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FOREWORD 

This report has had classified material removed in order to 
make the information available on an unclassified, open 
publication basis, to any interested parties. This effort to 
declassify this report has been accomplished specifically to 
support the Department of Defense Nuclear Test Personnel Review 
(NTPR) Program. The objective is to facilitate studies of the 
low levels of radiation received by some individuals during the 
atmospheric nuclear test program by making as much information 
as possible available to all interested parties. 

The material which has been deleted is all currently 
classified as Restricted Data or Formerly Restricted Data under 
the provision of the Atomic Energy Act of 1954, (as amended) or 
is National Security Information. 

This report has been reproduced directly from available 
copies of the original material. The locations from which 
material has been deleted is generally obvious by the spacings 
and "holes" in the text. Thus the context of the material 
deleted identified to assist the reader in the determination of 
whether the deleted information is germane to his study. 

It is the belief of the individuals who have participated 
in preparing this report by deleting the classified material 
and of the Defense Nuclear Agency that the report accurately 
portrays the contents of the original and that the deleted 
material is of little or no significance to studies into the 
amounts or types of radiation received by any individuals 
during the atmospheric nuclear test program. 
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ABSTRACT 

Chemical analyses of surface s o i l  samples, f a l l -ou t  samples, 
ground air f i l t e r  samples, and h i&-a i r  f i l ter  samples show def in i t e ly  
tha t  the composition of r e s i d u a l  f i s s i o n  products va r i e s  grea t ly  w i t h  
the place and mode of sampling. Strontiumes and barium14 were found 
to f rac t iona te  much more than molydenumgg, zirconiumg6 and 

Gross b e t a  decay curves on surface soil samples are much d i f f e r e n t  
h.an those reported on other operations. 
OB due to the formation of a r e l a t i v e l y  large mount of neptumiumZ3'. 
Between f i f t e e n  and three hundred hours a f t e r  the surface s h o t  the bta 
contribution of neptunium was grea te r  than t h a t  of the f i s s i o n  products. 

This has been interpreted 

I c Measurements of gamma decay a l s o  shou the e f f ec t  of neptm'  ' lum. 
"he difference i n  the observations made w i t h  a Gbi tube and an Ionization 
chamber i nd ica t e  the h p o r t a n c e  of se lec t ing  the  proper meamring 
technique. 

h c t i o n  of time have been made. 
and abundance of "effect ive beta and gamma energies" uhich describe 
the observed data. 

Analyses of l e a d  and aluminum absorption CUTMS taken as a 
These indicate  the change in energy 

An est imat ion of the  contribution of induced a c t i v i t y  t o  total 
.CtiVity indicates t h a t  the  contribution of the induced a c t i v i t y  is 
R l a t i v e l y  man. 

Experiments on weathering with simuleted rain-fal l  are described. 
neY indicate  l i t t l e  t ranspor t  of r e s i d u a l  ac t iv i ty .  

in Appendix B. 
The airborne r a d i o a c t i v i t y  a t  the Nevada T e s t  Site is discussed 

- xi - 



INTRCfiUCTION 

1.1 HISMRICAL 

The nature of the residual  contamination after an atomic explosion 
has been found t o  vary considerably w i t h  the  physical nature of the test 
&9 well as  with the  nuclear components of the weapon. Measurements made 
On material from the Ahnagordo cra te r  exhibited a decay which f e l l  off 
according t o  a law. A t  Bikini, measurenents indicated t h a t  most 
of the res idua l  contanination following the a i r  burst was due t o  neutron- 
induced a c t i v i t y  i n  the sodium of the sea  water. 
explosion a t  Bikini most of the a c t i v i t y  resu l ted  f r m  f i s s i o n  products 
and the &cay r a t e  followed a t”.’ l a w .  

I n  the  under water 

The general observations above were supplemented and expanded by 
Specific stud? made a t  Eniwetok in 1948. The res idua l  a c t i v i t y  f rom 

tower shots  there  exhibi ted still another picture .  
consisted of various mixtures of f i s s i o n  products, NaZ4  and probably 
sane uniaentified ac t iv i ty .  The best  f i t  for an equation d e s c r i b h g  

‘ the f i s s ion  product decay for “X-ray shot” was obtained with t”*“. 
fn a l l  three shots  res idua l  a c t i v i t y  obtained fran the ground and from 
the air via drone a i r c r a f t  e ~ i b i t e d  d i f f e r e n t  gross decay characterc 
Ist ics.  Measurements made on s o i l  samples taken at  various dis tances  
f?m ground zero a t  depths of 2 inches and Li inches showed considerakile 
activity.  
Pure f i s s i o n  products. 

The above study suggested three in t e re s t ing  p o s s i b i l i t i e s ,  all of 
Practical  importance; (1) the presence of an unidentified a c t i v i t y ,  (2) 
the p c s s i b i l i t y  of t ranspor t  of f i s s ion  products i n t o  the ground by 
Pain and (3) the p o s s i b i l i t y  of f ract ionat ion of the f i s s ion  products. 
me l a t t e r  is probably the  most f a r  reaching in its significance. The 
interpretat ion of weapon-performance da ta  and l o n g  range detec t ion  
data will be grea t ly  affected i f  the composition of f i s s ion  products 

time, and place of sampling as bell as upon weapon e f f i c i e n g  and 
the nudea r  components of the weapon. 

The residual  a c t i v i t y  

The s u b s u r f a c e  a c t i v i t y  exhibited the  properties of almost 

found t o  vary from sample t o  sample and t o  be dependent upon mode, 

H.I. Mdrews and R.E. h r p h y ,  “Residual Contaninstion i n  the 
Craters: Operation Sandstone“ (Janu.lry 1949). Restr ic ted data. 
R.Y. Spence, “Radiocheqical Results f o r  Operation Ranger”, LA-1242, 
April 1, 1951. Circula t ion  l imited.  

2* 

- 1 -  



FROJECT 2.60-1 

1.2 OBJECTIVES 

l b i s  i nves t iga t ion  w a s  undertaken f o r  f o u r  reasons: 

1. 

2. 

3. 

L. 

To secure information of theore t ica l  and 
phenomenological i n t e r e s t  along the l i n e s  
discussed in the  H i s t o r i c a l  Section above. 

To evaluate t h e  nature  and cha rac t e r i s t i c s  of the 
r a d i a t i o n  hazard and thus provide information for 
an estimation of the l eng th  of time a given area 
might be denied t o  troops. 

To determine the  chemical nature of the res idua l  
activity as en a l d  t o  the  se lec t ion  of the 
proper decontamination process if decmtamination 
is desirable.  

To study t h e  e f f e c t  of weathering upon the  
d i s t r i b u t i o n  of r e s i d u a l  ac t iv i ty .  

Specif ical ly ,  the  object ives  were to detemine:  

1. The chemical composition of surface C m I t a X d M t i O I I  
as a f m c t i o n  of d i s t ance  from ground zero. 

2. lhe chemical composition as a h c t i o n  of depth i n  
t h e  c ra t e r  l i p .  

"ne chemical composition of a i r - f i l t e r  samples. 

The chemical canposi t ion of air samples aa a 
func t ion  of particle size.  

me g o s s  beta and gamma decay of surface samples. 

The gross beta and gama e f f ec t ive  energies as 
a func t ion  of the. 

3. 

&. 

5. 
6. 

7. The g o 3 3  beta and gamma s p e c i f i c  a c t i v i t i e s .  

8. The cont r ibu t ion  of induced ac t iv i t i e s .  

9. The e f f e c t  of raidal l  upon the  d i s t r ibu t ion  
o f  r e s i d u a l  ac t iv i ty .  

- 2 -  
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EXF'ERIXENTAL PROCEDURZ - 
2.1 SAMPLE PROCURt.l-3IT 

Soi l  samples from the surface of the c r a k r  l i p  were secured by 
Each sample consisted 

Wherever possible  the  loca t ion  of each scoop w a s  de- 

Project 2.6a u i t h  remotely control led weasels. 
af about two cubic inches of s o i l  scooped from the upper two inches of 
the crater  l i p .  
termined by t r iangula t ion  from the  weasel control towars located 
approdmately apart .  

the desire  f o r  ear ly  samples and the p o s s i b i l i t y  of mechanical f a i l u r e  
Of the weasels in the  loose s o i l  of the  l i p ,  the f i r s t  group of SCOOPS 
for each shot was taken from a s ingle  location. 

hro groups of sanples mre obtained for each shot. Because of 

While attempting t o  ge t  a pat tern of samples from the  surface of 
crater l i p  of the surface bu r s t ,  the second ueasel w a s  accidentally 

directed over the c r e s t  of the l i p  onto a ledge. 
further mishap w i t h  this weasel, the  pa t te rn  was n e a e c t z d  and dl1 
8COOpS yere f i l l e d  f r o m  t h a t  portion of the inner  surface Of the l i p .  

A pat te rn  of samples from the l i p  of the c ra t e r  from the under- 

In order to avoid 

mound burst was taken on D + 1 day. 

Samples a t  various depths within the loose fa l l -ou t  comprising 
C r a t e r  l i p s  were also obtained by Project  2.6a using weasels. 

Because of mechanicd d i f f i c u l t i e s  and the n a h r e  of the c r a t e r  l i p ,  
W Y  One core was obtained f o r  each burst .  

%ject 2.6a "Remotely Controlled Sampling Techniques". 
For d e t a i l s  on surface and core sampling see the repor t  of 

SO11 samples f o r  each shot  were obtained by r e t r i evab le  rockets. 
One sample was obtained f r o m  the c r a t e r  of the surface b u r s t  and 
on D + 3 days after considerable' rain. Four samples were re- 

triewd from the c r a t e r  of the underground burst on D + 2 days. 

2e6c, "Retrievable Missiles for Remote Wound Sampling". 

% Chemicdl Center. 

For d e t a i l s  on the r e t r i evab le  rockets see the r epor t  of b o j e c t  

Ground air f i l t e r  samples were supplied by pro jec t  2.5a from the 

- 3 -  ' 
These were col1ect .d  on five inch squares of 



f 

PEWECT 2 . h - 1  I 
corps ~ y p e  or npolyfibern filter papers. Air uas d r a m  
tbss f i l t e r s  a t  P ra ta  of four cubic f e e t  per mirmte f o r  me 

For de ta i l9  Of the  s m p l h g  see the  report of hm #tprt,i,.,g a t  to. 
Project 2 . ~ ,  n m b m  particle Stadiea". 
-fa- burst - such that only one usable f i l t e r  aample was secured. 
m e e  w e s  rere obtained from the  underground burst. 

Force Office of A t a d c  WerW 
craft near the cloud a t  appro-*a 
md ov8r 10,OOO fee t .  

The fal . l-out p a t t e r n  f o r  the 

EO,, m d  ugh a l t i t u d e  sir f lter sariples were supplied by Air 
L 'Ihese were o b t a i m d  by air- &-- ly Fi + 1 hour a t  a l t i t u d e s  of 1,003 

Samples f o r  the study  of ac tLr i ty  aa a function d particle size 
MFB secured by h o j e c t  2.58 with cascade impactors. 
of 12.5' liters p e r  minute vas drawn throu& a s e r i e s  of five j e t s  w i t h  
OrLfiWs of decreaaing diameters. 
minutes. 
that  the cloud uas overhead. 
particle Shdiesw. 
WfaCe of a piece of acotch tape mounted on a glass plate .  The first 
tape OPPOaite t h e  largest o r i f i ce  col lected the l a r g e s t  par t id les ,  the 
h.Pe behind the next lamest o r i f i c e  col lected the next l a m s t  uartic3esI 

A i r  a t  the r a t e  

The impactors were run for  five 

see r epor t  of PI0 j e c t  2 . 5  nAi rb rne  
The impactors were started when an i o n i a a t i m  chemhr indicatad 

The air stream from each jet  impinged upon t he  sticky 

4 molecular f i l t e r - se rved  as a sixth s t a s  to c d l e c t ' l t h e  e*ndY- 
fine particles. 

Pebble samples far induced a c t i v i t y  study were se lec ted  f rm  the 
surface samples w d  core samples. Pebbles b t x e e n  6 end 12 NE i n  

&meter uere mlected and only a few taken so as not ta mate r i a l ly  
mneme. the gross a c t i v i t y  of the originel sample. 

N a W  Radi0loglce.l Defense Laboratory working cn Pro jec t  2.5a. 
Collected in &hsllm metal t r e y s  one square foo t  i n  area  wbich had 

been placed down- p r i o r  t o  the shot. 
uncoPamd the tray j u s t  before shot time and covered it one hour later. 

Close-in fall-aut sarmples uere supplied by personnel fran the 
These 

A clock operated mechaisrn 

samples Yere recovered on D + 2 days. 

Samples for studying the effect of weathering dl1 be discussed in 
under s e c t i m  2.h. 

2*2 S N U  PREPARATION 

Soil samples from the surface of the  c r a k r  l i p ,  from the  core 
* w e 5  Of the c r a t e r  l i p ,  w d  f rm re t r ievable  rockets were made 
hmoimeous before divis ion f o r  separate simultaneous measurements. 

Each s m p l e  waB ground t o  between 53 and 100 mesh in a d i s c  
pdlmriZer, placed i n  a b o t t l e  and mixed before b e h g  divided i n t o  I 

I - 4 -  
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diquats. Between the grinding of each sample, the d i s c  pulverizer was 
"washed11 with three grindings of Clem s o i l ,  openeci and b l o m  f r s e  of 
adhering dust w i t h  conpressed air. It i s  rea l ized  tha t  such a cleaning 
procedure does not produce a r igorously clean pulverizer,  but  the mount 
of act ivi ty  carr ied in to  the next s m p l e  i s  believed t o  be negl igible .  

Pebble samples were colored w i t h  a red crayon and sand b l a s w d  
until a l l  v i s ib le  color was rernov2,i. It was hoped t h a t  t h i s  would remove 
all adhering f i s s i o n  products a d  provide a s z p l e  which contained Only 
induced ac t iv i ty .  
approldmately 8 mesh, t ransfer red  t o  a mul l i te  mortar, and ground to 
appro*ately 100 mesh. Between griiidings the m o r t a r s  were '#washed" 
d t h  two grindings of d e a n  s o i l ,  blown f r e e  of dus t  w i t h  canpressed air, 
and wiped with damp cleaning t i s sues .  

The pebbles were then  crushed i n  an i ron  mortar to 

Air filter sanples were returned t o  N I H  f o r  chemical analyses 
d thout  fu r the r  preparation. 

Cascade impactor samples were covered wi th  a l aye r  of scotch tape 
and returned t o  N M  without addi t ional  preparation. 

A de ta i l ed  descr ipt ion of al l  samples studied are  l i s t e d  i n  
m e r i c a l  order i n  sect ion 3.1.1. 

2.3 CHMICAI; H E A S W E N T S  

The details of the chemical separations and radiochemical evalu- 
Of the various isotopes a re  given in Appndix A. 

'he chemical symbols Mo, Ag, Ba,  Sr, Zr, Ce, and Fe d l  i n  t h i s  

and FeS9 and not  t o  the na tura l  occuring element. 
r e f e r  t o  the spec i f i c  isotopes F!oY9, A?", Sres8 Zres, 

2.3.1 Fission Products 

Of tne  e igh t  or nine f i s s i o n  products which have ha l f  
l ies, yields, and decay schemes of a nature  which would allow t h e i r  use 
ia invest igat ion,  s ix were se lec ted  f o r  study. 

lack Of time and personnel, and the be l ie f  t h a t  their inclusion would 
have contributed l i t t l e  to the  invest igat ion.  

the 'elative ease w i t h  which they could be determined, t h e i r  high 
rission yie lds  (with the exception of Ag), and the c h a r a c t e r i s t i c s  Of 
the 
cb was of pa r t i cu la r  importance s ince i t  w a s  f e l t  t h a t  this would be 
'lare f ac to r  i n  f ract ionat ion.  

These were Mo, Ag, 
Sr, Zr ,  and Ce. The inclusion of o ther  isotopes was prohibi ted b' 

lhese i so topes  were se lec ted  because of their ha l f  l i v e s ,  : 
chains t o  which they belong. The nature of the f i s s i o n  

. The fission chains of the se lec ted  

'! - 5 .  
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s are  l i s t e d  i n  Table 2.1. i60wp 
Ho i s  of p a r t i c u l a r  impor tace  because of i t s  previous use 

in d e b m i n a t i o n  of bomb ef f ic iency  and because i t  i s  the first member 
of its f i ss ion  chain. Sr and B a  are  of p a r t i c u l w  i n t e r e s t  f o r  two 
reasons. They have r e l a t i v e l y  long  l i v e d  gaseous precursors which may 
contrib,~te much to fractioriation. Biological ly  they a re  of pa r t i cu la r  

FmP 
ingested* 

=tmce  because of t h e i r  known ter.dency t o  concentrate in bone if 

2.3.2 Induced Act ivi tx  

The only induced a c t i v i t y  separated and measured chemical- 

ly 
to attempt to e s t a b l i s h  a chemical laboratory a t  the t e s t  site. 
tion of Ca'6 a t  D + 9 days gave a c t i v i t i e s  so low as t o  be use less  i n  
any extrapolation. 

2.b PHYSICAL MWSURET1ENTS 

Fe. The shor t  half  l i v e s  of the i so topes  of S i ,  A l ,  Mn, Nay and 
made the determination a t  NIH impract ical  and i t  was n o t  f e l t  advisable 

Separa- 

a1 counting done a t  the t e s t  site was performed i n  a bui lding a 
considerable distance from the one in which the samples and planchets 

T h i s  i s o l a t i o n  of tlr counting equipnent decreased con- 
tamination and r e su l t ed  in a background which, i n  the conventional l ead  
pig, varied between 25 and LO counts per minute. 

routine check of background shoh-ed values h i g h e r  than t h i s ,  decontwr- 
ination successful ly  lowered it to t h i s  region. 
rate meter was ~un continuously a s  a guard apa ins t  h i @  backgrounds 
from sources which m i @  have been brought i n t o  t h e  area by o the r  
investigators. 

3/L inch i n  diameter. 
the s o i l  in each planchet was f inn ly  secured with a minute amount of 
h c o  cement. 
drop3 of acetone containing approximately 1% DUCO cement. 
Of the acetone, the planchet could be inverted and tapped without loss 
of materid.  

prepared. 

In a few cases where 

A recording counting 

A l l  sanples were mounted i n  alminum planchets e i t h e r  1 inch or 
In order t o  prevent movement o r  l o s s  of sample, 

T h i s  vas accomplished by dampening each sample with a f e w  
@I evaporation 

All measurements of countin:: r a t e s  on s o i l  samples were made w i t h  
end-vindow c 1 4  tubes having a window thickness of l e s s  than 2 mg/cma. 
u1 measurements, w i t h  the exception of R e  aluminum absorption curves, 

made i n  conventional l ead  p i g  having a 1.5 inch lead  wall and an 
*minun l i n i n g .  I t  was equipped w i t h  the  common l u c i t e  shelf  holder 
vhich Provided windosr-to-sample d is tances ,  in our case, of approximately 
O", 2*o, 3.6,  S . & ,  6.8, and 7.6 an. 
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I he  absolute counting e f f i c i enc ie s  of the e q u i p e n t  used a t  the 
test si* m r e  obtained with Tracerlab standards. 
cies for betas were taken as the  average of measurements made with three  
El”’ standard sources. 
curves (Section 2.3.4), these e f f i c i enc ie s  were adjusted t o  more c lose ly  
correspond t o  the e f fec t ive  beta energies be ing  measured. The calcula- 
ticns are discussed in the r e s u l t s ,  sect ion 3.3.6. 

The bas ic  eff ic ien-  

After the analysis  of the aluminum absorption 

!he determination of the absolute counting e f f i c i enc ie s  of the 
equipnent used a t  the NIH laboratory i s  discussed i n  Appendix A. 

2.h.1 Gross Beta Decay 

Measurements of the gross be ta  a c t i v i t y  as a function of 
t h e  were begun a s  soon a s  the samples were prepared and were continued 

underground detonation, a t  uhich time t h e  labora tory  a t  the test site 
vas closed. 
70 hours after detonation and continued f o r  a p p r o ~ a t e l y  three months. 
The e a r b  measurements were made a t  i n t e r v d s  of 30 to 60 minutes but 
as the decay rate decreased, the in t e rva l s  between measurements were 
CorNSpondingly increased. 
which each counting r a t e  was based was greater  than 5,000 counts and 
in most cases greater  than 10,003 counts. The individual  counung r a t e s  
m e  seldom above 20,000 counts per minute and never above 30,000 counts 

h l 2  hours a f t e r  the surface detonation and 142 hours after the 

Sfmilar measurements were begun a t  NIH a t  approximately 

With r a re  exceptions, the btd Count  upon 

per nlnute. 

Counting r a t e s  of the order of 20,000 counts per minute 
Wre Observed far one milligram samples when the f irst  planchets were 
Placed on the lower shelves in the pig. 

b moving the sample to she lves  w i t h  higher counting e f f i c i enc ie s  as 
the smple decayed. 
9’ Was determined f o r  each change of each s m p l e  by successive counts 
in the two posit ions.  

Mysicdl geanetv .  Since a howledge of the absolute counting r a t e  is 
not required and s ince  t h e  appl icat ion of constant correction f a c t o r s  
to decay data does n o t  change the cha rac t e r i s t i c s  of the decay curves, 
the data presented have only t een  corrected by the  empirical f a c t o r s  
for changes in ef f ic iency ,  and for coincidence loss  and background. 

Because of the  possible  heterogeneity i n  the samples, 
even after misng ,  decay curves were obtained for several  dLiquots 
from each smple.  

The period over which the 
of a given sample could be e f f i c i e n t l y  measured was increased 

A f a c t o r  measuring the change i n  Counting eff ic ien-  

The r a t i o  of these b o  counts provided a 
for the  change in air absorption a s  well as the  Change i n  

- 8 -  
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2.&.2 Gros: k - m a  Deca;! with GC mtes 

Measuresents of the gross eamma dis in te f l2 t ion  r a t e  as  a 
function of time were obtained i n  e s sen t i a l ly  the s a e  manncr as 
described above f o r  gross beta ac t iv i ty .  
efficiencies, considerably l a rEe r  samplts  were used an?, of cowse,  an 
absorber was n e c e s s n y  t o  remove the beta  ac t iv i ty .  
all measurements of ganma' a c t i v i t y  were made 5 5 t h  an absorber of 1.3 
@/an' of aluminm placed on the  f i rs t  shelf  very close t o  the counter 
dndou.  

having energies x o m d  3.2 MeV. 
um not used in the NIH laboratory i n  extending the  decay observa- 
tions to a 1onE;er tine. 
t o  remove the be ta  ac t iv i ty .  
ascussed in the r e su l t s ,  Section 3.3.3. 

Because of lower counter 

A t  the tes t  site 

lhis absorbs all the be tas  having m a e m u m  energies l e s s  than 
2.e Mev and transmits l e s s  than 0.1% of the very f e u  (Sr 91, yt92, ~ 1 0 6  1 

Unfortunztely, dupl icate  conditions 

Instead, a 3.e @n/cm' l ead  absorber w a s  used 
The implications of this discrepancy are 

2.4.3 Gross Gama Decay ',;ith Ionizat ion Chambers 

Since b i o l o a c a i  hazard i s  more closely correlbted Kith 
concentration of ionizat ion produced than w i t h  the f l u x  Of incident  

photons, the gross gama decay curves obtained w i t h  C-X tubes were 
mPPlmented w i t h  measurements taken with ion iza t ion  chmhers. 

An ionizat ion chamber ident ic<  t o  t h a t  used in the 
Beclanan HX6 survey meter was used. 
qu ivdlen t  except for low photcr. e n e r e e s .  
vlth a battery-powered e l ec t r ane tc r  c i r c u i t  and the output Of this 

Ihe instrument was l i n e a -  and essen t i a l ly  f r e e  of d r i f t  a f t e r  an 

' o u ~ ~ l Y  measured every f e w  hours. 

"hm&Ig the s e n s i t i v i t y  of the recordiRg potentiometer aS the 

a P P ' o ~ a k l y  eleven inches. 

ma*un deflecfion was again obtained. 

This ct.amber is reasonably SF. 
The chamber w a s  operated 

was recorded on a Brown continuous recording potentiometer. 

k o  day warm-up. Any chan&e i n  base l i n e  due t o  d r i f t  W a S  

Ihe s e n s i t i v i t y  and ranp of measurement were increased 

A f t e r  the sample w a s  in posi t ion,  the  s e n s i t i v i t y  of 
i 

decayed. 
Potent imeter  w a s  adjusted for  a near f u l l  scale def lec t ion  Of 

When the def lect ion decreased t o  approld- 
four inches the  s e n s i t i v i t y  w a s  changed so t h a t  a near 

i 

A two or three pan a l iquo t  of U.a prepzred s o i l  sample 
t o  a s h a U o w  metal t r a y  with Duco Cement and placed about 

'b~ inches below the ion iza t ion  chmber. 
absorbed w i t h  approximately one an of wood and the  iron s h e l l  of t he  
i o n i z a ~ O t l  chamber. Srrmple wd chmber were housed in two inches Of 

The background contr ibut ion was cvlcel led by rout ine ly  

The beta a c t i v i t y  was 
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ea tab l i sh ing  a base l i n e  every f e u  hours  by rt::oving the sample. 
samples were run simiitaneously on ti-$* ui?iirgrs,;ind bust tat no 
measurements were made on the su r f i ce  burst .  

2.b.b Effec t ive  Beta Encr@es 

Two 

-__ - -- 
The e f fec t ive  beta  e n e r t i e s  of soil sL7ples a s  a funct ion 

of time were determined by inalyaes of z lminum Losorption data  taken 
per iodica l ly  on the Bane ~ l m c h e t s .  
v i t h  t h e  'Pacer lab auto.;.atic cc.wilting s y s t m  consis t ing of (1) SC-lB 
Autoscaler, ( 2 )  SC-SA Traceryaph P r in t ing  Intei-h%il ' Iber ,  ( 3 )  S G g C  
Shielded Manual S a p l e  Chtnger and Preamplifier,  ( k )  S U A  Automatic 
Semple Changer, and ( 5 )  E-25 Alruninum Absxber  Kit. 
va8 modified d t h  an SC-h Eagle P rese t  Counter and re lay  so t h a t  the 
total count was n o t  l imi t ed  by the sca le  of LO96 but w a s  extended by 
a-iy desired f a c t o r  from one t o  fou r  hundred. The absorber kits con- 
ta ined  tventy-five one inch  alu1~1mm absorbers graded f r o m  0 t o  1600 
mgfan'. 

The absorption data  were obtained 

The Autosca.ler 

A reprzsentz t ive  s e t  of absorbers i s  l i s t e d  below: 

mg/m" 
0.00 
1.66 
3.h7 
4. eo 

9.96 
7.26 

12.8 
19.7 
29.2 

m $an" n g/m2 
k6.3 375 
67.5 k32 
90.9 52h 

137 621 
172 73h 
2 1  L S U I  
2 78 955 
322 1610 

Since geometry f o r  all measurements was f ixed  by the 
a u t m a t i c  equipnent, considerable care was necessary I n  preparing 
planchets. 
20,000 counts p r  minute but  n o t  Qxceedhg 25,MO counts per minute 
mre desired in order  t o  have a planchet which could be measured for 
a long  time bu t  with which the  e r r o r  i n  coincidence correction was n o t  
abnormally la rge .  The r a p i d  decay of the smples  and the lare amount 
of da t a  needed necess i ta ted  a frequent chnge  i n  the total count upon 
khich counting r a t e s  were based. The total counts were never l e s s  t h a n  
512, r a r e l y  l e s s  than 102b, and u s u a l l y  :Ob8 o r  more. 

I n i t i a l  counting r a t e s ,  w i t h  no absorber, of approxhate ly  

Counting r a t e s  with no absorber m r e  alhays determined a t  
the  end of an absorption curve so t h a t  the data could be corrected f o r  
decay during the pzriod i n  which the  a b s o r ~ t i o n  data  was taken. 

2.4.5 Effec t ive  Gama Ener ,des  

?"le e f f e c t i v e  e m , a  t n e r @ e s  of soil srmnles as a function - 10 - 
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?%i& 
. . w z 2 ~  pr iodicd ly  on the  sane planchets. 
7”” . .- dth amventimal l e a d  p i g  and a t h i n  end-irinhow G M  tube. 

‘ s i .  .ativitp uas removed by a 1300 mg/cmY aluminum absorber which w a s  placed 
,>+~>+ 

I”” n r e  nlaced on the second shelf  and the planchet  on the  th i rd  shelf .  

were determined by analyses of l e a d  absorption d a t a  taken 
The absorption da ta  were obtained 

The b e t a  

. - ~ ~  a e ~ t h e  first shelf of a common l u c i t e  shelf  holder. The l e a d  absorbers 

of the followine, used: 

@n/rnm’ 
O.Oo0 

.225 . t6L 

.910 

t h i  .cknesses w r e  

m/ma 
2.0% 
3.81 
5. e9 
7.5L . 
U.26 

2.k.6 b o s s  Beta Svecif ic  Activity 

Zhe measurements of the gross be ta  spec i f ic  a c t i v i t i e s  of 
Sou eamples uere  made a f t e r  the sanple had decayed s u f f i c i e n t l y  to 
pdt the counting of aliquots uei-g approldmately ten mllligrws. 
The80 Pliquots could be wei&ed accurately and were of s u f f i c i e n t  s i ze  
tUb. fa i r ly  representat ive of the  whole smple .  
cosas,measurements were made on f i v e  o r  s i x  a l iquots  i n  order to fu r tke r  
decrease the e f f e c t  of heterogeneity i n  the sample. The use of larger 
r l iquoto  was undesirable because of the increased d i f f i c u l t y  of making 
mlS-abuorption corrections.  

However, in most 

*. 2.&.7 ~ O S S  G m a  S w c i f i c  Activity 

No information was obtained on the gamma spec i f i c  ac t iv i ty .  
lb rlw Oi gama measurements being made by other projects ,  the invest i -  
g.tore gave this deterninat ion low p r i o r i t y  and neglected it in favor  
Ot the other  objectives.  

2.b.8 Beta Activi ty  of Air F ’  ilter Samples 

B e t a  a c t i v i t y  of air f i l t e r  samples were measured f o r  
b j e c t  2.58 with a Nuclear Measurement Corp. Proportional Counter 
KoCaal W-1. 
C h s b . r  U t  t o  accomnodate 5 3/8 inches square f i l t e r  papers. 
mtar paper was i n s e r t e d  into a cy l indr ica l  metal cup which served as 
tha counting chamber and the  chamber fastened sc t h a t  the  paper surround- 
ad the central anode wire. 
&contamination. 

This counter was equipped w i t h  a special  cy l indr ica l  
The 

Zhe chamber could be e a s i l y  disassembled f o r  

A limited mount  of be t a  decay da ta  was obtained on sane 
o w l e a  frcan tb undermound burst .  

.” & 
&e -. c. 
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2.5 EWRCT ,F 'dEATHLRTNG 

The e f f e c t  of r a i n f a l l  upon the d i s t r i b u t i o n  of fall-aut was 
s tudied by making chemical. anaiyses of samples taken before and a f t e r  a 
"simulated ra in"  and by leaching experiments with d i s t i l l e d  water upon 
a sample of surface s o i l .  

A slow steady r a i n  was simulated by b o  lam spr inklers  supplied 
by 8 tank t ruck  equipped with a centr i fugal  pump. 
sp r ink le r s  were adjusted so t h a t  they covered an area  of approximately 

square f e e t w i t h  an almost v e r t i c a l  spray of ra in- l ike  drops. 
Before t h e  s h o t  it was necessary t o  completely clear the  area of 
vegetation so t h a t  the sagebrush would not i n t e r f e r  with the  spr inkler  
pa t t e rn  and so t h a t  addi t iona l  f a l l -ou t  m u l d  not  be washed onto the 
ground. The mount  and d i s t r i b u t i o n  of r a i n f a l l  was measured w i t h  a 
pat te rn  of funnel-topped graduates placed throughout the area. T r i a l  
mn8 shoved t h a t  two inches of  "rain" could be del ivered t o  the  area i n  
two hours  without surface run-off and t h a t  this penetrated the  ear th  
to a depth of 8 o r  9 inches. Five hours a f t e r  spr inkl ing,  the  p l o t  W a 5  
dxy enough t o  be sampled. 
obtain samples a t  various depths was t o  scrape s o i l  from the near 
v e r t i c a l  wall of a hole dug with an ordinary spade. 
of 518 inch s t e e l  tubing would not  work i n  the cmpact ,  rocky so i l .  

The o s c i l l a t i n g  

Trial t e s t s  showed that t h e  best way to 

Small corers made 

Prior to the  underground bur s t ,  a pat te rn  of possible test areas 
were c l ea rea  i n  t h e  north-east quadrant from ground zero. The ac tua l  
test p l o t  was se lec ted  from these on the bas i s  of access ib i l i t y ,  and 
the f d l - o u t  pattern.  
of ground zero. 

It was located approximately 6000 f e e t  due north 

The e q e r i m e n t  was car r ied  o u t  on D + 3 days. This date w a s  a 
compromise between these conf l i c t ing  requirements: 

1. The des i r e  to work i n  an area w i t h  a s  much f c l - o u t  
as possible  in order  t o ' ge t  s u f f i c i e n t  a c t i v i t y  for 

The necess i ty  of e a r l y  sa rp l ing  before the  bepletion 
o,E the  short-lived Mo, Ap, and Ba: and 
Ihe necessi ty  of protec t ing  personnel from over- 
exposure t o  radiat ion.  

analysis :  

2. 

3.  

The following "pre-rain" samples were taken: 

32-V-W. The top l / k  inch of s o i l  taken a t  randcm from 
10 t o  15 l oca t ions  i n  the p lo t .  
approrimately 1000 p m s .  

\!eight, 

- 12 - 
. 
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3+'1-!.!. The t o p  1/h inch froi:. an a r c s  of 100 square  
i~ci;.:s of the sur facr .  Weight, lo5 gra.ms. 
This was t&en to co r re l a t e  spec i f ic  
a c t i v i t i e s  w i t h  the g o s c  rad ia t ion  f i e l d  as 
measved by the m n i t o r  accorrpanying t h e  
inves t i g s t o r s .  

One inch belojr siirface -- apprari-mately 5 
g r a m  frcm each of three holes. 

Two inches b e l o v  the surface - approximately 
5 grams frm each of three holes. 

3-U-'A'. 

3%7J-I<. 

Unfortunately, in s p i t e  of a spec i f i c  request  b? the inves t iga tors ,  
the contractor  furnished a d i f f e r e n t  water truck f o r  the  tes t  than for 
the trial runs and on ly  one inch of  " r a i n "  was delivered t o  the plot.  
This penetrated t o  a depth of s i x  inches. 

The following "posLra in"  s m p l e s  were t.4:en: 

36-U-W. The top 1;b inch of s o i l  taker> a t  random from 
5 t o  10 loca t ions  i n  the p lo t ,  Weisht, 
approximately 9 pzs. 

Taken r e s p c t i v a l y  frcm 1 inch, 2 inches, b 

sample contained approximately 5 grams from 

37-U-W 
38-U-W inches,  and 6 inches below t h e  surface. Each 
39-U-tl 
&&U-W each or' three holes. 1 

An a l iquo t  of sample 32-U-h' and all of the  other  samples w e r e  
dried and pulverized before they were returned to N l H  f o r  chemical 
pnalysis. 

The f i e l l  tests were supplemented by leaching experiments at  NIH 
On an a l iquo t  frcm the  unpulverized saxple 32-U-.A'. 
Performed i n  the following mamer: I 

The experiments were 

A. 108 grams of sample 3 2 4 4  and 1CXX cc of wzter were 
shaken f o r  one hour. This was allowed to set t le  f o r  
one n o w  and a 120 cc a l iquo t  of the supernak. 
renoved with a pipet te .  This was centrifuged ta 
remov;: aqy suspended matter and. t h e  c lear  supernxte 
(saq?ls LiL-u-!!) an&fzcd f o r  d i s sohsd  ac t iv i ty .  

The mixture of water and sarlple was then s t i r r e d  for  
an addl t ional  e i g h t  holirs i n  a !.krinq blender aqd 
alloued t o  se t t l?  f o r  eleve:; hours. A 170 cc a l i q u o t  
was removed, centr i fu ,Fd,  and anilyzed (sample &-U-!*!). 

9. 

- 13 - 
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.CHAPTER 3 

RESULTS 

3.1 WERAL 

The r e s u l t s  of t h i s  inves t iga t ion  are presented wherever possible  
In t h e  form of graphs and tables.  Recause of t h e  small s i z e  of the  
graph8 i n  this f c m a t ,  the authors have of ten  f e l t  that al thou& the 
graph vas necessary to present  the  general p ic ture ,  i t  did n o t  present 
the data i n  s u f f i c i e n t  d e t a i l  f o r  i ts m d u n  use. For this reascn, a 
graph ia often accapanied  by a t ab le  giving de ta i led  data  f rm which a 
lmge scale drawing may be prepared. 

Since i n  decay and absorp t im a r m s  it i s  the shape of the cur- 
and not t h e  magnitude o f . i t s  ordinate  which i s  of i n t e r e s t ,  the  observed 
counting r a t e s  for such curves have usual ly  been adjustkd by the use of 
constant mul t ip l ie rs .  
presentat ion of the  maximum amount of da t a  on a glven graph. 
the  reader should n o t  draw conclusions regarding r e l a t i v e  spec i f i c  
a c t i v i t i e s ,  etc. ,  from tu0 or more curves. 

3.1.1 Description of Samples 

Such normalization made possible the m o s t  l u c i d  
Eowever, 

A de t a i l ed  descr ipt ion of each sample studied is given i n  
In addition t o  an ident i fy ing  ninber each 

Thus the first code l e t t e r  Wt or "Urn 

the numerical l i s t i n g  below. 
sample has  teen a v e n  a few simple code l e t t e r s  which b r i e f l y  descr ibe 
i ts  p r inc ip l e  cha rac t e r i s t i c s .  
t e l l s  whether the s w p l e  w a s  taken a f t e r  the surface or underground 
burst. The second group of code l e t t e r s  give the general nature of 
t h e  sample: 

3 
S - Scoop samples from the  surface of the c ra t e r  l i p  

R 0 Rocket saxples from the c r a t e r  

P - Pebble sample 

C = Core sanple from the c r a t e r  l i p  

P - Fall-out smple  

W - Sample taken in connection w i t h  the weathering study 

CA - Ground air f i l t e r  sample 

- 14 - 
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LA = Low a l t i t u d e  air f i l t e r  s a p l e  

HA - H i g h  a l t i t u d e  air f i l t e r  s m p l e  

C I  - Cascade impactor sample 

Where the s a i p l e  was supplied by another p ro jec t  w d  yas 
accompanied by an i den t i fy ing  number, t h a t  nmber  i s  given in the  t e x t  
of t h e  descr ipt ion.  Similarly, original N a t i o n a l  I n s t i t u t e s  of Health 
mbers are g i w n  f o r  those samples from which a l iquots  were given t o  
other pro jec t s  for cross-checks. 

144 

2 - s s  - 
ll-3-s 

S R  

6 s - P  

7-S-P 

8-S-P 

9 s - c  

10-s-c 

11s-c 

1.244 

Canposite of f i v e  scoop saqples  f ron south face of 
l i p  of c r a t e r  frm surface burs t .  See Figure 3.1. 
Taken a t  appro.dmately H + 3 hours. 
No. 1. 

Canposite of six scoop samples fmm h e r  face of 
crater l i p  from surface burst. 
Taken a t  approximately H + 6 hours. Or ig ina l  NIH 
No. 5. 

Soil from platform on weasel. Taken from somewhere 
on south f ace  of c r a k r  l i p  a t  H + 3 hours. 

Fused g l a s s  beads taken from sample No. 24-3. 
green in color.  O r i g i n a l  NIX No. 11. 

From c r a t e r  of surface burs t .  Obtained cn D + 2 
days w i t h  r e t r i e v a b l e  rocket.  
s ide rab le  r a i n  before taken. 

Selected pebbles from ?Io. 13-S. 

Pebbles se l ec t ed  f rom sample No. S.5-S. 

Pebbles from sxnple No. 122-c. 

From saw core as sample No. 123-C; 6 inches 
from top of core. 

From same core as sample No. 125-C; 1 2  inches 
from top of core. 

Frcm same core sample as sample No. 12-S-C; 
18 inches fron top  of core. 

Prom core sanple taken near a m p l e  No. 1 4 3  a t  
approldmately H + & hours) 2b inches from top  of core. 

Original  NIH 

See Figure 3.1. 

Dark 

Exposed t o  con- 

> 

- 16 - 
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4 

Fi_Fire 3.1. Loca t im of Surface Sa-n?lz-F on Crater of Surface n i i r s t  
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14 

0 P8 
15 Q P7 

16 

P9 

0 

20 

Ir ” 4 100 Ft. 

%%re 3.2. Location of Surface Scoop Samples on Crater L i p  of Under- 
ground hrst 



1 > U S  Composite of seven scoops from south face of ,crater  
Taken a t  approximately l i p  from underground burst. 

H + 1 1/2 hours. Original  NIH No. 18. 

I & - U S  
l $ U S  Individual  scoop sanples  fran south face  of c r a t e r  
l 6 U - S  l i p  from underground shot. See Figure 3.2. Taken 
17-US a t  approATately H + 20 hours. 

20-US 1 1aus 
19-US 

21-U-R 

22-w-P 

2 3-u-P 

21r-u-P 

25-u-c 

26-u-c 

2 7-u-c 

2 8-U-F 

29-U-F 

30-U-F 

3 1 - 7 ~ ~  

32-U-VI 
33-V-W S m p l e s  taken i n  connection with study on 
34-V-!J e f f e c t  of weathering. See sec t ion  2.h. 
354-7.i 
3LU-v J - 16 - 

Composite of f o u r  samples taken by r e t r i evab le  
rocke t  on D + 2 days. Sample mostly sha t te red  
rock. 

Pebbles f r o m  Sample No. 12-U-S 

Pebbles from sanple No. 27-V-C. 

Pebbles f rom sample No. 25-'J-C. 

From core taken near  s m p l e  Xo. 1 3 U - S  a t  
approx5natsly H + 5 hours. 
of core. 

From same core as No. 25-112; 7 inches fran top. 

Fran same core as No. 2.5-lJ-C; fron bottom of 
core; 12  inches fran top. 

Fall-out tray; NI1DL No. %%6; 900 yards east, 
600 yards north of ground zero. 

Fall -out  trryr; WJIL Yo. &HA; 600 y.ards east, 
900 yards nor th  of.%gi-ound zero. 

Fall-out t ray;  NWL No. 17-;?E-5; 2000 yards  
nor theas t  of qound zero. 

Fal l -out  t ray ;  YRnL No. M-C-2; 300 yards 
e a s t ,  600 yar& north of ground zero. 

One Inch from top  
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37-u-'4 
3RU-!J 
39-U-W 
h0-U-W weathering. See sect ion 2.b. 
W-U-W 
k2-U-V 

Sanples taken i n  connection w i t h  s tu+ on e f f e c t  of 

No. S-15 AJ. 
F i r s t  shee t  in pack of filter paper; Chenical 

3000 fee t  nortkAeast of ground zero. 

C O T .  Type V I .  

1 
&>%GI Ground air f i l t e r  s a i p l e  from surfacs  burst ;  ACC 

hh-S-LA&w -tude air fi l ter  s m p l e  from surface burs t ;  
bo. J1-I-1A. Close-in; a p p r o ~ a t e l y  1000 

m - K $ p r o l d m a t e l y  H + 1 hour. 

i t ude  air f i l t e r  sample from surface burst; 
h5-s-HA H i b 3  No. J1-I-16A. Close-in; above 10,000 f e e t  

h6-U-G4 Ground air f i l t e r  s m p l e  from underground burst ;  

%f?approxhately H + 1 hour. 

ACC No. U - l l b  A l .  
F i r s t  s h e e t  of f i l t e r  paper  in pack; of "polyfiberR 
f i l t e r  paper. 

4000 f e e t  north of ground zero. 

h7-U-GA Ground air f i l t e r  sa-nple from underground burst ;  
ACC No. U-11b A2. 
i n  pack used i n  No. b6-U-GA. 

Second sheet  of f i l t e r  paper 

h&U-G4 Ground air f i l t e r  sample fran underground burst ;  
ACC No. U - l l b i i l .  Duplicate of b&IJ-CA. 

&9-U-CA Ground air f i l t e r  s m p l e  from underground burst; 

~ U - C A  rcounci air f i l t e r  s'mple fran underground burst .  
ACC No. U-115 Al. 3000 f e e t  northeast  of ground 
zero. F i r s t  shee t  in pack of "polyfiber" f i l t e r  
Paper. 

ACC NO. U - l l k  Ax2.  Duplicate of b7-U-CA. .. 

a-U-CA Ground air f i l t e r  sample from underground burst .  
ACC No. U-11s A,1. Duplicate of No. ~ - U - c r \ .  

S Z - U - U m  d t i t u d e  air f i l t e r  sample from underground b u r s t j  
No. J2-I-2A close-in, approximately 1000 fee t  

-&nately I! + 1 hour. 

- 19 - 
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53-U-% H i g h  a l t i t u d e  aFr f i l t e r  s m p l e  from underground 
No. J2-I-1lA d o s e - i n ,  above 10,COO 

- 
burst; 1 
f e e t  a t  aypIP22irnately H + 1 hour. 

Cascade impactor s m p l e  firm surface hirst; ACC 
No. S L ;  20,900 f e e t  from ground zero on north 
nor theas t  line. 

Cascade impactor s m p l e  f r m  surface burst; ACC 
No. 3 6 ;  hW0 f e e t  from groiind z e r o  on north l i n e .  

Cascade impactor sample from surface b u r s t j  ACC 
No. SV; ha30 f e e t  from groimd zero on north l i n e .  

Three moleciiiar f i l t e r s  used as final s t a s s  in 
samples No. s, No. 55 and No. 56. 

Cascade impactor sanple from underground burst; 
ACC No. WL; 20,COO f e e t  from ground zero cm 
nor theas t  l i n e .  

Cascade impactor sample from underground burst; 
ACC No. LW; bl!00 f e e t  from ground zero on 
north line. 

Cascade Impactor sample from underground burst; 
ACC No. UN; bo00 f e e t  from ground zero on north line. 

Three molecular f l l ters  used as f i n a l  s tages  In 
samples No. 50, No. 59 and No. 60. 

L 

Sb-S-CI 

5 5 S C I  

s&S-CI 

57-U-CI 

58-ll-CI 

5’9-U-CI 

&IJ-CI 

61-U-CI 

3.1.2 R e l i a b i l i t x  of Data 

The r e l i a b i l i t y  of all the  d a t a  i s ,  of course, not  the 
ame. Where the d a t a  does not  b y A t s  nature  o r  s e l f  cmsls tency  p r o d d s  
the rcader with a measure of r e l i a b i l i t y ,  the authors have attempted ta 
do so. 

?he spread of r e l i a b i l i t i e s  is very l a r 5  i n  the  da t a  on 
chemical ana lys i s  presented Fn t h e  accompanying tables .  S m e  values a m  
the average of as many as fourteen separate  determinations Kith counting 
rates between 1,000 and 20,000 counts per ininute above background, and 
with average deviat ions of 5%. 
of two or th ree  values with counting r a t e s  tu0 or three counts per 
minute above background m d  w i t h  average deviat ions of 200-P0%. 

Others are single values or the  averags 

The assigrment of a probable e r r o r  t o  each d e t e n i n a t i o n  
wuuld have been labor ious  and in many cases  without meaning. mere- - 20 - 
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fore,  fou r  g e n e r a l  ca tegor ies  of r e l i a b i l i t y  have b-~ai se lec ted  and 
each measurem?.t placed L-I one of these.  The superscr ip t  i n  the  t ab le s  
designates the cat-:&orj ts which the given datii?, has bcen a s s i p e d .  
The c h a r a c t e r i s t i c s  of the f o u r  c a t e - ~ r i e s  of r e l i a b i l i t y  a re  a s  
follows: 

- F i r s t  Category: 
In general, a d a t m  i s  based on c o a t i n 2  ra+Les of over 1,000 

Data i n  t h i s  g;o: ip  art: r e l i a b l e  t o  b e t t e r  
then 10%. 
counts pe r  minute above background a d  tbret? o r  nore de t e r . i na t ions  
with a? average deviat ion of l e s s  than IC$. 

-- Second Categoq:  Data i n  this p o u p  are  r e l i a b l e  t o  
betueen 1% ar,d 20%. In  @ n e r d ,  a d a t w  is based on counting r a t e s  
of over 200 counts per minute abovc b x k g r o m d  and on a t  l e a s t  three 
determinations with an average deviation of less than 30%. 

Third Catqory :  Data i n  t h i s  proup are  reliable t o  be- 
b e e n  20% and % I n  general, a datum is based on coxnting r a t e s  of 
over 9 counts per minute above hackg-ound and a t  l e a s t  two determi- 
nations with an average deviat ion of l e s s  t k a  9%. 

Fourth Category: Data in t h i s  goup are r e l i a b l e  to less 
In general, a d a t m  is b a e d  or. a c c u n t i n g  r a t e  of less than than 50%. 

9 counts per minute above back@-ound an4 >n cnl-i ORE or  two determi- 
Mtions which deviate  more than rW. 

Because of tt.e continuous nature of the  d a t a ,  the  l imi t ed  

Ihe 
WOunt of data and the  broadness of the categories ,  a given datum 
could of ten haw been placed i n  e i t h e r  of t w o  adjacent categories.  
actual placement vas of ten  i r f luenced by the inves t iga tor ' s  t ' feell l  
for the particular determination as much a s  by the l h i t e d  s t a t i s t i c s .  
h e v e r ,  cases of doubtful r e l i a b i l i t y  have been placed i n  the category 
of l e s se r  r e l i a b i l i t y .  

3.2 CTIEYICAL I CHARACTEXSTICS - OF RESIDUAL WICACTIVITY .. 
3.2.1 Surface Sail Szmle3 

Tables 3.1 and 3.2 show the abundance of spec i f i c  radio- 
active isotopes i n  SOEL sazples  taken e i t h e r  from the surface of the 
@oUnd or  the sur face  of t h e  c ra te r .  These t ab le s  present  exac t ly  the 

data but  i n  different  units. In both, t h e  ana ly t i ca l  results 
have been extrapolated by exponential  decay laws t o  "tott. 
PalueS present  t h e  r e l a t i v e  yields of isotopes and the most ccnvenient 
%ue3 f o r  ca lcu la t ing  r e l a t i v e  conposition a t  l a t c r  times a f t e r  the  
ccmpletion of t h e  i n i t i a l  f i s s i o n  chains. 

These 

, 

Table 3.1 e v e s  the  ca tpos i t i on  in atoms of isotope per pram of 
- 2 1 -  ' 
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soil. Table 3.2 gives t h e  activit ; .  of eact. isotopz in m i l l i c l r i e s  per 
cram of m i l .  Table 3.3 present5 infcrmation concemTng f rac t iona t ion  
of these  f i s s ion  prodrcts. I t  cornprzs  the observed abiml!znces i n  
Table 3.1 with the  f1ssi.n y ie lds  fro?! ami slcii neutrocs. '!he 
values of f i s s i o n  y i e lds  ,;sed f o r  t h e  cornprison were 1 

7 

L--- 

"R" Fac tors  sjll?isar to those used by the A i r  Force Office of Atornic 
Fhergy (AFOATi, > have been calciilated and l i s t e d .  

.\.. 
Ynese Factors have t h e  fol1ok"ln:: d e f i n i t i m :  

I 

observed abundance of x - . fissicjn y ie ld  of x 
for X/y  = observed abundance of y ' f i s s i o n  y i e ld  o f 7  

(3 .1)  

For Simple 1 from Table 3.1: 

3.2.2 Chemical Canposition vs Depth i n  Crater 

Table 3.b e v e s  the abundance of ce r t a in  radioactive 
isotopes as a funct ion of depth i n  the  loose so i l  conprising the c ra t e r  
l i p s .  The actual depth f o r  each samrle i s  i n  doubt. The corer  was 
driven to a depth of th ree  f e e t  in each case, 6u t  was only p a r t i a l l y  
f i l l e d  w i t h  so i l .  
three foot  core, or the upper p a r t  of three f o o t  core,  or  a canbination 
13 not  known. 
the surface of the s o i l  i n  the  core. 

'&ether the  core obtained represented a compressed 

lhe depths indicated i n  the table  are the  depths below 

Table 3.5 presents  "R" f a c t o r s  as a measure of fractiona- 

The core of $he underground l i p  was taken near  
t i on  as a funct ion of depth. 
near sample 1-SS. 

The core of the  surface l i p  was taken 

~ ~ ~ ~ p l e  l>!J-S. \ 

. 3.2.3 Chemical Composition of A i r  F i l t e r  Samples 
/ 

Table 3.6 gives the dtmiaa..-e of ce r t a in  radioact ive 
The abundances are expressed i n  atcans isotopes in air f i l t e r  samples. 

sample. No attempt has been macle t o  deknn ine  abundance or a c t i v i t y  
a f u n c t i m  of e i t h e r  volume of air  f i l t e r e d  or mass of sanple. - 

C.D. Coryell  and Nathan Suganran, flRadioct,emical Studies:  
Fiss ion Products" ?ook 2 ,  I n t r o h c t i m ,  McCrar; H i l l  Pook 
Canpany, Inc., New York (199) 

The 

-14 bc~&d e+ 
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These a n d y s e s  were made to determine r e l a t i v e  composition f o r  canpari- 
a m  with other  samples. Table 3.7 presents the "R" f a c t o r s  a s  a measure 
of i rac t iona t ion .  -. 

The very mall mount  of a c t i v i t y  avai lable  on a f i l t e r  
for analysis makes the r e l i a b i l i t y  of any p a r t i c u l a r  value l e s s  t h a n  f m  
those reported i n  the previous tab les  f o r  s o i l  savples. 

3.2.4 Chemical Ccunposition g Function - of P a r t i c l e  

The mount of a c t i v i t y  on a s ing le  stage of the cascade 
impactor was ,so mall # a t  the values reported i n  Table 3.8 must be 
considered a s  only a p p r o h a t e .  I t  i s  impossible to say how much of 
the f r a c t l o n a t i m  indica ted  by the "R" f a c t o r s  i n  Table 3.9 is r ea l ,  
haw much is due to e q r i m e n t a l  e r r o r ,  and how much i s  due t o  the f a c t  
that the  minute amount of mater ia l  on any s tage is probably not  r e p  
r e s e n t a t i w  of the whole. ?he da ta  a re  g i v e n  more as a guide to f u t u r e  
work than f o r  my i n t r i n s i c  value it may have. 

3.2.5 Pebble Sanples 

The chemical canposition of the p=bble s m p l e s  i s  shorn 
i n  Table 3.10. The presence of Mo, Ap, Ba, Sr,  Zr, and Ce shows t h a t  
the sand b las t ing  d id  n o t  conpletely remove the f i s s i o n  products and 
that the spec i f i c  a c t i v i t i e s  determined on these s m p l e s  are  n o t  a 
co r rec t  measure of induced ac t iv i ty .  

3.3 e C H A P A C T E X S ~ C S  OF RESIDUAL wroAcTrvrn  

3.3.1 -- Gross Beta Decay of Crater  & Samples 

The decay cha rac t e r i s t i c s  of the  beta a c t i v i t y  of the 
c r a t e r  l i p  samples from the  surface and underground b u r s t  ape similar. 
They markedly depar t  from the usual type of f i s s i o n  product &cay 
described by the  expression? 

\ 

Adkt-1 s 2  (3 .2)  

As can be seen in Figure 3.3, descr ibing the decay, both log-log curved 
exhibit ~1 i n i t i a l  slow r a t e  of decay which s t ead i ly  increases  t o  a 
maldmwn znd then decreases again. The slopes of the p l o t  o f  the data 
var i e s  from i n i t i a l  values of -0.7 and -0.8 t o  m a ~ a  o f  approldmately 
-2.3. 

Although q u a l i t a t i v e l y  similar, quan t i t a t ive ly  the decay 
curves are  q u i t e  d i f f e r e n t .  The type of expression which descr ibes  
very accurately t h e  deca-r curves of a l iquots  of s m p l e s  from the  
surface b u r s t  will n o t  descr ibe similar data  from the underground burst. fi - 28 - 
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3.3.2 Bet& Decay of Air Filter Samples 

A l imi t ed  aniount of da ta  on beta 2ecay of air f i l t e r  
samples from the  underground bur s t  i s  shown in Figure 3.7. The curves 
w e  numbered according t o  ACC nmenclature ,  see repor t  of Pro jec t  2.G 
"Airborne P a r t i c l e  Studies" . 

3.3.3 Gross Gamma Decay of Crater  L i p  Samples 

Decay with f.4 Tubes: The gross gamma decay c h a r x t e r -  --- 
i s t i c s  of c r a t e r  l i p  samples fran the underground and surface burs t s  
vere found to be d i f fe ren t .  Since no ana ly t i ca l  expression which would 
descr ibe the decay has been found, empirical da ta  a r e  presented in 
Figure 3.8 and Tables 3.13, 3.1b, and 3.15. The tab les  present i n  
d e t a i l  the a e r a E e  da ta  f r o r  which the  f i w r e s  were plotted.  

The e a r l y  decay measirments uere made a t  the test site 
and t h e  l a t e r  measurements a t  the National I n s t i t u t e s  of Seal th  Kith a 
considerable time overlap. 
continuous decay curves. Di f fe ren t  absorbers for  the removd of b e t a  
p a r t i c l e s  were used a t  the two l abora tor ies  and the adjustment i s  n o t  
without cr i t ic ism.  
filter of aluminum, while t h e  l a t e r  ones were made with a 3.7 gn/an' 
lead filter. 
the  l ead  removed, i n  addi t ion,  approxhate ly  bo% of the  pmias. 
the gamma spectrum of the r e s idua l  a c t i v i t y  i s  changing with time 
(Figures 3.14 and 3.15), the decay curves obtained u i th  the two f i l t e r s  
a re  n o t  ident ica l .  

These data have beer) adjusted t o  form 

The e a r l y  measurements were made using  a 1.3 gn/cm2 

Both f i l t e r s  e f f ec t ive ly  removed the  be ta  p a r t i c l e s ,  bu t  
Since 

4 1  

Fortunately,  an e s t i n a b  of the magnitude of the dis- 
crepancy can be made, s ince l ead  absorption curves a5 a function of 
tine were detcrmiced on the planchet5 used f o r  obtaining the e a r l y  
decay curves. A compsrison of the decry curves obtained with 1.3  

the e a r l y  por t ion  of the decay ind ica tes  this nagiitude.  
gdm2 of ~ l ,  and with 1.3 .pm/m2 of ~i pius 3.e .ppl/mZ of pb over 

'Re deci.y curves f o r  two sa~p3es f r an  the surface burs t  
are shorn. Smple  1-S-S was from the cuter surface of the c ra t e r  l i p ,  
and s m p l e  2-S-S w a s  f r o r  the inner  surface of the c r a t e r  l ia.  Xach 
curve i s  the  avera ,F  of t i n  or more c u r v e s  ohta5ned on s e p x a t e  aliquots 
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Figure 3.7. Beta Decay of Ground-Ah Fi l t er  Samples 
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of the samples. Sample 1-S-S i s  probably more typ ica l  of the close-in 
fall-out, s ince  sample 2 - S S  contained severa l  very l u g e  fused glass 
beads no t  found elsewhere. 

The decay cha rac t e r i s t i c s  of samples f r a  the underground 
burst were more ccnsistent than uere  the  decay curves from the  various 
sample8 from t h e  sur face  burst .  Therefore, i t  was possible  t o  present  
an average decay curve i n  Figure 3.8. 
of eleven decay curves taken on a l iquo t s  of saxples d i s t r i b u t e d  over 
t he  crater l i p .  
300 hours the curve can be described ana ly t i ca l ly  by the expression 

This curve represents  t he  average 

It w i l l  be noted that for the period f r m  5 hoiu‘s t o  

(3 .Q A - 
Gama Decay With Ionizat ion Chamber: The data f o r  t h e  - 

decay of gamma act ivi ty  as measured with an ion iza t ion  chamber are 
s h o w  5x1 Figure 3.9. Both curves were obtained with a l iquo t s  of saniple 
l > U S  from t he  surface of the  l i p  of the underground crater .  
of the decay curve measured w i t h  a G K  tube i s  shom f o r  comparison. 

A portion 

The d i f fe rence  in the  b o  rneasuremnts is undoubtedly 
due to the contr ibut ion of the low e n e r w  g m a s  f r o e  NpZ3’. 
e f f ic iency  of the G M  tube f o r  low energy photons r e s n l t s  i n  a r e l a t i v e l y  
mall contr ibut ion to the a c t i v i t y  a s  measured by a G E  tube. 
versly, the  r e l a t i v e  contribution of NpZ3” t o  the ion iza t ion  chanber 
is  large.  
when, according to Figure 3.3, the r e l a t i v e  abundance of NpZ3’ i s  
beginning to decrease rapidly.  

The low 

Con- 

Note the great  change i n  slope a t  around to + 100 hours 

N o  measurements were made an t h e  surface burst. 

Effect ive Beta Ehergies & A Function -- Of T h e  

The gross charact&istics of the beta  energies  as a 

3.3.L 

functim of time have been detenkined by analys is  of families of 
alminum absorption curves f o r  the same p lmchets .  A typ ica l  family 
of curves on an a l iquo t  from sample 1>U-S i s  shom i n  Figure 3.10. 
Although these curves were obtained w i t h  the same geometry, no inference 
as to gross decay should be drawn. 
t h a t  t he  en t i r e  group could be p lo t ted  on the sane graph. 

The d a t a  have been normalized so 

Three “effect ive” coaponents could be dis t inguished i n  
Tzble 3.16 l is ts  the c h a r a c t e r i s t i c s  each of the absorption curves. 

of the three components found for t h e  ind iv idua l  curves. The energies 
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Rgure 3.9. Ionization Ckamber Measurements of Gamma neCa:r of Surface 
S o i l  Samples from 1Jnderpour.d R u r s t  
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Ngure 3.10. Typical Fanily of AluninUm Absorption Curves f o r  Surface 
Soil Sample 
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TABLE 3.16 

Beta Ekergies of Soi l  S n p l e s  Versus Time 

24 3.6 1.3 
32 2.6 0.89 
58 2.0 0.69 
100 1.6 0. a 
126 1.6 0.9 

12 3.4 0.97 
14 3.3 0.61 
21 3.5 1.27 
55 2.6 0.99 
101 2 .o '3.t 72 
129 - 1- c;63 

8 3.9 1.26 

0 3.9 1.19 
12 3-6 1.19 

3b 1,. 5 0.66 

15 3.5 1.56 

2& 3.1 1.09 

26 3.5 1.17 
55 2.6 0.77 

7 
10 
13 
24 
3h 
60 
107 
126 

G- , 333 

I 10 

12 
11 
11 

F I I 

Energr (Mev) 

1.17 
3.5 0.96 
2.6 0.9 

2.2 0.52 
2.1 0.9 

1.6 0.U 
1.8 0.57 

2 .1, 0.78 

2.23 

59 
45 
h6 13 
23 bo 

25 

9 
'23 

7 
6 - 
32 

36 
30 
30 
11 

L5 
31, 
32 

- 51 - 

26 45 
IrO 35 

61 
70 

25 
22 
13 72 
19 76 

53 llr 

a 11 
17 
21 

50 

20 
48 
60 

30 22 
25 38 
35 33 

E3 

0.18 
0.17 
0.30 
0.25 
0.26 
0.26 
0.18 
0.05 

0.12 
0.19 

0.W 

0.40 
0.32 
0.3 
0.22 
0.27 

-- 

0.35 
0.29 
0.37 
0.35 
0.hO 
0.37 

0.W 

0.25 
0.21 
0.24 
0.36 

0;32 
0.36 
0.25 

Abundmce (%) 

11 
11 26 

67 
59 35 

l2 16 I :! I !$ 
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TkOT,E 3.16 (Con t i n u e d j  

Reta b r r g i e s  of s o i l  Samples Versus 'Pime 

Tine 
(hours) 

El 

L.2 
b. 3 
3.7. 

3.0 

3.2 
2.5 

3.3 

2.6 
2.0 

4.0 
L.9 
3.1 
3.3 
2.1 

11.7 
3.3 
3.9 
3.5 
3.0 

21 

E2 

0.9b 
0.92 
0.77 

0.72 

0.77 
0.65 

o . n  

0.6a 
0 lt9 

0.3L 
1 2 9  
1.09 
1-15 
0.511 

1-63 
2.06 
1.24 
1.22 
0.51 

1>us 

2 5-u-c 

11 
26-u-c 23 

27 

80 
3k 

2 7-U-C 

. ~ -  

1r.l 
3.0 
2.6 
2.1 

I 

I 8 

1.03 
,,O.?O 
'9.53 
0.53 

22-17-P 

!herp  (Hev) 

1 2  
25 
32 

I 

L.5 I 1 .I2 

1.1.2 
0.W 

2.h 0.98 

E 3  

0.10 
0.26 
0.214 
0.21 
0.32 

0.22 
0.25 
0.27 
0.17 

0.29 
0.37 
0.35 
0.35 
0.23 

0.62 
0.5& 
0.h9 
0.29 
0.22 

0.23 
0.18 
0.29 
0.16 
0.19 

0.32 
0.25 
0.lll 
0.25 

Abundance ( 9 )  

A1 

P 
27  
25 
1 7  
11 

21 
23 
18 

6 

33 
21r 
1 7  
1 2  
1 2  

- 

- 

- 

- 
3L 
37 
2L  
20 
23 

P 
112 
19 
22 
13  

28 
28 
26 
33 

- 

- 

- 
A2 

L& 
lil 
37 
L8 
u 
4 l  
33 
31r 
30 

1rO 
27 
2 3  
2& 
58 

21 
1 9  
13 
h5 
56 

37 
31 
35 
52 
52 

59 
65 
62 
47 

- 

- 

- 

- 

- 

- 

- 

A3 

25 
25 
30 
45 
&3 

38 
L3 
ll7 
65 

27 
119 
59 
65 
30 

LO 
LO 
33 
32 
20 

30 
27 
38 
27 
35 

21 
1 2  
11 
22 

- 

- 

- 

- 

- 

- 

- 
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of the  components were c a l c d a t e d  by the formulae' 

E 1.92 R0'726 f o r  R < 0.3  on' (3.9 ) 

E - 1.95 R + 0.'2b5 f o r  R > 0.3 g /m2 (3.10) 

and ranges ( R )  obtained by a s impl i f ied  Feather analysis.  
was obtained by the  l i n e a r  r a t i o  of the  observed value of absorbers f o r  
90% reduct ion of i n i t i a l  a c t i v i t y  of the  unknoun, the  observed value of 
absorber f o r  the 90% reduction of a Bi"O stanciard and the  l i t e r a tu re '  
value of li76 ng/a2 f o r  t h e  range of B i z l o .  

The range 

The relative abundances l i s t e d  i n  columns 6 ,  7, and 8 
have been cor rec ted  f o r  backscat ter ing and f o r  air and window 
absor t ion.  The backscat ter ing correct ion was tdcen from a graph by 
B u r t t  E and the  absorption correct ion was calculated by She equations' 

F - 
cI - 0 .017~-1 -4~  

The t r end  of this d a t a  i s  sho'm in F i p u r e s  3.11 and 3.12. 

( 3.11) 

(3.12) 

3.3.5 Effect ive Gama Energies -- A S  A F unction ' -__ of Time 

The gross c h a r a c t e r i s t i c s  of the  ganva energies as a 
function of time have been d e t e m b e d  by analyzing families of l ead  
absorption curves for the sane planchets. 
on an a l iquo t  from sample 1SU-S is  shown i n  Figure 3.13. Although 
these  curves were obtained with the  saqe planchet and geeonetry, no 
inference  as t o  act ivi ty  as a funct ion 0," time should be drawn. 
data f o r  each curve have been normalized w i t h  a constant mu l t ip l i e r  
so t h a t  the  e n t i r e  group could be plot+ed c l e a r l y  on one gra?h. 

A typical  family of curves 

The 

Each of t he  absorRtion curves could, w i t h  a f a i r  d e q e e  
of accuracy, be considered as t h q  absorption curve of a two component 
mixture. Table 3.17 l ists  the c h a r a c t e r i s t i c s  of the  two components 
found by amlysis of individual  curves. In columns j and 4 are l i s t e d  

1. R.E. Lapp and H.L. Andraws, Nuclear Rxdiation Physics, page 180, 
F'rentice-Hall. Inc.. !Jew York. I l ? h 8 T -  , . - .  I 

2. 

3 .  

h. 

6. Friedlander  and .I.W. Kennedy, In t roduct ion  t o  Radiochemistry, 
page 161, John W i l e y  and Sons, Inc., New York,(19h9). 
P.P. E u r t t ,  "Absolute Peta Counting", NIUCLEalTCS 5,  28, 
( A u m s t  19bR). 
C.T. Qeason, .I.D. Taylor a d  D.1,. Tabern, "Absolute Peta  Counting 
a t  Defined k o n e t r i e s " ,  N"CLE9NICS - 8, 1 2 ,  (May 1 9 9 ) .  
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TABLE 3.17 

Gamma & e r a  of Soil S z i p l e s  Versus Time 
___ 

Enera Relative - 1  Abundance 
Time I Absorption 

3 
El 

1.35 
1.111 
1.07 
0.89 
0.78 

1.31 
1.03 
1 .oo 
0.85 

v) 
E2 

0.113 
0.111 
0.122 
0.1115 
0.172 

1 72 

Sample 
7- 

13 
111 
23 
26 
28 

7.3 
12 
25 
48 
72 

1-S-S 

- 
8L 
77 
79 
76 

n 
68 
75 

75 
75 
70 
70 
69 

- 

- 

l l r  
26 
lr9 
73 

0.1h2 
0.1119 
0.167 
0.162 

1 6  
23 
2 1  
2L 

* 0.76 

2 - 3 4  

60 
n 
96 

0.1% 
0.163 
O.lL9 

0.121 
0.136 
O.lbl4 
0.190 
0.202 

0.87 
0.82 
0.85 

1.87 
1.96 
1.90 
1.82 
1.b5 

29 
32 
2 5  

2 5  
2 5  
30 
30 
3 

2 5  
26 
LO 
15 
26 

F s - R  

13 
25 
lr8 
73 

0.57 
0.53 
0.62 
0.70 

35.2 
31.6 
19.2 
16.9 

12s-c 

lii.0 
36.7 
L0.l 
67,? 8 
2 9 9  

1.15 
1.20  
0.96 
1.01 
1.25 

0.126 
0.13b 
0.127 
0.098 
0.19 

75 
71r 
63 
85 
7L 

87 
93 
95 
95 
79 

68 
67 
79 

- 

78 

n - 

1 3 u s  
0.94 

77 0.79 

5 I 0.62 I 39.1 
8.7 0.66 57.6 

1.71 
1.67 

3.3L 
3.17 

1.21 
1.19 
1.02 
1 .m 
1.20 
1.02 

0.127 
0.112 
0.0911 
0.109 
0.115 
0.123 
0.118 
0.1h7 
0.1119 
0.160 

1 3  
7 
5 
5 

2 1  
22 
32 
33 
2 1  
29 

n.3 I ::E I Q.2 
1 2  

1 3 - u s  
32 
50 

1111 
n 

lr5.L 
30.5 

26.0 
29.2 
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EL-,erpy Re1 a ti ve 
Abundance 

9 
13 
1 6  
23 

0.73 
0.69 
0.80 
0.87 

0.118 
0.126 
0.098 
0.100 

10 
16 
15 
20 29 

33 a 
0.93 
0.91 
0.92 

0.137 
0.19 
0.160 

29 
32 
34 

0.121 
0.lhh 
0.160 

27 
33 
39 

35 * 
79 

0.92 
0.97 
0.97 

35 
55 
81 

0.94 
0.91 
9.93 

0.1 37 
0.167 
0.160 

39 
33 
30 
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TAPtE 3.17 (Continued) 

Canna Energy of S o i l  Samples Versus Time 

Time I Ahsc ) t ion  
: ients 
9 Pb 

Pa 

a f t e r  Coeff 
burst 
(hours) 

Sample 

6 I 0.63 9') 
89 
90 
84 
85 
80 
A2 
85 

71 
68 
66 
75 

73 
67 
61 
73 

- 

- 

57.6 
h3.7 
52.0 
40.7 
67.0 
65.3 
86.2 
80.6 

35.3 
29.4 
26. II 
26.6 

1.67 
l.hO 
1.49 
1.22 
1.10 
1 .04 
1.96 
1 .Oh 

1.16 
1.1h 
1.02 
1.09 

0.105 
0.120 

1 3 - U S  

0.086 
0.990 

1 4-u-s 0.93 
80 53 I 0.39 i 0.160 1 2 5  

43.3 

27.5 

32.2 
26.6 

1.12 
1.10 
0.95 
1.10 

0.56 
3o 3L 1 0.87 

15AJ-S 1 .m 
80 53 I 0.87 

0.91 
35 I 0.85 5L 

32.6 
2 1  .l 
26.b 

1 .os 
1 .lh 
1.05 

66 
67 
73 

65 
62 
7 3 

64 
63 
72 

I_ 

- 

0.182 
0.lho 

O.llr0 
0.17h 
O.lh2 27 

0.121 36 
0.165 37 
0.lU 28 

16-us 

L 74s 

leu3 

19-U-S 

77 1 0.91 

311.1 
; 22.8 
q32.6 

b3.5 
25.0 
32.2 

1 .Oh 
0.99 
0.99 

0.96 
0.99 
0.99 

35.9 

26.6 
2h.5 

1.02 
1.06 
1.03 

61 
67 
n - 
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The Absorption Energy 
a f t e r  Coeff ic ients  

Sample burst . (m'/mg) Pb .IW 
(hours) 11 k El E2 

-- 

7.5 0.76 66.8 1.30 0.099 
9.2 0.80 72.9 1.23 0.094 

13 0.79 68.2 1.26 0.098 
16 0.86 90 .7  1.12 0.113 

29 0.99 W1.3 0.97 0.120 
1.05 59.9 0.91 0.lOh 
0.89 68.5 1.09 0.097 

3L 

73 1.05 57.6 0.91 0.106 
51 

2 7-u-c 23 0.97 75.9 1-00 0.093 

R e l a t i m  
Abundance 

E 
A 1  A2 

07 
12 
12 88 

76 
" 611 36 
36 64 
2a n 
2 6  7b 

__ 

l3 0a 

1 9  a i  

the m a s s  absorption coe f f i c i en t  of the two components f o r  lead. 
columns 5 and 6 a r e  l i s t e d  the corresponding energies in MeV. 
values were obtained from a p lo t  of the d a t a  on m a s s  absorption 
coeff ic ient  vs energy f r m  the 33rd ed i t i on  of the Chenical Rubber 
CCmpany Handbook of Chemistry and Physics. 

In  
These 

Because of the  Ka absorption edge of Pb t h i s  p l o t  n s  
discontinuous and double-valued f o r  some of the p values obtained f o r  
the s o f t  canponent. 
by the p lo t ,  the  higher has been l i s t e d .  
because it w a s  cons is ten t  w i t h  those energy values obtained with w 
Pdlues outs ide the  double-valued,region of the  plot. 

Where two possible  energy values were indicated 
This value was se lec ted  

The r e l a t i v e  amoun& of the two components a r e  l i s t e d  i n  
Columns 7 and 8. Tnese values have teen corrected f o r  the change i n  the 
&be e f f i c i ency  w i t h  gamma energy. 
tube made of lor atomic weight e lenents  i s  roughly proportiondl t o  
the grmuna e n e r d  t h i s  correct ion w a s  made by dividing the observed 
c a n t i n g  rate by the energy i n  Mev of the component i n  quest ion.  

1. 

Since the e f f i c i ency  of a G H  

S.C. Brown, "Theory and Operation of Geiger-Muller COunterS-II', 
WC?A3(MICS 2, 9, (August 19lI8). 
C.D. Coryell and Nathan Sugarman, Radiochemical Studies: 
Mssion Products, Book 1, page 2 2 ,  McGraw H i l l  Book CmpWY, Inc., 
New Y o r k m .  

';he 
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, Tbe trend of t h i s  da t a  is shown in Fi.urcs 3.111 and 3.15. 

3-3.6 - Qeta Specif ic  i i c t i n t y  

The data f o r  beta spec i f i c  a c t i v i t i e s  are l i s t e d  j n  Table 
3.18 i n  millicuries/gram a t  H + 10 hours. These values include c d -  
rect ions f o r  geometry, backscattering, self-absorption, mass absorption 
of air and window, and decay. The mixed beta s p c t r a  emitted by t h e  
n ix ture  of i so topes  being measured makes anything but  a g o d  approxi- 
mation of sune of these f a c t o r s  impossible. 

The pometry f a c t o r s  were calculated frm observed counter 
e f f i c i enc ie s  w i t h  Tracerlab B i z l o  standards by the appl icat ion of 
correction f a c t o r s  for mass absorption of air and window f o r  the  stand- 
a r d s .  
and self-absorption were unnecessary since these were included i n  the  
ca l ibra t ion  of the s t a n d a d s .  

Correction of the observed counter e f f i c i enc ie s  f o r  backscat ter ing 

The correct ion f a c t o r s  f o r  backscattering f o r  the mixtures 
were taken t o  be 0.9. 

The cor rec t ion  f ac to r s  f o r  self-absorption f o r  the mixtures 
were taken as the  weighted averages of f ac to r s  calculated f o r  the 
"effective" beta e n e r e e s  shorn i n  Figures 3.11 and 3.12. Factors were 
calculated for t he  following mixtures: 

Surface 3 u r s t  . Underground Burst  
Percent Present  Energ .  Fercent Present Fnergy 

15 1.7 Kev so 0.5 Mev 
35 0.2 Nev 

1 2  2.C5 Yev 
38 0.52 Mev 
50 0.19 Mev 

The individual cor rec t ion  f a c t o r s  f o r  self-absorption were calculated 
by the  equations: 9 

k 
p = 0.017 E-1*43 (3.12) 

1 - e-px 
% / A t  = PX (3.13') 

nhere p = absorption coe f f l c i en t  cm2/mg. 
E = ica.dmum energy of be t a  ccnponent 
x = thickness  of sample mg/cm2 
&= measured a c t i v i t y  
At= t r u e  a c t i v i t y  

VJCI.CO!iTCS 6 ,  68, (.Tans,lry 1959) .  
1. A.H.!?. Aten, .Ir., "Coprections f c r  "e ta - rs r t ic le  Self-Absorption", 
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TIME (HOURS) 

Figure 3.15. Effective Canma herpies  of Surface S o i l  Sanples frcm 
Ilnderpound R u r s t  
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TABLE 3.18 

Gross Beta Specif ic  A c t i v i t i e s  
--- 

P d e m  
at  

to + 10 hrS 

2,100 

L,XO 

1,050 

10,000 

2.1 

0.2 

2 

lA.2 

0.1 

0.4 

120 

120 

1 70 .-. 
5 

63 

250 

6 

200 
u 
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Sanple 

12-U-S 

I&-w-s 
1 F U - S  

l b L L s  

1 7 - U S  

18-u-s 

19-U-S 

20-u-s 

21-ll-R 

33-u-w 

3k-u-w 

3FU-w 

36-u-w 

37-u-bi 

~B-U-V 

39-W-i*! 

LQ-IJ-14 

to + 10 hrs 

4,500 

9,000 

5,500 

5,600 

4,@00 

3,900 

1,700 

3,800 

560 

8 

0.5 

570 

1.5 

2.5 

14  

1.8 
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The c o n e c t i o n  f a c t o r s  fo r  mass absorption were calculated 
for the  same mixturss w i t h  equations 3.11 and 3.12. 

Elanent 

3 MO 

Ag 

Ba 

zl- 
Ce 

s 

The cor rec t ions  f o r  decay were made t o  to + 10 hours try 
mpirical data cm other  a l iquo t s  of the pa r t i cu la r  sm.ple or by t h e  
m s  i n  Figure 3.3. 
q u h d  extrapolat ions beyond the measured decay curves. 

Corrections tn an e a r l i e r  time would have re- 

% Dissolved 
1 hr. 8 hrs. 

0.6 0.1 

8.8 ll .O 

0.6 0.1 

0.6 0.2 

- ,  1.5 

- 

3.h EFFECT OF WFATHERINC 

The results of the  chemical ana lys i s  of s m p l e s  taken i n  connection 
d t h  the w a t h e r i n g  study are  l i s t e d  in Table 3.19. 
mall pmounts of fission products one and two inches kelou the  surface 
( sz lp les  3bJ-'d and 354-W) before weathering I s  m o s t  l o g i c a l l y  
interpreted as contamination Introduced during sampling although i t  
could be the result  of veathering and/or disturbance of t h e  fa l l -ou t  
from the surface shot. Such an i n t e rp re t a t ion  throus much doubt as 
to thg n e w i n g  of  similar mounts  of a c t i v i t y  found i n  s u b s u r f a c e  
8mplss after "rainfall" but  i t  is probably due t o  contanination during 
Smpling. In any event the  conclusion t h a t  a t  most orily s m a l l  mounts 
of a c t i v i t y  i t r  ca r r i ed  into the soil by leaching seems evident. M s  
conclusion is supported by samples W-U-W and &?-U-W which were va t e r  
ax t rac ts  of a large saxple of surface soil. 
glalytes show that only a b u t  one per cent  of the a c t i v i t y  i s  soluble 
in d i s t i l l e d  vatex-. 

The presence of 

The r e s u l t s  of these 

TABLE 3.20 

S o l u b i l i t y  of Residual Activity 

I 
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11.1 F R 4 C T I C % A T I ~  3 FE5TON -- IRG- 

The R f a c t o r s  i n  Tsble 3 . 3 ,  3.5 and 3.7 show ra the r  conclusively 
t h a t  there  is considerable f r ac t iona t ion  of the  f i s s i o n  products. The 
t rend of these d a t a  i s  s w r a r i a e d  in Tzble h.1. From these da ta  we  see 
t h a t  t he  r e l a t i v e  arount of Sr i s  the most dependent upon locat ion o f  
sample and t h a t  Ba is the , iext most suscept ible  t o  f ract ionat ion.  ?he 
r e l a t i v e  amounts of Z r ,  Ce and No are canya ra t iw ly  constant. The high 
R values of A g  are  d i f f i c u l t  t o  i n t e r p r e t  since the f i s s i o n  yie ld  of Ag 
i s  known t o  be mare depnden t  upon the nuclear components of the weapon 
than are the  o ther  i s o t q e s  detennined. 

TAULE h.1 

7 

I 
4 

LThe r e l a t i v e  a70unts  of Sr 2nd Pa increase with a l t i t u d e  o r  
dis tance f r m  pround wro. F u n d m P n t a l l y  t h i s  can he considered a measure 
of the tine of s a n p l i n ~ .  ?,e e ~ l m a t i o n  f o r  t h i s  c h a s e  in conrosi t ion 
m u s t  l i e ,  a t  l e a s t  i n  p a r t ,  j n  t h e  raseous precxrrnrz of Fa a d  Sr and 
in t h e  washinc o r  zcmb!-;n{! kct ior :  of the ?&r;e m o u n t  of so i l  b l c n  in to  
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the  cloud and f i r e  b a l l .  
duc ts  are removed from the f i r e  ball as  small p a r t i c l e s  of condensed 
minerals. The d i p . e t e r  of these p a r t i c l e s  v a r ~  from a f r ac t ion  of a 
micron t o ,  i n  r a r e  cases, s eve ra lmi l l ime te r s .  
hmogenous beads condensed from moltm mater ia l  or semi-fuser! p a r t i c l e s  
of e a r t h  vi th  occlusions of fused p a r t i c l e s  of f i s s i o n  products. 
e v m t  t h e i r  canposition must, on the average, represent  the c o n p s i t i o n  
of t h e  f i r e  b a l l  or cloud a t  the time they wsre fom.ed. 
of the  f i s s i o n  chains ( see  Figure 2.1 for exm;des) i n i t i a t e d  by the  
detonat ion shows t h a t  the i so top ic  canposit ion of the cloud is changing 
quite r ap id ly  a t  first. 
s rdbb ing  ac t ion  of s o i l  blown i n t o  the cloud o r  the condensation of 
r e l a t i v e l y  l a r g e  p a r t i c l e s  from the h igh  concentration of vaporized 
mat2rial  m u l d  be e q e c t e d  t o  contain r e l a t i v e l y  mall amounts of Ba and 
Sr s ince  they e l d s t  a t  this time l a r g e l y  i n  the form of t h e i r  r a r e  gas 
precursors. 
c m 3 e  make the r e l a t i v e  contribution of Ba and S r  t o  the remaining 
a c t i v i t y  qu i t e  l arge .  Note t h a t  the  d i s t r ibu t ion  of Sr, h o s e  gaseous 
precursor has a 2.6 minute h a l f  l i f e ,  var ies  much more than does the  
d i s t r i b u t i o n  of Ba,  those gaseous precursor has a 16 second half  l i f e .  

Other work' has sho..n t h a t  the f i s s i o n  pro- 

They nay be apparently 

I n  any 

A consideration 

The f i s s i o n  products renowd e a r l y  by the  

'he  ea r ly  removal of a large mount  of a c t i v i t y  would of 

The strmples from cascade impactors, for the study of chenical ccm- 
posi t ion as a function of p a r t i c l e  s ize ,  had such low a c t i v i t i e s  t h a t  
the da t a  obtained are inconclusive. 

& a 2  DISTRIBUTION 2 R E S I D U A L  ACTIVITY 

The res idua l  a c t i v i t y  near the banb c r a t e r  seems t o  l i e  almost 
e n t i r e l y  on the  surface. 
the core samples and some of this may have been due t o  unavoidable con- 
t a i n a t i o n  a r i s i n g  from the method of samplinE. 
Specific a c t i v i t i e s ,  i nd ica t e s  considerable var ia t ion over the surface 
Of the  c r a t e r  l i p  from the  underground burst. However, this is  n o t  so 
noticeable In  Table 3.1 which gives the abundance of separate isotopes 
for these  samples. 
the sanples  and would be much Tore conspicuous i n  the small a l iqunts  
taken f o r  s p e c i f i c  a c t i v i t y  t h ~  f o r  the larger a l iquots  used f o r  
chemical analysis. 
noticeable in the s m a l l  a l i quo t s  used for determination of e a r l y  beta 
decay. 

Table 3.h ind ica tes  very l i t t l e  a c t i v i t y  In 

Table 3.18, giving be ta  

This difference i s  probably due t o  inhmogmei ty  i n  

'his inhomo'&neous nature of soil sanples was very 

It should be pointed out  t h a t  great  caution should be exercised i n  
*awing conclusions from small s o i l  sanples. 
Specific a c t i v i t y  measurements but  a l s o  t o  the  determination of the 

Th i s  appl ies  no t  only t o  

Report Pro jec t  2.5a-l "Airborne P a r t i c l e  Studies",  Army Chemical 
Center. 
Report Pro jec t  2.5a-2 "Radiochemical Studies  of Large Par t ic les" ,  

j Anny Medical Center. - 67 - 
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cmposi t ion  of the r e s idua l  a c t i v i t i e s .  
t h e  var ia t ion  in the r e l a t i v e  abundance of neptunium and the  f i s s i o n  
products w i t h  sma l l  a l iquots .  

Table 3.11 shows very c l ea r ly  

Dis t r ibu t ion  of a c t i v i t y  as a function of distance from -.bund 
zero cannot be obtained from the d a t a  in t h i s  report  because of t h e  
method of sampling *ich included an undetemined mount of suLsurface 
Soil. A corre la t ion  bet-deen t h e  spec i f i c  a c t i v i t y  per u n i t  of area i s  
given by s m p l e  3 3 U - W  and the i n t e n s i t y  of the rad ia t ion  f i e l d  a t  a 
height  of 3 f e e t  on tAe morning of D + 3 a t  a posi t ion 6000 f e e t  north 
of ground zero. 
reading of  3.7 r/hr. obtained by a monitor with a survey meter. 

A s p e c i f i c  a c t i v i t y  of 10.5 mc/ft2 corresponded t o  8 

k.3 CCNTRIBUTION - OF NEF'RINIUM 

The t heo re t i ca l  aspects  of the contr ibut ion of neptunium t o  the  
res idua l  a c w r l t y  from t h i s  type of banb has been discussed in another 
report.' The ac tua l  neptunium contr ibut ion on these t e s t s  i s  shown i n  
Figures 3.3 and 3.h and in Table 3.11. Equation 3.7, which descr ibes  
the  beta decay for crater l i p  sanples  fran the  surface shot,  ind ica tes  
t h a t  between 15 and 300 hoius the be t a  contribution frox neptunium is 
greater  than that from the f i s s i o n  products. Petween 90 and 120 hours 
the ccntr ibut ion of neptunium i s  more than three times t h a t  of the  
f i s s i o n  products. 

Similar analyses could no t  be made of samples from the  underground 
burst b u t  the  generdl s i m i l a r i t y  of the decay curves ind ica te  a n e p  
tunium contr ibut ion of about the  sane magnitude. 

L.4 COEr'TRlBUTICN - OF I N D U C D  ACTIVITY 

The contr ibut ion of a c t i v i t y  induced in the s o i l  i s  believed to be 
mal l ,  but i s  sor,zb%at greater i n  the underground than i n  the surp L ace 
burst. However, t h i s  conclusion i s  smewhat subjectiYe and i s  based upon 
the  low s p c i f i c  a c t i v i t y  of a l l  of the pebble samples, and on the  shape 
of t he  beta decay curves. ". 

The f a c t  t h a t  the be t a  ackvier  of soil samples frm the  suurface 
bu r s t  could be represented by an equation descrihing only the decay of 
f i s s ion  oroducts and neptunium ind ica t e s  a r e l a t ive ly  small contr ibut ion 
of other  ac t iv i t i e s .  This observation, of course, neplects  the  possible 
e f f e c t  of f rac t iona t ion  on the s>,ape of the normal f i s s i o n  product 
decay curve. 

The f a c t  Lhat the  s m e  type of equation eav? a Door descr!rtion of 

1. G.W. .To:hnson, "The Contribution of the I k ~ t u n i u r ? ~ ~  P.ctivity ts the 
Total F iss ion  Froduct Activ'!ty", AFS:.F-101, 19 Se!>t.e-.l5er 193. 
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the  decay of sznples from the underground b u r s t  indic- i tzs  a l a r g e r  colt- 
t r i b u t i m  of induced a c t i v i t y  s ince  this lack  of comesponilence was most 
pronounced in the  e a r l y  s tages  of decay, a t  the time uhen t h i s  induced 
a c t i v i t y  m u l d  be expected t o  be most prominent. 

No condlusiuns caq be d r a m  from the i r o n  determinations. The 
i n c l u s i m  00 a large mount of s t r u c t w a l  s t e e l  near tho  weapon and t h e  
presence of  soma i ron in the  wapon i t s e l f  makes i n t e rp re t a t ion  impossible. 
lhis iron was n o t  d i s t r ibu ted  and therefore  @d not  receivz the  same 
neutron f lux as d i d  the surrounding soil. 

~~ . 

.. .. 

h.5 &OSS BETA DECAY 

The gross be ta  decay i s  much d i f f e r e n t  from t h a t  observed for 
The cha rac t e r i s t i c s  of the decay are  most accura te ly  other  bursts. 

srrmmrized by r e f e r r i n g  t o  Figure 3.3. 
a l m o s t  certainly due t o  the contr ibut ion of neptunium. 

The departure from normal i s  

lr.6 MOSS WWA DECAY 

The trend in gama d e c q  is  bes t  seen by r e fe r r ing  to Figures 3.8 
and 3.9. 
the measuring instrument used. The initial slow r a t e  of decay f o l l o w d  
by a very rap id  r a t e ,  as observed u i t h  the ionizat ion chamber, is  
probably due to the s o f t  gama contr ibut ion a r i s i n g  from neptunium. The 
low e f f i c i ency  of GM tubes f o r  detection of s o f t  gamna r a e a t i o n  
minimizes the contr ibut ion of neptunium i n  data  obtained w i t h  this typa 
of counter. 

It will be observed t h a t  the two curve3 vary cmsiderably  with 

4.7 CAMMA AND BETA EFFECTIVE ENERGIES --- 
Ihe gamma and beta  e f fec t ive  energies of the r e s i d u a l  a c t i v i t y  

There i s  a change bath in the average energies of 

The general t rend is b e s t  seen by r e f e r r i n g  t o  Figures 3.11, 

change with time. 
the various components and i n  the q l a t i v e  contr ibut ions of t h e i r  
energies. 
3.12, 3-14 and 3-15. 

Any e f f e c t  produced by weathering i n  the a typica l  s o i l  of the 
Southwest w i l l  almost c e r t a i n l y  be the result  of physical  movement of 
the so i l .  
Eaboratory tests indica ted  t h a t  the  a c t i v i t i e s  were e s s e n t i a l l y  in- 
soluble i n  rain uater .  
but Vi11 almost c e r t a i n l y  n o t  reduce the  s t rength of the rad ia t ion  f i e ld .  

- 69 - 
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The absence of appreciable mounts of f i s s ion  product a c t i v i t y  
belov the  surface a f t e r  “rain’’ i s  i n  d isaweenent  with t h e  observations1 
made a t  Einwetok m oneration Sandstone. Uowsver, the coral  sand there  
is j u s t  as atypical as the hard-packed sand of the Nevada f la ts .  

& a 9  S C I ! t M 2 N D A T I X  

h.9.1 Fract ionat ion 

Additional study on f rac t iona t ion  s e m s  to be i n  order,  but 
t o  be of much value i t  would requi re  a l a rge  e f f o r t .  
terminations of t he  type reported here an attempt should be made t o  
co r re l a t e  t he  individual  a c t i v i t i e s  with the unfissioned Sanb material. 

Chemical conposition a s  a function of p a r t i c l e  s ize  is of 

In addi t ion t o  de- 

great in te res t  bu t  a method of s m p l i n g  other than cascade j e t  impactors 
shmld be used. 
phenomenon should include a study of the e f f e c t  of dis tance (time and/ur 
space) from the detonation. 

Tu be of maximum value the invest igat ion of this 

AJY inves t iga t ion  of the chemical composition of individual 
p a r t i c l e s  o r  of small sm.ples taken under as near a s  possible iden t i ca l  
c o n d i t i m s  should be of p a r t i c u l a r  i n t e re s t .  Information on t h i s  subject 
might throw considerable l i g h t  on the nature  of p a r t i c l e  fornation and 
t h e  physical  conditions 0: Ilrixtng e t c .  in t h e  f i r e  b a l l  and cloud. 

&.9.2 Induced A c t i n  tx 
Although t h i s  invest igat ion ind ica tes  a r e l a t i v e l y  mall 

contr ibut ion of induced activity to the t o t a l  radiat ion hazard associ- 
a ted  w i t h  these types of burs t ,  the  exact  magnitude of t h a t  contribu- 
t i o n  has n o t  been established. If more exact  information be des i red  
it i s  recmrnended t h a t  t h e  chemical determination be done i n  a well- 
equipped, well-stdfe,d labora tory  a t  t h e  test s i t e .  In t h i s  manner 
measurements on the shor t  l i v e d  &sotopes could be made. 

& 
h.Q.3 Effect ive Beta and G m a  E n e r e e s  

Although some measurements of the e f f ec t ive  energies  of 
the  beta and gamma radiation were made on this p ro jec t ,  the  method used 
is no t  the  method of choice. If more exac t  i n f o n a t i o n  i s  des i red  it 
should be obtained with d i f f e r e n t  t e c h i q u e s  o r ,  if by the kchnique  
used here,  be the  major e f f o r t  of a spec ia l  Froup. 

----- 

1. U.L. Andrews and R.E. h r p h y ,  ”Residua:. coa tmina t ion  in the Craters: 
m e r a t i o n  Sandstone” .larluar:r 19bY. - 70 - 
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lr.9.L SaEUlinng 

Ef fo r t s  t o  ob tGn  54-ples  a t  an earl’er time than used in 
t h i s  invest igat ion ( th ree  t o  s i x  hours) seexs unwarranted f o r  chenical 
measurements but no t  necessar i ly  s o  f o r  physicril me?surements. For  
surface samples the r e t r i e v i b l e  r o c k + t  x d  i t s  modi f ica t inns’  would 
probably be adequate. However, the re t r ievable  rocket  wculd not obtain 
the  core smples  secured i n  t h i s  operation by rerr,ot?ly control led 
wasels. 

lr.9.5 Weatherin& 
t ,I 

Further study of weathering by rainfall seems tc be 
unwarranted in view of the atypical nature of the Nevada t e r r r in .  

1. Report Project 2.6~-3 “3etr ievable  Missiles f o r  Remote Ground 
Sampling. - 71 - 
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A.1 GENERAL 

The smples analyzed a t  t h e  l abo ra to r i e s  of t h e  Nat ional  Insti- 
t u t e s  of Health f e l l  i n t o  four  categories:  

a. Earth (or other  s i l i ceous  mater ia l )  pulverized 
t o  approx5nately 100 mesh. 

b. F i l t e r  p a p r s ,  f rm  air sampling devices, 
containing e a r t h  pa r t i c l e s .  

C.  Fall-out mater ia l .  

d. Earth p a r t i c l e s  impacted on cellophane tape. 

There were three pr inc ipa l  s t eps  involved i n  the awlysis: 

a. Dissolving of ma te r i a l .  

b. Chemical separation. 

C. Mounting and counting. 

Detailed methods used are included among the procedures i n  A.7. 
me fol lowing i so topes  were determined: molybdenum, s i l v e r ,  barium, 
strontium, zirconium, cerium, and iron. 

b, 
A.2 LABORATURY FROC!DLW G 

The a n a l y t i c a l  procedures used were based on procedures furnished 
by J3r. Lloyd Z u m w a l t l  and D r .  Rod Spence.' 
sane as those in the National Nuclear Enerey S e r i e ~ . ~ , ~  

1. 
2. 
3. C . 9 .  Coryell and Xathan S u s m a n ,  Radiochemical Studies:  The Fission 

These were subs t an t i a l ly  the 
However, it was 

Tracerlab,  Inc., Xestem Division, San Francisco, Cdlifornia.  
Los Alamos S c i e n t i f i c  Laboratory, Los Alamos, New Xeeco. 

Products, Book 1, Book 2 aqd Rook 3, KcGraw-Hill Rook Conpany, Tnc., 
New York. ( 1 9 ' i l ) .  , . ~. ~ ~ ~ , -  

&. C.J. Rodden, Analyt ical  Chenistry of the Manhattan J'ro,iect, Kccraw- 
H i l l  Book Company, Inc., New York, (1950);- - 72 - 
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necessar j  t o  adz;,. tk,.:;; ~ ~ \ : c c ~ . \ I T ~ z  io r  us2 ):it\. jcil solutions since 
they ME desimnf i f c ) r  work on ~ 1 ~ 3 ' :  t.ir::dt z o l u t i . ? - s  of air f i l t e r  
sanples cmtainin:  vci-y s , C l  a x c u n t s  of aut : ! .  

I n  order t o  peF3" 'e  a ~~axl:~ium a i ~ i i i t  o? d a t a  i n  a l i q i t a d  time, 
the labordtory w2s  organized as 5n " a x w t l y  l in :" .  L a r g e  groups of 
sanples were analyied for. a F 2 i + ~ C I l l Z '  isoio!,e a t  the smc time and 
each chenLst was a5siknncd a portLon of tk,? prcca?ur:. Or.e m m  did. all 
the wighing,  another t h e  fusioi?, still a,iothzr oy.-;idted a b a t t e r y  of 
centrifuges,  etc. Each sanple was acconpnicd  viLh a check l is t  which 
prodded  a running record of i t s  progress i n  t h c  procedure. 

The analyses  uere run  i n  the f o l l r d i n g  order:  

Ho, Ag, Ba on s o i l  from surface burs t  
Mo, Ag, Ba on air filter samples f r o m  s-drface burs t  
Mo, Ag, Ba on weathering sanples from surface burst 
Mo, Ag, Ea on all samples from underground burst 
Sr on a l l  samples from both burs t s  
Fe on all samples from both burs t s  
Ca on all samples from both bursts 
Zr on all samples from both burs t s  
Ce on all s m p l e s  from both bursts  

This rout ine  t p  of ana lys i s  produced the most r e s u l t s  and re- 
duced errors to a minimum during the e.xtrcn?ly l o n g  hours worked on the  
analysis of the  short l i v e d  isotopes. 

A.3 SAMPLING PROCEDlEE 

Where the mass of the sample pennitted,  three a l iquo t s  of each 

Duplicate determinations were made f o r  eacn isotope on 
Soil sample were put into solut ion and stored in polyethyleneglycol 
b t U e s .  
a i q u o t s  fran these  solut ions.  This procedure provided s i x  determin- 
ations of each isotope on each s o i l  sample. 

b 
Each air f i l t e r  sample and cascade impactor s a p l e  was dissolved 

Duplicate determinations as a unit and s tored  i n  the p l a s t i c  bo t t l e s .  
for each isotope were made on each sample. 

1.11 CHMICAL YIELDS 

Chemical y i e lds  as determined by the weipJt of the individual 
Carrier p r e c i p i t a t e  averaged a s  a whole 62%. 
Yields f o r  the  individual  i so topes  were 80$ f o r  Ap, 79% f o r  Sr, 72% 
for Ba, 57% fo r  Ce, 53% f o r  Mo, and 31% f o r  Z r .  
Of the y i e lds  were within 20% of these average values. 

The average chemical 

AFprOXimately 80% 

- 73 - 
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The ef fec t iveness  of the chemical s-parat ion xas ciecked by decay 
curves or aluminum absorption curves 9:1 scverril s;ur,nIrs f r m  each batch 
ca r r i ed  t h r o u a  the assembly l i n e .  Absorption curves ;:ere run on Ce a ? d  
Sr and decay w v e 5  on all i so topes  except Ce. 
curves had the e q e c t s d  s lopes and indic:rt id a C l e m  chemical separation, 

A.5 PLANCHET PRKP!,R4TION 

Tn every case t h e  

The f i n a l  p r e c i p i t a t e s  uere all counted i n  the s m e  manner. The 
f i i a l  so lu t ions  were f i l t 9 r e d  with s i c t i o n  thrciuPh a two-piece, gold- 
p la ted  h c h n e r  type f i l t e r  which Pave a prec ip i t a t e  of defined pometxy 
( F i p r e  A . l ) .  

The p r e c i p i t a t e  was dr i ed  and weiphed f o r  t h e  determination of 
chemical y i e l d  and mounted on an aluminum planchet. 
p rec ip i t a t e  and f i l t e r  p a p r  were f i rmly  secured t o  thP planchet by an 
overlying s h e e t  of t h i n  p l a s t i c  which was held i n  pos i t ion  k y  the  
t i g h t l y  f i t t i n g  ou te r  r ing.  This p l a s t i c  cover prevented l o s s  of pre- 
c ip i t a t e ,  change i n  geometry, and contamination of counting equipnent. 
Its e f f e c t  upon the countine e f f i c i ency  was determined empirical1 
(Section A.6.1). S u m  F R l O O 5  p l a s t i c ,  with a t h i c h e s s  of 2 m L 2 ,  
MS used. 

( F i T u e  A.1) .  The 

Counting rates usre ~ e a s u r e ?  in conventional l e a d  pigs  with G N  
tubes having end windows l e s s  t h a n  2 mpJcmZ thick. The absorption 
curves were determined with Tracerlab automatic e'wipnent and E-25 
aluminum absorber k i t  (Section 2.3.b). 

For the most p a r t ,  observed countinc r a t e s  are  t,ased on 10,1)00 o r  
more t o t a l  counts, and i n  n3 case on less  than 5,900 t o t a l  counts. The 
observed counting rates were corrected f o r  coincidence and backpound, 
and then nonnalized to one she l f  i n  a pa r t i cu la r  pig.  Normllizing 
fac tors  uere obtained by counbjng a s ing le  sample of the i so tope  being 
determined a t  a l l  the Eeometrie,s used. 

The n o r n d i z e d  countinp r a t e  f o r  each planchet vas converted to 
absolute d i s i n t e v a t i o n  rates a t  to by the  appl icat ion of cor rec t ion  
f ac to r s  f o r  (a) decay, (b) self-absorpt ion,  ( c )  air and window absorption, 
and (d )  counter e f f ic iency .  

The decay f a c t o r s  were obtained from the  time of counting and the 
exponential decay cons tan t  f o r  each isotope. 

The s e l f - a b s o r p t i n  f a c t o r s  were taken frov rrz-rhs of countin! r a t e  
vs p rec ip i t a t e  ;rei&t r r ep re :3  w i t h  constnqt a l i l ~ n t s  fron so lu t ions  O f  
each isatcge and d i f f e r e n t  m x n t s  of car-ler. 
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The a i r  and window absorption factors were calculated using the  

formulael 

F, = e-Gt ( A d . )  

cI = 0.017~-1-43 (A.2) 

where t equals absorber thickness i n  m g / a n 2  a d  E i s  the maximum energp 
of the  be ta  p a r t i c l e  i n  Fev. 

The method h i c h  the  absolute counting e f f i c i enc ie s  were evalu- 
a ted  i s  described i n  Section A.6.1. 

A.6.1 Absolute Count.ing Eff ic iencx 

The absolute  counting e f f i c i ency  of the counting equipment 
was obtained by determininp the counting r a t e s  of p rec ip i t a t e s  of A g c 1  
prepared from a l iquo tes  of A B O ,  so lu t ion  of b o w n  spec i f i c  ac t iv i ty .  

The Ago, s o l u t i o n  was prepared from a neutron-bombarded 
palladium f o i l  obtained from Oak Ridge. The spec i f i c  a c t i v i t y  of t he  
so lu t ion  was d e t z n i n e d  by a method described by meason, Taylor, and 
Tabern‘. 
(!.ess than 
the conventional l e a d  p ig  w i t h  t h i n  end-windou G i 4  tubes. 

Aliquots of the solut ion were evaporated a s  point  sources 
diameter) on t h i n  shee ts  of Saran p l a s t i c  and counted i n  

The physical  geometry was accurately defined by a metal 
diaphram placed between the poin t  source and the  !XI tube. 
window absorption %ere cdlculated by the method described above. 

s ca t t e r ing  from the  2 m$m2 p l a s t i c  backin?, and forward s c a t t e r i n g  by 
t he  air were small and considered t o  be zero. 

A i r  and 

Self-absorption in the e s s e n t i a l l y  weightless s m p l e ,  back- 

Ihe s p e c i f i c  activi:y of the so lu t ion  was calculated from 
the  a l iquo t  volume, physical  geomqtry, air a d  window absorption and 
observed counting rates. 

The absolute  c m n t i n g  e f f ic iency  of our equipnent f o r  Ag 
MS detennined from observed counthe :  rates of p r e c i p i t a t e s  of A g C l  
prepared i n  the usua l  manner from d i q u a t s  of the staqdardized solution. 
The observed counting r a t e s  were corrected f o r  chemical y i e lds ,  se l f -  
absorption, and air and windo:d absorption. The physical  gemet ry ,  t h e  
backscattering from t h e  f i l t e r  paper and t h e  aluminum planchet,  and t h e  
absorption and forward s c a t t e r i n g  of the  Saran f i lm were limped i n t o  
one f a c t o r  termed c o m t i n g  eff ic iency.  - 
1. $.I. Gleason, J.Q. Taylor and n.L. Tsbern, “Absolute 5 e t a  Counting 

a t  Defined reometries”,h’ucleonics, Vol. 8 ,  NO. 5 ,  12-12, ('say 199). - 76 - 
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The f x c t s r  f o r  the  counting e f f ic iency  of A g  d e b m i n e d  

above uas  used as t h e  f a c t o r  f o r  all isotopes determinel?. This is  re- 
cognized as in ermr tut it i3 believed t o  be s u f f i c i e n t l y  accurate for 
t h e  purpose of t h i s  inves t iga t ion .  The physicnl Fcrnetry was the  same 
for a l l  isotopes.  
ce r t a in ly  small since it i s  independent of beta  e n c r g  above one Nev 
and has a maximum value f o r  paper aqd a l u m i m ~ i  of appro.dmately 15%'. 
The error in neglect jng zbsor$ion of the p l a s t i c  covsring i s  believed 
t o  be mall because it was l a rge ly  conpensa+kd f o r  by forward sca t te r -  
ing. E x p r i m e n t t l  counting r a t e s  measured witk. t h e  p l a s t i c  cover were 
often g rea t e r  thar! those measured .without the cover. 

The a r r o r  i n  assurning cons tv l t  backscat ter ing is 

A.6.2 Special  Techniques 

Cerium: The d e t t m i n a t i o n  of the  d i s i n t e  a t i o n  r a t e  of 
CeLA4 was complicated by the  presence of CeL4' and PrL4? ?he l a t t e r  
is the  dau&ter  of Ce144 and has  a half  l i f e  of 17.5 minutes rJhich makes 
it impossible to prepare and count a planchet before an appreciable amount 
of the i so tope  has groiin i n .  CeX4' i s  present  because i t  i s  a f i s s i o n  
product and cannot he removed by chemical pur i f ica t ion .  Its half  l i f e  
of 30 days prohib i t s  u a i t i n g  f o r  i t s  removal by decay. The diff icul ty  
was overcme by wafting f o r  a t  l e a s t  two hours f o r  equi l i .b r im between 

absorber. Several absorption curves of the equilibrium mixture shomd 
t h a t  t h i s  absorber completely removed t h e  0.6 Mev be ta  from CeL4', the  
O.& Mev beta from Ce144, and transmitted 70$ of the 3.1 Yev betas  from 
F'r'". The dis in tegra t ion  r a t e  of Pr14' calculated with t h i s  708 
transmission f a c t o r  and the usual counter correction f a c t o r s  corresponds 
t o  t h e  d i s in t eg ra t ion  ra te  of Ce144 a t  the time of neasurement. 

and Ce'" and counting the mixture w i t h  a 11'2 m$m2 aluminurn 

B a r i u m :  I t  w a s  necessary t o  count Ba'" as soon as possible 
a f t e r  t h e  pur i f ica t ion  in order t o  avoid contribution by the  dau@ter 
La''' which has  a half  l i f e  of LO hours. 
two hours after the l a s t  pu r i f i ca t ion  step. 
t h a t  time i s  approximately 3%. 

Measurements were ma6e within 
The La'40 contr ibut ion a t  

h 

b.7 SPECIFIC ANALYTICAL P R ' h B U F t L S  

6.7.1 Method f o r  Dissolving S o i l  Samples 

1. To a 2 gm s o i l  sample in a 100 ml platinum 
evaporating dish,  add 5ml HF (ha%). 
on hot  p la te ,  evaporate to dryness. 

D i g e s t  

2. Repeat s t ep  1 f o u r  times; 
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3. To residue h dish,  add 5 ml i l C 1 0 ,  (68-709) 

and evaporate tc dryness. 

&. Repeat s t ep  3 twice. 

5'. To residue in dish  add 30 m l  conc. f-NO,, 
heat ,  and add 9 ml H,O. 

6. Transfer t o  100 m l  v o l m e t r i c  f l a s k  and 
make up t o  volume v i t h  H,O. 

A.7.2 Method f o r  Di s so lv ing& F i l t e r  w d  Impactor Samples - 
1. 

2. 

3.  

L. 

mace f i l t e r  or impactor sarr,ple in &OO d. 
beaker, add 50 ml fuming HN03, heat  on hot  
plate and evaporate a h o s t  t o  dryness. 
Repeat i f  necessary. 

Add 10 ml HC104, 10 ml conc. HNO,, 
evaporate almost to dryness. 

Add 10 ml F,O, transfer t o  100 m l  
platinum dish,  wash s p a i n a y .  Add 
10 m l  HF, evaForate to dryness. 
Repeat HF treatment. 

Add 2 5  ml H,O and a few m l  Hh'O, to 
dissolve residue. Transfer t o  9 m l  
volumetric f l a sk  and make up t o  volume. 

A.7.3 F i l t e r  Saper Preparation 

Filter papers as spec i f ied  i n  t h e  various procedures are 
prepared as follows: 

1. Mount on mld filtm apparatus d t h o u t  fume1 head. 

2. Turn suct ion on. 

3. 

b. 

4 

Wash with 3-5 m l  port ions SO. 

Wash w i t h  35 m l  por t ions ethyl  o r  methyl alcohol 
as ca l l ed  for  i n  procedures. 

Suck dry and t i i r n  suction of f .  

Remove paper and place in d r y i n E  oven, on porcelain 
p l a t e ,  a t  tempi-riturp 5pecif:ed i n  procedure, f o r  
30 minutes, 

5. 

6. 

- 78 - 
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7. Cool i n  dessicator f o r  117 m i n u k s .  

8. Bring t o  ccnstant  iieight by redrying anin.' reweighing 
' unti l  within 0.1 mg. 

A.7.L Procedure f o r  Molybaderim A n l l y s i s  

Car r ie r  Solution: 10 ng ~.:o/;nl., i n  H,O. 

Weighed and counted as: Pt&1004. 

Standard p rec ip i t a t e  thickness: 13.b m$m2 

Reasn t s :  

Conc. HNO, 
Saturated o d i c  acid. 
2% Cupron ( a  benzoin oxime) in ethyl  alcohol. 
1 N HNO, 
HClO4  (?o-?Z%) 
Cmc. NH4@H 
FeC1, i n  H20, 10 mg. Fe+++/ml. 
Kethyl red ind ica tor  
0.W Pb(N@,), 
log Sodium ace ta t e  

1. To 5 ml s o i l  solut ion containing the a c t i v i t y  add 
10 mg.Mo car r ie r .  

2. Add 2 m l  conc. HN03, d i l u t e  t o  20  ml with water. 
Add 1 m l  sa tura ted  o d i c  acid,' s t ir ,  add 6 ml 
2$ Cupron, stir. 

3. Centrifuge? decant, discard supernate.* 

k. Wash twice wi th  20 ml 1N HNO,. Discard supemates. 

5. 

4. 

Add 3 m l  conc. HN03,  2 nil 70-72s HClO,, w a n n  ca re fu l ly  
i n  a water bath 3-h minutes, transfer t o  125 m l  
Frleruneyer f l a sk  , wash tube with 3 ml conc. HNO, 
(wann i f  necessary) then with 2-& m l  water, trans- 
ferring washings t o  f lask .  

- , ~  

l* oxal ic  ac id  complexes Niobium. 
* *  Because of t h e  size and gelatinous nature  of this prec ip i t a t e ,  it is 

best to centr i fuge for a shor t  while, then break up the p rec ip i t a t e  
and recentrifuge. - 79 - 
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Place flask on ho t  p l a t e  a t  low s e t t i n g  u n t i l  vigorma 
boi l ing  ceases. 
s e t t i n g  u n t i l  res idue i s  nearly dry. 
a t  End during exothermic phase. 

Cool f l a s k ,  dissolve residue i n  >b m l  conc. W,OH 
added slowly, t r a n s f e r  t o  a clean tube. 
w i t h  water and add wash'~ngs to +ab until volume 
is  20 ml. 

Add 10 mg. Fe carr ier ,  stir. 

Centrifuge. 

Add 6 m l  ccnc. %O, to a clean tube, t r a n s f e r  supernab 
to this tube. 

Cool 3-l4 minutes in an i c e  bath, add 1 ml sat .  oxal ic  
acid, stir, add 8 ml 2% Cupron, stir. 

Centrifuge, decant,  d i scard  supernate. 

.dash twice with 2 0  ml 1s Wr'O3, discard s u p m a t e s .  

Repeat steps 5 through 9. 

Transfer supernate to clean tube,  add 1 drop Yethyl 
red ind ica tor  and cone. YNC, dropwise u n t i l  acidic.' 

Add 1 m l  6ri HNO,, heat  t o  boiling. 

Add 3 m l  0.lM Pb(N03)2, stir and b o i l  for  1 min9it.e. 

Add 5 m l  10% sodium acetate,  bo i l ,  cool in ice bath 
f o r  three minutes. 

F i l t e r  through b l d  f i l t e r  through previously pre- 
pared No. 5 paper w i t h  very l i t t l e  suction. 

Wash 3 times u i t h  5 ml water, three times with 5 ml 
95% e thyl  alcohol,  Dry 15 minutes a t  l l O ° C .  Cool 
i n  dess ica tor ,  veigh t o  constant weight. 

Fount and count. 

Then heat on h o t  p la te  a t  high 
Heat carefu l ly  

Wash f l a s k  

3 

6. 

7. 

a. 

9 .  

10. 

11. 

12. 

13. 

1L. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

1. Rest yields a re  obtained by doing the  s t i r r i n g  continuously on a 
mechanical s t i r r e r  throughout s teps  1518. - 80 - 
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1.7.5 Procedure f o r  Silver Analysis 

Carrier Solution: 

Weighed and counted as: A g C 1 .  

Standard p rec ip i t a t e  thickness: 6 m$m2. 

Reagents: 

6N HC1 
Conc. NHIOH 
FeC1, in HaO, 10 mg. Fe+++/ml. 

10 mg A p j m l ,  A$O, i n  HaOe 

(%), s, l i g h t  Y e l l o w  
ccnc. HNO, 
Phenolphthalein indicator .  
6N NH,OH 
Filter a i d  (C.P. diatmaceous earth).  

1% Aerosol so lu t ion  
44 HNO, 

1. 

2. 

3. 

Ir. 
5. 

6. 

7. 

0. 

9 .  

10. 

11. 

To 5 m l  s o i l  so lu t ion  containing the a c t i v i t y  add 
20 mg. A g +  carr ier ,  make up to 10 ml. 

Add 1 drop of 1% aerosol,  heat to boiling,add 1 m l  
6N HC1, stir until AgCl coagulates. 

Centrifuge, decant, discard supernate. 

Wash w i t h  5 ml water, d i scard  wash. 

Dissolve A g C l  i n  2 nl conc. NY40H, heat  if necessary. 

Dilute t o  5 m l ,  add 10 mg. 
vhile s t i r r i n g .  *. 
Add 2-3 drops aerosol, cent r i fuge  and decant  In to  
a clean tube. 

Wash Fe(0H)J Vith 2-3 m l  water containing a f e w  
drops of NH,@H. 

Centrifuge, cmbine  wash with supernate i n  s tep  7. 

Add k drops aerosol and 2 m l  (NH,),S. 

Cantinue s t irr ing  until A & S  coagulates. 

Fe c a r r i e r  dropwise 

4 
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1 2 .  Centrifuge, decant,  and discard supernate. 

13. 

lb. 

Vash with 5 ml water, discard wash. 

Add b m l  cmc. W03, heat t o  boi l ing ,  stir 10 
minutes t o  d i sso lve  Ap,S. 

Place tube i n  i c e  bath u n d e r  s t i r r e r ,  add 5 ml. 
ccnc. NH,OH caut iously,  then 2 Czops phenolphthalein, 
then ?IH,OH dropvise u n t i l  a lkal ine.  

Add 10 mg. Fe c a r r i e r  dropwise vhi le  s t i r r ing .  

15. 

16. 

17. Add 2-3 drops aerosol ,  stir. 

18. 

19. 

20. 

21. 

Centrifuge and decant i n t o  a clean tube. 

h'ash Fe(O!f)3 w i t h  2-3 ml water coctaining 3 drops ~H,OH, 

Centrifuge, combine wash with supernate i n  s t e p  15. 

Repeat s teps  10 through 20  using f i l t e r  a i d  t o  
f loccu la t e  Fe prec ip i ta te .  

Quickly add h drops a e r o s o l ,  1 m l  6N HC1 a d  2 ml 
6ri HN03, stir. 

F i l t e r  immediately on previously prepared No. k2 
paper. 

'dash w i t h  3-5ml port ions H,O, then 3 5 m l  por t ions  
ethyl alcohol. 

D r y  a t  90 - 100' C f o r  10 mj~nutes, cool and weigh 
to c o n s t v l t  ueight. 

? 

22. 

23. 
1 

2!4. 

25. 

26. Mount and bount. 

A.7.6 Procedure for Rarim Analysis 

Car r i e r  Solution: 

h'ei@ed and Counted as: PaSO,. 

Standard Frec ip i t a t e  thickness: 6 mdan'. 
If n o t  f i l t e r e d  b z e d i a t e l y ,  l a r r e  p a r t i c l e s  of coaeda ted  A g C l  
cause uneven d i s t r j b i t i o n ,  introducing a c o n t i n e  e r r o r  due t o  
self-absorption. 

10 mg Pa/ml, pa(X03)2 i n  HzO. 

1. 
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Rea p n  ts : 

~ r ( \ i ~ d ) a  i r i  H ~ O, 10 71:: S r + + / m l  
Fuming IN@, 
FeCl, i n  H,O, 10 mg. Fe+L+/d .  
6 N N;14C!i 
5% N H & k  
Conc. NH40E 
6 N HNO, 
6 N Acetic acid 
6 N h.onlur? acqtate 
6 N HCI. 
3 N n2soA 

1. 

2. 

3.  

Ir. 

5. 

6. 

7. 

0. 

9 .  

10. 

11. 

- -  
1.5 E GC$, 
Fresh cold ether-HC1 reagent ( 5 ;  pts.conc. HCl, 1 ut .  - . .  

ether).  
1% Aerosol solution. 

To 5 ml sulphate-free s o i l  solut ion,  containing the  
a c t i v i t y ,  add 20 mg. Ea+* and 20  mg. Sr++. 

Stir thomuglily, l e t  s t v l d  5 minutes. 

Add 3 id. fuming W03, to p rec ip i t a t e  Ba(N03)aP1 stir 
and cool i n  i ce  bath f o r  5 minutes. 

Centrifuge, decant and discard s u p m a t e .  

Dissolve ppt. i n  2 n i l  H,O, i f  necessary add several  
more drops. 

Add 10 ml fuming HNO,, to r ep rec ip i t a t e  Ba(N03)z, 
stir and cool  i n  i c e  bath. 

Centrifugz, d e c a t  and discard suprn2t.e. 

Dissolve ppt.kin 7 m l .  %@. 

Add 5 mg. Fe+++ c a r r i e r  and 2 drops aerosol t o  pre- 
vent  creeping. 

Add 2 m l  6N W40H while s t i r r i n g .  

Centrifuge and transfer supernate t o  c lean tube. 

Warming hastens the solution. 

'" 

1. For quan t i t a t ive  r e s u l t s ,  fuming n i t r i c  acid a t  l e a s t  3 times t h e  
w l m e  of the so lu t ion  must be added. , It  should be added rapidly. - 83 - 



PRCJECT 2.6~-1 
12. Wash PPt. by s lu r r f ine  i n  7 ml 5: :li'&O3 containing 

2 drops conc. NH,CK. 

13. Cwtr i fum and ccmbine s u p r n a t e  w i t h  11. Discard 
Fe(0H)a prec ip i ta te .  

Neutralize supernate .xitth 6-8 drops 6N FNO, using 
1 drop phenolpthalein indicator.  

Add 1 ml 6N a c e t i c  a c i d  a d  2 m l  6N amonium acetate ,  

Heat t o  bo i l ing  and add 1 m l  1.5 M tc,Crn4 dropwise 
w i t h  s t i r r i n g ,  stir 1 minute.' 

1L. 

15. 

16. 

17. Centrifuge, decant supernate i n t o  clean tube and 
sa= for Si- analysis. 

Wash ppt. with 10 m l  h o t  water. 

Centrifuge and ccmbine s u p r n a t e  from 18 with 
suptrnate from 17.  

18. 

19. 

20. Do not  go f u r t h e r  unless procedure can be completed 
i n  2 hours.' 
If white ppt. a g e a r s  a;ld 0.5 r n l  H20. 

Add 15 ml f r e s h  cold ether-uC1 reagent and stir fo r  
2 minutes. To c o a g d a t e  ?nC12 l e t  stand 5 minutes 
i n  the i c e  bath. 

Dissolve P a C f l 4  ppt. 5-n 2 fi 6% HC1. 

21. 

22. Centrifuge, decant a d  discard supernate. 

23. Dissolve FaCIE i n  a few drops 020 and reprec ip i ta te  
BaCla with 15 ml ether-HC1 reagent. 

!? 
2L. St i r  2 m i n u k s  x d  cool i n  i c e  bath f o r  5 minufns .  

25. Centrifuge, decant m d  discard s i rernate .  

26. Dissolve PaC12 i n  10  ml J!zO, heat near ly  t o  boiling,' 
add 5 drops 3N FI,SO,. 

27. Continue heat ing 3 ninutes  to c o a p l s t e  nct.  

1. This is  b e s t  accomlished usin;. a nechnnica! stirrer. 
2 .  

3. A water bath serves well Cor t h i s .  

%e counting error due t o  ~e fCOh7th of t h e  I.aLQo fiauphter will 
become appreciable a f t . e r  two hours.  

- a4 - 



PROJECT 2 . b - 1  
28. F i l t e r  i n  go12 f i l t e r  wi th  previously prepared No. 

k2 paper. 

Wash 3 times with 3 ml H,O and then ' 3  times with 3 
ml e thy l  alcohol.  

D r y  a t  90-100° C and cool i n  desicator .  

Weigh to constant  weight. ( 2  0.1 mg.). 

29. 

30. 

31. 

32. Mount and Count. 

1.7.7 Procedure - f o r  Strontium Analysis 

Car r ie r  Solution: 

Weighed and counted as: SrCO,. 

Standard p r e c i p i t a t e  thickness: 6 mg/cm'. 

Reagents: 

1 9  mg Sr/ml, Sr(NO,), In  H20. 

Same as f o r  barium analys is  w i t h  the addi t ion of 
sa tura ted  N+Co,. 

1. To supernate from barium s tep  No. 19, add 6 m l  
sa tu ra t ed  NsCo, slowly with s t i r r i n g .  

Heat on water bath f o r  1s minutes. 

F i l t e r  on gold f i l t e r  w i t h  previously prepared 
No. &? f i l t e r  paper. 

Xash w i t h  2-5' ml port ions of water and 3 5  ml 
por t ions  of alcohol. 

DV i n  oven a\llOo C. t o  constant weight. 

2 .  

3 .  

k. 

c 
5. 
6 .  Mount and count. 

A.7.8 Procedure for Zirconium Analysis 

Car r ie r  Solution: 10 m g  Zr /ml ,  ZrO(N0j)zin 
3N HNO,.' 

T* Commercially ava i lab le  zirconium s a l t s  vary considerably as t o  
puri ty .  Best procedure is t o  dissolve,  f i l t . e r ,  p r e c i p i t a t e  a s  
hydroxide, f i l t e r ,  wash, and redissolve i n  3N HNO,. - 85 - 



PROJEXT 2.60-1 
Veigtec! ar.0 counted as: ZrC,. 

Standard p rec ip i t a t e  w e i g h t :  5 m ~ c m 2 .  

Rea gents : 

NH,OH-HCl 

L a (  NO,), i n  H,O, 10 m g  La+++/ml. 
Ea(NO,), in H,O, 50 mg Sa++/ml. 
Saturated E!,BO, 
conc. KCl. 
Conc. &SO,. 
Cow. NH,@F. 
6% Cupferron, f r e sh ly  made. 
1N H C 1  cold. 
CH,OH, anhydrous, cold. 
Aerosol 1%. 

( W )  

Keep under refr igerat ion.  

1. 

2. 

3. 

4. 

5. 

6. 

7. 

6. 

To 5 r n l  sulfate-free s o i l  solut ion containine the 
a c t i v i t y  i n  a 9 ml l u s t e ro id  tube, add 20 mg. 
Z r  c a r r i e r .  

Dilute  t o  1 2  m l .  

Add 0.3 g. s o l i d  NH,OK-HCl and 2 cc HF and l e t  
s tand 1 minute. 

Add 5 mg. La+++ c a r r i e r  and centr i fuge brief ly ,  
add another 5 mg. La+++ c a r r i e r  and 3 drops 1% 
aerosol  and centr i fuge thoroughly. 

Decant supernate i n t o  clean l u s t e r o i d  tube, discard 
ppt.  and repea t  s t e p  & on supernate. Decant supernate 
into clean l u s t e r o i d  tube. Discard prec ip i ta te .  

Add 1 9  m&. Ba+* carrier and l e t  stand 1 minute. 
Centrifuge, decant and discard supernate. 

Add & m l  sa tura ted  %,BO, and slurry well. 
conc. HN03  and s lurry  well again. 

Add 10 - 1 2  ml H20 and stir. 

x 

Add 2 ml. 

1. Rest r e s u l t s  vere obtained by disso lv ing  the cupferron i n  ho t  e thyl  
alcohol, - . i l terinp hot ,  then r e c r y s t a l l i z i n g  the cupferron. 
Cwnrlercial cupferron cont2ined decomnosition products and o ther  
impurities. The above mett'ol produces clean c rys ta l s .  - 86 
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9. If ppt. does not  dissDlve cSr,L:letc1y1 centr i fuge,  
d e c m t  s u p e n a t ?  i n h  h‘:gth?r lus’ . -? ro id  tuke a d  
d i s c r d  p p t .  

++ 10. Add 190 mg. 2a c a r r i e r  and 2 m l  FY. Centrifuge, 
decant and d iscard  siipez,n~te.  

Repeat s t e p s  7, 8 ,  9 and 10. 

Dissolve ppt. i n  k ml s a t .  H,BO, arid k ml. conc. 
HCl and then add 15 ml H,O. 
H2S0,, stir and l e t  stand 15 minutes. 

ll. 

12. 
Add 3 drops conc. 

13. Centrifuee,  decaqt supernate i n t o  glass tube and 
d iscard  ppt. 

Add NH,OH (conc.) u n t i l  t i s ic ,  (white prec ip i ta te ) .  
C e n t r i f u g e ,  decant and disca-d surzrnate.  

Dissolve p r e c i p i t a t e  i n  2 nl mnc. HC1, k m l  sat. 
r i ~ B O 3  and t hen  add 13 m l  Hz?. Centrifuge any un- 
dissolved ma t+r i a l s  and disc.lrd these mat5rial.s. 

a. 

15. 

16. P rec ip i t a t e  wi th  N H 4 W .  Centrifuge, decant and 
d5scard s u p m a t e .  

Dissolve i n  7 ml mnc. HC1, h ml HJQOJ, a d  then 
add 10 m l  H20. 

17. 

18. P rec ip i t a t e  with NH,OH. Ce:itrifuge, decant and 
d i scard  supernate. 

19. Dissolve ppt. i n  Ir .nl HCl and 15 ml H 0. C o o l  i n  
i c e  bath an& add 5 ml cold freshly ma?e cupferron 
(@), c e n t r i h g e  imnediatuly. Decant and discard  
supe m a te . 

20. Add 10 ml cold 1N HC1 and slurry. Centrifuge, decant 
and d i sca rd  supernate.  

21. Add 30 td. cold CH30H and slurry.  Centrifnge, decant 
and discard  supernate.  

Slurry with 3 h  m l  cold CH,OH and filter on wld 
suct ion filter us ing  Xo. Lt2 paper .with mal l  port ions 
of cold CHIOH for uashing. 

22. 
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PROJECT 2.60-1 
23. I n  a porcelain crvciblc  with l i d ,  i r n i t e  p p t .  very 

ccaefu l ly  over a Me-ker burner. Place i n  a muffle 
f o r  1 h-u r  & b e e n  609 and 601°C. 

2h. Slurry Z r O z  w i t h  5ml. CH3CH. F i l t e r  on gold f i l t e r  
u i t h  previously prepared No. !r2 paper using mall  
port ions of CH,OH f o r  washings. 

Dry a t  llO°C. t o  constant  weight. 25. 

26. Mount and count. (?;et t h e  prec ip i t a t e  u i t h  a 
so lu t ion  of 5 drops Cuco Cement i n  50 ml e thy l  
ace ta te ,  and a l l o w  t o  dry before mounting. This 
w i l l  e l iminate  l o s s e s  during the mounting prc- 
cedure). 

A.7.9 Procedure for Cerium Analysis 

Carr ie r  Solution: 

iiei@ed and counted as: CeO,. 

S t x d a r d  p r e c i p i t a t e  weight: 6 mg./an2. 

Reagents : 

10 m g  Ce/nl, Ce(HS@,), i n  39 H,S@,. 

Conc. HNO, 
Saturated H,BO, 
Saturated NaSrO, 
0.35 M HIO, 
1% HIO, 

Conc. H C l  
ZrO(NO,), i n  3N HNO,, 10 mg. Zr+++/ml .  
Saturated NaOH 

H2Q2 - 30% 

S o l i d  NaHSO, e 
Cmc. NH,OH (h 

6N H C 1  
Saturated oxa l i c  acid. 

1. To 5 m l  s o i l  so lu t ion  containing t h e  a c t i v i t y  i n  a 
50 ml. l u s t e r o i d  tube add 20 ng  Ce c a r r i e r  and make 
up t o  1 2  m l  w i t h  water. 

Add 3 ml HNO,, stir and l e t  stand f o r  10 minutes. 

Add 2 ml .  HF, stir and l e t  stand 5 minutes. 

2. 

3. 

h. Centrifuge, decant, discard supernate. - 88 I 



5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

2L. 

X C E C T  2.6~-1 

-dash w i t h  10 ml water, c e n t r i f u s ,  discard mshing. 

Add 1-2 ml s a t ' r - i t x l  bor ic  a c i d ,  s t ir .  

Add 8 m l  conc. H?!03, s t i r  unt'al d ' s s f j l ved .  

Transfer so lu t ion  to ml 93s:; t u ' 2c ,  wash Sparingly.  

Add 1 ml saturdtei? NaBrO, (co lor  change). 

Add 20 ml 0.394 HI03, stir. 

Cool 5; minutes i n  i c e  bath. 

Centrifuge, decmt ,  d i scard  supernate. 

Wash w i t h  20 m l  1% HI03, centr i fuge,  decant, 
d i scard  supernate. 

Add 8 m l  conc. HN03, s:ir, heat t o  bo i l ing  and add 
2-3 drops 33% H202 and one drop conc. HC1. 

S t i r  and add more H20, dropvise u n t i l  p rec ip i t a t e  
is dissolved. 

Heat u n t i l  Iz vapor goes off and solut ion Clears. 

Boil  2 minutes t o  get r i d  of excess H,@z. 

Cool in  i c e  bath and add, while in i c e  b a t h ,  3 ml. 
sat. NaRr03 (co lor  change). 

PPt cerium by adding 20 m l  0.35 M HIO3, stir 
and l e t  stand 5 minutes i n  i c e  bath. 

Centrifuge, decant$discard supernate. 

Wash Kith 20 ml 1% HI03, centr i fuge,  decant, 
d i s c a d  supernate. 

Repeat s t e p s  14  through 21.  

Repeat s t e p s  14  through 17. 

Cool in i c e  bath. 
procedure. 
completed). 

b 

(Three hours needed t o  c m p l e t e  
Do n o t  continue unless  procedure can be 
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2 5. 

26. 

27. 

28. 

29. 

30. 

a. 

32 

33. 

34. 

35. 

%. 

37. 

38. 

39. 

LO. 

w. 
b2. 

>PROJECT 2.604 
Add 10 mg. Z r  c a r r i e r ,  add 20  m l  0.jD !!IO3, l e t  
s tand  5 minutes i n  i ce  bath. 

Centrifuge, decant super ra te  i n t 3  a C l e m  tube. 

Add 10  n i l  sa tu ra t ed  NaCH, s t i r  well. 

Centrifuge, decant, d i sca rd  supernate. 

Wash twice with 10 ml xater ,  discard washings. 

Add 1 ml conc. HC1,  s t i r  u n t i l  dissolved a d  
d i l u t e  to 10 ml. 

Heat t o  boi l ing ,  add one drop 1% aerosol,  add s o l i d  
NaHS03 slowly until s o l u t i o n  is c l e a r  and color less .  

Add conc. NH,OH u n t i l  C e ( O H ) ,  ppts. 

Centrifuge, decant,  discnrd slipemate. 

Wash twice with 10 nL wate r ,  d iscard washings. 

Dissolve in 1 ml 6N Ha. 

Add 16 ml water, heat  t o  boiling. 

Add 1s ml sa tura ted  oxa l i c  acid. If no  ppt, 
add NH,OH dropwise >until i t  ap2ears. Do n o t  make 
a lka l ine .  

F i l t e r  on gold f i l t e r  using No. 42 paper. 'dash 
vith H20, then e thy l  alcohol. 

Transfer f i l t e r  paper t o  c ruc ib le ,  igni te  a t  700' C. 

Slurry CeOa w i t h 5  ml e t h y l  a lcohol ,  f i l t e r  on gold 
filter, u s i n g  previously prepared No. 42 Daper. 
rJse snaI.1 por t ions  of a lcohol  f o r  washing. 

Dry a t  110' C t o  constant  weight. 

Mount and count. 

9 

A.?.lD Procedure f o r  I r o n  Analysis 

Carrier Solu t ion :  No c a r r i e r  added. Standard v o l m e t r i c  
i r o n  ana lys i s  r u n  on each s m n l e  t o  
detem,ine mount of iron present.  
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Wei,$,ed and counted as: Fe,03. 

S t a d u c  ~.:-e-i i i t : i te weight: 

Reagents: 

Approximately 0.8 m$cm2. 

1. 

2. 

3.  

4. 

5. 

6. 

7. 

0. 

9. 

10. 

11. 

12.  

13. 

14. 

So l id  t a r t a r i c  ac id  
Conc. NH,OH. 
Conc. H,SO, 

10% H,SO, 
6% Cupf9rron i n  H,O, fresh 
6 N NH,OH 

Has ( g a s )  

3 ( S e e  Zr procedure). 

To 5 ml soil solut ion containing the  a c t i v i t y  add 
0.1 gm t a r t a r i c  acid. 

Neutralize with cmc.  XFr,CH. 

Add 3 ml conc. H,SO,. 

Centrifuge, d e c a i t  supernate i n t o  cleaq tube. 
p rec ip i t a t e  Kith 3 ml H,O and conbine wash w i t h  
previous supernate. Discard prec ip i ta te .  

Pass %S through solut ion u n t i l  saturated.  

Add NH,OH t o  excess. 

Repeat s t e p  5’. 

Centrifuge, decant, discard supernate. 

Dissolve p rec ip i t a t e  i n  10 ml 10% H,SO,. 

If p r e c i p i t a t e  re*ins, centr i fuge,  decant supernate 
i n t o  clean tube,  w k h  with 3 m l  H 2 0  and combine 
wash u i t h  previous supernate. 

Add 5 ml cold 6% cupferron. 

Centrifuge, decant,  discard supernate. 

Wash twice u i t h  3 ml cold H,O. 

Wash with 3 m l  6N NH,OH. 
supernate. 

Wash 

Discard precipi ta te .  

Discard washes. 

Centrifuge, decant, discard 
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15. 

16. 

17. Slur ry  w i t h  5 ml e thyl  alcobLol  \md filter on 

"sine cold Y2@, filter on !lo. LL7 p.i?er. 

Tgnite to ?e,03 a t  809"C., in  po rce l a in  crucible.  

previously prepared NO.  112 p.iprr. 

Dry a t  l rx) - l lO°C. ,  weigh t o  constant  weight. 18. 

19. Mount and count. 

I - 92 - 
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A i r  f i l t e r  savplers a t  the Nevach t e s t  si~t.5 pic:: up considerable 
alpha and beta  ac t iv i ty .  
a c t i v i t y  sho;rs t h a t  i t  a r i s e s  fron na t ,urd l  sources i n  tke v i c i n i t y  and 
i s  not  the  resul t  of long-lived alpha e n i t t i n g  bomb debris .  The 
source and nature  of tb ,e  beta a c t i v i t y  has not been e s t a b l i s h - l .  
probably arises, t o  a 1: rge  e,xtent a t  l e a s t ,  from f i s s i o n  pro2Jcts and 
induced a c t i v i t i e s  resu l t ing  from atomic bursts .  The magmitude of t h i s  
a c t i v i t y  i s  much 1 x g e r  than can be accounted f o r  by the  b e t a  emitters 
associated x i t h  the natural  occuring alpha emitters. I t  h a s  a l s o  been 
noted t h a t  the r e l a t i v e  abundance and the decay cha rac t e r i s t i c s  of the  
beta a c t i v i t y  are not  const,mt. 

Aqcaiysis of the decLy CUTYL'- of the alpha 

It 

F iq re  B.l  shows the alpha and be ta  decay of aq air f i l t e r  s a T l e  
talien i n  the Quonsst  area of CZT 'lo. 3 on October 30, 1 9 9 .  
was col lec ted  by Pro jec t  2 . 5  usinz Che!ric3; Corps Type V I  f i l t e r  p a p r  
v i th  a f i l t e r  a rea  of 100 an2. p.e sannler  w h s  run  from morning u n t i l  
nic:ht, approldmately 10 h o u r s ,  an?. f i l t e r e d  air a t  the r a t e  of  appro*- 
mately 3 cu f t /min.  The s a i ? l e r  was eqose.1 t o  the dust ,  e t c ,  result- 
i n g  from the normal t r a f f i c  k the area.  Measurements of the a c t i v i t y  
vere begun twenty minutes a'ter the s m p l e r  was shut off .  
were made with a spec ia l  gas D-ow, proportional counter. 
2.&.8 for descr ipt ion.  

The sa?pl,lr 

Measurements 
See Sect ion 

Analysis of the decay curves shoirs t h a t  the  a lpha  a c t i v i t y  con- 

The s t r a i g h t  l i n e s  in Figure R . l  represent decay curves of 
sists of twg components decaying with ha l f  l i v e s  of 33 minutes and 10.6 
hours. 
these two components and the curved l i n e  i s  the sum of these two llnes. 
The agreement between t h e  curve and the experimental po in ts  i s  good. 
!?Owever, no known alpha e m i t t e y  have half  l i v e s  corresponding t o  
these observed values1 k 

The i d e n t i t y  of the al?ha a c t i v i t y  is  e s t a b l i s t e d  by considering 
the decay schemes of Uz38 &.id ThZ3', both present i n  the  m i n e r d s  o f  
t h i s  area. 3 0 t h  of these elements have radioact ive r a r e  ?as dauehters, 
ra*On (Rn'"") and thoron (RnzZo), which escape from the minera l  deposits.  
These gases decay t o  produce a suspension of very f ine  airborne radic- 
active i so tooes  i n  more o r  l e s s  equi l ibr iun .  
the decay schemes a re  shown i n  Ci,Tire R.2. 

have half l i v e s  considerably less  than t h e i r  preciirsor ThB and hence i n  

The per t inent  parts of 

I n  the Th23a decay scheme the t j i o  aloha emitt-rs ThC and TnC' ' 
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a case of t r a n s i e n t  equilibrium would decay w i t h  an apparent h a l f  l i f e  
ident ica l  v i t h  the  h a l f  l i f e  of t h i s  precursor. 
collected f o r  a l o n g  period of time and since ew?n before s a p l i n g  

Since the  sample was 

RaC' -. a a B B 
p a -  - - -. Rn- 3z-t - RaB ---+ RaC 

3.8 d 3 min 26.8 min 19.7 min 1 
9RaE: - - a B 

41 sec 22 Y 
- - RaC'  - * Ran 

I 

figure 8.2. Decay Schemes of U r a n i ~ 7 ? ~ *  and Thoriuma3' 

equilibrium i s  being es tab l i shed  i n  &&e air, conditions of equilibrium 
o r  near equilibrium are  t o  be w c t e d .  
emitter is  i d e n t i f i e d  as a m i a r e  of ThC and ThC' decaying a t  a r a t e  
determined by the  10.6 ho9ir ha l f  life of t h e i r  prec'irsor ThB. 

Thus t h e  l o n g  l i v e d  alpha 

Similarly i n  the decay scheme of Ua3', RaC' i s  a.. alpha emit ter  
vhose decay r a t e  a t  equilibrium i s  determined by i ts  grand-parent RaB, 
a beta emi t te r  u i t h  a half  l i f e  of 26.8 minutes. 
between t h e  observed apparent half  life of 33 m%it_ees and t h i s  26.8 
Mnute half  l i f e  i s  probably the r e s u l t  of a per turbat ion produced by 
the r e l a t i v e l y  long  l i v e d  (19.7 min) intermediate RaC. 
'WUibrium at the s t a r t  of the decay observations would r e s u l t  i n  an 
aErage half  l i f e  l a r g e r  than t h a t  of the  grand-parent RaB. 

cWonen t  shows a slight downward concavity i n  t h e  e a r l y  port ion of 

The lack of agrement  

Lack of complete 

Close 
of the s i n a e  s e t  of observed values f o r  the short-lived 
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t h e  curvc,, i n  co-.ylete agi-cenent w i t h  t h i s  epl:?atirJn. T h ~ s  i t  seems 
t h a t  the i d e n t i t y  of t f e  shor te r  l i v e d  cccpment bas been es tab l i shed  
as RaC' decaying a t  a :ate d e t t n i n e d  by RRR. 

UZ3' h a s  a cGrrespondinp1y a l p h a  emi t t ing  dau,?hter AcC' whose 
decay r a t e  i s  s imi l a r ly  controlled by Ac? mth  a half l i f e  of 36.1 
minutes. The r e l a t i w  contribution of t h i s  isotope m u l d  be ewec ted  
t o  be negligible and no a c t i v i t y  with t h i s  half  l i f e  h a s  Seen ident i -  
f i e d  i n  our  samples. 

t The be ta  a c t i v i t y  of t h i s  sanple bad an n p a r e n t  half  l i f e  of 28 
hours .  The da ta  are s k c m  a l s o  i n  Firmre 9.1. 

A similar s a p l e  col lected the same day i n  the f i e l d  nor th  of 
the Fiuster a rea  gave e s s e n t i a l l y  the same results on alpha a c t i v i t y  
but  d i f f e r e n t  r e s u l t s  on the beta  ac t iv i ty .  This samnle was co l lec ted  
f o r  f o u r  h o u r s  from 7 AY u n t i l  11 Ah; but because of l o g i s t i c s  w a s  no t  
counted u n t i l  5 R!. 
indicated a half  l i f e  of 10.5 f 0.2 h o u r s  f o r  t he  alpha ac t iv i ty .  The 
shorter-l ived coxponent had completely dec;.j.ed before t h e  neas.,uenents 
were begun. The beta  a c t i v i t y  on t h i s  s a , > l e  had a half l i f e  of 
1& f 0.b hwxi-s. 

Act iv i ty  ne.1surements over a period of 2 0  hours 

The r a t i o  b e k e e n  t h e  beta  and alcha a c t i v i t i e s  on the t i i o  samples 
were of t h e  saw order  of  :rlxpnitude. 4 cor,parison of  t h e  a c t i v i t i e s  
mezsured s i x  hours a f t e r  tke cm?letLcn of the s m p l i n g  i s  - 360 and 16,hrn 

lr5 f o r  the f i e l d  sazple 

23,000 
70 = 330 f o r  t h e  Camp No. 3 sample 

On November 11 a s e r i e s  of s a ip l e s  were col lected i n  the f i e l d  by 
Project  2.$ i n  order  t o  determine the or-ler of magnitude of the  
"background" a c t i v i t y  which .V u l d  be stmeriiposed on t h e i r  air f i l t e r  

B.1. The values given a re  good t o  a?prcxi.r-;tely 2 K .  The Du-ose 
of the  e q e r j n e n t  d id  n o t  seep to j> i s t i fy  the  longer counting times 
required f o r  grea te r  accuracy. 

samples col'lected f o r  the J4:: R , ,L tests. Th? s dat.a is shown i n  Table 
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111 
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- b 
130 

-b 

3 9  

1610 in0 185 10 

1406 1606 3 70 15 

1001 1401 740 Z b  

1007 1607 1110 3L 

1550 1650 202 11 

13h9 15119 305 13 

OS& 1 3 h  610 20 

09w1 91 5 36 

a. Keasure~i f i v e  hours  after completion of smpl ing .  
b. Not measured. 
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The b p r t a n c e  of neutron induced radionuclides h e  been 
investigated i n  severd samples fioa Opsration JANGLE. ~$39,  
mhich is podwed from the bomb m a t e r m a ,  l a  the o n l y  nmt ron  
Loducsd a a t i v i t y  of rajor b p o r t h c e .  

The ex ten t  of f r ac t iona t ion  of f i s s ion  products a t  Operation 
JARLE m s  shorn t o  be quite gree t .  

Gross decay a d  energy measurements were c m i e d  out  on a 
number of senplea from Operation JANT,IZ. 
included a few sanples as soon as s ix  hours after detonation. 

These messurelcents 

Leachi% maa shown to bpne doubtful salne a3 a n&hod of 
s o i l  realamation a f te r  an underground burst under the  conditione 
af  this teat .  



The pmpoae of  this portion of  P ro j sc t  2.6 i s  to deternine the 

(a) The r e l a t i v e  mounts of neutron inducttd aad f i s s i o n  p.-c&at 

(b) Gross decay =tea and beta a d  gama-ray energies,  
(e) fie leaching behavior of radioact ive dements  present  in tha 

This M o r n a t i o n  is u s e f u l  i n  &ding hazard evaluat ion s t d i e s ,  
d e v d a p e n t  of contaninant simulants, and various c o r h a i m t i a n -  
docontmimt ion  inves t iga t ions .  Phua, detenalnations of  radiochemical 
composition iodicate the rad iodaesnts  to be considered in contambz- 
tion-deecntazlination investLgations and i n  forcmlations of c o n t a d m a t  
shiLants, acd they m i c a b  the impoi-tmcs to t h e  rad ia t ion  hazard of 
the neutron-Induced r a d i o m d i d o s j  msasureaents of gross decay rates 
ard beta and gama-ray enwgies m e  usafullp applied to radiation 
b a r d  s t u d i e s  a s  they &OE the rata a t  which t h ~  rad ia t ion  f i e l d  
is decreasing and the types a d  intemities of radiations xhich musf 
be dealt  dth; detarminationa of l ead ing  cha rac t e r i s t i ce  are of value 
in e s t i m t i n g r  
m d m a t k i ,  (2) the relative merits of the various so lu t ions  w i t h  
respect ta soil redLanetion and decontaninatlon, (3) the  o m e l s t i o n  
of labratory e z p e r h n t s  with f ie ld  operatione,  and (4) the behavior 
af rad ioac t ive  speiss in soil w f t h  respec t  t o  uncontrolled disturb- 
aaces eucb as rainiall. 

foll9ying c h a r a c t e r i s t i c s  of various radioactive soil asnplost 

radionuclides, 

s o u .  

(1) the feasibility of leaching a s  a method of aofl 

f Pour d i f f e r e n t  types cf qil samples were studled: scoop, core, 
d W e r e n t i a l  f a l l -ou t ,  a& size-separatod fall-out s m p l e s .  The scoop 
a d  core semples were col locted f o r  the Natioaal I n s t i t u b  of H e a l t h  
by the Evans Signal  ~ b r n t o r y ~ s  remotely controlled %aselm. They 
were obtained from the c r a t e r  l i p  by eaooplng up the surface soil Md 
b~ driving a ooring pipe into t h o  so i l r  
aaPrples mere a o l l e c t d  as part of the U. 5. Naval Radiological Defense 
kbratargcs p a r t i c i p a t i o n  in Projec t  2.55; a descr ip t ion  of the dFf- 
f e r e n t i a l  f a - o u t  co l l ec to r s  is given in the report of that project .  
mhe size-separated f a l l - o u t  aamfltts were col lected as part  of the 
DSERllL p a r t i c i p a t i o n  in Program 6; a descr ip t ion  of the l I t a t i O M  is 
gimn in the report of that project.  
separated Into f i f t e e n  s i a e  fractions by sieving.  

The dFf fe ren t i a l  f a l l - o a t  

The fall-& samples were 
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# 
wre detereinod rcldioc?xItc 

For (b), ell o m p l e a  maikble before E + 8 hr aare c o d e d  a t  a,, 
ait,a 011 a e c i n t f f l a t i o n  spoo t romte r  and proportioaaZ counters r r t u %  
aatoostic absorber ckugei-e. The s c i n t i l l a t i o n  spcictmoster aas a con- 
ventional one in Khich a -319 phobtmJ.tlplier h e  a BeLL and Jo- 
L-1 =war amplifier f o l l o d  by a d i f fe ren t ia l  pulss a n d p e r  coupled 
tc 8 tic0 decade sca le r .  ProvLzion m s  a l s o  d e  to scale toL& c a t .  
b ~ b c s t l c  scarming 89s acconplished by a symhronwm mtor driving ths 
hellpot t h a t  control led the  loi-er discr iminat ion love1 k! the  a r d p ~  
so t he  e n t i r e  pulse height  spectrvrn c d d  be exar@ined c o n t h w a l y  E& 
be recorded automxticel ly  d th  a Bi-oun potentiotmter. A diphewl- 
aoetlpno a r y s t a l  ti38 wed i n  the spectromtar far bets detec t ion  a& 
A thsl l ium-act ivated sodium iodide one for gamraa detection. 

on side-uiudow, argon-carbon dioxide g 1 8 - f l . 0 ~  de tec to r s  comscted to 
p r o p r t i o n n l  coarrtors. U b  and lead absorption m e s  rere taken 
at  pediodic intervals to obtain average beta and --ray energies BII 
a function of  t h e  after detonation. 

For  (c), sooop and core sanples ground to pass A 100 mash screen 

They were all r e t d  to USEXDL 

The rem& and aom dupl ica ts  samples were counted at W m  

m e  obtained f r o m  t h e  surface burst, and an u n t r o a t d  acoop earnplcr 
obtained frwn the  d e r g i - o m d  burst. 
fur the l w h l n g  eqmrimente. 

- 2 -  
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RadiochemlLical analyses were nads of the  following: saoop samples, 
rm?mrs 1 and 5 b m  t h e  surface b m 3 t  and number18 from t h e  under- 
groud burst; core sample from the surface burst; d i i f e r e n t i a l  fall-out 
s q ~ e s ,  m b e r a  33-8 and 29-l2 from the surface bura t  a& numbers 
102-10, 103-15, 108-2, 108-6, 108-10, 108-15, and 108-19 from t h e  
a n d s r p o d  burst; and s u e  s a p r a t e d  f a l l - o u t  samples, ntmbere G-1-6, 
G-1-8 ,  G - 1 - 9 ,  G-1-12, 01-15, 1-1-7, 1-1-10, I-1-ll, I-1-U, 1-1-15, 
El-12, Fi-1-15, E-5-9 and A-5-10 conbined, 8-5-ll, and Y-5-15 f r o n  the 
rmdergnmnd burst. 
stations and the times r e l a t i v e  to aero t h e  t h a t  t h e  pertinent sec to r s  
mere exposed a r e  listed in Table 2.1. 
r t a t ions  per t inent  t o  the size-separated samples are  listed i n  Table 2.2. 
The various acreen sizes used t o  make the s i z e  separat ions are  listed 
m l t b  the experbental results i n  Chapter 3. 
a Qo-Top" sieve ahaker to  separate  the f rac t ions .  

The loca t ions  of the d i f f e r e n t i a l  f a l l -ou t  collwtur 

The loca t ions  of the fall-out 

These smem wera ased in 

B e  saoop aid size-separated samples had been ground to pass a 
100-mesh screen before port ions =ere taken for analysis .  
eatfal faall-out (T1Fo) samples, which had been co l lec ted  on 1.25-mFz 
almimm foil covered w i t h  a d e r  soluble grease (carbowax lw), 
were simply rinsed into a platirfqn d ish  a d  eveFra t ed  t o  m e s s .  

The d i f f e r -  

Known weights of scoop, core, and size-separated fall-out samples 
and t o t s l  d i i f e r e n t i a l  f a l l - o u t  samples were fuaed i n  platinum crucibles  
T l t h  a carbonate, carbonate-borate, o r  carbonate-fluoride flux, the 
P8rtioula.r flux used being dependent on t h e  analysis to be performed. 
me melts from the faslons were dissolved in 1:l Hcl o r  1:2 HFD3. 
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2.4.2 S O U  SendLe Fro2 the Udwmu-* 

The swap d l  aar-ple obtahed from fhe urdargnmndbnrst 
fOr this C O X l d S t e d  Of abont 30 g Of eYWEab h&3TOgCn20tU 
mbrlel, rm&g in partiale size from 3/4 Lnon 6 m .  Obvione di i -  
f M t i e e  in ~~ =re c i r m e n t d  by choosing only that p a t i o n  
of the .se.qJa for cuqerkentation a c h  F M S ~  through a 207.3& m e n .  
B i a  p o r t h  of tbe gross sauple was divided into eight reprea3ntati.n 
cad approxkztely eqrrsl fractions arld the weight of each Praction 2 9 ~  
det&%?&ed. hr, of these f'ractions z'se corbhed giaand and used 
to 03tdn the opecff3.a ectiulty of t h e  untreated s o i l .  I'he other aix 
fiectione =ere trsated .soperat& Gith the am3 six wlutione that x x e  
v ~ a d  on the e%fles Prom the d a c e  h a t .  

A procedure d F p l e d  sobedtit from that for the surface 
burst r-as a d .  
leaching oolution, m e  introbced into a Losteroid eentrifuee tabe 
d azlowd to rerain in contact for one hour. W e  in contact, the 
oantenta of tho tube sere thoroughly agitated every 5 PA. 
of the hour the confents of the tuba m e  aentrihged and 5 rl of the 
mpsrmtcnt 1 4 d d  KBTB withdram. 
mtimf rere usad to detaraLine&e cczblned act ivity in ionic  artd col- 
loidal states recmed i n  the laaching process izhile the reminder pd 

suprated into ionio and colloidal fractions by dLalgsia. 

r l i c h  c3r.a finerEd in 60 nl of fresh dcxontsilnsti-zg solution. 
y b eftaF dirlyaia hod bgcm,  s a g e s  rare x-itMrei.n in the umml 
r x m ~ l r  to  deterrxhe the activity of the ion ie  frection. 
t h ,  3 liL of d i a l y s e t e  rrere vlthdratn for inestigating the ion- 
e x w e  pmpertiee of uuconknfmted YOU. After awther 48 hr, 
c33aly-b aliqmts mere again Prithdram in order that the degree of 
equilibrium a t t a l e d  at the t ine  the first aliquots Tere taken ui&t 
be determined. 

Ap-x%telJ 1.2 g of soil, together nlth 10 ol Oi 

A t  the enl 

b e  500 X a l k u o t a  of the 

D K l . p b  ea8 ca-risd out, ad bsfore, l n  Cellopkem bags 
Lbut  

A t  the BLEB 
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activit ies  ResiZua: SLTerratEnt: &e earth 
~ 1 2 ~ 2 0 ~  act iv i t ies  and ~ ( I I I )  

ana ~(III) carriers. 

W o n  dnalyeis 

To 10 m l  aliquot of  d la lysats  were d d e d  20 mg iodide-ion carrier 
and e etandard radiochemicdL d p i s  m6 wade. 
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The R-values are  defined by: 

rL3re T a d  T2 a r e  the  observed r e l a t i v e  f i r s i o n  yields f o r  tco given 
rzdionuclides,  and YlB5 and Yza5 are t h e  fission yields for the txms 
x d l o n u c l i d e s  h t h e  th~mal  neutron fission o f  $35. 

1 

F c i l t i n  e p t u r e  ci'os;..sections =re C P ~ C Q ~ K ~ ~  r e l a t i v e  to that of 
S h c e  tha capture cross-oectiolls La esbLtr;.rily sst at 10 milU.hrns. 

dc?L.nd on the ncaLcon ensrgies and t h e  latter udoubtebly chnge 
1zpk5ly eg .&e rrjutxons diff'use outard from their paint of o & b ,  
tho obssrfeil rratron csptare cross-sectlons ?re a p c t e d  to vary i r o n  
L.z:.~I~ fo 8n@e. Poseible nJp react ioaa,  on other  e l e m n t a  p s c n t ,  
L- E ; k e  83- coa t r iba t ion  to the ar.9unt of rcdionuclide p rdnced  by 
the  n m b n  aptare r a c t i o n  of intsrest. Consequently, the relatire 
nmtron capttcre cross-sect ions are o b s m e d  M t  to be constant, but 
i21A.r o d e r e  of  r . - q p L t & d e  ep1 the &nt of r a i a t b a  fms sarple to 
s,;Tle ESQ of .h t -erast .  
r o t o s  t.he q t r s % i k t i v e  anslytical dsta and the  psssible ~ , p  r e x 3 . o m .  

me t a h l e  listing the CrOEQ-S3Ct%OUB dlso 

Bppro&stelp hay the radlochemical analyses =are dolls in d q U -  
cats, the ra;lsWer wsre swle d e t a r d m t i o n s .  O f  the duplicate 
red . ts ,  83 par cont h d  a r x n  deviation of 10 per c m t  or Ice$, 
8 per cent ( u i r  m3lyses)  hed a ~3.m dovlation greater thsn 15 psr 
cant. 

It rias ahom that even sampling p r o c e & ~ ~ ~ ~  mrnally regci-ied as 
sctisfactory f d l e d  ta d y e  homogeneous results Rom t h e  scoop ard 
ccjre snmples. For this reason, the over-all accuracy of the  relP.tive 
fission gield data I s  considered to b e 2  10 par cent for data OR &the 
W e r e n t i d  f a l l - o u t  c c q l e g  end & 15 p r  cent  for  the  data on the 

The WUGS given for percentege contri tutLon 
et various tirles f o l l o ~ i n g  datonaticn ere  considered to have M over  
r.ll R C C T E C A ~  o f f  20 p3r cent. 

core m . . p ~ e s .  

- 12 - 
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r 

4760 - 
3327 - 47.9 
2362 - 3327 l6n - 2362 
u90 - 1 S R  

295 - 417 
?a?- 295 
u 7 -  208 
104 - l.47 
74 - lC4 
< 74 

- 15 - 
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E’raction 
Ho . 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
l2 u 
14 
l5 

!lY.mE 3.4 

Gross Activities(’) o f  Si3a-Separatrd F a l l d n t  
S ~ q l e a  in the Urillorgrm3 Emst 

-. -.-. - - 
Size Range 

(ll) 

5600 
47& - 5600 
3327 - 4760 
2362 - 3327 
1651 - 2762 
1190 - 1651 en - n40 
5%- fm 
4.7- 5 9  
2 9 5 -  a7 
m -  295 
Y+7 - 208 
104 - 147 
74 - 104 

74 - 
Activities (counts/ni;l/ms) oessnred 151 ~FQS after burst. 
Counta taken on top shelf and ccrrscted to 10 per cant 
gaolastry; no absoq#ion corrections Eere I ide. 

** 
(b) A b M  indicates sezple, Fi ea$, ?:as c m 5 h e d  ~ 5 t h  wxt 

pzrticle sioe range. 

- 16 
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b o r d e r  to obta in  inforcet ion on t h e  energies of the  varioue 
beta-ray components, a ca l ib ra t ion  curve of mydgum beta-ray energy2 
versus half-thieknass w a  cons tmc t  from the  data of the  absorpt ion 
aurves o f  Srw, T1z04, &, eo, &, end Nb95. These radionuclides 
ell gave s t r a i g h t  l ine m e s  out te approzhstely tm-thirds of  their 
redxxm beta-ray range i n  p lo t s  of  logarithm of  a c t i v i t y  versus  thick- 
m s s  of  added almimm absorber. 

The tdf-thickness of each o f  the components i n  the elurninurn 
absorption curves aes calculated,  and from t h i s  the cor re spod ing  
r:&iz beta-rey e n e r a  was obteined dir6ctl.y from the c d l b r a t i o n  
t m e .  
each b3*&-rny w,r:pnen d o f  given en-rgy xas ca lcu la ted  Prom 
the  data given by 1Isrinalli. The average beta-ray enargies of t h e  
various samples at  each of t he  selected tines were coaputed from the 
r e l a t i v e  abundances of the components and their average energies. 
A l l  of these data for beta-rays are l i s t e d  in Tables 3.17 and 3.18. 

r a t e  uere d o .  HELIX-thichaess w u e s  of 12 
L.re dotar&ed for Cob0 and the pair Zr95-Ed3 From their  respect ive 
lezd aboorption eurves as taken i n  the  c o m t i n g  a r r m g e f l n t  used f o r  
the gross decey serqles.  
o f  gs.x*a-ray e c 3 r g g t o  h a l f - t h i c b e s s ,  these values correspond fo 
snergies of 1.30 and 0.74 krv; t he  re 
. 1 . ~  ard 1.33 for  ~ 0 6 0 ,  o . n  for zr9 ?and 0.76 f o r  Rb95. Thls w e -  
' c a n t  in g m - r e y  energies as reported in t he  literatcre cud as deter- 
;&ad by lead ebsorpt ion measurements i n  the apecial  counting set-up 
~'psed f o r  t h e  gmss decay samples demonstrates that the  absorp t ion  
'carve teschniqrre wed here is s a t i s f a c t o r y  for determining gamzx-ray / 

The averege ens gy of the  beta-ray syectrum assoc ia ted  uith 

For the gaplis-ray emrgp  s tcd ies ,  c a l i b r a t i o n  absorpt ion measure- 
and 7.2 d~ an of lead 

Bccordbg t o  the t heo re t i ca l  r e l a t i o n s h i p  

r t e d  gama-ray energ ies  are 

snsrgies. 

In t h e  majority of cases, the gamms-rry absorption curves cm-  
structed from t he  gmss dec c w e a  were resolved Lnto tm c o r p n ~ n t s .  

valuss by re ference  t o  the thc8oretice.l relationship bst;?%en energy d 
b l f - t h i c h e s s .  Average gam&=-ray energ ies  f o r  eech of the smples at 
the d i f f e r e n t  s e l ec t ed  t i nea  \.are coEputad From the r e l a t i v e  ab- 

The energies of i;he componer? 3 s vere o b t n i n d  from their  h a - t h i c h e s s  

The rzx3-m bek-ray energy values  of these  nucl ides  s e r e  taken from -- The Ecitionsl Bureeu of Standards C i r c u l a r  42.  
2 

L.D. L$rinelll, R.F. Brinckerhoff, and G.J. Hine, nAverege % ~ a  Of 
Eete-Rays Emitted by Radioactive Isotopes", &v. &'>de i L s .  19 

- 26 - (19471, 25. 
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FF..(X'ECT 2 - 6 C - 2  

TABLE 3.15 

Gross &cay for the Surface Burst 

(ma/em2 U) 
0 md 3.45 
0 and 3.45 
0 a d  3.45 

53.8 
Lw m 
(LTJol2 All 
0 rind 3.45 
0 end 3.45 
0 E d  3.45 
0 a d  3-45 
o =a 3.45 
53.8 
53.8 
53.8 
56.7 
56.7 
55.7 

;r: 
w 
L4-I 
221 
221 
221 

*b 

__-- - - -.-. 
Added Absorber 

The gross decey at 0 added ahsorber for this 
sa-zle, between the period of 4.5 kr an3 55 hr 
e f b r  the debustion,  w s  resolved into two 
app-cnt ly  p : O d o n i m t  activities b i t h  hav 
lives of 3.1 hr anl 20.8 hr. 

-1- 

221 

254 

580 
58a 
693 

0.66 
1.8 
3.1 
1.4 
1.7 
1.8 

0.55 
1.2 
2.5 
1.6 
1.3 
1.2 
1.4 
1.15 
1.25 
1.m 
1.0 
1.6 
0.63 
1.65 
1 a 9  
1.5 
1.00 
0.65 
1.7 
0.62 
1.7 
1 e7 
1 .P 
0 .& 
1.4 

.. 28 - 

1.3 - 3 
3 - 9  
9 - 4 0  
1.3 - 5 
2.3 .. u 
1.3 - 10 

1.1. - 2 
2 - 6  
6 - a O  
20 - 55 
55 -120 
1.2 - 3 
3 - 5 0  

50 -120 

1.04 - 15 
15 -108 
1.1 - 20 
20 - x20 
0.5 - 1 
1 - 2.7 
2.7 - 10.8 
10.8 - 29.2 
29.2 -108 
1.1 - 20 
20 - 120 
1.1 - 10 
0.5 - 2.08 
2.- - 22.5 

22.5 - 108 
1.1 - 10 

0.5 - 1.04 
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TABLE 3.15 (Continued) 

Gross Decay f o r  the Surface Burst 

Added Absorber 

(der4 All 
1-57 ard 2.34 
1.57 d 2.34 
2.750 
2.750 

2.00 
2.00 
2.00 
5.7 
5.7 
5.9 
5.9 

(des? Pb) 

5.9 
9.85, 14.79 

u.45 
u.45 

~ 8 . 6 5 ,  ma 26.5 

(adc-2 a) 
0 alii3 3.45 
0 ana 3.45 
o ma 3.45 
0 and 3.45 

53.8 
53.8 ? 
56.7 a 
56.7 
56.7 
56.7 
w w 
43 
21 
21 
21 

1.2 
1.8 
0 -9 
1.34 
1.04 
1.2 
1.3 
1.0 

1.2 

0.47 
0 8 6  
2.6 
1.5 
1 4  
0.93 

. 0.85 
1.62 
1.37 
1.02 
1.6 
0.88 
0.67 
1.86 
1.39 
0.60 

0.5 - 5.8 
5.8 - 83 
1.1 - 3 
3 - 10 
1.2 - 7 
7 - 20 

20 - llo 
0.5 - 7.5 
7.5 - 108 
1.2 - 8 
8 - 5 0  

50 -JB 

1.2 - 120 
0.5 - 5 
5 -108 

1.1 - 2 
2 - 6  
6 - 2 0  
20 -120 
1.1 - 60 
60 - m  
0.54 - 1.0 
1.0 - 9.6 
9.6 - 37.5 

37.5 - 108 
1.1 - 18 
18 - 50 
50 - 120 
0.54 - 3.8 
3.8 - 23 

23 -108 
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TABLE 3.15 (Contlnued) 

Groaa Decap for the Surface B a r s t  

:Om 

4% 
4% 
454 
!a0 

5.90 
9.85, U.7, 

18.65, and 24.55 
..I 

( W d d M )  a 
O a n d 3 4 5  0 e 8  
0 and 3.45 1.0 
0 and 3.45 2.1 
0 and 3.45 1.3 

53.8 1.6 
53.8 2.1 
53.8 1.1 
56.7 1.10 
56.7 1.32 
56.7 2.61 

-3 
692 
692 
692 
692 
(dd u) 

(dd -1 

2.75 
2.75 
2.75 

2.0 
2.0 
2.0 
5.7 
5.7 
5.7 
5.90 
5.90 

1 3 
1.9 
0.74 
0.48 
1.43 
0.65 
1.2 
2.0 
0.94 
0.65 

0.86 
1.9 
1.1 

1.02 
1.8 
1.0 
0.94 
1.28 
1.09 
1.2 
1 e3 
1.0 

1.2 

1.1 - 5 
5 - 15 

15 - 50 

1.1 - 4 
4 - 1 8  

18 - e6 
1.2 - 7 
7 - 2 . 5  
24 - 1 6  
0.54- 13 
1.3 - 7.9 
7.9 - 108 
1.2 - 8 
8 - 50 

50 -120 

0.54 - 120 
0.25 .. 1.1 
1.1 - 4 
4 - 25 

25 - 120 
1.1 - 2.5 
2.5 - 15 
0.28 - 0.67 
0.67 - 1.8 
1.8 - 5.8 

15 -120 



I 2% I 
4% I; I 

I 5.7 I E 

1.5 
3 -0 
1.7 
0.83 
0.97 
1.79 
3.04 
1.8 
3 r C  
1 a 7  
1 e 6  
3 e 1  
2.0 
0.87 
146 
2.92 
1 .4 
3.0 

0.81 
1.25 
2.&7 
1.3 
3 a0 

1 e 3  
3.1 
1.5 
o.n  
1.25 
3.54 
1.6 
3.5 
1.7 
1.6 
3.4 
1.5 

6 - 20 
20 -120 
0.28 - 1.0 
1.0 - 2.2 
2.2 - 5.4 
1.1 - 2.5 
2.5 - 7 

0.28 - 0.7 
0.75 - 1.8 
1.8 - 5 
1.1 - 2.2 
2.2 - 6 

1.1 - 2 
2 - -  
7 - 36 
0-28 - 0.67 
0.67 - 1.8 
1.8 - 5 
1.2 - 2 
2 - 7  

- 31 - 



TLBBLE 3.15 (Concluded) 

Cross Decay for the Surface Burst 
,,______._ -..._I_ ---L .~__-_.-__I-- 

Sanele Added .$bsorber 

COTS Cdd pb) 
(Cont'd) 1.4.45 

34.45 
14.45 
14.7 
u.7 
18.65 
18.65 
24.55 
26.55 - 

Scoop 1 (mg/cs Al) 

_.I -.__ -- 
Decsx b n m t  

0.67 
1.25 
3.54 
1.7 
3.4 
1.8 
3.4 
1.7 
3 .4 

0.0 and 3.45 
53 -8 

JU 
(dcd pb) 

2 .oo 
5.90 
9.85 

u.7 
Scoop 5 (.g/cG Al) 

0.0 ard 3.45 
53.8 

' ?  
141 
454 % 
(&!/a2 pb) 

2.00 
5.90 
9-85 

0.0 and 3.45 

-I .. 
cor0 (cdcE2 AI) 

53 *8 
llil 

0.28 - 0.67 
0.67 - 1.8 
1.8 - 5 
1.2 - 2 
2 - 6  
1.2 - 2 
2 - 6  
1.2 - 2 
2 - 6  

120 - 186 
120 - 1 6  
120 -1% 

1 e 3  
1.1 
0.65 

1.6. 
1.4 
1.3 
1.6 

1.3 
0 -9 
0.65 
0.48 

1.5 
1 a 3  
1.2 

1.1 
1.1 
1.4 

- --. . _l_l_ 

no - 186 
120 -186 
I20 -1% 
I20 - ssb 

120 -I& 
120 -146 
I20 -186 
120 -186 

106 -186 
I20 - 186 
I20 - 186 
120 -186 
120 - 186 
E O  - 186 
-- 



0-2.3 -. 0.8 
0.8 - 5 
5 - reo 

40 - E O  
0.8 - 12 

3.2. - 40 
40 - 65 
65 - 120 
0.25 - 0.5 
0.5 - 11.7 

u . 7  - 88 
0 3  - 7 
7 - 40 
40 - 120 
0.75 - 9.6 
9.6 - 63 
0.8 - 6 
6 - 40 

40 - 120 
0.8 - 4 
4 - 3 0 -  
0.3 - 0.56 
0.55 - 3 - 
3 - 9.6 
0.8 - 4 
4 - 20 

0925 - 0.75 

- 33 - 
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3 e 1 6  .(ContinJed) 

14.45 
18.65 
18.65 
18.65 
26.55 
24.55 (I 31 CL. 

I 

1 
279 

- 74 - 

0 e93 
1.5 
1.2 
1.6 
1 e3 
1.1 
1-57 
1.16 
1 a 8  
1.3 
1.1 
0.75 
1.94 
1-35 
1 e 7  
1.2 
0.83 
0.55 
1 4  
1.2 
0.53 
l.51 
0.62 
1.2 
0.74 



2.0 
2.0 
5.7 
5.7 
5.9 
5.9 
9.85 

u45 
1$.!*5 
u.7 
14.7 

2,. 55 
w . 5 5  

ia.65 

1 e 3  
0.70 
1.35 
0.95 
1.1 
0.G 
1.0 
1 e 9  

1.G2 
1 a 0  
0.92 
O.?O 
1.0 

2.9 - 36 
36 - 
1 - 5.4 
5 . ~  - 50 
2.9 - 36 

36 - €2 
2.9 - 36 
1 - 4.2 
4a2 - 33 
2.9 - lo 
10 - 35 

2.9 - 36 
2.9 - u 
U - 36 

2.2 - 4 
4 - 34 

34 - 110 
2.2 - ul 
10 - 34 
34 -uo 

2.2 - 10 
10 - 34 
3.4 - no 

2.2 - 5 
5 - 3 3  
I3 - 34 
34 - 97 

2.2 - 5 
5 - 34 

34 -110 - - 35 - 



TBBLE 3.16 (Continued) 

Gross Decay for the Unhrground Burst 

2.75 
(dd Pb) 
2.0 
2.0 
2.0 
5.9 
5.9 
9.85 
9.85 

%7 
u . 7  
18.65 
18.65 
x. 55 
24.55 - 

( 4 c G  -a 
0 and 3.45 
0 and 3.45 
0 and 3.45 
0 and 3.43 
0 and 3.45 

53 e 8  
9.8 
56.7 
56.7 
ILU 
l-4l w 
221 
221 
221 
279 
279 
279 

1.2 
0.70 

1.2 

1.1 
1.2 
0.98 
1.1 
0.75 
1.1 
0.99 
1.1 
0 . q  
1.05 
0.85 
1.0 
0.30 

0.44 
1.2 
2.2 
1.3 
1.2 
1.5 
1.15 
1.54 
1.ll 
1 e 8  
1.1 
0.88 
1.85 
1.27 
0.64 
1.8 
1.1 
0.90 

Time Interval 
(a&) 

. 

2.2 - 34 
34 - uo 
2.2 - 110 
2.2 - 6 
6 - 36 
36 - 90 
2.2 - 40 

40 - u o  
2.2 - 6 
6 - 36 
2.2 - 6 
6 - 2 2  
2.2 - 6 
6 - 2 2  
2.2 - 6 
6 - u l  

2.1 - 4.5 
'4 .5  - 9 
9 - 2 0  
20 - 34 
34 -110 
2.1 - 34 

34 -110 
0.96 - 33.8 

U.8 - 96 
2.1 - 9 
9 - 34 

34 -110 
O m %  - 5.8 
5.8 - 25 
25 - 96 
2.1 - 6 
6 - 34 

34 - 96 - .- - 36 - 



1.57 a=? 2.35 
1-57 ?XI  2.35 
2.75 

2.75 
2.75 

( d G 2  Pb) 

0.85 
1.25 
1,s 
1303 
1 r l  
1.7 
1.15 

1 *3 
1.6 
1 e 1  
1.4 
1.33 
0.92 
1.3 
0.93 
1 *3 
1.1 
1.47 
O.% 
1.2 
1.3 
1.2 
1.2 

271 - r, 
3: - 96 

2.1 - 34 
34 - u.0 

4 - 31; 

27 - 96 
0.96 - z/ 

0.55 - 2.2 

22 - r;6 
2.1 - 9 
9 - 34 

34 - % 

2.2 - 6.7 
6.7 - 22 

I- - T/ - 
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G r  

TABU 3.16 ( C o n t i c u d )  

0.0 a d  3.4! 
53.8 
ul 
(dC2 Pb) 

2.0 

1.16 
1.45 
10% 
1.47 
1-70 

1.33 
1.09 

3.1 - 5.4 
5.4 - 35 
1 - 8.3 
1 - 4.0 
4.0 - 8.3 

3.3 - 8.3 
1 - 3.3 

1 - 3.1 
3.1 - 8.3 

1 - 2.7 
8.3 2-v - 

-_. 
I 

1 4  
0.96 
0.36 

0.87 
1.05 

1.2 

1.7 
- 

- 176 
J-20 - 176 
J-20 - 176 
97 - 162 
-__.- 

- 3R - 
! 



1,;. 
1 a?. 

1 
0.60 
0.70 
0 .w 
1.6 

lc2 
1 .o 
0.75 
OJ35 
0.E9 
0.75 

1.7 

110 - 176 
lI.0 - 176 
ll.0 - 176 

ILL0 - 176 

% - 17.5 

- 39 - 
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 mop 1 
:coop 5 
-.-- 

TA3LZ 3.17 (Goutirried) 

Beta-Eay Euergies for tbo Surfaco h-st 

f i r 2  Aftex 
Datoc3tion 
&d-.- 

59 
92 

1.1 
2.3 
3 e 6  
4.1 
5.08 
6.30 
7 
LO 
l2 
31 
92 
0.3 
1.2 
2.3 
3.6 
4.1 
5.1 
6.3 
9 
10 
31 
186 
1% 

2.0 
2.2 

2.2 
1.75 
138 
I..@ 
1& 
1-43 
147 
1.79 
2 02 
2 -4 
2 e 3  
2.1 
1.9 
2-3 
2.2 
1.70 
2.00 
2 .oo 
2.4 
1.8 
2.2 

2.4 

2.6 

- 

- 

II 

--- 
- 

0.16 
0.33 

0.25 
0.28 
0.23 
0.23 
0.23 
0.23 
0.21 
0.16 
0.25 
0.25 
0.16 

0.31 
0.22 
0.36 
0.23 
0.23 
0.27 
0.25 
0.20 
0.U 
0.25 

0.W 

0.u 

- 

- 

-- 
I- 

- 

- LO - 



- I1 - 
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h o p  5 

TABLE 3.19 

Gamna-Ray Energies for the Surface B u r s t  

1.2 0.31 0.87 
10.2 0.31 0.95 
31.0 0.37 1.01 
92 0.35 0.82 

1.2 
10.2 
31.0 
92 0.81 

1.3 
1 e 7  
0.61 
0.32 

0.56 
0.55 
0.77 
o . n  

to t h a t  oE Hard 

Absorber 

-- a Ener g ie a 

S C J ~ ~ D ~ S  ( a w d  Absorptj - n Spec tmr ster 
Core 2 e 3  - b3.5 0.1 0.25 

Detonation (K?V) 

6 -- 

3 e 6  0.34 2.0 
0.26 1.77 - 1.6 

4.1 

- 1 4  
5.1 
6.3 

3 e 6  C.3C 0'6 
4.1 0.30 0.9 
5.1 0.32 1.03 

- I 

scoop I 2.3 0.32 0.94 0.1 0.37 0.6 

0.26 1.03 - 0.91 
-J--,-&-----.4- 

u 
39 

I_. 

1.3 0.5 
O.& 0.75 
0.31 Oe'75 

ralx 3.20 

Gamms-Rag Energies for the Surface Bvrst 
(From the Scinti l lat ion Countar) 



I I I &31. 

0.29 
0.14 0.26 

9.5 I 0.31 I I n  0.39 
0.90 1.1 0.60 
1.01 l*O Q.66 
1.C6 1 .Q 0 . 6  

I I - _1 
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TABLE 3.2l (Continued) 

Gamma-Ray Energies f o r  the Underground Burst  
--- 

Ratio o f  Abundance Average 
E m r g i e s  of S o f t  Component Ganma-Rag 

T i m  A r t -  (&I$) - tA that of Hard Eilergy 01 
Datonatjon S o f t  Hard ~omponsnt  a t  Zero -10 

33;0-108 2.1 0.30 00% 1.3 0.54 
5 0.11 0.29 1.03 1.94:0.63:1 0.39 
9.4 0.34 0.92 1.1 0.62 

0.33 1.2 0.56 0 .a - 0.88 - 0.88 

( b y ~ ]  Conmncnt Component Absorber -- (- 

29 
90 

3.3 -E$Cm BEHAVIOR OF SOIL SAKKES 

S 0 ~ 3  el-zples of t he  percentages o f  t o t a l  a c t i v i t y  removed from 
the ecoop and wre s=fles horn the surface b u r s t  by the  decontamiLatlq 
r;olutions are &om i n  Table 3 . a .  For each so lu t ion  except sea rater, 
the activity i a  broken dorm into the p r c e n t a g e  appearing In the ionic  
sta te  and that in t h e  co l lo ida l  state. Such a breakdom f o r  sea mter 
PJI precluded by the fo rna t ion  of co l lo ida l  r rs ter ia l  (possibly algae) 
in the d ia lysa te .  
171 hr after detonation and I34 hr of  contac t  b e t w e n  s o i l  and decon- 
taminant. 

Unless otherwise indicated,  these values refer to 

Some results of the ioeexchange experiments are  presented in 
Tcble 3 . m .  The values Ehothwere calculated from the r eh t ion r -h ip  

rhre  L,(t) is  the a c t i v i t y  of  t h o  o r i g i a a l  d i a lysa t e  a t  tine t, 
&(t) l a  the a c t i v i t y  of  the supsrnatent  l i q u i d  Prom the s o i l  n i x t u r ~  
at  the  same t h e  t, both a c t i v i t i e s  r e f e r r i n g  t o  500 
R is  t h e  iyoight of the s o i l  i n  grams. 
refers t o  the time a t  which t h e  a a t i v i t i e s  s e r e  m e a s u r e d  and not t o  
the  du ra t ion  of contect betscen soil and dialysate Then the  a l i q u o t s  
irere taken. 

a l iquots ,  anl 
It should be noted that t, here, 

This l a t t e r  time raa 2.!+ hr. 

- Lf, - 
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PhOJECT 2 . 6 ~ 4  

The pcrcentegea of t o t a l  a c t i v i t y  remved f rom t h e  u n d e r g r a  
burst sample are broken dom acccrding t o  t h d r  physical s t a t e  ard 
presented i n  Table 3.236. 
eolntions,  t h e  v c r i a t i o n  of these p-rcentages with tiwe has been 
detemined f rom the decay curves of the diquats w d  of the o r i g i r a l  
scrpla. Both the c a r l i e s t  values  obtained .*Ad values f o r  a subatan- 
t i d y  g r e a t e r  p r i o d  of decay t h e  are presented for coaparieon. 
uoriparing t he  e C t i P i t i 6 S  of t h e  first s e t  of d i q c o t s  with the ac t iv i -  
t i e s  of &noth.er s e t  taken 
6mr of t h  F*iiljCih.3nt t h a t  thQse vdu6s refer t o  cquilibriam cor&- 
%ions. 

In order t o  c k c k  the  s e l e c t i v i t y  of fie 

hr l a t e r ,  it =as establ ished w i t h i n  the 

In Tsble 3.23B, the  results of the  ion-exchange e x p r i n e n t  w e  
t x m x i z e d  by EJMS of the  same func t ion  used i n  the  previous section. 
Bere, however, the  values presented f o r  t he  d i f f e ren t  periods of con- 
t a c t  mre obteined fmm separate s e t a  of a l iquo t s  and the increase of 
t h e  values with tine is  due to the  slow a t t a i c r e n t  of equilibrimn. 

bn absorption curve of the ground 20 mesh Fract ion of the 
o r i g h d  wsnple ~;RB M e n  end compared t o  the  absorption curve oil 
a thoroughly pi lver ized and n W  por t ion  of the or ig ina l  scoop 
m-yle. 
ca4ing t h e  larger size  p e t i c l e s  did not pmduce any sign5fiCSnt 
f i t c t iona t fon  of tFle coat,minatirig activity. 

The idcct l tp o f  t h e  curves established the  f a c t  that  die- 

The upper lhit of i r r sproducib i l i tp ,  as deternine3 from the 
e r r o r  of four i den t i ca l  r;ater leaches on four represents- 

tf-fe seaples of p a - t i c l e  a iae  sormr-hct grea te r  than 20 mesh, vas 
f 15 p̂ ,r cent. 

The results of  the  analytical procedure are summarized in 
T e b l s  3.24. 
represent the a c t i v i t y  in 1 m l  of d ia lysa te  due t o  tha t  source. 
Keens of the known decay c h a r a c b r i s t i c e ,  aU. &ab. heve b e n  con- 
p t e d  for a days after d e t o n a t i h .  
a c t i v i t y  acccjmted f o r  can be readi ly  seen by c o i r p s r ~  total munt 
o f  c c t i v i t y  obtained f ron  the source8 l i s t e d  for any given so lu t ion  
v i t b  %e a c t i v i t y  of 1 d cf t h u t  solution as shorn a t  the bottom of  
the  tsble. 

For any given source of radiat ion,  the tabulafed data 

The relative ero3unt of dinlyaate 

me C s u 7  a c t i v i t i e s  i n  sea z a t e r ,  "Tide", and sodium c i t r a t e  
d i d y s a t e s  tiere found t o  be anomlously high and have not been 
r a p r t e d .  
of alkali metals i n  algae, sediment, end mold, r c s p c t i v e l y ,  over 
prolonged periods of s k n d i n g  and t o  the  introduction of these con- 
ebntrates  into t h e  a l iquo t s  chosen for analysiS. 

This  anom& is believed t o  be due to the concentret ion 
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P.hObTC'.? 7 .cc-? 

An b d i r e j r t e n t  c o n t m i m t i o n  of alk?.line ear35 
ad.ysfs  b.3 mi33 the  presentstion of exact values 
ard r a w  in 588 mater Iiqmasible. 
t o  cdclilate a fairly n2Pr.m range of  limits fo r  these  a c t i v i t i e s  mc! 
thesa values have been offered d o o g  wi th  tha mora re1Fsbl.a d e t s .  

It ha3 bean possible, ho:qsrzr, 

- L9 - 
d 



The radioche.-ticzl irv.s3tigPtSou of saqle?s collacL;-? at Operat ion 
JAXXX giva i n f o m s t i o n  on (1) the sh2c3 of th3  f i s s i o n  yield m - r e  of 
p r o h c 5 s  of a bs,A f i s s i m  ~ o c a s ,  (2) the extant of prcducti0.l of 
ssverel n-?uti.cn i . d> icd  radionudlde3,  (3) t h e  existence of f m c t i o n -  
a t lon  of 83vard. radioncclides, an6 ( 4 )  t h e  contr ibut ion of several 
induced radicni:clidca azd fission prodilcts to t h e  meawed gross beta- 
ac t iv i ty  as a f h c t i o n  ol t h e  after d e b t a t i o n .  

In tb9 tht?rml neutron f i s s i o n  process, the r a t i o  of fiusion 
yidlda of r e d i w u c l i d e s  at the DXX" P of the f i s s i o n  y i e l d  curve to 
tho;> at *..a nlnkirn is about n i x  ilcJ?i6d ta one. bl thotgh the curves 
obtained in thsso studies are  not c l e a l y  defined because of f r ac t lon -  
a t i o ?  e f f e c t s ,  th3 r a t i o  seems s d l e r  i n  the  brib fission pmcoss. In 
the sru%cc baret, t h e  ratio is about one hundred to one f o r  the scoop 
m d  core senples and about three hunclred to one f o r  sorue of t h e  differ- 
e n t l d  f a l l - o u t  a q l e s .  In the underground burst, the r a t i o  is about 
sin h m d r e d  tc one for both the  ECOQP s m $ e  and the  differential fall- 
ant. narmlnn. 

- 51 - 
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4.2 -@g ECAY R4l'ES AND BF,TA MD G!iLIA-F$.Y EIERGIES 

In the tables, the valass f o r  the r a t i o  of ebudance of the  soft 
r;dhtIon coqmnent to that of the hard radiation cozpncn t  varied 
:.i)pieciLolp, o b c e  the \*dues riere 2:temined LVom In t . j imp t s  of d o p s  
of half- thickness  curves r i t b  the zero added absorber axis. A s 4 l  
c.-e in half- thiclmess of the soft  coqmnent b ~ d d  nske a0 rpprecleblr  
c u e  in r a t i o  of  soft t o  hmd radiation. 
ciqsrh9ntal phtts rsde it dFf f i cu l t  to define the slops of? the  curves 
eccuratsly. 
e r ror  of ebout.3 0.04 LIm t o  the averege energies. 
I n  average beta and g w - r a y  energp is e s t h t e d  to be appro&steIy 

SLmLlm-ly, the senttsr of 

The c o n b k t i o n  of these error8 contributed a r d n m  
The totel error 

f 0.1 ESV. 
4 

surface burat d f r o m  0.25 to 0 . 3  for the underE;round b u s t .  
caseg, the average energy showed a ganerd dscrease x i th  t h e  e t  e e r 4  
t h 8 ,  ar.d a g r a d d  tendency ta fnCr6EEe a t  ht6r tir.36; the !dnLmm 
ot~urred et e b u t  10 days. hvercge gmma-rq  enbrgies r a g e  frm 0.X 
to 0.77 1% for scoop serrples md f rnm 0.6 t o  1.6 C w  for the core 
r ? q l - e  froin the  sur face  burst end f r o m  0 . 2  tC 0.e8 1Iev f o r  t he  SCOOP 
er2Jle from the unrlcrpound burst. These averege GZIergfeE a r e  not 
corrected f o r  the c o m t i n g  e f f i c i ency  of the  detector  used. Pnlse 
height gndlysie data end several l ead  absorption cuves ( W e n  through 
r e l a t i v e l y  thin l e d  absorburs) shoned the  presence of  a 0.1 1 . 3 ~  com- 
pmt, in edd i t ion  to the tm coqonents u s a l l y  obserwd. 

Average bata-rey e n o r g i e s h n g e  from 0.17 to 0.52 l i v  for the 
In both 



' It &auld ba pointed out th2t  the value of th3 results obtained 
in the lenchln:: e r p e r f n n t a  on asnpples f ron  the Burface burst are 
qu2ctiont.ble f o r  ti10 rBSbOA9: 
an naredisticelly largo surface &e+. &:I :ihlch mutron in2cced 
activity md occ3.vdod f i ss ion prodcctn could ba leschcd, a d ,  secondly, 
the  experimental arrangemnt was auch tht actfvity %as c o n t h u d l y  
passing from the soil to tho oolution so that tho values given are not 
for  eqtdlibrim conditiow. l 'hcs~  t..o defects were remedied i n  the 
treahent of the scoop ample *OD the undwgrotl!:d bnrst so that th3 
resulting data are mor2 rznningful. 

f h t ,  tho us8 of gr0ur.d s o u  pre3antad 

Regarding the .ion-sxchage experiment nith the surface burst 
material, it is intaresting t o  note that ThLZe the ability of citrafe 
ion t o  form c o d e x  ions &or$ m~ m k e d l y  in the low values of the 
relative act ivity decrease . f o r  &e cftrrrte solutions, there is a strong 
kndencr for all other values of Table 3.22B to cluster abut 0.2. 
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In all cases except one, the l a r g e s t  f r ac t ions  of ionic  a c t i v i f p  
r.pplrsd i n  the EF?A and ccfilm c i t r a t a  solutions. 
Icrpst conoidsl  parcentages ccnsistcn'tly appear h n ~ n o l C n ,  m, 
crd flitdd") only the  r e l a t i v e l y  high e f f ic iency  of EDTA for re2uvlng 
co l lo l e s l  a c t i v i t y  1.68 not Enticipated. These r e s u l t s  i r d l c a t e ,  them- 
fom, that EDE4 atid s o d i m  c i t r a t e  Ehaitd be of vdne  i n  reroving con- 
t? i 4 b a C i O n  Of - ion ic  mture. IAiiden, "Dupom,l C", and EDTA should 
be u q x - i o r  in nwving  oant~&~int ion tbich i s  p r k l l y  co l lo ida l .  

S k i k - l y ,  the 

SpRia in Teble 3 ' 2 3 ,  loir  mliies of  the r e l a t i v e  a c t i v i t y  d c s r e w  
are obtdriad for s o d i m  citrate. Here, also,  the ab i l i ty  of EETA ta 
form c a q h - ~ a  is uore cppcrent than in Table 3.m. 
tli3re seeis t o  be l i t t l e ,  if any, dFfference = m u g  the rexidug 801~- 
tione. 

Again, too, 

The andyaee of the ion ic  fl-actions o f  the  leaches lend ther- 
d v e s  fa i r ly  well t o  t h e o r e t i c a l  eslplenation on the basis  of thrw 
faotoro: eolnbility, awhsnge, and c o ~ p I s x i n g  action. Thus, ths 
apps=rerce of  ionic a c t i v i t y  
doe to the so1nblliS;P of the soq-ce of s c t i v i t y .  Te-khg aistFlled 
rctcr es a plnt of i e fe rence ,  tbn, *e greeter a l k a l i  r 3 t a l  c c t i v i w  
i n  the other bolat ions end t h e  &roster a c t i v i t y  due to Ba 4 Sr rnd I 
In 838 I atar r ~ y  ~ s l l  h ~ m  bmn bro-&t abut through w.chzn:e. The 
cc;.$cr;lng ac t ion  of EDTA End c i t r a t e  ion  i s  probably respmsfilo for 
tho r r l a t i v e l y  large c;louits of  a c t i s i t y  aLfociafed w i t h  Ba, Sr, and 
t b  ra-0 t e r t h s  found i n  these mlutions. 

d i a t l l l e d  hater &ofid be p & 3 l p 4  

The cquivdence  of all so lu t ions  for reijoving iodine r c t i v i t y  
md close pzra l le l i sm in the r e s u l t s  of enalyses of EDTA and c i t r a t e  
dialysates ere  a l s o  r;or+hy of Exition. 

- 5L - 



The f O l l O . i b g  coocll;s!.ons wzy be mild0 from our s tud ie s  of smples 

Npa9 i e  the major nectron i n d u e d  radionuclide produced. 

3, and hh% m y  ba i qo r t f s t  CGntYibUtGI-3 tG tho gross activity at 
ecrly t imes un&r the  condi t ions of t hese  t e s t s .  

obtained in Operation Jtlh;GTY. 

Measur- 
e a m u n t  of other  nautron it..dc,ced rPd!.onuclides were found, Naa, 

Neutron induced radiomc1id.s other  t h s n  Xp239 do not  contr ibute  
more than a fern per cent  t o  the g o e s  r ed ioec t iv i ty  r e m i n i n g  f'roa a 
sarface or uoc?ergrour.d b u r s t  i n  t h e  F ~ I . ~ o J  1 t o  90 &.ys a f t e r  ds tom-  
t i o a ,  except in pleces *ici;, dt?r.xs!-. scb jcc t  t o  the nsutron flux of 
the bonb, are not s i g n i f i c s n t l 7  cunt+x:n-_ltad by the fission products 
(e.g., a fe;r Inches belo,i  the 9 ! r E ~ c - 3  of th;. s9il a t  the l i p  of the  
wrface burst crater). 

Fract ionat ion of the f i s s i o n  prcduc ts  occur3 mch more extensiyely 
i n  t h e  bonb debris from a siurfac-., o r  . s t d e r g r o d  burst than it does from 
an air burst. 

The 0bsemc.d slopes o f  t i e  log-log plots o f  the decay of gross 
r ad ia t ions  vary f ron  0.5 t o  3.1 with most vslu03 for  the period 1 to 
90 days lflng betaeen 0.9 an3 1.4. 

a Averaga beia-ray ensrgies  ra,?g? from 0.17 to 0.55 :Lev, and l i e  
mainly betxeen 0.2.5 and 0.45 Mev. 

Averago g m - r a y  energias l i e  m ~ i n l 7  batmen 0.4 and 0.9 MeV. 
We s o f t e r  component of the g m - r a y s  1x1s an average energy d o s e  to 
0.3 !tev, while the  haraor covpment  i u s  an aver:rge en .? r s  of about 
1.0 MeV at most tims from 1 to 90 dsy-s aft9r detomt ion .  

Leaching contmina tsd  soil with vcrter or docontmIimstbIg s o h -  
t i o n s  (de te rzents  o r  chemic??. comp2ixlng azents)  does not seem to be 
a f e a s i b l e  method of soil rec l f imt ion .  O n l y  about 3 per cent  af the 
gross a c t i v i t y  is removed by such tr'sotmcnt. 

- Zf - 



TCS f O U . O ; / i ~ :  o.li'.ing of t?~a id.i.och+,:~.icrJ ~I-OTO~LU-JS supple- 
gaat,3 Sect ion 2.1. 

XU~S-I~;~?LLI  - R ~ t " 2 n j i :  =,is S-prratad frc3 t he  othur  els- 
EeC t s  by d i s t l l l s t i o n  
0&y1 e?.r,&ol &on a s o d i m  '+ZiadC?g soln';ion, and reduction t o  the 
nab~7- A 

rut2is:i~:.r. I te?ro,cid~ -, prec ip i t a t ion  Fiifh 

i t i th ~ g t ~ o c i u u  a3 da;;ci.i>cd by 5~x3. 1 

B e r i m  - The b e r i m  proc5dure f o l l m e d  tht of Hue 
ex-ept that a fiming n i t r i c  ac id  p rcc ip i t e t ion  praceded the baiuii 
&1.0+53 prcc ip i t3 t ion .  

SFZver - S i l v s r  t 7 m  puri'ied sccoi-iq.  t o  t he  prucddure 
descr ib jd  by Hxia by s i lver  chloride p r c c i p i t i t i o n ,  ferric hybordde  
sca-en,-ing grscipi ts t ion,q , s i h x  &.fide prcc ip i te t ion ,  and final. 
ailvar chlor ida  prcc ip i ta f ion .  

Cddm - C d u m  ~ $ 3  snFgl.ilt?d e3 described by Huxe 
.ith c e h i u u  sulfids p rec ip i t a t ions ,  f e r r i c  &-&oxide and pal ladim 
s u l f i d e  gcavenging prec i~pi ta t ions ,  m d  find prsc ip i t e t ions  as cad- 
m k * ,  wniun phosph te .  

C e A u  - Ceriuz >a3 s s p c e t e d  by a f luo r ide  p rec ip i t a t ion ,  
pur i f ied  w i t h  i odz t s  and o d e t a  p r c c i p i h t i o n s  and z i rcoolm ioda te  
sc.-v-,~-~ing,s, as i n  t h e  :Grk alroxly  ci ted.  

9 

i.e,, lenthant?n f luo r ide  soa-rerrsing pr t?cipi tnt iors ,  brim fluo- 
zlrtcorato p rec ip i t a t ions ,  b a r i m  3ulfate a d  zirconiux cupferrate 
p r e c i p i h t i o m ,  follcwed by ign i t ion  t o  ?iircsr?lm oxiib. 

IUolyWenun - The rnoly5dmw determination foll.oared the 
procedure given by Hum, ira.,  p r e c i p i t a t i o n s  as mQMenum dph.3- 
bemoin oxhate ,  a ferr ic  hyCrod.de scavenging p r sc ip i t a t ion ,  and 
f iml  p rec ip i t a t ion  as lead mol fxh te  or as molybdenun alpha-bsmob 

Zirconium - The p r o c c b e  described by Ewe was folloaed, 

D.R. Enma, B.X. B a l l o u ,  and L.S. Glendonin, .A Marmal of the Radio- 
chemical Determination of F i s s ion  E o d u c t s  Act ivi t iea" ,  CN-2813 
(no date). - 57 - 
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The pur9oss of this inv-st izat iof i  was t, d e v d a p  f i e l d - t s s t  
a cheap, sinple metho?. f o r  obtLi7i.nS surface mi1  s n p l e s  r'ron a reas  
which cvlnot  be entered by perso;L?el. 
selected use material which was readfll;. a n i l i h l e  and w3ich d id  not  
requlre sxtsnsive bas'ic r c s s r c h .  The m e t h d  s h o u l 3  riot rz. i l l lre t h e  
t r a in ing  of a group of s!>eci;tlists. 

It was d e s k a d ?  tha t  +he method 

The use of a n t r i evak i t ?  miss i le  sesnerl t 3  be ari obvious method of  
attack. If succe:;sfully develope~d it m d d  not  only be of use i n  
future  atomic aeapons t e s t s  but  js0ul-i a250 he of potentia:. value i n  
evd.dat.i.ng t h e  hazx-1s assocL.qt?:l .::it? XI cxplon.:or. delive-ecl by a? eneny. 
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Field tests, descr ibed i n  t h i s  r epor t ,  show t h a t  a re t r ievable  
misslle may be used to obtain surface s o i l  samples. 
describes the eelaction of the  missi le ,  i t s  pre- tes t  deve lopen t ,  
i ts performance and its l imi ta t ions .  
1ine-to.Ang rocket  manufactured by the  Kilgore Manufactwing Company, 
Westerville, Ohio. It i s  inexpensive, readily avai lable  and easy t o  
use. I t  has a range of 1100 f e e t  and a probable impact area approd- 
mately 75 f e e t  in diameter. 

expand i t s  poss ib i l i t i e s .  

This repor t  

The missi le  selected was a small 

Recommendations a re  g i v e n  for improvements which will greaELy 
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Five typzs of line-towine; mi s s i l e s  are r e a d i l y  avai lable .  Folw of 
these were elimirrated wi thou t  e.qerlnentation. 

1.1.1 I The -- Shoulder -- -. Line-Throwing - Gun 

The shoulder line-throwing gun used by the Navy and the  
Coist  Guard is too  mall and has a range of only 400 f e e t  when towing a 
very l i g h t  flax l i n e  with a brezking s t rength  of approdmately 200 pounds. 

1.1.2 The Lyle Gun - 
The Iyle  Gun ("Report on L i f e  Saving Ordnance", Lt. D. A. 

Lyle, Grdnmce Department, U.S. Army, Government Pr in t ing  Office,  1878) 
used by the Coast Guad f o r  shore t o  sh ip  contac t ,  w2s elFmhated after 
discussing i t s  cha rac t e r i s t i c s  with an o f f i c e r  of the I1.S. Coast &&d. 
"his gun is a 2-1/2 inch bore muzzle-loading mort= of var iable  rage .  
' h e  range i s  control led by the amount of charge and the  elevation. 
nxdnnun range of 1000 to 1200 f e e t  may be normally obtained w i t h  a 7/32 
inch manila l i n e .  The miss i le  is a 1 9  pound s o l i d  s iug  of metal, loaded 
nosa first into the mortar. This slug, which i s  approdmately 16 inches 
long, extends beyond the mouth of the mortar and the l ine i s  at tached to 
U e  protruding end. The missile tumbles in f l i g h t ,  thereby furn ish ing  
a lou probabi l i ty  t h a t  an at tached s a n p l i n g  device w i l l  s t , r ike the  ground 
w i t h  a su i t ab le  or ien ta t ion ,  A fu r the r  disadvantage of the Lyle Gun is 
i t s  l u ~  r e c o i l ,  which elimina*s the p o s s i t i l i t y  of f i r i n g  i t  from a 
Vehicle. *i 

A 

1.1.3 JAlD Motors 

The use of JATO motors was discussed by Walter Ramsey of 
Aberdeen Proving Ground. 
lengths of very heavy l i n e ,  but the  motors now avai lable  a r e  e i t h e r  too 
large or too small f o r  the sampling device and line required f o r  t h i s  
project. 

JAM mo*Yors have been used for  towing long 

1.1.h Standard V i l i t a r y  Rockets 

The p o s s i b i l i t y  of using a standard mi l i ta ry  rocket w a s  

- 1 -  
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considered. Dr .  Weill and Dr. Anderson', w i t h  Hr. ! h d s m r t h  Mount3 
consu l tmt ,  developed a remote s m p l i n g  device using a militaq rocket  for 
e e i n g  the  c r a t e r  during the  first atomtc test in New Mexlco. 
present  i nves t iga to r s  were unable to l oca t e  the  repor t  on these  d e v e l o p  
m-nts i n  the 1i t .e ra tu-e  of the  N a b 2 t t a n  Project.  
h i t h  Dr.  Veil and w i t h  Mr. E o u t  convinced the inves t iga t c r s  that the 
d1ita-y rocke t  was not  t h e  miss i le  of choice f o r  t h i s  developnent. 

h c h  m y  roc!;et ueigkdng a p p r o h t e l y  LO pounds and a s p e c i a l  reel of 
1/0 !rich steel cable. 
m i l i t a r y  l a m h e r  a t  
Lee-lerated the  rocket  very r a p i d l y  t o  neJcimum veloc i ty  in approximately 
0.1 moor.ds. 
xca s t a b i l i z e d  i n  flight by a standard airfoil assembly. It f e l l  r h o s t  
rarticzlly a t  a rage of 1500 f e e t  and drove the s'mpling head so firQ 
into ths ground t h a t  the force  n e c e s s a y  to r e i r i e v a  t h e  scnple &te o,% 
Lncppd the l/8 inch  steel cable. 

me 

Bouever, discussima 

Ihe  equiuipnant used by Dr. Xeil  consis ted of a 3 inch to  

The rocke t  which nix. fired frorn a cmvent iona l  
zn@e Of bso, used a h i @  pressure motor which 

The rocket ,  with cable  attached a t  t h e  center  of g a v i t y ,  

h e  specially wuund r e e l s  of cable supplied t o  Dr. Weil by 
the  Intertype Corporation, (Rev York C i t y )  a r e  n o t  ncrd being produced. 
The t p c i d  production of the l imi t ed  number of cables  required by Project 
2 . 6 ~  w u l d  f o r c e  the cost of each cable up t o  approximately $loo0 each. 
Such n exy,?nditxre was prohibited by the  p ro jec t  budket a d  d i m e t r i c e l l y  
opporad t o  m e  of the  aims of the  project ,  n m e l y  to develop a cheap 
sknple srnpling device. 

1.1.5 . --- 'ihe Line-- Rocket 

The el iminat ian of t h e  abcve miss i l e s  l e f t  the investigators 
u i t h  the  l i ne - tov fng  rocket  manufactured by the Kilgore MmufacturLng 
Caipeny for s h i p  use by t h e  Merchant Marine. 
range t h i s  miss i le  s-emed t o  s a t i s f y  all requirenents. 

&.ped as a portable  line-towin$ device ;rMch w i l l  tow a 7/32 inch m d . h  
l i n e  1000 t o  ll00 f e e t .  
1.1. 
burning s o l i d  p rops l l en t  of the nature  of .black gmpwder.  It "pul16" 
f o r  6 .pproxhately three  seconds thereby g rea t ly  reducing the s&ess on 
t1.s toiring l i n e  by its accelerat ion.  
"E" i s  the  harness used to fa s t en  the l i n e  t o  the motor. The harness 

1. 
2. nr ,  HerLert I,. kriderson, Institute of Physics, Universi ty  of 

3. Xr. is'adsworth ?fount, 9 Hi& S t r e e t ,  S u m i t ,  !Jew Jersey. 

Except for its limited 

Tnis simple &l/& pmnd rocket  has been s p e c i f i c a l l y  de- 

The cmponents a s  purchased a r e  shown in Figure 
"A" is the  rocke t  motor which is pmrered by 2 4 4  pomds of 61Qrl- 

The cos t  of the motor is $15. 

--. 
Dr. &or@ L. Vei l ,  Ato,nic Ehergy Cmmission, Washington, D. C. 

Chicago, Chicago, Il l inois .  
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consists af a yoke which allors the rcohr to be placed in the launcher 
and t o  which is at t l -c t?d 10 f e e t  of 1/8 inch steel cable for t h e  purpose 
of removing the  manila l i ne  from the sear ing b l a s t  of the rocket exhws t .  
This construct ion places the center  of d r a g  well behind t h e  cen te r  of 
thrust, thereby p r d i c i n g  a stable rocket  Without the use of airfo i l s .  
I h e  harness c o s t s  $5. W" is an assatiLed rocket  and harness u i t h  the 
stc7ldzd nose instead of t h e  gromid sar:pling nose sho-a in 1'BIl. 

the r o d r o t  launcher,  
shield t o  p r o t e c t  the operator from the rocket  exhaust. 
launcher weighs 15' pounds and according to t h e  rnaufacturer  can be 
h a d f i r e d  with a r e c o i l  approldmately t h a t  of a 10 gauge s h o t y n .  
c o s t  of the complete rocket  launcher i s  $122. "E" i s  the primer-ejector 
uhjch s jnul tv leous ly  e j e c t s  the  rocket  from the  launcher and i g n i t e s  the 
rocket motor. 
containing the  7/32 inch rnsnfla shot  line is shown in Figure 1.2. 
cost  is $28 for a 1700 foot  length u e i g h h g  30 pounds. 

1T)n is 
It cons is t s  of a modified Very p i s t o l ,  w i t h  a 

The rocket  

The 

me cos t  of the primer-ejector i s  $0.9. The bucket 
?he 

F igure  1.1 Cortpmcnt parts of smpling device I 
I 

... 

a 
I 
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The inwetigators have r,cmr fired the rocket  from the h a d ,  
held f k i n g  posi t ion recamended by the manufacturer but have b u i l t  a 
mechanical support f o r  more accrtrate con t ro l  of the elevation and direc, 
tion. (See Figure 1.3). 

Figure 1.2 C o i l s  of canila shot line and nylon shot line aa 
receit-d 

I-. _ .  

F i p r e  1 . 3  LoaCing r o c k e t  into launcher on f i r i n g  mount 

- 4 -  



2.1 OBJECTIVES 

The objec t ives  of the  pre- tes t  deve lop i r l t  p r o g > m  were: (1) 
t o  becme fami l i a r  w i t "  the operatiur. and ch2rec te r i s t i c s  of the 
equipaent selec'&d, ( 2 )  t o  design ar?d build a sm.pling device t o  be 
attached to the rocket  and t o  determine the e f f e c t  of the device upon 
the f l i g h t  c h e a c t e r i s t i c s  of t h e  rocket,  ( 3 )  to increase t h e  range of 
the mc'xet by the  use of l i n e s  other t h a n  the recodmended 7/32 inch 
manila l i n e ,  and ( L )  t o  bui ld  and test a l i g h t  mount for use i n  f i r i n g  
the rocket from a vehicle. 

2.2 EXERMEMTAL 

The pre- tes t  f j r i n g s  were ccnducted a t  the Aberdeen Proving 
Grounds by 'the personnel of "C" Fie ld  through arrmgzxents  made by Mr. 
S. W. SWipp, Rocket Branch Office, Chief of Ordnance. 

The number of f i r i n g s  was kept t c  a r r h i m u m .  Most of the effort 
was d i rec t ed  toward studying the e f f e c t  of d i f f e r e n t  lines upon the 
range and f l i g h t  c h a r a c t e r i s t i c s  of the m c k i t .  The k s t i n g  of the 
1auncFhg mount and the s a p l i n g  device .veri mcorporated i n t o  thesz 
tests. 
m e n d e d  by the manufacturer. 

All f i r i n g s  were made a t  an elevct ion of 25 t o  30' as rac- 

No t e s t s  were made on recovery because t h e  hard black lorn and 
heavy grass and underbrush which cwlprised the  f i r i n g  f i e l d  d i d  not  
approximate the  e x p c t e d  f i e l d  conditions and because ;.e d i d  not  wish ta 
t i e  the IrC" Fie ld  personnel up any longer  t h z  necessary. 

4 
2.3 APPARATUS 's 

2.3.1 Rocket 

The rocket,  standard harness, and rocket launching 
appliance, as secured from the Kilgore Manufacturing Cm.pany, has been 
described e a r l i e r  (Chapter 1) a d  i s  shotm in Figure 1.1. 

2.3.2 Samplinq - Head 

The two ~ ~ ~ i ~ l i n g  heads developed are shom i n  Figures 
2.1, 2.2, and 2.3. The dcor is opened by impact as the k i n e t i c  energy 

- 5 -  i 
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of the rocke t  drives the sanpling device i n t o  the ground, 
leading edges p r o t e c t  the hinges and spring which operate the door and 
# e m  w stops vhen the door is closed. 

The heavy 

If the s o i l  packs so tighhtlp 

Figure 2.1 Si.cpling Heads 

t h a t  the c o i l  spring cannot close the door, a larg2 &mple Is collected. 
If the soil is packed loose ly  %to the device and t h e  spring closes the 
door a smaller sanplr IY c o l l e c b a .  
device in Figure 2.3 are designed t o  prevent the rocke t  from pnetrating 
too deeply into the e a r t h  and to b l s t  a crater, r a the r  than a c l e a n  
narrow hole, by d i v e r t i n g  p a r t  of the  kinetic energy into side thrust. 

The liso plates  on the sampling 

2.3.3 _I_ Lines 

The cha rac t e r i s t i c s  of the  various lines t e s t e d  m e  l i s t e d  

- 6 -  
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PROJTC? 2.6~1-: 
.% ~ --3Y: 

a. 7/32 inch Manila s:-.ol, 1Y.s  
(a) hredqing l o d  - hs' ;'...L~.?S 
( b )  weight - 1 6  ~c.,m:s/l>:d f e e t  
( c )  c o s t  - $28/01s of 1723 ?$et  
(4) source - 9.J. Tayl?: ??. 39 S. Gay S t . ,  

(e) rexsrks - p ~ . i ~ s  >~:3::  f o r  use 

(a) b r e a k i n g  10zd - h20 pomds 
(b) mlghfit2.1 pcuds/l<..H) f e e t  
(F cost  - $12 f o r  ~ o d  of 2000 f e e t  
( d  source - Plynou'h C o r d a s  Co., Flymouth, Mass. 

~ m t  be rekaund before use 
(e )  remerks - a very so f t  l a id ,  very f le f ib le  line. 

5/32 inch hard l a i d  nylon l i n e  
(a) bresking load - 600 ounds 

(c )  
(d)  
( e )  

Q - ?  -ii- +;.-??$, _. Md, 

b. 1/8 inch nylon trxdz lirrz 

! 
C. 

(b) weight - 7.5 poun3s,lOOO P f e e t  
CoGt - 546 f o r  co i l  of 22LO f e e t  
SOWCB - Columbia? Rope co., A u k ,  N. Y. 
renarks - receive1 i n  c o i l  which had to be 

@aced iq txb before firing 

d. lh6, 1 x 19 s t , a h I e s s  steel cable  
( a )  
(b) 
(c )  
(d )  

breaking load - 500 pouIids 
weight - 9 pourtdsh<X)O f e e t  
cos t  - a>pro?dmcltsly 3 7 0 h o ~  f e e t  
rmarks - mst & umnd 011 s p e c i c  r e e l  before 

usa 

e. 1/8 inch, 6 x 7 stainless s t e e l  cable 
(a) breaking @ad - 1500 Founds 
(b) weigfit - 24 pounds/lOOO f e e t  
( c )  cos t  - appro.ximntely 5 2 ~ ~ / 1 0 0 0  f e e t  
(d)  remarks - must be womd on S p e c i d  r e d  before 

use 

2.3.h Line Dispensing Apparatus _I_ 

The rapid acce lera t ion  of the racke t  makes it necessary 

This 
fo r  the l i n e  t o  be paid out 
initial acce lera t ion  of an ent i re  reel or other holding device. 
vas accmplished w i t h  the various ropes by pu-Uinx the  l i n e  f rm  t h e  
ins ide  of a hollow cofl. 
hollow dlose-~.mmd c o i l ,  protected in m open end bucket. 

a m m e r  which does not  require  the 

The manila shot l i n e s  used came i n  suc?, a 
The 5/32 inti, 

- 0 -  
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nylon line case r;ound i n  a similar c o i l  bu t  x i thmt  the protecting 
backet. A bucket sfinilar to the one on the  manila l i n e s  had be 
cc?struCtad t o  support the c o i l  b-fore the birding ropes could bs 
cut m d  the l i n e  paid out. F igu re  1.2 shoirs a coil of each l ine as 
r2e;irzd. 

"ne 1/8 inch n y l m  l i n e  had t o  te rehvmd b-fore it a u l d  
For t h i s  purpose a irinding nachine vas cms t ruc ted  similar to bo uc-d. 

tI13 J3.m d n d t n g  machines used by the Coast Gaard for both the 7/32 h c h  
~ ~ . i i l z  l i n e  they u5e 15th t h e  I y l e  gm End the c x d l e r  1 b e  they use 
v i 3  tha  chculd2r lLx-.C,hrc?.tng Em. This mchine  winds the line i n t o  4 
co i l  i 5 i c h  i s  s e l f  silpportjng. Figdre 2.k s h o w  the rc;rinding machine 
and t\e start of a celf  s u p p o r t k g  co i l .  
upon the reroTable t;p:red center.  

Note th3  ?attern of b e  winding 

Tne i nves t iga to r s  Yere assured by H r .  Hount t h a t  stiff 
c p r i n ~  - t ee1  cable c c d d  n o t  be pzid out  from such wils .  
t v o  w m k n  r z e l s  h?re devised fa r  use -&th t h e  s t e e l  cables. Tne first 
cmids t ed  of a l u g ?  wooden drum f m r  f e e t  i n  &meter upon d-dch the 
cable uas n u n d  in a single layer. 
End of t h e  drum 2nd s h c e  t h e  c o i l  of cable h-s only one laqar deep 
t h x e  vas no p o s s i b i l i t y  of k1n;ting cil pay out. Hoverer, a ; p c i a l  
i S d h g  tec>aique h2.d t o  be used t o  prew-e!it the c2.bla fmm kinking a s  
t h  ~ ~ L i i l t  of t h e  f;,dsts introduced i n  the cable a s  the ti i is  \:>re f l e d  
off the hx. !.s each tu rn  w s  wound onto the dr.., a twis t  xas 
i n t r o h c e d  i n  the  cable i n  such a manner as t o  neut ra l ize  t h e  twist 
in t rc iuced  l a t e r  a s  the tu rn  was pulled off the end of the  drum. 

The second r e e l  consis ted of two l&Fnch d r m s  pl.xed 36 

Cmscqve.ntly 

The rocket  pulled the cable over the  

inches between centers.  The cable was rmmd i n  a s ingle  layer on %?sa 
two drums i n  a f i g u r e  e igh t  pat tern.  
c l o c b l s e  twist introduced by one drm was neut ra l ized  by t !e  csunter- 
clock-wise twist introduced by the second drum. 

khen p d l e d  from t h e  r e e l  the  

Since the  ccmpleWon of tne t e s t  it has cone to the a t h o r ' 0  
a t ten t ion  t h a t  G i l s  of s t e e l  h h l e  for use a s  shot l i n e  c m  be purchased 
f m  \ 'k'ellcc~s Devices Kauf2c tur ing  Corporation , 290 F!anville Road, 
Plcz-mntville , New York. 
i*7d i n  l eng ths  up to scverr-l thousand f e e t  and is k-ound in a'rnmner 
which e l k i n a t e s  twist. The cos t  i s  Rot kno~m. 

The cable i s  avai lable  i n  a va r i e ty  of s izes  

2.3.5 Fi r ing  Mount 

Tne r inple  f b i n g  m m n t  used in  t h i s  t e s t  is shown in 
F igme  2.5. 
sa fe ty  p r s o n n e l  a t  "Cn Fie ld  n d  was uzed In  a l l  f i r i n g s  k s p i t e  of 
the f a c t  t h a t  the lzuncher was das ig ied  f o r  hmd held f i - h g .  

The rope end r e m t e  firing were a r e q u i r n e n t  of the 

- 10 - 



Figure 2.h Line windiqg machine 

r ~ '  ' ~ ~ 

Figure 2.5 Rocket in f l i z h t  uith nylon line. 
Note kinks 
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2.h RESULTS 

the PolloKing sections.  
The d e t a i l s  of the r e s u l t s  of the pre- tcs t  f i r i n g s  a r e  given in 

2.4.1 Yanila  -- L i n e  

Firings w i t h  the  7/32 inch manila l i n e  and the standard 
rocket shcwed that this combination gave a s t m d y ,  wel l  s t a b i l i z e d  fliat, 
The rocke ts  landsd a t  about a 45’ a n g l e  md Fmet ra t ed  the hard s o i l  7 
to 9 h c h e s .  
t i o n  of l e s s  t h i n  9 f e e t .  

The rocket  had a rage of 1003 to 1100 f e e t  aid a d e f l e o  

One f i r i n g  w i t h  a 7/32 inch m a i l ;  l i n e  2nd w i t h  t h e  
sampling device, Figure 2.2, had a steady s t a b i l i z e d  f l i g h t .  
xis 1000 feet  with a def l ec t ion  of 9 f ee t .  
the ground 6 inches. 

The range 
The sanp3.ing head p s n e t r a w  

2.h.2 S t e e l  Cable 

One standard rocket was f i r e d  Kith the l/a inch s t s e l  
camla and the  ].=&e four f o o t  h. 
screwn f l i g h t  k i t h  a range of 600 f e e t  and a def lec t ion  of 20 f ee t .  

“ne rocke t  had zn e r r a t i c  “cork 

O m  zta-dard rocke t  uas  f i r e d  with t h e  lh6 inch steel 
cLNe and the f m r - f o o t  dnnn. 
ycrau” f l i g h t  w i t h  a r m g e  of 1000 f e e t  and a def lec t ion  of 200 f e e t ,  

The rocket  had a very high e r r a t i c  “cork 

One s tmdard  rocket  vas  f i r e d  w i t h  the 1/16 h c h  s t e e l  
cable d the  “figam eight”  r e e l .  
f l i g h t  wi th  a range of 109 f e e t  azd a def lec t ion  of 3aO f e e t .  

The rocket  had a h igh  “cork  screw“ 

Three standard r q k e t s  wxe fired. x i t h  the  l / 8  inch nylon 
line with the c o i l  i n  a bucket e L l a r  t o  the cnes used w i t h  the  r.,-nila 
line. 
mnila l i n e  was used wi th  the 1/8 i n c h  nylon l h e  t o  p ro t?c t  t,he thenno- 
sens i t i ve  nylon frw d i r e c t  b l a s t  of the rocke t  exhaust. 
approximately 1000 f e e t  of l h e  vere  paid out  bu t  the  l i n e  brbke in the 
air  two o r  three  hundred f e e t  behind the rocket.  I n  all cases the line 
had large k i v k s  and knots  a?d was broken a t  the forsrard edge of a kink. 
The t r a i l i n g  edge of the  l i n e  attzched t o  the  rocke t  appezred to have 
been fused or melted. 
pos i t ive  ev5dence of fus ion  and thermal danage. 
s t a b l e  fli&ts and ranges of 1.590, 1600 2nd 2600 fee t .  

Excapt i n  one e q e r i m e n t  reported below, a leZ3er of 9 f e e t  of 

In all cases 

14ann;r of the  k i n k s  and %ne open l h e  shoved 
The rock.5t.s had fairly 

One stzirlard r scke t  =.ms fir& uitb, m;:’ t;? x n i l a  l i n e  
kqd two attached hmdkerchiefs  f a r  estah:ishln: ?rag.  ?do : ? a s  of 
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nylon l i n e  in pro toc t ing  buckets were placod in the normal posi t ion 
un&r t h e  mclcet l amcher  to see  if the  kinking and fus ing  of the  l i n e  
might be the  result of hot c i d e r s  f a l l i n g  fro? the  rocket  e f iaus t  i n t o  
the bucket during the  initial s t a p s  of bwning when the rocket  was 
t rave l ing  w i i p r a t i v z l y  sloxly.  
on the  wlon c o i l s  b u t  several c inders  vert found imbpdded i n  the 
handkerchiefs a t tached t o  the end of the manila l i n e ,  
several  holes  had burned i n  the hmdkzrchiefs.  

No cindsrs  or  f u z d  piaces  %*re found 

I n  addi t ion,  

One rocket  was f i r e d  w i t h  tk 1/8 inch nylon l i n -  - h a  
buckit  but without a manila l eader .  
had a s t a b l e  f l i g h t .  
the  air about 3 0  f e e t  behind the rocket .  
thermal d a a g e  i n  the first 9 f e e t  of l i n e .  

Even w i t h  t h i s  l i g h t  drag the  rocket  
The l i n e  was kinked and kqotted and was broken i n  

T k r e  was no excessive 

The l a r g e  increase i n  range obtained w i t h  the  1/8 inch 
nylon l i n e  ind ica ted  f u r t h e r  e q r i m e n t s  w i t h  i t  in spite of the breaking 
and thermal d a a g e  observed. The inves t iga to r s  f e l t  that both t h e  
bregcing 2nd the thermal dmaze  might  be eliminated if the l i n e  could be 
paid out without knots and kinks. 
manila l i n e  does not  ldnk when paid out  from t h i s  t j j e  of c o i l  by the 
Coast h a r d ,  a treabnent w a s  developed which gave the very s o f t  nylon 
line physical c h a r a c t e r i s t i c s  approxidmattng those of the manila l i ne .  
This t r e a b e n t  consisted of sozking the  l i n e  in a m i x t u r e  of 1 /2  gallon 
of Duco Cement and one gal lon of acetone, wipinp the excess solution 
from the l i n e  and a i r - d r j i n g  it. The incorporated Duco Cment in- 
creased the weight of t h e  nylon l i n e  7 pounds. 
with t r e a t e d  l i n e  were e a s i e r  t o  make, much firmer, and eas i e r  to handle 
than c o i l s  prepared wi th  untreated. l i n e .  

Since c o n p r a t i v e l y  s t i f f  hard l a i d  

Coils of l i n e  prepared 

Two f i r i n g s  w i t h  t r e a t e d  1/8 inch nylon l i n e  i n  pro*cting 
buckets res i i l ted in twc, l i n e s  breaking in the  air as before. The knot- 
t i n g  and kinking was srme l e s s  t h a n  w i t h  untreated l i n e  bu t  the  general 
f l ight c h z r a c t e r i s t i c s  were same. 

5 
Six f i r i n g s  were made with the  c o i l  of t r e a t e d  1/8 inch 

nylon l ine l y i n g  on the ground without a protec t ing  bucket. 
paid out  without breaking and f o u r  l i n e s  broke in f l i g h t  a s  before. 
of the  i n t a c t  l i n e s  was almost f r e e  of kinks but  had some thermd 
clanage. 
had a range of 1550 f e e t .  
a l s o  showed thermal. damage. 
ou t  and the rocket  had a range of lb00 fee t .  

TWO l i n e s  
One 

Approx ima te ly l99  f e e t  of l i n e  were paid out  an? the  rocket 
The o ther  i n t a c t  l i n e  MS heavi ly  kiaked and 

Appro&ately 1900 f e e t  of l i n e  were paid 

Four f i r i n g s  were made with 5/32 incn hard l a i d  nylon line 
wund for use as a shot line by t h e  Colmxbian R o p  Company. 
broke i n  f l i gh t  and there was much k i n k i n s  and thermal dmage. 

A l l  l i n e s  
Figure 
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2.5 shows the rocket  being f i r e d  with 5/32 inch nylon line. 
kinkiog in the l i ne .  

Nota the 

2.5 m s m s  
The 3n.cst igatos  conc luhd  from the  above r e ,u l t s  that: 

a. The Kilgore l i n e  to-xing rocket  has a stable h-11 d i rec t ed  
f l i g h t  Kith any of the  ropes tested.  

The rage of the rocket  decreases with an increase in tho 
r e i g h t  of the  rope. 

S t e e l  cables  vhen pa id  o u t  frcm the two r e e l s  tested praiuca 
E r r a t i c  flights and a r e  n o t  p r a c t i c a l  for f i e l d  use. 

d. Nylon l i n e  cannot be used without f u r t h e r  e q r h v n t a t i o : i  
4 t h  l i n e  dispensing t e c h i q u e s .  

b. 

C. 

e. The sampling devices do not m t e r i a l l y  e f f e c t  the flight 
c h a r a c t e r i s t i c s  of the rocket. 

f. The launching f r m e  i s  s t ab le  d e n  usad m the  ground. 

g. I n  spite of the inves t iga tors '  i n a b i l i t y  to increase the ran@ 
of the  rocket  by the use of other  l i n e s ,  the  mtrievable 
rocket  s e w e d  m r t h y  of f i e l d  t e s t i n g  Kith the 7/32 inch 
nanila, the  l i n e  of choioe. The p r a c t i c a b i l i t y  of the ffi?thod 
w2s determhned on comparatively cold c r a t e r s  aid at a sh3rt 
range during the Jangle o p r a t i o n .  
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The s a p l i n g  equipment -e lected a s  the  r e s d t  of the pre- t -s t  
development discussed i n  Chzpter 2 uas f u r t h e r  t e s tod  a t  thz test- 
s f+ .  io order to de temtne  its behevior and perforiLir-nce under f i e l d  
conditions. 

The funct ioning of t h e  a s s m u e d  e q u i p e n t  and the  recosery 
procedure were t e s t s d  by f i r i n g  five rockets. 
ed on a 2-1/2 ton 6 x 6 truck so t h a t  the rocket  launcher pointed t o  
the rear. 
end thz rocke t  f i r ed .  The rocket  mount w a s  aimed by movement of the  
truck. 
the t ruck  and d r iv ing  slowly from the  area. 

The e q u i p e n t  was mount- 

The t m c k  was driven toward a simulated ta rge t ,  turned around 

Recovery of the  rocket  was m;de by a t tach ing  the shot  l i n e  to 

Two rockets  were f i r e d  s l o w  f i r e  and recovered individually.  
They had ranges of 1075 a d  1085 f e e t ;  one uas on l i n e  of s igt  and 
the other  s e n t  20 f e e t  t o  the l e f t .  
hard-.;acked d e s e r t  sand bu t  were found l y i n g  on the surface.  
sampling head contained approximately two gram of sand f roa  a mall 
c r a t e r  about one inch deep made by impact. 
fully recovered. 
t o  snarl and break the l i n e .  
ind ica ted  t h a t  a 

The rockets  did not  penetrate the 
Each 

Both rockets  were success- 
The heavy sage brush arad vegetation were n o t  enough 

A dynamometer i n se r t ed  in the  l i n e  
force  of 1 9  pounds vas required f o r  recovery. 

Three rockets  ljere then f i r e d  rap id  f i r e  under simulated f i e l d  
conditions to determine t h e  time required f o r  multiple szmpling. 
rocket  launcher uas  swabbed between f i r i n g s  t o  prevent accidents and 
possible  pre- f i r ing  by ign i t ion  from resifikal poider embers but the  
l i n e  of sight was not  checked.+ The f i r i n g  was completed, the l i n e s  
uere a t tached to the t ruck  and $he t ruck got underway i n  two minutes and 
for ty-f ive seconds. 

The 

All rocke ts  were successLnully recovered. 

The three  rockets  had a range of 1080 i15 f e e t  and deflect ions of 
100, 1 2 0  and 1 9  f e e t  ta the lef t .  Whether these l a r g e  deflecti0r.s  were 
the r e s u l t s  of e r r a t i c  rocket  f l i g h t s  o r  a shift i n  l i n e  of s i g h t  of the  
rocket  launcher during the  test is n o t  known. 

3.3 SANPLMG - OF SURFACE CR4TbR 

The f i e l d  Ferformance of the s a p l i n g  device was s tudied by 
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sampling the  c r a t e r  from the surface burst .  
days the truck with rocket  launcher was drivtn a long  t h e  weasel- 
a?proack, road t o  a narked s p o t  lC50 f e e t  from wound zero. 
t ion l eve l  was only 100 m r / h r  a t  this time n d  the  t e s t  could Le con- 
duchd  slowly and carefully. Iln observ5ng par ty  Frcceeded t o  a wint 
on a l ine  of s i g h t  making an angle of approxinately 70 degrees w i t h  the 
l i n e  of f i r e ,  
p m 5  w r e  made on the f i r s t  t w o  sho t s  and the balance were f i r e d  from 
the sime posit ion.  
line f a r  t o  t h e  r i g h t  into the  m-eckad remains of a Bai ley  bridge and a 
jeep. 
entangled i n  t h i s  debr i s  t h a t  the manila l i n e s  were broken. 
af individual  f i r i n g s  are  given below: 

Gn the af ternoon of D + 2 

"he racaa, 

Seven rockets  were f i r e d .  Correcticns f o r  deflection and 

There vas a very s t rong  cross Find which Carried the  

T m  rocke ts  were l o s t  during reccvery by becoxing sc  f i n l y  
T t e  resul ts  

200 f e e t  to l e f t ;  s l i g h t l y  over ta rge t .  Line broke 
with a load of 450 F u n d s  uhen rocket became mLme;led 
i n  jeep. Line  of s i g h t  adjusted; too much a l l cwance  
had been made f o r  3rind3ge. 

E r r a t i c  f l igh t ;  on l i n e  of si&t; over crat.er. Rocket 
recovered; narimun 17111 required, 200 pomds. Launching 
site coved to 1100 f e e t  frm pound zero. 

1 9  f ee t  t o  r i g h t ;  rzns good. 
No adjustments rcacle. 

On dead center; successful recovery. S m p l i n g  head. was 
unscrewed fror,  rocket v;.tk long m-enckes md sample 
removed by pouring froa hole in rear. A F p @ . x i n a k l ~  100 
g r w s  of sandy soil in san.ple. 

125 f e e t  t o  right,; range goad. No recovery attempted. 

In c ra te r .  Rocket h - 7  recovered but  smpl ing  head bad 
become unscrewed and o s t .  

In c ra t e r .  
e n t a n e e d  i n  rercains of Bailey b r i d p .  

No recovery attercpted. 

Rocket lost on xcovcry  when it Fbec:me 

3.4 SP-hiPI,ING OF L"IDFRCRR0TJND CRATEX 
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3.5 --.I_C- USE OF ROCKETS FOR PIACING &D ECC,VFR~il3 ,FJX DGSP!ETE% 

An e x t m p o r a e o u s  attempt t o  deternine the  r a l i a t i o n  f i e l d  in- 
t e n s i t y  in the c r a t e r  uas made on D + 3 days. A s t m d w d  packet of 
film, similar t o  that used throu&out the p ro jec t  f o r  dosimetry, was 
1oed;d into the smpling head of the  rocket. 
the  c r a t e r  and l e f t  there  f o r  a mczsured ti!!? before recovery. 
i n t e n s i t y  of tk rad ia t ion  f i e l d  was d e t e m i w d  fror.  the exposura of the  
ca l ib ra t ed  film. 
mented by L a d  film dos ixa ters  taped t o  the outside of the sanpling 
nead. 

De rocke t  was f i r e d  i n t o  
The 

The f i l m  packet i n s ide  the sa~!ipling head was supple- 

A t  the time the expr lmen t  uzs cor.ceived only thrce  rocke ts  and 
m e  bucket of shot  l ine  remahed. The rnesswaen t s  were n o t  too 
successful.  
additional weight in the smpling head and the f irst  rocket  landed just 
m t h e  f a r  edge of the  c ra t e r .  
h e d i a t e l y  moved to a posi t ion which the Inves t iga tors  estimated wmld 
drag the at tached rocket t o  the  center  of the  crater .  Recovery w a s  
cmple ted  10 minutes later. 

Too large an al lovmce was mede f o r  the e f f e c t  of the 

The t ruck,  with attached line, was 

Tu0 more attempts were made u i t h  iizpro-rised l ines ,  ne i the r  
attempts being successful.  
excessive drag due to t n g l e d  l ines .  

Both rockets  f e l l  short as the  result of 

l h e  f i e l d  i n t e n s i t i e s  indicated by the  films were very lwa. Both 
the  Land fjlm and the  film packet indicated a f i e l d  i n t e n s i t y  of 
app-ozha te ly  10 r/hr. 
thuu@t t o  be in the c r a t e r  a d  f o r  the rockets  wfilch fell short onto 
the c r a t e r  l i p .  
to be a t t r ibu ted  t o  sh ie ld ing  of the dosimeter by burial in the ground, 
I s  n o t  born. 

This MS t r u e  f o r  both the rocket which was 

Whether the low readings a re  r e a l  or whether they a r e  

* 
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4.1 GE1GFA.L 

Th-se t-xperinents have shorn t k a t  the r e t r i evab le  miss i le  t e s t e d  

Hcwevar, more than 
i s  a p r a c t i c a l ,  cheap, sinple nlethod f o r  obteining s o i l  s a p l c s  from a 
area 100 f e e t  i n  diameter a t  a r a g e  of 1100 fee-c. 
m e  f i r i n g  i s  necessary t o  be sure of h i t t i n g  this srea.  
tntned by t h i s  aethod should be adequate f o r  chemical study of the con- 
Fosi t ion of close-in ccntamination. It may not f u r n i s h  an exac t  method 
f o r  determining the  concentration of surface cmtanina t ion  as a function 
of srea but should be t e t t e r  i n  this respec t  t h a n  the sccop s m p l e s  
obtained with t h e  r m o t e l y  control led weasels. 

S,mples o b  

If t h e  method is t o  be used in f u t u r e  t e s t s  c e r t s i n  c h a n e s  and 
.ii;lprom.ents a r e  recomended. 

INCRFASE IN RkNCG, 

It i s  r e c m e n d e d  that  an increase i n  range be obtained by the use 
The s c i e n t i f i c  personnel of the Kilgore Ibnufactur- 

4-2 -I_-___ 

of a larger rccket .  
i n g  Cmpany have zssurerl the  present  inves t iga tors  t h a t  the davelopnent 
of such a rocket  would be very simple. A rocket  of ayprodmately twice 
t h e  mass mCLd have a range of bet;recn 2500 and 3000 f e e t .  Such a 
developzent h a s  prohibi ted both by time w d  bud& i n  the present  investi- 
gation. 

4.3 

The avai lab le  7/32 inch manila shot  l i n e  w i l l  p-obaiily continue tu 
be the  l i n e  of choice althouEfi the  s t e e l  cable supplied by the  ?Tellcane 
Devices Kulufacturing Corporit i&, 29n Fanvi l le  Road, P leasantv i l le ,  
New York, might be considered. 
be r e l a t i v e l y  high. 

‘&he c o s t  of the s t e e l  came r;ill probably 

The zddi t iona l  l i n e  required f o r  a rocket  of g r e a t c ~  range could be 
supplied by use of t ~ o  or more m a i l a  l i n e s  t i e d  i n  se r ies .  

The firing mount should be consi~derably improved. I t  should. he a 
mul t ip le  launcher  so t h a t  no time would be reqidred for l : a < k g  while 
i n  a radiietion f ield.  It should f i re  a t  constant eley?aticr. h t  should 
h27re provis ion f o r  a mall adjustnent i n  azimuth. It skoiild rrobahly 
fire to t h e  r e a r  of the t ruck a s  i n  this t e s t .  

- 18 - 



4.6 PPXPLING HEAD 

The s a p l i n g  head show i n  Figure 2.2 i s  adequate f o r  s m p l i n g  
loam or loose ear th .  
necessary with the present  rocket. 
heavier,  more pene t ra t ing  missi le .  
head but  w i t h  smaller cross-eectlon i s  recomended. 

h e  def lec tor  p l a t e s  shown i n  Figure 2.3 are  n o t  
They a y  be necessary u i t h  a 
For hard-packed e.zrth a shilar 

The recovery of samples by this method w i l l  be g r e a t l y  f a c i l i t a t e d  
Fp an access road frm. the  p reva i l i ng  up wind direct ion is  prepared i n  
advance. 
f roa  which the  rockets  w i l l  be f i r e d .  Both s ides  of the road should be 
f r e e  of construction and other  t e s t  equipment i n  order t o  prevent the 
entanglement of the  recovery l i n e s .  
eas- made from the  tmck with the new mount. 
w i l l  probatily be unnecess;ry i f  adequate pre- tes t  f i r i n g s  are made but 
radio ccntact with a f 1 . d  chserving par ty  wel l  out of t he  contmina ted  
area i s  recommended. 

This road should be well marked w i t h  rage s takes  i n  the r e d o n  

Corrections i n  azimuth can be 
Corrections b range 

With dl of the  above mensioned improvements a par ty  of tu0 or 

With the  sharp 
th ree  should be able t o  obtain from 5 to 10 s a r a e s  and n o t  be in the 
pos t  advanced pos i t ion  for more t h a n  2 o r  3 minutes ,  
gradients i n  r ad ia t ion  f i e l d  i n t e n s i t i e s  g e n e r d l y  o b s e r b d  a party 
should be able t o  take sm.ples when the launching vehicle ab tha most 
advanced pos i t i on  is in a f i e l d  of IrO t o  50 r ih r .  

4.7 LOCATICN 3 SAkiPJiE 

If desired,  the accurate loca t ion  of a sanple can be determined 
triangul.ation with high power theodol i tes  on f ixed  towers outs ide the 
rad ia t ion  f i e l d .  For accurate observation some type of smoke signal on 
the rocke t  i s  suggested. Thisqignal may be supplied i n  one of the 
fo1lo';ring ways.  2 

The s imples t  method cons is t s  i n  f a s t e n i n g  one o r  two "Coston Xand- 
held D i s t r e s s  Simal Flares" t o  the ex te r io r  of the rocket  and manually 
i g n i t i n g  them before  launching the  rocket. 
deep orange smoke f a r  a l i t t l e  owr a minute which' should be more than 
ample for accurate t r iangulat ion.  
Manufacturing Company. 

These f l a r e s  burn w i t h  a 

These a r e  a l s o  supplied by the  Kilgom 

A better but n.ore expeniive method would be to b u i l d  a smoke candle 
i n t o  the  f o m a r d  end of the rocke t  motor, 
tube wolfid a c t  as a smoke stack f o r  t h i s  candle which would be ignited 
by the  rocke t  motor uhen it burns to the end of i ts  charge. 

The spent rocke t  motor and 

This 
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method has been discdsssd with the engineers of the  Kilgore Manufact&, 
ing Company and i s  considered very feas ib le .  

USE FOR FILM D O S X E T 3 Y  4.8 -- - 
?he present  rocke t  may not be t h e  ~ s s i l e  of c'noic? for d e l i v e r -  

ing p a c k t s  of film t o  a contambated area. 
by Dr. >!eil and D r .  Anderson w i l l  probably be be t t e r .  
which i s  s t a b i l i z e d  by an air f o f l  and not t h e  drag of tk l i n e ,  a 
long nose which vould support  the f i h  packet abov- the ground could be 
designed. The penet ra t ing  fo rce  of this rocket  lsould not  be rietrixienta.l. 
since i t  would not  be necessary t o  recover the e n t i r e  nose blut a l y  t h a t  
p a r t  containing the  f i l m  packet. 
exhaust makes t h e  fas ten ing  of the f i l m  t o  the l i ? e  o r  rocket  ao tor  
impracticable. 

%ne m i l i t a r y  r ocke t  used 
'r;ith this rocket, 

The h e a t  of the rock& motor a d  

OTdLR USES FOP. ROCKETS 

Incremental r easu remnts  of accmula tzd  dose i n  re@ons of hi& 

4.9 ----- 
radiation-field i n t e n s i t y  c o d d  be eas i ly  obtained v i t h  an adaptation of 
the mi l i t a ry  type rocket. 
l a n c h i n g  tubes and e q l i p p d  w i t h  l o n g  nos= rods which hold f i l m  
packets above tie ground. 
mawally by remote c o n t m l  wires a t  any time a f t e r  the  a tonic  explosion. 
The accuracy of the m i l i t a r ?  roc'kst a114 c - s e f u l  errtplacexmt of the  buried 
l m c h e r  s h m l d  m a k e  tFe locz t ion  of these r o c k t s  very simple. 

These rockets could be placed i n  s.b-surface 

They could be f i E d  e i t h e r  a u t n a t i c a l l y  or 

It should a l s o  Se possible  t o  2es ign  a s n d l  fa l l -out  t ray  which 
could be a t tached  t o  the l m z  nose of one oE these buried rockets. It 
w o u l d  take only a very s ina l l  molint of the hiqhly radioact ive e a r l y  
f a l l -ou t  t o  make several  i n t , . r e s t ina  chenical and physicdl measurements. 

k. 
a 
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OPDdTI ON JANGLE 

PBOJECT 2.6a 

XEbDTELY CONTROLLED SBMPLING 'IXCHNIQVES 

IT.  COL. MERWIN B. FORBES 
MR. PETZRBRO'nrN 

ME. MORY EL W A I Y Z ,  JE. 
m. STBNLEY E. UNm 

MR, GERALD CARP 

18 February 1952 



Tbe authors take pleasure in achowledglng the help and f ine  
cooperative s p i r i t  of the various g r o u ~ a  within tha Signal. Corps 
Engineering Laboratories which g rea t ly  a ided in the successful st- 
tainnent  o f  the project  object ives .  

Evans Signal Laboratory 

k c l e o n l c e  Branch Spec i f ica t ions  and Draf t ing Branch 
YeaFons Test Section Mechanical Engineering Section 

E. E l l s t r o m  
J. lbu lden  
M. Serdan 

V. Stine 
S. Adler 
S. Micale 

Coles Signal Laboratory 

Badio C o m d c a t i o n e  Branch Wire Branch 
Eadio  Research Section Televisual Equipmnt Section 

T. Sueta 
E. Koyes 

J. Rice 
J. Jones 

Thanks are a l s o  eQressed  t o  Lt .  W. Gi lbsnks ,  Ordnance Corps, Develop 
ment and Roof  Serr ices ,  Automotive Division. Aberdeen Proving Grounds 
f o r  his f i n e  work and solr i t  of c h p e r a t i o n  sborn i n  d i r ec t ing  the 
modification and preparat ion of  t h 3  veaeels  f o r  rerr.ote operation. 
Binally. the pro jec t  i s  deeply indebted t o  the msny Signal Corps 
Engineering Laboratories and Aberdeen Roving Grounds personnel 8t the 
t e s t  s i t e  !d thout *om this operation w u l d  not have been possible. 



. 

A B S r n C T  . . . . . . . . . . . . . . . . . . .  
CBBp,'ER 1 1NTBIDUC':ION . . . . . . . . . . . . .  

1.1 Objective . . . . . . . . . . . .  
1.2 Historicd & Theoretical . . . . . . .  
1.3 Physical Facilities . . . . . . . .  

CEAPTea 2 INSTRLiKQUATION . . . . . . . . . . .  
2.1 General . . . . . . . . . . . .  
2.2 Mobile Control Sta t ion  . . . . . . .  

2.2.1 Rsdio Equipment . . . . . . .  
2.2.2 Teleriaion Equipment . . . . .  
2.2.; Power Supply . . . . . . . .  

2.1 Vehicular Equiprent . . . . . . . .  
2.3.1 Servo-Nlechanisms . . . . . . .  
2.3.2 Weasel. Radio and Televialon Equip .. 
2.3.3 Cora Sampler . . . . . . . .  
2.3.4 Shallow Surface Sampler . . . . .  
2.3.5 Radiological Teleuatering . . . .  

2.4 Auxiliary EQufpuent . . . . . . . .  
2.4.1 Towers . . . . . . . . . .  
2.4.2 Sample Reiroval Inst-ntation . . 

CHAEER 3 OEERATIONS ' 4 -  e . 
Q 

3.1 Ganeral . . . . . . . . . . . .  
3.2 

Shots). . . . . . . . . . . .  
3.3 Poet-Zero 3 y m e  Phase . . . . . . . .  

3.3.1 Surface Shot . . . . . . . .  
3.3.2 Underground Shot . . . . . . .  
Pre-Zero Tine Pbasa (Surface & Undergmund 

GBhPrEB 4 'LIESIPXESULTS . . . . . . . . . . . . . .  
4.1 General . . . . . . . . . . . .  
4.3 Instrumentation . . . . . . . . . .  4.2 L o g i a t i c ~  . . 

I 

1x 

1 

1 
1 
1 

4 

4 
4 
4 
8 
8 
8 
8 
12 
12 
16 
21 
21 
21 
23 

24 . 

24 

24 
25 
25 
26 

27 

27 
27 
28 



4.3.1 Radio & TV Equlansnt . . . . . . . 28 
4.3.2 Sampling Eqiipruent . . . . . . . 28 
4.3.3 Sadiological Teleuetering . . .. . 28 
4.3.4 Ueasels . . . . . . . . . 28 

5 DISWSSION, COUCLUSIONS, IWD ~ C O ! + ~ I - ~ A ' ? I O W  . 3 

5.1 Discussion . . . . . . . . . . . . .  p 
5.1.1 Surface Shot . . 31 
5.1.2 Underground Shot . . . . . . 32 
5.1.3 Instmmentation . . . . . . 32 

5.2 Conclusions . . . . . . . . . . . . 3 3  
5.3 Recom.endations . . . . . . . 33 



P R m T  2.6a 

- ILLUSTPATI 0x3 

CHUTER 1 INTFODJCTION 

1.1 Shop and l'o'ier Layout . . . . , . . . 2 

CEAPECFi 2 INS'ilUIEN'2A'PION 

2.1 Hobile Control S t a t i o n ,  Exterior . . . . 5 
2.2 Mobile Control Station, In te r ior  . . 6 
2.3 Weasel, Surface S a c l i n g  . . . . . . . 10 
2.4 Weasel, Deep Sampling . . . 11 
2.5 Weasel, Radio Equipmnt , . . . . 13 
2.6 Weasel, TV EquipEnt . . . . . 14 
2.7 Deep S o i l  Sampling Equipment . . . . . . 15 
2.8 Schemtic ,  Deep S o i l  Sampler . . . . . . 17 
2.9 Shallow Soil Saropling EQuipment . . . . 18 
2.10 Schematic, Sbzllov S o i l  Sampler . . 19 

1 2.11 Scherstic,  Pulsed Scoop Selector . . . . 20 
2.12 Ra6!,0ologlcef. Teleu.3taring E@.prrjnt . 22 

TBBUZS 

CHAPTEE 2 INSTRUKENTbTIOB 
s 

2.1 Prequencjr I L q ~ r e w n t s  e 9 

CBbPm 4 nSTmmTS 

4.1 Sempling Operations . - 4 . 27 
4.2 Ra.jiologfca1 Telemetered Bate Data . . . 29 

- 

rll 



Radiological samples were co l lec ted  from highly c o n t a r h a t e d  
areas dudng 02eration JAIJGLE. Both surface and core saq l l e s  were 
obteined around the l i p  and c r a t e r  a r e a  r e su l t i ng  from a surface and 
a subsurface detonetion of an a tonic  weapon. Tke sznrples were obtained 
u t i l i z i n g  remotely cont ro l led  n z s e l s  eqirtp9ed with remotely control led 
instrumentation, viz:  

a. One surface sampler on each o f  two weasels, capable of 
picking u? ten two-cubic inch samples. 

One e a r t h  corer  on each of two weasels, caprble of  taking 
an e a r t h  core t h e e  f e e t  six inches dsep and tw inches 
In diatmter,  with six t o  e ight  sangl ing  points .  

b. 

C. An ion iza t ion  chamber probe t o  measure the garma r a t e  i n  the 
a rea  where eamples uere  t.aken. This l a t e  was t e l e m t e r s d  
back to  the control  m i n t  by a radio link. 

Televfsion cameras on the surface and e a r t h  core sampling 
weasels t o  obsema the surface semgling ana coring opera- 
t ions  and a l s o  t o  a i d  i n  guiding the coring vesse ls  and 
surface sanpling ueasels  into the  l i p  and c r a t e r  area. 

d. 

After  samples were obtained by the weasels they were removed f r o m  
the weasels and placed in l e a d  containere f o r  immdis te  delivery to  s f t o  
laboratorie 8 .  

f 
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The major object ive of this pro jec t  was t o  obtain surfece 
samples and deep core sa::sles of the e a r t h  around the l i p  and c r a t e r  
a r e a  r eeu l t ing  from the detonat ion of atomic weaGons at the surface 
and buried seventeen f e a t  underground. Surface a a w l e s  were taken in 
the l i p  and c r a t e r  a rea  f o r  the surface and underground shots  as well 
as over a p a t t e r n  from vhich est imates  m y  be made of  the d i s t r i b u t i o n  
of ground contamination i n  the c r a t e r  area.  Valuable infornut ion was 
obtained concerning the e f f i cacy  of u t i l i z i n g  remotely control led 
weasels eqvlp-oed with s?-T>ling instrumentation on a tonic  weapons t e s t s .  

1.2 HISTORICAL AND !TH3OR3TICAL 
The na ture ,  amount and d i s t r i b u t i o n  of residual can tmina t ion  i n  

the l i p  and c r a t e r  arza are  o f  d i r e c t  m i l i t a r y  iuqortauce since they 
ind ica te  the r ad ie t lon  hazard, as a funct ion of time, associated with 
each type of burs t .  
mate the l eng th  of time a given a rea  w i l l  be denied t o  troops in the  
even tus l i t y  of surface o r  subsurface nuclear detonetions. The chemical 
nature of the r e s idua l  c o n t a d n a t i o n  as a funct ion of  d i s t r i b u t i o n  and 
of p a r t i c l e  s i z e  furn ishes  information f o r  the se l ec t ion  of decontamina- 
t ion  processes and provides fundamental data f o r  i n t e rp re t ing  and under- 
standfng the  phenomenology o f  ea& burst .  

Such an i nd ica t ion  i s  necessary in order t o  e s t i -  

%I 

The only previous work in the f i e l d  of radioactive contaninated 
ample c o l l e c t i o n  by means of remotely control led vehicles  ueing tanks 
vas performed at Operation SAmSWY)NE. The use of  remotely control led 
weasels represents  a m j o r  e f f o r t  in providing an improved method f o r  
sample c o l l e c t i o n  i n  highly con tadna ted  areas. 

1.3 PHYSICAL FACILITIES - 
Prel iminary i n s t a l l a t i o n s ,  t e s t ing  and repa i rs  were performed in 

the JAITGLE t e s t  area at the e l ec t ron ic s  r epa i r  shop and weasel shed a s  
shorn i n  Figure 1.1. The e lec t ron ic s  repair shop incorporated facili- 
t ies  f o r  storing and rqafring mjor component6 used i n  conjunction 

1 
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v i  th the r e c o t e l y  control led w e t s s l s .  Inclil&.:S. -*:re t h  rer ious  
radio, t e l ev i s iou  m d  smi: l ing cow>onanca. This a l w  served as th.: 
cent ra l  w o r l d n g  a r z a  i n  cond~) i c t i r z  2’1 i,r&llminzTy t e s t s ,  in s e n f c a -  
ing the weasels and I n  servinc as thi. f i e l d  bas$ of all preliniinzry 
operations.  The weasel s b d  accor.:.cmJ=.tfii the  f u u r  w e a s e l s  cancernod. 
Re,iair and ca l ib r2 t ion  f a . c i l i t i e 5  W C Y L  e - ~ ~ i ! - ~ b ! e  i n  the “vn;~ 3 arc& 
Some minor shop work wi iu  dona at the Txb.;.?.e s!!.?? i n  the con’.rol 

in Figure 1.1. 
point area. T o - e r ~  used i n  the opr.rL !.Lon ‘nl;ie dis ’  b ~ ~ b ~ t . j d  .’ 29 shoiw, 
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f. 



i .; 

5 



PROJECT 2.6a 



mm!? 2.& 
t r o l l e d  aeecond weasal on 162.480, 162.603, o r  162.720 mcs. The 
addi t iona l  two f requencies  on  ezch t r a n s d t t e r  could be switchgd in 
immediately f o r  operation of the a?:ropriateJ.y tune& weasol if re- 
quired. 

Each control  t r a n s d t t e r  contained means for moddat ing 
i t s  c a r r i e r  in such a way tbat twenty-ei&t e f f e r e n t  p a i r s  of audio 
tones could be trans?Ltted thus a c t i v a t i n g  twenty-eight r e l ay  con- 
t r o l l e d  func t ions  i n  the weasel. 
duced by pressing cont ro ls  on three separa te  consoles. One console  
cont ro l led  the Haasfer System Control func t ion  as well as the e i g h t  
vehicli lar funct ions l i s t e d  in 2.3.1. 

The t rasmi t ted funct ions were pro- 

‘The second console con t ro l l ed  the TV equipmezit i n  t h e  
veasel  using the f o l l o w i n g  fourteen funct ions:  

(1) On (8) Contrast Retard 
( 2 )  O f f  ( 9 )  Iris  Open 
(3)  Camera Right (10) Ir is  Close 
(4) Camera L e f t  (11) Bevr Control Advance 
(5) Ca.rera Up (12) Beam Control Retard 
(6) Camera Down (13) Target Focus Advance 
(7) Contrast Advance (14) Target Focus Retard. 

T h e  t h i r d  console provided cont ro ls  f o r  operating shallov 
sanplers ,  e a r t h  corers ,  and a l s o  caused the r e m t e  weasel t o  send back 
e i t h e r  engine speed i n f o r m t i o n  by means of a microphone i n  the engine 
corn,+artment o r  gama radia t ion  r a t e  data from a spec ia l ly  designed 
r ad ia t ion  probe on the f ron t  of each weasel. A loudsseaker for mon€- 
to r ing  engine speed and an Es te r l ine  Angus recorder for recording the 
gamma r a t e  were provided. A dupl icate  s e t  of  three consoles was 
a v a i h b l e  f o r  to,cer top operation. Antennae f o r  these transmitters 
were skirt type of  v e r t i c a l  ai, l e  antennas loca ted  at  the top  o f  the 

miles. 
24 f t .  tower. The rwrimum oper % i n g  range was estimated t o  be t e n  

The cont ro l  s t a t i o n  w a s  a l s o  equi?ped with a rack of re- 
ceivers.  Two of these received gam rate data or engine noise ,  as 
desired,  fron the corres?onding two weasels, while the t u r d  a c t e d  as 
an immediately ava i lab le  spare  i n  case of f a i l u r e .  The f i rs t  rece iver  
could be switched t o  172.120, l72.24C,, or 172,360 mcs., the frequencies  
used by one group o f w a s e l  t r a m u d t t e r s .  T h e  second rece iver  could be 
switched t o  172.480, 172.600, o r  172.720 mcs., the  frequencies used by 
the  second group of weasels. The t h i r d  receiver could be prese t  t o  any 
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of the above frequencies. Antennae were skirt ty?e v e r t i c a l  dipole8 
loca ted  just above the t ransmi t t ine  an temae  on the tower described 
above. 

2.2.2 Television Zoui-ment 

‘The mobile cont ro l  s t a t i o n  contained two t e l ev i s ion  
receivers .  One t e l ev i s ion  receiver  demonstrated the 2 i c t u r e  obtained 
by the  shallow s a p l i n g  weasel and the o ther  the deep samjliw weasel. 
Iihen used i n  conjunction wi th  the renote  vehicular cont ro l  boxes, the  
two t e l ev i s ion  recei-Ters ?roved i n v a h a b l e  i n  sa fe ly  &ding  the 
weasels around var ious obs tac les  t o  the des i red  loca t ions ,  i n  satis- 
f a c t o r i l y  choosinz good szn3l ing loca t ions  and in viewing the actual 
sempling operations.  .?he consoles con t ro l l i ng  the 3 equipment in the 
wezsels were mounted alongside of the 2ppr02riate TV receivers.  The 
two t e l ev i s ion  channels used were 258-270 mcs. and 294-306 mcs. with 
cen t r a l  frequencies of 264 ncs. and 300 mcs. 
used appears i n  Table 2.1. Ssare TV receivers  were ava i lab le  f o r  im- 
mediate use i n  ca8e of f a i lu re .  ‘The cobi le  conLrol s t a t i o n  antennae 
consis ted of a p a i r  of d i r ec t iona l  three-element v e r t i c a l l y  polar ized  
Yagi antennae f o r  TV recept ion f ron  each weasel. 

A l i s t  of all frequencies 

2.2.3 Power SupJly 

All cont ro l  s t a t i o n  emipment o-ierated from 110 v o l t s  
AC except the L’V equipment which was desigaed f o r  vehicular  atreration 
and required 24 v o l t s  DC which was 3rovided by AC-DC converters. A 
to ta l  of 10 KW was required for the  cont ro l  s ta t ion .  Drawers and cab- 
i n e t s  were used f o r  s torage of spec ia l  spares and t o o l s .  

2.3 Vehicular Emi-onent 

All vehicular  equipment was i n s t a l l e d  i n  four  weasels (N-29), 
which were speo ia l lg  modified f w  rernote cont ro l  usage i n  this opera- 
t i o n .  
from the nobi le  control  s ta t ion .  
surface sanpling weasel and a core sampling weasel res2ectively.  

The vehicular  funct ions a 4 d e s c r i b e d  i n  2.2.1. were ac t iva t ed  
Ff-qre 2.3 and Figure 2.4 show a 

2.3.1 S e r v o - X e c h i s S  

‘?he weasels were all modified and equipped with servo- 
mechanism which when remotely ac t iva t ed  per for izd  the following ve- 
hicular operations:  - 

Engine S t a r t  ‘Throttle Zetard 
Lef t  S t ee r  Clutch 
Right Steer S h i f t  Lever Forward 
Throt t le  Advance S.hift Lever Reverse 

8 
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Televi si on 

----_I__ 

Channel 1 258-270 mcs 

C h z m e l 2  294-306 mcs 
- ----__ -- 

?ower:  24-30 Ystts RF Peak 

C o n t m l :  LC (bala..crd l i n e )  
-_-I_---= 
I -. - 

T r a s m i  t t e r  ;,iZ 162.4a m a  

162.600 mcs 

162.720 mcs 

Pover: 50-60 Watts 

C o n t r o l :  SingZe Crystal cont ro l led  
frequencies 

Radio 
(lbbile Sta t ion  
t o  Control S t a t i o r )  

Transrsit ter 31 17jr120 mcs 

%Transmitter +2 173.240 mcs 

Transni t t e r  k3 173.360 rncs 

Transmitter $4 173.480 mcs 

Transni t t e r  if5 173.600 mc8 

- Transmitter $6 173.720 mcs 

Lt 

Power: 30 Watts BF 

Control: Single Crystal  cont ro l led  
Frequencies . 
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Figure 2.3 h'eosel, Surface Sampling 
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2.3.2 Weasel. h d t o  and Television. Xauioment 

The  four  weasels were equipiwd 'Gith radio receivers  and 
t raneudt te ra ,  and t e l e v i s i o n  csaeras  and transmitters. T h e  radio cdn- 
t m l  equipment consis ted of three units operated from the 24 v o l t  I$ 
power supply of  the weasel. 

Un i t  DA* cons is ted  of a 30 watt c r y s t a l  cont ro l led  FH 
transmitter f o r  t r ansmi t t i ng  gama rate and engine speed data to-the 
control  r t a t ion  and a rece iver  f o r  b r ing ing  in the tone-modulated 
c o n t r o l l i n g  ca r r i e r .  Units and "C" demodulated the vehicular,  
sampling and 'PV control  s igna l s  thereby prkducing r e l ay  operat ing 1% 

currents. These relays con t ro l l ed  the servo-mechmisms f o r  vehicular  
cont ro l ,  the motor operated potentiometers for TV control  and a l s o  
ac tua ted  motor turn-on r e l ays  for sampling operations. Bntennae f o r  
the radio and t e l ev i s ion  equipment cons is ted  of v e r t i c a l  sk i r t  type 
dipoles and v e r t i c a l  dipoles  res:=ctively. FiLures 2.5 'kad 2.6 s h o w  
tho weasel 's  radio and 'r71 equipment r e s p c t i v e l y .  

The core sam2ler. Fiigure 2.7, consis ted of a remotely 
ac tua t ed  F i l e  dr iver  mechsnisrt using a 150 lb .  welzht t o  drive a s tee l  
tube in to  the  ground. The s t e e l  tube w a s  f i v e  f e e t  lonc. two inches 
in diemeter and contained e igh t  evenly sziaced s l o t t e d  openings each 
four inches long  and sir inches apart .  
I d e n t i c a l l y  s l o t t e d  uas concen t r i ca l ly  he ld  within the  f irst  tube. 
In the operat ing posi t ion,  the slotlr in the inner  tube were ,peripheral- 
1~ displaced f r o m  those in the  ou te r  tuba, 
s l o t r  were l i n e d  up t h e  expoeing the  contents of the s t e e l  coring 

A second ro ta tab le  tube, 

For sam3le r a o v n l ,  the 

tube. 

A one second dura ion signal. from the mobile control 
s t a t i o n  i n i t i a t e d  the c o r i n g  op at ion.  Sinultaneously. a t i n i x  motor 

were a c t i v a t e d  causing the tube withdrawer t o  be lowered t o  the base 
p l a t e  of t he  s t e e l  tubs guide. 
m a  t r i pped  which caused the operat ion of the hammer motor. 
motor arm. r o t a t e d  at ap_oroximately 6 rim. e f fec t ed  the cycle r a i s ing  

ad jus ted  f o r  a running time of a f e minutes and the cable drum motor 

Upon reaching this po in t  a l i m i t  switch 
1% b u m  

and f r ee  f a l l  of t he  150-1b. bammei- thereby driving the sampling tube 
Into the gmuad. When the steel tube had beLn driven t o  the pre- 
determined four-foot  depth  a micro-switch was ec tua ted  c a s i n g  the stop- 
-@ of the hamuer motor and t k  s t a r t i n g  of the o p r a t i o n  of the cable 

+. &um motor which au toua t f ca l ly  withdraw the s a p l i n g  tube from the 
A:* pound. Another l i m i t  svitch atom%& tis cable d r u m  motor when the 
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s t e e l  tube had been completely withdram. 
sealed the bottom of the tube thereby com;>leting the deep s o i l  sampling 
cycle. 
pears i n  F1p.n-e 2.8. 

A sirine-loaded f l a p  valve 

A complete schematic of the core s au~ i l ing  i n s t r u m n t a t i o n  ap- 

'Yhe f i v e  minute time l i m i t  \:as imposed on the p i l e  dr iving 

An addi t iona l  e l e c t m d o  
rieci-anism s o  t h t  i f  imzjervious e a r t h  were encountered, the tube was 
autonat ica l ly  removed a t  the end o f  this time. 
fea ture  was the use o f  a remo';e cont ro l  function in the mobile c o n t r o l  
s t a t i o n  which embled  withdraval of the smiJ l ing  tube at any e a r l i e r  
time. 

'The s m G l i n g  tube was held i n  place by an e a s i l y  removable 
Fin which, hox~ever, c o d d  not be j a r r e d  loose by mchanica l  v ib ra t ions  
of the weasel. Lkbes were readi ly  iDtorchangeable enabling repeated use 
of the same weasel. 

2.3.4 S h a l l o w  Surface Sampler 

The  s h a l l o w  surface s a q l i n g  e q i p m n t ,  F igme  2.9, 
consis ted of ten iden t i ca l  scoops for semple co l lec t ion ,  and a vehicu- 
lar  sm.sling s e l e c t o r  box which cycled any ind iv i&al  scoop. A scoop 
se l ec to r  i n  t b  mobile c o n t m l  s t a t i o n  autometical ly  se l ec t ed  the da- 
s i r e d  scoop u2on throwing the appropr ia te ly  umbered s ~ t c h .  This 
caused the t r a n s p i t t e r  t o  be pulsed the desired number of times which 
i n  turn  operated the  proper re lay  i n  the radio equipnent on the weasel. 
'i'he &e and break of t h i s  re lay  was followed by a stopping r e l a y  in 
the vehicu lar  sam>ling se l ec to r  box. A s d l  DC timing motor mounted 
i n  the vehicu lar  sampling se l ec to r  box insured a long  enough time de- 
l a y  so that none of the scoo;m might be p r e m h r e l y  act ivated.  The 
time requi red  pe r  m s e  was azproxinately two seconds so t h a t  a t o t a l  
time de lay  of twenty-five seconds was adequate t o  insure proper opera- 
t i on  were the t e n t h  scoop selected.  For exarrrple, a time deleg of  only 
f i f t e e n  seconds would not permit  s e l ec t ion  of the eighth.  n i n t h  o r  
t en th  scooss but would a c t i v a t s  the seventh sooop inatead. A t  the e a l l  
of the de lay  ijeriod the stoppin> r e l a y  caused the c k s e n  scoop t o  start 
i t s  cycle. The l i n e a r  ac tua to r  motor has a c t i v a t e d  causing the scoop 
sampling am to  b e  lowered t o  a height ahove the ground determined by P 
dcro-swi tch  f e e l e r  attachment. The ro t a ry  ec tua to r  on the scoop 
saEpling a r m  then  caused the scoop t o  under@ a r o t a r y  motion resulting 
i n  a shallow sample co l l ec t ion  zbout 2 inches deep at the earth'.  BUP 
face and the automatic c los ing  o f  a cover which prevented spillage. A 
nicrc-switch w a s  then trip_ced causing com~,letfon of the ro t a ry  w t i o n  
and reversal  of the l i n e a r  a c t u a t o r  until the arm was re turned  t o  i t a  
o r i s n a l  r a i sed  pos i t ion .  'This completed the cycle and the stopping 
relay was re turned  to i t s  home pos i t ion  preparatory to  a c t i v a t i o n  o f  8 
d i f f e ren t  smop. 
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PROJECT 2.6a 

The inJividTia1 scoog aril1 wicro-ski tch  f e e l e r  attach- 
ments were gr i se :  f o r  d i f f e r e n t  ty=es o f  terxain encountered. For 
exxir>le, a very l o o s e  tyse o f  s o i l  enebled s e t t i n g  the sam2lers f o r  a 
deeper scoop. 
which caused the ro t a ry  ac tua to r  to revsrse  i t s e l f  and recj;cle the  8- 

p l ing  arm were a load of g r e a t e r  t h m  60 lbs .  encountered. 
sured t h t  the r o t i r g  actuary motor wes n o t  d m m g e d  when overloaded. 
The same S C O O ; ~  could than be reselecte?. a t  the same o r  another location. 
A complete c i r c u i t  diagram of the vehiculilar safi2lioz boz zppaars in 
Figure 2.10. The sc'reiEtic o f  t h e  scoop s e l e c t o r  which N s e d  the 
t r a n s r L t t e r  i n  the :..obile Control S t a t ion  appears i n  Fig-ara 2.11. 
Tha samgling scoops were rrmw.lly r e so t  a t  the f m n t  of the weasel 
p r e p r a t o r y  t o  a d d i t i o n d  use. 

A m r g i n  of sa fe ty  'has furnished by an o v e r l o a  r e l a y  

This i n -  

2.3.5 Radi o l o g i  c e l  'Tel e E t e n  n,: 

Radiological t e l ece t e r ing  eqiiipzent was used pr imari ly  
t o  t r a n s ~ t  ga:ilra r a t e  data t o  the m b i l e  c o n t m l  s t a t i o n  fmm poin ts  
at vhich e a r t h  sarples  were taken. 'This equipmsnt consis ted of a high 
l e v e l  probe connected t o  a rad io logica l  te1er;etering u n i t  cantaining a 
phase shift o s c i l l a t o r  as shown i n  Figure 2.12. T h i s  e q i p z n t ,  em- 
ployed f o r  the underground shot ,  covered a gaam r a t e  logzrithmic range 
from 5 mill i roentgens per hour to  j,OOO roentgens per  hour. 
mic output of the high l e v e l  probe rnoblated a p h s e  s h i f t  audio osc i l -  
l a t o r  varying i t s  f r e F e n c y  as the g v r a  r a t e  changed. The phase s h i f t  
o s c i l l e t o r  had a high impdance o u t w t  which mdula ted  .the r a d i o  t rans-  
mttter. 
a - l i f i e r  in the mobile c o n t m l  s t a t i o n  t o  record the  gamrra ra te .  

The l o t p r i t h  

An Es te r l ine  Angus recorder w a s  used i n  conjunction with an 

I n  addi t ion  to  the  above-mentioned te lemster ing u n i t ,  
a modified AN/PL)X-'TI.U, vith a ma;dmum range of 500 roentgensjhour, 
was employed f o r  the surface shot. 

2.4 AUXILIARY EXJIZCEN" 5 
i 

2.4.1 Towers 

Two Z r t f t .  towers were s e t  up f o r  all operations v i t h  
the except ion of a 36-ft. observation tower used on tix surface shot. 
The towers  vere approldrrately 14 &des apart and each about 1 mile 
from ground z e r o d  A f i e l d  telephone system connected both  tawers with 
the  mobile cont ro l  s t a t i o n .  The mobile c o n t m l  s t a t i o n  v a s  at  the 
base of one tower at the head of  the weasel access mad. In addi t ion  
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PR-T 2 . h  

t o  the f i e l d  telephonz, t h i s  t o ' e r  '*as f u r t h e r  equipgo? with a 
Bat ta l ion  Comrxndirr's t e l e scozs ,  an aux i l i a ry  s e t  o f  a n t e m e  and a 
cont ro l  b o x  f o r  d i r e c t i n g  ti.e weasals should a n y  f a i l u r e  necess i ta te  
tower top operation. The second tower cont l tzed a f i e l d  telephone 
and an M 65 Bat t a l ion  Coomadsr 's  telescope f o r  accura ts  l a t e r a l  
pos i t ion ing  of the weasel a n d  f o r  a d ' i i z i o n d  zid i n  n a ~ i g a t i n g  the  
veasel about  var ious obstacles .  

2.4.2 Sample ReEoval I n s t m z n t a t i o n  

A jeep e q u i p e d  vith a mobile tmusxi t , t e r  and a n t e m  
was used f o r  c lose pos i t ion ing  of the weassls a t  the u n l w d i n g  point. 
Wooden bumpers were u t i l i z e d  t o  a i d  i n  stopping the weasel at the  
proper locat ion.  A semi-portable e a r t h - f i l l e d  plyvood vdl, 15 f t .  
lonz,  6 f t .  high, and 1 ft .  th ick  w a s  ava i lab le  should the r ad ia t ion  
l e v e l  from the  weasels have necessi ta ted i t s  use.  A netal mirror was 
m u t e d  t o  t he  wall f o r  the  purpose of  o b s e n i n g  the semple removal 
operations e i t h e r  with o r  without the shield. T h e  s k l l o v  earth 
sampling scoops vere placed individual ly  in ten tw-inch thick leed- 
l i n e d  wn ta ine r s .  These containers c o n t a n e d  p l y o f i l n  bag3 to  avoid 
s p i l l a g e  of sample and consequent contamination of the containera. 
Sanples t&en f m m  the cor ing  tubs  vere placed i n  s m a l l  b o t t l e s  which 
in turn were placed i n  one-Inch thick lead- l i red  contzinners. 



C W f E B  3 

OPEWTIONS 

r 1 

3.1 G- 

Four vaase ls  vera used in the t ea t s .  T w  waasels were equipped 
u l t h  t e l e r i s i o n  and surface samplers and two i r i th  t e l ev i s ion  and e a r t h  
corers. During sampling operat ions,  i n  m a s t  ins tancsa,  the veasels 
wore used f n  pairs; a corer  snd a skrface smpler .  These were d i rec t ed  
i n t o  the l i p  and c r a t e r  ares. as soon as posaible a f t e r  each detonation. 
T h e  te levfsion eqnipment b z s  c s p b l e  o f  b o t h  g u & i n g  the vehicles and 
vleving tbe s a T l i n g  opere t ions .  

Convoys were fom.sd at 8-2h at a point approximately three & l e a  
from the surface grama z e r o  and f i v e  d l e s  from the underground zero 
point. The convoys cons is ted  of :  

a. 

b. 

C. 

a. 

I). 

I. 

g. 

h. 

i. 

1. 
k. 

Jeep 

Jeep 1 
Xobile  Control S t a t ion  banling a E?-95 Power Unit 

S b l l o u  b p l i n g  Weasel ) 

Deep b p l i n g  Yeesa l  ) 

Weapons Cnrrier W i n g  a 275 gal. t m k  of gasoline 

Yeapons Cmrier hsuling,a YE-95 Power Unit which ac ted  as an 
emrgency repair and a@e € a r t s  t ~ c k  

Fabile  Control S t a t ion  W i n g  a ET-95 Pcaer U n i t  

Shal low Snppling t'eaael ) 

D m p  snrgling Yeaqel ) 

Jeep ) Operational personnel. 

) Operat ions1 and %.&Safe personnel 

) on 2s ton trncka 

) on ton trucks 

- 
A l l  BQclipnBnt Including vehiclea and 6er;plers. were checked, operated 
and nd-jnsted mtil E-lh. A t  this ti- d 1  epuiprsnt was turned o f f  
prsparalorj t c  w v i n g  t o r s r d  g r m d  zero at H f ln. 
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POSF m o  PHPS~ 3.3 ---- 
3.3.1 Surface Shot 

A t  h f l m  the convoy ?mcaed3d a t  15 mph toward tho  cont ro l  
tower loca t ed  1 m i  upwind f m n  g m m d  zero which s e r r e d  as the g e n s 4  
a r e a  f o r  the t e s t  base of  operaf ioLs .  The kd-S? . f e  monitors chedzed 
t h a  r ad ia t ion  levels enrouts  to  I n a u e  safe entry.  Upon reaching the 
cont ro l  tover ,  ths imbile cont ro l  s t a t i o a s  were rap id ly  s e t  up at i t s  
base a t  the hean of t h s  veasa l  acc383 m a d  and all equipr r~nt  act ivated.  
The control  s t a t i o n  contdDed all  required t r ; ? n s d t t i n g  eod rsce i r fng  
eqnipm-nt f o r  r e m t e l y  contml!.icg the wessels a d  t h e i r  inatrur?,nta- 
t ion .  
r a p  and driven. m n d l y  the  s h o r t  distmcs to  t b  bad of the  weasel 
access  road. Final  checks were then made on the r a d i o ,  TV and samp 
l ing  eapipmnt. A Bad-Safe mai tor  then accospanied an obaerrer  to thn 
second tower. 
followed at  a d is tance  of 100 f e e t  by a cora ssnpl ing weasel, s t a r t e d  
dovn the ndle road leadin: d i r e c t l y  t o  the l i p  and c r a t e r  area. A c r e v  
of  four  %II the nobile cont ro l  s t e t i o n  was responsible f o r  d i r e c t i n g  the 
weasels t o  the l i p  a r e a  where s b d l o w  a n 5  cord amploa  uere  taken. 
There were two weasel opsra tors ,  one "V cont ru l  o p r a t o r  and one oper- 
a t i o n s  coordinator  who d i r e c t e d  th s  r e m t e  a c t i v i t i 3 s ,  mi i l ta ined  to l -  
ephone contact  v i t h  bo th  towers and a l s o  coi ldxtod the  sampling o p r -  
at ions.  Uponireturning to  the sample d o d i n g  s i t e  a t  H f 3 hr, Eon- 
i t o r i n g  the  veaaels d e w n s t r a t e d  t b t  u B e  of  the earth shie ld  was un- 
necessary b a s n n c h  as the r ed ia t lon  l e v e l  a t  one foot from tks weasel 

corer. 
minute each t o  a SLTdl8r  f i e l d  s ince  long handling tongs ware used. 
The individual  scoops wore removed by p u l l i n g  tka appropriate  pin on 
each a r m  and a long pair o f  tongs vas w e d  to  place eech scoop i n  
aepxmte lead conta iners .  A h o k e d  t o o l ,  v a s  used t o  pdl  the pin on 
the corfng tube and tu, men, ,each with a pair of t o n s ,  placed the 
c o r i n g  tube I n t o  a l ead  c r a d l i w h e r e  s d 1  aaijp3.e~ w r a  t a b n ,  placed 
I n  small b o t t l e s  and t b n  i n  1-In. thick lead-l insd containers. YitUn 
t e n  minutes o f  the  weasel's a r r i v a l  a t  the ndlc?.ding point ,  all the 
samples in lead-l ined conta iners ,  were r e d y  f o r  inmdiate dellvery t o  
th s i te  l abora ta r iee .  

The weasels were d r i v e n  o f f  the  t m c k s  at a nearby u n l w b i n g  

A t  a p p r o d n a t e l y  E 4 1 hr. a surface Bampling wasel 

approdnrately 3 r/hr f o r  the shallow sesp l s r  and 15 r/hr for the 
The unloading operat ion exposod two uan f o r  arpproxinately ooe 

A t  E f 4h the second pair of r e sae l s  s t a r t e d  f o r  the  l i p  
and c r a t e r  area.  operat ions being conducted in a s h i l a r  m e r  t o  tha 
f i rs t  run. T h i s  tine a h s l l o w  earth saaplsa  wre taken in the crator. 
A t  about H 
though t rouble  had been encountered with the  co re r  as discussed  i n  5.1.1. 

i 

6 h bo th  weasel; were back at the sample ndloadlng s i t e  d- 
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For t b  surface shot ,  a modified AN/FDR-TL3 having a mer- 
inum range of 500 r/tu was used t o  telemeter r a t e  data back to the 
mobile c o n t r o l  s t a t ion .  T h e  recording equipmnt  went o f f  sca le  in the  
c r a t e r  a r e a  ind ica t ing  ttmt the r a t e s  exceeded 500 r/hr. 
good deal o f  in te r fe rence  was present and readings were considered un- 
r e l i ab le .  
ahots. During a l l  o f  these a c t i v i t i e s  constant comnnicat ion rd th  the  
observation tower helped loca te  and mneuver the weasels. 

However a 

This suggested u s e  of a higher range i n s t m m n t  on f u t u r e  

3.3.2 U n d e r n o w d  Shot 

The convoy lies f o r E $ d  and a base o f  operations s e t  up i n  a 
manner s imi l a r  t o  that f o r  the Surface Shot. On the  f i r s t  m n ,  in order 
t o  expedite sballow sample recovery, a s ingle  shallow scmpling weasel 
vas bt rec ted  t o  the  l i p .  'The radiological  data, telernetered to  the mo- 
b i l e  control s t a t i o n  appear in Table 4.2. A t  H 4 2 h 10 m the samples 
in l e a d  conta iners ,  were del ivered t o  the s i t e  laborator ies .  A pair 
o f  waasels was then d i r e c t e d  t o  the l i p  a d  c r a t e r  a r e a  f o r  the second 
11111. I n  order  to obtain m m  data  as t o  the d i s t r ibu t ion  of  g romd 
contamination in the l i p  and c r a t e r  a r ea ,  a pat te rn  of s h a l l o w  samples 
was followed on the t h i r d  and final run at about H f 25 h. 
scoops were ac t iva ted  at  ap?roxir?etelg 50-ft. i n t e r v a l s  along the up- 
wind Bide of the l ip .  

Ten sampli- 
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T Surface 

u n a e r g r m d i  

a) Equipment fai  

4.1 G Z W E  

A t abula t ion  of the pr inc ip le  r e s u l t s  obtained wi th  the sampling 
equtpmnt  appears in Table 4.1, The r e s u l t s  Lnclude the t o t a l  of five 
r u n s  =de on the  tw s b t s  o f  Operation JANGLE. 

mWB18 4.1 

Sawling Operations 

ire described i n  

- 
Core T& 

18 in. 

- S m d e  s 

8 

I 
1 1  .~ 

b) Deep s o i l  sm9ler  not used chring this run. 

4.2 LOG1 ST1 CS 

======l 
I Location 

A t  the l i p  

o f  crater 

- 
Personnel, mater ia l ,  and t i m e  requirements were aptly an t i c ipa t ed  

a s  vi tnessed  by the close conf 'ormce o f  operat ional  t e s t s  with pre- 
d i c t ed  a c h e b l e s .  
Various obs tac les  vere encountersd as might be expected with a project 

T h i s  was tme in bo th  pre- tes t  and test  periods. 
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of this scope, but these were a l l  overcoire i n  such a m n e r  as to  o f f e r  
minimum impdiDent t o  o p r a t i o a n l  smothness.  

4.3.1 Radio a n d  ,-T Eqi f i rmnt  

Occssional fa i lure  of components. w r t i c u l a r l y  re lays  in 
the w b i l e  radio receivers .  r e c e s s i t a t e d  c l ea r ing  of contacts  and in- 
se r t ion  o f  spare units so as not t o  i n t e r f e r e  with o w r a i l a n a l  s cheh lea .  
The rad io  2nd ZV e q i g i x n t  then w r f o r m d  the i r  intended fIilnctFons. The 
twenty-eight reffiote funct ions &roved adequate i n  conriucting all opera- 
t iona l  plans. The ,TV e q u i i m n t  proved adequate i n  guiding the weasels 
in and about the l i p  and c r a t e r  a rea .  The rexotely cont ro l led  weasels 
were mre e a s i l y  d i r ec t ed  and ra3euvered using the TV e p l p n e n t  than 
was pyssible  vi thout TV f r o m  the tower top. This proved e s p e c i a l l y  
t rue  a t  increas ing  d is tznces  from the cont ro l  tower. 

4.3.2 S%mlfneh Eouipnent 

A s  shown i n  ‘Pzble 4.1 both shallow and deep s a q l e s  were 
obtained on each shot d t h o u g h  not with the r w x l m r n  :osdble capaci ty .  
The i r r e g d a r i t y  of the t e r r a i n  about the l i p  r e su l t ed  i n  several of  
the shallow s a q l e r s  n o t  obteining a oaople a l t h o w h  M through a cycle. 
The reasons f o r  the various f a i l u r e s  encountered a r e  discussed in 5.1.1 
and 5.1.2. The r e s u l t s ,  obtained with the system o f  s m p l e r s  used, 
were good al though c e r t a i n l y  n o t  the u l t i i a t e  system to be  desired.  I t  
did,however, successfu l ly  achieve f o r  the f i r s t  t l m ,  the  e a r l y  co l lec-  
t i o n  of sha l lov  a d  deep sam21es f r o m  a highly contaminated area. 

4.3.3 Rad€ o l o d  cal Tale meterinq 

A tabulzt ion of r e s u l t s  obtained w i t h  the rad io logica l  
t e l e m t e r i n g  equipment on each  d. the two shots  a?pears i n  Table 4.2. 
A discussion of the r e l i a b i l i t y  of these r e s u l t s  appars  i n  5.1 m d  
5.2. 

4.3.4 Keasels 

The weasels o p r a t e d  s a t i s f a c t o r i l y  proving edoquate i n  
reaching the des i red  po in t s  a d  carable of providing the required power 
for a l l  e l e c t m n i c  and mechanical equipwnt .  T’hs system of changing 
gears was soloevhat slow a d  expezience in operation was required to  
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avoid unnecessary g r i n b t n g  of  ge&. Actually. the to3 speed of the 
various veasels differed somwbat  ana a higher sgeeb muZd have been 
benef ic ia l ly  tolerated without consequent reduction i n  vehicular control. 

The  m e u v e r a b i l i t y  of the weasels, u t i l i z i n g  Ty epuip- 
r e n t  proved adequate i n  observing the various s a q l i n g  operations, i n  
turning around i n  confined areas and i n  avoiding various obstacles. 

The sampling weasels were s u f f i c i e n t l y  naneuverable to 
d i m b  over the l i p  i n t o  the crater edge on the rurface sbot to take 
ramples at the edge just w i t h i n  the crater l i p  area. Previously, 
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p e r f o r m c e  b e t s  had been mde over obstacle  courses at  the Aberdeen 
proving Grounds, Yarylmd, t o  insure I t s  capabi l i t i e s  over rough and 
difficult terrain  conditions.  T b s e  samplers were a190 d e s i o e d  f o r  
positioning at various l e v e l s  above p m d  f o r  o p e r a t i o n  over d i f f erent  
condit ions of terrain.  
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5.1 -.-_ DISCUSSION 

5.1.1 Surfece Shot 

For the surface s b t ,  there was no s e t  p a t t e r n  followed 
f o r  taking samples due t o  the gesancn  of various obs tec les  such as 
s t e e l  a-pikes at  various s t a t i o n s ,  foxholes and vehic les  d i s t r i b u t e d  
about the c r a t e r  area.  The weasels were d i r ec t ed  s t r a i g h t  t o  the l i p  
during the f i r s t  run at which point e ight  shal lox s a g l e a  and one core  
sample were obtained. Due t o  the i r r e g u l a r i t y  of t e r r a i n  at the  
a h d l o w  sanpl ing poin t ,  depression beneath a saa2l ing ars would re- 
sult in ndssing a ssnple elthough the micro-sdtch f e e l e r  attachnnllt 
i s  properly se t .  Due t o  a l aye r  of cal iche beneath the surface, the 
depth of a core s a q l e  obtainable was l imi ted  t o  a p p r o x i m t d y  1% f t .  
During the second n m  f i v e  s h a l l o w  sam>les were tdren at the in s ide  
edge of  the  c r a t e r  l i p .  d d d i t i o n d  samFles were not obtained because 
o f  the weakened signal received with the weasel on the  i n s i d e  edge o f  
the  c r a t e r  li?. Using t b  r a d i o  t r a z s d t t i n g  a t e n n a e  a t o p  the tower 
enabled the weasel t o  be backed out o f  this posi t ion but  no f u r t h e r  
aha l low sam_jles were taken. During this pkase of the  operat ion the 
pLle dr iv ing  rcechaism on the coring weasel w a s  rendered inoperaKve 
due t o  a ldnk in the h a m r  cable which caused the cable to wrap 
around the h a m r  arm thereby leading to f a i l u r e  of  the cor ing  equip- 
mant. a 

The radiological  te le l re ter ing equipnent used incorporated 
a modified ~ / P D R T l B  with a nax3m.m range o f  500 r/hr. 
WE inadequate in obta in ing  readings in the  l i p  and c r a t e r  a r e a  inas- 
much as  the equipmsnt went o f f  scale ind ica t ing  r a t e s  in excess o f  500 
r / h .  In addi t ion  readlngs obtained were considered un re l i ab le  due t o  
excessive drift and rf interference.  
on subsequent shots lras thereby indicated.  

T h i s  range 

T h e  need fo r  an improved probe 

An ana lys i s  of  a l l  data obtained f rom the sam2les collec- 
ted appears in the P m j e c t  2 . b  f i n a l  report .  
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5.1.2 Underbound Shot 

For the underground shot ,  a s ing le  shallow sampling 
weasel was d i r e c t e d  t o  the  l i p  from which point  seven samples were 
obtained and the weasel d i rec ted  back to the sample unloading point. 
Thiia rdnimized the senole recovery t i rm which was of prticular in-  
t e r e s t  since inforna t ion  wae desired on decay of the s a q l e s  of  resid- 
ual contamination at the e a r l i e s t  gossible  t i m e .  
samples, i n  l ead  containers ,  were ready for del ivery to  the  s i te  
labora tor ies .  In order to  u i o i d z e  the sarnlile recoverg. t i m e  i t  wae 
necessary to  avoid the delsy and d a g e r  of breadown involved i n  etop- 
ping the weasels (changing gears, checking, etc.)  t b r e f o r e ,  no readinge 
were taken a f t e r  t h e i r  e x i t  f r o m  the l i p  area. lxuiag the second run 
the shallow samplers could n o t  be actuated because of an inoperat ive re- 
l a y  in the r ad io  receiver  on the weasel. Due to the f i n e l y  pulver ized 
and dry texture  of the e a r t h  a t  the l i p ,  although the coring tube w a s  
r ap id ly  dr iven 4 ft .  down, u p n  ex t rac t ion  of the tube only  14 ft .  of 
core sample remined.  
t i on  of ground contamination i n  the l i p  and c r a t e r  a r e a ,  a zn t t e rn  of  
~ h a l 1 0 ~  sanrples was followed on the t h i r d  and final run. Ten sampling 
e c o o p  were ac t iva t ed  a t  a ,upox tmte ly  f i f t y - foo t  i n t e r v a l s  along the 
upvind s ide  o f  the l i p  and the vezsel re turned vi t h  seven sha l low 
s&x@es, inc luding  a sizeable mck w h i c h  has considered valuable  f o r  
obtaining data on neutrun-induced a c t i v i t i e s .  

A t  H { 2 h 10 m the  

I n  order to  obtain som da ta  as t o  the d i s t r ibu -  

During t’he t e s t  operations f o r  this shot  a d i f f e r e n t  probe 
d t h  a logari thndc sca l e  going to 5,000 r/hr w a s  used. Readings obtained 
at l o v  l e v e l  r ad ia t ion  Coints ind ica ted  q u a t i t a t i v e  agreement with other  
inat-nts. However, radiation r a t e s  i n  the l i p  and c r a t e r  a r e a  ex- 
oeeded 5,000 r/hr m that no absolute reading m s  obtained. rhree film 
badgea placed on the weasel d i n g  the f irst  r u n  received a t o t a l  
&sage of 1925 r which ind ica t e s  a rad ia t ion  r a t e  i n  the order of 5,000 
r/hr a t  the t i m e  the telemeteringcequipnent ind ica ted  a reading i n  ex- 
cess o f  5.000 r/hr. An analysis o f  all data obtaioed fmm the sem7les 
co l l ec t ed  ap_aears in the Project  2 . 6 ~  f i n a l  report. 

A 

5.1.3 I n s t w o t a t i o n  

T h e  telemeter and the f i l m  bedges on each of the weasels 
vere loca t ed  a p p r o f i m t e l y  three f e e t  above the ground t o  o f f e r  m i n i m  
sh ie ld ing  condi t ions and to abso_rb the l e a s t  e m o u t  of  s ca t t e r ed  radia- 
t i o n  fmrn the weasel. 

‘The d n i m  r e l i a n i l i t y  f i g u r e  o f  the r a t e s  a t  the c r a t e r  
f d l a  vithin2-208p of the t rue  r a t e s ,  with each e s t i n s t e  b r i n g  the same 
degree of r e l i a b i l i t y .  
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5.2 CONCIJJSL OUS 

The main object iTes of ths p ro jec t  were successfully at ta ined.  
The =tho& of using television-&.idea, remotely-controlled weasels to  
perform and view sam>ling operaiions i n  a h ighly  contaminated a rea  as 
v e l l  as t o  t e l e r e t e r  radiation r a t e  data has proved to be p r a c t i c d .  
Additional developnent an4 imyovemnt  i s  required on a l l  ins t rvnentar  
t ion.  These new techniques u t i l i z e d  ene3led r z? id  acquireLlent of bo th  
r a f i o l o & d  r a t e  i n f o r r a t i o n  and s m p l e s  f o r  e a r l y  analysis .  From 
experience gafned &r€nE; C p r r a t i o n  JAXIZ various i q r o v e u 3 n t s  in the 
cur ren t  eq r r tpen t  czn be -de. I t  w-s conclu6ed that skields wuld not 
be  necessary f o r  a m c l e  r c o v d  f o r  nominal s i zed  surface o r  undsrgmund 
a t o ~ c  de tonat  ions. 

, 5.3 REcO:~I:.FXTATIOW 

U t i l i z i n g  e x s r i a n c e  gatnad d u r h g  O F r a t i o n  JA?qGLE var ious 
r e c o m n d a t i o n s  as to improveEnt of  eqa igmnt  and o?erations a r e  made. 
I t  would be des i rab le  to conduct B t e s t  without the presence of the 
var ious  obs tac les  encountered in the li_n a r e 3  such t b t  i t  w o u l d  be 
poss ib le  to  take a fu l l  p a t t e r n  o f  smrj les .  This would y i e l d  consider- 
ab le  da ta .on  the d i s t r i b u t i o n  of  g o u 5  c o n t e ! h e t i o n .  kadiologLcdl 
i n f o r a t i o n  should be t e lena tered  a t  frequent i n t e n a l s  o r  be con- 
t i n m u s l y  recording to  a f f o r i  a co r re l a t ion  bet.men r a t e  and samplilg 
data. This r a t e  data could be recorded by m ~ m s  of ins t ruren ta t ion  on 
the weasel, a8 a funct ion of  tiEe a d  loca t ion  and then la ter  recovered. 
A probe casable of operat ing up to r a t e s  considerably higher than 5,000 
rlhr i s  & s o  desireble.  

I 
I 

I 
I 
I 

Various ref inexents  and improveaents in the ins t rumnta t ion  a re  
The remmoended for considers t ion i n  the light of  exparience gained. 

renote  f i n c t i o n  cof i tml  r e l a y s  i q t h e  rad io  rece ivers  vh ichwere  n o t  
d e s i s e d  f o r  f i e l d  u s e  and caused'  c c ~ d o n a l  e r r a t i c  rece iver  response 

l o w  sampling scoo? se l ec to r  should be redesigned f o r  more uniform tim 
i n t e r r d l s  betwaen p~.Lses. The t e l e ~ i s i o n  system sholrld incorporate  
larger rece ive r s  as v e l l  aa improved TV c a m r a  shock nnunts to reduce 
vibrat ion.  

i 
S h O d d  be re2laced by mgged h e r m d c a l l y  e -  sealed snap relays.  The shal- 

Certain f e a t u r e s  of the shallox saolpling e q u i p e n t  should be in- 
proved. The overload r e l a y  operat ion should be more c e r t a i n  and design 
changes should insure a sample co i l ec t ion  a l t h o u &  a depression may ex- 
i s t  directly beneath the  s h a l l o w  sampling scoop ann. More extenaive 
ewes on t he  dee? e a r t h  sampler a r e  indicated to insure t h t  when the 
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coring tube i s  M v e n  down to  i t s  full depth. a representat ive sample 
is obtained upon tube w i t h d r a w a l .  A more rapid sF tem less suscep- 
t i b l e  t o  failure t h  the l?amner-&iven p i l e  should be contemplated. 
USO, depth gage f e e l e r s  sbould be nodif ied to prevent entanglement 
o r  daw i n  rough te r ra in .  

Changes should be rmde on the weasel i t s e l f .  Recornendation is 
made t b t  an autopat ic  t r a o s d s s i o n  be incorporated provid ing  a wider 
smooth v a r i a t i o n  of  speeds. This  w i l l  insure more rapid o p r a t i o n  and 
vlll eliminate the po8Sib i l i ty  of f a i l u r e  o f  the c lu tch  $ear s h i f t i n g  
motor. A change in the e l e c t r i c a l  ~ y s t a r n  w i l l  impmve the TV trans- 
miasion c h a r a c t e r i s t i c s  and avoid b a t t e r y  discharge thereby elimina- 
t i n g  tbe necessitp f o r  rac ing  the  weasel engine ,while performing 
statioaary fanctiona. 

I t  i s  mnaidered tha t  a "weasel" incorporat ing the foregoing 
r e c o m n d a t i o n a  m i l l  be c a p b l e  of p r f o m i n g  G a @ y  required samgling 

1 operat ions ovar d i f f i c u l t  t e r r a i n  on f u t u r e  uea2ons t e s t s .  
! 
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