n  a 
organized recovery e f f o r t .  

C .  V. Ches ter ,  G .  4. C r i s t y ,  and C .  M. Haaland, .S-trat9gic-Considerations 
-. i n  Planning a CounterevacuatioA, OWL-4888,  Oak Ridge Nat iona l  
Laboratory,  December 197 5 - 



R ,  0 .  C'nester, Dose arid Deposi t ion from a Nuclgar Reactor Core 
Meltdown. OKNL-4944 (1 .974) .  

Donald E .  Clark ,  J r . ,  
Management, 
(AD 7 Q l T 9 ) .  

Techniques f o r  Development of P o s t a t t a c k  --I__ Recovery 
S tanford  Research I n s t i t u t e ,  November 1969, 

Donald E:. Clark,  Jr. and Carl F .  Miller, P o s t a t t a c k  Recovery Management: 
Concepts and Techniques f o r  Model Development, 
(AD 658 7 4 4 ) .  

S R I ,  March 1967, _- -..- L___._ 

Donald E. Clark, Jr., C a r l  F. Mil ler ,  and George 1). Wopkins, I_ An 
Approach t o  Defining P o s t a t t a c k  Recovery MiLnagement Concepts -and 
Techniques,  S tanford  Research I n s t i t u t e ,  November 1966, 
(AI) 6 4 6  6 2 7 ) .  

~ 

Consumer .2nd Food Economics Research 1)ivi.s ion,  A g r i c u l t u r a l  Research 
S e r v i c e ,  U.  S. Department o f  A g r i c u l t u r e ,  Food Consumption of 
Households i n  t h e  Nor theas t ,  Seasons and YCL? 1965-66, 
Washington, D. C. , A ~ g ~ i s t :  1972. 

-__I_.__ 
_I_____ ----- 

C. A. C r  i s t y ,  B e s t  Shelter f o r  C r i t i c a l  I n d u s t r y  Workers-, QRNL-5022, ~ - - _  --- I 

Oak Ridge Nat iona l  Laboratory,  August l.975. 

1:- {>. C r o n k i t e  and v. l'> Bond, ' ~ i a g I l o S i S  o f  Radia t ion  I n j u r y  and 
i l n a l y s i s  o f  t h e  Iiuimn LethaL Dose of  Radia t ion ,"  U.S .  Amwd 
_I__ F o r c e s  ______--I Pled. J . ,  11 249-260 (1960).  

I- 

H. L .  Crutcher ,  U=r Wind S t a t i s t i c a l .  Char t s  of che Northern k k g -  -- 
sphc.re 
Naval Operat ions,  Augusc 1959. 

NAY- AER--50-1C-535, Vols 1, 11, I;-; 11, O f  Fcce of Chief of 

IIarold 0 ,  Uavidson, B i o l o g i c a l  Ef fec:ts of Whole-Body Gamma liadiat-ion - __ .-... I____ - 
on Human Beings, Opera t ions  Research Of f i ce ,  The Johns Ilopkins 
U n i v e r s i t y ,  'I'he Johns Hopkins P r e s s  (1957) 

--- 

H. I,. Dixon, D .  G .  Hanes, and P .  S. Jones ,  A Systems Analy 
E f f e c t s  of Nuclear At tack  on R a i l r o a d  T r a n s p o r t a t i o n  i n  t h e  Conti-  
n e n t a l  United S ta tes ,  S tanford  Research I n s t i t u t e ,  Menlo Park,  CA, 
1960. 

--I--_l 

-- 

F r a n c i s  W. Dresch-and H. T. E l l i s ,  Cri ter ia  f o r  E a r l y  Pos@tttack Economic --- -_ 
V i a b i l i t y  of  Local Areas, S tanford  Research I n s t i t u t e ,  June 1 9 7 4 ,  
(AD 002 7 4 6 ) .  
_I --II 

Formulas a r e  developed f o r  assembling and ana lyz ing  l i s t s  of v a r i -  
a b l e s  and Lactors  t h a t  could a f f e c t  v i a b i l i t y  o r  deg rade  p o t e n t i a l  
o u t p u t  of SMSAs a f t e r  a n u c l e a r  a t t a c k .  Such formulas  should 
assist i n  assess ing  t h e  economic v i a b i l i t y  of an SMSA and i n  making 
d e c i s i o n s  on abandoning a s i t e  temporar i ly .  



F r a n c i s  W. Dresch, ____I. Requirements f o r  Comparative Evaluat ion of  Counter- 
measures t o  P o s s i b l e  P0stat tac .k  ___1-.-... F i s c a l  Problems, ...____ 

I n s t i t u t e ;  A p r i l  1969, 
S tanford  Research 

(AD 695 641). 

F r a n c i s  W .  Dresch, Information Needs Tor P o s t a t t a c k  Recovery Ma??gement, 
S tanford  Research Institute, Apryj- 1968, (AD 668 692).  

Dunlap and Assoc ia tes ,  I n c . ,  Tra in ing  Requirements f o r  P o s t a t t a c k  
Adaptive Behavior I_ - F i n a l  Report', - December 15-65, (AD 624 870) .  

.~. 

P.  T. Egorov (Yegorov), I. A. Shlyakhov, and N.  I .  Alabin,  _ . . ~  Civil- 
Defense, Moscow 1970, t r a n s l a t i o n :  OWL-TR-2793, December 1973. 

Kay Franz ,  F a c t o r s  t o  Consider i n  Maintaining N u t r i t i o n a l  Adequacy i n  

____..- 

a Long-Term S u r v i v a l  S i t u a t i o n ,  
Laboratory,  June 1975. 

ORNL-5068 ,-- Oak Ridge Nat iona l  
__--___I 

Clark  David Garland, _..___ Economic A l t e r n a t i v e s  and Pol icy  Implication?- 
c__.I_ of a S t r a t e g i c  Commodity Reserve - f o r  Nat iona l  S c s u r i t y  Consider- 
a t i o n s  , OKNL-TM-3741, Oak Ridge Nat iona l  Laboratory,  March 1972 I 

Raymond D. Gas t i l ,  Scenario f o r  P o s t a t t a c k  S o c i a l  Reorganization-, 
Hudson I n s t i t u t e , - L n c .  , August 26;'---1969, (Af-85lc 630).  

A s c e n a r i o  w a s  developed f o r  e v a l u a t i n g  s o c i a l  r e o r g a n i z a t i o n  
fo l lowing  a h y p o t h e t i c a l  n u c l e a r  a t t a c k  of 2000 MT i n  1970-1972, 
p r i m a r i l y  a g a i n s t  s t r a t e g i c  f o r c e s ,  wi th  a f a t a l i t y  l eve l  of about 
15%.  The fol lowing twelve impor%ant  p o i n t s  eiraerged from t h e  s tudy  : 
(1) g e n e r a l  s o c i a l  breakdown i s  u n l i k e l y ;  ( 2 )  p resent  pol.icy (1969) 
t o  d iscourage  evacuat ion can l e a d  t o  s e r ious  problems i n  so'me 
s c e n a r i o s  ( r e f e r r i n g  t o  g e n e r a l  d e s t r u c t i o n  of bureaucracy due t o  
n o t  evacuat ing) ;  ( 3 )  i n t e r a c t i o n s  of n u c l e a r  e f fec ts  w i l l  add t o  
t h e  d i s a s t e r ;  ( 4 )  l a r g e - s c a l e  geographica l  i s o h t i o n  may occur ;  (5) 
t r a n s - a t t a c k  evacuat ion  i s  p o s s i b l e  and may b e  l i k e l y ;  (6) r e l a t i v e  
i n a c t i v i t y  i n  s h e l t e r  dur ing  d i s a s t e r  and a f t e r m a t h  poses  s p e c i a l  
morale problem; ( 7 )  v a r i a t i o n s  in m i l i t a r y  o ~ t C o l i 1 ~  are  c r i t i c a l ;  
(8) immediately a f t e r  a t t a c k ,  c i v i l  defense  w i l l  receive a t o p  
p r i o r i t y ;  (9) states are a p t  t o  have a primary r o l e  i n  t h e  immediate 
p o s t a t t a c k  per iod;  (10) r e l a t i v e l y  well-off states w i l l  have t o  be 
pressured  t o  a i d  t h e  more destroyed;  (11) t h e r e  w i l l  be c a s e s  of 
extreme food d e f i c i e n c y ;  and, ( 1 2 )  i n f l a t i o n  need n o t  be  s e r i o u s .  

W i l l i a m  G. Gay and W i l l . i a m  W. Chenault  , Crisis . . . R e l o c a t i o n - D i s t P i b u t i n ~  . 

Relocated Popula t ions  ...-__c__ and M a i n t a i n a x  Organiza t iona l  Viab i l i : ey ,  
Human Sciences Research, I n c . ,  A p r i l  1974, (AD.- 730 1 1 4 ) .  

Reloca t ion  can e x a c e r b a t e  t h e  problem of r e o r g a n i z a t i o n  and r e i n t e -  
g r a t i o n  fo l lowing  a n u c l e a r  a t t a c k  because i t  may break  down orga- 
n ized  work groups and disrupt:  t h e i r  rou t i i i e  p a t t e r n s  of i n t e r a c t i o n .  
"An e f f i c i e n t  approach t o  r e l o c a t i o n  would appear  t o  i n c l u d e  t h e  
c o n s t r u c t i o n  of  ' h a s t y '  shel ters  i n  t h e  suburban f r i n g e ,  where 

-.. 
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h o s t i n g  c a p a c i t y  i s  g r e a t  (except  i n  basement spaces)  and where 
p o s t a t t a c k  workers could be  housed r e l a t i v e l y  c l o s e  t o  c r i t i c a l  
p l a n t s  and f a m i l i e s  . . . R e t a i l  t r a d e  p e r  c a p i t a  appears  t o  b e  a 
much sounder b a s i s  f o r  d e r i v i n g  t h e  re la t ive  h o s t i n g  capaci t ies  o f  
d i f f e r e n t  communities t h a n  t h e  o f t - c i t e d  a v a i l a b i l i t y  of basement 
spaces .  The c o s t  of provid ing  improvised s h e l t e r  i n  a community 
o t h e r w i s e  capable  of expanding services w i l l  probably be f a r  less 
t h a n  t h e  c o s t s  o€  upgrading t h e  o r g a n i z a t i o n a l  c a p a c i t y  of a 
community which happens t o  have many s h e l t e r  spaces  . . . The 
c o n t i n u i t y  of economic o r g a n i z a t i o n s  i s  a s a l i e n t  f a c t o r  i n  evacu- 
a t i o n  followed by a t t a c k ,  w i t h  t h e  requirement  f o r  reorganiz ing  t h e  
p o s t a t t a c k  economy t o  maximize product ion  and d i s t r i b u t i o n  of 
e s s e n t i a l  goods and services." 

Richard L. Goen and W i l l i a m  L .  White, P o s t a t t a c k  Contingency Plans \ 
f o r  Undamaged Areas, S tanford  Research I n s t i t u t e ,  J u l y  1974. , / 

Richard L. Goen, 
i t i e s ,  

The Magnitude of I n i t i a l  P o s t a t t a c k  Recovery Actix- ''*\ \. Stanford  Research I n s t i t u t e ,  December 1971, (AD 741 389). ,/ 
I 

Richard L .  Goen, Donald E. Clark, C. Alexander Kamradt, John W .  Ryan, 
and Richard B. Bothun, Cr i t i ca l  F a c t o r s  A f f e c t i n g  Nat iona l  
S u r v i v a l ,  SRI P r o j e c t ,  March 1969, (AD 693 877) .  

J e f f r e y  K. Hadden and Edgar F. Borga t ta ,  Appendix I, A Study of t h e  
Demography of Nuclear War, HSR-RR-66/14-Pr-App I, Human Sciences  
Research, I n c . ,  May 1966. 

R. IJ. H a l l  and J. W. B i l lhe imer ,  Local U t i l i z a t i o n  of Nat iona l  Food 
Resources,  S tanford  Research I n s t i t u t e ,  November 1973. 

W i l l i a m  A. Hamberg, V u l n e r a b i l i t y  of a Zonal Transportat ion-System, 
S tanford  Research I n s t i t u t e ,  AugusT 1971. 

W i l l i a m  A. Hamberg, T r a n s p o r t a t i o n  V u l n e r a b i l i t y  Research: Review 
and Appra isa l  1959-1969, S tanford  Research I n s t i t u t e ,  January 
1969. 

E r n e s t  C. Harvey and Robert  W .  Hubenette,  A l t e r n a t i v e  Hosting and 
P r o t e c t i v e  Measures, S tanford  Research I n s t i t u t e ,  December 1968 
( C o n f i d e n t i a l ,  d e c l a s s i f i e d  December 1974).  

F r e d e r i c k  S. H i l l i e r  and  Gerald J. Lieberman, I n t r o d u c t i o n  t o  Operat ions 
Research, Holden-Day, I n c . ,  1974. 

E r i c  Hirst, E n e r g y  Consumption f o r  T r a n s p o r t a t i o n  i n  t h e  U . S . ,  
ORNL-NSFTP-15, Oak Ridge Nat iona l  Laboratory,  March 1972. 
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M. I n g e r s o l l ,  &is-F.Gs-&cal Exaqile-s-of Ecolog$.cal DrEsaster Famine 
i iz  Russia  ....... 1921-22 Famine i n  Bechuarialand 19=, Hudson Insti.I:ute, 
I n c . ,  December 1965, (AD 629 887) .  

M. T n g e r s o l l ,  Sp_ecial Aspec t s  of  Environment RecuALing from-.-V.ar lvus 
Kinds of  Nuclear Wars P a r t  I11 Appendix 1-2 ........ H i s t o r i c a l  Examples of 
Ecologj.ca1. Disaster- (111) Hudson I n s t i t u t e ,  I n e . ,  September 1, 
1964, (AD 450 798). 

._ ____ ........... .- ._ 

____ ........ .- .- 

M. I n g e r s o l l ,  P a r t  11, Appendix 1-2- H i s t o r i c a l  Examples ............... of Eco- .- 

l o g i c a l  Disaster ( I L ) ,  January 8 ,  1964, (AD 4 3 3  732). 
.......... 

S.  Jablon ,  S .  F u j i t a ,  K .  Fukushirna, T .  Ishimaru, and J. A .  Ai-ixier, 
RBE o f  Neutrons i n  Japanese Surv ivors ,”  i n  SJIIJZ. Neutrons I t  

Radiobiol. I , Novern1,er 1969, UT-AEC Agr . Res. Z,ab ..‘..and Oak Ridge 
Nat iona l  Laboratory,  pp 547-579, USAE!: Rep. Conf. 691106 (1969).  

John 

June 

June 

June 

June 

K a r l i k ,  Aspects of P o s t a t t a c k  .. Economic Recovery, ~ Hudson I n s t i t u t e ,  
I n c . ,  MayT5,  1968. 

............ 

H. Kar l son  and E l l e n  K. Langew, P o s t a t t a c k  Research Volume ........ V I I -  ._ _____ 
Reviews and A b s t r a c t s  of Research on Socio-Psychological .......... ........ Problems, 
MITRE Corporat ion,  August 1969, (AI) 768 570).  

.I.._._.I__. 

R e v i e w s  seven s t u d i e s  o f  t h e  soci.n7 and psychologica l  e f f r t  is of 
nucJear  war. Disaster r e s e a r c h  i n d i c a t e s  t h a t  t o t a l l y  i r r a t i o n a l  
o r  panic  behavior  i s  l e s s  l i k e l y  thdn emotional shock o r  d e p r r s s i o n  
i n  a p o s t a t t a c k  s i t u a t i o n .  Communications, coord ina t ion  and c o n t r o l ,  
a u t h o r i t y ,  and t r a n s p o c t a t i o n  arc. major f a c t o r s  i n  organiz ing  an 
adequate  emergency s o c i a l  system. 

H. Karlson, E l l e n  K.  Langer, and F r e d e r i c k  J. Wells, P o s t a t t a c k  
Research, .- Volume ... V I ,  Reviews and A b s t r a c t s  of Research on Cr i t i ca l  -- 

__ P o s t a t t a c k  ........ Resources and I n d u s t r i e s ,  The MITRE Corporat ion,  
August 1969. 

Reviews arid assesses r e s e a r c h  e f f o r t s  up t o  1.969 on t h e  s u r v i v a b i l i t y  
of c r i t i c a l  i n d u s t r i e s ,  namely, food and a g r i c u l t u r e ,  t r a n s p o r t a t i o n ,  
communications, electr i-c power, petroleum p rcrtlucts, n a t u r a l  g a s ,  
and  i r o n  and s t e e l . .  P r e d k - t i o n s  s e e m  to  be unreasonably o p t i m i s t i c ,  
e s p e c i a l l y  f o r  t h e  26,000 MT‘;attack. 

E. Karlson,  E l l e n  Langer, and F r e d e r i c k  J .  Well.s, P o s t a t t a c k  
Research:. VoI.ume...V...- R e v i e w s  and Abstracts-  of ReseaFi i  on Survi .ving -..I.-.-.x . 
Econom~C-~~-~oduc t  ion..-PoJential, The MITRE Corporat ion,  February 
1969, (AD 700 132). 

.. 

H. K a r l s o n  and F r e d e r i c k  J .  Wells, Keviews....nd A b s t r a c t s  p f  Research _-c 

on Economic .... Recovt3ry Managemex, The MITRE Corporat ion,  February 
1969, (AD 700 131).  
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June ti. Karlson and F r e d e r i c k  J .  Wells, x i e w s  arid A b s t r a c t s  of Research 
on t h e  Demographic E f f e c t s  of Nuclear War, The MITRE Corpora t ion ,  
February 1969, (AD 702 2 3 4 ) .  

June H.  Karlson and F r e d e r i c k  J .  Wells, R e v i e w s  and A b s t r a c t s  of Research 
on P o s t a t t a c k  Medical and Heal th  Problems, Volume 11, The MITRE 
Corporat ion,  February 1969 (AD 684 3 4 1 ) .  

Reviews and assesses s e v e r a l  documents on p o s t a t t a c k  medical and 
h e a l t h  problems. Some of  t h e  s t u d i e s  have considered t h e  i n c r e a s e d  
s u s c e p t i b i l i t y  t o  d i s e a s e  due t o  exposure t o  r a d i a t i o n ,  b u t  on ly  
q u a l i t a t i v e l y .  Inherent  and perhaps unreso lvable  u n c e r t a i n t i e s  
which surround t h e  p o s s i b l e  t h r e a t s  of epidemics l e a d  t o  t h e  
conclus ion  t h a t  f u r t h e r  work i n  t h i s  area should be  o r i e n t e d  toward 
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f; 
APPENDIX A. TRAITSPORT BY COPDERCIAI, AIRTJNES 

A. 1. I n t r o d u c t i o n  

It i s  assumed h e r e  t h a t  most. l and  r o u t e s  are c losed  and s e a p o r t s  

are des t royed .  A massive a i r l i f t  would then  be t h e  a l t e r n a t i v e  f o r  

b r i n g i n g  i n  s u p p l i e s  and evacuat. ing people  from r e g i o n s  h e a v i l y  contami- 

na ted  w i t h  fal lout . .  A s  shown i n  rtxent:  h i s t o r y ,  a i s  evacuatzon and 

supply is  p o s s i b l e .  

The B e r l i n  A i r l i f t  and the p a r t i a l .  evacuat ion  of Danang, Vietnam, 

have demonstrated t h e  f e a s i b i l i t y .  A Boeing 7 4 7 ,  w i t h  FAA--approved 

s e a t i n g  c a p a c i t y  of 4 9 8 ,  w a s  a l t e r e d  to  have a c a p a c i t y  o f  over  1000, 

a l though i t  w a s  n o t  used i n  t h e  evacuat ion.  In sini:i.lar cond- i t ions ,  

o t h e r  a i r c r a f t  s e a t i n g  c a p a c i t i e s  could b e  extended. 

Tables  A . 1  and A . 2  l is t  t h e  a i r c r a f t  avai1a.ble f o r  evacuat ion  

purposes  i n  t h e  Reserve A i r  F l e e t  (CRAF) and War A i r  S e r v i c e s  Program 

(WASP) f l e e t .  These t a b l e s  l i s t  t h e  seat-mile and cargo ton-mile capa- 

c i t i es  of t h e  f l e e t ,  u s i n g  averaged data p e r t a i n i n g  t o  normal o p e r a t i n g  

procedures .  These i3Te l i s t e d  t o  g i v e  a n  i d e a  of t h e  o r d e r  of magnitude 

t h a t  i s  o f  i n t e r e s t .  Table  A 2  l ists a i r c r a f t  from each major grouping 

and c o n t a i n s  informat ion  per ta ini .ng t o  them. With t h i s  in format ion  and 

t h e  use of  F i g s .  A . l  and A . 2 ,  an idea can be obta ined  of t h e  l e n g t h  of 

runway r e q u i r e d  t o  launch  a spec i . f i ed  a i r c r a f t .  ThFs in format ion  h a s  

been l i s t e d  i n  Table  A.4 €or  t h e  a i r c r a f t  rrie.nt:ioned, also I.%sted are 

f l i g h t  t i m e s  and f u e l  consumption f o r  500- and 1000-mile f l i g h t s .  

O f  p r i m e  i n t e r e s t  i.s t h a t  i.n an ac.tuaP emergency s i t u a t i o n ,  i . e . ,  a 

crisis s i t u a t i o n  preceding a p o t e n t i a l  n u c l e a r  a t t a c k ,  no plan e x i s t s  

f o r  t h e  r e l o c a t i o n  of  our  commercial a i r  f l e e t  from t a r g e t  a.reas.  A 

d e t a i l e d  p l a n  should be developed t o  m e e t  t h i s  s i t u a t i o n .  

A. 2 E x i s t i n g  E’rograms 

The C M F  and WASP w e r e  c r e a t e d  i n  case of a n a t i o n a l  emergency by 

Execut ive Order 11490. They are comprised of all.  t r a n s p o r t  a i r c r a f t  

* 
Appendix A w a s  w r i t t e n  by Ronald R. Davis.  
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Table A . l  ( con t ' d )  

Annual 
Annual Psgr .  Addi t i o  na 1 

Number i n  S e a t  - M i l  e Cargo Ton-Mile 
C e r t i f i c a t e d  In te rna  t ioirial Pnt  e r n a t i o n a l  Capaci ty  Per  Capaci ty  P e r  
Carri-?r Fleet  CMF F l e e t  WASP Flees I n d i v i d u a l  Ind iv idua  1 

A i r c r a f t  1 2 / 3 1 / 7 4  12/31/  7 4  1 2 /  31 /74  A i r c r a f t  A i r  c r a f t 
( i n  thousands) (in rhousand 8) 

TURBOPROP-4 ENGINE 
L-188 A / C / F  

TOTALS 
1 

593 
- - 

90 
- 1 90,900 
503 

723 

w SOURCE: J .  F. L a u f e r ,  Civil Aeronaut ics  Board War A i r  Service Program (WASP) Resourc_e-R-egG, 
Bureau of Econor?iics, C i v i l  Aeronaut ics  Board, 1975.  
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Table  A.2 ( con t ' d )  

Annual Psgr .  Annual Add ' l .  T o t a l  Annual 
Number i n  Domestic Domestic Sea t  Mile Cargo Ton-Mile T o t a l  Annual A d d i t i o n a l  

C e r t i f i c a t e d  CRAF WASP Capaci ty  Per  Capacity Pe r  Psgr .  Seat-  Ton-Nile 
Carrier F l e e t  F l e e t  F l e e t  I n d i v i d u a l  I n d i v i d u a l  M i l e  Capac i ty  Capac i ty  of 

A i r c r a f t  12/31/74 12/31/74 12/31/74 Aircraft A i r c r a f t  of FIASP F l e e t  WASP F l e e t  
( i n  thousands)  ( i n  thousands)  ( i n  thousands > ( i n  thousands)  

TURBOJET-4 ENGINE 
B-720 6 6 201 , 779 924 1 , 210,674 5 , 544 - 
DC-8-10/20 30 - 30 204,838 5,709 6,145,140 171,270 

-30 
DC-8-50 

TTBBOPROP-4 ENGINE 
L-188 A / C / F  

11 - 11 214,474 7,754 2,359,214 85,294 
2% 219 , 949 5,373 6,158,572 150 , 444 28 - 

19 

TURBOPROP-2 ENGINE 
CV-580 104 

-600 
DHC-6 
F-27 
FK-227 
YS-11 

24 
3 

11 
40 
21 

1 9  81,585 742 1 I 550,115 
03 
m 

14,098 

104 42,566 4 , 129 4,426,864 117,416 
24 31,536 1 ,025  756,864 24 , 600 

3 8,705 116 26,115 348 
814 324 , 412 11 29,492 74 

40 33,014 293 1 , 320,560 11,720 
2 1  44,457 - - 933 , 597 

PISTON-2 ENGINE 
M-404 1 2  - 1 2  24,820 248 297,840 2,976 

- 1,424 T o t a l s  1 ,424 
211,627,640 7,009,097 

SOURCE: 3.  F. Laufer ,  C i v i l  Aeronaut ics  Board War A i r  Service Program (WASP) Resource Repor t ,  Bureau of 
Economics, C i v i l  Aeronaut ics  Board, 1975. 
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Table A.4 

Performance Characteristics of Representative Aircraft 

I3-74 7-100 L-loll DC-9-30 DC-8-10/20 

Maximum flight range from a 
6,000 ft runway (Nautical Mile) 1 , 300 1,100 1,000 1,800 

Maximuni flight range from a 
7,000 ft runway (Nautical Mile) 2,125 1, 900 1,300 2,400 

Runway length required for a 
I, 000 mile flight (ft) ' 

(1) Time of flight (hr) 
(2) Fuel consumption (1b) 

Runway length required for a 
500 mile flight (ft) 

(I) Time of flight (hr) 
(2) Fuel consumption (lb) 

5,600 5,800 6,000 4,800 

2.4 2.4 2.4 2.4 
58,000 40,000 15,800 33 000 

5,300 5,500 4 , 7 5 0  4.200 

1.4 1.3 1.3 1.3 
33,000 2 2  , 000 8,800 19,000 

*These lengths are computed using the fuel (+ reserves) weight necessary to attain 
desired flight distance. 
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weighing over  12,500 I.bs, and are  cont:r:olled by the Department of 

Defense (CXAE') arid C i v i l  Aeronaut ics  Board (WASP). The CAB p u b l i s h e s  an  

annual  r e s o u r c e  r e p o r t  which l i s ts  t h e  a i r c r a f t  under i t s  j u r i s d i c t i o n  

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

CRAF i s  composed of t h e  most s u i t a b l e  U.S.-regis tered c i v i l  trans- 

p o r t  a i r c r a f t  t h a t  a r e  o p e r a t i o n a l l y  capable  of performing Depariiiierit o f  

Def cnse a i r ] - i f  t .  'The Department of Defec.se i s  r e s p o n s i b l e  Eoa c h i s  

pro  gram 

WASP i s  destgned t o  provide  f o r  the  maintenance of e s s e n t i a l  c i v i l  

air r o u t e s  and s e r v i c e s .  It a l s o  provides  f o r  t h e  d i s t r i b u t i o n  and 

r e d i s t r i b u t i o n  of a i r  carrier a i r c r a f t  among civi.1. a i r  t r a n s p o r t  carr iers  

a f t e r  t h e  withdrawal of a i r c r a f t  a l l o c a t e d  t o  CRAF, The C i v i l  Aero- 

n a u t i c s  Board i s  r e s p o n s i b l e  f o r  thi.s program. 

Two thousand seventeen a i r c r a f t  comprise t h e  CKAF and WASP f I.eet ; 

each  prograin has d e f i n i t e  f u n c t i o n s  and du t i e s ,  and they  are  r e g u l a t e d  

independent ly .  For massive a i r  evacuation t o  OCCIIT,  p r i o r i t y  mrst be 

s h i f t e d  t o  schedule  a maximum e f f o r t  f o r  each program. Procedures need 

t o  be documented and placed under t h e  d u t i e s  of t h e  program. 

A. 3 NainI:enance and Material Requirements 

Information p e r t a i n i n g  t o  the material requirements  necessary  t o  

s u s t a i n  o p e r a t i o n  of CRW and. WASP f l e e t s  were no t  a v a i l a b l e .  Personal  

c o n v e r s a t i o n s  wiCh maintenance personiiel. associatletl with t h e  a i r c r a f t  

w e r e  made t o  o b t a i n  an i d e a  of the requirements  necessary t o  m a i n t a i n  an 

a i - r c r a f t  i n  opera t ion .  They were asked t o  re la te  t h e  o p e r a t i o n a l  

s t a b i l i t y  of t h e  a i r c r a f t  and t o  es til-ilate t h e  p a r t s  and mater-ial. I equire-  

ments necessary  t o  a1aintai.n operati.onal. s t a t u s .  Eastern A i r ?  irws Main- 

tenance,  A t l a n t a ,  conversat:ion conceraing DC-9, ". . . i > - E  giveii 5 t o  8 

hours  not ice ,  we can carry enough maintenance zater ia ls  with o u r  a i r -  

c r a f t  t o  main ta in  90% of our  f l e e t  f o r  a per iod  of 6 months, allowi.ng 

t h e  remaining 10% f o r  c a n n i b a l i z i n g .  . . Eastern Air:l.ines I-Ieavy 

Maintenance, M i a m i ,  concerning E-727, 'I. . . most dependable a i r c r a f t  we 

have e . . estimate a maL:eri.al requlrerneur_ of 1000 lbs, per  airiicaft t o  

main ta in  o p e r a t i o n  f o r  90 days." 

I 1  
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To s u b s t a n t i a t e  t h e  op in ions  of these maintenance personnel ,  a 

check of D e l t a  A i r l i n e s  Maintenance Department was made which v e r i f i e d  

t h e  estimates. 

E s t i m a t e s  of suppor t  equipment necessary  t o  main ta in  a i r c r a f t  were 

g iven  which ranged from 900-1200 l b s .  

t.o ma in ta in  t h e  a i rcraf t ,  t h e  r e l o c a t i a n  of the  a i r c r a f t  from t h e  t a r g e t  

areas w a s  proposed which impl ied  t h e  need t o  c a r r y  parts wi th  them. 

I n  s t a t i n g  t h e  cond i t ions  necessary  

A.4 D e s c r i p t i o n  o f  A i r c r a f t  

For t h e  purposes  of t h i s  r e p o r t  on ly  one a i r c r a f t  i s  descr ibed  i n  

detail from each grouping of j e t  c l a s s i f i c a t i o n  i n  T a b l e s  A . l  and A . 2 .  

T h i s  i n fo rma t ion  i s  l i s t e d  i n  Tables  A . 3  and A.4. The r e p r e s e n t a t i v e  

a i r c r a f t  a re  Boeing's 7 4 7 ,  Lockheed's L-1011, and McDonaell-Douglas's 

TIC-8 and DC-9. 

A.5 A l t e r n a t e  A i r f i e l d s  

C e r t a i n  a l t e r n a t i v e s  t o  formal  runways could e x i s t .  To use  dry  

l a k e  and r i v e r  beds,  i .e . ,  Utah S a l t  F l a t s ,  l i t t l e  would have t o  be done 

i n  p repa r ing  t h e i r  s u r f a c e s  for  t h e  accommodation of a i r c r a f t  mentioned 

i n  t h i s  r e p o r t .  Also, p o r t i o n s  of i n t e r s t a t e  highways could be  used t o  

accomodate c e r t a i n  s e l e c t e d  a i r c r a f t  t h a t  meet the  d e s i r e d  c r i t e r i a .  

Wheel t r ack ,  landing  and t akeof f  d i s t a n c e s ,  weights ,  and t u r n i n g  

r a d i i  must be  such as t o  m e e t  t h e  l i m i t a t i o n s  of each s p e c i f i c  a i r c r a f t .  

Ca re fu l  p lanning  i s  necessa ry  i n  t h i s  respect. 

The Department of T ranspor t a t ion ,  Concrete Div i s ion ,  supp l i ed  

inforn la t ion  concerning t h e  concrete t h i ckness  of t h e  i n t e r s t a k e  highway 

system. The i n t e r s t a t e s  are  r e l a t i v e l y  cons t an t  i n  t h i c k n e s s ,  Unrein- 

forced  highways are LO-11" i n  t h i ckness .  

t h i c k .  

c r r r a i n  a i r c r a f t  a t  v a r i v u s  weight l oads .  

Reinforced highways are 9" 

F igu re  A . 3  shows t h e  th i ckness  of conc re t e  necessary  t o  support 
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APPENDIX B. MINII”I1ZATION OF TRANSPORT OF G M X N  

The problem i s  t o  minimize t h e  t o t a l  ton-miles requlired t o  s h i p  

g r a i n  from BEAs (Business Economic Areas) wh%ch have a su rp lus  t o  those  

which have a d e f i c i t .  

L e t  Z = t o t a l  ton-miles,  t h e  o b j e c t i v e  f u n c t i o n ,  

x = t o n s  shipped from BE4 - i t o  BJL4 1, ij 
d . .  = d i s t a n c e  from BEA - i t o  BEA 2 ( s t r a i g h t - l i n e ,  c e n t r o i d  

‘3  t-o c e n t r o i d ) ,  

= i n i t i a l  q u a n t i t y  of g r a i n  i n  BEA - i, 
= q u a n t i t y  of g r a i n  r e s e r v e  i n  BJL4 I i a f t e r  shipments are 

x i 

Ri completcd (assume shipments a re  completed i n  zero  t i m e ,  
a t  l eas t  f o r  t h e  f i r s t  look  a t  t h e  problem), 

= ntiniber of people  i n  BFA A, ’i 

S = number of days of g r a i n  reserve i n  g ra in - r i ch  BEAs, 

D = number of days  of g r a i n  r e s e r v e  to  be b u i l t  up i n  gra in-  
poor BE&. 

Minimize 2‘. = ! c d .  , x  s u b j e c t  t o  t h e s e  c o n s t r a i n t s :  = .I 1.3 ij 

? x . .  5. xi - R .  2.. a 
J I-.] 

(To ta l  shipments from - i do no t  
1 d e p l e t e  r e s e r v e  i n  i) . 

I_ 

C x  = R  - x  : > a  (Sum of shipments t o  j - are equal  t o  
i i j  ri j -. r e s e r v e  r equ i r ed  i n  minus i n i t i a l  

q u a n t i t y )  . 

For t h i s  p a r t i c u l a r  problem w e  work wi th  t h e  d i s t r i b u t i o n  of t h e  

rel.ocated U.S. popu la t ion  accord ing  t o  t h e  ADAGIO program. We assume 

t h e  g r a i n  r e s e r v e  p e r  BEA is  60% of t h e  1973 g r a i n  product ion .  

W e  do no t  a l low shipments of g r a i n  FROM coun t i e s  i n  which 

S x 0.001 x I> X 

i n  which X > I) x 0.001 x P . .  W e  choose S = 3 6 5 ,  and d e f i n e  

(Xi i n  t o n s ) ;  nor do we a l low shipments TO cocmties  i i’ 

j 3 
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= S x 0.001 x Pi and R = D x 0.001 x P . Values are c a l c u l a t e d  f o r  
Ki j j 

S and f o r  D i n  m u l i t p l e s  of 7 days,  up t o  30 w e e k s .  

Computer o u t p u t  l i s t s  source and d e f i c i t  BEAs ,  d i s t a n c e s ,  tons  and 

ton-miles shipped.  
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A P P F I L X  C .  SURVIVAL OF PETROLEUM REFINERIES 

We wish t o  determine t h e  number of weapons of r e l i a b i l i t y ,  r ,  
required t o  reduce the 1J.S. POL r e f i n i n g  c a p a c i t y  t o  some f r a c t i o n ,  k, 

of its present capac i ty .  

Let c = crude  c a p a c i t y  of t h e  j - t h  r e f i n e r y  i n  b a r r e l s  ' p e r  stream day ( b f s d ) ,  and 

PJ 

T = c ,  , t h e  t o t a l  c a p a c i t y  of N r e f i n e r i e s .  
i :I 

R e f i n e r i e s  which produce o n l y  a s p h a l t  w i l l  not b e  cons idered .  

Let S = kT r e p r e s e n t  the expected su rv iv ing  r e f i n i n g  c a p a c i t y ,  

given by 
n 

n. 
s = (1-r) c ? (1) 5 .j=1 

where n is the number of weapons d e l i v e r e d  on t h e  j - t h  r e f i n e r y .  
j 

W e  assume t h e  refineqies are t a r g e t e d  so t h e  expected su rv iv ing  

c a p a c i t i e s  are a l l  equa l ,  i .e . ,  

I n  c h i s  ca se ,  

and the number of weapons to be d e l i v e r e d  en the j - t h  r e f i n e r y  i s  g iven  

by 

S n = Rn(----)/&z (1-r) 
N c  . 

3 
lj 
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The v a l u e  of n i s  t o  be  rounded o f f  t o  t h e  n e a r e s t  p o s i t i v e  i n t e g e r ,  
S j 

and is  se t  equal  t o  zero  of n i s  n e g a t i v e  ( i f  c . <  g). 
j J 

The t o t a l  number of weapons i s  then  obta ined  by S U E U I I ~ . ~ ~  over n . 
The a p p l i c a t i o n  of t h i s  formula t ion  t o  U.S. arid Canadi.nii r e f i n e r i e s  

j 

r e s u l t s  i n  t h e  curves shown i n  Fig. C . 1 ,  i n  which k = 0.03, the reli- 

a b i l i t y ,  r ,  has  v a l u e s  oE 0.5,  0.6, and 0.8,  and t h e  bombing I.:i.se has 

been rank-ordered by decreas ing  c a p a c i t y .  I f  r ..- 0.6  (60% rei-iability), 

800 weapons would b e  r e q u i r e d  t o  achieve  a n  e x p e c t a t i o n  of  3% s u r v i v a l  

of t h e  c a p a c i t y  of U . S .  and Canadian r e f i n e r i e s .  

We assume t h a t  a f i n i t e  CEP has  n e g l i g i b l e  effect on t k s e  calcu- 

l a t i o n s  because w e  are d e a l i n g  w i t h  megaton yie1.d weapons and t a r g e t s  of 

h i g h  v u l n e r a b i l i t y .  
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popu la t ion  u n t i l  t h e  f i r s t  h a r v e s t  a f t e r  t h e  a t t a c k .  
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ABSTRACT 

A t  least  190 m i l l i o n  Americans would s u r v i v e  a n u c l e a r  
a t t a c k  of  6600 megatons (1444 weapons, c u r r e n t  Sov ie t  
c a p a b i l i t y )  i f  90 m i l l i o n  were evacuated from h igh- r i sk  
areas dur ing  t h e  c r i s i s  pe r iod  preceding  t h e  a t t a c k .  Thi: 
r e p o r t  p r e s e n t s  s o l u t i o n s  t o  problems of con t inu ing  - s u r -  
v i v a l  of t h e  su rv iv ing  popu la t ion  of t h e  United S t a t e s  i n  
t h e  f a c e  of t h r e a t s  from p o s t a t t a c k  food s h o r t a g e s  and 
f a l l o u t  r a d i a t i o n  haza rds .  Reserves  of food ,  t r a n s p o r -  
t a t i o n  c a p a c i t y ,  and f u e l  would s u r v i v e  t h e  a t t a c k  t o  
provide  more than  adequate  c a p a b i l i t y  t a  f eed  t h e  e n t i r e  
popu la t ion  u n t i l  t h e  f i r s t  h a r v e s t  a f t e r  t h e  a t t a c k .  




