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ABSTRACT 

Many technical reports  have been published t h a t  contain data  
describing local  f a l l o u t  from nuclear weapon tes ta .  Data on f a l l o u t  
from diss imilar  types of weapons detonated under d i f f e r e n t  conditions 
usually are  not d i r e c t l y  comparable. and thus f a r  only l imited attempts 
have been made t o  sumnariee these data  so as  t o  characterize local  
fa l lou t .  Correlating a given body of data  w u l d  require t h a t  i t  be 
converted t o  a standard form, the s ign i f icant  parameters be computed, and 
these be compared according t o  some theory o r  empirical formula. A 
prerequis i te  would be the compilation of the data  and authori ta t ive 
commentary. For t h i s  purpose, a study vas made t h a t  resul ted i n  f i v e  
volumes of such da ta ,  published a s  a s e r i e s  under the general t i t l e  
Local Fallout frw Nuclear Detonations. - 

The study vas intended t o  c r i t i c a l l y  re lec t  and compile, from 
published reports ,  data on a l l  charac te r i s t ics  of local  fa l lou t  from 
nuclear weapon t e a t s  held through 1958. 
cluded a l l  per t inent  da ta  from t e a t s  concluded pr ior  t o  the f i r s t  
moratorium on above-ground test detonations. Rowever, the Dominic 
Test Ser ies  of 1962 extended the time span t o  be covered; thus,  the 
f i r a t  four volumes contain t h e  data  f o r  t e s t s  through 1958. 
volume of the Series includes material  published on weapon t e s t a  
conducted through 1962. 

These reports  would have in- 

The l a s t  

The f i r s t  wlume i n  the s e r i e s ,  Indexed Bibliography of United 
States and Bri t ish Documents Character is t ics  of Local Fal lout ,  vas 
published i n  1961. 
from which relevant information was t o  be selected,  while the select ion 
and compilation of data  progressed. 
to the references by f a l l o u t  charac te r i s t ics ,  an index t o  the references 
ky authors' names, and a l i s t  of the references. 

-- 
It made available a ready reference t o e p o r t s  

m e  volume cons is t s  of an index 

The second volume, Compilation of Fallout Pat terns  and Related 
Test Data (9, vas published i n  aeveral par t s  i n  1963-66. 
information on f a l l o u t  pat terns ,  on wind and cloud data 
pertinent t o  shot conditions, such a s  y ie ld ,  burst  h e i g i t  and placement. 

It contains 
and on a l l  t h a t  1s 

The th i rd  volume, Annotated Compendium of Data on Phyaical 
Chemical Properties of Fallout (9, was published i n  1966. 
the more s igni f icant  of the data  published t h a t  per ta ins  to the physical 

It contains -- 
and chemicai nature of local  f a l l o u t  par t ic les .  Included are general 
Statements made by the or ig ina l  invest igators  on the physical and chemical 
nature of the p a r t i c l e s ,  as  vel1 as  spec i f ic  observations produced by 
detailed experimental analyses. Also included wherever possible are data  

ill 
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descr ipt ive of the s a p l e s  analyzed, together with relevant information 
on col lect ion equipment,location of col lect ion,  processing involved. 
and purpose of the analyses. 

This, the fourth,volume is a compendium of data  on radiat ion and 
radiochemical charac te r i s t ics  of local  fallout. It is publiahed i n  
twu parts .  Part  1 presents data on radioact ivi ty  investigated as  a 
function of mass, p a r t i c l e  s ize ,  and time. Accordingly, Part  1 is 
organized i n t o  three main data sections: Specific Activity, Activity- 
Size Distribution. and Decay. zhis par t ,  Part  2, presents data  r e l a t i n g  
a c t i v i t y  measurements w i t h  radiochemical content (sections on Radionuclide 
Composition and Induced Activity) and energy (section on GaDrma Spectra). 

Again, as i n  the t h i r d  volume, included besides the primary data i s  
background information on the location and types of col lect ion equipment 
used, the instrumental or radiochemical proceeslng involved. and the 
purposes of the analyses. 

The f i f t h  volume, Transport &Dis t r ibu t ion  of Local (Early) 
Fallout From Nuclear Weapon Tests (9, was published i n  1965. It 
p r e s e n t s  and evoluates information re la t ing  t o  nuclear detonations 
through 1 9 6 2 ,  tha t  concerns the formation of the p a r t i c l e  cloud, p a r t i c l e  
f a l l  behavior, f a l l o u t  dynamics. and f a l l o u t  pa t te rn  features .  

i v  
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Tnfomaticn I n  t h i s  report  is c la s s i f i ed  a s  follows: 
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than 1 megaton, Secret-Formerly Restricted Data when equal t o  or  grea te r  
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SECTION I INTRODUCTION 

THE S E R I E S  

The study of fallout began with the first nuclear detonation but, 
in the early years, the magnitude of the explosion effects overshadowed 
the significance of the radiation effects. 
exposed to radioactive fallout and when fallout generation was examined 
as a military tactic, the phenomena of fallout - its mechanics and 
effects - were investigated more thoroughly and more comprehensively. 

When humans were accidentally 

As nuclear detonations and tests became -re sophieticated and 
highly instrumented, more and more data on fallout was reported, Bow- 
ever, such information was not always available to investigators not in- 
volved in a test: the participating projects published their detailed 
findings in separate reports or the information was sunrmarized in final 
reports, and the reports were classified. Often pertinent details of 
the collection of samples were neglected or overlooked when such in- 
formation would have helped explain discrepancies in the data that 
became apparent when the samples were analyzed. 

Fallout was produced and information was collected at an increasing 
pace during the thirteen years from the first nuclear detonation to 
1958, the date of the first moratorium. 
1962 and until the second moratorium became effective, data on all 
phases of fallout production, transport, and characteristici were  
reported, most frequently in classified documents. 

Again, during the testing in 

Many of the projects of these field tests were conducted independ- 
ently, with each project doing its own planning to achieve its objec- 
tives. Consequently, the vast quantity of data from all these independ- 
ent experiments has not been examined collectively and has been corre- 
lated very little. This probably resulted from the physical scattering 
of the data and the lack of a complete literature search. 

Such a search was made of the reports from these tests, and (1 com- 
pendium of data was prepared as a series of volumes under the general 
title Local Fallout - from Nuclear Test - Detonations. 
were selected as sources of i n f o n n a t i o n i a x e s s e n t i a l  to studies 

Over 200 documents - 
for the definition of the physical and chemical parameters of the local 
fallout produced by nuclear detonations. These documents are listed 
in the indexed bibliography that constitutes Volume I of the Series. 
This compendium is being issued to bring together in one set of documents 
the significant data on fallout that w u l d  be useful for the understanding 
of the formation of radioactive debris, the physical parameters of the 
fallout material itself, and the long-range residual effects and hazards 
associated with the dispersed radioactivity. I 

f 1 
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%is is Part  2 of the fourth of the five volumes t h a t  c o q r i s e  the 
Series. 

'Ihe other par t s  of the Series  are: 

I Valume I. F. K. Kawahara, Ii. lee. Indexed Mbliographr of 
the United S ta tes  and Bri t ish Documents on Ch.ractcr is t ics  
Local pal lo^.^. S. Naval Radioloncal  Defense U b o r a t o r ~ .  
-- 

I 
- .  

~ 1 2 5 1 , v o l : f  (USGL-469), 27 June"1961 (Canf ident ia l )  . 
Volume XI. U. lbrgenthau, E. B. b i e r a n ,  R. L. Showers, 

J. L. l b r s e .  Compilation of Fal lout  Pat terns  e Related Test - Dsta (E). U. S. Amy h C i &  Defense-tory. DAM-1251, 
Vol. 11. Parts  1 and 2 (RDL-TR-34, p a r t s  1 and 2). August 1963 
(Secret-Restricted Data). 

U. lbrgenthnu, R. 1. Showers. Su lement 
Foreign Nuclear T- (U). 0. S. Amy Wuclear Defense - La ra tory,  
USA-1251, V o l .  XI, Sup&ment (UDL-TR-34, Supplement). October 
1964 (Secret-Restricted Datn). 

R. L. Showera. N. J. Oorbcck, A. C. O l r C i A .  -- Part 3. 
Laboratory. DAM-1251, Vol. 11, Part  3 (NDL-TR-34, Part  3),  mrch 
1966 (Secret-Restricted Data). 

Nougat Through Riblick (9. I). s. Amy Huclear Defense 

Volume 111. F. K. Kawahara. J. D. O'Cormor, 8.  l ee .  H. A. 
Cannors. Annotated endium of Data on p i c a 1  and7Chemicsl 

- - r r rory ,  MSA-1251, Vol. I11 @SmL-497). 16 November 1966 
(Secret-Restricted Data). 

R o p e r t i e s  of PaJ lm? %Fer.- . * ___-__ _- 

I Volume IV.  J. D. O'Conaor. C. R. mocker. Annotated 
endium of Data on Radiochemical and Radiation Character is t ics  

K s i m  - .c , V a l .  IV.  Part  1 (RRDL-68-2). 11 September 1968 
(Secret-Restricted Data). I Volume V. P. D. LaRiviere, S. L. Brow, J. D. Sar tor ,  
C. F. Kil le r .  Transport: and Distribution OL Local (e) Fallout 
From Nuclear Weapons l k s t q U ) .  Stanford R e s e x  I n s t i t u t e ,  - 
DASA-f251.01. V (ND-65: SRI-4-3338), M y  1965 
(Secret-Restricted Data). 
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THIS VOLUElE 

Volume IV is a two-part compilation of critically #elected data 
from radioactivity measurements of fallout samples produced by large- 
scale tests of nuclear weapons by the United States. As with the 
other volumes of the Series, attention has been restricted to local or 
close-in fallout. 

Zhe nature of the data dealt with in this volume (measurements of 
radioactivity) required the frequent exercise of critical judgment on 
the part of the compilers in deciding what portions of a fairly large 
body of published activity measurements on fallout were worthy of 
inclusion. It seems appropriate here to review briefly some of the 
problems involved in measuring fallout radioactivities, the circum- 
stances under which the data were acquired, the techniques employed in 
making the measurements, the methods followed in reducing and reporting 

data for inclusion in the volume. 
I data, and the general criteria adopted by the compilers for .electing 

SCOPE OF DATA 

The data in this volume consist, in the main, of measurements of 
ionizing-radiation properties in terms of physical or chemical charac- 
teristics - the activity-size distribution, the radionuclide content, 
or the energy spectra, for example - of a fallout sample. These 
determinations are possible only because of the radioactivity inherent 
in the true "fallout" part of the sample, as distinguished from the 
inert debris also disturbed by the event. 
the hazard also permits definition of the problem and its extent. 

The radioactivity that poses 

m e r e  is less descriptive text from the source documents in this 
volume, in comparison with Volume 111, since much of the data is in 
tabular form (count rate or disintegration rate per unit of time) or as 
decay curves (decrease in count rate as a function of time) and energJ- 
spectrum diagrams. 
presented where useful. 
limited to that needed to clarify the sampling or analytical techniques 
or to amplify the resulting data. 

CONSIDERATIONS IN SELECTION OF DATA 

Explanatory text from the source documents I s  
Chmentary by the authors of thfs volume is 

Radioactivity measurements are intended to assay the rate at which 
radiation is emitted by unstable nuclides as they decay to more stable 
states. In the case of fallout, measurements are usually restricted to 
beta and gamma radiation. 
radiation) is always detectable in fallout but is of slight importance, 
since the penetrating power of alpha rays is low and the levels of alpha 

The third kind of nuclear radiation (alpha 
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aCtiviCy i n  f a l l o u t  from devices of appreciable y ie ld  a re  invariably 
ins igni f icant .  
themselves. v i t h  t h e  exception of two nuclides of exceedingly long 
ha l f - l i ves  do not emit alpha rad ia t ion  a t  a l l .  
f a l l o u t  i s  due primarily t o  the presence of unfissioned uranium and/or 
plutonium isotopes,  or t o  isotoper produced by neutron ac t iva t ion  of 
t h i s  mater ia l .  

As a matter of f a c t ,  the products of f i s s i o n  events 

me alpha a c t i v i t y  i n  

Essent ia l ly  a11 f i s s i o n  products c m i t  beta rad ia t ion  a t  the r a t e  
of one beta p a r t i c l e  per dis integrat ion.* 
hand, is not emitted a t  a l l  by many f i s s i o n  products and the number of 
photons per d i s in tegra t ion  from the gmmo-crit ters va r i e s  widely. For 
instance,  85gKr emit6 only about 0.01 g- photons per d i s in tegra t ion ,  
while 83gSe emits an average of roughly 4.2 photons (of many d i f f e r e n t  
energies) per d i s in tegra t ion .  A large proportion of gamM and beta 
a c t i v i t y  measurements a re  made v i t h  "counting" instruments which record 
individual d i s in tegra t ion  events,  i .e . ,  beta p a r t i c l e s  or g- photons 
reaching the detector .  
a pure radioactive substance fo r  wbich the photon or p a r t i c l e  abundance6 
per d i s in tegra t ion  were known, the counting r a t e  would be an absolute 
measure of the a c t i v i t y .  I f  a mixture of radioact ive substances were 
present ,  it w u l d  be necessary t o  measure the t o t a l  a c t i v i t y  repeatedly 
over an appropriate time in t e rva l  and then t o  rasolve the decay curve 
i n t o  Its proper a c t i v i t y  components. This l a t t e r  procedure would be 
ntccessful only i f  a l l  the ha l f - l i ves  of tbe substances prement rcre 
s u f f i c i e n t l y  d i f f e ren t .  

I n  prac t ice ,  the determination of absolute counting rates requires  

Gama rad ia t ion ,  on the other  

I f  i t  were possible t o  count a l l  the  events i n  

r a the r  e laborate  and painstaking procedures, even fo r  pure substances. 
Many correct ions must be carefu l ly  accounted for: the geqmetry of thq 

_-__, -..- --..e)-" ". L.. S y...d, L C v m  smlpre 
t o  detector ,  the thickness of the sample. the energy response character-  
istics of the  detector ,  the  resolving t i m e  of t he  counting c i r c u i t r y ,  
and such e f f e c t s  a s  backscattering by the sample mounting material and 
bremsstrahlung i n  the detector .  
u t e r i a l  present,  f a l l o u t  samples, generally speaking. a r e  poorly sui ted 
for accurate beta-counting and only s l i g h t l y  better sui ted f o r  g-- 
counting. In addi t ion,  the rad ioac t iv i ty  of f a l l o u t  ssraples is 
produced by s complex mixture of radioact ive substances (the f i s s ion  
products). many of which may have closely s imilar  ha l f - l i ves .  
r e l a t i v e  proportions of these substances may vary widely from sample t o  
sample. on account of f rac t iona t ion  phenomena which accompany the 
process of f a l l o u t  formation. Thus, there  is no pos r ib i l i t y .  i n  general, 
of resolving a f a l l o u t  decay curve in to  i t s  individual a c t i v i t y  canponents, 
even i f  abrolute  counting data  were obtainable.  

_-_._ I _  - . - "  

Because of the mass of absorbing i n e r t  

The 

t a r t ab le  to t e  of f i  si n-product radionuclides decas p the * % x s t a t i  wit$u2 &ta amfasfon. I f  thee states a re  reg r Id  as 
m s t i n c t  ra ionuc i ea, the statement above goes not hold exact y .  
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I f  absolute beta counting data could be obtained, it would be 
unnecessary to  r e f e r  the measurements t o  other standard measured 
counting r a t e s  or theoret ical  calculat ions.  Since geometry and 
absorption fac tors  f o r  f a l l o u t  samplea usually cannot be controlled 
closely enough t o  obtain absolute beta counting r a t e s ,  a reference 
standard i s  required to  lend significance t o  the data.  One of the 
procedures which has been used is t o  ca l ibra te  the counter with samples 
of known amounts of a standard a c t i v i t y ,  such a s  RaE, i n  a well-defined 
and reproducible geometry. The counting r a t e s  for  f a l l o u t  samples are  
then expressed i n  terms of "equivalent" amounts of the standard a c t i v i t y .  
This method is f a r  from sat isfactory since,  because of differences i n  
energy and source mass and geometry, the "equivalence" of the sample t o  
the standard is largely an i l l u s i o n .  

The reduction of gama counting data on f a l l o u t  samples t o  absolute 
terms is even more d i f f i c u l t  than the reduction of beta counting data ,  
because of the wide var ia t ion  (mentioned e a r l i e r )  in the number of gmmas 
photons emitted i n  the d is in tegra t ion  of d i f f e r e n t  f i s s i o n  product radio-  
nuclides. For this reason, ganaLa counting data are  almost always r e -  
garded simply a s  r e l a t i v e  measurements of a c t i v i t y .  

It is apparent t h a t  beta- and garma-counting data or garrma 
ionization chamber data for  f a l l o u t ,  even under favorable circumstances, 
must be interpreted w i t h  considerable care.  
counting r a t e s  are  d i r e c t l y  equivalent t o  dis integrat ion r a t e s ,  uh i le  
absolute gama counting r a t e s  are  only roughly proportional t o  d i s i n t e -  
gration ra tes .  From t h i s  point of view, beta counting might seem 
preferable for  f a l l o u t  s tudies ,  afnce absolute beta count r a t e s  determined 
by di f fe ren t  invest igators  on d i f f e r e n t  samples (even from d i f f e r e n t  
events) should be d i r e c t l y  comparable, while g- count r a t e s  from 
di f fe ren t  invest igat ions can be compared only i f  they a re  referred t o  
comparable standards. on the other hand, the uncertaint ies  tha t  attend 
b e t a  counting of f a l l o u t  ramples preclude the possfb i l i ty  of obtaining 
r e l i a b l e  absolute count r a t e s  on most f a l l o u t  samples, so t h a t  reference 
t o  a standard i s  always desirable  and usually necessary. 
the external beta-radiation hazard t o  personnel from f a l l o u t  is negligible,  
compared with the external gama exposure, so that ganaM masurements a re  
of more operational significance.  However, the Office of Civil Defense 
has become concerned w i t h  the e f f e c t s  of beta radiat ion and s o f t  photons 
on plant  and insec t  l i f e .  

In  general, absolute bets 

Furthermore, 

It should be mentioned tha t  any observation of a quant i ta t ive 
nature of the in tens i ty  of radiat ion is i n  a sense a radioact ivi ty  
measurement. Thus, various k i n d s  of field-meter readings, dosimeter 
readings, film-darkening measurements, e t c . ,  might, under the appropri- 
a t e  circumstances, be regarded a s  rad ioac t iv i ty  measurements. Ihe 
weapon-test l i t e r a t u r e  contains repor t s  of pang such observations, but 
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they have not been included in t h i s  c o q l l a t i o n  since they canme be 
in te rpre ted  except i n  the spec ia l i red  context i n  uhich they were reported. 

measurement were concerned. During the ea r ly  p a r t  bf the period most 
r ad ia t ion  measurements on f a l l o u t  were nude with metering devicer. e i ther  
of the Geiger-Mueller counting type or the ionizat ion current  type. 
These devices were subsequently replaced by proportional counters and 
b-pi ion i r a t ion  chambers. and the  s ignif icance of acme of the  rad ia t ion  
measureatbents reported by inves t iga tors  improved. 
the  period, sodium fodide (NaI) r c i n t i l l a t i o n  detectors  came in to  
general use fo r  Baama counting. 
pulse-height analysis  instrumentation u n t i l  a f t e r  Operation P.rdtsck. 

In the 1a.t years of 

l?o important use was rade of game 

1t.h worth remembering tha t  much of the da ta  were obtained under 
d i f f i c u l t  and t rying conditions. personnel and equipment o f t en  had t o  
be transported long dis tances  i n t o  l o c a l i t i e s  with poor f a c i l i t i e s  f o r  
l i v ing  and working end with clfiutes unfavorable to  men and i n s t n n ~ e n t ~ .  
2be labora tor ies  involved i n  f a l lou t  s tud ies  during the period 11.0 con- 
tended with chronic shortages of equipment and qua l i f ied  personnel. 
would be un rea l i s t i c  to  suppose that these f a c t o r s  did not a t  times 
nf fec t  the qua l i ty  of the measurements t ha t  were w d e  and reported. 

PRESENTATION OF DATA 

It 

'Ihe da t a  presented are in the form of d i sc re t e  extracts taken from 
the var ious source documents: 
t ab les ,  and i l l u s t r a t i o n s .  The e x t r a c t s  a r e  verbatim copies except 
where fragmentary correct ive o r  explanatory information is inser ted ,  
within square brackets. 
on which the o r ig ina l  data appears. With most ex t r ac t s ,  the shot t o  
which the data r e f e r s  i s  ident i f ied  within brackets near the  beginning 
of the ex t rac t .  Zhe extracted data ,  and the c-ntary by the present 
authors. a r e  presented in the Compendium of Data, Section 11. 

passages of t e x t ,  whole o r  port ions of 

A boxed entry i d e n t i f i e s  the  document and page 

f i e  ex t r ac t s  and re la ted  c-ntarles are organired ,accord.in.Q. ..tq a.. 
U C ~ C T L  ~8 .= .~ . . . .  ~ .,. 

~~ ~ ~~ gcheqe .of , . ~ l ~ a n e , j  fir.+c+~- -c.~,*c- 
ayec-rrzc anta  is c la s s i f i ed  under de ta i led  categories  as follows: 

. * ~  ' -' 
~ ~- _ _ _  _ _ _ _ _  - . . ~ ~ . . . .  

1. Firs t ,  according t o  the indicated cha rac t e r i s t i c ;  ac tua l ly ,  a l l  
of the  da ta  can be considered rad ioac t iv i ty  investigated as a 
funceion of :  

a c t i v i t y )  
(activity-sire d i s t r ibu t ion )  

The da ta  used fo r  t h i s  coopilation w r e  acquired durlng the veapons 
testing period from i ts  beginning through Operation nardtack ia 1958. 
should be recal led that most o f  this period also reprermted  a develop- 
mental phase insofar  as instrumentation and techniques fo r  radiat ion-  

It 

! t 

*Part 1 is comprised of items a. b, and c. Part  2 is colprised of d and e. 
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d. radiochemical content (radionuclide composition and 
induced a c t i v i t y )  

e .  energy spectra) 

2 .  Second, the data under each of the above charac te r i s t ics  are  
c l a s s i f i e d  fur ther  according t o  location of burst  i n  the 
environment: a i r  o r  balloon (a11 devices detonated well 
above the e a r t h ' s  surface - dropped from a i r - c r a f t ,  shot from 
guns, lof ted by rockets,  or suspended by balloon); tower; 
ground surface (on or close to  the land surface); underground; 
water surface (on or close to  the vater surface, usually on 
barges); underwater. 

Last, the data f i t t i n g  any combination of a f i r s t  and second 
category i s  aubdivided according t o  the nuclear weapon t e a t  
operation t h a t  produced the data ,  i n  t h i s  chronological order: 

3 .  

Trin i ty  
Crossroads 
Sandstone 
Ranger 
Greenhouse 
Buster-Jangle 
Tumbler-Snapper 
IVY 
Upshot-Knothole 
Castle 
Wigwam 
Teapot 
Redwing 
Plumbbob 
Bardtack I 
Hardtack I1 

Besides t h i s  c l a s s i f i c a t i o n  by individual operation, broader cnte-  
gories r e f e r  t o  mre than one operation. As indicated i n  Volume I, some 
of the source documents generalize, summarize, or compare datn according 
to q u a l i t i e s  conmvn t o  several operations: t e s t s  over a span of yenra, 
height of detonation, detonation enviroment.  These categoriea a re  
placed i n  the sequence of operation names according t o  the nearest  point 
i n  time. 
t ions involved, data  could not be included under those operation names. 

The data  i s  organized f o r  presentation i n  u n i t  sect ions i n  the 

Where the document does not a l so  mention the spec i f ic  opera- 

Compendium of Data, Section 11. 
t o  one combination of the three categories.  
is indicated by the running heads a t  the top of each page. 
head i s  a combination of three terms representing the three categories.  

Each u n i t  sect ion contains data relevant 
f i l s  organization of data  

Each running 
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Par t icu lar  information can be found under one or another of the 
various canbinations of category terns. For ezample: radiolmclide 
cooposition data  from a l l  a i r  shots i n  Operation R.*er can be found 
under 

Radionuclide Composition 
A i r  o r  Balloon, Ranger 

Ihe Table of Contents also assists the reader to  locate  da ta  per t inent  
t o  h i s  pa r t i cu la r  interest. 

Each un i t  sect ion ( a l l  pages with a c-n running head) begins 
v f th  a display of introductory information, and the first page of the 
u n i t  sect ions can be ident i f ied  by the consis tent  format used. 
the date and locat ion of tbe weapon t e s t .  
f o r  the included data .  It lists the re levant  shots of the operation. 
each with i t a  y ie ld ,  a d  height or depth i f  not a surface detonation. 
Ihe mmbers and l e t t e r s  wi th in  parentheaes following a shot lumc are  
addi t ional  designations of the shot and indicate  i t s  sequential  order 
i n  the operation. 
shots l i a t e d  can be found i n  Volume I1 of t h i s  series.) In each un i t  
section. the compentary by the authors of t h i s  wlume follows this 
introductory information. 
general in fomot ion  is given on where the subject sample was col lec ted ,  
how it waa col lected,  how it was processed, and. where porsible ,  why 
the data were collected. &carionally,  the c-atary abs t r ac t s  
textual  statements f r w  a source document fo r  which no arrociated data 
could be extracted and presented. 

It gives 
It l i a r s  the  source document6 

(b re  de ta i led  information on the device fo r  the 

For each document l i s t e d .  when possible.  

me introductory information and . thd ..I. cwa t r r t r  .: . ~~ 

.a+. +--lr-.~' - ' -- '-  ' ~' 

a u n i t  aect,$g .gr.-.~--:-~-=~ '.' .-.' '. ..____ . ' ' r v c ~ r n ~ e  C M t  contain information 
.--- -- B- stiota, one or  -re. Bowever, the ex t r ac t s  from the docu- 

ments - which occupy the reminder  of a unit  sec t ion  - are i n  m r c r i c a l  
order of reference and page numbers; except for  variations fo r  cowenieocc 
of presentation. 

, , ,  ~ ..... ~ .,, ' ' 

Although it was intended to include data  i n  a un i t  sect ion t h a t  are 

Such ex t r ac t s  were reproduced i n  -- toto to avoid the work of 
per t inent  only to  the running head shown, some extracts s h o w  other i n fo r -  
mation. 
separating the  date  not illmediately relevant ,  which d i d  not reem worth- 
while. 

Ihroughout the Compendium of Data Section, the source documents a re  
keyed by reference number and f i r s t  author. to  the L i n t  of References. 
Section 111. This list of reference. is based on t h a t  included i n  
Volume I of t h i s  Series.  Rowever, in the  present list Br i t i sh  documents 
have been excluded. only those references relevant  to  par t  2 of t h i s  
volume a re  given, and some bibliographical d e t a i l s  were op-dated. 

, ~" _,. ~.,-,, . 
, . I - . ~ . . ; ~ .  . , . ''. ,.,... . . ~ . ,  

.~ ~ , , , ~ ~ ~  ~ ... . . . - ~ - ~ - ~ "  - ~ 

, , , , , , ,  ~~ .... ~ .,, ' ' 
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~ N E R A L  DISCUSSION OF DATA 

Volume I of the Series, based on the results of the initial 
literature survey, assigns groups of data to the various categories of 
volume IV. However, further, more detailed examination has revealed 
that meny of these assignments would be more appropriately made to 
other categories of Volume IV, or occasionally even to a different 
volume. These changes are noted in unit sections for the categories 
deaignated in Volume I. 

Radionuclide Compoai tion 

From the inception of nuclear veapons testing, radiochemical 
studies of the debris have played a role of fundamental importance. 
At the outset of the testing program intereot in the radiochemical 
composition of debris per =was limited, since the tactical importance 
of fallout and its residual radiation properties was somewhat obscured 
by the more spectacular blast, shock. therms1 and initial radiation 
effects. Nonetheless, the development and improvement of nuclear 
weaponry was intimately dependent upon rsdiochemlcal atudiea. k c h  of 
the phenomenology of a nuclear explosion cannot be studied on a labora- 
tory scale and studies of the fission products in the debris provided 
the 5 posteriori evidence for elucidating nanny of the details of the 
nuclear reactions in the device. The importance of radiochemfcal 
investigations of this kind, often called diagnostic radiochemiatry, 
has not diminished; and with the recognition of the importance of 
fallout, the need for a complete and detailed understanding of the 
distribution of fission products in the debris was ertabliahed. It 
should be noted that diagnostic studies and fallout studies are not 
exactly equivalent since certain radioactive products may be very 
sensitive diagnostic indicators but completely insignificant ea fsr 
as the residual radiation properties of the debris are concerned. 
Conversely, extremely important contributors to residual radiation m y  
be diagnostically uninteresting. 

The radioactive constituents of nuclear debris include fission 1st are 
' infor- 
If 
Drth- 

products and various induced activities reaulting from nuclear 
reactions on the elements present in the device and the environment. 
The fission products are the most important and they have therefore 
received by far the majority of study and documentation. 
induced activities can also meke large contributions to the g.mma ex- 
posure rate under a number of circumstances and they also demnd con- 
sideration. 

However. the 

are -. 
The radiochemical methods used for analysis of Fallout samples Dents i 

I 

i 
! are well-standardized and except for advances in the separation 

chemistry of the lanthanides and actinides, they have not changed 
much since the first tests. The sample of fallout is dissolved along 

I 
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:.: ? t- with added c a r r i e r s  or i so topic  t r ace r s  fo r  the f i s s ion  products, the 
l a t t e r  are  aeparated individually from the solution. pur i f ied ,  and 
assayed for  rad ioac t iv i ty  by counting. These methodm a re  t a d i m s  and 
time-consuming and require  great  care  on the  pa r t  of the anolyst  i n  

methods of ana lys i s ,  which a re  widely used today and remove much of 
the human element from the analyses,  were not su f f i c i en t ly  developed 
t o  be of s l c h  use during the period covered by t h i s  volume. 

i order to yie ld  r e l i a b l e  r e su l t s .  m e  very rapid g- rpectrographic i 

i 

One of the most formidable problems i n  fission-product ana lys i s  
of nuclear debr i s  i s  the reduction of the data  t o  absolute m u n t s  of 
the f i s s i o n  products present i n  the sample. This can be accooplished 
only by painstaking standardization of procedures, i n  conjunction v i t h  
r a the r  e laborate  instrument ca l ib ra t ion  based on standard samples of 
k- assay. I n  order t o  compare r e s u l t s  from two or more d i f f e r e n t  
laborator ies ,  i t  i s  necessary t o  e s t ab l i sh  tha t  the labora tor ies  a re  
agreed on ca l ib ra t ion  or ,  i n  the absence of agreement. what the  
magnitudes of the differences are. 
several  l abora tor ies  ch ief ly  involved i n  the radiochemfrtry of nuclear 
debr i s  developed i n  intensive program of es tab l i sh ing  and u i n t a i a i n g  
a s t a t e  of reasoluble intercal lbrat ior . .  

During the t e s t i n g  period the 

me c a l i b r s t i o n  and in t e rca l ib ra t ion  problems are re f lec ted ,  t o  
.ome exten t ,  i n  the choice of the u n i t s  for  report iog fission-product 
radionuclide concentrations i n  nuclear debris .  Perhaps the most con- 
venient un i t .  a t  l e a s t  fo r  f a l l o u t  rtudie., is equivalent f i s s ions .  
l%e number of equivalent f i s s i o n s  of any nuclide i n  a sample i s  the  
number of uranium o r  plutonium a t m s  which must have undergone f i s r i o n  
t o  produce the mount of the nuclide found. 

,-r-rcrLV~a raclos t o r  tne f i s s i o n  process i n  question. 
nuclear ueapons these r a t i o s  frequently were not knoun r i t h  ce r t a in ty  
i n  advance (it vas of ten  oue of the  aims of the radiochemical s tud ies  
to  determine them) and, acco dingly, the un i t  was not generally used. 
An exception is the case of 69$b for  which r e s u l t s  are frequently 
expressed ar equivalent f i s s ions  o r ,  by abbreviation, sa "fissions". 
It was recognized r a the r  ea r ly  tha t  the y ie ld  of ggb doem not vary 
much f o r  the  types of uranium and p tonium f i se ion  of i n t e r e s t  - i t  
is always around 6%. Accordingly, && was of ten  used as the primary 
ind ica tor  of "the f r ac t ion  of the bomb represented by tbe sample". 

However. the uae of the 
e q u , ~ v a ] e n ~ ~ ~ f ~ s s ~ o s s ~ e n ~ ~ ~ ~ ~ o ~ . ~ . ~ ~ . ~ . . - ~ -  b----?--~~.. ~. ~ ~~ 

, -. "' - 1  ~" . ~ " '  ~. " ~ - _ -  ' ' ~ . " "  '' ' -  ' ~ " ~ "  

I n  the case of 

Several other fission-products were reported i n  equivalent f i s s i o n s  
fo r  the f i r s t  nuclear test, Trini ty .  
t h i s  case were derived from c e r t a i n  in-p i le  f i a s ion  experiments on 
plutonium. Subsequently, i t  became general p rac t ice  t o  e the v e l l -  
known production r e t i o r  fo r  thermal-neutron f i s s i o n  of "'U as 6 

standard v i t h  which t o  compare the  r a t i o s  found i n  weapon. debris .  

The production ratios u t i l i z e d  i n  
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"1rimately, a double r a t i o  known as an "l-value" came i n t o  general use. 
f i i s  quantity can be better symbolized by R99(i), and is defined: 

RY9(i) = [G] debria/ r&] U235, thermal n 

Bere, a i  and 899 represent the number of atoms of nuclide i and 99140, 
respectively. 
tor is not merely taken from the l i t e r a t u r e  but i s  determined experi-  
mentally, using the same procedurem and instruments used to determind 
the  ra t io  i n  the a e r a t o r .  
the  absolute magnitudes of the concentrations thum tend t o  cancel out 
and R99(i)-ValUe# determined by d i f f e r e n t  laborator ies  on the same 
ample should agree closely.  

It i s  important t o  note t h a t  the r a t i o  i n  the demmina- 

Instrumental and procedural influences on 

f i e  maJg$ity of the e x t r a c t s  presented i n  t h i s  volume report  
results as  R (i)-values,  generally designated simply "R-values". 
nany of the tab  &a a p y r ,  a t  f i r s t  glance, t o  be l i s t i n g  simple 
r a t i o s  such a s  Sr/  Mo, e t c . ,  but napection of the table headings 
reveals the r a t i o s  a r e  r e a l l y  the R ( 8 9 ) ,  e tc . ,  double r a t 1  8. The 
R-valuee a r e  usually near unity for nuclide8 l i k e  9 % ~  and leoBo,. 
vhich l i e  i n  the peak regions of the chain-yield d i s t r i b u t i o n  curve 
fo r  f iss ion.  
the curve m y  show large departures from unity.  

94 

The R-values of nuclides on the wings and i n  the val ley of 

Units other than R-values a re  occasionally used i n  the ex t rac ts .  
nese  a re  generally absolute a c t i v i t i e s  referred to  mome f iduc ia l  
time-point, or r a t i o s  of such a c t i v i t i e s ,  and are  e i t h e r  melf-explana- 
tory or accompanied by explanatory material .  

I n  addition t o  the f i s s i o n  products, other r a d i o a c t i v i t i e s  
produced by the act ion of neutrons on device and enviromental  
materials a re  found i n  nuclear debris .  These induced a c t i v i t i e s  
sometimes assume major significance,  both t o  diagnostic s tudies  and 
fallout s tudies .  Many of the reports  dealing with fission-product 
radiochemistry a l s o  contain some data on induced a c t i v i t i e s .  
t h i s  volume contains a sect ion devoted t o  induced a c t i v i t y ,  i t  
appeared impractical i n  many cases to  separate fission-product data  
from induced-activity data ,  inasmuch as the or ig ina l  authors of the 
reports made l i t t l e  d i s t i n c t i o n  i n  t h e i r  treatment of the two. 
Accordingly, the Induced Activity sect ion of t h i s  volume contains 
only e x t r a c t s  t h a t  deal exclusively with induced a c t i v i t i e s .  
which t r e a t  fission-product a c t i v i t i e s  and induced a c t i v i t i e s  j o i n t l y  
are  t o  be found i n  Radionuclide Composition section. 

Although 

Extracts 
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Some of the most formidable problems i n  nuclear debr i s  radio- 
chemistry r e s u l t  from the phenomenon of f ract ionat ion.  
products a r e  produced by f i r s i o n  processes in f i n d  proportions. but 
the proportions found i n  debr i s  a r e  o f t en  f a r  from the erpected values 
and may vary considerably fror s m p l e  t o  sample. 
representat ive proportions t o  evidence themnelves i n  individual aamples 
is due t o  differences i n  the condensability of the elements conposing tbr 
f ission-product decay chain8 during the rapid quenching of the f i r eba l l .  
As a re8ul t .  chains a i c h  contain r a r e  gases and halogens (vola t i le )  
chains. e.g., masr 89 and mass 137) may condense a t  a d i f f a t e n t  time 
and i n  a d i f f e r e n t  way f rop  chains which do not contain these elements 
( refractory chains, e.g. mass 95 a d  mass 144). The f rac t iona t ion  
e f f e c t  seems to be present i n  nearly a l l  samples from a11 types of 
t e s t ing  events,  although the degree of aeve r iw  of the e f f e c t  var ies .  
f i e  uaer of the data  ex t r ac t s  in t h i s  volume will fLnd abundant 
evidence of f rac t iona t ion ,  aa well as frequent reference to the 
phenomenon in the extracted discussions and in te rpre ta t ions  of the 
data .  

%a f i s s i o n  

This f a i l u r e  of the 

It i s  the opinion of the compilers t h a t  the  radiochemical data  
contained i n  t h i s  vo lme  d i f f e r  widely i n  qua l i ty ,  but m attempt has  
been made t o  ass ign limits of r e l i a b i l i t y  t o  any p a r t s  of it. 
most p a r t  the  o r ig ina l  reports e i t h e r  do not d iscuss  r e l i a b i l i t y  or 
discuss  i t  i n  a very perfunctory way. 
ana lys i s  t o  assign random e r r o r  l i d t s  (usually r a the r  mall) to 
reported values,  but these cannot be taken as l i t e r a l l y  as similar  
l i m i t s  i n  other  kinds of c h e i c a l  analysis .  
tracor quan t i t i e s  of r ad ioac t iv i t i ea  is su f f i c i en t ly  complicated to 
provide many opportuni t ies  fo r  mat ters  t o  go badly astray.  
the nuclear debr i r  analyst  vi11 frequently have no way of k d n g  t h a t  a 
c e r t a i n  r e s u l t  i s  much too high or much too low. 
determinations which i n  more conventional circumstances would have been 
discarded as unacceptable, have found t h e i r  way i n t o  the reports .  We 
know of no sa t i s f ac to ry  way of weeding out these pieces of dsinfonmation.  

Induced Act ivi ty  

For the 

It is customary i n  radiochemical 

The determination of 

Unfortunately, 

Conaequently, many 

?he presentation of material  i n  t h i s  sect ion w i l l  deviate s l i g h t l y  
from the format of the other sect ions of t h i s  Volume and of 
Volume 111 of the Series .  

The format that had been followed is t o  l i s t  the references and 
the detonations covered by the extracted data  a t  the beginning of a new 
sect ion.  Each reference is discussed separately and the pro jec t  objec- 
t i v e s ,  co l l ec t ion  of samples. special i red techniques, and the physical 
measurement or chemic81 analysis  t h a t  was conducted a re  mentioned or 
described. I n  many previous instances.  the pro jec t  descr ip t ion  d id  llot 
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change but the discussion of techniques o r  messurements was t a i lo red  to  
,"it both the samples analyzed and the radiochemical par-ters determined. 

Since the sections labeled Radionuclide Composition and Induced 
Activity both present the r e s u l t s  of individual nuclide a m l 7 s i s .  and 
these sections follow each other so closely,  the introductory discussion 
has been curtai led i n  the Induced Activity uni t .  
reduce repe t i t ion  of information since the same samples or aaalysem 
usually produced both types of data.  

This was done to  

In the presentations i n  which nothing was added or changed i n  this 
introductory material ,  the reader w i l l  be advised t o  consult  the corre- 
sponding section i n  the section, Radionuclide Composition. f o r  d e t a i l s .  

unma 3 e c t r a *  

are, of course, t h e  d i r e c t  r e s u l t  of the radiat ions emitted by the  
fission-product and other radionuclides incorporated in the f a l l o u t  
particles.  With the gradual recognition, during the e a r l y  phase of 
nuclear weapons tes t ing ,  of the potent ia l  mi l i ta ry  significance of 
fallout,  came t h e  recognition of the need f o r  knowing the f l u x  and 
energy d is t r ibu t ion  of the r sd ia t ion .  This s o r t  of quant i ta t ive 
description i s  a necessary preliminary t o  accurate calculat ion of such 
practical matters as  exposure hazards and shielding protection factors .  

- 
The unique hazards associated with f a l l o u t  from nuclear explosions 

If s u f f i c i e n t l y  accurate knowledge of the composition of f a l l o u t  
with respect t o  the radionuclides had been avai lable ,  along with a 
knowledge of the decay and radiat ion propert ies  of the radionuelidea. 
the gama and beta spectra could have been calculated.  In  the e a r l i e r  
phases of nuclear t e s t i n g  such calculat ions could not be r e l i a b l y  made 
and spectral  information fran f i e l d  s tudies  was very important. Even 
when such calculat ions became feas ib le  (within the past  decade) the 
complexity and the uncertaint ies  involved made experimental v e r i f i c a t i o n  
highly desirable.** A t  best such calculat ions can be made only for  
unfractionated f a l l o u t  products and unfractionated compositions probably 
never occur i n  the f i e l d .  The s t a t e  of fallout-formation theory does 
n o t  yet  permit accurate prediction of the compositional parameters for  

., ' ,. . ~ L ~ ~  .ab!?* - . ~ , ; - . - ~ . ~ - ~ ~ , . ~ ~ ~ = , ~ ,  . ,, ,~ . , , ~ ,~, ,, ,. - 
~... /. .. , . .  .c ~ 

~~ ~ . ~ ~ ~ ~ .  . 

*me sect ion heading "Gamma Spectra", which was selected by the 
compilers of Volume I and has been used i n  other volumes of t h i s  
se r ies  for  cross-referencing purposes, has been retained i n  t h i s  
volume to  avoid confusion. I h e  section ac tua l ly  contains data on 
b o t h  gama and beta spectra.  

of fission-product puma spectra for  unfractionated f i s s i o n  product 
mixtures are  not ye i n  completely sa t i s fac tory  agreement. 

*The l a t e s t  calculat ions and the l a t e s t  d i r e c t  experimental measurements 
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amounts of rad ia t ive  energy. Rowever, t h i s  rad ia t ion  (urnally referred 
to as "prompt" rad ia t ion)  cannot be regarded aa a property of fa l lou t  
a d ,  accordingly, is not d e a l t  with i n  t h i s  volme.  Ihe radiat ions 
frm f a l l o u t  (usually called "residual" or "delayed" rad ia t ion)  a re  the  
g m a  photon*, beta pa r t i c l e ,  alpha pa r t i c l e ,  and neutron emissions 
which accompany the decay of the  f i r s i o n  product8 and other  radionu- 
c l ides .  
an extent  t h a t  they have customarily been disregarded in considerations 
of f a l l o u t  rad ia t ion  propert ies .  
here. 

Of these,  the alpha and neutron rad ia t ions  occur t o  .D s l i g h t  

They w i l l  not be fur ther  discuased 

r 
The hazard from exposure t o  beta rad ia t ion  from f a l l o u t  has  

generally been considered t o  be of s much lower order than expomure t o  
the  corresponding g- radiat ion.  
such a s  the beta burns suffered by the Harahatlese f s landets  during 
exponure t o  f a l l o u t  from opera on Castle. the known e f f e c t s  of the 
lodgement of the beta-emitter %3r i n  bone t i s sue ,  and speculative 
e f f e c t  of short-range beta-radfation absorption by plant  and animal 
l i f e ,  have brought a c e r t a i n  mount of continuing e f f o r t  t o  bear on the 
problem of determining the d i s t r ibu t ion  of beta energies  i n  f a l lou t .  
The beta spectrum of f a l l o u t  is known, from theore t ica l  considerations. 
t o  be continuous and ra ther  broad. Direct spectrometer measurements of 
the shape of the beta apectra of f a l l o u t  samples a r e  evidently impracti- 
c a l ,  on account of the d i f f i c u l t i e s  involved i n  cont ro l l ing  or correcting 
fo r  the absorption and sca t te r ing  processes tha t  take place i n  the f a l l -  
out sample. No attempts a t  mch measurements were encountered i n  t h i s  
survey of the weapons t e s t  l i t e r a t u r e .  
made t o  resolve the spectra  i n t o  two or three "effective" components, 
by the analysis  of beta-absorption curves or depth-dose curves. 
spite of obvious shortcomings, the  r e s u l t s  of such s tudies  have been 
extracted and included here i n  defaul t  of better information. 

Nevertheless, c e r t a i n  observations, 

Rowever, onny e f f o r t s  have been 

In 

I n  the enrlier phases of weapons t e s t ing , '  apectrometer measuremento 
Eere again, the reso lu t ion  of of gaaau! rad ia t ion  were also impractical. 

absorption curves i n t o  "effective" components was resorted t o  i n  an 
e f f o r t  t o  gain sme rough idea of the energy d i s t r ibu t ion  of the g- 
radiat ion.  However. during the period covered by t h i s  volume, spectacu- 
l a r  advances were made i n  the f i e l d  of g.mma-ray spectrometry. Sc in-  
t i l l a t i o n  rpectrolllcters with large ElaI(T1) c r y s t a l s  became generally 
avai lable  along with sa t i s f ac to ry  photomultiplier tubes ,  f o r  handling 
the l i g h t  output on the c rya ta l s ,  and multi-channel analysers f o r  
accumulating pulse-height data .  prom Operation Castle onward reasanably 
r e l i a b l e  gama-emission spec t ra l  data  obtained with t h i s  kind of i n s t ru -  
ntentation began t o  appear i n  the  wapons t e s t  l i t e r a t u r e .  

*"Gama photon" and "g- radiation".  a s  used i n  t h i s  discussion, 

In  view of 

include X-ray photons and X radiat ion.  
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the avai labi l i ty  of such information and the l imited usefulness of the 
g.a-absorption curve data,  the r e s u l t s  of s tud ies  of the lat ter 

have not been included i n  th i s  volume. 

In several of the s tudies  of gama rad ia t ion  encountered, the 
instrumentation was placed i n  the f a l lou t  f i e l d  fo r  the accumulation 
of data, i n  contrast  t o  the a l te rna t ive  method of bringing f a l lou t  
samples in to  the laboratory t o  make the measurements. 
Bituation i s  not very seeisfactory for the determination of gama- 
emission spectra from f a l l o u t  f o r  the following reasons: (1) In the 
f ie ld  large amounts of degraded or scat tered low-energy rad ia t ion  reach 
the detector,  and there is no way of separating t h i s  component from the 
unacattered d i r ec t  component of the radiat ion;  and (2) the rad ia t ion  
f ie ld  is generally anisotropic;  i . e . ,  the reaponae of the detector  
changes w i t h  its or ien ta t ion  t o  the  f i e l d .  As a r e s u l t ,  the  da ta  from 
the f ie ld  s tudies  a re  ap t  t o  be misleadingly d i f f e ren t  then those from 
laboratory s tudies .  We have, accordingly, not generally included 
extracts of measurements of t h i s  kind. Rowever, the references contafn- 
ing reports of f i e l d  s tud ies  of gainma rad ia t ion  a r e  mentioned and the 
reader w i t h  specialized interest  i n  such work is referred to the  or ig ina l  
documents. 

The f i e l d  

The period covered by the material  i n  t h i s  volume ended i n  1958. 
Since that time the f i e l d  of gamma spectrometry has continued t o  advance 
with almost explosive rap id i ty .  In par t icu lar ,  the semi-conductor 
detector with i t s  vas t ly  improved resolut ion has come i n t o  general use 
along with multiparameter analysis  and great ly  improved coincidence 
detection. Furthermore, the use of very sophisticated data-reduction 
technlgues .. .L ~~ dependent . ., ~ . . ~ ~ . .  ~ on ~~ ~ the ava i l ab i l i t y  of large-capacity high-speed 
comyvrsr~ ..PO "-..I__ ~ . 
which seemed very s igni f icant  a t  Operation Hardtack and pr ior  Cescs -7 
now have the appearance of being unsophisticated at  best and crude or 
naive a t  worst. 
hard-pressed t o  determine whether most of the work was of anything other  
than h i s to r i ca l  i n t e r e s t .  We have t r i e d  t o  err on the s ide  of  conser- 
vatism and hope t h a t  nothing of permanent i n t e r e s t  has been omitted. 

*--q~-*n-rtml. rtud,ies ., ,. , ., , .,, 
~-~ I~ . . . .  . ~ . * ,  ~._."__&l_ 

~~ ~ . ~ ~ ~ .  . 

The compilers of  t h i s  volume have, indeed, been 
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SECTION I1 C O ~ E N D I U M  OF DATA 

The following sect ion contains a l l  the reported data  selected 
a s  re levant ,  and useful ,  t o  the subject  of t h i s  volume. 
i s  information on the samples col lected,  the locat ion and method of 
co l lec t ion ,  how the sample was analyzed, and other  explanatory cOmment# 
by the authors of t h i s  volume. See the Introduction Section f o r  an 
explanation of the arrangement of data  and for a general discussion of 
the data.  

Also included 
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ilADIONU!LIDE COI@OSITIOIJ 
A I R  OR B A D O N ,  RANGER 

OPEPATION RANGER, JANUARY 1951, NEVADA 

xef. 10, Spence 
3ef. 18, Singlevich 
+,pf. 34, Spence 
- I .- .. 44,  Singlevich 

A5le (1;A) 1.3 k t  1050 f t  
Baker-1 (2;Bl) 7.4 k t  1080 f t  

.elected i 'asy (3;E)  1.0 k t  1080 f t  
included 9sker-2 (&;I%) 7.7 k t  1100 f t  

?'OX ( 5 ;  Freddy ;F ) 22.0 k t  1435 ft 
to- CO.I.Cnt* 

3ef. 10 discusses various aspects of weapons development and i n -  
.-?,ades radiochemical r e s u l t s  of Operation Ranger. . Samples of post-shot 
~ 3 m L  debris were col lected,  beginning about one hour a f t e r  each shot.  
Air-filtering uni t s  ins ta l led  on manned B-29 bombers were used t o  co l l ec t  
the  samples. Two types of f i l t e r  p3per were used on Shot Able; one 
(labeled 1 )  was developed by the I n s t i t u t e  of Paper Chemistry (IR), the  
other (labeled 2) was a Chemical Corps Type V f i l ter .  
Dapers were used f o r  subsequent col lect ions of the operation. 

? 
: 

Only IR: f i l t e r  

[ 
r t b o d  of 

for an 
,*CUWBion of 

i 
After the organic material of the  papers was decomposed by digest ion 

w i t h  acids, any s i l i c a  remaining was removed by centr i fugat ion and Was 
dissolved. The s i l i c a  solution and the supernatant from the centrifuga- 
t i o n  were combined and mde  up t o  1oO-ml volume stock solution, from 
u!lich al iquots  were taken fo r  radiochemical analyses. If necessary, 
dilutions were made fo r  the analysis of high-yield f i s s ion  products. 

For t h e  determination of the  f rac t ion  of the bomb represented by a 
sax&, it was necessary t o  know the  fract ion of the f i s s ions  occurring 
ir. t h e  f i s s i l e  material .  This value was d i f f i c u l t  t o  determine s ince 
fission y ie lds  a re  sens i t ive  t o  the  energy of the  neutrons causing 
fission. 
bonb detonates except that  the neutrons a re  fast. To provide ca l ibra t ion  
mlues of the f i s s ion  yields ,  experiments were performed which simulated 
bonk neutrons i n  two d i f f e r e n t  ways: The first was t o  we port 5W i n  the  
Fast Reactor a t  Los Alamos, which gave neutrons which were fast but  some- 
u:mt degraded from o r ig ina l  f i s s ion  neutrons; the  second approach was t o  
irradiate samples i n  a capsule of 23% whose walls were th ick  enough t o  
stop a l l  thermal neutrons. 
fissions i n  the  capsule w a l l .  It was observed t h a t  the  values obtained 
ir: t h e  case of the capsule i r r ad ia t ions  depended on the posi t ion of the  
capsule i n  the  thermal c o l m .  hr ident ly  some nonthermal neutrons were 
leaking through the  capsule walls. Accordingly, the  capsule pos i t ion  was 
standardized as far out i n  the thermal column as was feas ib le .  This 
Dosition was 47 i n .  from t h e  reac tor  face. The ac t iv i ty - r a t io  values due 
to  bomb neutrons were expected t o  f a l l  between the  values determined a t  
tar: 5h' and the capsule locations.  

Not much was known about t h e  neutron spectrum ex i s t ing  when a 

The sample saw only f a s t  neutrons from 
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SECIZOI I11 LIST OF EZpBBgWcES 

Thc refereaeea l i 6 t c d  i n  Section I11 are the 
sources of the data included i n  the -dim 
of Data for Part 2 of Volar XV. A# described 
i n  the Introductioa, the bibliosraphical eatrics 
have been broupbt up to date since the f irat  
l i s t ing  i n  Voluae I of the Series. 
one8 have k e n  added. 

A few M u  
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2. Shtlrcliff ,  W. A. mcbnical Report of operat i08 Croaaroda. pD- 
208, Ibrakr 1946 (&mfi&atial). 

Data). 

Storm. E. "CI. Radiation ErpomrO a B  a -zlon or IAWCUW. 

Report 5 of @erat ion ~..p.r, w. 5, Prosr'r b a n l t a  - Weapons 

*mil - Formerly Restricted Data). 

9. Yolfe, R. D. "P.diologica1 S a f e q . "  Report 11 of b e r a t i o n  w, VA. 4. Progrm E e m l t r  - Ueapora Dwelopwrt .  0. 8 .  
n-al W i o l o g i c a l  Defenw Laboratow, UT-201, Juao 1952 
(Confidertial  - Foolwrly Eeatricted Data). 

10. Suence. E. W. " R d i o c W c a l  Paaults for Oprration E..grr." 

- "  
8. 

lor A i m 8  Scientific L a k r a t r w ,  yi-201, Jcae 1952 

&por t -5  of b per at ion m, VA. 2. hogr; .sport. - ~ec.pomr 
Dewelomat .  April 1951. Lea A l m a  Bcie r t t f i c  Laboratory, 
UT-203, J n l l  1952 (Sec ro t -h r t r i c t ed  Data). 

13. M a s .  C. E., P. B. Bolden, U. B. Wallace. Operation Grrenhoure, 

_ _  - "  -- A T .  "Y~.L..---, ". ...I 1. ". ------- __--___-- _ _  - Cloud genameaa: of Par t icu la te  & Gareoua h&. Army 
C h d c a l  Center md II. S. Ilaval Radiological h f e n a e  Laboratory. 
UT-72. October 1951 (Secret-Restricted Data). 

17. Krey. P. U. "Radiological Nature of tbe C o n t d n m t ;  ?ractionrtion 
of & t i r e  Ikcl idea v f t h  MitMce." I n  Patlont  mu oaium, Armed 
Forcer Special Ueapona Cortrr ,  AFSYP-895, J w a q  1955 
(Secret-Reatricted Data). 

18. Singlevich, Y., E. 11. Douthett. Opcrationa ha te r - Ja .g l e ,  h d i o -  
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I ,  I Y L P L E Y F U T . * *  W O I E ,  8 2 .  I P O N S O R 4 " G  YILI.... .<T t" tT7  

Defense b c l e a r  Agency 
Washington. D. C. 20305 

I ,  . B I I I . C 7  Many technical  repor t s  have been published tha t  contain da ta  descr ibing 
l o c a l  f a l l o u t  from nuclear weapon t e s t a .  
veapons detonated under d i f f e r e n t  conditions usual ly  are not d i r e c t l y  comparable, and 
thus f a r  only l i m i t e d  attempts have been made t o  m a r i r e  tbeae da t a  so as t o  charac- 
t e r i z e  loca l  f a l l o u t .  
converted to  a standard form, the s ign i f i can t  parameters be computed, and these be 
compared according t o  some theory or empirical formula. 
compilation of the da ta  and author i ta t ive  comentary. 
made tha t  resu l ted  i n  f i v e  volumes of such data. published as a series under the 
general t i t l e  Local Fal lout  from Nuclear Detonations. 

r epor t s ,  da ta  on a l l  c h a r a c t e r i s t i c s  of loca l  f a l l o u t  from nuclear veapon~,,teqt,s h,eld I 

Data on f a l l o u t  from d i r a i a i1 . r  type. of 

Correlat ing a given body of data  vould require  tha t  i t  be 

A prerequia i te  w u l d  be the 
For t h i s  purpore. a study van 

The study was intended t o  c r i t i c a l l y  #e l ec t  and compile, from published 

thFou& 1954. , . ~ F h p ~ . , ) . . p w * c ~ * . ~ - , ~ - ~ ~ ~ " ~  ~ . ~ , *  ., - . ~  *. . '  .. ' ~ '  ~~ ' ' ~ ~ ~ ~ ~  ~ . ' ~ ',. ' 
~~ ---- ---- --e.I L V Y -  

I 
- -  

The f i r &  volume in the &e.. Indexed Bibliography of United S t r toa  and 
Br i t i sh  Documents op cha rac t e r i s t i c s  of local FdlOut ,  uaa published i n  1961. 
made ava i lab le  a ready reference t o  206 r epor t s  from vhich relevant  i n f o r u t i o n  1.8 

It 

to be aelected,  vhile the se l ec t ion  and co lp i l a t ion  of da ta  progreamed. 
cons i s t s  of an index t o  the reference0 by f a l l o u t  cha rac t e r i s t i ca ,  .II index to the 
references 8wthors' nmea. and a list of the  references. 

Ihe volume I 
DD ,'2..1473 lPAGE ' ' 
S/N 010 1.807.680 I 
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Fallout 
k l t a r  weapooa effect. 
Specific .ctivity 
baioaceive decay 
Il.diooctivity-nIro dlntrlhutton 
Odiochdcal compoitlOn 
Induced activity 
011. opectra 
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The second volume, Compilation of Fallout Patterns & Related Test Data 
(Q, was published i n  several pa r t s  i n  1963-66. 
pa t te rns ,  on wind and cloud data,  end on a l l  tha t  i n  pertinent t o  shot conditiona, 
such as y ie ld ,  burst  height and placement. 

The th i rd  volume, Annotated Compendium of Data on Physical Cbenical 
Properties of Fallout (9, vas published in 1966. It contain. the  r a r e  s ign i f icant  
of the data published tha t  per ta ins  t o  the physical and chemical nature of loca l  
f a l l o u t  pa r t i c l e s .  Included are general statements made by the  or ig ina l  investiga- 
t o r s  on the physical and chfsuical nature of the par t ic lea ,  as well aa spec i f i c  
observations produced by deta i led  experimental analyses. Alw included wherever 
possible a re  data descriptive of the srnples analyzed, together with relevant i n fo r -  
mation on co l lec t ion  equipment, location of co l lec t ion ,  proceraing involved. md 
purpose of the analyses. 

This, the fourth,  volume is a compendium of data on radiation end radio- 
chemical cha rac t e r i s t i c s  of loca l  fe l lou t .  Part  1 
presents data on rad ioac t iv i ty  investigated a s  a function of 166.9, pa r t i c l e  s i r e ,  
and time. Accordingly, Part  1 is organized in to  three main da ta  sections: 
Specific Activity,  Activity-Size Distribution, md Decay. Ibis p a r t ,  Part  2 ,  
present8 data r e l a t ing  a c t i v i t y  measurements with radiochemical content (sections on 
Radionuclide Composition and Induced Activity) and energy (section on G m a  Spectra). 

ground information on the location and types of col lec t ion  equipment uaed, the instru 
mental or radiochemical proceasing involved, and the purposes of the  enalyncs. 

)D ,'.",","..1473 (PAGE 2, UN(WSS1FIED 

I * ~ , l s . C T  

It contain. information on f a l l o u t  

It is published in tw part.. 

Again, as in  the th i rd  volume, included beaides the primary data is back- 

5/N 0 10 1.807- 680 I SceurItY CL...lfic.ti.n 
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