
OPERATION JANGLE 

Radiochemical Measur e men ts 

and Sampling Techniques 

Armed Forces Special Weapons Project 

Washington, D.C. 

18 June 1952 

Nevada Proving Grounds 

October-November 1951 

NOTICE 

This is an extract of WT-373, Operation JANGLE 
“Radiochemical Measurements and Sampling Teihniques,” 
which remains classified Confidential as of this date. 

Extract version prepared for: 

Director 

DEFENSE NUCLEAR AGENCY 

Washington, D.C. 20305 

1 October 1979 

WT-373 (EX) 

EXTRACTED VERSION 

0 
z 
9 
4 

w 
Po 
CD 
w 
0 

HRE-0806 



1. nEromi YUI~L~ 

WT-373 (EX) 

m. CEII~O~UI*COllC."II.TIO" *.YE 1HO .DDIIEIl 

Armed Forces Special Weapons Project 
Washington, D. C. 

11. CO*?"OLLI*G OfflCE YIYE &YO AODI1LSS 

2. COVT ACCLISIOM MI 

IS. OIITRIBUltO* STATEYEMT (el rhl. R-porrl 

Approved for public release; unlimited distribution. 

8. IYPPLEIEMTARV NOTES 

This report has had the classified information removed and has been republished in 
unclassified form for public release. This work was performed by the General Electric 
Company-TEMPO under contract DNA001-78-C-0455 with the close cooperation of the Class- 
ification Management Division of the Defense Nuclear Agency. 

Operation JANGLE Gross Beta Decay 
Nuclear Atmospheric Test Chemical Characteristics 
Desert Rock Radiochemical Analysis 
Residual Radioactivity Neptumi um 
Gross Gama Decay 

s. IEI .OI4OS fC.nl.n". 0" ,.*...e .ld. ,I".? .... '* -.d b" h,c.Ck "Mb.,, 

0 ACSTIIACT (C-llnu. m r...i.. .id. lr "-c-..-ry snd Idrniily by block nuns.,) 

Chemical anal ses of surface soil samples 
and high-air filter samples show definitely that the compositlon of residual fission 
products varies greatly with the place and mode of sampling. 

fallout samples ground air filter samples. 

This Is a consolidation of material in WT-386, Nature and Distribution of Residual 
Contamination I; -UT-397, Nature and Distribution: of Residual Contamination 11; UT-363, 
Retrievable Missiles for Remote Ground Sampling; and WT-334, Remotely Controlled 
Sampling Techniques. 

D ., ::z',, 1473 TOITION or I YOV 5s BS oesmEiE Unclassified 



1 

I 

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 soil samples, fall-out samples, 
ground air filter samples, and hi&-air filter samples show definitely 
that the composition of residual fission products varies greatly with 
the place and mode of sampling. Strontiumes and barium14 were found 
to fractionate much more than molydenumgg, zirconiumg6 and 

Gross beta decay curves on surface soil samples are much different 
h.an those reported on other operations. 
OB due to the formation of a relatively large mount of neptumiumZ3'. 
Between fifteen and three hundred hours after the surface shot the bta 
contribution of neptunium was greater than that of the fission products. 

This has been interpreted 

I 
c Measurements of gamma decay also shou the effect of neptm' ' lum. 

"he difference in the observations made with a Gbi tube and an Ionization 
chamber indicate the hportance of selecting the proper meamring 
technique. 

hction of time have been made. 
and abundance of "effective beta and gamma energies" uhich describe 
the observed data. 

Analyses of lead and aluminum absorption CUTMS taken as a 
These indicate the change in energy 

An estimation of the contribution of induced activity to total 
.CtiVity indicates that the contribution of the induced activity is 
Rlatively man. 

Experiments on weathering with simuleted rain-fall are described. 
neY indicate little transport of residual activity. 

in Appendix B. 
The airborne radioactivity at the Nevada Test Site is discussed 

- xi - 



INTRCfiUCTION 

1.1 HISMRICAL 

The nature of the residual contamination after an atomic explosion 
has been found to vary considerably with the physical nature of the test 
&9 well as with the nuclear components of the weapon. Measurements made 
On material from the Ahnagordo crater exhibited a decay which fell off 
according to a law. At Bikini, measurenents indicated that most 
of the residual contanination following the air burst was due to neutron- 
induced activity in the sodium of the sea water. 
explosion at Bikini most of the activity resulted frm fission products 
and the &cay rate followed a t”.’ law. 

In the under water 

The general observations above were supplemented and expanded by 
Specific stud? made at Eniwetok in 1948. The residual activity from 

tower shots there exhibited still another picture. 
consisted of various mixtures of fission products, NaZ4 and probably 
sane uniaentified activity. The best fit for an equation describhg 

‘ the fission product decay for “X-ray shot” was obtained with t”*“. 
fn all three shots residual activity obtained fran the ground and from 
the air via drone aircraft e~ibited different gross decay characterc 
Istics. Measurements made on soil samples taken at various distances 
f?m ground zero at depths of 2 inches and Li inches showed considerakile 
activity. 
Pure fission products. 

The above study suggested three interesting possibilities, all of 
Practical importance; (1) the presence of an unidentified activity, (2) 
the pcssibility of transport of fission products into the ground by 
Pain and (3) the possibility of fractionation of the fission products. 
me latter is probably the most far reaching in its significance. The 
interpretation of weapon-performance data and long range detection 
data will be greatly affected if the composition of fission products 

time, and place of sampling as bell as upon weapon efficieng and 
the nudear components of the weapon. 

The residual activity 

The subsurface activity exhibited the properties of almost 

found to vary from sample to sample and to be dependent upon mode, 

H.I. Mdrews and R.E. hrphy, “Residual Contaninstion in the 
Craters: Operation Sandstone“ (Janu.lry 1949). Restricted data. 
R.Y. Spence, “Radiocheqical Results for Operation Ranger”, LA-1242, 
April 1, 1951. Circulation limited. 

2* 
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1.2 OBJECTIVES 

lbis investigation was undertaken for four reasons: 

1. 

2. 

3. 

L. 

To secure information of theoretical and 
phenomenological interest along the lines 
discussed in the Historical Section above. 

To evaluate the nature and characteristics of the 
radiation hazard and thus provide information for 
an estimation of the length of time a given area 
might be denied to troops. 

To determine the chemical nature of the residual 
activity as en ald to the selection of the 
proper decontamination process if decmtamination 
is desirable. 

To study the effect of weathering upon the 
distribution of residual activity. 

Specifically, the objectives were to detemine: 

1. The chemical composition of surface CmItaXdMtiOII 

as a fmction of distance from ground zero. 

2. lhe chemical composition as a hction of depth in 
the crater lip. 

"ne chemical composition of air-filter samples. 

The chemical canposition of air samples aa a 
function of particle size. 

me goss beta and gamma decay of surface samples. 

The gross beta and gama effective energies as 
a function of the. 

3. 

&. 

5. 

6. 

7. The go33 beta and gamma specific activities. 

8. The contribution of induced activities. 

9. The effect of raidall upon the distribution 
of residual activity. 

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

Soil samples from the surface of the crakr lip were secured by 
Each sample consisted 

Wherever possible the location of each scoop was de- 

Project 2.6a uith remotely controlled weasels. 

af about two cubic inches of soil scooped from the upper two inches of 
the crater lip. 
termined by triangulation from the weasel control towars located 
approdmately apart. 

the desire for early samples and the possibility of mechanical failure 
Of the weasels in the loose soil of the lip, the first group of SCOOPS 
for each shot was taken from a single location. 

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

While attempting to get a pattern of samples from the surface of 
crater lip of the surface burst, the second ueasel was accidentally 

directed over the crest of the lip onto a ledge. 
further mishap with this weasel, the pattern was neaectzd and dl1 
8COOpS yere filled from that portion of the inner surface Of the lip. 

A pattern of samples from the lip of the crater from the under- 

In order to avoid 

mound burst was taken on D + 1 day. 

Samples at various depths within the loose fall-out comprising 
Crater lips were also obtained by Project 2.6a using weasels. 

Because of mechanicd difficulties and the nahre of the crater lip, 
WY One core was obtained for each burst. 

%ject 2.6a "Remotely Controlled Sampling Techniques". 
For details on surface and core sampling see the report of 

SO11 samples for each shot were obtained by retrievable rockets. 
One sample was obtained from the crater of the surface burst and 
on D + 3 days after considerable' rain. Four samples were re- 

triewd from the crater of the underground burst on D + 2 days. 

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

% Chemicdl Center. 

For details on the retrievable rockets see the report of boject 

Ground air filter samples were supplied by project 2.5a from the 

-3- ' 
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corps ~ype or npolyfibern filter papers. Air uas dram 

tbss filters at P rata of four cubic feet per mirmte for me 
For detail9 Of the smplhg see the report of 

hm #tprt,i,.,g at to. 
Project 2.~, nmbm particle Stadiea". 
-fa- burst - such that only one usable filter aample was secured. 
mee wes rere obtained from the underground burst. 

Force Office of Atadc WerW 
craft near the cloud at appro-*a 
md ov8r 10,OOO feet. 

The fal.l-out pattern for the 

EO,, md ugh altitude sir f lter sariples were supplied by Air 
L 'Ihese were obtaimd by air- &-- ly Fi + 1 hour at altitudes of 1,003 

Samples for the study of actLrity aa a function d particle size 

MFB secured by hoject 2.58 with cascade impactors. 
of 12.5' liters per minute vas drawn throu& a series of five jets with 
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 the largest orifice collected the largest partidles, the 
h.Pe behind the next lamest orifice collected the next lamst uartic3esI 

Air at the rate 

The impactors were run for five 

see report of PI0 ject 2.5 nAirbrne 
The impactors were started when an ioniaatim chemhr indicatad 

The air stream from each jet impinged upon the sticky 

4 molecular filter-served as a sixth stas to cdlect'lthe e*ndY- 
fine particles. 

Pebble samples far induced activity study were selected frm the 
surface samples wd core samples. Pebbles btxeen 6 end 12 NE in 

&meter uere mlected and only a few taken so as not ta materially 
mneme. the gross activity of the originel sample. 

NaW Radi0loglce.l Defense Laboratory working cn Project 2.5a. 
Collected in &hsllm metal treys one square foot in area wbich had 

been placed down- prior to the shot. 

uncoPamd the tray just 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 sectim 2.h. 

2*2 SNU PREPARATION 

Soil samples from the surface of the crakr lip, from the core 
*we5 Of the crater lip, wd frm retrievable rockets were made 
hmoimeous before division for separate simultaneous measurements. 

Each smple waB ground to between 53 and 100 mesh in a disc 
pdlmriZer, placed in a bottle and mixed before behg divided into I 

I -4- 
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diquats. Between the grinding of each sample, the disc pulverizer was 
"washed11 with three grindings of Clem soil, openeci and blom frse of 
adhering dust with conpressed air. It is realized that such a cleaning 
procedure does not produce a rigorously clean pulverizer, but the mount 
of activity carried into the next smple is believed to be negligible. 

Pebble samples were colored with a red crayon and sand blaswd 
until all visible color was rernov2,i. It was hoped that this would remove 
all adhering fission products ad provide a szple which contained Only 
induced activity. 
approldmately 8 mesh, transferred to a mullite mortar, and ground to 
appro*ately 100 mesh. Between griiidings the mortars were '#washed" 
dth two grindings of dean soil, blown free of dust with canpressed air, 
and wiped with damp cleaning tissues. 

The pebbles were then crushed in an iron mortar to 

Air filter sanples were returned to NIH for chemical analyses 
dthout further preparation. 

Cascade impactor samples were covered with a layer of scotch tape 
and returned to NM without additional preparation. 

A detailed description of all samples studied are listed in 
merical order in section 3.1.1. 

2.3 CHMICAI; HEASWENTS 

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

'he chemical symbols Mo, Ag, Ba, Sr, Zr, Ce, and Fe dl in this 

and FeS9 and not to the natural occuring element. 
refer to the specific isotopes F!oY9, A?", Sres8 Zres, 

2.3.1 Fission Products 

Of tne eight or nine fission products which have half 
lies, yields, and decay schemes of a nature which would allow their use 
ia investigation, six were selected for study. 

lack Of time and personnel, and the belief that their inclusion would 

have contributed little to the investigation. 

the 'elative ease with which they could be determined, their high 
rission yields (with the exception of Ag), and the characteristics Of 
the 
cb was of particular importance since it was felt that this would be 

'lare factor in fractionation. 

These were Mo, Ag, 

Sr, Zr, and Ce. The inclusion of other isotopes was prohibited b' 

lhese isotopes were selected because of their half lives, : 

chains to which they belong. The nature of the fission 

. The fission chains of the selected 

'! -5. 
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s are listed in Table 2.1. 
i60wp 

Ho is of particular importace because of its previous use 
in debmination of bomb efficiency and because it is the first member 
of its fission chain. Sr and Ba are of particulw interest for two 

reasons. They have relatively long lived gaseous precursors which may 
contrib,~te much to fractioriation. Biologically they are of particular 

FmP 
ingested* 

=tmce because of their known ter.dency to concentrate in bone if 

2.3.2 Induced Activitx 

The only induced activity separated and measured chemical- 

ly 

to attempt to establish a chemical laboratory at the test site. 
tion of Ca'6 at D + 9 days gave activities so low as to be useless in 
any extrapolation. 

2.b PHYSICAL MWSURET1ENTS 

Fe. The short half lives of the isotopes of Si, Al, Mn, Nay and 
made the determination at NIH impractical and it was not felt advisable 

Separa- 

a1 counting done at the test site was performed in a building a 
considerable distance from the one in which the samples and planchets 

This isolation of tlr counting equipnent decreased con- 
tamination and resulted in a background which, in the conventional lead 
pig, varied between 25 and LO counts per minute. 

routine check of background shoh-ed values higher than this, decontwr- 
ination successfully lowered it to this region. 
rate meter was ~un continuously as a guard apainst hi@ backgrounds 
from sources which mi@ have been brought into the area by other 
investigators. 

3/L inch in diameter. 
the soil in each planchet was finnly secured with a minute amount of 
hco 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 

All sanples were mounted in alminum planchets either 1 inch or 
In order to prevent movement or loss of sample, 

This vas accomplished by dampening each sample with a few 
@I evaporation 

All measurements of countin:: rates on soil samples were made with 
end-vindow c14 tubes having a window thickness of less than 2 mg/cma. 
u1 measurements, with the exception of Re aluminum absorption curves, 

made in conventional lead pig having a 1.5 inch lead wall and an 
*minun lining. It was equipped with the common lucite shelf holder 
vhich Provided windosr-to-sample distances, in our case, of approximately 
O", 2*o, 3.6, S.&, 6.8, and 7.6 an. 



I 

PROJECT 2.60-1 

Ihe absolute counting efficiencies of the equipent used at the 
test si* mre 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 efficiencies were adjusted to more closely 
correspond to the effective beta energies being measured. The calcula- 
ticns are discussed in the results, section 3.3.6. 

The basic efficien- 

After the analysis of the aluminum absorption 

!he determination of the absolute counting efficiencies of the 

equipnent used at the NIH laboratory is discussed in Appendix A. 

2.h.1 Gross Beta Decay 

Measurements of the gross beta activity as a function of 

the were begun as soon as the samples were prepared and were continued 

underground detonation, at uhich time the laboratory at the test site 
vas closed. 
70 hours after detonation and continued for appro~ately three months. 
The earb measurements were made at intervds of 30 to 60 minutes but 
as the decay rate decreased, the intervals between measurements were 
CorNSpondingly increased. 
which each counting rate was based was greater than 5,000 counts and 
in most cases greater than 10,003 counts. The individual counung rates 
me seldom above 20,000 counts per minute and never above 30,000 counts 

hl2 hours after the surface detonation and 142 hours after the 

Sfmilar measurements were begun at NIH at approximately 

With rare exceptions, the btd Count upon 

per nlnute. 

Counting rates of the order of 20,000 counts per minute 
Wre Observed far one milligram samples when the first planchets were 
Placed on the lower shelves in the pig. 

b moving the sample to shelves with higher counting efficiencies as 
the smple decayed. 
9’ Was determined for each change of each smple by successive counts 
in the two positions. 

Mysicdl geanetv. Since a howledge of the absolute counting rate is 
not required and since the application of constant correction factors 
to decay data does not change the characteristics of the decay curves, 
the data presented have only teen corrected by the empirical factors 
for changes in efficiency, and for coincidence loss and background. 

Because of the possible heterogeneity in 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 efficiently measured was increased 

A factor measuring the change in Counting efficien- 

The ratio of these bo counts provided a 
for the change in air absorption as well as the Change in 

-8- 



PRCJSCT 2.6~-1 

2.&.2 Gros: k-ma Deca;! with GC mtes 

Measuresents of the gross eamma disintefl2tion rate as a 
function of time were obtained in essentially the sae manncr as 
described above for gross beta activity. 
efficiencies, considerably larEer samplts were used an?, of cowse, an 
absorber was necessny to remove the beta activity. 
all measurements of ganma' activity were made 55th an absorber of 1.3 
@/an' of aluminm placed on the first shelf very close to the counter 
dndou. 

having energies xomd 3.2 MeV. 

um not used in the NIH laboratory in extending the decay observa- 
tions to a 1onE;er tine. 
to remove the beta activity. 
ascussed in the results, Section 3.3.3. 

Because of lower counter 

At the test site 

lhis absorbs all the betas having maemum energies less than 
2.e Mev and transmits less than 0.1% of the very feu (Sr 91, yt92, ~106 1 

Unfortunztely, duplicate conditions 

Instead, a 3.e @n/cm' lead absorber was used 
The implications of this discrepancy are 

2.4.3 Gross Gama Decay ',;ith Ionization Chambers 

Since bioloacai hazard is more closely correlbted Kith 
concentration of ionization produced than with the flux Of incident 

photons, the gross gama decay curves obtained with C-X tubes were 
mPPlmented with measurements taken with ionization chmhers. 

An ionization chamber identic< to that used in the 
Beclanan HX6 survey meter was used. 
quivdlent except for low photcr. enerees. 
vlth a battery-powered electranetcr circuit and the output Of this 

Ihe instrument was linea- and essentially free of drift after an 

'ou~~lY measured every few hours. 

"hm&Ig the sensitivity of the recordiRg potentiometer aS the 

aPP'o~akly eleven inches. 

ma*un deflecfion was again obtained. 

This ct.amber is reasonably SF. 
The chamber was operated 

was recorded on a Brown continuous recording potentiometer. 

ko day warm-up. Any chan&e in base line due to drift WaS 

Ihe sensitivity and ranp of measurement were increased 

After the sample was in position, the sensitivity of 
i 

decayed. 
Potentimeter was adjusted for a near full scale deflection Of 

When the deflection decreased to approld- 
four inches the sensitivity was changed so that a near 

i 

A two or three pan aliquot of U.a prepzred soil sample 
to a shaUow metal tray with Duco Cement and placed about 

'b~ inches below the ionization chmber. 
absorbed with approximately one an of wood and the iron shell of the 
ioniza~Otl chamber. Srrmple wd chmber were housed in two inches Of 

The background contribution was cvlcelled by routinely 

The beta activity was 
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eatablishing a base line every feu hours by rt::oving the sample. 
samples were run simiitaneously on ti-$* ui?iirgrs,;ind bust tat no 
measurements were made on the surfice burst. 

2.b.b Effective Beta Encr@es 

Two 

-__ - -- 
The effective beta enerties of soil sL7ples as a function 

of time were determined by inalyaes of zlminum Losorption data taken 
periodically on the Bane ~lmchets. 
vith the 'Pacerlab auto.;.atic cc.wilting systm consisting of (1) SC-lB 
Autoscaler, (2) SC-SA Traceryaph Printing Intei-h%il 'Iber, (3) SGgC 
Shielded Manual Saple Chtnger and Preamplifier, (k) SUA Automatic 
Semple Changer, and (5) E-25 Alruninum Absxber Kit. 
va8 modified dth an SC-h Eagle Preset Counter and relay so that the 
total count was not limited by the scale of LO96 but was extended by 

a-iy desired factor from one to four hundred. The absorber kits con- 
tained tventy-five one inch alu1~1mm absorbers graded from 0 to 1600 
mgfan'. 

The absorption data were obtained 

The Autosca.ler 

A reprzsentztive set of absorbers is listed 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 
21 L SUI 
2 78 955 
322 1610 

Since geometry for all measurements was fixed by the 

autmatic equipnent, considerable care was necessary In preparing 
planchets. 
20,000 counts pr minute but not Qxceedhg 25,MO counts per minute 
mre desired in order to have a planchet which could be measured for 
a long time but with which the error in coincidence correction was not 
abnormally large. The rapid decay of the smples and the lare amount 
of data needed necessitated a frequent chnge in the total count upon 
khich counting rates were based. The total counts were never less than 
512, rarely less than 102b, and usually :Ob8 or more. 

Initial counting rates, with no absorber, of approxhately 

Counting rates with no absorber mre alhays determined at 
the end of an absorption curve so that the data could be corrected for 
decay during the pzriod in which the absor~tion data was taken. 

2.4.5 Effective Gama Ener,des 

?"le effective em,a tner@es of soil srmnles as a function 

- 10 - 



PRWECT 2.60-1 

?%i& 
..wz2~ priodicdly on the sane planchets. 
7”” . .- dth amventimal lead pig and a thin end-irinhow GM tube. 

‘si. .ativitp uas removed by a 1300 mg/cmY aluminum absorber which was placed 
,>+~>+ 

I”” nre nlaced on the second shelf and the planchet on the third shelf. 

were determined by analyses of lead absorption data taken 
The absorption data were obtained 

The beta 

.-~~ ae~the first shelf of a common lucite shelf holder. The lead absorbers 

of the followine, used: 

@n/rnm’ 
O.Oo0 

.225 . t6L 

.910 

thi .cknesses wre 

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

2.k.6 boss Beta Svecific Activity 

Zhe measurements of the gross beta specific activities of 
Sou eamples uere made after the sanple had decayed sufficiently to 
pdt the counting of aliquots uei-g approldmately ten mllligrws. 
The80 Pliquots could be wei&ed accurately and were of sufficient size 
tUb. fairly representative of the whole smple. 
cosas,measurements were made on five or six aliquots in order to furtker 
decrease the effect of heterogeneity in the sample. The use of larger 
rliquoto was undesirable because of the increased difficulty of making 
mlS-abuorption corrections. 

However, in most 

*. 2.&.7 ~OSS Gma Swcific Activity 

No information was obtained on the gamma specific activity. 
lb rlw Oi gama measurements being made by other projects, the investi- 
g.tore gave this deternination low priority and neglected it in favor 
Ot the other objectives. 

2.b.8 Beta Activity of Air F’ ilter Samples 

Beta activity of air filter samples were measured for 
bject 2.58 with a Nuclear Measurement Corp. Proportional Counter 
KoCaal W-1. 
Chsb.r Ut to accomnodate 5 3/8 inches square filter papers. 
mtar paper was inserted into a cylindrical metal cup which served as 
tha counting chamber and the chamber fastened sc that the paper surround- 
ad the central anode wire. 
&contamination. 

This counter was equipped with a special cylindrical 
The 

Zhe chamber could be easily disassembled for 

A limited mount of beta decay data was obtained on sane 
owlea frcan tb undermound burst. 

.” & 

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

The effect of rainfall upon the distribution of fall-aut was 
studied by making chemical. anaiyses of samples taken before and after a 
"simulated rain" and by leaching experiments with distilled water upon 
a sample of surface soil. 

A slow steady rain was simulated by bo lam sprinklers supplied 
by 8 tank truck equipped with a centrifugal pump. 
sprinklers were adjusted so that they covered an area of approximately 

square feetwith an almost vertical spray of rain-like drops. 
Before the shot it was necessary to completely clear the area of 
vegetation so that the sagebrush would not interfer with the sprinkler 
pattern and so that additional fall-out muld not be washed onto the 
ground. The mount and distribution of rainfall was measured with a 
pattern of funnel-topped graduates placed throughout the area. Trial 
mn8 shoved that two inches of "rain" could be delivered to the area in 
two hours without surface run-off and that this penetrated the earth 
to a depth of 8 or 9 inches. Five hours after sprinkling, the plot Wa5 

dxy enough to be sampled. 
obtain samples at various depths was to scrape soil from the near 
vertical wall of a hole dug with an ordinary spade. 
of 518 inch steel tubing would not work in the cmpact, rocky soil. 

The oscillating 

Trial tests showed that the best way to 

Small corers made 

Prior to the underground burst, a pattern of possible test areas 
were clearea in the north-east quadrant from ground zero. The actual 
test plot was selected from these on the basis of accessibility, and 
the fdl-out pattern. 
of ground zero. 

It was located approximately 6000 feet due north 

The eqeriment was carried out on D + 3 days. This date was a 
compromise between these conflicting requirements: 

1. The desire to work in an area with as much fcl-out 
as possible in order to'get sufficient activity for 

The necessity of early sarpling before the bepletion 
o,E the short-lived Mo, Ap, and Ba: and 
Ihe necessity of protecting personnel from over- 
exposure to radiation. 

analysis: 

2. 

3. 

The following "pre-rain" samples were taken: 

32-V-W. The top l/k inch of soil taken at randcm from 
10 to 15 locations in the plot. 
approrimately 1000 pms. 

\!eight, 

- 12 - 
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3+'1-!.!. The top 1/h inch froi:. an arcs of 100 square 
i~ci;.:s of the surfacr. Weight, lo5 gra.ms. 
This was t&en to correlate specific 
activities with the gosc radiation field as 
measved by the mnitor accorrpanying the 
inves tigstors. 

One inch belojr siirface -- apprari-mately 5 
gram frcm each of three holes. 

Two inches belov the surface - approximately 
5 grams frm each of three holes. 

3-U-'A'. 

3%7J-I<. 

Unfortunately, in spite of a specific request b? the investigators, 
the contractor furnished a different water truck for the test than for 
the trial runs and only one inch of "rain" was delivered to the plot. 
This penetrated to a depth of six inches. 

The following "posLrain" smples were t.4:en: 

36-U-W. The top 1;b inch of soil taker> at random from 
5 to 10 locations in the plot, Weisht, 
approximately 9 pzs. 

Taken respctivaly frcm 1 inch, 2 inches, b 

sample contained approximately 5 grams from 

37-U-W 
38-U-W inches, and 6 inches below the surface. Each 
39-U-tl 
&&U-W each or' three holes. 1 

An aliquot of sample 32-U-h' and all of the other samples were 
dried and pulverized before they were returned to NlH for chemical 
pnalysis. 

The fiell tests were supplemented by leaching experiments at NIH 
On an aliquot frcm the unpulverized saxple 32-U-.A'. 
Performed in the following mamer: I 

The experiments were 

A. 108 grams of sample 3244 and 1CXX cc of wzter were 
shaken for one hour. This was allowed to settle for 
one now and a 120 cc aliquot of the supernak. 
renoved with a pipette. This was centrifuged ta 
remov;: aqy suspended matter and. the clear supernxte 
(saq?ls LiL-u-!!) an&fzcd for dissohsd activity. 

The mixture of water and sarlple was then stirred for 
an addltional eight holirs in a !.krinq blender aqd 
alloued to settl? for eleve:; hours. A 170 cc aliquot 
was removed, centrifu,Fd, and anilyzed (sample &-U-!*!). 

9. 

- 13 - 
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.CHAPTER 3 

RESULTS 

3.1 WERAL 

The results of this investigation are presented wherever possible 
In the form of graphs and tables. Recause of the small size of the 
graph8 in this fcmat, the authors have often felt that althou& the 
graph vas necessary to present the general picture, it did not present 
the data in sufficient detail for its mdun use. For this reascn, a 
graph ia often accapanied by a table giving detailed data frm which a 
lmge scale drawing may be prepared. 

Since in decay and absorptim arms it is the shape of the cur- 
and not the magnitude of.its ordinate which is of interest, the observed 
counting rates for such curves have usually been adjustkd by the use of 
constant multipliers. 
presentation of the maximum amount of data on a glven graph. 
the reader should not draw conclusions regarding relative specific 
activities, etc., from tu0 or more curves. 

3.1.1 Description of Samples 

Such normalization made possible the most lucid 
Eowever, 

A detailed description of each sample studied is given in 
In addition to an identifying ninber each 

Thus the first code letter Wt or "Urn 

the numerical listing below. 
sample has teen aven a few simple code letters which briefly describe 
its principle characteristics. 
tells whether the swple was taken after the surface or underground 
burst. The second group of code letters give the general nature of 
the sample: 

3 
S - Scoop samples from the surface of the crater lip 

R 0 Rocket saxples from the crater 

P - Pebble sample 

C = Core sanple from the crater lip 

P - Fall-out smple 

W - Sample taken in connection with the weathering study 

CA - Ground air filter sample 

- 14 - 
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LA = Low altitude air filter saple 

HA - High altitude air filter smple 

CI - Cascade impactor sample 

Where the saiple was supplied by another project wd yas 
accompanied by an identifying number, that nmber is given in the text 
of the description. Similarly, original National Institutes of Health 
mbers are giwn for those samples from which aliquots were given to 
other projects for cross-checks. 

144 

2-ss 

- 
ll-3-s 

SR 

6s-P 

7-S-P 

8-S-P 

9s-c 

10-s-c 

11s-c 

1.244 

Canposite of five scoop saqples fron south face of 
lip of crater frm surface burst. See Figure 3.1. 
Taken at appro.dmately H + 3 hours. 
No. 1. 

Canposite of six scoop samples fmm her face of 
crater lip from surface burst. 
Taken at approximately H + 6 hours. Original NIH 
No. 5. 

Soil from platform on weasel. Taken from somewhere 
on south face of crakr lip at H + 3 hours. 

Fused glass beads taken from sample No. 24-3. 
green in color. Original NIX No. 11. 

From crater of surface burst. Obtained cn D + 2 
days with retrievable rocket. 
siderable rain before taken. 

Selected pebbles from ?Io. 13-S. 

Pebbles selected from 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; 12 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 ample No. 143 at 
approldmately H + & hours) 2b inches from top of core. 

Original NIH 

See Figure 3.1. 

Dark 

Exposed to con- 

> 

- 16 - 
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----I 
B 

I 

\I-s-s 

A 

4 

Fi_Fire 3.1. Locatim of Surface Sa-n?lz-F on Crater of Surface niirst 

- 16 - 



N 

0 

14 

0 P8 
15 Q P7 

16 

P9 

0 

20 

Ir ” 4 100 Ft. 

t 

0 

14 

0 P8 
15 Q P7 

16 

P9 

0 

20 

Ir ” 4 100 Ft. 

%%re 3.2. Location of Surface Scoop Samples on Crater Lip of Under- 
ground hrst 



1>US Composite of seven scoops from south face of ,crater 
Taken at approximately lip from underground burst. 

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

I&-US 
l$US Individual scoop sanples fran south face of crater 
l6U-S lip from underground shot. See Figure 3.2. Taken 
17-US at 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 

31-7~~ 

32-U-VI 
33-V-W Smples taken in connection with study on 
34-V-!J effect of weathering. See section 2.h. 
354-7.i 
3LU-v J - 16 - 

Composite of four samples taken by retrievable 
rocket on D + 2 days. Sample mostly shattered 
rock. 

Pebbles from Sample No. 12-U-S 

Pebbles from sanple No. 27-V-C. 

Pebbles from sample No. 25-'J-C. 

From core taken near smple Xo. 13U-S at 
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 north of.%gi-ound zero. 

Fall-out tray; NWL No. 17-;?E-5; 2000 yards 
northeast of qound zero. 

Fall-out tray; YRnL No. M-C-2; 300 yards 
east, 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 section 2.b. 
W-U-W 
k2-U-V 

Sanples taken in connection with stu+ on effect of 

No. S-15 AJ. 
First sheet in pack of filter paper; Chenical 

3000 feet nortkAeast of ground zero. 

COT. Type VI. 

1 
&>%GI Ground air filter saiple from surfacs burst; ACC 

hh-S-LA&w -tude air filter smple from surface burst; 
bo. J1-I-1A. Close-in; appro~ately 1000 

m-K$proldmately H + 1 hour. 

itude air filter sample from surface burst; 
h5-s-HA Hib3 No. J1-I-16A. Close-in; above 10,000 feet 

h6-U-G4 Ground air filter smple from underground burst; 

%f?approxhately H + 1 hour. 

ACC No. U-llb Al. 
First sheet of filter paper in pack; of "polyfiberR 
filter paper. 

4000 feet north of ground zero. 

h7-U-GA Ground air filter sa-nple from underground burst; 
ACC No. U-11b A2. 
in pack used in No. b6-U-GA. 

Second sheet of filter paper 

h&U-G4 Ground air filter sample fran underground burst; 
ACC No. U-llbiil. Duplicate of b&IJ-CA. 

&9-U-CA Ground air filter smple from underground burst; 

~U-CA rcounci air filter s'mple fran underground burst. 
ACC No. U-115 Al. 3000 feet northeast of ground 
zero. First sheet in pack of "polyfiber" filter 

Paper. 

ACC NO. U-llk Ax2. Duplicate of b7-U-CA. .. 

a-U-CA Ground air filter sample from underground burst. 
ACC No. U-11s A,1. Duplicate of No. ~-U-cr\. 

SZ-U-Um dtitude air filter sample from underground burstj 
No. J2-I-2A close-in, approximately 1000 feet 

-&nately I! + 1 hour. 

- 19 - 
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53-U-% High altitude aFr filter smple from underground 
No. J2-I-1lA dose-in, above 10,COO 

- 
burst; 1 
feet at aypIP22irnately H + 1 hour. 

Cascade impactor smple firm surface hirst; ACC 
No. SL; 20,900 feet from ground zero on north 
northeast line. 

Cascade impactor smple frm surface burst; ACC 
No. 36; hW0 feet from groiind zero on north line. 

Cascade impactor sample from surface burstj ACC 
No. SV; ha30 feet from groimd zero on north line. 

Three moleciiiar filters used as final stass in 
samples No. s, No. 55 and No. 56. 

Cascade impactor sanple from underground burst; 
ACC No. WL; 20,COO feet from ground zero cm 
northeast line. 

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

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

Three molecular fllters used as final stages In 
samples No. 50, No. 59 and No. 60. 

L 

Sb-S-CI 

55SCI 

s&S-CI 

57-U-CI 

58-ll-CI 

5’9-U-CI 

&IJ-CI 

61-U-CI 

3.1.2 Reliabilitx of Data 

The reliability of all the data is, of course, not the 
ame. Where the data does not byAts nature or self cmslstency prodds 
the rcader with a measure of reliability, the authors have attempted ta 
do so. 

?he spread of reliabilities is very lar5 in the data on 
chemical analysis presented Fn the accompanying tables. Sme values am 
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 deviations of 5%. 
of two or three values with counting rates tu0 or three counts per 
minute above background md with average deviations of 200-P0%. 

Others are single values or the averags 

The assigrment of a probable error to each detenination 
wuuld have been laborious and in many cases without meaning. mere- - 20 - 
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fore, four general categories of reliability have b-~ai selected and 
each measurem?.t placed L-I one of these. The superscript in the tables 
designates the cat-:&orj ts which the given datii?, has bcen assiped. 
The characteristics of the four cate-~ries of reliability are as 
follows: 

- First Category: 
In general, a datm is based on coatin2 ra+Les of over 1,000 

Data in this g;o:ip art: reliable to better 
then 10%. 
counts per minute above background ad tbret? or nore deter.inations 
with a? average deviation of less than IC$. 

-- Second Categoq: Data in this poup are reliable to 
betueen 1% ar,d 20%. In @nerd, a datw is based on counting rates 
of over 200 counts per minute abovc bxkgromd and on at least three 
determinations with an average deviation of less than 30%. 

Third Catqory: Data in this proup are reliable to be- 
been 20% and % In general, a datum is based on coxnting rates of 
over 9 counts per minute above hackg-ound and at least two determi- 
nations with an average deviation of less tka 9%. 

Fourth Category: Data in this goup are reliable to less 
In general, a datm is baed or. a ccunting rate 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 data, the limited 

Ihe 
WOunt of data and the broadness of the categories, a given datum 
could often haw been placed in either of two adjacent categories. 
actual placement vas often irfluenced by the investigator's t'feelll 
for the particular determination as much as by the lhited statistics. 
hever, cases of doubtful reliability have been placed in the category 
of lesser reliability. 

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

Tables 3.1 and 3.2 show the abundance of specific radio- 
active isotopes in SOEL sazples taken either from the surface of the 
@oUnd or the surface of the crater. These tables present exactly the 

data but in different units. In both, the analytical results 
have been extrapolated by exponential decay laws to "tott. 
PalueS present the relative yields of isotopes and the most ccnvenient 
%ue3 for calculating relative conposition at latcr times after the 
ccmpletion of the initial fission chains. 

These 

, 

Table 3.1 eves the catposition in atoms of isotope per pram of 

-21- ' 



PRCJLJCT 2.6~-1 

soil. Table 3.2 gives the activit;. of eact. isotopz in milliclries per 
cram of mil. Table 3.3 present5 infcrmation concemTng fractionation 
of these fission prodrcts. It cornprzs the observed abiml!znces in 
Table 3.1 with the f1ssi.n yields fro?! ami slcii neutrocs. '!he 
values of fission yields ,;sed for the cornprison were 1 

7 

L--- 

"R" Factors sjll?isar to those used by the Air Force Office of Atornic 
Fhergy (AFOATi, > have been calciilated and listed. 

.\.. 

Ynese Factors have the fol1ok"ln:: definitim: 

I 

observed abundance of x - . fissicjn yield of x 

for X/y = observed abundance of y ' fission yield of7 
(3.1) 

For Simple 1 from Table 3.1: 

3.2.2 Chemical Canposition vs Depth in Crater 

Table 3.b eves the abundance of certain radioactive 
isotopes as a function of depth in the loose soil conprising the crater 
lips. The actual depth for each samrle is in doubt. The corer was 
driven to a depth of three feet in each case, 6ut was only partially 
filled with soil. 
three foot core, or the upper part of three foot core, or a canbination 
13 not known. 
the surface of the soil in the core. 

'&ether the core obtained represented a compressed 

lhe depths indicated in the table are the depths below 

Table 3.5 presents "R" factors as a measure of fractiona- 

The core of $he underground lip was taken near 
tion as a function of depth. 
near sample 1-SS. 

The core of the surface lip was taken 

~~~~ple l>!J-S. \ 

. 3.2.3 Chemical Composition of Air Filter Samples 

/ 

Table 3.6 gives the dtmiaa..-e of certain radioactive 
The abundances are expressed in atcans isotopes in air filter samples. 

sample. No attempt has been macle to deknnine abundance or activity 
a functim of either volume of air filtered or mass of sanple. - 

C.D. Coryell and Nathan Suganran, flRadioct,emical Studies: 
Fission Products" ?ook 2, Introhctim, McCrar; Hill Pook 
Canpany, Inc., New York (199) 

The 

-14 bc~&d e+ 
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These andyses were made to determine relative composition for canpari- 
am with other samples. Table 3.7 presents the "R" factors as a measure 
of iractionation. -. 

The very mall mount of activity available on a filter 
for analysis makes the reliability of any particular value less than fm 
those reported in the previous tables for soil savples. 

3.2.4 Chemical Ccunposition g Function - of Particle 

The mount of activity on a single stage of the cascade 
impactor was ,so mall #at the values reported in Table 3.8 must be 
considered as only approhate. It is impossible to say how much of 
the fractlonatim indicated by the "R" factors in Table 3.9 is real, 
haw much is due to eqrimental error, and how much is due to the fact 
that the minute amount of material on any stage is probably not rep 
resentatiw of the whole. ?he data are given more as a guide to future 
work than for my intrinsic value it may have. 

3.2.5 Pebble Sanples 

The chemical canposition of the p=bble smples is shorn 
in Table 3.10. The presence of Mo, Ap, Ba, Sr, Zr, and Ce shows that 
the sand blasting did not conpletely remove the fission products and 
that the specific activities determined on these smples are not a 
correct measure of induced activity. 

3.3 e CHAPACTEXS~CS OF RESIDUAL wroAcTrvrn 

3.3.1 -- Gross Beta Decay of Crater & Samples 

The decay characteristics of the beta activity of the 
crater lip samples from the surface and underground burst ape similar. 
They markedly depart from the usual type of fission product &cay 
described by the expression? 

\ 

Adkt-1 s2 (3.2) 

As can be seen in Figure 3.3, describing the decay, both log-log curved 
exhibit ~1 initial slow rate of decay which steadily increases to a 
maldmwn znd then decreases again. The slopes of the plot of the data 
varies from initial values of -0.7 and -0.8 to ma~a of approldmately 
-2.3. 

Although qualitatively similar, quantitatively the decay 
curves are quite different. The type of expression which describes 
very accurately the deca-r curves of aliquots of smples from the 
surface burst will not describe similar data from the underground burst. fi - 28 - 
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3.3.2 Bet& Decay of Air Filter Samples 

A limited aniount of data on beta 2ecay of air filter 
samples from the underground burst is shown in Figure 3.7. The curves 
we numbered according to ACC nmenclature, see report of Project 2.G 
"Airborne Particle Studies" . 

3.3.3 Gross Gamma Decay of Crater Lip Samples 

Decay with f.4 Tubes: The gross gamma decay charxter- --- 
istics of crater lip samples fran the underground and surface bursts 
vere found to be different. Since no analytical expression which would 
describe the decay has been found, empirical data are presented in 
Figure 3.8 and Tables 3.13, 3.1b, and 3.15. The tables present in 
detail the aeraEe data fror which the fiwres were plotted. 

The early decay measirments uere made at the test site 
and the later measurements at the National Institutes of Sealth Kith a 
considerable time overlap. 
continuous decay curves. Different absorbers for the removd of beta 
particles were used at the two laboratories and the adjustment is not 
without criticism. 
filter of aluminum, while the later ones were made with a 3.7 gn/an' 
lead filter. 
the lead removed, in addition, approxhately bo% of the pmias. 
the gamma spectrum of the residual activity is changing with time 
(Figures 3.14 and 3.15), the decay curves obtained uith the two filters 
are not identical. 

These data have beer) adjusted to form 

The early measurements were made using a 1.3 gn/cm2 

Both filters effectively removed the beta particles, but 
Since 

41 

Fortunately, an estinab of the magnitude of the dis- 
crepancy can be made, since lead absorption curves a5 a function of 
tine were detcrmiced on the planchet5 used for obtaining the early 
decay curves. A compsrison of the decry curves obtained with 1.3 

the early portion of the decay indicates 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 for two sa~p3es fran the surface burst 
are shorn. Smple 1-S-S was from the cuter surface of the crater lip, 
and smple 2-S-S was fror the inner surface of the crater lia. Xach 
curve is the avera,F of tin or more curves ohta5ned on sepxate aliquots 

- 42 - no oq-q\&&iiaI 
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Figure 3.7. Beta Decay of Ground-Ah Filter Samples 
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%we 3.e. kiger-t’d1er Tube Eeasurenents of Gamma recav of Surface 

Soil Samples. 
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of the samples. Sample 1-S-S is probably more typical of the close-in 
fall-out, since sample 2-SS contained several very luge fused glass 
beads not found elsewhere. 

The decay characteristics of samples fra the underground 
burst were more ccnsistent than uere the decay curves from the various 
sample8 from the surface burst. Therefore, it was possible to present 
an average decay curve in Figure 3.8. 
of eleven decay curves taken on aliquots of saxples distributed over 
the crater lip. 
300 hours the curve can be described analytically by the expression 

This curve represents the average 

It will be noted that for the period frm 5 hoiu‘s to 

(3.Q A - 
Gama Decay With Ionization Chamber: The data for the - 

decay of gamma activity as measured with an ionization chamber are 
show 5x1 Figure 3.9. Both curves were obtained with aliquots of saniple 
l>US from the surface of the lip of the underground crater. 
of the decay curve measured with a GK tube is shom for comparison. 

A portion 

The difference in the bo rneasuremnts is undoubtedly 
due to the contribution of the low enerw gmas froe NpZ3’. 
efficiency of the GM tube for low energy photons resnlts in a relatively 
mall contribution to the activity as measured by a GE tube. 
versly, the relative contribution of NpZ3” to the ionization chanber 
is large. 
when, according to Figure 3.3, the relative abundance of NpZ3’ is 
beginning to decrease rapidly. 

The low 

Con- 

Note the great change in slope at around to + 100 hours 

No measurements were made an the surface burst. 

Effective Beta Ehergies & A Function -- Of The 

The gross charact&istics of the beta energies as a 

3.3.L 

functim of time have been detenkined by analysis of families of 
alminum absorption curves for the same plmchets. A typical family 
of curves on an aliquot from sample 1>U-S is shom in Figure 3.10. 
Although these curves were obtained with the same geometry, no inference 
as to gross decay should be drawn. 
that the entire group could be plotted on the sane graph. 

The data have been normalized so 

Three “effective” coaponents could be distinguished in 
Tzble 3.16 lists the characteristics each of the absorption curves. 

of the three components found for the individual curves. The energies 

- 4.9 - 



Rgure 3.9. Ionization Ckamber Measurements of Gamma neCa:r of Surface 
Soil Samples from 1Jnderpour.d Rurst 
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Ngure 3.10. Typical Fanily of AluninUm Absorption Curves for Surface 
Soil Sample 
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TABLE 3.16 

Beta Ekergies of Soil Snples 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 tinuedj 

Reta brrgies of soil 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 
129 
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) 

12 
25 
32 

I 

L.5 I 1 .I2 

1.1.2 
0.W 

2.h 0.98 

E3 

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 
17 
11 

21 
23 
18 

6 

33 
21r 
17 
12 
12 

- 

- 

- 

- 
3L 
37 
2L 
20 

23 

P 
112 
19 
22 

13 

28 
28 
26 
33 

- 

- 

- 
A2 

L& 
lil 
37 
L8 
u 

4l 
33 
31r 
30 

1rO 
27 
23 
2& 

58 

21 
19 
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 
12 
11 
22 

- 

- 

- 

- 

- 

- 

- 
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of the components were calcdated by the formulae' 

E 1.92 R0'726 for R < 0.3  on' (3.9 ) 

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

and ranges (R) obtained by a simplified Feather analysis. 
was obtained by the linear ratio of the observed value of absorbers for 
90% reduction of initial activity of the unknoun, the observed value of 
absorber for the 90% reduction of a Bi"O stanciard and the literature' 
value of li76 ng/a2 for the range of Bizlo. 

The range 

The relative abundances listed in columns 6, 7, and 8 
have been corrected for backscattering and for air and window 
absor tion. The backscattering correction was tdcen from a graph by 
Burtt E and the absorption correction was calculated by She equations' 

F - 
cI - 0.017~-1-4~ 

The trend of this data is sho'm in Fipures 3.11 and 3.12. 

( 3.11) 

(3.12) 

3.3.5 Effective Gama Energies -- AS A F unction ' -__ of Time 

The gross characteristics of the ganva energies as a 
function of time have been detembed by analyzing families of lead 
absorption curves for the sane planchets. 
on an aliquot from sample 1SU-S is shown in Figure 3.13. Although 
these curves were obtained with the saqe planchet and geeonetry, no 
inference as to activity as a function 0," time should be drawn. 
data for each curve have been normalized with a constant multiplier 
so that the entire group could be plot+ed clearly on one gra?h. 

A typical family of curves 

The 

Each of the absorRtion curves could, with a fair deqee 
of accuracy, be considered as thq absorption curve of a two component 
mixture. Table 3.17 lists the characteristics of the two components 
found by amlysis of individual curves. In columns j and 4 are listed 

1. R.E. Lapp and H.L. Andraws, Nuclear Rxdiation Physics, page 180, 
F'rentice-Hall. Inc.. !Jew York. Il?h8T- ,.-. I 

2. 

3. 

h. 

6. Friedlander and .I.W. Kennedy, Introduction to Radiochemistry, 
page 161, John Wiley and Sons, Inc., New York,(19h9). 
P.P. Eurtt, "Absolute Peta Counting", NIUCLEalTCS 5, 28, 
(Aumst 19bR). 
C.T. Qeason, .I.D. Taylor ad D.1,. Tabern, "Absolute Peta Counting 
at Defined konetries", N"CLE9NICS - 8, 12, (May 199). 

- 56 - 



7.9 

I I 

I 0.59 I h2.7 

I 

PROECT 2.6~-1 

TABLE 3.17 

Gamma &era of Soil Sziples 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 

- 

- 

llr 
26 
lr9 
73 

0.1h2 
0.1119 
0.167 
0.162 

16 
23 
21 
2L 

* 0.76 

2-34 

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 
25 

25 
25 
30 
30 
3 

25 
26 
LO 
15 
26 

Fs-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 
299 

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 - 

13us 
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 

13 
7 
5 
5 

21 
22 

32 
33 
21 
29 

n.3 I ::E I Q.2 
12 

13-us 

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 
16 
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 Soil Samples Versus Time 

Time I Ahsc )tion 
:ients 
9 Pb 

Pa 

after 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 

13-US 

0.086 
0.990 

1 4-u-s 0.93 
80 53 I 0.39 

i 
0.160 1 25 

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 
21 .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 
after Coefficients 

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 

Relatim 
Abundance 

E 
A1 A2 

07 
12 
12 88 

76 
" 611 36 
36 64 
2a n 
26 7b 

__ 

l3 0a 

19 ai 

the mass absorption coefficient of the two components for lead. 
columns 5 and 6 are listed the corresponding energies in MeV. 
values were obtained from a plot of the data on mass absorption 
coefficient vs energy frm the 33rd edition of the Chenical Rubber 
CCmpany Handbook of Chemistry and Physics. 

In 
These 

Because of the Ka absorption edge of Pb this plot ns 
discontinuous and double-valued for some of the p values obtained for 
the soft canponent. 
by the plot, the higher has been listed. 
because it was consistent with those energy values obtained with w 
Pdlues outside the double-valued,region of the plot. 

Where two possible energy values were indicated 
This value was selected 

The relative amoun& of the two components are listed in 
Columns 7 and 8. Tnese values have teen corrected for the change in the 
&be efficiency with gamma energy. 
tube made of lor atomic weight elenents is roughly proportiondl to 
the grmuna enerd this correction was made by dividing the observed 
canting rate by the energy in Mev of the component in question. 

1. 

Since the efficiency of a GH 

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 22, McGraw Hill Book CmpWY, Inc., 
New Yorkm. 

';he 
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, Tbe trend of this data is shown in Fi.urcs 3.111 and 3.15. 

3-3.6 - Qeta Specific iictinty 

The data for beta specific activities are listed jn Table 
3.18 in millicuries/gram at H + 10 hours. These values include cd- 
rections for geometry, backscattering, self-absorption, mass absorption 
of air and window, and decay. The mixed beta spctra emitted by the 
nixture of isotopes being measured makes anything but a god approxi- 
mation of sune of these factors impossible. 

The pometry factors were calculated frm observed counter 
efficiencies with Tracerlab Bizlo standards by the application of 
correction factors for mass absorption of air and window for the stand- 
ards. 
and self-absorption were unnecessary since these were included in the 
calibration of the standads. 

Correction of the observed counter efficiencies for backscattering 

The correction factors for backscattering for the mixtures 
were taken to be 0.9. 

The correction factors for self-absorption for the mixtures 
were taken as the weighted averages of factors calculated for the 
"effective" beta enerees shorn in Figures 3.11 and 3.12. Factors were 
calculated for the following mixtures: 

Surface 3urst . Underground Burst 
Percent Present Energ. Fercent Present Fnergy 

15 1.7 Kev 
so 0.5 Mev 
35 0.2 Nev 

12 2.C5 Yev 
38 0.52 Mev 
50 0.19 Mev 

The individual correction factors for self-absorption were calculated 
by the equations: 9 

k 

p = 0.017 E-1*43 (3.12) 
1 - e-px 

%/At = PX 
(3.13') 

nhere p = absorption coefflcient cm2/mg. 
E = ica.dmum energy of beta ccnponent 
x = thickness of sample mg/cm2 
&= measured activity 
At= true activity 

VJCI.CO!iTCS 6, 68, (.Tans,lry 1959). 
1. A.H.!?. Aten, .Ir., "Coprections fcr "eta-rsrticle Self-Absorption", 
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TIME (HOURS) 

Figure 3.15. Effective Canma herpies of Surface Soil Sanples frcm 
Ilnderpound Rurst 
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TABLE 3.18 

Gross Beta Specific Activities 

--- 

Pdem 
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 

1FU-S 

lbLLs 

17-US 

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 conection factors for mass absorption were calculated 
for the same mixturss with equations 3.11 and 3.12. 

Elanent 

3 
MO 

Ag 

Ba 

zl- 

Ce 

s 

The corrections for decay were made to to + 10 hours try 
mpirical data cm other aliquots of the particular sm.ple or by the 
ms in Figure 3.3. 
quhd extrapolations beyond the measured decay curves. 

Corrections tn an earlier 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 analysis of smples taken in connection 
dth the wathering study are listed in Table 3.19. 
mall pmounts of fission products one and two inches kelou the surface 
(szlples 3bJ-'d and 354-W) before weathering Is most logically 
interpreted as contamination Introduced during sampling although it 
could be the result of veathering and/or disturbance of the fall-out 
from the surface shot. Such an interpretation throus much doubt as 
to thg newing of similar mounts of activity found in subsurface 
8mplss after "rainfall" but it is probably due to contanination during 
Smpling. In any event the conclusion that at most orily small mounts 
of activity itr carried into the soil by leaching seems evident. Ms 
conclusion is supported by samples W-U-W and &?-U-W which were vater 
axtracts of a large saxple of surface soil. 
glalytes show that only abut one per cent of the activity is soluble 
in distilled vatex-. 

The presence of 

The results of these 

TABLE 3.20 

Solubility of Residual Activity 

I 
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11.1 FR4CTIC%ATI~ 3 FE5TON -- IRG- 

The R factors in Tsble 3.3, 3.5 and 3.7 show rather conclusively 
that there is considerable fractionation of the fission products. The 
trend of these data is swrariaed in Tzble h.1. From these data we see 
that the relative arount of Sr is the most dependent upon location of 
sample and that Ba is the ,iext most susceptible to fractionation. ?he 
relative amounts of Zr, Ce and No are canyaratiwly constant. The high 
R values of Ag are difficult to interpret since the fission yield of Ag 
is known to be mare depndent upon the nuclear components of the weapon 
than are the other isotqes detennined. 

TAULE h.1 

7 

I 
4 

LThe relative a70unts of Sr 2nd Pa increase with altitude or 
distance frm pround wro. FundmPntally this can he considered a measure 
of the tine of sanplin~. ?,e e~lmation for this chase in conrosition 
must lie, at least in part, jn the raseous precxrrnrz of Fa ad Sr and 
in the washinc or zcmb!-;n{! kctior: of the ?&r;e mount of soil blcn into 
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the cloud and fire ball. 
ducts are removed from the fire ball as small particles of condensed 
minerals. The dip.eter of these particles var~ from a fraction of a 
micron to, in rare cases, severalmillimeters. 
hmogenous beads condensed from moltm material or semi-fuser! particles 
of earth vith occlusions of fused particles of fission products. 
evmt their canposition must, on the average, represent the conpsition 
of the fire ball or cloud at the time they wsre fom.ed. 
of the fission chains (see Figure 2.1 for exm;des) initiated by the 
detonation shows that the isotopic canposition of the cloud is changing 
quite rapidly at first. 
srdbbing action of soil blown into the cloud or the condensation of 
relatively large particles from the high concentration of vaporized 
mat2rial muld be eqected to contain relatively mall amounts of Ba and 

Sr since they eldst at this time largely in the form of their rare gas 
precursors. 
cm3e make the relative contribution of Ba and Sr to the remaining 
activity quite large. Note that the distribution of Sr, hose gaseous 
precursor has a 2.6 minute half life, varies much more than does the 
distribution of Ba, those gaseous precursor has a 16 second half life. 

Other work' has sho..n that the fission pro- 

They nay be apparently 

In any 

A consideration 

The fission products renowd early by the 

'he early removal of a large mount of activity would of 

The strmples from cascade impactors, for the study of chenical ccm- 
position as a function of particle size, had such low activities that 
the data obtained are inconclusive. 

&a2 DISTRIBUTION 2 RESIDUAL ACTIVITY 

The residual activity near the banb crater seems to lie almost 
entirely on the surface. 
the core samples and some of this may have been due to unavoidable con- 
taination arising from the method of samplinE. 
Specific activities, indicates considerable variation over the surface 
Of the crater lip from the underground burst. However, this is not so 
noticeable In Table 3.1 which gives the abundance of separate isotopes 
for these samples. 
the sanples and would be much Tore conspicuous in the small aliqunts 
taken for specific activity th~ for the larger aliquots used for 
chemical analysis. 
noticeable in the small aliquots used for determination of early beta 
decay. 

Table 3.h indicates very little activity In 

Table 3.18, giving beta 

This difference is probably due to inhmogmeity in 

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

It should be pointed out that great caution should be exercised in 
*awing conclusions from small soil sanples. 
Specific activity measurements but also to the determination of the 

This applies not only to 

Report Project 2.5a-l "Airborne Particle Studies", Army Chemical 
Center. 
Report Project 2.5a-2 "Radiochemical Studies of Large Particles", 

j Anny Medical Center. - 67 - 



PROJECT 2.60-1 

cmposition of the residual activities. 
the variation in the relative abundance of neptunium and the fission 
products with small aliquots. 

Table 3.11 shows very clearly 

Distribution of activity as a function of distance from -.bund 
zero cannot be obtained from the data in this report because of the 
method of sampling *ich included an undetemined mount of suLsurface 
Soil. A correlation bet-deen the specific activity per unit of area is 
given by smple 33U-W and the intensity of the radiation field at a 
height of 3 feet on tAe morning of D + 3 at a position 6000 feet north 
of ground zero. 
reading of 3.7 r/hr. obtained by a monitor with a survey meter. 

A specific activity of 10.5 mc/ft2 corresponded to 8 

k.3 CCNTRIBUTION - OF NEF'RINIUM 

The theoretical aspects of the contribution of neptunium to the 
residual acwrlty from this type of banb has been discussed in another 
report.' The actual neptunium contribution on these tests is shown in 
Figures 3.3 and 3.h and in Table 3.11. Equation 3.7, which describes 
the beta decay for crater lip sanples fran the surface shot, indicates 
that between 15 and 300 hoius the beta contribution frox neptunium is 
greater than that from the fission products. Petween 90 and 120 hours 
the ccntribution of neptunium is more than three times that of the 
fission products. 

Similar analyses could not be made of samples from the underground 
burst but the generdl similarity of the decay curves indicate a nep 
tunium contribution of about the sane magnitude. 

L.4 COEr'TRlBUTICN - OF INDUCD ACTIVITY 

The contribution of activity induced in the soil is believed to be 
mall, but is sor,zb%at greater in the underground than in the surp L ace 
burst. However, this conclusion is smewhat subjectiYe and is based upon 
the low spcific activity of all of the pebble samples, and on the shape 
of the beta decay curves. ". 

The fact that the beta ackvier of soil samples frm the suurface 
burst could be represented by an equation descrihing only the decay of 
fission oroducts and neptunium indicates a relatively small contribution 
of other activities. This observation, of course, neplects the possible 
effect of fractionation on the s>,ape of the normal fission product 
decay curve. 

The fact Lhat the sme type of equation eav? a Door descr!rtion of 

1. G.W. .To:hnson, "The Contribution of the Ik~tuniur?~~ P.ctivity ts the 
Total Fission Froduct Activ'!ty", AFS:.F-101, 19 Se!>t.e-.l5er 193. 
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the decay of sznples from the underground burst indic-itzs a larger colt- 
tributim of induced activity since this lack of comesponilence was most 
pronounced in the early stages of decay, at the time uhen this induced 
activity muld be expected to be most prominent. 

No condlusiuns caq be dram from the iron determinations. The 
inclusim 00 a large mount of structwal steel near tho weapon and the 
presence of soma iron in the wapon itself makes interpretation impossible. 
lhis iron was not distributed and therefore @d not receivz the same 
neutron flux as did the surrounding soil. 

~~ . 

.. .. 

h.5 &OSS BETA DECAY 

The gross beta decay is much different from that observed for 
The characteristics of the decay are most accurately other bursts. 

srrmmrized by referring to Figure 3.3. 
almost certainly due to the contribution of neptunium. 

The departure from normal is 

lr.6 MOSS WWA DECAY 

The trend in gama decq is best seen by referring to Figures 3.8 
and 3.9. 
the measuring instrument used. The initial slow rate of decay followd 
by a very rapid rate, as observed uith the ionization chamber, is 
probably due to the soft gama contribution arising from neptunium. The 
low efficiency of GM tubes for detection of soft gamna raeation 
minimizes the contribution of neptunium in data obtained with this typa 
of counter. 

It will be observed that the two curve3 vary cmsiderably with 

4.7 CAMMA AND BETA EFFECTIVE ENERGIES --- 
Ihe gamma and beta effective energies of the residual activity 

There is a change bath in the average energies of 

The general trend is best seen by referring to Figures 3.11, 

change with time. 
the various components and in the qlative contributions of their 
energies. 
3.12, 3-14 and 3-15. 

Any effect produced by weathering in the atypical soil of the 
Southwest will almost certainly be the result of physical movement of 
the soil. 
Eaboratory tests indicated that the activities were essentially in- 
soluble in rain uater. 
but Vi11 almost certainly not reduce the strength of the radiation field. 
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The absence of appreciable mounts of fission product activity 
belov the surface after “rain’’ is in disaweenent with the observations1 
made at Einwetok m oneration Sandstone. Uowsver, the coral sand there 
is just as atypical as the hard-packed sand of the Nevada flats. 

&a9 SCI!tM2NDATIX 

h.9.1 Fractionation 

Additional study on fractionation sems to be in order, but 
to be of much value it would require a large effort. 
terminations of the type reported here an attempt should be made to 
correlate the individual activities with the unfissioned Sanb material. 

Chemical conposition as a function of particle size is of 

In addition to de- 

great interest but a method of smpling other than cascade jet impactors 
shmld be used. 
phenomenon should include a study of the effect of distance (time and/ur 
space) from the detonation. 

Tu be of maximum value the investigation of this 

AJY investigation of the chemical composition of individual 
particles or of small sm.ples taken under as near as possible identical 
conditims should be of particular interest. Information on this subject 
might throw considerable light on the nature of particle fornation and 
the physical conditions 0: Ilrixtng etc. in the fire ball and cloud. 

&.9.2 Induced Actin tx 

Although this investigation indicates a relatively mall 
contribution of induced activity to the total radiation hazard associ- 
ated with these types of burst, the exact magnitude of that contribu- 
tion has not been established. If more exact information be desired 
it is recmrnended that the chemical determination be done in a well- 
equipped, well-stdfe,d laboratory at the test site. In this manner 
measurements on the short lived &sotopes could be made. 

& 

h.Q.3 Effective Beta and Gma Enerees 

Although some measurements of the effective energies of 
the beta and gamma radiation were made on this project, the method used 
is not the method of choice. If more exact infonation is desired it 
should be obtained with different techiques or, if by the kchnique 
used here, be the major effort of a special Froup. 

----- 

1. U.L. Andrews and R.E. hrphy, ”Residua:. coatmination in the Craters: 
meration Sandstone” .larluar:r 19bY. 
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lr.9.L SaEUlinng 

Efforts to obtGn 54-ples at an earl’er time than used in 
this investigation (three to six hours) seexs unwarranted for chenical 
measurements but not necessarily so for physicril me?surements. For 
surface samples the retrievible rock+t xd its modificatinns’ would 
probably be adequate. However, the retrievable rocket wculd not obtain 
the core smples secured in this operation by rerr,ot?ly controlled 
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 terrrin. 

1. Report Project 2.6~-3 “3etrievable Missiles for Remote Ground 
Sampling. 
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A.1 GENERAL 

The smples analyzed at the laboratories of the National Insti- 
tutes of Health fell into four categories: 

a. Earth (or other siliceous material) pulverized 
to approx5nately 100 mesh. 

b. Filter paprs, frm air sampling devices, 
containing earth particles. 

C. Fall-out material. 

d. Earth particles impacted on cellophane tape. 

There were three principal steps involved in the awlysis: 

a. Dissolving of material. 

b. Chemical separation. 

C. Mounting and counting. 

Detailed methods used are included among the procedures in A.7. 
me following isotopes were determined: molybdenum, silver, barium, 
strontium, zirconium, cerium, and iron. 

b, 

A.2 LABORATURY FROC!DLW G 

The analytical procedures used were based on procedures furnished 
by J3r. Lloyd Zumwaltl and Dr. Rod Spence.' 
sane as those in the National Nuclear Enerey Serie~.~,~ 

1. 
2. 
3. C.9. Coryell and Xathan Susman, Radiochemical Studies: The Fission 

These were substantially the 
However, it was 

Tracerlab, Inc., Xestem Division, San Francisco, Cdlifornia. 
Los Alamos Scientific Laboratory, Los Alamos, New Xeeco. 

Products, Book 1, Book 2 aqd Rook 3, KcGraw-Hill Rook Conpany, Tnc., 
New York. (19'il). , . ~. ~~~,- 

&. C.J. Rodden, Analytical Chenistry of the Manhattan J'ro,iect, Kccraw- 
Hill Book Company, Inc., New York, (1950);- 
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necessarj to adz;,. tk,.:;; ~~\:cc~.\IT~z ior us2 ):it\. jcil solutions since 
they ME desimnf i fc)r work on ~1~3': t.ir::dt zoluti.?-s of air filter 
sanples cmtainin: vci-y s,Cl axcunts of aut:!. 

In order to peF3"'e a ~~axl:~ium ai~iiit o? data in a liqitad time, 
the labordtory w2s organized as 5n "axwtly lin:". Large groups of 
sanples were analyied for. a F2i+~CIllZ' isoio!,e at the smc time and 
each chenLst was a5siknncd a portLon of tk,? prcca?ur:. Or.e mm did. all 
the wighing, another the fusioi?, still a,iothzr oy.-;idted a battery of 
centrifuges, etc. Each sanple was acconpnicd viLh a check list which 
prodded a running record of its progress in thc procedure. 

The analyses uere run in the follrding order: 

Ho, Ag, Ba on soil from surface burst 
Mo, Ag, Ba on air filter samples from s-drface burst 

Mo, Ag, Ba on weathering sanples from surface burst 
Mo, Ag, Ea on all samples from underground burst 
Sr on all samples from both bursts 
Fe on all samples from both bursts 
Ca on all samples from both bursts 
Zr on all samples from both bursts 
Ce on all smples from both bursts 

This routine tp of analysis produced the most results and re- 
duced errors to a minimum during the e.xtrcn?ly long hours worked on the 
analysis of the short lived isotopes. 

A.3 SAMPLING PROCEDlEE 

Where the mass of the sample pennitted, three aliquots of each 

Duplicate determinations were made for eacn isotope on 
Soil sample were put into solution and stored in polyethyleneglycol 
btUes. 
aiquots fran these solutions. This procedure provided six determin- 
ations of each isotope on each soil sample. 

b 
Each air filter sample and cascade impactor saple was dissolved 

Duplicate determinations as a unit and stored in the plastic bottles. 
for each isotope were made on each sample. 

1.11 CHMICAL YIELDS 

Chemical yields as determined by the weipJt of the individual 
Carrier precipitate averaged as a whole 62%. 
Yields for the individual isotopes were 80$ for Ap, 79% for Sr, 72% 
for Ba, 57% for Ce, 53% for Mo, and 31% for Zr. 
Of the yields were within 20% of these average values. 

The average chemical 

AFprOXimately 80% 
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The effectiveness of the chemical s-paration xas ciecked by decay 
curves or aluminum absorption curves 9:1 scverril s;ur,nIrs frm each batch 
carried throua the assembly line. Absorption curves ;:ere run on Ce a?d 
Sr and decay wve5 on all isotopes except Ce. 
curves had the eqectsd slopes and indic:rtid a Clem chemical separation, 

A.5 PLANCHET PRKP!,R4TION 

Tn every case the 

The final precipitates uere all counted in the sme manner. The 

fiial solutions were filt9red with siction thrciuPh a two-piece, gold- 
plated hchner type filter which Pave a precipitate of defined pometxy 
(Fipre A.l). 

The precipitate was dried and weiphed for the determination of 
chemical yield and mounted on an aluminum planchet. 
precipitate and filter papr were firmly secured to thP planchet by an 
overlying sheet of thin plastic which was held in position ky the 
tightly fitting outer ring. This plastic cover prevented loss of pre- 
cipitate, change in geometry, and contamination of counting equipnent. 
Its effect upon the countine efficiency was determined empirical1 
(Section A.6.1). Sum FRlOO5 plastic, with a thichess of 2 mL2, 

MS used. 

(FiTue A.1). The 

Counting rates usre ~easure? in conventional lead pigs with GN 
tubes having end windows less than 2 mpJcmZ thick. The absorption 
curves were determined with Tracerlab automatic e'wipnent and E-25 
aluminum absorber kit (Section 2.3.b). 

For the most part, observed countinc rates are t,ased on 10,1)00 or 
more total counts, and in n3 case on less than 5,900 total counts. The 
observed counting rates were corrected for coincidence and backpound, 
and then nonnalized to one shelf in a particular pig. Normllizing 
factors uere obtained by counbjng a single sample of the isotope being 
determined at all the Eeometrie,s used. 

The norndized countinp rate for each planchet vas converted to 
absolute disintevation rates at to by the application of correction 
factors for (a) decay, (b) self-absorption, (c) air and window absorption, 
and (d) counter efficiency. 

The decay factors were obtained from the time of counting and the 
exponential decay constant for each isotope. 

The self-absorptin factors were taken frov rrz-rhs of countin! rate 
vs precipitate ;rei&t rrepre:3 with constnqt alil~nts fron solutions Of 

each isatcge and different mxnts of car-ler. 
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The air and window absorption factors were calculated using the 
formulael 

F, = e-Gt (Ad.) 

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

where t equals absorber thickness in mg/an2 ad E is the maximum energp 
of the beta particle in Fev. 

The method hich the absolute counting efficiencies were evalu- 
ated is described in Section A.6.1. 

A.6.1 Absolute Count.ing Efficiencx 

The absolute counting efficiency of the counting equipment 
was obtained by determininp the counting rates of precipitates of Agc1 
prepared from aliquotes of ABO, solution of bown specific activity. 

The Ago, solution was prepared from a neutron-bombarded 
palladium foil obtained from Oak Ridge. The specific activity of the 
solution was detznined by a method described by meason, Taylor, and 
Tabern‘. 
(!.ess than 
the conventional lead pig with thin end-windou Gi4 tubes. 

Aliquots of the solution were evaporated as point sources 
diameter) on thin sheets of Saran plastic and counted in 

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

scattering from the 2 m$m2 plastic backin?, and forward scattering by 
the air were small and considered to be zero. 

Air and 

Self-absorption in the essentially weightless smple, back- 

Ihe specific activi:y of the solution was calculated from 
the aliquot volume, physical geomqtry, air ad window absorption and 
observed counting rates. 

The absolute cmnting efficiency of our equipnent for Ag 
MS detennined from observed counthe: rates of precipitates of AgCl 
prepared in the usual manner from diquats of the staqdardized solution. 
The observed counting rates were corrected for chemical yields, self- 
absorption, and air and windo:d absorption. The physical gemetry, the 
backscattering from the filter paper and the aluminum planchet, and the 
absorption and forward scattering of the Saran film were limped into 
one factor termed comting efficiency. 

- 
1. $.I. Gleason, J.Q. Taylor and n.L. Tsbern, “Absolute 5eta Counting 

at Defined reometries”,h’ucleonics, Vol. 8, NO. 5, 12-12, ('say 199). 
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The fxctsr for the counting efficiency of Ag debmined 

above uas used as the factor for all isotopes determinel?. This is re- 
cognized as in ermr tut it i3 believed to be sufficiently accurate for 
the purpose of this investigation. The physicnl Fcrnetry was the same 
for all isotopes. 
certainly small since it is independent of beta encrg above one Nev 
and has a maximum value for paper aqd alumim~i of appro.dmately 15%'. 
The error in neglectjng zbsor$ion of the plastic covsring is believed 
to be mall because it was largely conpensa+kd for by forward scatter- 
ing. Exprimenttl counting rates measured witk. the plastic cover were 
often greater thar! those measured .without the cover. 

The arror in assurning constvlt backscattering is 

A.6.2 Special Techniques 

Cerium: The dettmination of the disinte ation rate of 
CeLA4 was complicated by the presence of CeL4' and PrL4? ?he latter 
is the dau&ter of Ce144 and has a half life of 17.5 minutes rJhich makes 
it impossible to prepare and count a planchet before an appreciable amount 
of the isotope has groiin in. CeX4' is present because it is a fission 
product and cannot he removed by chemical purification. Its half life 
of 30 days prohibits uaiting for its removal by decay. The difficulty 
was overcme by wafting for at least two hours for equili.brim between 

absorber. Several absorption curves of the equilibrium mixture shomd 
that this absorber completely removed the 0.6 Mev beta from CeL4', the 
O.& Mev beta from Ce144, and transmitted 70$ of the 3.1 Yev betas from 
F'r'". The disintegration rate of Pr14' calculated with this 708 
transmission factor and the usual counter correction factors corresponds 
to the disintegration rate of Ce144 at the time of neasurement. 

and Ce'" and counting the mixture with a 11'2 m$m2 aluminurn 

Barium: It was necessary to count Ba'" as soon as possible 
after the purification in order to avoid contribution by the dau@ter 
La''' which has a half life of LO hours. 
two hours after the last purification step. 
that time is approximately 3%. 

Measurements were ma6e within 
The La'40 contribution at 

h 

b.7 SPECIFIC ANALYTICAL PR'hBUFtLS 

6.7.1 Method for Dissolving Soil Samples 

1. To a 2 gm soil sample in a 100 ml platinum 
evaporating dish, add 5ml HF (ha%). 
on hot plate, evaporate to dryness. 

Digest 

2. Repeat step 1 four times; 
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3. To residue h dish, add 5 ml ilC10, (68-709) 
and evaporate tc dryness. 

&. Repeat step 3 twice. 

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

6. Transfer to 100 ml volmetric flask and 
make up to volume vith H,O. 

A.7.2 Method for Dissolving& Filter wd Impactor Samples - 
1. 

2. 

3. 

L. 

mace filter or impactor sarr,ple in &OO d. 
beaker, add 50 ml fuming HN03, heat on hot 
plate and evaporate ahost to dryness. 
Repeat if necessary. 

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

Add 10 ml F,O, transfer to 100 ml 

platinum dish, wash spainay. Add 
10 ml HF, evaForate to dryness. 
Repeat HF treatment. 

Add 25 ml H,O and a few ml Hh'O, to 
dissolve residue. Transfer to 9 ml 
volumetric flask and make up to volume. 

A.7.3 Filter Saper Preparation 

Filter papers as specified in the various procedures are 
prepared as follows: 

1. Mount on mld filtm apparatus dthout fume1 head. 

2. Turn suction on. 

3. 

b. 

4 

Wash with 3-5 ml portions SO. 

Wash with 35 ml portions ethyl or methyl alcohol 
as called for in procedures. 

Suck dry and tiirn suction off. 

Remove paper and place in dryinE oven, on porcelain 
plate, at tempi-riturp 5pecif:ed in procedure, for 
30 minutes, 

5. 

6. 

- 78 - 
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7. Cool in dessicator for 117 minuks. 

8. Bring to ccnstant iieight by redrying anin.' reweighing 
' until within 0.1 mg. 

A.7.L Procedure for Molybaderim Anllysis 

Carrier Solution: 10 ng ~.:o/;nl., in H,O. 

Weighed and counted as: Pt&1004. 

Standard precipitate thickness: 13.b m$m2 

Reasnts: 

Conc. HNO, 

Saturated odic acid. 
2% Cupron (a benzoin oxime) in ethyl alcohol. 
1 N HNO, 

HClO4 (?o-?Z%) 
Cmc. NH4@H 
FeC1, in H20, 10 mg. Fe+++/ml. 

Kethyl red indicator 
0.W Pb(N@,), 
log Sodium acetate 

1. To 5 ml soil solution containing the activity add 
10 mg.Mo carrier. 

2. Add 2 ml conc. HN03, dilute to 20 ml with water. 
Add 1 ml saturated odic acid,' stir, add 6 ml 
2$ Cupron, stir. 

3. Centrifuge? decant, discard supernate.* 

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

5. 

4. 

Add 3 ml conc. HN03, 2 nil 70-72s HClO,, wann carefully 

in a water bath 3-h minutes, transfer to 125 ml 
Frleruneyer flask , wash tube with 3 ml conc. HNO, 
(wann if necessary) then with 2-& ml water, trans- 
ferring washings to flask. 

-,~ 

l* oxalic acid complexes Niobium. 
** Because of the size and gelatinous nature of this precipitate, it is 

best to centrifuge for a short while, then break up the precipitate 
and recentrifuge. - 79 - 
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Place flask on hot plate at low setting until vigorma 
boiling ceases. 
setting until residue is nearly dry. 
at End during exothermic phase. 

Cool flask, dissolve residue in >b ml conc. W,OH 
added slowly, transfer to a clean tube. 
with water and add wash'~ngs to +ab until volume 
is 20 ml. 

Add 10 mg. Fe carrier, stir. 

Centrifuge. 

Add 6 ml ccnc. %O, to a clean tube, transfer supernab 
to this tube. 

Cool 3-l4 minutes in an ice bath, add 1 ml sat. oxalic 
acid, stir, add 8 ml 2% Cupron, stir. 

Centrifuge, decant, discard supernate. 

.dash twice with 20 ml 1s Wr'O3, discard supmates. 

Repeat steps 5 through 9. 

Transfer supernate to clean tube, add 1 drop Yethyl 
red indicator and cone. YNC, dropwise until acidic.' 

Add 1 ml 6ri HNO,, heat to boiling. 

Add 3 ml 0.lM Pb(N03)2, stir and boil for 1 min9it.e. 

Add 5 ml 10% sodium acetate, boil, cool in ice bath 
for three minutes. 

Filter through bld filter through previously pre- 
pared No. 5 paper with very little suction. 

Wash 3 times uith 5 ml water, three times with 5 ml 
95% ethyl alcohol, Dry 15 minutes at llO°C. Cool 
in dessicator, veigh to constant weight. 

Fount and count. 

Then heat on hot plate at high 
Heat carefully 

Wash flask 

3 

6. 

7. 

a. 

9. 

10. 

11. 

12. 

13. 

1L. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

1. Rest yields are obtained by doing the stirring continuously on a 
mechanical stirrer throughout steps 1518. - 80 - 
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1.7.5 Procedure for Silver Analysis 

Carrier Solution: 

Weighed and counted as: AgC1. 

Standard precipitate thickness: 6 m$m2. 

Reagents: 

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

10 mg Apjml, A$O, in HaOe 

(%), s, light Yellow 
ccnc. HNO, 
Phenolphthalein indicator. 
6N NH,OH 
Filter aid (C.P. diatmaceous earth). 

1% Aerosol solution 

44 HNO, 

1. 

2. 

3. 

Ir. 

5. 

6. 

7. 

0. 

9. 

10. 

11. 

To 5 ml soil solution containing the activity add 
20 mg. Ag+ carrier, make up to 10 ml. 

Add 1 drop of 1% aerosol, heat to boiling,add 1 ml 

6N HC1, stir until AgCl coagulates. 

Centrifuge, decant, discard supernate. 

Wash with 5 ml water, discard wash. 

Dissolve AgCl in 2 nl conc. NY40H, heat if necessary. 

Dilute to 5 ml, add 10 mg. 
vhile stirring. *. 

Add 2-3 drops aerosol, centrifuge and decant Into 
a clean tube. 

Wash Fe(0H)J Vith 2-3 ml water containing a few 
drops of NH,@H. 

Centrifuge, cmbine wash with supernate in step 7. 

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

Cantinue stirring until A&S coagulates. 

Fe carrier dropwise 

4 
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12. Centrifuge, decant, and discard supernate. 

13. 

lb. 

Vash with 5 ml water, discard wash. 

Add b ml cmc. W03, heat to boiling, stir 10 
minutes to dissolve Ap,S. 

Place tube in ice bath under stirrer, add 5 ml. 
ccnc. NH,OH cautiously, then 2 Czops phenolphthalein, 
then ?IH,OH dropvise until alkaline. 

Add 10 mg. Fe carrier dropwise vhile stirring. 

15. 

16. 

17. Add 2-3 drops aerosol, stir. 

18. 

19. 

20. 

21. 

Centrifuge and decant into a clean tube. 

h'ash Fe(O!f)3 with 2-3 ml water coctaining 3 drops ~H,OH, 

Centrifuge, combine wash with supernate in step 15. 

Repeat steps 10 through 20 using filter aid to 
flocculate Fe precipitate. 

Quickly add h drops aerosol, 1 ml 6N HC1 ad 2 ml 
6ri HN03, stir. 

Filter immediately on previously prepared No. k2 
paper. 

'dash with 3-5ml portions H,O, then 35ml portions 
ethyl alcohol. 

Dry at 90 - 100' C for 10 mj~nutes, cool and weigh 
to constvlt ueight. 

? 

22. 

23. 
1 

2!4. 

25. 

26. Mount and bount. 

A.7.6 Procedure for Rarim Analysis 

Carrier Solution: 

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

Standard Frecipitate thickness: 6 mdan'. 

If not filtered bzediately, larre particles of coaedated AgCl 
cause uneven distrjbition, introducing a contine error due to 
self-absorption. 

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

1. 

- 62 - 
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Rea pn ts : 

~r(\i~d)a iri H~O, 10 71:: Sr++/ml 

Fuming IN@, 

FeCl, in H,O, 10 mg. Fe+L+/d. 
6 N N;14C!i 

5% NH&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 soil solution, containing the 
activity, add 20 mg. Ea+* and 20 mg. Sr++. 

Stir thomuglily, let stvld 5 minutes. 

Add 3 id. fuming W03, to precipitate Ba(N03)aP1 stir 
and cool in ice bath for 5 minutes. 

Centrifuge, decant and discard supmate. 

Dissolve ppt. in 2 nil H,O, if necessary add several 
more drops. 

Add 10 ml fuming HNO,, to reprecipitate Ba(N03)z, 
stir and cool in ice bath. 

Centrifugz, decat and discard suprn2t.e. 

Dissolve ppt.kin 7 ml. %@. 

Add 5 mg. Fe+++ carrier and 2 drops aerosol to pre- 
vent creeping. 

Add 2 ml 6N W40H while stirring. 

Centrifuge and transfer supernate to clean tube. 

Warming hastens the solution. 

'" 

1. For quantitative results, fuming nitric acid at least 3 times the 
wlme of the solution must be added. , It should be added rapidly. - 83 - 
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12. Wash PPt. by slurrfine in 7 ml 5: :li'&O3 containing 
2 drops conc. NH,CK. 

13. Cwtrifum and ccmbine suprnate with 11. Discard 
Fe(0H)a precipitate. 

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

Add 1 ml 6N acetic acid ad 2 ml 6N amonium acetate, 

Heat to boiling and add 1 ml 1.5 M tc,Crn4 dropwise 
with stirring, stir 1 minute.' 

1L. 

15. 

16. 

17. Centrifuge, decant supernate into clean tube and 
sa= for Si- analysis. 

Wash ppt. with 10 ml hot water. 

Centrifuge and ccmbine suprnate from 18 with 
suptrnate from 17. 

18. 

19. 

20. Do not go further unless procedure can be completed 
in 2 hours.' 
If white ppt. agears a;ld 0.5 rnl H20. 

Add 15 ml fresh cold ether-uC1 reagent and stir for 
2 minutes. To coagdate ?nC12 let stand 5 minutes 
in the ice bath. 

Dissolve PaCfl4 ppt. 5-n 2 fi 6% HC1. 

21. 

22. Centrifuge, decant ad discard supernate. 

23. Dissolve FaCIE in a few drops 020 and reprecipitate 
BaCla with 15 ml ether-HC1 reagent. 

!? 
2L. Stir 2 minuks xd cool in ice bath for 5 minufns. 

25. Centrifuge, decant md discard sirernate. 

26. Dissolve PaC12 in 10 ml J!zO, heat nearly to boiling,' 
add 5 drops 3N FI,SO,. 

27. Continue heating 3 ninutes to coaplste nct. 

1. This is best accomlished usin;. a nechnnica! stirrer. 
2. 

3. A water bath serves well Cor this. 

%e counting error due to ~e fCOh7th of the I.aLQo fiauphter will 
become appreciable aft.er two hours. 

- a4 - 
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28. Filter in go12 filter with previously prepared No. 
k2 paper. 

Wash 3 times with 3 ml H,O and then '3 times with 3 
ml ethyl alcohol. 

Dry at 90-100° C and cool in desicator. 

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

29. 

30. 

31. 

32. Mount and Count. 

1.7.7 Procedure - for Strontium Analysis 

Carrier Solution: 

Weighed and counted as: SrCO,. 

Standard precipitate thickness: 6 mg/cm'. 

Reagents: 

19 mg Sr/ml, Sr(NO,), In H20. 

Same as for barium analysis with the addition of 
saturated N+Co,. 

1. To supernate from barium step No. 19, add 6 ml 
saturated NsCo, slowly with stirring. 

Heat on water bath for 1s minutes. 

Filter on gold filter with previously prepared 
No. &? filter paper. 

Xash with 2-5' ml portions of water and 35 ml 
portions of alcohol. 

DV in oven a\llOo C. to constant weight. 

2. 

3. 

k. 

c 
5. 

6. Mount and count. 

A.7.8 Procedure for Zirconium Analysis 

Carrier Solution: 10 mg Zr/ml, ZrO(N0j)zin 
3N HNO,.' 

T* Commercially available zirconium salts vary considerably as to 
purity. Best procedure is to dissolve, filt.er, precipitate as 
hydroxide, filter, wash, and redissolve in 3N HNO,. 

- 85 - 
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Veigtec! ar.0 counted as: ZrC,. 

Standard precipitate weight: 5 m~cm2. 

Rea gents : 

NH,OH-HCl 

La( NO,), in H,O, 10 mg La+++/ml. 

Ea(NO,), in H,O, 50 mg Sa++/ml. 
Saturated E!,BO, 
conc. KCl. 
Conc. &SO,. 

Cow. NH,@F. 
6% Cupferron, freshly made. 
1N HC1 cold. 
CH,OH, anhydrous, cold. 
Aerosol 1%. 

(W) 

Keep under refrigeration. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

6. 

To 5 rnl sulfate-free soil solution containine the 
activity in a 9 ml lusteroid tube, add 20 mg. 
Zr carrier. 

Dilute to 12 ml. 

Add 0.3 g. solid NH,OK-HCl and 2 cc HF and let 
stand 1 minute. 

Add 5 mg. La+++ carrier and centrifuge briefly, 
add another 5 mg. La+++ carrier and 3 drops 1% 
aerosol and centrifuge thoroughly. 

Decant supernate into clean lusteroid tube, discard 
ppt. and repeat step & on supernate. Decant supernate 
into clean lusteroid tube. Discard precipitate. 

Add 19 m&. Ba+* carrier and let stand 1 minute. 
Centrifuge, decant and discard supernate. 

Add & ml saturated %,BO, and slurry well. 
conc. HN03 and slurry well again. 

Add 10 - 12 ml H20 and stir. 

x 

Add 2 ml. 

1. Rest results vere obtained by dissolving the cupferron in hot ethyl 
alcohol, -.ilterinp hot, then recrystallizing the cupferron. 
Cwnrlercial cupferron cont2ined decomnosition products and other 
impurities. The above mett'ol produces clean crystals. - 86 
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9. If ppt. does not dissDlve cSr,L:letc1y1 centrifuge, 
decmt supenat? inh h‘:gth?r lus’.-?roid tuke ad 
discrd ppt. 

++ 
10. Add 190 mg. 2a carrier and 2 ml FY. Centrifuge, 

decant and discard siipez,n~te. 

Repeat steps 7, 8, 9 and 10. 

Dissolve ppt. in k ml sat. H,BO, arid k ml. conc. 

HCl and then add 15 ml H,O. 
H2S0,, stir and let stand 15 minutes. 

ll. 

12. 

Add 3 drops conc. 

13. Centrifuee, decaqt supernate into glass tube and 
discard ppt. 

Add NH,OH (conc.) until tisic, (white precipitate). 
Centrifuge, decant and disca-d surzrnate. 

Dissolve precipitate in 2 nl mnc. HC1, k ml sat. 
ri~BO3 and then add 13 ml Hz?. Centrifuge any un- 
dissolved mat+rials and disc.lrd these mat5rial.s. 

a. 

15. 

16. Precipitate with NH4W. Centrifuge, decant and 
d5scard supmate. 

Dissolve in 7 ml mnc. HC1, h ml HJQOJ, ad then 
add 10 ml H20. 

17. 

18. Precipitate with NH,OH. Ce:itrifuge, decant and 

discard supernate. 

19. Dissolve ppt. in Ir .nl HCl and 15 ml H 0. Cool in 
ice bath an& add 5 ml cold freshly ma?e cupferron 
(@), centrihge imnediatuly. Decant and discard 
supe m a te . 

20. Add 10 ml cold 1N HC1 and slurry. Centrifuge, decant 
and discard supernate. 

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

Slurry with 3h ml cold CH,OH and filter on wld 
suction filter using Xo. Lt2 paper .with mall portions 
of cold CHIOH for uashing. 

22. 

- 87 - 
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23. In a porcelain crvciblc with lid, irnite ppt. very 
ccaefully over a Me-ker burner. Place in a muffle 
for 1 h-ur &been 609 and 601°C. 

2h. Slurry ZrOz with 5ml. CH3CH. Filter on gold filter 
uith previously prepared No. !r2 paper using mall 
portions of CH,OH for washings. 

Dry at llO°C. to constant weight. 25. 

26. Mount and count. (?;et the precipitate uith a 
solution of 5 drops Cuco Cement in 50 ml ethyl 
acetate, and allow to dry before mounting. This 
will eliminate losses during the mounting prc- 
cedure). 

A.7.9 Procedure for Cerium Analysis 

Carrier Solution: 

iiei@ed and counted as: CeO,. 

Stxdard precipitate weight: 6 mg./an2. 

Reagents : 

10 mg Ce/nl, Ce(HS@,), in 39 H,S@,. 

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

Conc. HCl 
ZrO(NO,), in 3N HNO,, 10 mg. Zr+++/ml. 
Saturated NaOH 

H2Q2 - 30% 

Solid NaHSO, e 
Cmc. NH,OH (h 

6N HC1 
Saturated oxalic acid. 

1. To 5ml soil solution containing the activity in a 
50 ml. lusteroid tube add 20 ng Ce carrier and make 
up to 12 ml with water. 

Add 3 ml HNO,, stir and let stand for 10 minutes. 

Add 2 ml. HF, stir and let 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. 
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-dash with 10 ml water, centrifus, discard mshing. 

Add 1-2 ml sat'r-itxl boric acid, stir. 

Add 8 ml conc. H?!03, stir unt'al d'ssfjlved. 

Transfer solution to ml 93s:; tu'2c, wash Sparingly. 

Add 1 ml saturdtei? NaBrO, (color change). 

Add 20 ml 0.394 HI03, stir. 

Cool 5; minutes in ice bath. 

Centrifuge, decmt, discard supernate. 

Wash with 20 ml 1% HI03, centrifuge, decant, 

discard supernate. 

Add 8 ml conc. HN03, s:ir, heat to boiling and add 
2-3 drops 33% H202 and one drop conc. HC1. 

Stir and add more H20, dropvise until precipitate 
is dissolved. 

Heat until Iz vapor goes off and solution Clears. 

Boil 2 minutes to get rid of excess H,@z. 

Cool in ice bath and add, while in ice bath, 3 ml. 
sat. NaRr03 (color change). 

PPt cerium by adding 20 ml 0.35 M HIO3, stir 
and let stand 5 minutes in ice bath. 

Centrifuge, decant$discard supernate. 

Wash Kith 20 ml 1% HI03, centrifuge, decant, 
discad supernate. 

Repeat steps 14 through 21. 

Repeat steps 14 through 17. 

Cool in ice bath. 
procedure. 
completed). 

b 

(Three hours needed to cmplete 
Do not 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. 
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Add 10 mg. Zr carrier, add 20 ml 0.jD !!IO3, let 
stand 5 minutes in ice bath. 

Centrifuge, decant superrate int3 a Clem tube. 

Add 10 nil saturated NaCH, stir well. 

Centrifuge, decant, discard supernate. 

Wash twice with 10 ml xater, discard washings. 

Add 1 ml conc. HC1, stir until dissolved ad 
dilute to 10 ml. 

Heat to boiling, add one drop 1% aerosol, add solid 
NaHS03 slowly until solution is clear and colorless. 

Add conc. NH,OH until Ce(OH), ppts. 

Centrifuge, decant, discnrd slipemate. 

Wash twice with 10 nL water, discard washings. 

Dissolve in 1 ml 6N Ha. 

Add 16 ml water, heat to boiling. 

Add 1s ml saturated oxalic acid. If no ppt, 
add NH,OH dropwise >until it ap2ears. Do not make 
alkaline. 

Filter on gold filter using No. 42 paper. 'dash 
vith H20, then ethyl alcohol. 

Transfer filter paper to crucible, ignite at 700' C. 

Slurry CeOa with5 ml ethyl alcohol, filter on gold 
filter, using previously prepared No. 42 Daper. 
rJse snaI.1 portions of alcohol for washing. 

Dry at 110' C to constant weight. 

Mount and count. 

9 

A.?.lD Procedure for Iron Analysis 

Carrier Solution: No carrier added. Standard volmetric 
iron analysis run on each smnle to 
detem,ine mount of iron present. 

* 90 - 
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Wei,$,ed and counted as: Fe,03. 

Staduc ~.:-e-iiit:ite weight: 

Reagents: 

Approximately 0.8 m$cm2. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

0. 

9. 

10. 

11. 

12. 

13. 

14. 

Solid tartaric acid 
Conc. NH,OH. 
Conc. H,SO, 

10% H,SO, 

6% Cupf9rron in H,O, fresh 
6 N NH,OH 

Has (gas) 

3 (See Zr procedure). 

To 5 ml soil solution containing the activity add 
0.1 gm tartaric acid. 

Neutralize with cmc. XFr,CH. 

Add 3 ml conc. H,SO,. 

Centrifuge, decait supernate into cleaq tube. 
precipitate Kith 3 ml H,O and conbine wash with 
previous supernate. Discard precipitate. 

Pass %S through solution until saturated. 

Add NH,OH to excess. 

Repeat step 5’. 

Centrifuge, decant, discard supernate. 

Dissolve precipitate in 10 ml 10% H,SO,. 

If precipitate re*ins, centrifuge, decant supernate 
into clean tube, wkh with 3 ml H20 and combine 
wash uith previous supernate. 

Add 5 ml cold 6% cupferron. 

Centrifuge, decant, discard supernate. 

Wash twice uith 3 ml cold H,O. 

Wash with 3 ml 6N NH,OH. 
supernate. 

Wash 

Discard precipitate. 

Discard washes. 

Centrifuge, decant, discard 
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15. 

16. 

17. Slurry with 5 ml ethyl alcobLol \md filter on 

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

Tgnite to ?e,03 at 809"C., in porcelain crucible. 

previously prepared NO. 112 p.iprr. 

Dry at lrx)-llO°C., weigh to constant weight. 18. 

19. Mount and count. 

I - 92 - 
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Air filter savplers at the Nevach test si~t.5 pic:: up considerable 
alpha and beta activity. 
activity sho;rs that it arises fron nat,urdl sources in tke vicinity and 
is not the result of long-lived alpha enitting bomb debris. The 
source and nature of tb,e beta activity has not been establish-l. 
probably arises, to a 1:rge e,xtent at least, from fission pro2Jcts and 
induced activities resulting from atomic bursts. The magmitude of this 

activity is much 1xger than can be accounted for by the beta emitters 
associated xith the natural occuring alpha emitters. It has also been 
noted that the relative abundance and the decay characteristics of the 
beta activity are not const,mt. 

Aqcaiysis of the decLy CUTYL'- of the alpha 

It 

Fiqre B.l shows the alpha and beta decay of aq air filter saTle 
talien in the Quonsst area of CZT 'lo. 3 on October 30, 199. 
was collected by Project 2.5 usinz Che!ric3; Corps Type VI filter papr 
vith a filter area of 100 an2. p.e sannler whs run from morning until 
nic:ht, approldmately 10 hours, an?. filtered air at the rate of appro*- 
mately 3 cu ft/min. The sai?ler was eqose.1 to the dust, etc, result- 
ing from the normal traffic k the area. Measurements of the activity 
vere begun twenty minutes a'ter the smpler was shut off. 
were made with a special gas D-ow, proportional counter. 
2.&.8 for description. 

The sa?pl,lr 

Measurements 
See Section 

Analysis of the decay curves shoirs that the alpha activity con- 

The straight lines in Figure R.l represent decay curves of 
sists of twg components decaying with half lives of 33 minutes and 10.6 
hours. 
these two components and the curved line is the sum of these two llnes. 
The agreement between the curve and the experimental points is good. 
!?Owever, no known alpha emittey have half lives corresponding to 

these observed values1 k 

The identity of the al?ha activity is establisted by considering 
the decay schemes of Uz38 &.id ThZ3', both present in the minerds of 
this area. 30th of these elements have radioactive rare ?as dauehters, 
ra*On (Rn'"") and thoron (RnzZo), which escape from the mineral deposits. 
These gases decay to produce a suspension of very fine airborne radic- 
active isotooes in more or less equilibriun. 
the decay schemes are shown in Ci,Tire R.2. 

have half lives considerably less than their preciirsor ThB and hence in 

The pertinent parts of 

In the Th23a decay scheme the tjio aloha emitt-rs ThC and TnC' ' 

- 93 - 
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a case of transient equilibrium would decay with an apparent half life 
identical vith the half life of this precursor. 
collected for a long period of time and since ew?n before sapling 

Since the sample was 

RaC' -. a a B B 
pa- - - -. 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 Urani~7?~* and Thoriuma3' 

equilibrium is being established in &&e air, conditions of equilibrium 
or near equilibrium are to be wcted. 
emitter is identified as a miare of ThC and ThC' decaying at a rate 
determined by the 10.6 ho9ir half life of their prec'irsor ThB. 

Thus the long lived alpha 

Similarly in the decay scheme of Ua3', RaC' is a.. alpha emitter 
vhose decay rate at equilibrium is determined by its grand-parent RaB, 
a beta emitter uith a half life of 26.8 minutes. 
between the observed apparent half life of 33 m%it_ees and this 26.8 
Mnute half life is probably the result of a perturbation produced by 
the relatively long lived (19.7 min) intermediate RaC. 
'WUibrium at the start of the decay observations would result in an 
aErage half life larger than that of the grand-parent RaB. 

cWonent shows a slight downward concavity in the early portion of 

The lack of agrement 

Lack of complete 

Close 
of the sinae set of observed values for the short-lived 
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the curvc,, in co-.ylete agi-cenent with this epl:?atirJn. Th~s it seems 
that the identity of tfe shorter lived cccpment bas been established 
as RaC' decaying at a :ate dettnined by RRR. 

UZ3' has a cGrrespondinp1y alpha emitting dau,?hter AcC' whose 
decay rate is similarly controlled by Ac? mth a half life of 36.1 
minutes. The relatiw contribution of this isotope muld be ewected 
to be negligible and no activity with this half life has Seen identi- 
fied in our samples. 

t The beta activity of this sanple bad an nparent half life of 28 
hours. The data are skcm also in Firmre 9.1. 

A similar saple collected the same day in the field north of 
the Fiuster area gave essentially the same results on alpha activity 
but different results on the beta activity. This samnle was collected 
for four hours from 7 AY until 11 Ah; but because of logistics was not 
counted until 5 R!. 
indicated a half life of 10.5 f 0.2 hours for the alpha activity. The 
shorter-lived coxponent had completely dec;.j.ed before the neas.,uenents 
were begun. The beta activity on this sa,>le had a half life of 
1& f 0.b hwxi-s. 

Activity ne.1surements over a period of 20 hours 

The ratio bekeen the beta and alcha activities on the tiio samples 
were of the saw order of :rlxpnitude. 4 cor,parison of the activities 
mezsured six hours after tke cm?letLcn of the smpling is 

- 360 and 
16,hrn 

lr5 
for the field sazple 

23,000 

70 
= 330 for the Camp No. 3 sample 

On November 11 a series of saiples were collected in the field by 
Project 2.$ in order to determine the or-ler of magnitude of the 
"background" activity which .V uld be stmeriiposed on their air filter 

B.1. The values given are good to a?prcxi.r-;tely 2K. The Du-ose 
of the eqerjnent did not seep to j>istify the longer counting times 
required for greater accuracy. 

samples col'lected for the J4:: R , ,L tests. Th? s dat.a is shown in Table 

- 96 - 



23 

111 

- 

- b 

130 

-b 

39 

1610 in0 185 10 

1406 1606 3 70 15 

1001 1401 740 Zb 

1007 1607 1110 3L 

1550 1650 202 11 

13h9 15119 305 13 

OS& 13h 610 20 

09w1 91 5 36 

a. Keasure~i five hours after completion of smpling. 
b. Not measured. 
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The bprtance of neutron induced radionuclides he been 
investigated in severd samples fioa Opsration JANGLE. ~$39, 
mhich is podwed from the bomb materma, la the only nmtron 
Loducsd aativity of rajor bporthce. 

The extent of fractionation of fission products at Operation 
JARLE ms shorn to be quite greet. 

Gross decay ad energy measurements were cmied out on a 
number of senplea from Operation JANT,IZ. 
included a few sanples as soon as six hours after detonation. 

These messurelcents 

Leachi% maa shown to bpne doubtful salne a3 a n&hod of 
soil realamation after an underground burst under the conditione 
af this teat. 



The pmpoae of this portion of Projsct 2.6 is to deternine the 

(a) The relative mounts of neutron inducttd aad fission p.-c&at 

(b) Gross decay =tea and beta ad gama-ray energies, 
(e) fie leaching behavior of radioactive dements present in tha 

This Mornation is useful in &ding hazard evaluation stdies, 
devdapent of contaninant simulants, and various corhaimtian- 
docontmimtion investigations. Phua, detenalnations of radiochemical 
composition iodicate the radiodaesnts to be considered in contambz- 
tion-deecntazlination investLgations and in forcmlations of contadmat 
shiLants, acd they micab the impoi-tmcs to the radiation hazard of 
the neutron-Induced radiomdidosj msasureaents of gross decay rates 
ard beta and gama-ray enwgies me usafullp applied to radiation 
bard studies as they &OE the rata at which th~ radiation field 
is decreasing and the types ad intemities of radiations xhich musf 
be dealt dth; detarminationa of leading characteristice are of value 
in estimtingr 
mdmatki, (2) the relative merits of the various solutions with 
respect ta soil redLanetion and decontaninatlon, (3) the omelstion 
of labratory ezperhnts with field operatione, and (4) the behavior 
af radioactive speiss in soil wfth respect to uncontrolled disturb- 
aaces eucb as rainiall. 

foll9ying characteristics of various radioactive soil asnplost 

radionuclides, 

sou. 

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

f 
Pour different types cf qil samples were studled: scoop, core, 

dWerential fall-out, a& size-separatod fall-out smples. The scoop 
ad core semples were collocted for the Natioaal Institub of Health 
by the Evans Signal ~brntory~s remotely controlled %aselm. They 
were obtained from the crater lip by eaooplng up the surface soil Md 
b~ driving a ooring pipe into tho soilr 
aaPrples mere aollectd as part of the U. 5. Naval Radiological Defense 
kbratargcs participation in Project 2.55; a description of the dFf- 
ferential fa-out collectors is given in the report of that project. 
mhe size-separated fall-out aamfltts were collected as part of the 
DSERllL participation in Program 6; a description of the lItatiOM is 
gimn in the report of that project. 
separated Into fifteen siae fractions by sieving. 

The dFfferential fall-oat 

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

For (b), ell omplea maikble before E + 8 hr aare coded at a,, 
ait,a 011 a ecintfflation spootromter and proportioaaZ counters rrtu% 
aatoostic absorber ckugei-e. The scintillation spcictmoster aas a con- 
ventional one in Khich a -319 phobtmJ.tlplier he a BeLL and Jo- 
L-1 =war amplifier follod by a differential pulss andper coupled 
tc 8 tic0 decade scaler. ProvLzion ms also de to scale toL& cat. 
b~bcstlc scarming 89s acconplished by a symhronwm mtor driving ths 
hellpot that controlled the loi-er discrimination love1 k! the ardp~ 
so the entire pulse height spectrvrn cdd be exar@ined conthwaly E& 

be recorded automxticelly dth a Bi-oun potentiotmter. A diphewl- 
aoetlpno arystal ti38 wed in the spectromtar far bets detection a& 
A thsllium-activated sodium iodide one for gamraa detection. 

on side-uiudow, argon-carbon dioxide g18-fl.0~ detectors comscted to 
proprtionnl coarrtors. Ub and lead absorption mes rere taken 
at pediodic intervals to obtain average beta and --ray energies BII 

a function of the after detonation. 

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

They were all retd to USEXDL 

The rem& and aom duplicats samples were counted at Wm 

me obtained from the surface burst, and an untroatd acoop earnplcr 
obtained frwn the dergi-omd burst. 
fur the lwhlng eqmrimente. 

-2- 
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RadiochemlLical analyses were nads of the following: saoop samples, 
rm?mrs 1 and 5 bm the surface bm3t and number18 from the under- 
groud burst; core sample from the surface burst; diiferential fall-out 
sq~es, mbera 33-8 and 29-l2 from the surface burat a& numbers 
102-10, 103-15, 108-2, 108-6, 108-10, 108-15, and 108-19 from the 
andsrpod burst; and sue saprated fall-out 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 fron the 
rmdergnmnd burst. 
stations and the times relative to aero the that the pertinent sectors 
mere exposed are listed in Table 2.1. 
rtations pertinent to the size-separated samples are listed in Table 2.2. 
The various acreen sizes used to make the size separations are listed 
mltb the experbental results in Chapter 3. 
a Qo-Top" sieve ahaker to separate the fractions. 

The locations of the differential fall-out collwtur 

The locations of the fall-out 

These smem wera ased in 

Be saoop aid size-separated samples had been ground to pass a 
100-mesh screen before portions =ere taken for analysis. 
eatfal faall-out (T1Fo) samples, which had been collected on 1.25-mFz 
almimm foil covered with a der soluble grease (carbowax lw), 
were simply rinsed into a platirfqn dish ad eveFrated to mess. 

The differ- 

Known weights of scoop, core, and size-separated fall-out samples 
and totsl diiferential fall-out samples were fuaed in platinum crucibles 
Tlth a carbonate, carbonate-borate, or carbonate-fluoride flux, the 
P8rtioula.r flux used being dependent on the analysis to be performed. 
me melts from the faslons were dissolved in 1:l Hcl or 1:2 HFD3. 

-3- 
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2.4.2 SOU SendLe Fro2 the Udwmu-* 

The swap dl aar-ple obtahed from fhe urdargnmndbnrst 
fOr this COXldSted Of abont 30 g Of eYWEab h&3TOgCn20tU 

mbrlel, rm&g in partiale size from 3/4 Lnon 6m. Obvione dii- 
fMtiee in ~~ =re cirmentd by choosing only that pation 
of the .se.qJa for cuqerkentation ach FMS~ through a 207.3& men. 
Bia porth of tbe gross sauple was divided into eight reprea3ntati.n 
cad approxkztely eqrrsl fractions arld the weight of each Praction 29~ 

det&%?&ed. hr, of these f'ractions z'se corbhed giaand and used 
to 03tdn the opecff3.a ectiulty of the untreated soil. I'he other aix 
fiectione =ere trsated .soperat& Gith the am3 six wlutione that xxe 
v~ad on the e%fles Prom the dace hat. 

A procedure dFpled sobedtit from that for the surface 
burst r-as ad. 
leaching oolution, me introbced into a Losteroid eentrifuee tabe 
d azlowd to rerain in contact for one hour. We in contact, the 
oantenta of tho tube sere thoroughly agitated every 5 PA. 
of the hour the confents of the tuba me aentrihged and 5 rl of the 
mpsrmtcnt 14dd KBTB withdram. 
mtimf rere usad to detaraLine&e cczblned activity in ionic artd col- 
loidal states recmed in the laaching process izhile the reminder pd 

suprated into ionio and colloidal fractions by dLalgsia. 

rlich c3r.a finerEd in 60 nl of fresh dcxontsilnsti-zg solution. 
y b eftaF dirlyaia hod bgcm, sages rare x-itMrei.n in the umml 
rxm~lr to deterrxhe the activity of the ionie frection. 
th, 3 liL of dialysete rrere vlthdratn for inestigating the ion- 
exwe pmpertiee of uuconknfmted YOU. After awther 48 hr, 
c33aly-b aliqmts mere again Prithdram in order that the degree of 
equilibrium attaled at the tine the first aliquots Tere taken ui&t 
be determined. 

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

At the enl 

be 500 Xalkuota of the 

DKl.pb ea8 ca-risd out, ad bsfore, ln Cellopkem bags 
Lbut 

At the BLEB 

-8- 



activities ResiZua: SLTerratEnt: &e earth 
~12~20~ activities and ~(III) 

ana ~(III) carriers. 

Won dnalyeis 

To 10 ml aliquot of dlalysats were dded 20 mg iodide-ion carrier 
and e etandard radiochemicdL dpis m6 wade. 
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The R-values are defined by: 

rL3re T ad T2 are the observed relative firsion yields for tco given 

rzdionuclides, and YlB5 and Yza5 are the fission yields for the txms 

xdlonuclides h the th~mal neutron fission of $35. 

1 

Fciltin epture ci'os;..sections =re CP~CQ~K~~ relative to that of 
Shce tha capture cross-oectiolls La esbLtr;.rily sst at 10 milU.hrns. 

dc?L.nd on the ncaLcon ensrgies and the latter udoubtebly chnge 
1zpk5ly eg .&e rrjutxons diff'use outard from their paint of o&b, 
tho obssrfeil rratron csptare cross-sectlons ?re apcted to vary iron 
L.z:.~I~ fo 8n@e. Poseible nJp reactioaa, on other elemnta pscnt, 
L- E;ke 83- coatribation to the ar.9unt of rcdionuclide prdnced by 
the nmbn aptare raction of intsrest. Consequently, the relatire 
nmtron capttcre cross-sections are obsmed Mt to be constant, but 
i21A.r odere of r.-qpLt&de ep1 the &nt of raiatba fms sarple to 
s,;Tle ESQ of .ht-erast. 
rotos t.he qtrs%iktive anslytical dsta and the psssible ~,p rex3.om. 

me tahle listing the CrOEQ-S3Ct%OUB dlso 

Bppro&stelp hay the radlochemical analyses =are dolls in dqU- 
cats, the ra;lsWer wsre swle detardmtions. Of the duplicate 
red.ts, 83 par cont hd a rxn deviation of 10 per cmt or Ice$, 
8 per cent (uir m3lyses) hed a ~3.m dovlation greater thsn 15 psr 
cant. 

It rias ahom that even sampling proce&~~~~ mrnally regci-ied as 
sctisfactory fdled ta dye homogeneous results Rom the scoop ard 
ccjre snmples. For this reason, the over-all accuracy of the relP.tive 
fission gield data Is considered to be2 10 par cent for data OR &the 
Werentid fall-out ccqleg end & 15 pr cent for the data on the 

The WUGS given for percentege contritutLon 
et various tirles follo~ing datonaticn ere considered to have M over 
r.ll RCCTECA~ off 20 p3r cent. 

core m..p~es. 
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4760 - 
3327 - 47.9 
2362 - 3327 
l6n - 2362 
u90 - 1SR 

295 - 417 
?a?- 295 
u7- 208 
104 - l.47 
74 - lC4 
< 74 
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---I_ -- 
3-8 

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

!lY.mE 3.4 

Gross Activities(’) of Si3a-Separatrd Falldnt 
S~qlea in the Urillorgrm3 Emst 

-. -.-. - - 
Size Range 

(ll) 

5600 
47& - 5600 
3327 - 4760 
2362 - 3327 
1651 - 2762 
1190 - 1651 
en - n40 
5%- fm 
4.7- 59 
295- 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 bM indicates sezple, Fi ea$, ?:as cm5hed ~5th wxt 
pzrticle sioe range. 
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border to obtain inforcetion on the energies of the varioue 
beta-ray components, a calibration curve of mydgum beta-ray energy2 
versus half-thieknass wa constmct from the data of the absorption 
aurves of Srw, T1z04, &, eo, &, end Nb95. These radionuclides 
ell gave straight line mes out te approzhstely tm-thirds of their 
redxxm beta-ray range in plots of logarithm of activity versus thick- 
mss of added almimm absorber. 

The tdf-thickness of each of the components in the elurninurn 
absorption curves aes calculated, and from this the correspoding 
r:&iz beta-rey enera was obteined dir6ctl.y from the cdlbration 
tme. 
each b3*&-rny w,r:pnen d of given en-rgy xas calculated Prom 
the data given by 1Isrinalli. The average beta-ray enargies of the 
various samples at each of the selected tines were coaputed from the 
relative abundances of the components and their average energies. 
All of these data for beta-rays are listed in Tables 3.17 and 3.18. 

rate uere do. HELIX-thichaess wues of 12 
L.re dotar&ed for Cob0 and the pair Zr95-Ed3 From their respective 
lezd aboorption eurves as taken in the comting arrmgeflnt used for 
the gross decey serqles. 
of gs.x*a-ray ec3rggto half-thicbess, these values correspond fo 
snergies of 1.30 and 0.74 krv; the re 
.1.~ ard 1.33 for ~060, o.n for zr9 ?and 0.76 for Rb95. Thls we- 
'cant in gm-rey energies as reported in the literatcre cud as deter- 
;&ad by lead ebsorption measurements in the apecial counting set-up 
~'psed for the gmss decay samples demonstrates that the absorption 
'carve teschniqrre wed here is satisfactory for determining gamzx-ray 
/ 

The averege ens gy of the beta-ray syectrum associated uith 

For the gaplis-ray emrgp stcdies, calibration absorption measure- 
and 7.2 d~ an of lead 

Bccordbg to the theoretical relationship 

rted gama-ray energies are 

snsrgies. 

In the majority of cases, the gamms-rry absorption curves cm- 
structed from the gmss dec cwea were resolved Lnto tm corpn~nts. 

valuss by reference to the thc8oretice.l relationship bst;?%en energy d 
blf-thichess. Average gam&=-ray energies for eech of the smples at 
the different selected tinea \.are coEputad From the relative ab- 

The energies of i;he componer? 3 s vere obtnind from their ha-thichess 

The rzx3-m bek-ray energy values of these nuclides sere taken from 
-- The Ecitionsl Bureeu of Standards Circular 42. 

2 

L.D. L$rinelll, R.F. Brinckerhoff, and G.J. Hine, nAverege %~a Of 

Eete-Rays Emitted by Radioactive Isotopes", &v. &'>de iLs. 19 

- 26 - (19471, 25. 
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TABLE 3.15 

Gross &cay for the Surface Burst 

(ma/em2 U) 
0 md 3.45 
0 and 3.45 
0 ad 3.45 

53.8 
Lw 
m 
(LTJol2 All 
0 rind 3.45 
0 end 3.45 
0 Ed 3.45 
0 ad 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 
efbr the debustion, ws resolved into two 
app-cntly p:Odonimt activities bith 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 a9 
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 -40 
1.3 - 5 
2.3 .. u 
1.3 - 10 

1.1. - 2 
2 -6 
6 -aO 
20 - 55 
55 -120 
1.2 - 3 
3 -50 

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 for 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 

~8.65, 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 86 
2.6 
1.5 
14 
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 -50 

50 -JB 

1.2 - 120 
0.5 - 5 
5 -108 

1.1 - 2 
2 -6 
6 -20 
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 Barst 

:Om 

4% 
4% 
454 
!a0 

5.90 
9.85, U.7, 

18.65, and 24.55 
..I 

(WddM) a 
Oand345 0 e8 
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 -18 

18 - e6 
1.2 - 7 
7 -2.5 
24 -16 
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 rC 
1 a7 
1 e6 
3 e1 
2.0 
0.87 
146 
2.92 
1 .4 
3.0 

0.81 
1.25 
2.&7 
1.3 
3 a0 

1 e3 
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 bnmt 

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 - 16 
120 -1% 

1 e3 
1.1 
0.65 

1.6. 
1.4 
1.3 
1.6 

1.3 
0 -9 
0.65 
0.48 

1.5 
1 a3 
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 
EO - 186 
-- 



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

40 -EO 
0.8 - 12 

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

u.7 - 88 
03 - 7 
7 - 40 
40 - 120 
0.75 - 9.6 
9.6 - 63 
0.8 - 6 
6 - 40 

40 - 120 
0.8 - 4 
4 -30- 
0.3 - 0.56 
0.55 - 3 - 
3 - 9.6 
0.8 - 4 
4 - 20 

0925 - 0.75 

- 33 - 
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3 e16 .(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 a8 
1.3 
1.1 
0.75 
1.94 
1-35 
1 e7 
1.2 
0.83 
0.55 
14 
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.55 

ia.65 

1 e3 
0.70 
1.35 
0.95 
1.1 
0.G 
1.0 
1 e9 

1.G2 
1 a0 

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 -33 
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 - 

(4cG -a 
0 and 3.45 
0 and 3.45 
0 and 3.45 
0 and 3.43 
0 and 3.45 

53 e8 
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 e8 
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 -uo 
2.2 - 6 
6 - 36 
2.2 - 6 
6 -22 
2.2 - 6 
6 -22 
2.2 - 6 
6 -ul 

2.1 - 4.5 
'4.5 - 9 
9 -20 
20 - 34 
34 -110 
2.1 - 34 

34 -110 
0.96 - 33.8 

U.8 - 96 
2.1 - 9 
9 - 34 

34 -110 
Om% - 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 

(dG2 Pb) 

0.85 
1.25 
1,s 
1303 
1 rl 

1.7 
1.15 

1 *3 
1.6 
1 e1 
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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Gr 

TABU 3.16 (Conticud) 

0.0 ad 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 

14 
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 

fir2 Aftex 
Datoc3tion 
&d-.- 

59 
92 

1.1 
2.3 
3 e6 
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 e3 

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 - 
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hop 5 

TABLE 3.19 

Gamna-Ray Energies for the Surface Burst 

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 e7 
0.61 
0.32 

0.56 
0.55 
0.77 
o.n 

to that oE Hard 

Absorber 

-- a Ener g ie a 

SCJ~~D~S (awd Absorptj - n Spec tmr ster 

Core 2 e3 - b3.5 0.1 0.25 

Detonation (K?V) 

6 
-- 

3 e6 0.34 2.0 
0.26 1.77 - 1.6 

4.1 

- 14 
5.1 
6.3 

3 e6 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 Scintillation Countar) 



I I I &31. 

0.29 
0.14 0.26 

9.5 I 0.31 I In 0.39 

0.90 1.1 0.60 
1.01 l*O Q.66 
1.C6 1 .Q 0.6 

I I - _1 

- L3 - 



TABLE 3.2l (Continued) 

Gamma-Ray Energies for the Underground Burst 

--- 
Ratio of Abundance Average 

Emrgies of Soft Component Ganma-Rag 
Tim Art- (&I$) - tA that of Hard Eilergy 01 
Datonatjon Soft Hard ~omponsnt at 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 

(by~] Conmncnt Component Absorber -- (- 

29 
90 

3.3 -E$Cm BEHAVIOR OF SOIL SAKKES 

S0~3 el-zples of the percentages of total activity removed from 
the ecoop and wre s=fles horn the surface burst by the decontamiLatlq 
r;olutions are &om in Table 3.a. For each solution except sea rater, 
the activity ia broken dorm into the prcentage appearing In the ionic 
state and that in the colloidal state. Such a breakdom for sea mter 
PJI precluded by the fornation of colloidal rrsterial (possibly algae) 
in the dialysate. 
171 hr after detonation and I34 hr of contact betwen soil 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 rehtionr-hip 

rhre L,(t) is the activity of tho origiaal dialysate at tine t, 
&(t) la the activity of the supsrnatent liquid Prom the soil nixtur~ 
at the same the t, both activities referring to 500 
R is the iyoight of the soil in grams. 
refers to the time at which the aativities sere measured and not to 
the duration of contect betscen soil and dialysate Then the aliquots 
irere taken. 

aliquots, anl 
It should be noted that t, here, 

This latter time raa 2.!+ hr. 

- Lf, - 
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The pcrcentegea of total activity remved from the undergra 
burst sample are broken dom acccrding to thdr physical state ard 
presented in Table 3.236. 
eolntions, the vcriation of these p-rcentages with tiwe has been 
detemined from the decay curves of the diquats wd of the origiral 
scrpla. Both the carliest values obtained .*Ad values for a subatan- 
tidy greater priod of decay the are presented for coaparieon. 
uoriparing the eCtiPiti6S of the first set of diqcots with the activi- 
ties of &noth.er set taken 
6mr of th F*iiljCih.3nt that thQse vdu6s refer to cquilibriam cor&- 
%ions. 

In order to ckck the selectivity of fie 

hr later, it =as established within the 

In Tsble 3.23B, the results of the ion-exchange exprinent we 
txmxized by EJMS of the same function used in the previous section. 
Bere, however, the values presented for the different periods of con- 
tact mre obteined fmm separate seta of aliquots and the increase of 
the values with tine is due to the slow attaicrent of equilibrimn. 

bn absorption curve of the ground 20 mesh Fraction of the 
orighd wsnple ~;RB Men end compared to the absorption curve oil 
a thoroughly pilverized and nW portion of the original scoop 
m-yle. 
ca4ing the larger size peticles did not pmduce any sign5fiCSnt 
fitctionatfon of tFle coat,minatirig activity. 

The idcctltp of the curves established the fact that die- 

The upper lhit of irrsproducibilitp, as deternine3 from the 
error of four identical r;ater leaches on four represents- 

tf-fe seaples of pa-ticle aiae sormr-hct greater than 20 mesh, vas 
f 15 p^,r cent. 

The results of the analytical procedure are summarized in 
Tebls 3.24. 
represent the activity in 1 ml of dialysate due to that source. 
Keens of the known decay characbristice, aU. &ab. heve ben con- 
pted for a days after detonatih. 
activity acccjmted for can be readily seen by coirpsr~ total munt 
of cctivity obtained fron the source8 listed for any given solution 
vitb %e activity of 1 d cf thut solution as shorn at the bottom of 
the tsble. 

For any given source of radiation, the tabulafed data 

The relative ero3unt of dinlyaate 

me Csu7 activities in sea zater, "Tide", and sodium citrate 
didysates tiere found to be anomlously high and have not been 
raprted. 
of alkali metals in algae, sediment, end mold, rcspctively, over 
prolonged periods of sknding and to the introduction of these con- 
ebntrates into the aliquots chosen for analysiS. 

This anom& is believed to be due to the concentretion 
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P.hObTC'.? 7 .cc-? 

An bdirejrtent contmimtion of alk?.line ear35 
ad.ysfs b.3 mi33 the presentstion of exact values 
ard raw in 588 mater Iiqmasible. 
to cdclilate a fairly n2Pr.m range of limits for these activities mc! 
thesa values have been offered doog with tha mora re1Fsbl.a dets. 

It ha3 bean possible, ho:qsrzr, 

- L9 - 

d 



The radioche.-ticzl irv.s3tigPtSou of saqle?s collacL;-? at Operation 
JAXXX giva infomstion on (1) the sh2c3 of th3 fission yield m-re of 
prohc5s of a bs,A fissim ~ocas, (2) the extant of prcducti0.l of 
ssverel n-?uti.cn i.d>icd radionudlde3, (3) the existence of fmction- 
atlon of 83vard. radioncclides, an6 (4) the contribution of several 
induced radicni:clidca azd fission prodilcts to the meawed gross beta- 
activity as a fhction ol the after debtation. 

In tb9 tht?rml neutron fission process, the ratio of fiusion 
yidlda of rediwuclides at the DXX" P of the fission yield curve to 
tho;> at *..a nlnkirn is about nix ilcJ?i6d ta one. blthotgh the curves 
obtained in thsso studies are not clealy defined because of fractlon- 
atio? effects, th3 ratio seems sdler in the brib fission pmcoss. In 
the sru%cc baret, the ratio is about one hundred to one for the scoop 
md core senples and about three hunclred to one for sorue of the differ- 
entld fall-out aqles. In the underground burst, the ratio is about 
sin hmdred tc one for both the ECOQP sm$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 for the ratio of ebudance of the soft 
r;dhtIon coqmnent to that of the hard radiation cozpncnt varied 
:.i)pieciLolp, obce the \*dues riere 2:temined LVom Int.jimpts of dops 
of half-thickness curves ritb the zero added absorber axis. A s4l 
c.-e in half-thiclmess of the soft coqmnent b~dd nske a0 rpprecleblr 
cue in ratio of soft to hmd radiation. 
ciqsrh9ntal phtts rsde it dFfficult to define the slops of? the curves 
eccuratsly. 
error of ebout.3 0.04 LIm to the averege energies. 
In average beta and gw-ray energp is esthted to be appro&steIy 

SLmLlm-ly, the senttsr of 

The conbktion of these error8 contributed a rdnm 
The totel error 

f 0.1 ESV. 
4 

surface burat d from 0.25 to 0.3 for the underE;round bust. 
caseg, the average energy showed a ganerd dscrease xith the et eer4 
th8, ar.d a gradd tendency ta fnCr6EEe at ht6r tir.36; the !dnLmm 
ot~urred et ebut 10 days. hvercge gmma-rq enbrgies rage frm 0.X 
to 0.77 1% for scoop serrples md frnm 0.6 to 1.6 Cw for the core 
r?ql-e froin the surface burst end from 0.2 tC 0.e8 1Iev for the SCOOP 

er2Jle from the unrlcrpound burst. These averege GZIergfeE are not 
corrected for the comting efficiency of the detector used. Pnlse 
height gndlysie data end several lead absorption cuves (Wen through 
relatively thin led absorburs) shoned the presence of a 0.1 1.3~ com- 
pmt, in eddition to the tm coqonents usally obserwd. 

Average bata-rey enorgieshnge from 0.17 to 0.52 liv for the 
In both 



' It &auld ba pointed out th2t the value of th3 results obtained 
in the lenchln:: erperfnnta on asnpples fron the Burface burst are 
qu2ctiont.ble for ti10 rBSbOA9: 

an naredisticelly largo surface &e+. &:I :ihlch mutron in2cced 
activity md occ3.vdod fission prodcctn could ba leschcd, ad, secondly, 
the experimental arrangemnt was auch tht actfvity %as conthudly 
passing from the soil to tho oolution so that tho values given are not 
for eqtdlibrim conditiow. l'hcs~ t..o defects were remedied in the 
treahent of the scoop ample *OD the undwgrotl!:d bnrst so that th3 
resulting data are mor2 rznningful. 

fht, tho us8 of gr0ur.d sou pre3antad 

Regarding the .ion-sxchage experiment nith the surface burst 
material, it is intaresting to note that ThLZe the ability of citrafe 
ion to form codex ions &or$ m~ mkedly in the low values of the 
relative activity decrease .for &e cftrrrte solutions, there is a strong 
kndencr for all other values of Table 3.22B to cluster abut 0.2. 



1 

PROJECT 2.6~-2 

In all cases except one, the largest fractions of ionic activifp 
r.pplrsd in the EF?A and ccfilm citrata solutions. 
Icrpst conoidsl parcentages ccnsistcn'tly appear h n~nolCn, m, 
crd flitdd") only the relatively high efficiency of EDTA for re2uvlng 
collolesl activity 1.68 not Enticipated. These results irdlcate, them- 
fom, that EDE4 atid sodim citrate Ehaitd be of vdne in reroving con- 
t? i4baCiOn Of - ionic mture. IAiiden, "Dupom,l C", and EDTA should 
be uqx-ior in nwving oant~&~intion tbich is prklly colloidal. 

Skik-ly, the 

SpRia in Teble 3'23, loir mliies of the relative activity dcsrew 
are obtdriad for sodim citrate. Here, also, the ability of EETA ta 
form caqh-~a is uore cppcrent than in Table 3.m. 
tli3re seeis to be little, if any, dFfference =mug the rexidug 801~- 
tione. 

Again, too, 

The andyaee of the ionic fl-actions of the leaches lend ther- 
dves fairly well to theoretical eslplenation on the basis of thrw 
faotoro: eolnbility, awhsnge, and co~pIsxing action. Thus, ths 
apps=rerce of ionic activity 
doe to the so1nblliS;P of the soq-ce of sctivity. Te-khg aistFlled 
rctcr es a plnt of ieference, tbn, *e greeter alkali r3tal cctiviw 
in the other bolations end the &roster activity due to Ba 4 Sr rnd I 
In 838 I atar r~y ~sll h~m bmn bro-&t abut through w.chzn:e. The 
cc;.$cr;lng action of EDTA End citrate ion is probably respmsfilo for 
tho rrlatively large c;louits of actisity aLfociafed with Ba, Sr, and 
tb ra-0 terths found in these mlutions. 

diatllled hater &ofid be p&3lp4 

The cquivdence of all solutions for reijoving iodine rctivity 
md close pzrallelism in the results of enalyses of EDTA and citrate 
dialysates ere also r;or+hy of Exition. 
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The fOllO.ibg coocll;s!.ons wzy be mild0 from our studies of smples 

Npa9 ie the major nectron indued radionuclide produced. 

3, and hh% my ba iqortfst CGntYibUtGI-3 tG tho gross activity at 
ecrly times un&r the conditions of these tests. 

obtained in Operation Jtlh;GTY. 

Measur- 
e amunt of other nautron it..dc,ced rPd!.onuclides were found, Naa, 

Neutron induced radiomc1id.s other thsn Xp239 do not contribute 
more than a fern per cent to the goes redioectivity remining f'roa a 
sarface or uoc?ergrour.d burst in the F~I.~oJ 1 to 90 &.ys after dstom- 
tioa, except in pleces *ici;, dt?r.xs!-. scbjcct to the nsutron flux of 
the bonb, are not significsntl7 cunt+x:n-_ltad by the fission products 
(e.g., a fe;r Inches belo,i the 9!rE~c-3 of th;. s9il at the lip of the 
wrface burst crater). 

Fractionation of the fission prcducts occur3 mch more extensiyely 
in the bonb debris from a siurfac-., or .stdergrod burst than it does from 
an air burst. 

The 0bsemc.d slopes of tie log-log plots of the decay of gross 
radiations vary fron 0.5 to 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 lie 

mainly betxeen 0.2.5 and 0.45 Mev. 

Averago gm-ray energias lie m~inl7 batmen 0.4 and 0.9 MeV. 
We softer component of the gm-rays 1x1s an average energy dose to 
0.3 !tev, while the haraor covpment ius an aver:rge en.?rs of about 
1.0 MeV at most tims from 1 to 90 dsy-s aft9r detomtion. 

Leaching contminatsd soil with vcrter or docontmIimstbIg soh- 
tions (deterzents or chemic??. comp2ixlng azents) does not seem to be 
a feasible method of soil reclfimtion. Only about 3 per cent af the 
gross activity is removed by such tr'sotmcnt. 

- Zf - 



TCS fOU.O;/i~: o.li'.ing of t?~a id.i.och+,:~.icrJ ~I-OTO~LU-JS supple- 
gaat,3 Section 2.1. 

XU~S-I~;~?LLI - R~t"2nji: =,is S-prratad frc3 the othur els- 
EeC ts by distlllstion 
0&y1 e?.r,&ol &on a sodim '+ZiadC?g soln';ion, and reduction to the 
nab~7- A 

rut2is:i~:.r. I te?ro,cid~ -, precipitation Fiifh 

itith ~gt~ociuu a3 da;;ci.i>cd by 5~x3. 1 

Berim - The berim proc5dure follmed tht of Hue 
ex-ept that a fiming nitric acid prccipitetion praceded the baiuii 
&1.0+53 prccipit3tion. 

SFZver - Silvsr t7m puri'ied sccoi-iq. to the prucddure 
describjd by Hxia by silver chloride prccipitition, ferric hybordde 
sca-en,-ing grscipitstion,q , sihx &.fide prccipitetion, and final. 
ailvar chlorida prccipitafion. 

Cddm - Cdum ~$3 snFgl.ilt?d e3 described by Huxe 
.ith cehiuu sulfids precipitations, ferric &-&oxide and palladim 
sulfide gcavenging preci~pitations, md find prscipitetions as cad- 
mk*, wniun phosphte. 

CeAu - Ceriuz >a3 sspceted by a fluoride precipitation, 
purified with iodzts and odeta prccipihtions and zircoolm iodate 
sc.-v-,~-~ing,s, as in the :Grk alroxly cited. 

9 

i.e,, lenthant?n fluoride soa-rerrsing prt?cipitntiors, brim fluo- 
zlrtcorato precipitations, barim 3ulfate ad zirconiux cupferrate 
precipihtiom, follcwed by ignition to ?iircsr?lm oxiib. 

IUolyWenun - The rnoly5dmw determination foll.oared the 
procedure given by Hum, ira., precipitations as mQMenum dph.3- 
bemoin oxhate, a ferric hyCrod.de scavenging prscipitation, and 
fiml precipitation as lead molfxhte or as molybdenun alpha-bsmob 

Zirconium - The proccbe described by Ewe was folloaed, 

D.R. Enma, B.X. Ballou, and L.S. Glendonin, .A Marmal of the Radio- 
chemical Determination of Fission Eoducts Activitiea", CN-2813 
(no date). - 57 - 
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The pur9oss of this inv-stizatiofi was t, devdap field-tsst 

a cheap, sinple metho?. for obtLi7i.nS surface mi1 snples r'ron areas 
which cvlnot be entered by perso;L?el. 
selected use material which was readfll;. anilihle and w3ich did not 
requlre sxtsnsive bas'ic rcssrch. The methd shoul3 riot rz.illlre the 
training of a group of s!>eci;tlists. 

It was deskad? that +he method 

The use of a ntrievakit? missile sesnerl t3 be ari obvious method of 
attack. If succe:;sfully develope~d it mdd not only be of use in 
future atomic aeapons tests but js0ul-i a250 he of potentia:. value in 
evd.dat.i.ng the hazx-1s assocL.qt?:l .::it? XI cxplon.:or. delive-ecl by a? eneny. 
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Field tests, described in this report, show that a retrievable 
misslle may be used to obtain surface soil samples. 
describes the eelaction of the missile, its pre-test developent, 
its performance and its limitations. 
1ine-to.Ang rocket manufactured by the Kilgore Manufactwing Company, 
Westerville, Ohio. It is inexpensive, readily available and easy to 
use. It has a range of 1100 feet and a probable impact area approd- 
mately 75 feet in diameter. 

expand its possibilities. 

This report 

The missile selected was a small 

Recommendations are given for improvements which will greaELy 
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Five typzs of line-towine; missiles are readily available. Folw of 
these were elimirrated without 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 feet when towing a 
very light flax line with a brezking strength of approdmately 200 pounds. 

1.1.2 The Lyle Gun - 
The Iyle Gun ("Report on Life Saving Ordnance", Lt. D. A. 

Lyle, Grdnmce Department, U.S. Army, Government Printing Office, 1878) 
used by the Coast Guad for shore to ship contact, w2s elFmhated after 
discussing its characteristics with an officer of the I1.S. Coast &&d. 
"his gun is a 2-1/2 inch bore muzzle-loading mort= of variable rage. 
'he range is controlled by the amount of charge and the elevation. 
nxdnnun range of 1000 to 1200 feet may be normally obtained with a 7/32 
inch manila line. The missile is a 19 pound solid siug of metal, loaded 
nosa first into the mortar. This slug, which is approdmately 16 inches 
long, extends beyond the mouth of the mortar and the line is attached to 
Ue protruding end. The missile tumbles in flight, thereby furnishing 
a lou probability that an attached sanpling device will st,rike the ground 
with a suitable orientation, A further disadvantage of the Lyle Gun is 
its lu~ recoil, which elimina*s the possitility of firing it 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 line, but the motors now available are either too 
large or too small for the sampling device and line required for this 
project. 

JAM mo*Yors have been used for towing long 

1.1.h Standard Vilitary Rockets 

The possibility of using a standard military rocket was 

-1- 
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considered. Dr. Weill and Dr. Anderson', with Hr. !hdsmrth Mount3 
consultmt, developed a remote smpling device using a militaq rocket for 

eeing the crater during the first atomtc test in New Mexlco. 
present investigators were unable to locate the report on these develop 
m-nts in the 1it.eratu-e of the Nab2ttan Project. 
hith Dr. Veil and with Mr. Eout convinced the investigatcrs that the 
d1ita-y rocket was not the missile of choice for this developnent. 

hch my roc!;et ueigkdng approhtely LO pounds and a special reel of 
1/0 !rich steel cable. 
military lamher at 
Lee-lerated the rocket very rapidly to neJcimum velocity in approximately 
0.1 moor.ds. 
xca stabilized in flight by a standard airfoil assembly. It fell rhost 
rarticzlly at a rage of 1500 feet and drove the s'mpling head so firQ 
into ths ground that the force necessay to reirieva the scnple &te o,% 
Lncppd the l/8 inch steel cable. 

me 

Bouever, discussima 

Ihe equiuipnant used by Dr. Xeil consisted of a 3 inch to 

The rocket which nix. fired frorn a cmventional 
zn@e Of bso, used a hi@ pressure motor which 

The rocket, with cable attached at the center of gavity, 

he specially wuund reels of cable supplied to Dr. Weil by 
the Intertype Corporation, (Rev York City) are not ncrd being produced. 
The tpcid production of the limited number of cables required by Project 
2.6~ wuld force the cost of each cable up to approximately $loo0 each. 
Such n exy,?nditxre was prohibited by the project budket ad dimetricelly 
opporad to me of the aims of the project, nmely to develop a cheap 
sknple srnpling device. 

1.1.5 . --- 'ihe Line-- Rocket 

The eliminatian of the abcve missiles left the investigators 
uith the line-tovfng rocket manufactured by the Kilgore MmufacturLng 
Caipeny for ship use by the Merchant Marine. 
range this missile s-emed to satisfy all requirenents. 

&.ped as a portable line-towin$ device ;rMch will tow a 7/32 inch md.h 
line 1000 to ll00 feet. 
1.1. 
burning solid propsllent of the nature of .black gmpwder. It "pul16" 
for 6.pproxhately three seconds thereby greatly reducing the s&ess on 
t1.s toiring line by its acceleration. 
"E" is the harness used to fasten the line to the motor. The harness 

1. 
2. nr, HerLert I,. kriderson, Institute of Physics, University of 

3. Xr. is'adsworth ?fount, 9 Hi& Street, Sumit, !Jew Jersey. 

Except for its limited 

Tnis simple &l/& pmnd rocket has been specifically de- 

The cmponents as purchased are shown in Figure 
"A" is the rocket motor which is pmrered by 244 pomds of 61Qrl- 

The cost of the motor is $15. 

--. 
Dr. &or@ L. Veil, Ato,nic Ehergy Cmmission, Washington, D. C. 

Chicago, Chicago, Illinois. 
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consists af a yoke which allors the rcohr to be placed in the launcher 
and to which is attl-ct?d 10 feet of 1/8 inch steel cable for the purpose 
of removing the manila line from the searing blast of the rocket exhwst. 
This construction places the center of drag well behind the center of 

thrust, thereby prdicing a stable rocket Without the use of airfoils. 
Ihe harness costs $5. W" is an assatiLed rocket and harness uith the 
stc7ldzd nose instead of the gromid sar:pling nose sho-a in 1'BIl. 

the rodrot launcher, 
shield to protect the operator from the rocket exhaust. 
launcher weighs 15' pounds and according to the rnaufacturer can be 
hadfired with a recoil approldmately that of a 10 gauge shotyn. 
cost of the complete rocket launcher is $122. "E" is the primer-ejector 
uhjch sjnultvleously ejects the rocket from the launcher and ignites 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 ueighhg 30 pounds. 

1T)n is 
It consists of a modified Very pistol, with a 

The rocket 

The 

me cost of the primer-ejector is $0.9. The bucket 
?he 

Figure 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 had, 

held fking position recamended by the manufacturer but have built a 
mechanical support for more accrtrate control of the elevation and direc, 
tion. (See Figure 1.3). 

Figure 1.2 Coils of canila shot line and nylon shot line aa 
receit-d 

I-. _. 

Fipre 1.3 LoaCing rocket into launcher on firing mount 
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2.1 OBJECTIVES 

The objectives of the pre-test developirlt prog>m were: (1) 
to becme familiar wit" the operatiur. and ch2recteristics of the 

equipaent selec'&d, (2) to design ar?d build a sm.pling device to be 
attached to the rocket and to determine the effect of the device upon 
the flight cheacteristics of the rocket, (3) to increase the range of 
the mc'xet by the use of lines other than the recodmended 7/32 inch 
manila line, and (L) to build and test a light mount for use in firing 
the rocket from a vehicle. 

2.2 EXERMEMTAL 

The pre-test fjrings were ccnducted at the Aberdeen Proving 
Grounds by 'the personnel of "C" Field through arrmgzxents made by Mr. 
S. W. SWipp, Rocket Branch Office, Chief of Ordnance. 

The number of firings was kept tc a rrhimum. Most of the effort 
was directed toward studying the effect of different lines upon the 
range and flight characteristics of the mckit. The ksting of the 
1auncFhg mount and the sapling device .veri mcorporated into thesz 
tests. 
mended by the manufacturer. 

All firings were made at an elevction of 25 to 30' as rac- 

No tests were made on recovery because the hard black lorn and 
heavy grass and underbrush which cwlprised the firing field did not 
approximate the expcted field conditions and because ;.e did not wish ta 
tie the IrC" Field personnel up any longer thz 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 earlier (Chapter 1) ad is shotm in Figure 1.1. 

2.3.2 Samplinq - Head 

The two ~~~i~ling heads developed are shom in Figures 
2.1, 2.2, and 2.3. The dcor is opened by impact as the kinetic energy 

-5- 
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of the rocket drives the sanpling device into the ground, 
leading edges protect the hinges and spring which operate the door and 
#em w stops vhen the door is closed. 

The heavy 

If the soil packs so tighhtlp 

Figure 2.1 Si.cpling Heads 

that the coil spring cannot close the door, a larg2 &mple Is collected. 
If the soil is packed loosely %to the device and the spring closes the 
door a smaller sanplr IY collecba. 
device in Figure 2.3 are designed to prevent the rocket from pnetrating 
too deeply into the earth and to blst a crater, rather than a clean 
narrow hole, by diverting part of the kinetic energy into side thrust. 

The liso plates on the sampling 

2.3.3 _I_ Lines 

The characteristics of the various lines tested me listed 

-6- 
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.% ~ 

--3Y: 

a. 7/32 inch Manila s:-.ol, 1Y.s 
(a) hredqing lod - hs' ;'...L~.?S 

(b) weight - 16 ~c.,m:s/l>:d feet 
(c) cost - $28/01s of 1723 ?$et 
(4) source - 9.J. Tayl?: ??. 39 S. Gay St., 

(e) rexsrks - p~.i~s >~:3:: for use 

(a) breaking 10zd - h20 pomds 
(b) mlghfit2.1 pcuds/l<..H) feet 
(F cost - $12 for ~od of 2000 feet 
(d source - Plynou'h Cordas Co., Flymouth, Mass. 

~mt be rekaund before use 
(e) remerks - a very soft laid, very flefible line. 

5/32 inch hard laid nylon line 
(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 feet 

CoGt - 546 for coil of 22LO feet 
SOWCB - Columbia? Rope co., Auk, N. Y. 
renarks - receive1 in coil which had to be 

@aced iq txb before firing 

d. lh6, 1 x 19 st,ahIess steel cable 

(a) 
(b) 
(c) 
(d) 

breaking load - 500 pouIids 
weight - 9 pourtdsh<X)O feet 
cost - a>pro?dmcltsly 370ho~ feet 

rmarks - mst & umnd 011 specic reel before 
usa 

e. 1/8 inch, 6 x 7 stainless steel cable 

(a) breaking @ad - 1500 Founds 
(b) weigfit - 24 pounds/lOOO feet 
(c) cost - appro.ximntely 52~~/1000 feet 
(d) remarks - must be womd on Specid red before 

use 

2.3.h Line Dispensing Apparatus _I_ 

The rapid acceleration of the racket makes it necessary 

This 
for the line to be paid out 
initial acceleration of an entire reel or other holding device. 
vas accmplished with the various ropes by pu-Uinx the line frm the 
inside of a hollow cofl. 

hollow dlose-~.mmd coil, protected in m open end bucket. 

a mmer which does not require the 

The manila shot lines used came in suc?, a 
The 5/32 inti, 

-0- 
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nylon line case r;ound in a similar coil but xithmt the protecting 
backet. A bucket sfinilar to the one on the manila lines had be 
cc?struCtad to support the coil b-fore the birding ropes could bs 
cut md the line paid out. Figure 1.2 shoirs a coil of each line as 
r2e;irzd. 

"ne 1/8 inch nylm line had to te rehvmd b-fore it auld 
For this purpose a irinding nachine vas cmstructed similar to bo uc-d. 

tI13 J3.m dndtng machines used by the Coast Gaard for both the 7/32 hch 
~~.iilz line they u5e 15th the Iyle gm End the cxdler 1be they use 
vi3 tha chculd2r lLx-.C,hrc?.tng Em. This mchine winds the line into 4 

coil i5ich is self silpportjng. Figdre 2.k show the rc;rinding machine 
and t\e start of a celf supportkg coil. 
upon the reroTable t;p:red center. 

Note th3 ?attern of be winding 

Tne investigators Yere assured by Hr. Hount that stiff 
cprin~ -tee1 cable ccdd not be pzid out from such wils. 
tvo wmkn rzels h?re devised far use -&th the steel cables. Tne first 
cmidsted of a lug? wooden drum fmr feet in &meter upon d-dch the 
cable uas nund in a single layer. 
End of the drum 2nd shce the coil of cable h-s only one laqar deep 
thxe vas no possibility of k1n;ting cil pay out. Hoverer, a ;pcial 
iSdhg tec>aique h2.d to be used to prew-e!it the c2.bla fmm kinking as 
th ~~Liilt of the f;,dsts introduced in the cable as the tiiis \:>re fled 
off the hx. !.s each turn ws wound onto the dr.., a twist xas 
introhced in the cable in such a manner as to neutralize the twist 
intrciuced later as the turn was pulled off the end of the drum. 

The second reel consisted of two l&Fnch drms pl.xed 36 

Cmscqve.ntly 

The rocket pulled the cable over the 

inches between centers. The cable was rmmd in a single layer on %?sa 
two drums in a figure eight pattern. 
clocblse twist introduced by one drm was neutralized by t!e csunter- 
clock-wise twist introduced by the second drum. 

khen pdled from the reel the 

Since the ccmpleWon of tne test it has cone to the athor'0 

attention that Gils of steel hhle for use as shot line cm be purchased 
fm \'k'ellcc~s Devices Kauf2cturing Corporation , 290 F!anville Road, 
Plcz-mntville , New York. 

i*7d in lengths up to scverr-l thousand feet and is k-ound in a'rnmner 
which elkinates twist. The cost is Rot kno~m. 

The cable is available in a variety of sizes 

2.3.5 Firing Mount 

Tne rinple fbing mmnt used in this test is shown in 
Figme 2.5. 
safety prsonnel at "Cn Field nd was uzed In all firings k spite of 
the fact that the lzuncher was dasigied for hmd held fi-hg. 

The rope end remte firing were a requirnent of the 
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Figure 2.h Line windiqg machine 

r~' ' ~ ~ 

Figure 2.5 Rocket in flizht uith nylon line. 
Note kinks 
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2.h RESULTS 

the PolloKing sections. 
The details of the results of the pre-tcst firings are given in 

2.4.1 Yanila -- Line 

Firings with the 7/32 inch manila line and the standard 
rocket shcwed that this combination gave a stmdy, well stabilized fliat, 
The rockets landsd at about a 45’ angle md Fmetrated the hard soil 7 
to 9 hches. 
tion of less thin 9 feet. 

The rocket had a rage of 1003 to 1100 feet aid a defleo 

One firing with a 7/32 inch mail; line 2nd with the 
sampling device, Figure 2.2, had a steady stabilized flight. 
xis 1000 feet with a deflection of 9 feet. 
the ground 6 inches. 

The range 
The sanp3.ing head psnetraw 

2.h.2 Steel Cable 

One standard rocket was fired Kith the l/a inch stsel 
camla and the ].=&e four foot h. 
screwn flight kith a range of 600 feet and a deflection of 20 feet. 

“ne rocket had zn erratic “cork 

Om zta-dard rocket uas fired with the lh6 inch steel 
cLNe and the fmr-foot dnnn. 
ycrau” flight with a rmge of 1000 feet and a deflection of 200 feet, 

The rocket had a very high erratic “cork 

One stmdard rocket vas fired with the 1/16 hch steel 
cable d the “figam eight” reel. 
flight with a range of 109 feet azd a deflection of 3aO feet. 

The rocket had a high “cork screw“ 

Three standard rqkets wxe fired. xith the l/8 inch nylon 
line with the coil in a bucket eLlar to the cnes used with the r.,-nila 
line. 
mnila line was used with the 1/8 inch nylon lhe to prot?ct t,he thenno- 
sensitive nylon frw direct blast of the rocket exhaust. 
approximately 1000 feet of lhe vere paid out but the line brbke in the 
air two or three hundred feet behind the rocket. In all cases the line 
had large kivks and knots a?d was broken at the forsrard edge of a kink. 
The trailing edge of the line attzched to the rocket appezred to have 
been fused or melted. 
positive ev5dence of fusion and thermal danage. 
stable fli&ts and ranges of 1.590, 1600 2nd 2600 feet. 

Excapt in one eqeriment reported below, a leZ3er of 9 feet of 

In all cases 

14ann;r of the kinks and %ne open lhe shoved 
The rock.5t.s had fairly 

One stzirlard rscket =.ms fir& uitb, m;:’ t;? xnila line 
kqd two attached hmdkerchiefs far estah:ishln: ?rag. ?do :?as of 

- 12 - 
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nylon line in protocting buckets were placod in the normal position 
un&r the mclcet lamcher to see if the kinking and fusing of the line 
might be the result of hot ciders falling fro? the rocket efiaust into 
the bucket during the initial staps of bwning when the rocket was 
traveling wiiprativzly sloxly. 
on the wlon coils but several cinders vert found imbpdded in the 
handkerchiefs attached to the end of the manila line, 
several holes had burned in the hmdkzrchiefs. 

No cindsrs or fuzd piaces %*re found 

In addition, 

One rocket was fired with tk 1/8 inch nylon lin- -ha 
buckit but without a manila leader. 
had a stable flight. 
the air about 30 feet behind the rocket. 
thermal daage in the first 9 feet of line. 

Even with this light drag the rocket 
The line was kinked and kqotted and was broken in 

Tkre was no excessive 

The large increase in range obtained with the 1/8 inch 
nylon line indicated further eqriments with it in spite of the breaking 
and thermal daage observed. The investigators felt that both the 
bregcing 2nd the thermal dmaze might be eliminated if the line could be 
paid out without knots and kinks. 
manila line does not ldnk when paid out from this tjje of coil by the 
Coast hard, a treabnent was developed which gave the very soft nylon 
line physical characteristics approxidmattng those of the manila line. 
This treabent consisted of sozking the line in a mixture of 1/2 gallon 
of Duco Cement and one gallon of acetone, wipinp the excess solution 

from the line and air-drjing it. The incorporated Duco Cment in- 
creased the weight of the nylon line 7 pounds. 
with treated line were easier to make, much firmer, and easier to handle 
than coils prepared with untreated. line. 

Since conpratively stiff hard laid 

Coils of line prepared 

Two firings with treated 1/8 inch nylon line in pro*cting 
buckets resiilted in twc, lines breaking in the air as before. The knot- 
ting and kinking was srme less than with untreated line but the general 
flight chzracteristics were same. 

5 
Six firings were made with the coil of treated 1/8 inch 

nylon line lying on the ground without a protecting bucket. 
paid out without breaking and four lines broke in flight as before. 
of the intact lines was almost free of kinks but had some thermd 
clanage. 
had a range of 1550 feet. 
also showed thermal. damage. 
out and the rocket had a range of lb00 feet. 

TWO lines 
One 

Approximatelyl99 feet of line were paid out an? the rocket 
The other intact line MS heavily kiaked and 

Appro&ately 1900 feet of line were paid 

Four firings were made with 5/32 incn hard laid nylon line 
wund for use as a shot line by the Colmxbian Rop Company. 
broke in flight and there was much kinkins and thermal dmage. 

All lines 
Figure 

- 13 - 
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2.5 shows the rocket being fired with 5/32 inch nylon line. 
kinkiog in the line. 

Nota the 

2.5 msms 

The 3n.cstigatos concluhd from the above re,ults that: 

a. The Kilgore line to-xing rocket has a stable h-11 directed 
flight Kith any of the ropes tested. 

The rage of the rocket decreases with an increase in tho 
reight of the rope. 

Steel cables vhen paid out frcm the two reels tested praiuca 
Erratic flights and are not practical for field use. 

d. Nylon line cannot be used without further eqrhvntatio:i 
4th line dispensing techiques. 

b. 

C. 

e. The sampling devices do not mterially effect the flight 
characteristics of the rocket. 

f. The launching frme is stable den usad m the ground. 

g. In spite of the investigators' inability to increase the ran@ 
of the rocket by the use of other lines, the mtrievable 
rocket sewed mrthy of field testing Kith the 7/32 inch 
nanila, the line of choioe. The practicability of the ffi?thod 
w2s determhned on comparatively cold craters aid at a sh3rt 
range during the Jangle opration. 

- 14 - 



The sapling equipment -elected as the resdt of the pre-t-st 
development discussed in Chzpter 2 uas further testod at thz test- 
sf+. io order to detemtne its behevior and perforiLir-nce under field 
conditions. 

The functioning of the assmued equipent and the recosery 
procedure were testsd by firing five rockets. 
ed on a 2-1/2 ton 6 x 6 truck so that the rocket launcher pointed to 
the rear. 
end thz rocket fired. The rocket mount was aimed by movement of the 
truck. 
the truck and driving slowly from the area. 

The equipent was mount- 

The tmck was driven toward a simulated target, turned around 

Recovery of the rocket was m;de by attaching the shot line to 

Two rockets were fired slow fire and recovered individually. 
They had ranges of 1075 ad 1085 feet; one uas on line of sigt and 
the other sent 20 feet to the left. 
hard-.;acked desert sand but were found lying on the surface. 
sampling head contained approximately two gram of sand froa a mall 
crater about one inch deep made by impact. 
fully recovered. 
to snarl and break the line. 
indicated that a 

The rockets did not penetrate the 
Each 

Both rockets were success- 
The heavy sage brush arad vegetation were not enough 

A dynamometer inserted in the line 
force of 19 pounds vas required for recovery. 

Three rockets ljere then fired rapid fire under simulated field 
conditions to determine the time required for multiple szmpling. 
rocket launcher uas swabbed between firings to prevent accidents and 
possible pre-firing by ignition from resifikal poider embers but the 
line of sight was not checked.+ The firing was completed, the lines 
uere attached to the truck and $he truck got underway in two minutes and 
forty-five seconds. 

The 

All rockets were successLnully recovered. 

The three rockets had a range of 1080 i15 feet and deflections of 
100, 120 and 19 feet ta the left. Whether these large deflecti0r.s were 
the results of erratic rocket flights or a shift in line of sight of the 
rocket launcher during the test is not known. 

3.3 SANPLMG - OF SURFACE CR4TbR 

The field Ferformance of the sapling device was studied by 

- 15 - 
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sampling the crater from the surface burst. 
days the truck with rocket launcher was drivtn along the weasel- 
a?proack, road to a narked spot lC50 feet from wound zero. 
tion level was only 100 mr/hr at this time nd the test could Le con- 
duchd slowly and carefully. Iln observ5ng party Frcceeded to a wint 
on a line of sight making an angle of approxinately 70 degrees with the 
line of fire, 
pm5 wre made on the first two shots and the balance were fired from 
the sime position. 
line far to the right into the m-eckad remains of a Bailey bridge and a 

jeep. 
entangled in this debris that the manila lines were broken. 
af individual firings are given below: 

Gn the afternoon of D + 2 

"he racaa, 

Seven rockets were fired. Correcticns for deflection and 

There vas a very strong cross Find which Carried the 

Tm rockets were lost during reccvery by becoxing sc finly 

Tte results 

200 feet to left; slightly over target. Line broke 
with a load of 450 Funds uhen rocket became mLme;led 
in jeep. Line of sight adjusted; too much allcwance 
had been made for 3rind3ge. 

Erratic flight; on line of si&t; over crat.er. Rocket 
recovered; narimun 17111 required, 200 pomds. Launching 
site coved to 1100 feet frm pound zero. 

19 feet to right; rzns good. 
No adjustments rcacle. 

On dead center; successful recovery. Smpling head. was 
unscrewed fror, rocket v;.tk long m-enckes md sample 
removed by pouring froa hole in rear. AFp@.xinakl~ 100 
grws of sandy soil in san.ple. 

125 feet to right,; range goad. No recovery attempted. 

In crater. Rocket h-7 recovered but smpling head bad 
become unscrewed and ost. 

In crater. 
entaneed in rercains of Bailey bridp. 

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 extmporaeous attempt to deternine the raliation field in- 
tensity in the crater uas made on D + 3 days. A stmdwd packet of 
film, similar to that used throu&out the project for dosimetry, was 
1oed;d into the smpling head of the rocket. 
the crater and left there for a mczsured ti!!? before recovery. 
intensity of tk radiation field was detemiwd fror. the exposura of the 
calibrated film. 
mented by Lad film dosixaters taped to the outside of the sanpling 
nead. 

De rocket was fired into 
The 

The film packet inside the sa~!ipling head was supple- 

At the time the exprlment uzs cor.ceived only thrce rockets and 
me bucket of shot line remahed. The rnesswaents were not too 
successful. 
additional weight in the smpling head and the first rocket landed just 
m the far edge of the crater. 
hediately moved to a position which the Investigators estimated wmld 
drag the attached rocket to the center of the crater. Recovery was 
cmpleted 10 minutes later. 

Too large an allovmce was mede for the effect of the 

The truck, with attached line, was 

Tu0 more attempts were made uith iizpro-rised lines, neither 
attempts being successful. 
excessive drag due to tngled lines. 

Both rockets fell short as the result of 

lhe field intensities indicated by the films were very lwa. Both 
the Land fjlm and the film packet indicated a field intensity of 
app-ozhately 10 r/hr. 
thuu@t to be in the crater ad for the rockets wfilch fell short onto 
the crater lip. 
to be attributed to shielding of the dosimeter by burial in the ground, 
Is not born. 

This MS true for both the rocket which was 

Whether the low readings are real or whether they are 

* 
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4.1 GE1GFA.L 

Th-se t-xperinents have shorn tkat the retrievable missile tested 

Hcwevar, more than 
is a practical, cheap, sinple nlethod for obteining soil saplcs from a 
area 100 feet in diameter at a rage of 1100 fee-c. 
me firing is necessary to be sure of hitting this srea. 
tntned by this aethod should be adequate for chemical study of the con- 
Fosition of close-in ccntamination. It may not furnish an exact method 
for determining the concentration of surface cmtanination as a function 
of srea but should be tetter in this respect than the sccop smples 
obtained with the rmotely controlled weasels. 

S,mples ob 

If the method is to be used in future tests certsin chanes and 
.ii;lprom.ents are recomended. 

INCRFASE IN RkNCG, 

It is recmended that an increase in range be obtained by the use 
The scientific personnel of the Kilgore Ibnufactur- 

4-2 -I_-___ 

of a larger rccket. 
ing Cmpany have zssurerl the present investigators that the davelopnent 
of such a rocket would be very simple. A rocket of ayprodmately twice 
the mass mCLd have a range of bet;recn 2500 and 3000 feet. Such a 
developzent has prohibited both by time wd bud& in the present investi- 
gation. 

4.3 

The available 7/32 inch manila shot line will p-obaiily continue tu 
be the line of choice althouEfi the steel cable supplied by the ?Tellcane 
Devices Kulufacturing Corporiti&, 29n Fanville Road, Pleasantville, 
New York, might be considered. 
be relatively high. 

‘&he cost of the steel came r;ill probably 

The zdditional line required for a rocket of greatc~ range could be 
supplied by use of t~o or more maila lines tied in series. 

The firing mount should be consi~derably improved. It should. he a 
multiple launcher so that no time would be reqidred for l:a<kg while 
in a radiietion field. It should fire at constant eley?aticr. ht should 
h27re provision for a mall adjustnent in azimuth. It skoiild rrobahly 
fire to the rear of the truck as in this test. 
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4.6 PPXPLING HEAD 

The sapling head show in Figure 2.2 is adequate for smpling 
loam or loose earth. 
necessary with the present rocket. 
heavier, more penetrating missile. 
head but with smaller cross-eectlon is recomended. 

he deflector plates shown in Figure 2.3 are not 
They ay be necessary uith a 
For hard-packed e.zrth a shilar 

The recovery of samples by this method will be greatly facilitated 
Fp an access road frm. the prevailing up wind direction is prepared in 
advance. 
froa which the rockets will be fired. Both sides of the road should be 
free of construction and other test equipment in order to prevent the 
entanglement of the recovery lines. 
eas- made from the tmck with the new mount. 
will probatily be unnecess;ry if adequate pre-test firings are made but 
radio ccntact with a f1.d chserving party well out of the contminated 
area is recommended. 

This road should be well marked with rage stakes in the redon 

Corrections in azimuth can be 
Corrections b range 

With dl of the above mensioned improvements a party of tu0 or 

With the sharp 
three should be able to obtain from 5 to 10 saraes and not be in the 
post advanced position for more than 2 or 3 minutes, 
gradients in radiation field intensities generdly obserbd a party 
should be able to take sm.ples when the launching vehicle ab tha most 
advanced position is in a field of IrO to 50 rihr. 

4.7 LOCATICN 3 SAkiPJiE 

If desired, the accurate location of a sanple can be determined 
triangul.ation with high power theodolites on fixed towers outside the 
radiation field. For accurate observation some type of smoke signal on 
the rocket is suggested. Thisqignal may be supplied in one of the 

fo1lo';ring ways. 2 

The simplest method consists in fastening one or two "Coston Xand- 
held Distress Simal Flares" to the exterior of the rocket and manually 
igniting them before launching the rocket. 
deep orange smoke far a little owr a minute which' should be more than 
ample for accurate triangulation. 
Manufacturing Company. 

These flares burn with a 

These are also supplied by the Kilgom 

A better but n.ore expeniive method would be to build a smoke candle 
into the fomard end of the rocket motor, 
tube wolfid act as a smoke stack for this candle which would be ignited 
by the rocket motor uhen it burns to the end of its charge. 

The spent rocket motor and 

This 
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method has been discdsssd with the engineers of the Kilgore Manufact&, 
ing Company and is considered very feasible. 

USE FOR FILM DOSXET3Y 4.8 -- - 
?he present rocket may not be the ~ssile of c'noic? for deliver- 

ing packts of film to a contambated area. 
by Dr. >!eil and Dr. Anderson will probably be better. 
which is stabilized by an air fofl and not the drag of tk line, a 
long nose which vould support the fih packet abov- the ground could be 
designed. The penetrating force of this rocket lsould not be rietrixienta.l. 
since it would not be necessary to recover the entire nose blut aly that 
part containing the film packet. 
exhaust makes the fastening of the film to the li?e or rocket aotor 
impracticable. 

%ne military rocket used 
'r;ith this rocket, 

The heat of the rock& motor ad 

OTdLR USES FOP. ROCKETS 

Incremental reasuremnts of accmulatzd dose in re@ons of hi& 

4.9 ----- 

radiation-field intensity codd be easily obtained vith an adaptation of 
the military type rocket. 
lanching tubes and eqlippd with long nos= rods which hold film 
packets above tie ground. 
mawally by remote contml wires at any time after the atonic explosion. 
The accuracy of the militar? roc'kst a114 c-seful errtplacexmt of the buried 
lmcher shmld make tFe locztion of these rockts very simple. 

These rockets could be placed in s.b-surface 

They could be fiEd either autnatically or 

It should also Se possible to 2esign a sndl fall-out tray which 
could be attached to the lmz nose of one oE these buried rockets. It 
would take only a very sinall molint of the hiqhly radioactive early 
fall-out to make several int,.restina chenical and physicdl measurements. 

k. 
a 
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Radiological samples were collected from highly contarhated 
areas dudng 02eration JAIJGLE. Both surface and core saqlles were 
obteined around the lip and crater area resulting from a surface and 
a subsurface detonetion of an atonic weapon. Tke sznrples were obtained 
utilizing remotely controlled nzsels eqirtp9ed with remotely controlled 
instrumentation, viz: 

a. One surface sampler on each of two weasels, capable of 
picking u? ten two-cubic inch samples. 

One earth corer on each of two weasels, caprble of taking 
an earth core thee feet six inches dsep and tw inches 
In diatmter, with six to eight sangling points. 

b. 

C. An ionization chamber probe to measure the garma rate in the 
area where eamples uere t.aken. This late was telemtersd 
back to the control mint by a radio link. 

Televfsion cameras on the surface and earth core sampling 
weasels to obsema the surface semgling ana coring opera- 
tions and also to aid in guiding the coring vessels and 
surface sanpling ueasels into the lip and crater area. 

d. 

After samples were obtained by the weasels they were removed from 
the weasels and placed in lead containere for immdiste delivery to sfto 
laboratorie 8. 

f 
4 



The major objective of this project was to obtain surfece 
samples and deep core sa::sles of the earth around the lip and crater 
area reeulting from the detonation of atomic weaGons at the surface 
and buried seventeen feat underground. Surface aawles were taken in 
the lip and crater area for the surface and underground shots as well 
as over a pattern from vhich estimates my be made of the distribution 
of ground contamination in the crater area. Valuable infornution was 
obtained concerning the efficacy of utilizing remotely controlled 
weasels eqvlp-oed with s?-T>ling instrumentation on atonic weapons tests. 

1.2 HISTORICAL AND !TH3OR3TICAL 

The nature, amount and distribution of residual cantmination in 
the lip and crater arza are of direct military iuqortauce since they 
indicate the radietlon hazard, as a function of time, associated with 
each type of burst. 
mate the length of time a given area will be denied to troops in the 
eventuslity of surface or subsurface nuclear detonetions. The chemical 
nature of the residual contadnation as a function of distribution and 
of particle size furnishes information for the selection of decontamina- 
tion processes and provides fundamental data for interpreting and under- 
standfng the phenomenology of ea& burst. 

Such an indication is necessary in order to esti- 

%I 

The only previous work in the field of radioactive contaninated 
ample collection by means of remotely controlled vehicles ueing tanks 
vas performed at Operation SAmSWY)NE. The use of remotely controlled 
weasels represents a mjor effort in providing an improved method for 
sample collection in highly contadnated areas. 

1.3 PHYSICAL FACILITIES - 

Preliminary installations, testing and repairs were performed in 
the JAITGLE test area at the electronics repair shop and weasel shed as 

shorn in Figure 1.1. The electronics repair shop incorporated facili- 
ties for storing and rqafring mjor component6 used in conjunction 

1 
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vi th the recotely controlled wetssls. Inclil&.:S. -*:re th rerious 
radio, televisiou md smi:ling cow>onanca. This alw served as th.: 

central worldng arza in cond~)ictirz 2’1 i,r&llminzTy tests, in senfca- 
ing the weasels and In servinc as thi. field bas$ of all preliniinzry 
operations. The weasel sbd accor.:.cmJ=.tfii the fuur weasels cancernod. 
Re,iair and calibr2tion fa.cilitie5 WCYL e-~~i!-~b!e in the “vn;~ 3 arc& 
Some minor shop work wiiu dona at the Txb.;.?.e s!!.?? in the con’.rol 

in Figure 1.1. 

point area. To-er~ used in the opr.rL !.Lon ‘nl;ie dis’ b~~b~t.jd .’ 29 shoiw, 
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trolled aeecond weasal on 162.480, 162.603, or 162.720 mcs. The 
additional two frequencies on ezch transdtter could be switchgd in 
immediately for operation of the a?:ropriateJ.y tune& weasol if re- 
quired. 

Each control transdtter contained means for moddating 
its carrier in such a way tbat twenty-ei&t efferent pairs of audio 
tones could be trans?Ltted thus activating twenty-eight relay con- 
trolled functions in the weasel. 
duced by pressing controls on three separate consoles. One console 
controlled the Haasfer System Control function as well as the eight 
vehiclilar functions listed in 2.3.1. 

The trasmi tted functions were pro- 

‘The second console controlled the TV equipmezit in the 
veasel using the following fourteen functions: 

(1) On (8) Contrast Retard 
(2) Off (9) Iris Open 
(3) Camera Right (10) Iris Close 
(4) Camera Left (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. 

The third console provided controls for operating shallov 
sanplers, earth corers, and also caused the remte weasel to send back 
either engine speed informtion by means of a microphone in the engine 
corn,+artment or gama radiation rate data from a specially designed 
radiation probe on the front of each weasel. A loudsseaker for mon€- 
toring engine speed and an Esterline Angus recorder for recording the 
gamma rate were provided. A duplicate set of three consoles was 
avaihble for to,cer top operation. Antennae for these transmitters 
were skirt type of vertical ai, le antennas located at the top of the 

miles. 
24 ft. tower. The rwrimum oper % ing range was estimated to be ten 

The control station was also 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 turd acted as 
an immediately available spare in case of failure. The first receiver 
could be switched to 172.120, l72.24C,, or 172,360 mcs., the frequencies 
used by one group ofwasel tramudtters. The second receiver could be 

switched to 172.480, 172.600, or 172.720 mcs., the frequencies used by 
the second group of weasels. The third receiver could be preset to any 

7 
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of the above frequencies. Antennae were skirt ty?e vertical dipole8 
located just above the transmittine antemae on the tower described 
above. 

2.2.2 Television Zoui-ment 

‘The mobile control station contained two television 
receivers. One television receiver demonstrated the 2icture obtained 
by the shallow sapling weasel and the other the deep samjliw weasel. 
Iihen used in conjunction with the renote vehicular control boxes, the 
two television recei-Ters ?roved invahable in safely &ding the 
weasels around various obstacles to the desired locations, in satis- 
factorily choosinz good szn3ling locations and in viewing the actual 
sempling operations. .?he consoles controlling the 3 equipment in the 
wezsels were mounted alongside of the 2ppr02riate TV receivers. The 
two television channels used were 258-270 mcs. and 294-306 mcs. with 
central frequencies of 264 ncs. and 300 mcs. 
used appears in Table 2.1. Ssare TV receivers were available for im- 
mediate use in ca8e of failure. ‘The cobile conLrol station antennae 
consisted of a pair of directional three-element vertically polarized 
Yagi antennae for TV reception fron each weasel. 

A list of all frequencies 

2.2.3 Power SupJly 

All control station emipment o-ierated from 110 volts 
AC except the L’V equipment which was desigaed for vehicular atreration 
and required 24 volts DC which was 3rovided by AC-DC converters. A 
total of 10 KW was required for the control station. Drawers and cab- 
inets were used for storage of special spares and tools. 

2.3 Vehicular Emi-onent 

All vehicular equipment was installed in four weasels (N-29), 
which were speoiallg modified fw rernote control usage in this opera- 
tion. 
from the nobile control station. 
surface sanpling weasel and a core sampling weasel res2ectively. 

The vehicular functions a4described in 2.2.1. were activated 
Ff-qre 2.3 and Figure 2.4 show a 

2.3.1 Servo-XechisS 

‘?he weasels were all modified and equipped with servo- 
mechanism which when remotely activated perforizd the following ve- 

hicular operations: - 

Engine Start ‘Throttle Zetard 
Left Steer Clutch 
Right Steer Shift Lever Forward 
Throttle Advance S.hift Lever Reverse 

8 
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Televi si on 

----_I__ 

Channel 1 258-270 mcs 

Chzmel2 294-306 mcs 

- ----__ -- 
?ower: 24-30 Ystts RF Peak 

Contml: LC (bala..crd line) 

-_-I_---= 
I -. - 

Trasmi tter ;,iZ 162.4a ma 

162.600 mcs 

162.720 mcs 

Pover: 50-60 Watts 

Control: SingZe Crystal controlled 
frequencies 

Radio 
(lbbile Station 
to Control Statior) 

Transrsitter 31 17jr120 mcs 

%Transmitter +2 173.240 mcs 

Transni tter k3 173.360 rncs 

Transmitter $4 173.480 mcs 

Transni tter if5 173.600 mc8 

- Transmitter $6 173.720 mcs 

Lt 

Power: 30 Watts BF 

Control: Single Crystal controlled 
Frequencies . 
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Figure 2.3 h'eosel, Surface Sampling 

10 





2.3.2 Weasel. hdto and Television. Xauioment 

The four weasels were equipiwd 'Gith radio receivers and 
traneudttera, and television csaeras and transmitters. The radio cdn- 
tml equipment consisted of three units operated from the 24 volt I$ 
power supply of the weasel. 

Unit DA* consisted of a 30 watt crystal controlled FH 
transmitter for transmitting gama rate and engine speed data to-the 
control rtation and a receiver for bringing in the tone-modulated 
controlling carrier. Units and "C" demodulated the vehicular, 
sampling and 'PV control signals thereby prkducing relay operating 1% 

currents. These relays controlled the servo-mechmisms for vehicular 
control, the motor operated potentiometers for TV control and also 
actuated motor turn-on relays for sampling operations. Bntennae for 
the radio and television equipment consisted of vertical skirt type 
dipoles and vertical dipoles res:=ctively. FiLures 2.5 'kad 2.6 show 
tho weasel's radio and 'r71 equipment respctively. 

The core sam2ler. Fiigure 2.7, consisted of a remotely 
actuated File driver mechsnisrt using a 150 lb. welzht to drive a steel 
tube into the ground. The steel tube was five feet lonc. two inches 
in diemeter and contained eight evenly sziaced slotted openings each 
four inches long and sir inches apart. 
Identically slotted uas concentrically held within the first tube. 
In the operating position, the slotlr in the inner tube were ,peripheral- 
1~ displaced from those in the outer tuba, 
slotr were lined up the expoeing the contents of the steel coring 

A second rotatable tube, 

For sam3le raovnl, the 

tube. 

A one second dura ion signal. from the mobile control 
station initiated the coring op ation. Sinultaneously. a tinix motor 

were activated causing the tube withdrawer to be lowered to the base 
plate of the steel tubs guide. 
ma tripped which caused the operation of the hammer motor. 
motor arm. rotated at ap_oroximately 6 rim. effected the cycle raising 

adjusted for a running time of a f e minutes and the cable drum motor 

Upon reaching this point a limit switch 
1% bum 

and free fall of the 150-1b. bammei- thereby driving the sampling tube 
Into the gmuad. When the steel tube had beLn driven to the pre- 
determined four-foot depth a micro-switch was ectuated casing the stop- 
-@ of the hamuer motor and tk starting of the opration of the cable 

+. &um motor which autouatfcally withdraw the sapling tube from the 
A:* pound. Another limit svitch atom%& tis cable drum motor when the 
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steel tube had been completely withdram. 
sealed the bottom of the tube thereby com;>leting the deep soil sampling 
cycle. 
pears in F1p.n-e 2.8. 

A sirine-loaded flap valve 

A complete schematic of the core sau~iling instrumntation ap- 

'Yhe five minute time limit \:as imposed on the pile driving 

An additional electmdo 
rieci-anism so tht if imzjervious earth were encountered, the tube was 
autonatically removed at the end of this time. 
feature was the use of a remo';e control function in the mobile control 
station which embled withdraval of the smiJling tube at any earlier 
time. 

'The smGling tube was held in place by an easily removable 
Fin which, hox~ever, codd not be jarred loose by mchanical vibrations 
of the weasel. Lkbes were readily iDtorchangeable enabling repeated use 
of the same weasel. 

2.3.4 Shallow Surface Sampler 

The shallow surface saqling eqipmnt, Figme 2.9, 
consisted of ten identical scoops for semple collection, and a vehicu- 
lar sm.sling selector box which cycled any indivi&al scoop. A scoop 
selector in tb mobile contml station autometically selected the da- 
sired scoop u2on throwing the appropriately umbered s~tch. This 
caused the transpitter to be pulsed the desired number of times which 
in turn operated the proper relay in the radio equipnent on the weasel. 
'i'he &e and break of this relay was followed by a stopping relay in 
the vehicular sam>ling selector box. A sdl DC timing motor mounted 

in the vehicular sampling selector box insured a long enough time de- 
lay so that none of the scoo;m might be premhrely activated. The 
time required per mse was azproxinately two seconds so that a total 
time delay of twenty-five seconds was adequate to insure proper opera- 
tion were the tenth scoop selected. For exarrrple, a time deleg of only 
fifteen seconds would not permit selection of the eighth. ninth or 
tenth scooss but would activats the seventh sooop inatead. At the eall 

of the delay ijeriod the stoppin> relay caused the cksen scoop to start 
its cycle. The linear actuator motor has activated causing the scoop 
sampling am to be lowered to a height ahove the ground determined by P 

dcro-switch feeler attachment. The rotary ectuator on the scoop 
saEpling arm then caused the scoop to under@ a rotary motion resulting 
in a shallow sample collection zbout 2 inches deep at the earth'. BUP 

face and the automatic closing of a cover which prevented spillage. A 
nicrc-switch was then trip_ced causing com~,letfon of the rotary wtion 
and reversal of the linear actuator until the arm was returned to ita 
orisnal raised position. 'This completed the cycle and the stopping 
relay was returned to its home position preparatory to activation of 8 

different smop. 
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PROJECT 2.6a 

The inJividTia1 scoog aril1 wicro-ski tch feeler attach- 

ments were grise: for different ty=es of terxain encountered. For 
exxir>le, a very loose tyse of soil enebled setting the sam2lers for a 
deeper scoop. 
which caused the rotary actuator to revsrse itself and recj;cle the 8- 

pling arm were a load of greater thm 60 lbs. encountered. 
sured tht the rotirg actuary motor wes not dmmged when overloaded. 
The same SCOO;~ could than be reselecte?. at the same or another location. 
A complete circuit diagram of the vehiculilar safi2lioz boz zppaars in 

Figure 2.10. The sc'reiEtic of the scoop selector which Nsed the 
transrLtter in the :..obile Control Station appears in Fig-ara 2.11. 

Tha samgling scoops were rrmw.lly resot at the fmnt of the weasel 
prepratory to additiond use. 

A mrgin of safety 'has furnished by an overloa relay 

This in- 

2.3.5 Radi ologi cel 'Tel e E ten n,: 

Radiological telecetering eqiiipzent was used primarily 
to trans~t ga:ilra rate data to the mbile contml station fmm points 
at vhich earth sarples were taken. 'This equipmsnt consisted of a high 
level probe connected to a radiological te1er;etering unit cantaining a 
phase shift oscillator as shown in Figure 2.12. This eqipznt, em- 
ployed for the underground shot, covered a gaam rate logzrithmic range 
from 5 milliroentgens per hour to j,OOO roentgens per hour. 
mic output of the high level probe rnoblated a phse shift audio oscil- 
lator varying its freFency as the gvra rate changed. The phase shift 
oscilletor had a high impdance outwt which mdulated .the radio trans- 
mttter. 
a-lifier in the mobile contml station to record the gamrra rate. 

The lotprith 

An Esterline Angus recorder was used in conjunction with an 

In addition to the above-mentioned telemstering unit, 
a modified AN/PL)X-'TI.U, vith a ma;dmum range of 500 roentgensjhour, 
was employed for the surface shot. 

2.4 AUXILIARY EXJIZCEN" 5 
i 

2.4.1 Towers 

Two Zrtft. towers were set up for all operations vith 
the exception 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 zerod A field telephone system connected both tawers with 
the mobile control station. The mobile contml station vas at the 
base of one tower at the head of the weasel access mad. In addition 
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PR-T 2.h 

to the field telephonz, this to'er '*as further equipgo? with a 
Battalion Comrxndirr's telescozs, an auxiliary set of anteme and a 
control box for directing ti.e weasals should any failure necessitate 
tower top operation. The second tower contltzed a field telephone 
and an M 65 Battalion Coomadsr's telescope for accurats lateral 
positioning of the weasel and for ad'iiziond zid in na~igating the 
veasel about various obstacles. 

2.4.2 Sample ReEoval Instmzntation 

A jeep equiped vith a mobile tmusxit,ter and antem 
was used for close positioning of the weassls at the unlwding point. 
Wooden bumpers were utilized to aid in stopping the weasel at the 
proper location. A semi-portable earth-filled plyvood vdl, 15 ft. 
lonz, 6 ft. high, and 1 ft. thick was available should the radiation 
level from the weasels have necessitated its use. A netal mirror was 

muted to the wall for the purpose of obsening the semple removal 
operations either with or without the shield. The skllov earth 
sampling scoops vere placed individually in ten tw-inch thick leed- 
lined wntainers. These containers contaned plyofiln bag3 to avoid 
spillage of sample and consequent contamination of the containera. 
Sanples t&en fmm the coring tubs vere placed in small bottles which 
in turn were placed in one-Inch thick lead-lired contzinners. 



CWfEB 3 

OPEWTIONS 

r 1 

3.1 G- 

Four vaasels vera used in the teats. Tw waasels were equipped 
ulth telerision and surface samplers and two irith television and earth 
corers. During sampling operations, in mast instancsa, the veasels 
wore used fn pairs; a corer snd a skrface smpler. These were directed 
into the lip and crater ares. as soon as posaible after each detonation. 
The televfsion eqnipment bzs cspble of both gu&ing the vehicles and 

vleving tbe saTling operetions. 

Convoys were fom.sd at 8-2h at a point approximately three &lea 
from the surface grama zero and five dles from the underground zero 
point. The convoys consisted of: 

a. 

b. 

C. 

a. 

I). 

I. 

g. 

h. 

i. 

1. 

k. 

Jeep 

Jeep 1 

Xobile Control Station banling a E?-95 Power Unit 

Sbllou bpling Weasel ) 

Deep bpling Yeesal ) 

Weapons Cnrrier Wing a 275 gal. tmk of gasoline 

Yeapons Cmrier hsuling,a YE-95 Power Unit which acted as an 
emrgency repair and a@e €arts t~ck 

Fabile Control Station Wing a ET-95 Pcaer Unit 

Shallow Snppling t'eaael ) 

Dmp snrgling Yeaqel ) 

Jeep ) Operational personnel. 

) Operations1 and %.&Safe personnel 

) on 2s ton trncka 

) on ton trucks 

- 
All BQclipnBnt Including vehiclea and 6er;plers. were checked, operated 
and nd-jnsted mtil E-lh. At this ti- d1 epuiprsnt was turned off 
prsparalorj tc wving torsrd grmd zero at H f ln. 
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POSF mo PHPS~ 3.3 ---- 
3.3.1 Surface Shot 

At h f lm the convoy ?mcaed3d at 15 mph toward tho control 
tower located 1 mi upwind fmn gmmd zero which serred as the gens4 
area for the test base of operafioLs. The kd-S?.fe monitors chedzed 
tha radiation levels enrouts to Inaue safe entry. Upon reaching the 
control tover, ths imbile control statioas were rapidly set up at its 
base at the hean of ths veasal acc383 mad and all equiprr~nt activated. 
The control station contdDed all required tr;?nsdtting eod rsceirfng 
eqnipm-nt for remtely contml!.icg the wessels ad their inatrur?,nta- 
tion. 
rap and driven. mndly the short distmcs to tb bad of the weasel 
access road. Final checks were then made on the radio, TV and samp 
ling eapipmnt. A Bad-Safe maitor then accospanied an obaerrer to thn 
second tower. 
followed at a distance of 100 feet by a cora ssnpling weasel, started 
dovn the ndle road leadin: directly to the lip and crater area. A crev 
of four %II the nobile control stetion was responsible for directing the 
weasels to the lip area where sbdlow an5 cord amploa uere taken. 
There were two weasel opsrators, one "V contrul oprator and one oper- 
ations coordinator who directed ths remte activiti3s, miiltained tol- 
ephone contact vith both towers and also coildxtod the sampling opr- 
ations. Uponireturning to the sample doding site at H f 3 hr, Eon- 
itoring the veaaels dewnstrated tbt uBe of the earth shield was un- 
necessary basnnch as the rediatlon level at one foot from tks weasel 

corer. 
minute each to a SLTdl8r field since long handling tongs ware used. 
The individual scoops wore removed by pulling tka appropriate pin on 
each arm and a long pair of tongs vas wed to place eech scoop in 
aepxmte lead containers. A hoked tool, vas used to pdl the pin on 
the corfng tube and tu, men, ,each with a pair of tons, placed the 
coring tube Into a lead cradliwhere sd1 aaijp3.e~ wra tabn, placed 
In small bottles and tbn in 1-In. thick lead-linsd containers. YitUn 
ten minutes of the weasel's arrival at the ndlc?.ding point, all the 
samples in lead-lined containers, were redy for inmdiate dellvery to 
th site laboratariee. 

The weasels were driven off the tmcks at a nearby unlwbing 

At approdnately E 4 1 hr. a surface Bampling wasel 

approdnrately 3 r/hr for the shallow sesplsr and 15 r/hr for the 
The unloading operation exposod two uan for arpproxinately ooe 

At E f 4h the second pair of resaels started for the lip 
and crater area. operations being conducted in a shilar mer to tha 
first run. This tine ahsllow earth saaplsa wre taken in the crator. 
At about H 
though trouble had been encountered with the corer as discussed in 5.1.1. 

i 

6 h both weasel; were back at the sample ndloadlng site d- 
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For tb surface shot, a modified AN/FDR-TL3 having a mer- 
inum range of 500 r/tu was used to telemeter rate data back to the 
mobile control station. The recording equipmnt went off scale in the 
crater area indicating ttmt the rates exceeded 500 r/hr. 

good deal of interference was present and readings were considered un- 
reliable. 
ahots. During all of these activities constant comnnication rdth the 
observation tower helped locate and mneuver the weasels. 

However a 

This suggested use of a higher range instmmnt on future 

3.3.2 Undernowd Shot 

The convoy lies forE$d and a base of operations set up in a 
manner similar to that for the Surface Shot. On the first mn, in order 
to expedite sballow sample recovery, a single shallow scmpling weasel 
vas btrected to the lip. 'The radiological data, telernetered to the mo- 
bile control station appear in Table 4.2. At H 4 2 h 10 m the samples 
in lead containers, were delivered to the site laboratories. A pair 
of waasels was then directed to the lip ad crater area for the second 
11111. In order to obtain mm data as to the distribution of gromd 
contamination in the lip and crater area, a pattern of shallow samples 
was followed on the third and final run at about H f 25 h. 
scoops were activated at ap?roxir?etelg 50-ft. intervals along the up- 
wind Bide of the lip. 

Ten sampli- 
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unaergrmdi 

a) Equipment fai 

4.1 GZWE 

A tabulation of the principle results obtained with the sampling 

equtpmnt appears in Table 4.1, The results Lnclude the total of five 
runs =de on the tw sbts of Operation JANGLE. 

mWB18 4.1 

Sawling Operations 

ire described in 

- 

Core T& 

18 in. 

- Smde s 

8 

I 

11 .~ 

b) Deep soil sm9ler not used chring this run. 

4.2 LOG1 ST1 CS 

======l 

I Location 

At the lip 

of crater 

- 
Personnel, material, and time requirements were aptly anticipated 

as vitnessed by the close conf'ormce of operational tests with pre- 
dicted achebles. 
Various obstacles vere encountersd as might be expected with a project 

This was tme in both pre-test and test periods. 
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of this scope, but these were all overcoire in such a mner as to offer 
minimum impdiDent to opratioanl smothness. 

4.3.1 Radio and ,-T Eqifirmnt 

Occssional failure of components. wrticularly relays in 
the wbile radio receivers. recessitated clearing of contacts and in- 
sertion of spare units so as not to interfere with owrailanal schehlea. 
The radio 2nd ZV eqigixnt then wrformd their intended fIilnctFons. The 
twenty-eight reffiote functions &roved adequate in conriucting all opera- 
tional plans. The ,TV equiimnt proved adequate in guiding the weasels 
in and about the lip and crater area. The rexotely controlled weasels 
were mre easily directed and ra3euvered using the TV eplpnent than 
was pyssible vi thout TV from the tower top. This proved especially 
true at increasing distznces from the control tower. 

4.3.2 S%mlfneh Eouipnent 

As shown in ‘Pzble 4.1 both shallow and deep saqles were 
obtained on each shot dthough not with the rwxlmrn :osdble capacity. 
The irregdarity of the terrain about the lip resulted in several of 
the shallow saqlers not obteining a oaople althowh M through a cycle. 
The reasons for the various failures encountered are discussed in 5.1.1 
and 5.1.2. The results, obtained with the system of smplers used, 
were good although certainly not the ultiiate system to be desired. It 
did,however, successfully achieve for the first tlm, the early collec- 
tion of shallov ad deep sam21es from a highly contaminated area. 

4.3.3 Rad€ olod cal Tale meterinq 

A tabulztion of results obtained with the radiological 
telemtering equipment on each d. the two shots a?pears in Table 4.2. 
A discussion of the reliability of these results appars in 5.1 md 

5.2. 

4.3.4 Keasels 

The weasels oprated satisfactorily proving edoquate in 
reaching the desired points ad carable of providing the required power 
for all electmnic and mechanical equipwnt. T’hs system of changing 
gears was soloevhat slow ad expezience in operation was required to 
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avoid unnecessary grinbtng of ge&. Actually. the to3 speed of the 
various veasels differed somwbat ana a higher sgeeb muZd have been 
beneficially tolerated without consequent reduction in vehicular control. 

The meuverability of the weasels, utilizing Ty epuip- 
rent proved adequate in observing the various saqling operations, in 
turning around in confined areas and in avoiding various obstacles. 

The sampling weasels were sufficiently naneuverable to 
dimb over the lip into the crater edge on the rurface sbot to take 
ramples at the edge just within the crater lip area. Previously, 
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performce bets had been mde over obstacle courses at the Aberdeen 
proving Grounds, Yarylmd, to insure Its capabilities over rough and 
difficult terrain conditions. Tbse samplers were a190 desioed for 
positioning at various levels above pmd for operation over different 
conditions of terrain. 
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5.1 -.-_ DISCUSSION 

5.1.1 Surfece Shot 

For the surface sbt, there was no set pattern followed 
for taking samples due to the gesancn of various obstecles such as 
steel a-pikes at various stations, foxholes and vehicles distributed 
about the crater area. The weasels were directed straight to the lip 
during the first run at which point eight shallox saglea and one core 
sample were obtained. Due to the irregularity of terrain at the 
ahdlow sanpling point, depression beneath a saa2ling ars would re- 
sult in ndssing a ssnple elthough the micro-sdtch feeler attachnnllt 
is properly set. Due to a layer of caliche beneath the surface, the 
depth of a core saqle obtainable was limited to approximtdy 1% ft. 
During the second nm five shallow sam>les were tdren at the inside 
edge of the crater lip. ddditiond samFles were not obtained because 
of the weakened signal received with the weasel on the inside edge of 
the crater li?. Using tb radio trazsdtting atennae atop the tower 
enabled the weasel to be backed out of this position but no further 
ahallow sam_jles were taken. During this pkase of the operation the 
pLle driving rcechaism on the coring weasel was rendered inoperaKve 
due to a ldnk in the hamr cable which caused the cable to wrap 
around the hamr arm thereby leading to failure of the coring equip- 
mant. a 

The radiological telelretering equipnent used incorporated 
a modified ~/PDRTlB with a nax3m.m range of 500 r/hr. 
WE inadequate in obtaining readings in the lip and crater area inas- 
much as the equipmsnt went off scale indicating rates in excess of 500 

r/h. In addition readlngs obtained were considered unreliable due to 
excessive drift and rf interference. 
on subsequent shots lras thereby indicated. 

This range 

The need for an improved probe 

An analysis of all data obtained from the sam2les collec- 
ted appears in the Pmject 2.b final report. 
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5.1.2 Underbound Shot 

For the underground shot, a single shallow sampling 
weasel was directed to the lip from which point seven samples were 
obtained and the weasel directed back to the sample unloading point. 
Thiia rdnimized the senole recovery tirm which was of prticular in- 
terest since infornation wae desired on decay of the saqles of resid- 
ual contamination at the earliest gossible time. 

samples, in lead containers, were ready for delivery to the site 
laboratories. In order to uioidze the sarnlile recoverg. time it wae 
necessary to avoid the delsy and dager of breadown involved in etop- 
ping the weasels (changing gears, checking, etc.) tbrefore, no readinge 
were taken after their exit from the lip area. lxuiag the second run 
the shallow samplers could not be actuated because of an inoperative re- 
lay in the radio receiver on the weasel. Due to the finely pulverized 
and dry texture of the earth at the lip, although the coring tube was 
rapidly driven 4 ft. down, upn extraction of the tube only 14 ft. of 
core sample remined. 
tion of ground contamination in the lip and crater area, a znttern of 
~hal10~ sanrples was followed on the third and final run. Ten sampling 
ecoop were activated at a,upoxtmtely fifty-foot intervals along the 
upvind side of the lip and the vezsel returned vi th seven shallow 
s&x@es, including a sizeable mck which has considered valuable for 
obtaining data on neutrun-induced activities. 

At H { 2 h 10 m the 

In order to obtain som data as to the distribu- 

During t’he test operations for this shot a different probe 
d th a logarithndc scale going to 5,000 r/hr was used. Readings obtained 
at lov level radiation Coints indicated quatitative agreement with other 
inat-nts. However, radiation rates in the lip and crater area ex- 
oeeded 5,000 r/hr m that no absolute reading ms obtained. rhree film 

badgea placed on the weasel ding the first run received a total 
&sage of 1925 r which indicates a radiation rate in the order of 5,000 
r/hr at the time the telemeteringcequipnent indicated a reading in ex- 
cess of 5.000 r/hr. An analysis of all data obtaioed fmm the sem7les 
collected ap_aears in the Project 2.6~ final report. 

A 

5.1.3 Instwotation 

The telemeter and the film bedges on each of the weasels 
vere located approfimtely three feet above the ground to offer minim 
shielding conditions and to abso_rb the least emout of scattered radia- 

tion fmrn the weasel. 

‘The dnim relianility figure of the rates at the crater 
fdla vithin2-208p of the true rates, with each estinste bring the same 

degree of reliability. 
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5.2 CONCIJJSL OUS 

The main objectiTes of ths project were successfully attained. 
The =tho& of using television-&.idea, remotely-controlled weasels to 
perform and view sam>ling operaiions in a highly contaminated area as 
vell as to telereter radiation rate data has proved to be practicd. 
Additional developnent an4 imyovemnt is required on all instrvnentar 
tion. These new techniques utilized ene3led rz?id acquireLlent of both 
rafiolo&d rate inforration and smples for early analysis. From 
experience gafned &r€nE; Cprration JAXIZ various iqroveu3nts in the 
current eqrrtpent czn be -de. It w-s conclu6ed that skields wuld not 
be necessary for amcle rcovd for nominal sized surface or undsrgmund 
ato~c de tonat ions. 

, 5.3 REcO:~I:.FXTATIOW 

Utilizing exsriance gatnad durhg OFration JA?qGLE various 
recomndations as to improveEnt of eqaigmnt and o?erations are made. 
It would be desirable to conduct B test without the presence of the 
various obstacles encountered in the li_n are3 such tbt it would be 
possible to take a full pattern of smrjles. This would yield consider- 
able data.on the distribution of gou5 conte!hetion. kadiologLcdl 
inforation should be telenatered at frequent intenals or be con- 
tinmusly recording to affori a correlation bet.men rate and samplilg 
data. This rate data could be recorded by m~ms of instrurentation on 
the weasel, a8 a function of tiEe ad location and then later recovered. 
A probe casable of operating up to rates considerably higher than 5,000 
rlhr is &so desireble. 

I 
I 

I 

I 
I 

Various refinexents and improveaents in the ins trumntation are 
The remmoended for considerstion in the light of exparience gained. 

renote finction cofitml relays iqthe radio receivers vhichwere not 
desised for field use and caused' cc~donal erratic receiver response 

low sampling scoo? selector should be redesigned for more uniform tim 
interrdls betwaen p~.Lses. The tele~ision system sholrld incorporate 
larger receivers as vell aa improved TV camra shock nnunts to reduce 
vibration. 

i 
ShOdd be re2laced by mgged hermdcally e- sealed snap relays. The shal- 

Certain features of the shallox saolpling equipent should be in- 
proved. The overload relay operation should be more certain and design 
changes should insure a sample coilection althou& a depression may ex- 
ist directly beneath the shallow sampling scoop ann. More extenaive 
ewes on the dee? earth sampler are indicated to insure tht when the 
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coring tube is Mven down to its full depth. a representative sample 
is obtained upon tube withdrawal. A more rapid sFtem less suscep- 
tible to failure th the l?amner-&iven pile should be contemplated. 
USO, depth gage feelers sbould be nodified to prevent entanglement 
or daw in rough terrain. 

Changes should be rmde on the weasel itself. Recornendation is 
made tbt an autopatic traosdssion be incorporated providing a wider 
smooth variation of speeds. This will insure more rapid opration and 
vlll eliminate the po8Sibility of failure of the clutch $ear shifting 
motor. A change in the electrical ~ystarn will impmve the TV trans- 
miasion characteristics and avoid battery discharge thereby elimina- 
ting tbe necessitp for racing the weasel engine ,while performing 

statioaary fanctiona. 

It is mnaidered that a "weasel" incorporating the foregoing 
recomndationa mill be capble of prfoming Ga@y required samgling 

1 operations ovar difficult terrain on future uea2ons tests. 
! 
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