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FORE WORD 

Operat ion R o l l e r  Coas te r  can be cons idered  a c o n t i n u a t i o n  of 
P r o j e c t s  56 and 57, Opera t ion  Plumbbob, both of which were 
i n i t i a l  a t t empt s  t o  d e f i n e  the  problems a s s o c i a t e d  w i t h  s c a t t e r e d  
plutonium. Although these  p r o j e c t s  provided a wea l th  of va luab le  
d a t a ,  t he  ve ry  uniqueness  and conp lex i ty  of t he  problem made i t  
impossible  t o  f o r e s e e  a l l  t he  d a t a  requirements  and parameters  
r e q u i r i n g  f i e l d  s tudy .  As a r e s u l t ,  some c r i t i c a l  d a t a  p o i n t s  
were ques t ionab le  when app l i ed  t o  o p e r a t i o n a l  s i t u a t i o n s .  

and of t he  n e c e s s i t y  t o  coord ina te  t h e  r e s u l t s  of t he  va r ious  
even t s ,  t h e  o r g a n i z a t i o n  of t h i s  r e p o r t  i s  somewhat d i f f e r e n t  
from t h a t  o r d i n a r i l y  a s s o c i a t e d  w i t h  weapons tes ts  r e p o r t s .  The 
format used p r e s e n t s  each even t  a s  an i n t e g r a t e d  e f f o r t ,  a s  i t  was 
accomplished i n  t he  f i e l d ,  u s ing  the  i n d i v i d u a l  p r o j e c t  c o n t r i -  
bu t ions  a s  r equ i r ed  t o  p r e s e n t  d a t a ,  r e s u l t s ,  and conclus ions  i n  
the  l e a s t  voluminous manner. Each p r o j e c t  r e p o r t  i s  provided as 
an appendix,  t hus  expanding the  d e t a i l s  of each  p a r t  of t h e  
e n t i r e  p r o j e c t .  

Coas te r ,  and Volume 2 c o n t a i n s  i n d i v i d u a l  r e p o r t s  from a l l  
p r o j e c t s  which p a r t i c i p a t e d  i n  the  o p e r a t i o n .  

As a r e s u l t  of t he  complexity of Operat ion R o l l e r  Coas te r  

. 

Volume 1 c o n t a i n s  o v e r a l l  r e s u l t s  from Operat ion R o l l e r  

. 
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ABSTRACT 
opera t ion  R o l l e r  Coas te r ,  c a r r i e d  o u t  i n  t he  western s e c t o r  of t h e  
Las Vegas Bombing and Gunnery Range w i t h  j o i n t  US/UK p a r t i c i p a t i o n ,  
was a r e sea rch  program devoted t o  the  s t u d y  of non-nuclear  ex-  
p los ions  of plutonium-bearing devices  i n  d i f f e r e n t  envi rons .  
p r i n c i p a l  and s e v e r a l  o b j e c t i v e s  were t o  i n v e s t i g a t e  by exposure 
of animals t o  p r e c i s e l y  measured a e r o s o l s  t h e  b i o l o g i c a l  hazard  of 
plutonium s c a t t e r e d  by non-nuclear  explos ions ,  t o  e v a l u a t e  the  e f -  
f ec t iveness  of e a r t h  covered s t o r a g e  s t r u c t u r e s  i n  reducing t h e  
r a d i o l o g i c a l  hazard produced by a d e t o n a t i o n  w i t h i n  t h e  s t r u c t u r e ,  
and t o  improve mathematical  c loud models by which t o  f o r e c a s t  t he  
a r e a l  e x t e n t  of plutonium d i s p e r s e d ,  and t h e  magnitude of r a d i o -  
l o g i c a l  exposure l i k e l y  from any g iven  a c c i d e n t  s i t u a t i o n .  Four 
sh6ts ,  c a l l e d  DOUBLE TRACKS and CLEAN SLATE Nos. 1, 2 and 3 were 
f i r e d .  

The 

Three s p e c i e s  of animals  (dogs, sheep, and bu r ros )  were exposed t o  
measurable a i r  c o n c e n t r a t i o n s  of plutonium. On s i t e ,  phys i ca l  
ins t rumenta t ion  comprised s u r f a c e  and a i r  c o l l e c t i o n s  over  a r e a s  
which v a r i e d  sho t  t o  s h o t  from about 9 t o  70 square miles. On three of 
the fou r  s h o t s ,  a l a r g e  ba l loon-suppor ted  v e r t i c a l  a i r  sampling 
a r r a y  was opera ted  t o  a t tempt  d i r e c t  q u a n t i f i c a t i o n  and c h a r a c t e r -  
i z a t i o n  of plutonium i n  t h e  c loud .  Quite  d e t a i l e d  micro-meteoro- 
l o g i c a l  d a t a  were c o l l e c t e d  a s  w e l l .  

Postshot  s u r f a c e  a c t i v i t y  measurements w i t h  a lpha  and gamma survey  
ins t ruments  and w i t h  a gamma spec t rometer  (vehicle-mounted)  gave 
gross  e s t i m a t e s  of plutonium accountancy.  Within t h a t  p o r t i o n  of 
the lbg/Mc con tour  conta ined  i n  the  ins t rumented  a r r a y  ( v a r i a b l e  
from 9 t o  65 sq. m i . )  i n t e g r a t i o n s  gave the  fol lowing:  
DOUBLE TRACKS, bgg on CLEAN SLATE No.1, 2759 on No.2 and X2g on 
No.3. F i e l d  l a b o r a t o r y  count ing  of c o l l e c t e d  d e p o s i t i o n  panchets  
gave similar answers.  F i e l d  count ing  of a i r  sampler s t a g e s  was 
done a l s o ;  t hese  rough d a t a  show the  v a r i a t i o n  i n  t o t a l  and nom- 
i n a l  r e s p i r a b l e  plutonium c o l l e c t e d  as a f u n c t i o n  of f i e l d  p o s i t i o n .  

The r e s u l t s  of t h i s  s e r i e s  of experiments  should s e r v e  as a b a s i s  
f o r  agreement between the  United S t a t e s  and the  United Kingdom on 
mutual s t anda rds  f o r  t h e  s t o r a g e ,  t r a n s p o r t ,  and handl ing  of 
plutonium-bearing weapons. 

- 
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PREFACE 

The work and enthusiasm of the Referee  Team for Radiochemical Analysis are warmly 
acknowledged. Their careful  preparation of bidding spedfications, evaluation of contract 
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spikes during the long foreseen analytical work were major contributions to  Roller 
Coaster. 
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Armed Forces  Institute of Pathology, Washington, D.C. 
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1st Army Vet Food Insp Unit, 346 Broadway, New York Cit.v, New York 
Ft  Lewis, Washington 
lOlst Abn Div and Ft  Campbell, Kentucky 
Hq Dt, USAH, F t  Sill, Oklahoma 
3rd USA Element, Memphis Army Depot, Memphis, Tennessee 
24th Chemical Co., Ft Bragg, North Carolina 
USATC Inf, For t  Diu, New Je r sey  
USA Garrison, Boston Army Base, Massachusetts 
USA Hosp, Ft  Leonard Wood, Missouri 
Walter Reed Army Medical Center, Washington, D. C. 
Hq 6th Army, Presidio of San Francisco, California 
170th Ord DET (ED), F t  Lewis, Washington 
Hq USA Hosp Ft Hood, Texas 
Patterson Army Hosp, Ft Monmouth. N e w  J e r s e y  
84th Chemical Co., Ft Bragg, North Carolina 
F t  Belvoir. Virginia (USAEC and FB) 
135261 Photo Gp, LmL, Los Angeles, California 
USASCC, Arlington Hall Sta, Arlington, Virginia 
USA Engr Center, F t  Belvoir, Virginia 
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Hq, Ft  Sheridan, Illinois 
Dugway Provlng Ground, Dugway, U t a h  
502d M P  Co, 2d AD, Ft  Hood, Texas 
USA Armor and Arty Firing Center, F t  Stewart, Georgia 
1st Ord Co. GAS, Ft  Chaffee. Arkansas 

UNITED STATES AIR FORCE 

8648th A F  Recovery Gp Reserve,  Alameda, California 
6th Weather Sq, Tinker AFB, Oklahoma 
USAF School of Aerospace Med, Brooks AFB, Taxas 
4900th USAF Dispensary, Kirtland AFB, New Mexico 
AFMDC (ARSV) HoIloman AFB. New Mexico 
Hq. AF Logistical Command, WPAFB, Ohio 
6571st Aeromedical Rsch Lab, H o b m a n  AFB, New Mexico 
6570th AMRL, WPAFB, Ohio 
6550th Support Wg, Patr ick AFB, Florida 
Med Sq Section, USAF Hosp, Eglin AFB, Florida 
Hq AFSC, Andrews AFB, Washington, D.C. 
6ugway Proving Ground, Dugway. Utah 
Brooks AFB Hosp, San Antonio, Texas 
H q  T r p  1st Recon Sq, 15th Cav 2d AD, Ft  Hood, Texas 

UNITED STATES NAVY 

Naval Const Bn Center,  Polt Hueneme, California 
ComCB LANT, Davisville, Rhcde Island 
USN Missile Facility, Pt  Arguello, California 
Navy Medical Center,  Bethesda, Maryland 
Navy Hosp, St Albans, Long Island, New York 

a 

Selected and specially trained mili tary personnel collected from all sections of the 
United States and the United Kingdom were integrated directly into the scientific 
Project Agencies and comprised more than one-half of the assigned strength within the 
total effort. 
civilian team car r ied  out a l l  phases of the scientific effor t  to achieve the outstanding 
success  evident in Rol ler  Coaster is a tribute to each man and the service he represented. 

The quiet, efficient, and professional manner in which this military- 
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CHAPTER 1 

INTRODUCTION 

1.1 BACKGROUND 
With the  advent o f  the  manufacture of plutonium a t  Hanford 

i n  1944, concern f o r  i t s  b i o l o g i c a l  e f f e c t  was foremost i n  the  
minds of i n d i v i d u a l s  r e s p o n s i b l e  f o r  the  h e a l t h  and s a f e t y  of 
personnel  working wi th  the  m a t e r i a l .  Phys i ca l  and biomedical  
programs were c a r r i e d  out  and, subsequent ly ,  r a d i o l o g i c a l  s t and-  
a rds  i n  the  form of maximum pe rmis s ib l e  l e v e l s  (MPL) were 
e s t a b l i s h e d  f o r  body organs cons idered  c r i t i c a l  and of maximum 
permiss ib le  c o n c e n t r a t i o n s  (MPC) i n  a i r  and d r ink ing  w a t e r .  

i n t e r n a l  hazard on ly .  I t  can e n t e r  the  body v i a  i n g e s t i o n ,  i n h a l -  
a t i o n ,  o r  through c u t s  o r  a b r a s i o n s .  The mode of e n t r y  i n t o  the  
body of g r e a t e s t  concern i s  by i n h a l a t i o n ,  s i n c e  p a s t  r e s e a r c h  
programs have i n d i c a t e d  t h a t  the  uptake of plutonium by the  
g a s t r o i n t e s t i n a l  ( G I )  t r a c t  o r  by wounds i s  small. Any p a r t i c l e  
smal l  enough t o  r each  the  lower r e s p i r a t o r y  t r a c t  has  an e x c e l -  
l e n t  chance of adher ing  t o  a l v e o l a r  s u r f a c e s  and caus ing  l o c a l  
r a d i a t i o n  damage. The r a t e  of removal i s  low and i s  cons idered  
t o  have a b i o l o g i c a l  h a l f - l i f e  of about one y e a r .  Some of the 
p a r t i c u l a t e  m a t t e r  s o  cap tu red  may, i f  l o c a l l y  s o l u b l e  (even 
o therwise  p e r h a p s ) ,  be t r a n s f e r r e d  d i r e c t l y  i n t o  the  blood s t ream 
over a pe r iod  of  s e v e r a l  days.  Any nominal ly  i n s o l u b l e  m a t e r i a l  
s o  t r a n s f e r r e d  s t a y s  as blood burden u n t i l  i t s  t r a c e  s o l u b i l i t y  
a l lows e v e n t u a l  a s s i m i l a t i o n  t o  the  e x t e n t  of some 70 pe rcen t  of 
the  m a t e r i a l  c a r r i e d .  This  70 p e r c e n t  i s  be l i eved  t o  be d i s t r i b -  
u t ed  p r i n c i p a l l y  i n  the  bone, where i t  remains i n d e f i n i t e l y ,  a s  
f a r  a s  the  human l i f e s p a n  i s  concerned.  There i s  a l s o  evidence 
t h a t  p a r t i c l e s  i n  the  lung a r e  taken  up by phagocytes and a r e  

Plutonium i s  an a lpha  e m i t t e r  and t h e r e f o r e  c o n s t i t u t e s  an 
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depos i t ed  i n  the  h y l a r  lymph nodes.  

has c r e a t e d  a s i t u a t i o n  wherein p o t e n t i a l  acc iden t  cond i t ions  
e x i s t  i n  conjunct ion  w i t h  t r a n s p o r t i o n ,  s t o r a g e ,  and o p e r a t i o n a l  
r e a d i n e s s ,  which could s u b j e c t  no t  only r e s e a r c h  and i n d u s t r i a l  

The development of  plutonium-bearing weapons of modern des ign  

workers bu t  a l s o  l o c a l i z e d  segments of t he  g e n e r a l  p u b l i c  t o  some k 

degree of plutonium exposure .  This c o n d i t i o n  could r e s u l t  i f  the  
device a c c i d e n t a l l y  burned o r  were a c c i d e n t a l l y  de tona ted .  Exten- 
s i v e  s a f e t y  s t u d i e s  conducted i n  conjunct ion  w i t h  the  des ign  of 
new-type weapons demonstrated t h a t  the  d e s t r u c t i o n  would be 

( e s p e c i a l l y  by the  UK)  and a c c i d e n t s  t h a t  have occurred i n d i c a t e s  
t h a t  problems a s s o c i a t e d  wi th  burning weapons a r e  much l e s s  
s e r i o u s  than  those  a s s o c i a t e d  wi th  a de tona t ion .  

f 
i 

e n t i r e l y  non-nuclear .  Evidence ga the red  from o t h e r  t e s t s  t 
t 

i 

i 
The f i r s t  t e s t s  t o  d e t e r n i n e  e s t i m a t e s  of t he  plutonium con- 

tamina t ion  problem were c a r r i e d  out  a t  the  Nevada Test S i t e  (NTS) 
i n  November 1955 and January 1956. These s t u d i e s  were fol lowed by 
a second f i e l d  exper imenta l  program known as P r o j e c t  57, Operat ion 
Plumbbob. This was accomplished i n  A p r i l  1957. 

The r e s u l t s  of these  s t u d i e s  were used a s  a b a s i s  f o r  s t o r a g e  

b"* 

and t r a n s p o r t a t i o n  c r i t e r i a  of plutonium-bearing weapons through- 
out  t he  United S t a t e s .  However, when overseas  s t o r a g e  s i t e s  were 
e s t a b l i s h e d ,  popula t ion  d e n s i t i e s  i n  the  v i c i n i t y  of t he  s i t e s  
were on the  average cons ide rab ly  g r e a t e r  than  i n  t h i s  coun t ry .  
F u r t h e r ,  acu te  l e v e l s  of a i r  concen t r a t ion  deemed pe rmis s ib l e  i n  
the  UK were somewhat more r e s t r i c t i v e  and a d d i t i o n a l  d e l i n e a t i o n  
of the  exposure problem appeared necessa ry .  These f a c t o r s  l e d  t o  
a meeting on 1 2  J u l y  1 5 6 2  of r e p r e s e n t a t i v e s  of the  United 
Kingdom, the  U. S .  Atomic Energy Commission, and the U. S .  Depart-  
ment of Defense.  This  meet ing r e s u l t e d  i n  the  formula t ion  of a 
paper e n t i t l e d  "Concepts and Ob jec t ives  of Proposed Plutonium 
S c a t t e r i n g  Tes ts"  i n  which the  b a s i c  o b j e c t i v e  was, 
ga t e  the  b i o l o g i c a l  hazard of s c a t t e r e d  plutonium and t o  
e v a l u a t e  the  plutonium-scavenging e f f e c t s  of t h e  ea r th -cove red  
s t o r a g e  s t r u c t u r e s . "  This  paper was used t o  formulate  the  f i e l d  
t e s t  p l an  f o r  Operat ion Ro l l e r  Coas t e r .  

1 . 2  OBJECTIVES 

9 ,  t o  i n v e s t i -  

The o b j e c t i v e s  of the r e s e a r c h  program were: 
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(1) To o b t a i n ,  b y  p h y s i c a l  and b i o l o g i c a l  measurements, 

necessary  d a t a  on the  plutonium a i rbo rne  p a r t i c u l a t e  t o  permit  an 
assessment o f  t h e  acu te  ( i n h a l a t i o n )  hazard .  

(2) To measure t h e  d i s t r i b u t i o n  of plutonium on t he  ground 
t o  permi t  d e t a i l e d  a c c o u n t a b i l i t y  of t he  amount involved i n  the  
f i e l d  of measurement. 

( 3 )  To e v a l u a t e  the  t o t a l  e f f e c t i v e n e s s  of t h e  s t r u c t u r e s ,  
i nc lud ing  va ry ing  th i cknesses  of e a r t h  cover  f o r  reducing  the  
r a d i o l o g i c a l  hazard from a r e a l  a c c i d e n t .  

( 4 )  To o b t a i n  those  d a t a  of s p e c i a l  importance i n  f o r e c a s t -  
ing  t h e  hazard  a r i s i n g  from a r e a l  acc iden t  (c loud mode l s ) .  

1 .3  ORGANIZATION 

Opera t ion  R o l l e r  Coas t e r  was a j o i n t  U .  S .  Atomic Energy 
Commission, U .  S .  Department of Defense,  United Kingdom Atomic 
Energy Au thor i ty  (AEC/DOD/UK) r e s e a r c h  program. The d e t a i l e d  
o r g a n i z a t i o n a l  s t r u c t u r e  i s  shorm i n  Figure 1.1. Key personnel  
s e l e c t e d  were: 

I 

Research Group Di rec to r :  L t  C o l  James L .  Dick, USAF 
S c i e n t i f i c  D i r e c t o r :  D r .  James D .  Shreve, Sandia  Corporat ion 
Deputy S c i e n t i f i c  D i r e c t o r :  L t  Col J .  S t u a r t  Iveson ,  

ALOO Coordina tor :  M r .  E v e r e t t  R .  Mathews 
CHDASA Program Advisor:  L t  Col Jack  C .  Bent ley 
S c i e n t i f i c  Planning and Po l i cy  Group: 

D r .  Gordon Dunning, DOS/AEC 

D r .  Will iam O t t i n g ,  Hq/DASA 
D r .  Kenneth S t e w a r t ,  AWRE/UKAEA 

AWRE/UKAEA* 

A s  t h i s  was a j o i n t  program w i t h  the  United Kingdom, i t s  
r e p r e s e n t a t i v e s  were cons ider?d  an i n t e g r a l  p a r t  of t he  s c i e n t i f i c  
team. The UK was r ep resen ted  by 1 4  personnel  who w r e  i n t e g r a t e d  
i n t o  the  f i e l d  a c t i v i t i e s .  Subsequent ly ,  UK l a b o r a t o r y  personnel  
a r e  t o  perform a p o r t i o n  of t h e  chemical  ana lyses  and p a r t i c i p a t e  
i n  the  e v a l u a t i o n  and  i n t e r p r e t a t i o n  of t h e  exper imenta l  r e s u l t s .  

*Atomic Weapons Research Es tab l i shment .  United Kingdom Atomic 
Energy Au thor i ty  (AWRE, U K A E A ) .  

15 

CONFIDENTIAL 

1 



16 

CONFIDENTIAL 



1. . L 

CHAPTER 2 

DESCRIPTION OF EXPERIMENT 

2 . 1  LOCATIONS 
Operat ion R o l l e r  Coas t e r  was conducted on a p o r t i o n  of the  

Las Vegas Bombing and Gunnery Range and Sandia  C o r p o r a t i o n ' s  
Tonopa6 Tes t  Range (TTR) i n  southwestern Nevada. The bas i c  c r i -  
t e r i o n  €o r  s i t e  s e l e c t i o n  was a r e l a t i v e l y  f l a t  a r e a  f a i r l y  remote 
from populated a r e a s .  Four t e s t s  were planned:  DOUBLE TRACKS 
and CLEAN SLATE No. 1, No. 2 .  and No. 3 .  

Three s h o t  po in r s  were chosen i n  Cactus F l a t  and one i n  
Stonewall  F l a t ,  approximately 10 m i l e s  e a s t  of G o l d f i e l d .  Nevada. 
The approximate t e s t  a r e a  i n  Stonewall  F l a t  s t r e t c h e d  from 
37"33'N t o  37"5O1N and from 116"46'W t o  117'05.5'W i n  which 
ground z e r o  f o r  DOUBLE TRACKS was s e t  a t  37'112'22.53"N; 
116"59 '1~ .  23"h'. The i n c l u s i v e  coord ina te s  bounding the  
Cactus F l a t  a r e a  used were 37'33'N t o  37"50'N and 116"30'w t o  
116"46'W w i t h  t h r e e  ground zeros  i d e n t i f i e d  as fo l lows:  
CLEAN SLATE No. 1, 37"h2'30.9;"1\1; 116"39'>5.09"W; CLEAN SLATE 
No. 2 ,  37'45'40.45"K; 116"36'48.58"W; and CLEAN SLATE No. 3 ,  
37"45'33. 2Z"N; 116"lrO'O8.88"W. The r e l a t i v e  l o c a t i o n s ,  g r i d  a r e a  
coverage, and o r i e n t a t i o n s  a r e  shown i n  Figure 2 . 1 .  

I .  ? . c  EXPERIMENT MOTIVATIONS AND DESIGNS 

2 . 2 . 1  DOUBLE TRACKS. The DOUBLE TRACKS even t  was a r e s e a r c h  
s tudy designed t o  i n v e s t i g a t e  the  c h a r a c t e r i s t i c s  of t hc  p lu -  
tonium-bearing p a r t i c u l a t e  m a t e r i a l ,  formed from a one-point  
de tona t ion  of a device  loca ted  one f o o t  above a s t e e l - f a c e d  
concre te  s u r f a c e .  The s tudy  r e q u i r e d  e l a b o r a t e  measurements, 
throughout the  f i e l d ,  o f  the  d u r a t i o n  and i n t e n s i t y  of a e r o s o l -  
i zed  plutonium dur ing  i t s  d i f f u s i o n  and s e t t l i r g  from the  
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de tona t ion  c loud .  The cor responding  ground d e p o s i t i o n  p a t t e r n  was 
a major i n t e r e s t  a s  w e l l .  F i n a l l y ,  DOUBLE TRACKS had the  addi -  
t i o n a l  s p e c i a l  i n t e n t  of exposing animals and air  samplers  t o  the  
same respirable concen t r a t ions  of plutonium and uranium. 
Thus, the  a e r o s o l  p a r t i c l e  s i z e  spectrum, i t s  immediate t r a n s p o r t  
and f a l l o u t  and i t s  b i o l o g i c a l  up take ,  o r i g i n a l  body depos i t i on ,  
metabolism and e v e n t u a l  s i t e s  of r e t e n t i o n  were a l l  p r i n c i p a l  aims 
of t h i s  e v e n t .  

I n  the  f i e l d  p u r s u i t  of t h e s e  aims, an e x t e n s i v e  a r r a y  of 
ground and bal loon-borne a i r  samples,  f a l l o u t  c o l l e c t o r s ,  over-  
lapping  s t a t i o n s  f o r  t h ree  s p e c i e s  of animals ( b u r r o s ,  sheep, and 

dogs) and s p e c i a l  i n s t rumen t s  extended more than  9 m i l e s  downwind 
over  a 90-degree s e c t o r  and encompassed an a r e a  of about  70 square 
m i l e s .  S t a t i o n s  and ins t rument  p o s i t i o n i n g  on the  a r r a y s  a r e  
i n d i c a t e d  i n  F igu res  2 . 2  through 2 . 5 .  Many f e a t u r e s  of t h e  samp- 
l i n g  a r r a y s  were movable up t o  one hour before  s h o t  t ime;  c e r t a i n  
o t h e r s  were manned and mobile through the  pe r iod  of c loud  passage.  
V e r t i c a l  c u r t a i n s  of sampling in s t rumen ta t ion ,  supported by l a r g e  
ba l loons ,  were p laced  i n  the  downwind g r i d .  These t o o  were 
capable  of being moved t o  a s s i s t  i n  i n t e r c e p t i o n  of  t he  cloud 
(F igu res  2 . 6  and 2 . 7 ) .  

designed t o  c o n t r a s t  weapons a c c i d e n t s ,  w i t h  r e s p e c t  t o  hazard pe r  
u n i t  plutonium mass con ta ined ,  f o r  cond i t ions  of open s t o r a g e ,  
s t o r a g e  i n  a DASA i g l o o  wi th  2 f e e t  of e a r t h  cover ,  and s t o r a g e  i n  
a proposed DASA i g l o o  w i t h  8 f e e t  of e a r t h  cover  (F igu res  2.8 and 
2 . 1 0 ) .  By U. S .  s t o r a g e  c r i t e r i a ,  t he  maximum q u a n t i t y  of p l u -  
tonium permi t ted  i n  a s t a n d a r d  i g l o o  i s  twice t h a t  allowed f o r  
open s t o r a g e .  Yet no s a t i s f a c t o r y  t e s t  d a t a  c e r t i f i c a t i o n  of t h i s  
r u l i n g  has  eve r  been made. 

I n  CLEAN SLATE No. 1, n ine  devices  were de tona ted  i n  sequence 
t o  s imula t e  normal propagat ion  (F igure  2 . 9 ) .  Extens ive  p h y s i c a l  
measurements were made throughout  t h e  a r r a y  a s  shown i n  F igure  2 . 2  
excep t  t h a t  t he  a r r a y  was shor tened  i n  l eng th  t o  35.000 f e e t  
(F igu re  2 . 1 ) .  

The hazard  moderat ion by e a r t h  cover  was measured i n  two 
experiments  conducted i n  ig loos  covered by 8 ' f e e t  (CLEAN SLATE 
No. 3 )  and 2 f e e t  (CLEAN SLATE No. 2 )  of e a r t h ,  r e s p e c t i v e l y .  

2 . 2 . 2  CLEAN SLATE. The t h r e e  CLEAN SLATE s h o t s  were 
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Figure 2.8 i s  a r e p r e s e n t a t i o n  of t he  CLEAN SLATE No. 3 i g l o o ,  
showing two compartments, one of  which was ins t rumented  f o r  b l a s t  
e f f e c t s .  The CLEAN SLATE No. 2 i g l o o  c o n s i s t e d  of a s i n g l e  com- 
partment.  Each i g l o o  conta ined  19 devices  (F igure  2 . 1 0 ) .  One 
device i n  each  i g l o o  conta ined  plutonium. The a r r a y s  f o r  
CLEAN SLATE Nos. 2 and 3 were approximately 3 miles i n  l eng th  and 
3 miles  wide a t  the  d i s t a n t  a r c  (F igure  ?.l), w i t h  in s t rumen ta t ion  
and layout  similar t o  t h a t  shown i n  Figure 2 . 2 .  

Limited e x t e n t  of a l l  a r r a y s  was a p r a c t i c a l  mat ter ;  c l e a r l y ,  
some a c t i v i t y  would t r a v e l  f a r t h e r  downwind i n  a l l  c a s e s .  O f f -  
s i t e ,  t h i s  cont ingency was met through measurements by the  
United S t a t e s  Publ ic  Heal th  Serv ice  (USPHS). Since e x t r a  i n s t r u -  
ments and time were a v a i l a b l e  on CLEAN SLATE No. 3 ,  a d d i t i o n a l  
remoce s t a t i o n s  were a c t i v a t e d .  Balloon c u r t a i n s  were a l s o  used 
i n  a l l  CLEAN SLATE events  except  i n  CLEAN SLATE No. 3 ,  when no 
la rge  ba l loons  were a v a i l a b l e .  

2.3 WEAPONS REQUIREMENTS AND MODIFICATIONS 

...- 

The fo l lowing  d e v i c e s ,  modif ied a s  i n d i c a t e d ,  were used: 

2 . 3 . 1  DOUBLE TRACKS. One device  was con ta ined  i n  an alumi- 
num case  and made s u i t a b l e  f o r  one-point  de tona t ion  a t  one of 
t h ree  p r e i d e n t i f i e d  de tona to r  w e l l s .  A l l  o r a l l o y  was removed and 
replaced wi th  d e p l e t a l l o y  of s i m i l a r  mass and c o n f i g u r a t i o n .  The 
device d id  n o t  c o n t a i n  any form of i n i t i a t i o n  system. 

2 . 3 . 2  CLEAN SLATE. Each of the  two i g l o o  even t s  (CLEAN 
SLATE Nos. 2 and 3 )  r equ i r ed  a t o t a l  of 19 dev ices .  One device  i n  
each sho t  conta ined  plutonium, the  o t h e r  18 con ta ined  d e p l e t a l l o y .  
The t o t a l  mass con ten t  i n  each was equ iva len t  t o  t h a t  conta ined  i n  
an unmodified dev ice .  

.- 

The open s t o r a g e  event  r equ i r ed  one device ,  modif ied as ou t -  
l i n e d  i n  Sec t ion  2.3.1, and e i g h t  HE sphe res ,  modi f ied  a s  o u t l i n e d  
f o r  the i g l o o  e v e n t s .  No device  con ta ined  any type of i n i t i a t i o n  
system. D e t a i l s  of t h e  device des ign  are conta ined  i n  Refer-  
ence 1. 

2 . 4  SAFETY PROCEDURES 
Dedudding ope ra t ions  were deemed adv i sab le  and accomplished 

f o r  both Stonewall  F l a t  and Cactus F l a t .  Both of t he  in tended  
work a r e a s  were used former ly  a s  gunnery and bombing r anges .  A l l  
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i d e n t i f i a b l e  HE hazards ,  a s  well a s  s c r a p  meta l  bombs, were 

removed . 
I t  was a n t i c i p a t e d  t h a t  t he  concen t r a t ion  of  plutonium d i s -  

t r i b u t e d  beyond the  s i t e  and ad jacen t  government land would no t  be 
hazardous.  Even so, d e c i s i o n  t o  f i r e  each  s h o t  included a spe-  
c i f i c  e v a l u a t i o n  of o f f - s i t e  contaminat ion i n  l i g h t  of s h o t  time 
meteorology. 
i n s u r e  no n u c l e a r  y i e l d .  

The dev ices  used i n  the  program were modif ied t o  

An e x t e n s i v e  Rad-Safe p lan  was prepared f o r  a l l  e v e n t s ,  
cover ing  c r i t e r i a  of d r e s s ,  p r o t e c t i v e  equipment, r e s p i r a t o r y  

p re sho t  t r a i n i n g ,  o p e r a t i o n a l  a s p e c t s  of Rad-Safe, moni tor ing ,  

1 
dev ices ,  contaminat ion l e v e l s ,  and procedures .  This  p l an  t r e a t e d  I 

i 
pos t sho t  environmental  h e a l t h ,  decontaminat ion,  and o f f - s i t e  
s a fe ty :  

i n  no case  was an exposure i n  excess  of p r e s e n t  i n d u s t r i a l  s t and-  
a r d s  a n t i c i p a t e d .  The d e t a i l s  of t he  r a d i o l o g i c a l  s a f e t y  p lan  a r e  
conta ined  i n  Appendix A. 

tions, i n d u s t r i a l  s a f e t y ,  and medical  a i d  were e s t a b l i s h e d  i n  
consonance w i t h  p r e s e n t l y  accepted s t anda rds  and, i n  some cases ,  
made more r i g i d  because of unusua l  o p e r a t i o n s .  

Following the  completion of t he  ope ra t ion ,  adequate decontam- 
i n a t i o n  and/or rec lamat ion  of the  a r e a  was accomplished. 

2 . 5  CONTROL POINT 

f o r  the  r i g i d  c o n t r o l  of  the  d i v e r s e  o p e r a t i o n s .  The CP c o n s i s t e d  
of t r a i l e r s  which could be q u i c k l y  redeployed between e v e n t s .  The 
g e n e r a l  l ayout  appears  a s  Figure 2.11. 

i TheRad-Safe p o l i c y  was based on a phi losophy of 
t he  a b s o l u t e  minimum exposure c o n s i s t e n t  w i t h  o p e r a t i o n a l  s u c c e s s ;  i 

Other  s a f e t y  a spec t s  such a s  v e h i c l e  ope ra t ion ,  f i r e  r egu la -  

c g$ ,: 

A s p e c i a l  c o n t r o l  p o i n t  was e s t a b l i s h e d  t o  provide a c e n t e r  
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INSTRUMENTATON 
e 2560 a WRVM PADS-121 PER ARC ?40 APART 
A 522 INTEGRAL FAUOUT COCLECTORS-61 PER ARC 1%" APART 
t 70 TOTAL AIR SAMPLERS-6 PER ARC 
I 57 CASCAW IMPACTORS-4 PER ARC 

TYPICAL INSTR AT ARC-N 

Figure 2.2 Fixed ground instrument a r r ay  for  DOUBLE TRACKS, 
(Maximum a r ray  used. 
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36 SHEEP 
24 DOGS 

G 36 BURROS I 60 SHEEP 
42 COGS 

24 BURROS 
36 WEEP 

Figure 2.4 Animals and their nominal field positions. 
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ARC I INSTRUMENTATION 

B 60CASCADE IMFTICTORS 
33 TOTAL AIR SAMPLERS 
744 STICKY CYLINDERS 
ISSTICKY PLATES 

H 44TOTAL AIR SAMPLERS 
165STlCKY CYLINDERS 

R 16CASCADE IMF#CX)RS 
2M)STICKY CYLINDERS 

Figure 2.5 Nominal balloon ar ray  positions and intended instrumentation. 
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NOT TO SCALE 

F i g u r e  2.7 Typical in s t rumen ta t ion  of intended Arc R bal loons.  



Figure 2.8 Igloo detail for CLEAN SLATE No.3. 
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Figure 2.9 CLEAN SLATE No. 1 device array. 
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I ZERO TIME 
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F i g u r e  2.10 CLEAn' SLATE ' r e s e a r c h  devices a r r a y  
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CHAPTER 3 

PROJECT STRUCTURE AND EXECUTION OF EXPERIMENTS 

3 . 1  INTRODUCTION 
Operat ion R o l l e r  Coaster  was a j o i n t  A t o m i c  Energy Comis -  

s i o n ,  Department of Defense, and United Kingdom (AEC/DOD/UK) 
r e sea rch  program conducted i n  a manner t o  in su re  t h a t  the  t h r e e  
agencies  were f u l l y  s a t i s f i e d  wi th  the  method of execut ion  of t he  
e f f o r t .  (Overal l  r e s p o n s i b i l i t y  was inves t ed  i n  the  Research Group 
D i r e c t o r ,  t h e  S c i e n t i f i c  D i r e c t o r ,  and Deputy S c i e n t i f i c  D i r e c t o r ,  
r e p r e s e n t i n g  the  DOD, the  A E C ,  and t h e  United Kingdom, respec-  

t i v e l y ,  who formulated t h e  d e t a i l s  of t he  s c i e n t i f i c  program 
inc lud ing  the  t e c h n i c a l  worth of ins t rumenta t ion ,  i t s  c a l i b r a t i o n ,  
f i e l d  p o s i t i o n  and o r i e n t a t i o n ,  sample recovery and packaging, 
d a t a  record ing ,  e t c . )  The f i e l d  execut ion  of a l l  experiments was 
done by p r o j e c t  assignment t o  s e l e c t e d  c o n t r a c t o r s .  The organiza-  
t i o n a l  s t r u c t u r e  was s h a m  before  i n  Figure 1.1. 

3 . 2  PROJECTS 

b r i e f  s ta tement  of o b j e c t i v e s  i s  given below. Each p r o j e c t  p re-  
pared a formal  in te r im r e p o r t ,  which appears as an appendix t o  
th i s  main t e x t  i n  Volume 2. 

F. 

Summary l i s t i n g  of p r o j e c t s  by formal  t i t l e ,  c o n t r a c t o r ,  and 

3.2.1 Pro-iect  2 . 1 ,  Spec ia l  S o i l  Deposi t ion Measurements, 
Ebe r l ine  Instrument Corpora t ion .  The primary o b j e c t i v e s  were: 
(1) t o  eva lua te  in detail the 
and uranium i n  m a t e r i a l s  ( e . g . ,  conc re t e ,  s tee l ,  device fragments)  
a t  and immediately around GZ; and (2) t o  c o r r e l a t e ,  by chemical 
a n a l y s i s ,  r a d i a c  meter readings  of plutonium contaminat ion w i t h  
abso lu t e  s u r f a c e  l eve l s  of plutonium depos i t i on  (see Appendix B ) .  

d i s t r i b u t i o n  and r e t e n t i o n  of plutonium 
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2 .  2 . 2  P r o j e c t  2 . 5 ,  A i r  Sampling Measurements, Nuclear 
Defense Laboratorv.  The o b j e c t i v e s  were: (1) t o  determine the  
s i z e  and a c t i v i t y  of plutonium-bearing p a r t i c l e s  and t h e i r  s p a t i a l  
d i s t r i b u t i o n  i n  t h e  cloud (bal loon-borne in s t rumen t s )  and n e a r  t he  
su r face ;  and ( 2 )  t o  determine the  v a r i a b i l i t y  o f  t hese  measure- 
ments wi th  time ( see  Appendix C ) .  

Inc. The o b j e c t i v e s  were: (1) t o  determine s u r f a c e  concentra-  
t i o n s  of  plutonium and uranium a s  a func t ion  of p o s i t i o n  r e l a t i v e  
t o  ground ze ro ;  ( 2 )  t o  measure the  time of a r r i v a l  of contaminants 
and t h e i r  accumulation r a t e  w i t h  time and p o s i t i o n  from ground 
zero ;  and ( 3 )  t o  provide samples of f a l l o u t  m a t e r i a l  i n  a form 
s u i t a b l e  f o r  s p e c i a l  p a r t i c l e  c h a r a c t e r i s t i c s  s t u d y  (see 
Appendix D ) .  

Weather Bureau. The o b j e c t i v e s  were: (1) t o  make a l o c a l  
c l i m a t o l o g i c a l  survey of  t he  a r e a s  involved so t h a t  t he  s p e c i f i e d  
cond i t ions  f o r  t h e  sho t  could be recognized i n  advance from t h e  
synopt ic  s i t u a t i o n ;  ( 2 )  t o  provide  observa t ions  and f o r e c a s t s  f o r  
preevent  t e c h n i c a l  ope ra t ions  and f o r  t he  implementation of t he  
o p e r a t i o n a l  s a f e t y  program; and ( 3 )  t o  make the  fo l lowing  measure- 
ments dur ing  t h e  pe r iod  o f  i n t e r e s t  of each  e v e n t ,  f o r  use i n  
developing a c loud  model: ( a )  su r f ace  wind v e l o c i t y  a t  p o s i t i o n s  
throughout t he  sampling a r r a y ,  ( b )  wind v e l o c i t y - h e i g h t  p r o f i l e s ,  
( c )  temperature-height  p r o f i l e ,  and ( d )  tu rbulence-he ight  p r o f i l e  
( s e e  Appendix E ) .  

1 . c . 5  P r o j e c t  2.5, Alpha Survey, E b e r l i n e  Instrument  Corpo- 
r a t i o n .  The o b j e c t i v e s  were: (1) t o  provide a l a r g e - a r e a  r a d i a c  
survey of t h e  plutonium-contaminated a r e a  and e s t a b l i s h  contamina- 
t i o n  leve 1 contours  ; ( 2 )  t o  provide d a t a  concerning approximate 
d i s t r i b u t i o n  and concen t r a t ion  of plutonium on the  ground i n  
suppor t  of o t h e r  p r o j e c t s ;  ( 3 )  t o  provide a h ighe r  sampling 
d e n s i t y  than was p r a c t i c a b l e  by rad iochemis t ry  a lone ;  and ( b )  

f i n a l l y ,  t o  a t tempt  c o r r e l a t i o n  of r e s u l t s  by r a d i a c  meter  read-  
i n g s  w i t h  the more abso lu te  r e s u l t s  from chemical  a n a l y s i s  of 
d e p o s i t i o n  samples (Appendices B and C ) .  

3 . 2 . 3  P r o j e c t  2 . 3 ,  F a l l o u t  Sample C o l l e c t i o n s ,  Isotopes,  

3 . 2 . 4  P r o j e c t  2.4,  Micrometeorological  Measurements, U .  S .  

n 

Secondary o b j e c t i v e s  of t h e  p r o j e c t  were t o  i n v e s t i g a t e  t h e  
f e a s i b i l i t y  of po r t ab le  and mobile  low-energy gamma d e t e c t i o n  
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techniques f o r  uranium and plutonium and t o  r a p i d l y  d e l i n e a t e  by 
these  means sur face-contaminat ion  boundaries t o  ass i s t  t h i s  and 
o t h e r  p r o j e c t s  i n  s t r a t e g i c  equipment placement and recovery ( see  
Appendix F ) .  

3 .2 .6  P r o j e c t  2 .6a,  Spec ia l  P a r t i c u l a t e  C h a r a c t e r i s t i c s ,  
U. S .  Naval Radio logica l  Defense Laboratory.  The o b j e c t i v e s  were: 

(1) t o  determine the  p h y s i c a l  and chemical n a t u r e  of t he  f a l l o u t  
r e s u l t i n g  from non-nuclear de tona t ions  of weapons con ta in ing  plu-  
tonium. The primary measurements were t o  inc lude :  ( a )  the  t o t a l  
mass of f a l l o u t  and the  amount of plutonium and uranium c o l l e c t e d  
per  u n i t  a r e a ,  ( b )  the  d i s t r i b u t i o n  of the f a l l o u t  mass among 
var ious  d e n s i t y  f r a c t i o n s ,  ( c )  the  f a l l o u t  p a r t i c l e  s i z e  d i s t r i b u -  
t i o n  of each d e n s i t y  f r a c t i o n ,  and ( d )  the  d i s t r i b u t i o n  of p lu-  
tonium and-uranium by p a r t i c l e  s i z e  and p a r t i c l e  d e n s i t y .  I n  
a d d i t i o n ,  l i m i t e d  s t u d i e s  w i l l  be made of t he  amount of s o i l  
p re sen t  as  w e l l  as  the  chemical s t a t e  of t h e  plutonium and uranium 
and t h e i r  l eaching  and exchange behavior  i n  s e v e r a l  l i q u i d s  ( see  
Appendix G ) .  

I so topes ,  I n c . ,  and Trace r l ab ,  Inc. The o b j e c t i v e s  inc luded  
a t tempts  t o  determine: (1) d i s t r i b u t i o n  of p a r t i c l e s  i n  terms of 
t h e i r  a c t i v e  c o n s t i t u e n t s ;  ( 2 )  d i s t r i b u t i o n  of a c t i v e  p a r t i c l e s  i n  
terms of t h e i r  mic roscop ica l ly  observed s i z e s ,  g iv ing  mass and 
number d i s t r i b u t i o n s ;  ( 3 )  shapes of i n d i v i d u a l  p a r t i c l e s  and v a r i -  
a t i o n s  i n  shape i n  groups of p a r t i c l e s ;  ( d )  v i s i b l e  c h a r a c t e r i s -  

t i c s  and comment g e n e r a l l y  on c o l o r ,  n a t u r e  of su r face ,  e t c . ;  (5 )  
composition of i n d i v i d u a l  p a r t i c l e s  wi th  p a r t i c u l a r  emphasis on 
s i z e s  a few microns and less ;  (6)  approximate s p e c i f i c  a c t i v i t y  of 

i n d i v i d u a l  p a r t i c l e s  and t h e i r  v a r i a t i o n  wi th  p a r t i c l e  s i z e ;  (7)  
presence o r  nonpresence of s i g n i f i c a n t  agglomeration e f f e c t s ;  (8) 
g e n e r a l  f r a n g i b i l i t y  by no t ing  breakup of p a r t i c l e s  on impactor 
s l i d e s ;  ( 9 )  i n d i c a t i o n  of any d e t e r i o r a t i o n  i n  cascade sampler 

performance due t o  overloading or  poor ope ra t ing  c o n d i t i o n s ;  (10) 
p a r t i c l e  s i z e  d i s t r i b u t i o n s  inc lud ing  nonact ive p a r t i c l e s  on the  

f i r s t  s t a g e  of impactors on a l l  CLEAN SLATE c o l l e c t i o n s ;  (11) a 
simple and bulk d i saggrega t ion  o r  p a r t i c l e  d i s i n t e g r a t i o n  wi th  
time i n  a i r  and w a t e r ;  ( 1 2 )  by chemical a n a l y s i s ,  fol lowing p a r t i -  
c l e  a n a l y s i s ,  mass of a c t i v e  c o n s t i t u e n t s ;  and (13) mass per  u n i t  

3.2.7 Projects 2.6b and 2 . 6 ~ ,  S p e c i a l  P a r t i c u l a t e  S tud ie s ,  
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a r e a  on d e p o s i t i o n  samples. 
3 . 2 . 8  P r o j e c t  2.7, Balloon Support ,  Sandia  Corpora t ion .  The 

o b j e c t i v e  was t o  provide  suppor t  f o r  v e r t i c a l  a i r  sampler  c u r t a i n s  
and cable-mounted me teo ro log ica l  equipment on a l l  R o l l e r  Coas te r  
even t s  ( see  Appendix H ) .  

3 . 2 . 9  P r o j e c t  2 . 8 ,  Of f -S i t e  Survey,  U. S .  Publ ic  Heal th  
S e r v i c e .  The o b j e c t i v e s  were: t o  d e t e c t  and document any d i s -  

p e r s a l  of contaminants  beyond t h e  ope ra t ions  a r e a  ( s e e  Appendix 

1). 
3 .2 .10  P r o j e c t  4 . 1 ,  Biomedical S tud ie s ,  Un ive r s i ty  of  

Rochester .  The o b j e c t i v e s  were: (1) t o  maximally expose s e v e r a l  
spec ie s  of  animals  t o  t h e  p lu tonium-r ich  a e r o s o l  produced by non- 
n u c l e a r  de tona t ion  of  a plutonium-bearing d e v i c e ;  ( i )  t o  sample 
and have analyzed each t i s s u e  (bone inc luded)  t h a t  might c o n t a i n  
plutonium a s  a r e s u l t  of i n h a l a t i o n ;  and ( 3 )  t o  s tudy  plutonium 
d e p o s i t i o n ,  r e t e n t i o n ,  and metabolism, and c o r r e l a t e  t hese  w i t h  
p h y s i c a l  exposure environment by s p e c i e s  ( see  Appendix J ) .  

T r a c e r l a b .  The o b j e c t i v e s  were t o  provide :  (1) sample r e t r i e v a l  
(from i n s t r u m e n t s ) .  handl ing ,  and packaging; ( 2 )  o n - s i t e  count ing 
o f  s e l e c t e d  samples;  ( 3 )  decontaminat ion o i  i n s t rumen ta t ion  f o r  
subsequent exper iments ;  and ( b )  sample r e c o r d a t i o n ,  s t o r i n g ,  and 
sh ipping  f o r  f u r t h e r  a n a l y t i c a l  work (set. Appmclis K )  . 

. 

3 . 2 . 1 1  P r o j e c t  5.1,  Sample Handling and Process ing  F a c i l i t y ,  

3 . 2 . 1 2  P r o j e c t  5 .  2 .  Rad iob io log ica l  Analys is ,  H:izelton Kur1e:ir 

Science Corporation (5.ZA), Tracerlah !5 .2R) ,  Eberline Instrument Corporation (5.?C),  

and Isotopes ( 5 . D ) .  

tissue, bone material, feces, urine and other animal associated saniples lor plutonium 

content. 

saniplcs. 

that the rad~obio logicd  analysis on all  present s imples  will be coniplctcd on or before 

1 .April 1964.  

The objective is to pi'ovide accuratt. laborator?. analysis of animal 

Uranium contcnt analysis will bc periorniril on five p e r w n t  of all  available 

Nith the exwption of the long tcrni :mini:il 5 ~ r i f i w  progr:im, it i s  expected 

3 . 2 . 1 3  Prolcct 5.3, R:idiochumic:il nnt l  Physiochemical .An:iIysis, H:izelton 

Nuclear Scicnce Corporation (5.3.A), Tracer lab  !5.3B),  Eberline Instrument Corporation 

(5.3C), Isotopes f5 .3U) .  The object ive is to provide 1argc 

soil, a i r  sample fi l ters,  and fallout samples for plutonium content. Urnniuni contrnt 

nn:ilysis will be performed on live percent of a11 somplcs av:aiIable. 

rniliocht.mica1 and physiochemical analysis will bc completed on or before 1 April 1964. 
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CHAPTER 4 

EVENT DOUBLE TRACKS 

4 . 1  DESCRIPTION OF THE EVENT 

4 . 1 . 1  In s t rumen ta t ion  and Animal Array. In s t rumen ta t ion  f o r  
DOUBLE TRACKS w a s  i n  accordance w i t h  the  exper imenta l  p l a n ,  w i th  
the  excep t ion  of f a i l u r e  t o  achieve a l l  the  ba l loon  a r r a y s  wanted. 

each animal  r ack  was ins t rumented  w i t h  C a s e l l a  MK I1 impactors  and 
t o t a l  a i r  samplers .  F u l l  d e t a i l s  of animal loading  and p o s i t i o n -  
i n g  a r e  given i n  Appendix J. 

The animal  a r r a y  was d iv ided  between Arcs E ,  G ,  and I and, 

4.1.2 Balloon Arrays .  Due t o  ba l loon  l o s s e s  i n  the  per iod  
from mid-Apri l  onwards, i t  proved imprac t i cab le  t o  mount t he  
second ba l loon  c u r t a i n .  The main c u r t a i n  on Arc B was i n s t r u -  
mented a s  planned,  a p a r t  from minor excep t ions .  The a r r a y  of 
i n d i v i d u a l  UK ba l loons  planned t o  be loca ted  on Arc R was a l s o  
n e c e s s a r i l y  modif ied and moved to  Arc J t o  form the  second 
c u r t a i n  . 

There w e r e  a l s o  l o s s e s  of t hese  i n d i v i d u a l  ba l loons  i n  the  
p re sho t  phase.  The number of the  l a r g e r  type ba l loons ,  capable  of 
c a r r y i n g  t h e  r e q u i r e d  two cascade impactors ,  was reduced t o  t h r e e .  
The remaining f i v e  were of a sma l l e r  v a r i e t y  and c a r r i e d  only  
s t i c k y  sampling c y l i n d e r s  a t  50- foot  he igh t  i n t e r v a l s  t o  1000 
f e e t .  

4.1.3 Preshot  Events .  DOUBLE TRACKS was o r i g i n a l l y  
scheduled f o r  1 May l%3 bu t  due t o  ba l loon  f a i l u r e s ,  i t  was 
delayed u n t i l  0100, 13 May. On 1 2  May, the  a r r a y  was i n s t r u -  
mented, and by 2300 t he  ba l loon  a r r a y s  had been r igged  and r a i s e d .  
The expec ted  n o r t h e r l y  dra inage  flow was n o t  e s t a b l i s h e d .  F a i r l y  
s t rong ,  s o u t h e r l y  upper  winds p r e v a i l e d  t o  keep the  r e s u l t a n t  too  
f a r  i n  the  e a s t .  The s h o t  was cance l l ed  a t  O j O O  and the  ba l loon  
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a r rays  were der igged .  
On t he  f o r e c a s t  of a thermal  t rough over the  area on 1 4  May, 

H-hour was rescheduled  f o r  0100, 15 May. During I3 May, h i g h  
winds up t o  4 0  knots  occurred ,  and on Id May checks were made f o r  
d e t e r i o r a t i o n  of  i n s t r u m e n t a t i o n ,  f a l l o u t  c o l l e c t o r s ,  e t c .  which 
had remained i n  t he  f i e l d ;  f a u l t s  found w e r e  r e c t i f i e d .  ' h o  of 
the  o r i g i n a l  t h r e e  ba l loon  c u r t a i n s  were aga in  ins t rumented  and i n  
p o s i t i o n  by 2359. 

accep tab le  me teo ro log ica l  c o n d i t i o n s  were e s t a b l i s h e d  by 0100, and 
the movable a r r a y  was a d j u s t e d  t o  l i n e  up wi th  t h e  wind d i r e c t i o n .  
A temperature  i n v e r s i o n  of about 2 . 5 " C  a t  500 f e e t  had developed 
but wind speeds a t  GZ were too  h igh ,  i n  the  range 13 t o  15 kno t s .  
Fu r the r  down the  a r r a y ,  however, they  were i n  the  accep tab le  range 
(below 16 kno t s )  ( s e e  Appendix E ) .  

cont inued ,  and DOUBLE TRACKS was f i r e d  a t  0255, 15 May 1963. Wind 
speed a t  GZ was 11 knots  and of  dec reas ing  i n t e n s i t y  f u r t h e r  down 
the  a r r a y .  
v e r t i c a l  e x t e n t  of t he  c loud .  

4 . 1 . 4  Shot Phase.  With the  excep t ion  of wind speed,  

A t  0230, a decrease  i n  wind speed was appa ren t .  This  t r end  

Wind s h e a r  of some 25 degrees  e x i s t e d  w i t h i n  t h e  

4.1.5 Pos t sho t  Phase.  With the  excep t ion  of t h e  incrementa l  
f a l l o u t  samplers  and a few o t h e r  minor f a i l u r e s ,  a l l  ins t rumenta-  
t i o n  ope ra t ed  c o r r e c t l y .  

Cloud photography u s i n g  a sequence of 50 -mi l l i on  candlepower 
f l a s h  bulbs  was s u c c e s s f u l .  D e t a i l s  of photographic  equipment and 
i t s  p o s i t i o n i n g  a r e  given i n  Appendix L.  

De l inea t ion  of t he  f a l l o u t  a r e a  was accomplished f i r s t  by use  
of P r o j e c t  2 . 5  mobile gamma s c a n n e r .  This i n fo rma t ion  was used t o  
s t a r t  the  alpha-survey teams i n  opt imal  l o c a t i o n s .  This  survey 
was completed be fo re  noon of D-day ( s e e  Appendix F ) .  

Sample c o l l e c t i o n  took p l ace  under good weather  c o n d i t i o n s .  
A l l  samples were c a r r i e d  t o  P r o j e c t  5.1, & - S i t e  Laboratory,  f o r  
i d e n t i f i c a t i o n ,  count ing ,  and packaging. 

4.2 RESULTS 
A t  t h e  time of p r e p a r a t i o n  of t h i s  r e p o r t ,  t h e  on ly  r e s u l t s  

( a )  Alpha survey  d a t a  
( b )  F i e l d  a lpha  count ing  of :  
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(1) 
( 2 )  A p ropor t ion  of p l anche t s  from f a l l o u t  c o l l e c t o r  

(3) 

A p ropor t ion  of a i r  samplers  

s t a t i o n s  
The m a j o r i t y  of s t i c k y  c y l i n d e r s  from the  bal loon 
a r r a y s  

( c )  High speed f i l m  of the  de tona t ion  and s t i l l s  from cloud 
photographs.  These s t i l l  r e q u i r e  d e t a i l e d  a n a l y s i s  bu t  F igure  4 . 1  
shows two views of the  cloud about  the  time of i n t e r c e p t  of the  
f i r s t  ba l loon  c u r t a i n .  A three-frame e x t r a c t  from the  h igh  speed 
movie appears  a s  F igu re  4 . 2  t o  show j e t  e x t e n t  and e a r l y  f i r e b a l l  
development . 

4 . 2 . 1  Alpha Survey. Alpha survey  r e s u l t s  have been p l o t t e d  
t o  show rough f a l l o u t  contours  on F igu res  4.3 and 4 . 4 .  The PAC-3G 
survey meter  i s  s e t  by g a i n  adjustment  t o  read  4 2 0  cpm on a s tand-  
a rd  sourc’e e q u i v a l e n t  t o  1 figm/m2 and the  convers ion  of survey  
d a t a  t o  contour  p l o t s  has  been based on t h i s  r e l a t i o n s h i p .  Due t o  
t he  e f f e c t s  of  s e l f - a b s o r p t i o n ,  t h i s  method unde res t ima tes  t h e  
c o n c e n t r a t i o n  by a f a c t o r  which i s  dependent on both  down-wind and 
cross-wind p o s i t i o n s  i n  the  f a l l o u t  a r e a .  

C e r t a i n  microscope s l i d e s  from Arc H were s t u d i e d  i n  the  
f i e l d  by R .  F. C a r t e r  of UKAEA,using an au to rad iog raph ic  technique 
he developed.  Desc r ip t ion  of t h i s  s tudy  and d e t a i l e d  r e s u l t s  a r e  
given i n  Appendix M .  E s p e c i a l l y  informat ive  i s  the  comparison of 
au to rad iog raph ic  r e s u l t s  w i t h  l e v e l s  deduced from a lpha  survey and 
count ing  of f a l l o u t  p l a n c h e t s .  On the  a r c  checked, H, the  
a c t i v i t y  seen by au toradiography was almost always h ighe r  by a 
f a c t o r  between 1 and 5 w i t h  an average of 2 t o  3. 

I t  w i l l  be noted  t h a t  t he  f a c t o r  r e f e r r e d  t o  above v a r i e s  
cons ide rab ly  a c r o s s  the  a r c ;  an average value l i e s  between 2 and 

3 .  
4 . 2 . 2  A i r  Concent ra t ions .  From the  count ing  d a t a  on a i r  

sampler s t a g e s , a n  assessment has  been made of t he  t o t a l  a i r b o r n e  
c o n c e n t r a t i o n  contours ,F igure  4.5,and of t h a t  p a r t  of t he  a i rbo rne  
c o n c e n t r a t i o n  l i k e l y  t o  be a r e s p i r a b l e  hazard (F igu re  4 . 6 ) .  
l a t t e r  i s  a broad approximation and  i s  deduced by s u b t r a c t i n g  from 
the  t o t a l  impactor sample the  m a t e r i a l  on S tages  1 and 2 of bo th  
Andersen and C a s e l l a  impactors .  

The 



~~ 

4 . 2 . 3  Cloud Concent ra t ion  and Dimensions. The cloud photo- 
graphs a l r e a d y  p resen ted  a s  F igure  4 . 1  should be viewed as a 
c o r r e l a r y  of t h e  d a t a  f r o m - f i e l d  count ing  of s t i c k y  c y l i n d e r s ;  
t hese  d a t a  a r e  shown as  F igure  4 .7 .  
(Arc J a t  13,000 f e e t )  a l s o  conta ined  s t i c k y  c y l i n d e r s  whose 
measured a c t i v i t i e s  Led t o  F igure  4.8, 

4 . 3  DISCUSSION 

The f a r t h e r  ba l loon  c u r t a i n  

F ie  Id  count ing  i s  q u a l i t a t i v e l y  s a t i s f y i n g ,  even u s e f u l  t o  
g e t  s e m i - q u a n t i t a t i v e  informat ion .  Unfor tuna te ly ,  u n t i l  t he  p re -  
c i s e  resul ts  a r e  a v a i l a b l e , t h e  r e a l  q u a l i t y  of da t a  now i n  hand L 

cannot  be judged.  Therefore ,  cau t ion  must be exe rc i sed  i n  
approaching any conclus ions  a s  y e t .  

The degree of exper imenta l  success  was c l e a r l y  h igh  and good 
a n a l y t i c a l  s t e p s  t o  come w i l l  produce a tremendous supply  of d a t a  
h e r e t o f o r e  u n a v a i l a b l e .  
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Figure 4.1 Two views of DOUBLE TRACKS cloud at time of 
first balloon intercept. (Sandia Corporation photos) 
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H + 4 milliseconds 

H + 14 milliseconds 

H + 33 milliseconds 

Figure 4.2 High-speed DOUBLE TRACKS Bequence from 
1,500 feet north of ground zero. (Sanaa Corporation 

41 photos) 
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CHAPTER 5 

EVENT CLEAN SLATE N O .  1 

5 .1  DESCRIPTION OF THE EVENT 

5.1.1 Ins t rumen ta t ion .  Ins t rumenta t ion  on t h e  a r r a y  was a s  
planned, w i th  the  fo l lowing  except ions :  

t r a y s  were exposed t o  c o l l e c t  samples s u i t a b l e  f o r  s o l u b i l i t y  
s t u d i e s  . 

- 
( a )  A t  2 1  s t a t i o n s  throughout t he  a r r a y ,  w a t e r - f i l l e d  

( b )  S ince  a d d i t i o n a l  a i r  sampling equipment w a s  a v a i l -  
a b l e ,  some f o r t y  a d d i t i o n a l  ins t ruments  were pos i t i oned  throughout 
t h e  a r r a y  a t  e x i s t i n g  sampling s t a t i o n s  ( s e e  Appendix C ) .  This 
w i l l  e v e n t u a l l y  a l low some e s t i m a t e  t o  be made of t he  r e l a t i v e  
sampling of  d i f f e r e n t  ins t ruments  a t  the same l o c a t i o n .  

( c )  Seve ra l  s t a t i o n s  were equipped wi th  double f a l l o u t  
c o l l e c t o r s  t o  a l low a s i m i l a r  comparison t o  be made on the  v a r i a -  
t i o n  of f a l l o u t  on s e p a r a t e  c o l l e c t i n g  s u r f a c e s  a t  t he  same loca-  
t i o n .  

5.1.2 Balloon Arrays.  Continuing high winds between even t s  
caused f u r t h e r  damage t o  P r o j e c t  2 . 7  ba l loons  and i t  aga in  proved 
imprac t i cab le  t o  r i g  a second ba l loon  a r r a y .  This event  was 
t h e r e f o r e  planned w i t h  the  ba l loon  c u r t a i n  on Arc B on ly .  I t  was 
n o t  p o s s i b l e  t o  u t i l i z e  the  i n d i v i d u a l  UK bal loons,  s i n c e  t h e i r  
l i f t  c a p a c i t y  f l y i n g  a t  t h e  r e q u i r e d  minimum of about 9 0 0  f e e t  
was inadequate .  

5.1.3 Preshot  Events .  I t  was a n t i c i p a t e d  t h a t  t he  minimum 
leng th  of t i m e  between e v e n t s  t o  a l low e f f i c i e n t  sample c o l l e c -  
t i o n ,  equipment decontaminat ion)  and redeployment would be seven 
days.  CLEAN SLATE No. 1 w a s  t h e r e f o r e  scheduled f o r  2 2  May. On 
X ,  MAY, t he  main ba l loon  was damaged dur ing  i n f l a t i o n  and had t o  
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be d e f l a t e d  f o r  r e p a i r .  A 24-hour de l ay  was t h e r e f o r e  c a l l e d .  

On 22 May, the  a r r a y  was ins t rumented  and t h e  ba l loon  c u r t a i n  

S u i t a b l e  me teo ro log ica l  c o n d i t i o n s  f a i l e d  t o  occur, and H-hour 
r i g g e d .  

was changed t o  0100, 24 May. During 23 May, damage t o  a c a t e n a r y  
c a b l e  of the  ba l loon  a r r a y  caused a f u r t h e r  de l ay ,  and H-hour was 
rescheduled  f o r  0100, 25 May. Ins t rumen ta t ion  on t h e  a r r a y  was 
in spec ted  p e r i o d i c a l l y  t o  ensure  t h a t  i t  remained i n  a s a t i s f a c -  
t o r y  c o n d i t i o n .  

On the  n i g h t  of 24/25 May, wi th  n o r t h e r l y  
synop t i c  winds supplementing the  dra inage  flow, wind speeds were 
i n i t i a l l y  too  h i g h .  A t  approximately 0345, t he  winds commenced t o  
decrease  i n  speed and i n  the  f i r s t  2000 f e e t  t he re  was an almost  
complete absence of d i r e c t i o n a l  s h e a r .  CLEAN SLATE No. 1 was 
f i r e d  a t  0417, 25 Hay,with a w i n d  speed of 1 2  knots ,  a temperature  
i n v e r s i o n  of approximately 5°C 600 f e e t  deep, and w i t h  ve ry  sma l l  
d i r e c t i o n a l  wind s h e a r  (Appendix E ) .  

5 . 1 . 4  Shot Phase.  

5.1.5 Postshot  Phase.  De l inea t ion  of t h e  f a l l o u t  a r e a  was 
c a r r i e d  out  a s  desc r ibed  f o r  t he  DOUBLE TRACKS e v e n t .  Sample 
recovery  was accomplished s a t i s f a c t o r i l y .  

f a i l e d  t o  o p e r a t e , w i t h  the  consequent loss of a i r  samples on t h i s  
h a l f - a r c .  The incrementa l  f a l l o u t  samplers  were p a r t l y  success -  
f u l ;  t h r e e  s t a t i o n s  ope ra t ed  f u l l y .  

5 . 2  RESULTS 

The remote swi tch ing  system f o r  t he  e a s t e r n  h a l f  of Arc F 

The r e s u l t s  a v a i l a b l e  f o r  t h i s  even t  a r e  on the  same b a s i s  a s  
f o r  DOUBLE TRACKS. 

5.2.1 Alpha Survey R e s u l t s .  These a r e  p re sen ted  i n  

F igu res  5.1 through 5.4, 
t i g a t i o n  been c a r r i e d  out  on CLEAN SLATE No. 1 samples,  and it 
must be assumed a t  t h i s  s t a g e  t h a t  t h e  contours  g iven  by a lpha  
survey  a r e  an underes t imate  of depos i t ed  m a t e r i a l  by a f a c t o r  of 

between 2 and 3 i n  g e n e r a l .  

c e n t r a t i o n  was n o t  p repa red ,bu t  t he  sampler d a t a  a r e  g iven  i n  
Appendix C. No a t tempt  was made t o  s i n g l e  ou t  the  r e s p i r a b l e  
a i rbo rne  Concent ra t ion  due t o  t h e  very  low t o t a l  l e v e l s .  

A s  y e t  no  au to rad iog raph ic  inves -  

5 . 2 . 2  A i r  Concen t r a t ions .  A contour  of t o t a l  a i r b o r n e  con- 
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5 . 2 . 3  Cloud Concent ra t ions  and Dimensions. Typica l  c loud 
photographs a t  the  time of passage through the  balloon c u r t a i n  are  
shown as  Figure 5 .5  w i t h  s u i t a b l e  dimension s c a l e s .  High speed 
sequence i s  aga in  given (F igu re  5 . 6 ) .  Counting r e s u l t s  from 
bal loon-borne sampling equipment a r e  shown i n  F igure  5.7. 

5 .3  DISCUSSION 
Wind speeds were higher than optimum but within the l imits adopted for the experi- 

ment. Thus, the accountable percentage of total plutonium released will be lower than 

expected. The intercept pattern on the balloon curtain i s  reassuring, however, and 

quite a good source description will probably result. 
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Figure 5.3 CLEAN SLATE No. 1 alpha survey meter readings 
(cpm) in GZ area. 
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Figure 5.4 CLEAN SLATE No. 1 alpha survey meter readings (cpm) 
in G Z  Areas A and B .  
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Figure 5.5 Two views of CLEAN SLATE No. 1 cloud at time of balloon 
curtain intercept. 
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CHAPTER 6 

EVENT CLEAN SLATE NO. 2 

6 .1  DESCRIPTION OF THE EVENT 

6 .1 .1  Ins t rumen ta t ion .  In s t rumen ta t ion  employed i n  addition 
t o  t h a t . o r i g i n a l l y  planned was a s  f o l l m s :  

( a )  A t  35 s t a t i o n s  i n  the  movable a r r a y  and a t  the  two 
mobile s t a t i o n s , w a t e r - f i l l e d  t r a y s  f o r  the  c o l l e c t i o n  of s o l u b i l -  
i t y  samples were s e t  ou t  ( s e e  F igu res  6 . 1  and 6 . 3 ) .  

( b )  
because of t he  l e s s e r  a r e a  ins t rumented  he re  w a s  ass igned  e i t h e r  
t o  d u p l i c a t e  p o s i t i o n s  f o r  ins t rument  comparisons o r  s e t  t o  
i n t e n s i f y  coverage o r  extend i t  ( s e e  F igures  6.1, 6 .2 ,  and 6 . 3 ) .  

two towers (F igure  6.1) loca ted  c l o s e  t o  the  bunker door t o  obtain 
samples of m a t e r i a l  from the  f i r e b a l l  s h o r t l y  a f t e r  i t  i s sued  from 
the  door .  One s e t  of impactors  was mounted on a 30- foot  tower, 
t h e  o t h e r  on a 60- foot  tower.  I n  each s e t ,  one impactor  sampled 
f o r  one second a f t e r  ze ro  time and the  o t h e r  f o r  t h r e e  seconds.  
The impactors  were s u i t a b l y  s h i e l d e d  from the  hea t  of the  f i r e -  
b a l l .  D e t a i l s  a r e  given i n  Appendix C.  

6 . 1 . 2  Balloon Arrays .  The main ba l loon  a r r a y  was i n s t r u -  

A i r  sampling equipment not  o r i g i n a l l y  r equ i r ed  

( c )  Two C a s e l l a  MK I1 impactors  were p laced  on each of 

mented as planned and loca ted  on Arc B .  I n  a d d i t i o n ,  t h r e e  small  
UK ba l loons  were loca ted  w i t h i n  500 f e e t  of GZ (F igure  6 . 4 ) ;  two 
were p laced  t o  o b t a i n  e a r l y  samples from the  d i r t  c loud  produced 
by the  vent ing  of t he  bunker r o o f ,  and one was p laced  t o  ob ta in  
an e a r l y  sample of t he  f i r e b a l l  i s s u i n g  from the  bunker door .  

planned f o r  any of the  CLEAN-SLATE e v e n t s .  C e r t a i n  animals were, 
however, a v a i l a b l e  and two groups,  t e n  bur ros  and t e n  sheep,  were 
p o s i t i o n e d  on Arc E. Fur the r  d e t a i l s  a r e  conta ined  i n  Appendix J. 
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6.1.3 Animal Array.  No p a r t i c i p a t i o n  of P r o j e c t  4 . 1  was 
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6.1.4 Preshot  Events .  CLEAN SLATE No. 2 was scheduled f o r  
0100, 3 1  May. The a r r a y  w a s  inst rumented on 30 May and t h e  

ba l loon  c u r t a i n  s u c c e s s f u l l y  r igged  by 2300. 

31 May 1963. 
mately s i x  knots ,wi th  some f o r t y  degrees  of d i r e c t i o n a l  s h e a r .  
weak temperature  inve r s ion  of 2OC t o  500 f e e t  was followed by a 

deep i so the rma l  l a y e r  t o  over  4500 f e e t .  
occu r r ing  a t  sho t  t ime, a l a r g e  p o r t i o n  of t h e  cloud passed t o  
the  e a s t  of t he  ba l loon  c u r t a i n  on Arc B,  a l though the  f a l l o u t  
was conta ined  w i t h i n  the  a r r a y .  

6 .1 .6  Pos tshot  Phase.  Alpha survey on the main a r r a y  was 
completed by 1100 hours on 31 May,but p a r t s  of  the GZ g r i d  were 
no t  completed before  heavy r a i n  in t e rvened .  
s a t i s f a c t o r i l y  c o l l e c t e d .  A t  1300 hours ,  unexpected heavy r a i n  
commenced'and cont inued f o r  s e v e r a l  hour s .  Due t o  t h i s ,  a con- 
s i d e r a b l e  number of f a l l o u t  samples,  p l anche t s ,  and microscope 
s l i d e s  were rendered u s e l e s s .  D e t a i l s  of f a l l o u t  samples 
recovered before  t h i s  r a i n  a r e  g iven  i n  Appendix D .  

6 . 1 . 5  Shot Phase.  CLEAN SLATE No. 2 was f i r e d  a t  0347, 
Mean wind speed w i t h i n  the  c loud  h e i g h t  w a s  approxi-  

A 

Due t o  a wind s h i f t  

A l l  a i r  samples were 

Both towers loca t ed  i n  f r o n t  of t he  bunker door co l l apsed  
due, i t  i s  presumed, t o  impact of  heavy fragments from the  bunker 
doors and f r o n t  w a l l .  The impactors  were recovered and the 
s t a g e s  counted.  No assessment of the sampling time i s  poss ib l e ,  
bu t  t he  samples w i l l  be analyzed f o r  q u a n t i t y  of plutonium and 
f o r  p a r t i c l e  s i z e  and n a t u r e .  

f a c t o r i l y .  

6 . 2  RESULTS 

I n  gene ra l ,  t he  incrementa l  f a l l o u t  samplers worked s a t i s -  

6 . 2 . 1  Alpha Survey R e s u l t s .  Alpha survey r e s u l t s  a r e  pre-  
sen ted  a s  F igures  6 . 5  and 6 . 6 .  No r e s u l t s  a r e  a v a i l a b l e  f o r  t he  
A g r i d  and p a r t  of  t he  B g r i d  on t he  GZ array, s i n c e  these  were 
no t  completed before  heavy r a i n  occurred .  

6 . 2 . 2  Airborne Concent ra t ions .  T o t a l  a i rborne  concent ra -  
t i o n s  based on the  f i e l d  a lpha  count ing  of  impactor s t a g e s  i s  
given a s  Figure 6 . 7 .  Respi rab le  a i rbo rne  concen t r a t ions  were 
assessed  a s  p rev ious ly  desc r ibed ;  they a r e  shown a s  F igure  6 .8 .  

6 .2 .3  Cloud Cen t ra t ions  and Dimensions. Photographs of  
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f i r e b a l l  i s suance  from t h e  bunker a r e  given i n  Figure 6 .9 .  Shots 
of t he  c loud  a t  the  t i m e  of pas s ing  the ba l loon  c u r t a i n  appear as 
F igure  6.10. A s  mentioned, the  c loud  mainly by-passed the  cu r -  
t a i n  t o  the  e a s t  and only  the a i r  samplers  on the  eas te rnmost  
v e r t i c a l  c a b l e s  showed any a c t i v i t y .  It w i l l  no t  be poss ib l e  
t h e r e f o r e  t o  i n d i c a t e  concen t r a t ions  over major po r t ions  of the 
c loud .  Figure 6.11 does provide s t i c k y  c y l i n d e r  count  d a t a  f o r  
the  i n t e r c e p t e d  f r a c t i o n  of the  c loud .  

6 . 3  DISCUSSION 

b i l i t y  of plutonium on the  reduced a r e a  instrumented desp i t e  the 
un fo r tuna te  d i r e c t i o n a l  wind s h i f t  t h a t  caused missing the 
ba l loon  c u r t a i n .  F i n a l  d a t a  should permit e x c e l l e n t  documenta- 
t i o n  of t he  shot  from ground ins t rumen t s  and provide adequate 
comparison w i t h  CLEAN SLATE No. 1 and 3 .  I n  t h i s  sho t - to - sho t  
r > l a t i n g ,  c loud model computations w i l l  p lay  a prime r o l e  (sei. 
Appendix N ) ,  s i n c e  t h e r e  i s  r e a l l y  no exper imenta l  s u b s t i t u t e  f o r  
ba l loon  c u r t a i n  d a t a .  

The low wind speed l ed  t o  h ighe r  than  expected accounta- 
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Figure 6.2 
of fixed ar ray  for air samplers. 

CLEAN SLATE No. 2 array,  showing plxernent 
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Figure 6.3 CLEAN SLATE No. 2 array, showing placement 
of movable array for air samplers .  
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On 700-foot balloons: On 750-foot balloons: Casella 
Alternating Sticky Cylinders 
and Discs  at 50-foot intervals 
starting from top wfth Sticky 
Cylinder. intervals. 

Impactors at 700 feet and 
350 feet 
Sticky Cylinders at 50-foot 

Figure 6.4 Instrumentation and placement of ground zero 
balloon array, CLEAN SLATE No. 2. 
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H i  1 milliseconds 

H + 11 milliseconds 

H+ 41 milliseconds 

Figure 6.9 High-speed C L E A N  S L A T E  N o .  2 sequence for 1,500 
feet north of ground zero. (Sandia Corporation photos) 
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. . . 

Figure 6.10 Two views of CLEAN SLATE No. 2 c!oud at time of ,  
balloon curtain intercept. (Sandia Corporation photos) 
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CHAPTER 7 

EVENT CLEAN SLATE NO. 3 

7 . 1  DESCRIPTION OF THE EVENT 

7.1.1 Ins t rumenta t ion .  Ins t rumenta t ion  added beyond the 
b a s i c  p l an  w a s  as fol lows:  

( a )  Due t o  the  widespread a c t i v i t y  found ac ross  the 
whole 9" a r c  on CLEAN SLATE No. 2 and t h e  d i f f i c u l t y  of posi-  
t i p h i n g  t h e  movable a r r a y  under l i g h t  wind c o n d i t i o n s ,  i t  was 
decided t o  double the  spac ing  between ins t ruments .  The movable 
a r r a y ,  t h e r e f o r e ,  ceased t o  be movable and covered t h e  whole a rc  
w i t h  ins t ruments  at  3 "  spac ing;  some e f f o r t  was made t o  interweave 
movable and f ixed  ins t ruments  (F igures  7 . 1  and 7 . 2 ) .  

( b )  S o l u b i l i t y  samples were c o l l e c t e d  a s  f o r  

( c )  Over 130 a d d i t i o n a l  a i r  sampling devices  were 
CLEAN SLATE No. 2 (F igure  7.2). 

spread over t he  a r r a y  (F igu res  7.1, 7.2,  and 7.3) and a number 
were loca ted  on the  CLEAN SLATE No. 1 a r r a y  (Figure 7 . 4 )  which lay  
t o  the  sou th  of t h e  CLEAN SLATE No. 3 a r r a y .  This extended the 
sampling a r r a y  by s e v e r a l  mi l e s .  

i n  t h e  f i r e b a l l  zone i n  the  same manner as f o r  CLEAN SLATE N O .  2 .  
( d )  Tower-mounted C a s e l l a  MK I1 impactors were operated 

( e )  
c o l l e c t o r s .  

( f )  The CLEAN SLATE No. 3 i g l o o  had a second, separa te  
and d u p l i c a t e  compartment ( s e e  Figure 2.8 i n  Chapter 2 )  for eva l -  
u a t i o n  of b l a s t  and a c c e l e r a t i v e  f o r c e s  communicated t o  i t  from 
the  used chamber. This  was a n o n - i n t e r f e r i n g  experiment with 
measurements ( p o s i t i o n s  and types i n  Figure 7.5) made by the  
Naval Ordnance Test S t a t i o n  of China Lake, C a l i f o r n i a .  BRL and 
Wiancko a i r  p re s su re  gauges p lus  Wiancko accelerometers  and e a r t h  

S ix t een  f a l l o u t  c o l l e c t o r  s t a t i o n s  had dup l i ca t e  
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pres su re  gauges were used .  
7 . 1 . 2  Balloon Arrays.  Due t o  c i rcumstances  desc r ibed  below, 

no  major ba l loon  c u r t a i n  was employed. 
Two s m a l l  ba l loons  c a r r y i n g  s t i c k y  c y l i n d e r s  and d i s c s  were 

p o s i t i o n e d  t o  o b t a i n  e a r l y  samples from the  d i r t  c loud  and f i r e -  
b a l l  (F igu re  7 . 6 ) .  

7.1.3 Preshot  Events .  CLEAN SLATE No. 3 was o r i g i n a l l y  
scheduled f o r  0100, 7 June ,  bu t  due t o  an unfavorable  weather  
f o r e c a s t  on 5 June ,  a 24-hour de l ay  was c a l l e d .  

was r a i s e d  by 0030, 8 June .  A t  0100, wind d i r e c t i o n s  were s u i t -  
a b l e  bu t  vee r ing  s t e a d i l y .  The movable a r r a y  was, t h e r e f o r e ,  
r e l o c a t e d  i n  the  wes tern  h a l f  of t he  f i x e d  a r r a y .  The winds 
veered o f f  t he  a r r a y  before  t h i s  move was completed.  S h o r t l y  
before  f i r s t  l i g h t  a hold was c a l l e d l w h i l e  c loud- t r ack ing  cameras 
were conver ted  f o r  d a y l i g h t  photography. This  was accomplished by 
0530,but  a t  t h i s  t ime , the  winds backed r a p i d l y  t o  such an e x t e n t  
t h a t  the  movable a r r a y  was aga in  wrongly p o s i t i o n e d .  With the  
temperature  s t a b i l i t y  r a p i d l y  d i s s i p a t i n g .  t h e  s h o t  was c a n c e l l e d  
a t  0600; a new H-hour of 0100, 9 June,  was s e t .  

The a r r a y  was ins t rumented  on 7 June and t h e  ba l loon  c u r t a i n  
) 

This a d d i t i o n a l  24-hour de l ay  gave s u f f i c i e n t  tinre f o r  t he  
r i g g i n g  i o r  a second ba l loon  c u r t a i n  t o  be completed; two ba l loons  
had been i n f l a t e d .  During the  a f te rnoon of 8 June,  f a u l t s  i n  the  
ba l loons .coupled  w i t h  l o c a l  t hunde r s toms ,caused  both  ba l loons  t o  
r i p .  

No f u r t h e r  ba l loons  were a v a i l a b l e  w i t h i n  a reasonable  time 
and t o  avoid a de lay  u 1  31 Ic.:ist twu vr m u r e  iveelis. i t  was decided t o  f i r e  
CLEAK SLATE N u .  3 as  scheduled i f  me teo ro log ica l  c o n d i t i o n s  were 
good. 

very s u i t a b l e  e a r l y  i n  the  evening,  bu t  H-hour was delayed i n  
o r d e r  t o  ensure  p e r s i s t e n c e  i n  these  c o n d i t i o n s .  A t  0330, 9 June 
lp53. CLEM SLATE N u .  3 was f i r e d  wi th  mean wind speeds w i t h i n  the  
cloud he iqh t  of approximately f i v e  kno t s .  The degree of wind 
shea r  vas  v a r i a b l e  but  amounted t o  some 45", t h e  m a j o r i t y  of which 
was i n  the  upper p a r t  of t he  c loud .  A s t r o n g  i n v e r s i o n  of  some 
5 . 5 "  C had formed t o  a he igh t  of y300 f e e t .  

7.1.11 Shot Phase.  Meteoro logica l  cond i t ions  appeared t o  be 

7 .1 .5  Pos tshot  Phase.  Alpha survey and s a m p l e  recovery were 

73 

CONFIDENTIAL 



completed under good weather  c o n d i t i o n s .  
The 6 0 - f o o t  tower i n  t h e  f i r e b a l l  zone w a s  des t royed ,bu t  

samplers  were recovered reasonably  i n t a c t  so  the  samplings w i l l  be 
ana lyzed .  The 3O-foot tower w a s  r e l a t i v e l y  undamaged. Five of 
t he  twelve incrementa l  f a l l o u t  samplers  f a i l e d  t o  ope ra t e  
c o r r e c t l y  t o  some degree .  With these  excep t ions ,  a l l  inst rumenta-  
t i o n  ope ra t ed  s a t i s f a c t d r i l y .  

7 .2  RESULTS 

7.2.1 Alpha Survey.  The t o t a l  a lpha  survey  was completed 
s a t i s f a c t o r i l y .  Depos i t ion  p a t t e r n s  i n f e r r e d  from the  survey a r e  
shown i n  F igures  7 .7  and 7.8.  More d e t a i l e d  r e s u l t s  a r e  t abu la t ed  
i n  Appendix F .  

7 . 2 . 2  Airborne Concen t r a t ions .  T o t a l  and r e s p i r a b l e  a i r -  
borne e o n c e n t r a t i o n s  were a s ses sed  a s  before  and a r e  shown i n  
F igures  7 . 9  and 7.10. 

7 . 2 . 3  Cloud Concent ra t ions  and Dimensions. Photographs of 
t he  cloud a t  H - r l 2 9  seconds appear  i n  Figure 7.11. In Figure 7.12.  
t h r e e  frames from high-speed movie coverage of  the  bunker a r e  
p re sen ted .  O f  course  no d i r e c t  de te rmina t ions  of the  cloud con- 
c e n t r a t i o n s  w i l l  be p o s s i b l e  due t o  the  absence of b a l l o m  
c u r t a i n s .  

7 .3  DISCUSSION 
The r e a d i n e s s  of r i g g i n g s  f o r  two f u l l  ba l loon  c u r t a i n s  f o r  

the  f i r s t  time i n  Opera t ion  R o l l e r  Coas te r  followed by a two- 
ba l loon  lo s s  was probably the  most severe  se tback  and d isappoin t -  
ment faced i n  the  e n t i r e  f i e l d  ope ra t ion .  A s  i n  CLEAN SLATE No. < 
t h e r e  must be heavy r e l i a n c e  upon the  e x c e l l e n t  ground l e v e l  
measurements coupled w i t h  c a r e f u l  computation from the  mathemati- 
c a l  c loud modeling techniques  (Appendix N ) .  The ex tens ion  of the 
a i r  sampling network onto  the  CLEAN SLATE No. 1 g r i d  and environs 
became more impor tan t  than  when conceived.  Quan t i f i ca t ion  o f  
m a t e r i a l  depos i t ed  f a r t h e r  downwind obviously he lps  the  plutoniun 
accountancy.  More impor tan t ,  i t s  c h a r a c t e r i z a t i o n  w i l l  permit 
more accu ra t e  i n f e r e n c e  of t h e  p a r t i c u l a t e  spectrum of the  source 
a e r o s o l ,  o f  which d i r e c t  measure was denied w i t h  the  lo:.. Of 
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Figure 7.1 CLEAN SLATE No. 3 array. showing placement 
of fixed array for air samplers. 
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Figure 7.2 CLEAN SLATE No. 3 ar ray ,  showing placeme 
of movable a r ray  for air samplers. 
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Figure 7.3 CLEAN SLATE No. 3 ground zero grid 
Bystem, showing placement of air samplers. 
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Figure 7.5 Placement of pressure and acceleration instrumentation 
in and around the receptor igloo on CLEAN SLATE No. 3.  
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Flgure 7.6 Instrumentation and placement of ground 
zero balloon array,  CLEAN SLATE No. 3. 

80 

CONFIDENTIAL 



l 
i 

CONFIDENT IA 1 



"E 
h 

i 3 
s 
.3 

82 

CONFIDENTIAL 
? 



83 

CONFIDENTIAL 



84 

CONFIDENTIAL 



E 

R 

Figure 7.11 Two views of CLEAN SLATE No. 3 cloud at time of. 
balloon curtain intercept. (Sandia Corporation photos) 
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H t 1 millisecond 

H + 11 milliseconds 

H + 47 milliseconds 

FIgure 7.12 High-speed CLEAN SLATE No. 3 sequence for 1,500 
feet north of ground zero. 
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CHAPTER 8 

GENERAL CONCLUSIONS AND PROSPECTUS 

8.1 INTERPRETIVE BASIS 
Conceptual ly ,  t he  R o l l e r  Coas te r  experiment comprised fou r  

p a r t s ,  a l l  t o  be c a r e f u l l y  intercompared - -  a one -un i t  open s h o t ,  
a m u l t i - u n i t  open s h o t ,  and two m u l t i - u n i t  s h o t s  i n  s t o r a g e  
s t r u c t u r e s .  D i f f e r e n t  env i rons ,  d i f f e r e n t  h igh  exp los ive  y i e l d s ,  
and d i f f e r e n t  degrees  of p h y s i c a l  confinement of  t he  explos ion  
compl ica te  the  in te rcompar ison .  I d e a l l y ,  each s e t  of r e s u l t s  i s  
t o  be expressed  i n  terms of t he  r a d i o l o g i c a l  hazard  t o  man. To 
s t a r t ,  t he  source plutonium (and uranium) must be accounted f o r  
and t h i s  i s  a d i f f i c u l t  t h i n g  t o  do even w i t h  measurements over 
t e n s  of square m i l e s  (DOUBLE TRACKS). Then, d e t a i l i n g  plutonium 
found i n t o  p a r t i c l e  s i z e  c l a s s e s  i s  necessa ry  s i n c e  the  r a d i o -  
l o g i c a l  hazard i n  t h i s  case  i s  almost s o l e l y  i n h a l a t i o n  i n c u r r e d .  
Des igna t ion  of r e s p i r a b l e  s i z e  o r  r e s p i r a b l e  s i z e  range i s  n o t  
a s su red ly  s imple;  p a r t i c l e  homogeneity, d e n s i t y ,  f r a n g i b i l i t y ,  
and shape can r e a l l y  i n f l u e n c e  r e s p i r a b i l i t y .  C l e a r l y ,  charac-  
t e r i z a t i o n  of p a r t i c l e s ,  e s p e c i a l l y  i n  these  p a r t i c u l a r s ,  i s  
e s s e n t i a l .  Chemical c l a s s i f i c a t i o n  i s  s i m i l a r l y  mandatory, 
p r i m a r i l y  wi th  r e s p e c t  t o  l i k e l y  s o l u b i l i t y  i n  body f l u i d s .  
F i n a l l y ,  animal uptake,  r e t e n t i o n  or  c l ea rance ,  mig ra t ion ,  and 
metabolism o r  simple e x c r e t i o n  a r e  c l i m a c t i c  f a c t o r s  i n  the  
r a d i o l o g i c a l  hazard from a e r o s o l i z e d  plutonium. 

It may well turn out that with quantification and physical and chemical characteri- 

zation of the plutonium-bearing particles, these biological factors and thereby the 

hazard can he satisfactorily estimated. Such estimates are even more acceptable if 

they have been verified by field exposure of animals to the carefully measured 

aerosol. To wit. Roller Coaster experimentation 
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inc luded  a s i z a b l e ,  t h r e e - s p e c i e s  animal  exposure program. 
From the  foregoing ,  i t  i s  c l e a r  t h a t  t he  copious d a t a  

ga the red  must be p r e c i s e l y  reduced and i n t e r r e l a t e d  be fo re  f i n a l  
conclus ions  may be a t tempted .  Recogni t ion and acceptance of 
t hese  conclus ions  must fo l low a process  of weighing and r e f i n i n g  
over  a pe r iod  of months of a c t i v e  e v a l u a t i o n  and c o n s i d e r a t i o n .  
Meanwhile, q u a l i t a t i v e ,  even s e m i - q u a n t i t a t i v e  obse rva t ions  a r e  
p o s s i b l e  a s  a r e  s ta tements  of t he  completeness and q u a l i t y  of 
d a t a  g a t h e r e d .  

8 . 2  PLUTONIUM ACCOUNTANCY 
Rather incomplete plutonium accountancy appears  e v i d e n t  

from f i r s t  i n t e g r a t i o n s  of ground l e v e l  measurements by a lpha  
survey .  Of course ,  a lpha  survey meters  g ive  r e s u l t s  of 
v a r i a b l e  q u a l i t y  a s  age of f a l l o u t ,  most abundant p a r t i c l e  s i z e  
present , .  and na tu re  of  s u r f a c e  monitored, va ry .  Areas enc losed  
by 1, 10, 100 g m  d e p o s i t i o n  i s o p l e t h s  drawn from the  a lpha  
survey d a t a  a r e  given i n  Table 8.1;  the  same t a b l e  l i s t s  an 
e s t i m a t e  of the  plutonium thereby  accounted f o r .  This  assessolent 
has had two f a c t o r s  of  two a p p l i e d .  The f i r s t  two tries to oom- 

pensa te  f o r  g r e a t e r  i n t e n s i t y  everywhere w i t h i n  the  contour  than 
on i t .  The second i s  an average c o r r e c t i o n  found necessa ry  when 
some au to rad iog raph ic  and a lpha  survey ins t rument  r ead ings  of the  
same s u r f a c e s  were compared a c r o s s  a DOUBLE TRACKS a r c  
(Appendix M ) .  The o v e r a l l  m u l t i p l i e r  of four  has  much of surmise 
i n  i t  s o  one must t ake  t h e  answers a s  i n s t r u c t i v e ,  i n d i c a t i v e  of 
o rde r  of  magnitude only .  GZ a r e a  e n t r i e s  a r e  unenlarged quan t i -  
t i e s  s i n c e  they were i n f e r r e d  p r i n c i p a l l y  from g a m a  survey 
measurements of bo th  plutonium and americium. 

.m' 

More comprehensive accountancy w i l l  grow from autoradiog-  
raphy of p l anche t s  and rad iochemica l  a n a l y s i s  of s t i c k y  papers  
bo th  from P r o j e c t  2 . 3 .  The promise, from b e s t  ground measure- 
ments, of account ing f o r  a much h ighe r  percentage  of the  
r e l e a s e d  amount than Table 8.1 shows i s  be l i eved  t o  be sma l l .  
On DOUBLE TRACKS and CLEAN SLATE No. 1, t h e r e  i s  e x c e l l e n t  chance 
of n e a r l y  complete accountancy. E x t r a p o l a t i n g  from the  po r t ion  
caught  by the  c u r t a i n  on CLEAN SLATE No. 2 should,  w i t h  the  good, 
photography of t he  v i s i b l e  c loud ,  produce a c r e d i b l e  account ing 
too .  The v a r i a t i o n  i n  p a r t i c u l a t e  spectrum w i t h  downwind 
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d i s t a n c e  from GZ (on a l l  s h o t s )  should imply the  n a t u r e  of t he  
source  spectrum and i n  s o  doing al low deduct ion of o r i g i n a l  source 
s t r e n g t h  and the  aerodynamic c h a r a c t e r  of p a r t i c l e s  f l y i n g  beyond 
instrumented a r e a s .  On CLEAN SIATE No. 3,  t h i s  w i l l  be the  major 
accountancy determinant  s i n c e  no ba l loon  d a t a  were obta ined .  

8 . 3  PARTICULATE SPECTRA 
A i r  sampling, r e a l l y  e x t r a c t i o n  of p a r t i c u l a t e  matter from 

a i r ,  n e a r  t h e  ground and on the  ba l loon  c u r t a i n ( s )  was done i n  
most cases  wi th  cascade impactors .  Thus, most samples o r  
p a r t i c u l a t e  e x t r a c t i o n s  a r e  d i r e c t l y  i n d i c a t i v e  of mass o r  a lpha  
a c t i v i t y  d i v i s i o n s  among s e v e r a l  ( f i v e  o r  s i x )  s i z e  f r a c t i o n s .  
Unfor tuna te ly ,  t h e  information r epor t ed  from f i e l d  count ing has 

variable quality. Large p a r t i c l e  a c t i v i t i e s  ( f i r s t  and second 
sampler s t a g e s )  a r e  underest imated because of s e l f  s h i e l d i n g .  
Smaller  pa r t i c l e s  a r e  i m p l i c i t l y  more a c c u r a t e l y  counted but  a l l  
bu t  t he  l a s t  cascade impactor s t a g e s  were coated t o  g e t  h igh  
p a r t i c l e  s t i c k i n g  c o e f f i c i e n t s ;  v a r i a b l e  masking and s i g n i f i c a n t  
masking i s  probable .  F i n a l ,  o r  m i l l i p o r e  f i l t e r ,  s t a g e s  g ive  
the  most l i k e l y  r e s u l t s  from simple count ing .  With these  
p rov i sos ,  the  a i r  sampling r e s u l t s  may be s t u d i e d  f o r  f i r s t  i n d i -  
c a t i o n s .  Obviously, t h e  p i c t u r e  poss ib l e  must be considered very 

incomplete. 

Ul t imate ly ,  however, t h e  accura te  assay  of these  samples ( f o r  
plutonium con ten t  per  s t age  and f o r  t he  ( P r o j e c t s  2 . 6 a , b , c )  
c h a r a c t e r  of i n d i v i d u a l  p a r t i c l e s  o r  subgroups of t h e  p a r t i c l e s )  
probably w i l l  be the  most important  s i n g l e  element i n  quan t i fy ing  
the  r a d i o l o g i c a l  hazard t o  man. 

8.4 BIOPHYSICAL FACTORS 
F i e l d  p o s i t i o n s  of the  t h r e e  spec ie s  of animals were i n t e r -  

meshed dur ing  exposure and countable  a i r  sample c o l l e c t i o n s  were 
found throughout t he  a r r a y .  The inadequacies  of s t r a i g h t  count ing  
of impactor s t a g e s  a re  e x a c t l y  those j u s t  mentioned, even more 
extreme perhaps because r e s p i r a b i l i t y  i s  the added f a c t o r  of 
immediate importance.  Respi rab le  or sma l l e r  p a r t i c l e s  occur i n  
l a rge  concen t r a t ion  nea r  t he  ground only nea r  GZ and a r e  con- 
t r i b u t e d  almost t o t a l l y  from the  cloud s t e m  which has  the  sma l l e s t  
l a t e r a l  e x t e n t .  Thus, the  cross-wind g r a d i e n t  i s  extremely 

89 

CONFIDENTIAL 



sha rp ,  much narrower and s h a r p e r  t han  the a c t i v i t y  depos i t ed  on 

the  ground. Hopeful ly ,  enough animals of a l l  t h r e e  s p e c i e s  
inha led  and r e t a i n e d  enough plutonium t o  permit  unequivocal  
i n i t i a l  uptake d a t a  and meaningful metabolism information,  both 
e a r l y  and long term (sheep  o n l y ) .  
rad iochemis t ry  can s u b s t a n t i a t e  t h e  r ea l  degree of success  i n  t h i s  
experiment .  

8 .5  HAZARD EVALUATION 
P a t e n t l y ,  t he  r a d i o l o g i c a l  hazard t o  man from the  s e v e r a l  kinds 
of non-nuclear weapon acc iden t s  t y p i f i e d  by the  fou r  R o l l e r  
Coas te r  even t s  was t h e  p r i n c i p a l  prompting of t he  Opera t ion .  
F i r s t ,  and s imples t  ( though n o t  s imple)  i s  t h e  DOUBLE TRACK 
s i t u a t i o n .  One can reckon the  hazard from the  phys ica l  and 
chemical d a t a  above v i a  procedures  normally employed i n  r e s t r i c t -  
i ng  i n h a l a t i o n  of a lpha  e m i t t e r s  i n  i n d u s t r y .  The b iophys ica l  o r  
biomedical experiments should provide a s epa ra t e  answer for 
e x t r a p o l a t i o n  t o  man. I d e a l l y ,  these  two means t o  t h e  same answer 
can be r e c o n c i l e d .  This done, d a t a  from the  o t h e r  s h o t s  w i l l  be 
more d e f e n s i b l y  t r a n s l a t e d  i n t o  r a d i o l o g i c a l  hazard terms, a l s o .  
The a d d i t i o n  of animals t o  CLEAN SLATE No. 2 w i l l  provide an 
a d d i t i o n a l  and key po in t  of c o r r e l a t i o n .  Again, measurable but  
l o w  counts  were r e g i s t e r e d  by a i r  samples on the  animal t r a i l e r s .  
The true measure (radiochemical) will be higher and can be much higher than these 

values. 

The phys ica l  measurements of f a l l o u t  dnd a i r  concen t rd t ion  (g ross  
and s i z e - s e p a r a t e d )  seem t o  have been c o n s i s t e n t l y  good. Although 
the  ba l lon  c u r t a i n  was h i t  s o l i d l y ,  bu t  two i n  th ree  t imes ,  the 
in s t rumen ta l  ground a r e a  w a s  n o t  missed l a t e r a l l y  on any s h o t .  
Admittedly,  on CLEAN SLATE No. 2 t h e  c l o s e - i n  p a t t e r n  ( i n s i d e  
8000 f t . )  a t  t he  1bg/m2 l e v e l  a s  deduced from a lpha  survey ap- 
peared t o  exceed t h e  90' s e c t o r  of t h e  a r r a y .  Even so ,  t h e  
measurements encompassed n e a r l y  t h e  e n t i r e  a r e a  p o s s i b l e .  

Thus, a very h igh  degree of  success  can be claimed f o r  t h e  o v e r a l l  
l i s t  of  experiments  a t tempted.  A s  important  as t h e  d i r e c t  under- 
s t and ing  of cond i t ions  which obta ined  f o r  each of t h e  s h o t s  f i r e d ,  
i s  t h e  u l t i m a t e  induct ion  from exper imenta l  r e s u l t s  t o  more gene ra l  
terms of  d e s c r i p t i o n .  I t  w a s  w i t h  t h i s  i n  mind t h a t  immense c a r e  

Only the  p r e c i s e  answers of  

' l f l ~ f l l l ~ l  
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was taken  i n  making e x t e n s i v e  micro me teo ro log ica l  measurements. 
E x i s t i n g  US and UK c loud  models have been e x e r c i s e d  a l r e a d y  on the  
measured meteorology of each s h o t .  The r e s u l t i n g  ground- and a i r -  
c o n c e n t r a t i o n s  c a l c u l a t e d  (Appendix N - Volume 3 ) compare 
favorably  w i t h  t h e i r  p re l imina ry  c o u n t e r p a r t s  from survey  meter  
d a t a  and f i e l d  counted a i r  samples.  S i m i l a r  comparisons w i l l  be 
made w i t h  more accu ra t e  d a t a  and w i t h  b e t t e r  in format ion  fed  i n t o  
t h e  cloud models on a c t u a l  p a r t i c l e  s i z e  and i t s  r e l a t i o n  t o  
a c t i v i t y .  

Improvements i n  t he  a b i l i t y  t o  f o r e c a s t  f a l l o u t  and r e s p i r a b l e  
plutonium f o r  any r easonab le  weather  s i t u a t i o n  

Furthermore,  t he  i n f l u e n c e  of s t o r a g e  s t r u c t u r e s  of t he  type 
t e s t e d  w i l l  be b e l i e v a b l y  s s e s s i b l e  f o r  t he  f i r s t  t ime.  More 
g e n e r a l  a p p r e c i a t i o n  of hazard mod i f i ca t ion ,  by s t o r a g e  s t r u c t u r e s  
of -more a r b i t r a r y  c h a r a c t e r ,  16 anticipated. 

seem assu red .  
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TABLE 8 .1  INTEGRATIONS OF ALPHA AND GAMMA SURVEY OF GROUND 
DEPOSITION OF PLUMNIUM 

Deposit ion A r e  a In fe r r ed  
Con tour  Enclosed P l u  t o n i d  

Shot ( M 2 )  Contained (PmZ 
DOUBLE TRACKS GZ Area S t e e l  P l a t e  21 

1 3 . 9  107 156 
10 7.1 105 B 

100 2.3 103 1 
ZO6 Tota l  

CLEAN SLATE NO. 1 GZ Area --- - - -  
1 8 . 0  x 106 32 

10 7.b 105 30 
100 7.3 103 L 

CLEAN SLATE NO. 2 GZ Area 2.9 103 39 

100 2.5 105 100 

1 4.8 x lo6 20 

65 Tota l  

38 
96 

6 
2 . 4  x 10 6 

. 1  9.4 x 10 
10 

275 To ta l  

CLEAN SLATE NO. 3 G Z  Area 1 . 2  1 0 ~  46 

80 
100 1.4 105 56 

6 10 2.0 x 10 

202 Tota l  

* i . e . ,  four  times the in t eg ra t ed  value from alpha survey contours .  
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