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FOREWORD

This report has had classified material removed in order to
make the information available on an wunclassified, 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 bheen reproduced directly from available
copies of the original material. The locations £rom 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 inte 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 high-air filter samples show definitely
that the composition of residual fission products varies greatly with
the place and mode of sampling. Strontium®® and barium®**® were found
to fractionate much more than molydenum®3, zirconium®% and cerium®*4,

Cross beta decay curves on surface soil samples are much different
from those reported on other operations. This has been interpreted
as due to the formation of a relatively large amount of neptumium®39,
Between fifteen and three hundred hours after the surface shot the beta
contribution of neptunium was greater than that of the fission products,

Measurements of gamma decay als¢ show the effect of neptunium,. ?ﬂ
The difference in the observations made with a G-M tube and an ionization
chanber indicate the importance of selecting the proper measuring S
technique,

Analyses of lead and aluminum absorption curves taken as a
function of time have been made. These indicate the change in energy
and abundance of "effective beta and gamma energies" which describe
the observed data,

An estimation of the contribution of induced activity to total
activity indicates that the contribution of the induced activity is
relatively small,

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

The airborne radiocactivity at the Nevada Test Site is discussed
in Appendix B,



CHAFT:R 1

INTRCDUCTION

1.1 HISTORICAL

The nature of the residual contamination after an atomic explosion
has been found to vary considerably with the physical nature of the test
as well as with the muclear components of the weapon. Measurements made
on material from the Almagordo crater exhibited a decay which fell off
according to a t=Y+* law., At Bikini, measurements indicated that most
of the residual contamination following the air burst was due to neutron-
induced activity in the sodium of the sea water. In the under water
explosion at Bikini most of the activity resulted fram fission products
and the decay rate followed a t~X+3 law. '

The general observations above were supplemented and expanded by
a gpecific study® made at Eniwetok in 1948. The residual activity from
towver shots there exhibited still another piecture. The residual activity
consisted of various mixtures of fission products, Na** and probably
Stme unidentified activity. The best fit for an equation describing
"the fission product decay for "X-ray shot” was obtained with t=2+45,
In all three shots residual activity obtained from the ground and from
the air via drone aircraft exhibited different gross decay character-
isticg. Measurements made on soil samples taken at various distances
from ground zero at depths of 2 inches and 4 inches showed consideratle
activity. The sub-surface activity exhibited the properties of almost
Pure fission products. '

The above study suggested three interesting possibilities, all ef
Practical importance; (1) the presence of an unidentified activity, (2}
the possibility of transport of fission products into the ground by
Tadin and (3) the possibility of fractionation of the fission products,
The latter is probably the most far reaching in its significance. The
irlt"P-rpr'e'l:ation of weapon-performance data and long range detection
data will be greatly affected if the composition of fission products
1? found to vary from sample to sanple and to be dependent upon mode,

e, and place of sampling as well as upon weapon efficiency® and
the nuclear components of the weapon.

e
L. "H,Y. aAndrews and R.E. Murphy, "Residual Contamination in the

Craters: Operation Sandstone" (Jamuary 1949). Restricted data.
2. R, Spence, "Radiochemical Results for Operation Ranger", LA-1242,
Apbril 1, 1951. Circulation limited,

-l =
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1.2 OBJECTIVES

This investigation was unéertaken for four reasons:

1,

24

3.

k.

To secure information of theoretical and
phenomenolegical interest along the lines
discussed in the Historical Ssction above,

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

To determine the chemical nature of the resldual
activity as an ald to the seleciion of the
proper decontamination process if decontamination
is desirable.

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

Specifically, the objectives were to determine:

1.

2.

3.
L.

5
6e

Te
8.
9.

The chemical composition of surface contamination
as a function of distance from ground zero.

The chemical composition as a function of depth in
the crater lip.

The chemical composition of air-filter samples,

The chemlcal composition of air samples as a
function of particle size,

The gross beta and gamma decay of surface samples.

The gross beta and gamma effective energies as
a function of time.

The gross beta and gamma specific activities,
The contribution of induced activities.

The effect of rainfall upon the distribution
of residual activity.



CHAPTER 2

EXPERTMENTAL PROCEDURE
2.1 SAMPLE PROCURLMENT

Soil samples from the surface of the crater lip were secured by
Project 2.6a with remotely controlled weas=ls. Each sample consisted
of about two cubic inches of soil scooped from the upper two inches of
the crater lip, Wherever possible the location of each scoop was de-
termined by triangulation from the weasel control towers located
approximately 90° apart.

T™wo groups of sanples were obtained for each shot, Because of
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.

While attempting to get a pattern of samples from the surface of
the crater lip of the surface burst, the second weasel was accidentally
directed over the crest of the lip onto a ledge. In order to avoid
further mishap with this weasel, the pattern was neglected and all
8coops were filled from that portion of the inner surface of the lip.

A pattern of samples from the lip of the crater from the under-
ground burst was taken on D + 1 day.

Samples at various depths within the loose fall-out comprising
the crater 1ips were also obtained by Project 2.6a using weasels.
Because of mechanical difficulties and the nature of the crater lip,
Only one core was obtained for each burst.

Pr For details on surface and core sampling see the report of
oject 2,6a "Remotely Controlled Sampling Techniques",

on1 Soil samples for each shot were obtained by retrievable rockets.

Y one sample was obtained from the crater of the surface burst and
13 on D + 3 days after considerable rain. Four samples were re-
‘eved from the crater of the underground burst on D + 2 days.

For details on the retrievable rockets see the report of Project

2, -
be, "Retrievable Missiles for Remote Ground Sampling".

Ground air filter samples were supplied by project 2.5a from the
W Chemical Center. These were collected on five inch squares of

-8
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VI or "polyfibver® filter papers. Air was drawn
mﬁ?:t(;:gsfgf:rg at a }:-zba of four cubic feet per mimite for one
hour starting at tye For details of '_c.he sampling see the report of
Project 2,53, "Airborne Particle Studies". The fall-out pattern for the
surface burst was such that only one usable filter sample was sscured.
Three samples were obtained from the underground turst,

Yow and high altitude air filter sapples were supplied by Alr
Force Qffice of Atomic Energy ] __Q These were obtained by sir-
craft near the cloud at approximately H + 1 hour at altitudes of 1,000
and over 10,000 feet.

Samples for the study of activity as a function of particle size
ware sacured by Project 2,5a with cascade impactors. Air at the rate
of 12,5 liters per minute was drawn through a series of five jets with
orifices of decreasing diameters. The impactors were run for five
nimites. The impactors were started when an ionization chember indicatoed
that the cloud was overhead. See report of Project 2.5a "airborne
Particle Studies®. The air stream from each jet impinged upon the sticky
turface of a piece of scotch tape mounted on a glass plate. The first
tape opposite the largest orifice collected the largest particles, the
tape behind the next largest orifice collected the next largest particles,
etc, A molecular filter served as a sixth stage to collect the extremely
fine particles,

Pebhle samples far induced activity study were selected from the
8Coop surface amamples and core samples. Pebbles betdeen 6 and 12 mm in
dizmeter were selected and only a few taken so as not to materially
Influsnce the gross activity of the originel sample.

Close-in fall-out samples were supplied by persomel from the
Naval Radiological Defense Laboratory working on Project 2.5a. These
¥ore collected in shallow metal trays one square foot in area which had
been placed downwind prior to the shot. A clock operated mechani=m
uncovered the tray just before shot time and covered 1t one hour later.
The samples were recovered on D + 2 days.

Samples for studying the effect of weathering will be discussed in
detail under section 2.l

2,2 SAMPIE PREPARATION

Soll samples from the surface of the crater 1ip, from the core
Samiles of the crater 1ip, and from retrievable rockets were mads
Onogenecus before division for separate simultanecus measurementa,

Each sample was ground to between 50 and 100 mesh in a disc
Pulverizer, placed in a bottle and mixed before being divided into

- i
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aliquots. Between the grinding of each sample, the disc pulverizer was
tyashed" with three grindings of clean soil, opened and blown free of
adhering dust with conpressed air. It is realized that such a cleaning
procedura does not produce a rigorously c¢lean pulverizer, but the amount
of activity carried into the next sample is believed to be negligible.

Pebble samples were colored with a red crayon and sand blasted
wtil all visible color was removed. It was hoped that this would remove
all adhering fission products and provide a sample which contained only
induced activity., The pebbles were then crushed in an iron mortar to
approximately 8 mesh, transferred to a mullite mortar, and ground to
approximately 100 mesh. Between grindings the mortars were Mwashed"
with two grindings of clean soil, blown free of dust with campressed air,
and wiped with damp cleaning tissues.

Air filter samples were returned to NIH for chemical analyses
wthout further preparation.

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

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

2,3 CHRMICAL MEASUREMENTS

The details of the chemical separations and radiochemical evalua-~
Yons of the various isotopes are given in Appendix A.

The chemical symbols Mo, Ag, Ba, Sr, 2r, Ce, and Fe will in this

é‘eﬁ*refer to the specific isotopes Mo®%, Agtlt, Bal*°, s5r®9, 2r®%,
4""* and Fe®® and not to the natural occuring element.

2.3,1 Fission Products

u Of the eight or nine fission products which have half

Ves, yields, and decay schemes of a nature which would allow their use
Ba this investigation, six were selected for study. These were Mo, Ag,
la::ksr’ Zr, and Ce. The inclusion of other isotopes was prohibited by
hay, of time and persommel, and the belief that their inclusion would

¢ contributed 1ittle to the inwvestigation,

the _ These isotopes were selected because of their half lives,
r138;.'1“-‘1:=l1:1\re ease with which they could be determined, their high
. on yields (with the exception of Ag), and the characteristics of
Chaiiiss:l'on chains to which they belong. The nature of the fission
2 1oy was of particular importance since it was felt that this would be
ge factor in fractionation. The fission chains of the selected
[

-5-
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PROJECT 2.6c-1

ygotopes are listed in Table 2.1.

Mo iz of particular importance because of its previous use
sn det,emination of bomb efficiency and because it is the first member
of 1t3 fission chain. Sr and Ba are of particular interest for two
peasons. They have relatively long lived gaseous precursors which may
contribute much to fractionation., Biologically they are of particular
jmportance becanse of their known tendency to concentrate in bone if

inge sted.

2.3.2 Induced Activity

The only induced activity separated and measured chemical-
1y was Fe. The short half lives of the isotopes of S5i, Al, Mn, Na, and
K made the determination at NIH impractical and it was not felt advisable
' o attempt to establish a chemical laboratory at the test site. Separa-
i tion of Ca%® at D + S0 days gave activities so low as to be useless in
' any extrapclation.

| o,h PHYSICAL MEASUREMENTS

All counting done at the test site was performed in a building a
considerable distance from the one in which the samples and planchets
were prepared. This isolation of the counting equipment decreased con-
tamination and resulted in a background which, in the conventional lead
pig, varied between 25 and 4O counts per minute. In a few cases where
e routine check of background showed values higher than this, decontam-
ination successfully lowered it to this region. A recording counting
rate meter was run continuously as a guard against high backgrounds
from sources which might have been brought into the area by other
investigators.,

All samples were mounted in aluwminum planchets either 1 Inch or
3/4 inch in diameter. In order to prevent movement or loss of sample,
the 301} in each pilanchet was firmly secured with a minute amount of
Duco cement. This was accomplished by dampening each sample with a few
drops of acetone containing approximately 1% Duco cement. On evaporation
of the acetone, the planchet could be inverted and tapped without loss
of material,

All measurements of counting rates on soil samples were made with
end-window G tubes having a window thickness of less than 2 mg/em@.
M) measurements, with the exception of the aluminum absorption curves,
\rere.made in conventional lead pig having a 1.5 inch lead wall and an
m\_mlnum lining., It was equipped with the common lucite shelf holder
5 ;ch Provided window-to-sample distances, in our case, of approximately
*2s 2’03 3-6, S'h, 6.8, and 7.6 Ccm,

-7-
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The absolute counting efficiencies of the equipment used at the
test site were obtained with Tracerlab standards. The basic efficlen-
c¢les for betas were taken as the average of measurements made with three
Bi*10 gtandard sources. After the analysis of the aluminum absorption
curves (Section 2.3.4), these efficiencies were adjusted to more closely
correspond to the effective beta energies being measured. The caleula=
tions are discussed in the results, section 3.3.6.

The determination of the absolute counting efficlencies of the
equipment used at the NIH laboratory is discussed in Appendix A.

2.4l  Cross Beta Decay

Measurements of the gross beta activity as a function of
time were bepgun as soon as the samples were prepared and were contimued
until [12 houre after the surface detonation and 142 hours after the
underground detonation, at which time the laboratory at the test site
was closed. Similar measurements were begun at NIH at approximately
70 hours after detonation and continued for approximately three monthse
The early measurements were made at intervals of 30 to 60 minutes but
as the decay rate decreased, the intervals between measurements were
correspondingly increased. With rare exceptions, the total count upon
Which each counting rate was based was greater than §,000 counts and
in most cases greater than 10,000 counts. The individual counting rates
wore seldom above 20,000 counts per minute and never above 30,000 counts
per mj.nu’oe.

Counting rates of the order of 20,000 counts per minute
were observed for cne milligram samples when the first planchets were
Flaced on the lower shelves in the pig. The period over which the
activity of a given sample could be efficiently measured was increased

moving the sample to shelves with higher counting efficiencies as
the sample decayed. A factor measuring the change in counting efficien-
€y was determined for each change of each sample by successive counts
in the two positions. The ratio of these tWo counts provided a
torrection for the change in air absorption as well as the change in
physical geametry. Since a knowledge 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 been corrected by the empirical factoras
for changes in efficiency, and for coincidence loss and background.

Because of the possible heterogeneity in the samples,

;Ven after mixing, decay curves were obtained for several aliquots
rom ead] Sample.
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2.4.2 Gross Garma Decay with G=M Tubes

Measurerents of the gross gamma disintegration rate as a
function of time were obtained in essentially the same manner as
described above for gross beta activity. Because of lower counter
efficiencies, considerably larper samples were used and, of course, an
absorber was necessary to remove the beta activity. At the test site
all measurements of gamma activity were made with an absorber of 1.3
gn/em? of aluminum placed on the first shelf very close to the counter
window. This absorbs all the betas having maximum energies less than
2.8 Mev and transmits less than 0.1% of the very few {Sr®, Yt%¢, Rh'®®)
having energies around 3.2 Mev. Unfortunately, duplicate conditions
were not used in the NIH laboratory in extending the decay observa-
tions to a longer time. Instead, a 3.8 gm/cm® lead absorber was used
to remove the beta activity. The implications of this discrepancy are
discussed in the results, Section 3.3.3.

2.4.3  Cross Gamma Decay With Ionization Chambers

Since biological hazard is more closely correlsted with
the concentration of ionization produced than with the flux of incident
Photons, the gross gamma decay curves obtained with =M tubes were
fupplemented with measurements taken with ionization chambers.

An ionization chamber identical to that used in the
Beckman Mx6 survey meter was used. This chamber is reasonably air-
&uhalent except for low photcn energies. The chamber was operated
cith a battery-powered electrometer circuit and the output of this
reuit was recorded on a Brown continuous recording potentiometer.
¢ Instrument was linear and essentially free of drift after an
ro tial two day warm~up. Any change in base line due %o drift was
utinely measured every few hours.

by o The sensitivity and range of measurement were increased
sam 1'9“81-ng the sensitivity of the recordirg potentiometer as the
thep € de'-'é_lyed. After the sample was in position, the sensitivity of
a‘ppr1(:"'-"3':;::n‘c:I.c:met,er was adjusted for a near full scale deflection of
mate] at.el;'r eleven inches. When the deflection decreased to approxi-
Moo four inches the sensitivity was changed so that a near

im deflection was again obtained.

Vas gq A two or three gram aliquot of the prepared soil sample

twg Cured to a shallow metal tray with Ducc Cement and placed about

abSOrb::,es below the ionization ehamber. The beta activity was

1°“izat.i with approximately one em of wood and the iron shell of the

le on chamber, Sample and chamber were housed in two inches of
* The background contribution was cancelled by routinely

-9-
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establishing a base line every few hours by reroving the sample, Two

samples were run simultaneously on the wviergrcund bturst btut no
measuremnents were made on the surface burst,

2.4t Effective Beta Encrgies

The effective beta enceryies of soil sanples as a function
of time were determined by ~nalyses of alwiinum sbscrption data taken
periodically on the sawe planchets. The absorption data were obtained
with the Tracerlab autosatic counting system consisting of (1) SC-1B
Autoscaler, (2) SC-5A Tracergraph Printing Interval Timer, (3) SC-9C
Shielded Mamal Szmple Changer and Preamplifier, (L) SC-6A Automatic
Semple Changer, and (5) E-25 Alwainum Abscrber Kit. The Autcscaler
was modified with an SC-L FEagle Preset Counter and relay so that the
total count was not limited by the scale of LO96 but was extended by
eny desired factor from one to four hundred. The zbsorber kits con-
tained twenty-five ane inch aluminum absorbers graded from 0 to 1600
mg/em®. A reprasentative set of absorbers is listed below:

mg/em* mg/ cm* ng/cm?
0,00 6.3 375
1.66 67.5 32
3.47 90.9 52h
4.80 137 621
7.26 172 734
9.96 214 8Lk
12.8 278 955
19.7 322 1610
29,2

Since peometry for all measurements was fixed by the
autonatic equipment, considerable care was necessary in preparing
planchets. TInitial counting rates, with no absorber, of approximately
20,000 counts per minute but not &xceeding 25,000 counts per minute
were desired in order to have a planchet wnich could be measured for
a long time but with which the error in coincidence correction was not
abmormally large. The rapid decay of the samples and the large amount
of data needed necessitated a frequent change in the total count upon
which counting rates were based. The total counts were never less than
512, rarely less than 1024, and usually 2048 or more.

Counting rates with no absorber were always determined at
the end of an absorption curve so that the data cculd be corrected for
decay durlng the period in which the absorption data was taken.

2.4.5 Effective Gamna FEnercies

The effective pazmma enersies of soll samnles as a function
- 10 -
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ot td.mc were determined by analyses of lead absorption data taken
porlodically on the same planchets. The absorption data were obtained
with » conventional lead pig and a thin end-window G-M tube. The beta
agtivity was removed by a 1300 mg/en® aluminum absorber which was placed

- om: the first shelf of a common lucite shelf holder, The lead absorbers
-~ were placed on the second shelf and the planchet on the third shelf.
; ’I-lad absorbers of the following thicknesses were used:

gn/ em* gn/ cm?
0.000 2,08
.225 3.81 i
L6L 5.89 '
N " 0910 7-5}4,
:{7&"7:—‘“- 11.26

2.h.6 Gross Beta Specific Activity

. The measurements of the gross beta specific activities of
soil samples were made after the sample had decayed sufficiently to
permit the counting of aliquots weighing approximately ten milligrams.
Thesa aliquots could be weighed accurately and were of sufficient size
s be fairly representative of the whole sample. However, in most

cases, measurements were made on five or six aliquots in order to further
decrease the effect of heterogeneity in the sample. The use of larger
aliquots was undesirable because of the increased difficulty of ma.king
ulf-ah!orpt.ion corrections,

2.4.7 Gross Gamma Specific Activity

No information was obtained on the garma specifiec activity.
In view of garma measurements being made by other projects, the investi-
gators gave this determination low priority and neglected it in favor
of the other objectives.

2.4.8 Beta Activity of Air Filter Samples

Beta activity of air filter samples were measured for
Project 2,52 with a Nuclear Measurement Corp. Proportional Counter
Model PC-1. This counter was equipped with a special cylindrical
chamber Huilt to accommodate 5 3/8 inches square filter papers. The
filter paper was inserted into a cylindrical metal cup which served as
the counting chamber and the chamber fastened sc that the paper surround-
ed the central anode wire. The chamber could be easily disassembled for
decontamination. .

A limited amount of beta decay data was obtained on some
famples from the underground burst,

-1 -
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2,5 EFFECT OF WEATHERING

The effect of rainfall upon the distribution of fall-out was
studied by making chemical analyses of samples taken before and after a
ngimul ated rain® and by leaching experiments with distilled water upon
a sample of surface soil.

A slow steady rain was simulated by two lawn sprinklers supplied
by a tank truck equipped with a centrifugal pump. The oscillating
sprinklers were adjusted so that they covered an area of approximately
SO0 sguare feet with 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 would not be washed onto the
ground. The amount and distribution of rainfall was measured with a
pattern of funnel-topped graduates placed throughout the area. Trial
runs showed 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 was
dry enocugh to be sampled., Trial tests showed that the best way to
obtain samples at various depths was to scrape soil from the near
vertical wall of a hole dug with an ordinary spade. Small corers made
of S/8 inch steel tubing would not work in the campact, rocky soil.

Prior to the underground burst, a pattern of possible test areas
wera clearea in the north-east quadrant from ground zero. The actual
test plot was selected from these on the basis of accessibility, and
the fall-out pattern., It was located approximately 6000 feet due north

of ground zero.

The experiment was carrled 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 fall.out
as possible in order to’get sufficlent activity for
anal ysis:

2. The necessity of early sarpling before the depleticn
of the short-lived Mo, Ag, and Ba: and

3. The necessity of protecting personnel from over-
exposure to radiation.

The following "pre-rain® samples were taken:
32-U-W, The top 1/h inch of soil taken at random from
10 to 15 locations in the plot. UWeight,
approyimately 1000 grams.,
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337-%. The top 1/L inch frow an arca of 100 square
incties of the surface. Weight, 105 grams.
This was taken to correlate specific
activities with the grosc radiation field as
measured by the moniter accorpanying the
investigators.,

34-U-W, One inch below surface —- approrimately S
grams frem eacn of three holes.

35-U-W. Two inches belov the surface - approximately
S grams from esach of three holes,

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

The following "post-.rain” samples were taken:

36-U-W. The top 1/4 inch of soil taker. at random from
5 to 10 locations in the plot, Weight,
approximately S0 grars.

37-U-W ) Taken respectively frem 1 inch, 2 inches, U
38.U-W{ inches, and 6 inches below the surface. Each
39-U-y| sample contained approximately % grams from
4O-U-W/ each of three holes.

An aliquot of sample 32-U-W and all of the other samples were
dried and pulverized before they were returned to NIH for chemical
analysis,

The field tests were supplemented by leaching experiments at NTH
on an aliquot from the unpulverized sample 32-U-¥. The experiments were
performed in the following manner: 4

A. 108 grams of sample 32-U-% and 1000 cc of water were
shaken for one hour, This was allowed to setile for
one hour and a 132 cc aliquot of the supernate
removed with a pipette. This was centrifiuged to
remove arny suspended matter and the clear supernate
{samplz 11-UN) analyzed for dissolwved activity.

B, The mixture of water and sanple was then stirred for
an additional eipght hours in a %Waring blender and
allowed to settla for eleve; hours, A 170 ce aliquot
was removed, centrifuzed, and analyzed (sample 42-U-W).

- 13 -




_CHAPTER 3

RESULTS
3.1 GENERAL

The results of this investigation are presented wherever possible
in the form of graphs and tables., Because of the small size of the
graphs in this fermat, the authors have often felt that although the
graph was necessary to present the general picture, it did not present
the data in sufficient detail for its maximum use. For this reason, a
graph is often accompanled by a table giving detailed data from which a
large scale drawing may be prepared.

Since in decay and absorption curves it is the shape of the curve
and not the magnitude of its ordinate which 1s of interest, the observed
counting rates for such curves have usually been adjusted by the use of
constant miltipliers, Such normalization made possible the most lucid
presentation of the maximum amount of data on a given graph. However,
the reader should not draw conclusions regarding relative specific
activities, ete., from two or more curves.

3.1.1 Description of Samples

A detailed description of each sample studied is given in
the numerdical listing below. In addition to an identifying mumber each
sample has been given a few simple code letters which briefly describe
its principle characteristica. Thus the first code letter "S" or "yn
telle whether the sample was taken after the surface or underground
turst. The second group of code letiers give the general nature of

the sample:

>
S = Scoop samples from the surface of the crater lip
= Rocket samples from the crater
= Pebble sample

Core sample from the crater lip

Fall-out sample

% =™ o o9 om
(]

Sample taken in connection with the weathering study

GA

Ground air filter sample

- 14 -
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LA = Low altitude air filter sample

HA = High altitvude air filter sample

CI = Cascade impactor sample

Where the sample was supplied by another project and was

accompanied by an identifying number, that number is given in the text
of the description. Similarly, original National Tnstitutes of Health
mmbers are given for those samples from which aliquots were given to

other projects for cross-checks.

1-5-8

2=3=3

L-S-8

5=S-R

6-S5-P

TmS~P

8-5-p

9-3-C

10-S-C

11-5-C

12-8-C

Canposite of five scoop samples from south face of
lip of crater from surface burst, See Figure 3.1.
Taken at approximately H + 3 hours. Original NIH

No. 1.

Composite of six scoop samples from inner face of
crater lip from surface burst. See Fipure 3.l.

Taken at approximately H + 6 hours. Original NTH
No. S.

Soil from platform on weasel, Taken from somewhere
o south face of crater lip at H + 3 hours,

Fused glass beads taken from sample No. 2-3-3, Dark
green in color. Original NIH No. 1ll.

From crater of surface burst, Obtained on D + 2
days with retrievable rocket, Exposed to con-
siderable rain before taken.

Selected pebbles from No. 1-5-S.

Pebbles selected froT sample No. 3=3-3.

Pebbles from sample No. 12-5-C.

From same core as sample No, 12-S-C3 6 inches
from top of core,

From same core as sample No, 12-S5-C; 12 inches
from top of cora,

From same core sample as sample No. 12-5-Cj
18 inches from top of core,

From core sample taken near sample No. 1-5-5 at
approxdmately H « I hoursy 24 inches from top of core.

—15-
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=z

Fiegure 3,1, Locatisn of Surface Sanrlss on Crater of Surface Rurst
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Figaire 3,2, Location of Surface Scoop Samples on Crater Lip of Under-
ground Burst :
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13-U~5 Composite of seven scoops from south face of crater
1ip from underground burst. Taken at approximately
H+11/2 hours., Original NTH No. 18.

14-U-3

15-U~-S| Individual scoop samples from socuth face of crater

16-U-S| 1ip from underground shot., See Figure 3.2. Taken

17-U-S) at approximately H + 20 hours.

18-u-S

19-U-3 ;
20-U-5

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

22-T~P Pebbles from Sample No. 13-U-3

23-U~P Pebbles from sample No. 27-U-C,

24-U~P Pebbles from sample No. 25-U-C.

25-U-C From core taken near sample No, 13-U-S at
approximatzly H + 5 hours. One inch from %op
of core.

26-U~C From same core as No. 25-11-Cj; 7 inches fram top.

27-U~C From same core as No, 25-U-C; from bottom of
corej 12 inches fram top.

28=U~F Fall-out trays; NEDL No. M-0-6; 900 yards east,
600 yards north of ground zero. i

29-U-F Fall-out trays NRDL No. M-H-l; 600 yards east, 1
900 yards north of“ground zero. !

30-U~F Fall-out tray; NHDL No. M-NE-53 2000 yards
northeast of ground zero.

31-U-F Fall-out tray; NRDL No, M~--23 300 yards
east, 600 yards north of ground zero.

2-U-4

33-U-W} Samples taken in connection with study on
34-U-W} effect of weathering. See section 2.k, !
35-U-4 :
36-U-wW

- 18 -
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37-U-W

38y

39-U-W) Samples taken in connection with study on effect of
UO-U-W | weathering. See section 2.kL.

W -u-w

L2-0-y

U3-S-GA Ground air filter sample from surface bursty ACC
No. S-15 A4l, 3000 feet northeast of ground zero.
First sheet in pack of filter paper; Chenmical

Corp. Type VI.

Lih-S-TA Low altitude air filter sample from surface burst
fio. J1-I-1A. Close-inj approximately 1000
Test at approximately H + 1 hour.

LS-S~HA Hieh itude air filter sample from surface bursty
No, J1-I-16A, Close-in; above 10,000 feet
Wt approximately K + 1 hour.

46-U-CGA Ground air filter sample from underground burst;
ACC No. U-11h4 A1, LOOO feet north of ground zero.
First sheet of filter paper in pack; of "polyfiber®
filter paper.

47-U~GA Ground air filter sample from underground burst;
ACC No. U~11lL A2. Second sheet of filter paper
in pack used in No. L&6-U-0A.

48-U-CA Oround air filter sample fram underground burst;
ACC No. U-11hA.1. Duplicate of L6-U-GaA,

h9-U-CGA Ground air filter sample from underground bursh;
ACC No, U-11h A12. Duplicate of L7-U-CA.

50-U~CA Cround air filter sample fram underground burst,
ACC No, U-115 Al. 3000 feet northeast of ground
zero. First sheet in pack of "polyfiber" filter

paper.

51-U~CA fround air filter sample from underground burst,
ACC No. U-115 A,1. Duplicate of No. 50-U-GA.

52-U~LA Low altitude air filter sample from underground burst;
0. J2-T-2A close-in, approxmately 1000 feet

N
PRt ETPToGmately H + 1 hours

-19 =
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53-J-HA Hipgh altitude alr filter sample from underground
burst; | TNo. J2-I-11A close-in, above 10,000
feet at arpi®Ximately H + 1 hour,

54-S-CI Cascade impactor sample from surface buraty ACC
No. SL; 20,700 feet from ground zero on north ,
northeasat line, }

§5-S5-CI Cascade impactor sample from surface tursty ACC
No. SM3 LOUO feet from ground zero on north line.

56-5-C1 Cascade impactor sample from surface bursty ACC
No. SN3 LOOO feet from ground zero on north line.

5§7-U-CI Three molecular filters used as final stages in
samples No. 54, No. 55 and Ne. 56.

68-U-CI Cascade impactor sample from underground burst;
ACC No. ULj 20,000 feet from ground zero on
northeast line.

59-U-CI Cascade impactor sample from underground burst;
ACC No. UM; LDOO feet from ground zero om
north linen

60-U-CI Cascade Impactor sample from underground burst;
ACC No. UN; LOOOD feet from ground zero on north lins.

61-U-CI Three molecular filters used as final stages in
samples No. 58, No. 59 ad No. 60.

3.1.2 Reliability of Data

The reliability of all the data i3, of course, not the
same. Where the data does not by.its nature or self consistency provide
the rcader with a measure of reliability, the authors have attempted to
do so0,

The spread of reliabilities is very large in the data on
chemical analysis presented in the accompanying tables. 5Some values are
the average of as many as fourtecen separate determinations with counting
rates between 1,000 znd 20,000 counts per minute above background, and
with average deviations of 5%, Others are single values or the average
of two or three values with counting rates two or thres counts per
minute above background and with average deviations of 200-300%,

The assigrment of a probable error to each determination
would have been laborious and in many cases without meaning. There-

- 20 -

i,



PROJECT 2.6¢-1

fore, four general categorles of reliability have been selected and
each measurement placed in one of these. The superscript in the tables
designates the category to which the given datim has been assigned,

The characteristiecs of the four catecories of reliability are as
follows:

First Cateporyt: Data in this group are reliable to better
than 10%. In general, a datum is based on counting rates of over 1,000
counts per minute above background and three or more determinations
with an average deviation of less than 19%,

Second Category: Data in this group are reliable to
between 104 and 20%. In general, a datws is based on counting rates
of over 200 counts per minute above background and on at least three
determinations with an average deviation of less than 30%.

Third Category: Data in this eroup are reliable to be-
tween 20% and 50%. In general, a datum is based on counting rates of
over 50 counts per minute above background and at least two determi-
nationg with an average deviation of less than S0%.

Fourth Category: Data in this group are reliable to less
than 50%. 1In general, a datum is based on a counting rate of less than
50 counts per minute above background and 2n cnly one eor two determi-
rations which deviate more than 7.

Because of tre continuous nature of the data, the limited
anount of data and the broadness of the categories, a given datum
tould often have been placed in either of two adjacent categories. The
actua) placement was often irfluenced by the investigator's "feel"
for the particular determmination as much as by the limited statistics.
Hwae\ife:g, cases of doubbful reliability have been placed in the category
of lesser reliability.

3.2 CHEMICAL GHARACTERISTICS OF RESIDUAL RADICACTIVITY

-

3.2,1 Surface Soil Samplel

Tables 3.1 and 2.2 show the abundance of specifiec radio-
8ctive isotopes in soil sarples taken either from the surface of the
Eround or the surface of the crater. These tables present exactly the
3ame data but in different units. In both, the analytical results
ave been extrapolated by exponential decay laws to "ty,". These

Ues present the relative yields of isotopes and the most convenient
o ues for calculating relative composition at later times after the
Mpletion of the initial fission chains.

Table 2,) gives the composition in atoms of isotope per gram of
- 21 - ‘ ¥
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goil. Table 3.2 gives the activity of each isotops in millicuries per
pram of soil. Table 3.3 presents infermation concerning fractionation
of these fission products. It compares the observed abundances in
Table 3.1 with the fission yields from U*?° and slew neutrorb. The

values of fission yields used for the comperison were®t
Rt -

—

"R" Factors similar to those used by the Air Force Office of Atemic
Energy (AFDATkll have been calcnlated and listed.,

These Factors have the following definitiem:

bserved abundance of x . fission yield of x
R for xfy = < . 2
OF XY ¥ Cbserved abuncance of y - fission yield of y (3.1)

For Sample 1 from Table 3,1:

R for Sr/Mo = L‘

%‘—~ .09
n vs

3.2.2 Chemical Composition Depth in Crater Lip

Table 3.l zives the abundance of certain radiocactive
isotopes as a function of depth in the loose soil comprising the crater
lips, The actual depth for each sample is in doubt. The corer was
driven to a depth of three feet in each case, But was only partially
filled with soil. Whether the core obtained represented a compressed ;
three foot core, or the upper part of three foot core, or a cambination
is not known. The depths indicated in the table are the depths below
the surface of the soil in the core. .

Table 3.5 presents "R" factors as a measure of fractiona~
tion as a function of depth. The core of the surface lip was taken
near sample 1-S-S. The core of the underground lip was taken near
Barple 13-11-S, A

3.2.3 Chemical Composition of Air Filter Samples

Table 3.6 gives the avunda..e of certain radioactive
isotopes in air filter samples. The abundances are expressed in atoms
Per sample. No attempt has been made to determine abundance or activity
43 a function of eilther volume of air filtered or mass of sample.

e

1. ¢c,n. Coryell and Nathan Sugarman, "Radiochemical Studies: The {
Fission Products" DRook 2, Introduction, McGraw Hill Rook i
Company, Inc., New York (1951) _ 9‘)23 a4 EILC*CJ f
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These analyses were made to determine relative composition for compari-
son with other samples. Table 3.7 presents the "R" factors as a measure
of fractionation. : -

The very small amount of activity available on a filter
for analysis makes the reliability of any particular value less than fa
thosa reported in the previous tables for soil samples.

3.2.4 Chemical Compositicn as a Function of Particle Size

The amount of activity on a single stapge of the cascade
impactor was 30 small that the values reported in Table 3.8 must be
congidered as only approximate. It is impossible to say how much of
the fractionation indicated by the "R" factors in Tahle 3.9 is real,
how much ia due to experimental error, and how much is due to the fact
that the minute amount of material on any stage is probably not rep=
regentative of the whole. The data are given more as a guide to future
work than for any intrinsic value it may have.

342.5 Pebble Sanples

The chemical composition of the pebble samples is shown
in Tahle 3.,10. The presence of Mo, Ap, Ba, Sr, Zr, and Ce shows that
the sand blasting did not completely remove the fission products and
that the specific activities determined on these samples are not a
correct measure of induced activity.

3.3 GROSS CHARACTERISTICS OF RESIDUAI RADIOACTIVITY

3.3.1 Gross Beta Decay of Crater Lip Samples

The decay characteristics of the beta activity of the
crater 1ip samples from the surface and underground burst are similar,
They markedly depart from the usual type of fission product decay
described by the expression?‘

A=kt-1e2 (3.2)

As can be seen in Figure 3,3, describing the decay, both log-log curves
exhibit an initial slow rate of decay which steadily inereases to a
maximm and then decreases again. The slopes of the plot of the data
varies from initial values of -0.7 and -0.8 to maxima of approximately

-2.3.

Although qualitatively similar, quantitatively the decay
curves are quite different, The type of expression which describes
very accurately the decay corves of aliquots of samples {rom the
surface burst will not describe similar data from the underground burst.

.28 - b 26447 D




— FROJECT 2.6c-1 _
e

3.3.2 Bets Decay of Adr Filter Samples

A limited amount of data on beta decay of air filter
samples from the underground burst is shown in Fipgure 3.7. The curves
are numbered according to ACC nomenclature, see repoert of Project 2.%a
"Airborne Particle Studiest.

343.3 Gross Gamma Decay of Crater Lip Sarrles

_ Decay with ~M Tubes: The gross gamma decay character-
isticas of crater lip samples {ram the underground and surface bursts
were found to be different, Since no analytical erxpression which would
describe the decay has been found, empirieal datz are presented in
Figure 3.8 and Tables 3.13, 3.1k, and 3.15. The tables present in
detail the averare data from which the figures were plotted.

The early decay measurements were made at the tast site
and the later measurements at the National Institutes of Health with a
eonsiderable time overlap. These data have been adjusted to form
continuous decay curves., Different absorbers for the removal of beta
particles were used at the two laboratories and the adjustment is not
without criticism. The early measurements were made using a 1.2 gn/em
filter of alwminum, while the later ones were made with a 3.7 gn/cn®
lead filter. BEoth filters effectively removed the beta particles, but
the lead removed, in addition, approximately LOZ of the pammas, Since
the gamma spectrum of the residual activity is changing with time
{Figures 3.1k and 3.15), the decay curves obtained with the two filters
are not identical.

2

f’!

Fortunately, an estimate of the magnitude of the dis-
crepancy can be made, since lead absorption curves as a function of
time were determired on the planchets used for obtaining the early
decay curves. A comparison of the decay curves obtained with 1.3
gn/em® of A1, and with 1.3 gm/em® of Al plus 3,8 gn/cm® of Pb over
the early portion of the decay indicates thig magnitude,

The decay curves for two samples from the surface burst
are shown., Sample 1-5-5 was from the cuter surface of the crater lip,
and semple 2-85-5 was fror the inner surfzece of the crater lin, F¥ach
curve is the averamge of twn or more curves obtained on serparate aliquots
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Figure 3.7. Beta Decay of Ground-Air Filter Samples
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TABLE 3.13

Gamma Decay of crater Lip from Surface Burst

'—"—“‘_..._-—-—ﬂ:"—"—_‘ ____*.__-—--—-*——"-"-=1
Time pbsorber Thickness
(Hours) | 1l.3en AL | leden | 3.l PO
3083"\ Pb
7 10,000 10,000 -
8 8,462 -
? 7,308 -
10 6,12 - -
12.5 h,?oh - el
15 3,89h - -
17.5 3,221 - -
20 2,7h0 - -
25 2,077 2,077 -
30 1,663 - -
35 1,510 - -
Lo 1,202 - -
45 1,058 - -
50 912 865 -
60 721 - -
70 S77 L71 L7l
B0 u76 - 6L
90 401 - 287
100 346 - 236
115 288 - 188
130 2h0 - 155
150 197 - 123
175 159 - 9l
200 130 - 76
250 26 - 53
320 61 - 35.2
400 - - 26,2
' 00 - - 19.2
700 - - 12.7
900 - - 9.8
i 1000 - - 9-0

Note: Sample 1-5-5 neasured with G- tube.
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TAYLE 3.1bL
Garma Decay of Crater Lip from Surface Purst
Time Absorber Thickness
13.6 10,000 10,000 -
1L.8 9,151 - -
19.1 6,492 - -
22.0 5, 5uLB - -
243 h, 880 - -
26.1 I}, 570 4,634 -
3003 3,82h - -
L2.2 2,639 - -
L8.9 2,710 2,067 -
9-1.7 1’991 - -
62.2 1,802 - -
73.2 1,5 1,303 -
78.6 - - 1,170
83.8 1,265 - -
8le5 - - 1,039
96,2 1,03h - alL7
102.3 367 - -
108 - - 712
120 796 - 591
1hly - - h52
146 606 - -
15k 540 - -
168 L82 - -
17 - - 3Lk
183 iy - -
196 - - 277
216 320 - -
223 - - 219
267 23k - 159
29 203 - 139
325 17 - -
336 - ¥ - 104
367 - - 91.8
13 - - 75.h4
L6L - - 63.2
506 - - ShnB
TOD - - 32.?
916 - - 2.7
965 - - 22.6
Note: Sample 5.5-3 measured with =M tube.
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TAFLE 3.15

Gamma Decay of Crater Lip from Underground Burst

Time After T
Purst Beta Absorber
(Hours) | 1.3en AL | 1.3e2 | 3.7gt Fo
3.8gn Pb
5 6,000 - -
10 2,400 - -
30 588 - -
35 L70 470 -
50 300 29h -
70 192 180 207
go 162 150 -
100 120 - 112
140 76.8 - T2
200 - - LS
300 - - 27
600 - - 12.8
8OO - - 9.7
1000 Y - 7.8
1500 - - S.l
2000 - - 4.0
212l - - 3.8

Note: Average Curve; measured with G-t tube.

t——pa—

.
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of the samples. OSample 1-5-5 is probably more typical of the close-in
fall-out, since sample 2-5-5 contained several very large fused glass
beads not found elsewhere, .

The decay characteristics of samples fram the underground
burst were more consistent than were the decay curves from the various
samples from the surface burst. Therefore, it was possible to present
an gverage decay curve in Fipure 3.8. This curve represents the average
of eleven decay curves taken on aliquots of samples distributed over
the crater lip. Tt will be noted that for the period from 5 hours to
300 hours the curve can be described analytically by the expression

A= kt1.3 (3.8)

Camma Decay With Jonization Chamber: The data for the
decay of gamma activity as measured with an ionization chamber are
shown in Figure 3.9. Both curves were obtained with aliquots of sample
13.0.8 from the surface of the lip of the undergrocund crater. A portion
of the decay curve measured with a (~M tube is shown for comparison.

The difference in the two measurements is undoubtedly
due to the contribution of the low energy gammas from Np~>%. The low
efficiency of the G-M tube for low energy thotons results in a relatively
suall contribution to the activity as measured by a O-M tube., Con-
versly, the relative contribution of Np*>® to the ionization chamber
is large. Note the great change in slope at around t, + 100 hours
when, according to Figure 3.3, the relative abundance of Np*?%® is
beginning to decrease rapidly.

No measurements were made on the surface burst.

3.3.4 Effective Beta Energies As A Function Of Time

The gross charactéristics of the beta energies as a
function of time have been determined by analysis of families of
alunimm absorption curves for the same planchets. A typical family
of curves on an aliquot from sample 13-U-5 is shown in Figure 3,10,
Although these curves were obtained with the same geometry, no inference
a8 to gross decay should be drawn., The data have been normalized so
that the entire group could be plotted on the same graph.

Three "effective™ components could be distinguished in

each of the absorption curves., Table 3.16 lists the characteristics
of the three components found for the individual curves., The energies

—48" a
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Beta Energies of Soil Samples Versus Time
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TABLE 3.16

P—

Time Fnergy (Mev) Abundance (%)

Souple {hours)
Ey E, Es Ay Az A,
7 3.8 0.68 0.18 30 Wy 27
10 3.9 0.82 0.17 2l hé 30
13 3.k 1.17 0.30 n 32 L8
2h 3.5 0.96 0.25 11 Eil 59
1-518 3 2.6 0.54 0.26 11 26 58
60 2.k 0.78 0.26 6 25 56
107 242 0.52 0.18 [ 67 28
126 2.1 0.50 0.05 6 59 35
226 1.6 0.1 0.12 12 65 2l
1-5-3 333 1.8 | 0.57 | 0.9 | 23 | uh | k3
L-S-5 10 3.9 2.23 0.1 S 19 60
24 3.6 1.1 0.L0 12 24 L6
32 2.6 0.589 0.32 16 1.8 g
4-5-5 58 2.0 0.69 0.7 12 23 59
100 1.6 0.5 0,22 11 L5 Lo
126 1.6 0,52 0.27 11 hé h3
12 3.4 0.97 0,35 | 25 26 Ls
14 3.3 0.61 0.29 23 Lo 35
21 3.5 1.27 0437 9 25 61
12-5-C 55 2.6 0.99 0.35 7 22 70
101 2.0 0,72 0.140 6 13 T2
129 - 1‘-;5:3 0.37 - 19 76
6--5-P 8 3.9 1.26 0.1 32 53 14
8 3.9 1.19 0,25 36 a1 11
12 3.6 1.19 0.21 30 50 17
6-5-p 2l 3.1 1.09 0.2 30 L8 21
3h k.5 0.66 0.36 11 60 28
15 3.5 1.56 0.32 L5 30 22
8-3-P 26 3.5 1.17 0.36 34 38 25
55 2.6 0.77 0,25 x 33 35




PROJECT 2,60-1

TARLE 3.16 (Zontinued)

Reta Energies of Soil Samples Versus Time

Tine Energy (Mev) Abundance (%)
Sample (hours)
E, E., E, Ay Ap Ay
7 be2 0.94 0.10 g Isly 25
10 L3 0,92 0.26 27 hi 25
13-U-5 17 3.2 0.77 0.2h 25 37 36
26 3.3 0.7 0.21 17 L8 LS
32 3.0 0.72 .32 11 il L3
21 3.2 0.77 0.22 21 Ih 38
27 2.5 0.65 0.25 23 33 43
13-U-S 34 2.6 0.68 0.27 18 34 L7
80 2.0 0h9 0.17 ) 30 65
10 L0 0.84 0.29 33 L0 27
15 b0 1.19 0.37 2L 27 49
25-1-C 28 3.1 1,08 0.35 17 23 59
35 3.3 1.15 035 12 2h 65
8o 2.1 0s5k 0.23 12 58 30
9 47 1.A3 0.H2 BN 21 ho
11 3.8 2,06 0.5h 37 19 Lo
26-1-C 23 3.9 1.2h 040 2k Il 33
31 3.5 1,22 0.28 20 L5 32
Lé 3,0 0.91 0.22 23 cé 20
9 4.5 1,12 0.23 32 37 30
13 4.1 1.M03 0,18 L2 31 27
27-U-C 26 3.0 | 0.90 0429 19 35 38
3l 2.6 Q.58 0.16 22 52 27
79 241 3.53 D19 13 52 35
8 E! 1.17 0.732 28 59 21
12 3.3 1.12 0.25 28 65 12
22.01-P 25 2.5 0,90 0.1k 26 62 11
32 2.k 0.98 0.26 30 L7 22
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of the components were caleulated by the formulae?
E = 1,92 RO=725 for B < 0.3 gn/om® (3.9 )
E = 1.85R + 0,245 for R > 0.3 gn/a® (3.10)

and ranges (R} obtained by a simplified Feather analysis. The range
was obtained by the linear ratio of the observed value of absorbers for
90% reduction of initial activity of the unknown, the observed value of
absorber for the 0% reduction of a 51210 stanuard and the literature®
value of 476 mg/cm® for the range of Bi®1°

The relative abundances listed in columns 6, 7, and 8
have been corrected for backscattering and for air and window
absorgt1on. The backscattering correction was tsken from a graph by

Burtt® and the absorption correction was calculated by the equations*
P = e™hb (3.11)
pow 0,0l7E"1e43 (3.12)

The trend of this data is shown in Figures 3,11 and 3.12.

3.3.5 Effective Gamma Energies As A Function of Time

The gross characteristies ol the gamma energies as a
function of time have been determined by analyzing families of lead
absorption curves for the same planchets., A typical family of curves
on an aliquot from sample 13-1/-5 is shown in Figure 3,13. Although
these curves were obtained with the same planchet and geometry, no
inference as to activity as a function of time should be drawn. The
data for each curve have been normalized with a constant multiplier
so that the entire group could be plotited clearly on cne graph.

Each of the absorption curves could, with a fair decree
of accuracy, be ceonsidered as thg absorption curve of a two component
mixture, Table 3.17 1ists the characteristics of the two components
found by analysis of individual curves. In columns 3 and L are listed

l. R.E. Lapp and H.L. Andrews, Nuclear Radiation Physies, page 180,
Prentice-Hall, Inc., New York, (1548).

2. 1. Frledlander and J,W, Kenredy, Introduction to Radiochemisiry,
page 161, John Wiley and Sons, Inc., New York, (1949).

3. ®.P. Burtt, "Absolute Reta Counting", NUCLEOMICS 5, 28,
(Aucust 19&9).

h. 0.T. @eason, J.D. Taylor and D,L. Tabern, "Absolute Peta Counting
at Defined Geometries", NCLEONICS 8, 12, (May 1951).
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TABLE 3.17

=
Time Absorption Energy Relative
after Coefficients Abtundsnce
Sample burst (ecm®/mg) Pb {(Mev) %
(hours) I Ha By Ez A Az
7.3 0.7l L9.5 1.36 0.113 13 87
12 0.8L Sl,.h 1.1k 0.111 14 86
1-5-3 25 0496 L3.1 1.00 0.122 23 77
48 1.08 31.1 0.89 0.145 26 Th
72 1.24 23.5 0.78 0.172 28 72
14 " 0.76 37.8 1.1 O.1k2 16 N
26 0,92 29.9 1.03 0.1L% 23 77
2-3-5 L9 0.96 | 2kh.3 1.00 | 0.167 21 79
73 1.2 2640 0.8%5 0.162 24 76
60 1.10 29.0 0.87 0,154 29 7
5-S-R ol 1,18 26.7 0.82 0.160 32 68
96 1.12 29.8 0.85 0,149 25 75
7.9 0.59 h2.7 1,87 0,121 25 75
13 0.57 35.2 1.96 0.136 25 75
12-8-C 25 0.58 31.6 1.90 0.1hlk 30 70
48 0.62 19,2 1.82 0.150 0 70
73 0.70 16.9 1.45 0.202 kil 69
25 0,84 1.0 1.15 0,126 25 75
30 0.61 36. 1.20 0.134 26 7h
13-U-8 a 0.98 0.1 0.96 0.127 410 €0
52 0.94 67,8 1.01 0,098 15 85
77 0.79 2949 1.25 0.151 26 74
5 0,62 39.1 1.71 0.127 13 87
8.7 0.66 57.6 1.67 0,112 7 93
12 o.l1 71.3 3.17 0.094 S 95
15 0.40 a2 3.3k | 0.109 5 95
22 0,81 L7.1 1.21 0,115 21 79
13-0-8 28 0.83 1,2 1.19 0,123 22 78
32 0.94 h5.b 1,02 0,118 R 68
50 0.95 30.5 1.00 0.147 33 67
L 0.82 29,2 1.20 0,149 21 79
11k 0.94 26,0 1.02 0.160 29 7L
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TARLE 3,17 (Continued)

Gamma Fnergy of Soil Samples Versus Time

Time Abhsorption Fnergy Relative
after Coefficients Abundance
Sample burst {(em*/mg) Pb (¥ev) 4
(hours) Uy Ha E1 Ea Ay Az
6 0,63 57.6 1.67 0.105 10 90
9 0.73 L3.7 1.4L0 0,120 11 89
13 0.69 Ez.o 1.49 0.118 10 90
16 0,80 0.7 1.22 0.126 16 8Y
13-0-5 23 0.87 | 67.0 1.10 | 0.098 1% 85
29 0.93 65.3 1.04L 0,100 20 80
33 0.91 86,2 1.6 0.N86 18 82
sl 0,92 80.6 1.0L 0,050 15 85
30 0.84 35,0 1,16 0.137 29 71
' i 3l 0,85 2%9.4 1.1k 0.152 32 68
! 14-U-5 53 0.93 26,1 1.02 0,160 34 66
| 80 0489 26,6 1.09 0.160 25 75
1
‘ 30 036 | L4243 1.12 0.121 27 73
3L 0.87 32,2 1,10 0.1hh 33 &7
15-U-S 53 1.00 | 26,6 0.95 | 0.160 39 61
80 0,87 2745 1.10 0,158 23 73
35 0.91 32.6 1.05 0,142 3l 66
16-1U-8 <l 0.85 21.1 1.1bL 0.182 33 67
77 0.91 26.4 1.05 0.160 27 73
35 0.92 34l 1.0k 0.140 35 65
17-U-5 Sk 0.97 |+ 22.8 0.99 0.17h 38 62
79 0,97 | 232.6 0,99 0,142 27 73
35 0.99 L3.5 0.96 0,121 36 3N
18-U-S 5SS 0,97 25.0 0.99 0.165 37 63
81 0.97 32,2 D.99 0.14h 28 72
35 0.94 35,0 1,02 0,137 39 61
19-U=5 55 0.91 2he5 1.06 0,167 a3 &7
B1 0,93 26.6 1.03 0.160 30 71
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TABLE 3.17 (Continued)

Gamma Energy of Soil Samples Versus Time

=
Time Ahsorption Energy Relative
after Coefficients Abundance
Sample burst {em?/mg) Pb _{Mev) %
(hours) Hy Ha Ey E; Ay Az
7.5 0.76 66.8 1.30 0,099 13 87
9.2 0,80 72.9 1.23 0.094 12 88
13 0.79 68,2 1.26 0.098 12 88
16 0.86 50.7 1.12 0.113 19 81
27-U~C 23 0.97 7549 1.00 0,093 2k 76
29 0.59 k.3 0.97 0.120 36 6l
3l 1,05 £9.9 0.91 0.10L 36 6l
51 0.89 £68.5 1.09 0,097 28 72
73 1,05 576 0.91 0,106 26 il

the mass absorption coefficient of the two components for lead. In
columns 5§ and 6 are listed the corresponding energies in Mev, These
values were obtalned from a plot of the data on mass absorption
coefficient vs energy from the 33rd edition of the Chemical Rubbker
Campany Handbook of Chemistry and Physics.

Because of the Ka absorption edge of Pb this plot was
discontinuous and double-valued for some of the p values obtained for
the soft camponent. Where two possible energy values were indicated
by the plot, the higher has been listed., This value was selected
because it was consistent with those energy values obtained with p
values outside the double-valued,region of the plot.

The relative amounts of the two components are listed in
eolumns 7 and B, These values have been corrected for the change in the
tube efficiency with gamma energy. Since the efficiency of a G-M
tube made of low atomic weight elements is roughly proportional to
the gamma energy® this correction was made by dividing the observed
¢tounting rate by the energy in Mev of the component in question.

1. s.c., Brown, "Theory and Operation of Geiger-Muller Counters-II",
NUCLEONICS 3, 50, {Augmust 1948).
C.D. Coryell and Nathan Sugarman, Radiochemical Studies: The
Fission Products, Book 1, page 22, McGraw Hill Book Company, Inc.,
New YOI‘k’ ‘19§).
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The trend of this data is shown in Fi-ures 3.14 and 3,16,

3.3.6 Peta Specific Activity

The data for beta specific activities are listed in Table
3.18 in millicuries/gram at H + 10 hours. These values include cor-
rections for geometry, backscattering, self-absorption, mass absorption
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TAELE 3.18

Gross Beta Specific Activities

B pe/en pe/gn
Senple at Sample at
to + 10 hrs to + 10 hrs
1-8-3 2,100 13-U-8 5,000
2-5-8 ki, 300 1L-U-5 k, 500
3-5-5 1,050 15-U-8 9,000
l-5-5 10,000 16-U-5 5,500
6-S-P 2.1 17-U-§ 5,600
7=5-P 0,2 18-1U-5 4,000
8-5-p 2 19-u-8 3,%00
22-U-P L.2 20-1-5 1,700
23-U-P C.l 21-1-R 3,800
2L-v-p 0.l 33U 560
9-5-C 120 3h-U-w 8
10-5-C 120 35-U-W 0.5
11-5-C 170 3 36-U-W 570
12-5-C 63 ) 370w 1.5
25-U.C 250 38-u. 2.5
26-U-C 6 39-U-w 14
27-U-C 200 LO-t-w 1.8

- 63 = ’
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The corvection factors for mass absorption were calculated
for the same mixturss with equations 3.11 and 3.12.

The corrections for decay were made to ty + 10 hours by
enpirical data on other aliquots of the particular sample or by the
cur<2s8 in Figure 3.3. Corrections to an earlier time would have re-
quired extrapolatione beycnd the measured decay curves,

3.4 EFFECT OF WEATHERING

The results of the chemical analysis of samples taken in comection
with the weathering study are listed in Table 3.19. The presence of
anall amounts of fission products one and two inches below the surface
(seuples 34-U-W and 35-U~-W) before weathering is most logically
interpreted as eontamination intreduced during sampling although it
could be the result of weathering and/or disturbance of the fall-out
from the surface shot. Such an interpretation throws much doubt as
to the meaning of similar amounts of activity found in sub~surface
sanples after M"rainfall™ but it is probably due to ¢ontamination during
ssapling. In any event the conclusion that at most only small amounts
of activity is carried into the soil by leaching seems svident. This
conclusion is supported by samples l1-U-W and L2~-U-W which were water
axtracts of a large sample of surface soll. The results of these
analy-es show that only about one per cent of the activity is soluble
in distilled water.

TABLE 3.20

Solubility of Residual Activity

Element £ Dissolved
1 hre [ 8 hra,

Mo » 0,6 0.1
Ag # 8.8 1.0
Ba 0.6 0,1
Zr 0.6 0.2
Ce - 1.5

Q- lo“«‘heLexea
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4ol  FRACTIONATION OF FISSION IROUICTS

The R facters in Tsble 2.3, 3.5 and 3,7 show rather conclusively
that there is considerable fractionation of the fission products. The
trend of these data is sunrarized in Table L.l. From these data we sea
that the relative amount of Sr is the most dependent upon location of
sample and that Ba is the next most susceptible to fractionatiom. The
relative amounts of Zr, Ce and Mc are camparztively constant. The high
R values of Ag are difficult to interpret since the fission yield of Ag
is known to be more dependent upon the nuclear compronents of the weapon
than are the other isotores determined.

TARLE L.1

| T

3

\“""The relative arounts of Sr and Pa increase with altitude or
distance from pround zero. Fundamentally this can be considered a measure
of the time of samplinp. The exrlanation for this change in cormreosition
must lie, at least in part, in the raseous proceursnrs of Fa and Sr and

in the washing or scrubbing action of the larre amount of soi) blewn into

- 68 -
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the cloud and fire ball. Other work® has sho.n that the fission pro-
ducts are removed from the fire ball as small particles of condensed
minerals. The disieter of these particles vary from a fraction of a
micron to, in rare cases, several millimeters. They may be apparently
hcnogenous beads condensed from molten material or semi-fused particles
of earth with occlusions of fused particles of fission products., In any
event their camposition must, on the average, represent the conpositien
of the fire ball or ¢loud at the time they ws=re formed. A consideration
of the fission chains (see Figure 2.1 for examples) initiated by the
detonation shows that the isotopic canpositicn of the cloud is changing
quite rapidly at first. The fission products removed early by the
scrubbing action of 80il tlown into the cloud or the condensation of
relatively large particles from the high concentration of wvaporized
material would be expected to contain relatively small amounts of Ba and
Sr since they exist at this time largely in the form of their rare gas
precurseors. Tne early removal of a large amount of activity would of
cour3e make the relative contribution of Ba and S5r to the remaining
activity quite large, Note that the distribution of Sr, whose gaseous
precursor has a 2.6 minute half life, varies much more than does the
distribution of Ba, whose gaseous precursor has a 16 second half 1ife.

The samples from cascade jmpactors, for the study of chemical com-
position as a function of particle size, had such low activities that
the data obtained are inconclusive,

L.2 DISTRTIBUTION OF RESIDUAL ACTIVITY

The residual activity near the bomb crater seems to lie almost
entirely on the surface. Table 3.k indicates very little activity in
the core samples and some of this may have been due to unavoidable con-
tanination arising from the method of sampling. Table 3.18, giving beta
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. This difference is probably due to inhomogeneity in
the samples and would be much more conspicuous in the small aliquots
taken for specific activity than for the larger aliquots used for
chemical analysis. This inhomofeneous nature of soil samples was very
EOticeable in the small aliquots used for determination of early beta

ecay.

Tt should be pointed out that great caution should be exercised in
drawing conclusions from small soil samples. This applies not only to
Specific activity measurements but also to the determination of the

. Heport Project 2.5a-1 MAirborne Particle Studies", Army Chemical

Center.
Report Project 2.5a~2 "Radiochemical Studles of Large Particles",

Armmy Medical Center,
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camposition of the residual activities. Table 3.11 shows very clearly
the variation in the relative abundarice of neptunium and the fission
products with small aliquots. -

Distribution of activity as a function of distance from ground
zero cannot be obtained from the data in this rcport because of the
method of sampling which included an undetermined amount of sub—surface
8oil. A correlation between the specific activity per unit of area is
given by sample 33-U-W and the intensity of the radiation field at a
height of 3 feet on the moming of D + 3 at a position 6000 feet north
of ground zero. A specific activity of 10.5 mc/ft® corresponded to &
reading of 3.7 r/hr. obtained by a monitor with a survey meter.

be3 CONTRIBUTION OF NEPTUNTUM

The theoretical aspects of the contribution of neptunium to the
residual activity from this type of bomb has been discussed in another
reports The actual neptunium contribution on these tests is shown in
Figures 3.3 and 3.L and in Table 3.,11. Equation 3.7, which describes
the beta decay for crater lip samples from the surface shot, indicates
that between 15 and 300 hours the beta contribution from neptunium is
greater than that from the fission products. Petwesen 90 and 120 hours
the contribution 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 gerneral similarity of the decay curves indicate a nep-
tunium contribution of about the same magmitude,

L.y CONTRIBUTION OF INDUCED ACTIVITY

The contribution of activity induced in the soil is believed to be
zmall, but is somewhat greater in the underground than in the surface
burst, However, this conclusion is sanewhat subjective and is based upon
the low specific activity of all of the pebble samples, and on the shape
of the beta decay curves, N

4

The fact that the beta ac%ivity of soll samples from the surface
burst could be represented by an equation describing only the decay of
fission vroducts and neptunium indicates a relatively small contribution
of other activities., This observation, of course, negslects the possible
effect of fractionation on the shape of the normal fission product
decay curve,

The fact that the same type of ejuation zave a voor description of

1. G.W, Johnson, "The Contribution of the Neptuniuwn®>? Activity to the
Total Fission Product Activity", AFSYE-101, 18 Sentember 190l.
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the decay of szaples from the underground burst indicates a larger con-
tribution of induced activity since this lack of correspondence was most
pronouncad in the early stages of decay, at the time when this induced
activity would be expected to be mosi prominent,

No conclusions can be drawn from the iron determinations. The
inclusion of a large anocunt of struetwral steel near the weapon and the
presence of some iron in the weapon itself malies interpretation impossible.
Thiz iron was not distributed and therefore did not receive the same
neutron flux as did the surrounding soil.

4,5 GCROSS BETA DECAY

The gross beta decay is much different from that observed for
other bursts. The charactaristics of the decay are most accurately
sumrmarized by referring to Figure 3.3. The departure from normal is
almost certainly due to the coniribution of neptunium.

4.6 GROSS GAMMA DECAY

The trend in gamma decay is best seen by referring to Figures 3.8
and 3.,9. It will be observed that the two curves vary considerably with
the measuring instrument used, The initial slow rate of decay followed
by a very rapid rate, as observed with the ionization chamber, is
probably due to the soft gamma contribution arising from neptunium. The
low efficiency of G-M tubes for detection of soft gamma radiation
minimizes the contribution of neptunium in data obtained with this type
of counter.

Lhe7 CAMMA AND BETA EFFECTIVE ENERGIES

The gamma and beta effective energies of the residual activity
change with time. There is a change both in the average energies of
the various components and in the rglative contributicns of their
energies, The general trend is best seen by referring to Figures .11,
3.12, 3,1} and 3.15.

k.8  EFFECT OF WEATHERING

Any effect produced by weathering in the atypical soil of the
Southwest will almost certainly be the result of physical movement of
the 3011, The field test showed no transport of activity by a slow rain,
Laboratory tests indicated that the activities were essentially in-
Soluble in rain water. Rain will probably reduce the inhalation hazard
but will almest certainly not reduce the strength of the radiation field.
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The absence of appreciable amounts of fission product activity
below the surface after "rain" is in disagreement with the observations?®
made at Einwetok on operation Sandstone. However, the coral sand there
is just as atypical as the hard-packed sand of the Nevada flats,

he9 RECOMMENDATIONS

4.9,1 Fractionation

Additional study on fracticnation seems to be in order, but
to be of much value it would require a large effort. Tn arddition to de-
terminations of the type reported here an attempt should be made to
correlate the indiwvidual activities with the unfissioned bomb material,

Chemical composition as a function of particle size is of
great interest but a method of sampling other than cascade jet impactors
should be used. To be of maxdmum value the investipgation of this
phenomenon should include a study of the effect of distance (time and/or
spaca) from the detonation.

An investigation of the chemical composition of indlvidual
particles or of small samples taken under as near as possible identical
conditions should be of particular interest. Infomation on this subject
might throw considerable light on the nature of particle formation and
the physiecal conditions of mixing ete. in the fire ball and cloud,.

Lhe9.2 Induced Activity

Although this investigation indicates a relatively small
contribution of induced activity to the total radiation hazard associ-
ated with these types of burst, the exact magnitude of that contribu-
tien has not been established. If more exact information bhe desired
it is recommended that the chemical determination be done in a well-
equipped, well-staffed laberatory at the test site. In this manner
measurements on the short lived A sotoves could be made.

£
Lhe%.3 Effective Beta and Gamma Frergies

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. TIf more exact informatien is desired it
should be obtained with different technigues or, if by the technique
used here, be the major effort of a special group.

l. Y.L. Andrews and R.E. Murphy, "Residual Tontumination in the Craters:

. iy

foeration Sandstone® January 15hL9.
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4s9.h  Sampling

Efforts to obtain sarmples at an earlisr time than used in
this investigation (three to six hours) seems unwarranted for chenical
measurements but not necessarily so for physical measurements. For
surface samples the retrievable rocket and i%ts medifieations® would
probably be adequate. However, the retrievablie rocket weuld not obtain
the core samples securad in this operation by remotely controlled
weasels,

4.9.5 Weathering

Further siudy of weathering by rainfall seems to be
unwarranted in view of the atypical nature of the Nevada ferrain,

et
%
1. Report Project 2.6c-3 "Retrievable Missiles for Remote Cround
Sampling.
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APPENDIX A

RADIOCHEMICAY, ANATYSIS

A.1  GENERAL

The samples analyzed at the laboratories of the National Tnsti-
tutes of Health fell into four categories:

2. Earth {or other siliceous material) pulverized
to approximately 100 mesh.

be Filter papers, from air sampling devices,
containing earth particles.

c. Fall-ocut material.
d. Earth particles impacted on cellophane tape.
There were three principal steps involved in the analysis:
ae Dissolving of material.
be Chemical separation.
c. Mounting and counting.
Detailed methods used are included among the procedures in A.7.
The following isotopes were determined: molybdenum, silver, barium,

strontium, zirconium, cerium, and iron.

&,
A.2  LABORATORY PROCEDURE "

The snalytical procedures used were based on procedures furnished
by Dr. Lloyd Zumwalt® and Dr. Rod Spence.? These were substantially the
same as those in the National Nuclear FEnergy Series.?>* However, it was

l. Tracerlab, Inc., vwesterm Division, San Francisco, California,

2. Los Alamos Scientific Laboratory, Los Alamos, New Mexdco.

3« C.N. Coryell and Nathan Sugarman, Radiochemical Studies: The Fission
Products, Book 1, Book 2 and Book 3, Mefraw-~Hill Book Company, Inc.,

New York, (1951).
he C.J. Rodden, Analytical Chemistry of the Manhattan Project, Mefraw-

Hill Book Company, Inc., New York, (1950).
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necessary to adap. theos prutedursc for use with 3cil solutions since

they werc designe i for work on clez: tarzel colutinrs of air filter
gamples containing very small amount: of earth.

In order toc prepsie a maxinum amomt of data in a limited time,
the laboratory was organized as an "asse tly lin:". Largs groups of
gsamples were analy.ed for a pertioniar isotope at the szme time and
sach chemist was assigmed a porbtion of th: procedurs. Ore man did all
the weighing, another the fusion, still a.other op-=rated a battery of
centrifuges, etc. Each sample was accompenied with a chenck list which
provided a running record of its progress in the procedure.

The analyses were run in the following order:
Mo, Ag, Ba on soil from surface burst

Mo, Ag, Ba on air filter samples from surface burst
Mo, Ag, Ba on weathering samples from surface burst

Mo, Ag, Ba on all samples from underground burst
8r on all samples from both bursts
Fe en all samples from both bursts
Ca on all samples from both bursts
Zr on all samples from both bursts
Ce on all samples from both bursts

This routine type of analysis produced the most results and re-
duced errors to a minimum during the extremely long hours worked on the
analysis of the short lived isotopes,.

A.3 SAMPLING PROCEDURE

Where the mass of the sample permitted, three aliquots of each
8011 sample were put into solution and stored in polyethyleneglycol
bottles. Duplicate determinations were made for each isotope on
aliguots from these solutions. This procedure provided six determin-
ations of each isotope on eaclh soil sample,

5
Each air filter sample and cascade impactor sanple was dissolved
43 a unit and stored in the plastic bottles. Duplicate determinations
for each isotope were made on each sample.

Ay CHRMICAL YIELDS

Chemical yields as determined by the weight of the individual
farrier precipitate averaged as a whole 62%, The average chemical
Ylelds for the individual isctopes were 80% for Ag, 79% for Sr, 72%
for Ba, $7¢ for Ce, 53% for Mo, and 31% for Zr. Approximately B80%
Of the yields were within 20% of these averase values,
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Tne effectiveness of the chemical s=paration was checked by decay
curves or aluminum apsorption curves on scveral samnles from each batch
carried through the assembly line. Abtsorption curves were run on e and
Sr and decay curves on all isotopes except Ce., In every case the
curves had the expected slopes and indicated a clean chemical separation,

A.5 PLANCHET PRNPARATION

The final precipitates were all counted in the same manner. The
final solutions were filtered with saction throush a two-piece, gold-
plated Puchner type filter which rave a precipitate of defined seometry
(Fipure A.l)e

The precipitate was dried and weirhed for the determination of
chemical yield and mounted on an aluminmum planchet, (Fisure A.l). The
precipitate and filter paper were firmly secured to the planchet by an
overlying sheet of thin plastic which was held in position by the
tightly fitting outer ring. This rlastic cover prevented loss of pre-
cipitate, change in geometry, and contamination of ccunting equipment.
Its effect upen the counting efficiency was determined empiricall
(Section A.6.1). Saran FRINOS plastic, with a thickmess of 2 mg/an®,
was used,

A.6  COUNTING TECPNIQUES

Counting rates were measured in conventional lead pigs with G-M
tubes having end windows less than 2 mg/an® thick. The absorption
curves were determined with Tracerlab automatic equipment and E-25
aluminum absorber kit {Sectien 2.3.4).

For the most part, observed counting rates are tased on 10,000 or
more total counts, and in no case on less than 5,200 total counts., The
observed counting rates were corrected for coincidence and background,
and then normmalized to one shelf in a particular pig. Normalizing
factors were obtained by counking a single sample of the isotope being
determined at all the peometrias used.

The normalized counting rate for each planche!t was converted to
absolute disintegration rates at %, 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-absorpticon factors were taken from rrachs of counting rate
vs precipitate weight yrrepared with constant aliquots from solutions of
each isotepe and different amounts of carvier.
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Figure A.1 Equipment for Preparing Planchets
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The air and window absorption factors were calculated using the
formulae?

FU = E—'p't (Aol)
w = 0,017 1e43 (A.2)

where t equals absorber thickness in mg/an® and E is the maximum energy
of the beta particle in Mev,

The method by which the absolute counting efficiencies were evalue
ated is described in Section A.6.1.

A6l  Absolute Counting Efficiency

The absclute counting efficiency of the counting equipment
was obtained by determining the counting rates of precipitates of Agll
prepared from aliquotes of AgNQO, solution of known specific activity.

The AsNO, solution was prepared from a neutron-bombarded
palladium foil obtained from Cak Ridge. The specific activity of the
solution was determined by a metnod described Wy [eason, Taylor, and
Tabern*, Aliquots of the solution were evaporated as point sources
{less than 3mm diameter) on thin sheets of Saran plastic and counted in
the conventional lead pig with thin end-window -1 tubes.

The physical geometry was accurately defined by a metal
diaphram placed between the point source and the &M tube. Alr and
window absorption were calculated by the method deseribed above,

Self-absorption in the essentially weightless sample, back-
scattering from the 2 mg/ocm® plastic backing, and forward scattaring by
the air were small and considered to bte zero.

The specific activaty of the solution was calculated from
the aliquot volume, physical geomgtry, air and window absorption and
cbserved counting rates,

The absolute counting efficiency of our equipment for Ag
was detemined from observed countine rates of precipitates of ApCl
prepared in the usual manner from aliquots of the standardized solutien,
The cbserved counting rates were corrected for chemical yields, self-
absorption, and air and window absorption. The physical geometry, the
backscattering from the filter paper and the aluminum planchet, and the
absorption and forward scattering of the Saran film were limved into
one factor termed counting efficiency.

1+ G.I., Gleason, J¢D. Taylor and D.L, Tabern, “"Absolute Beta Counting
at Defined Neometries", Nucleonics, Vol. f, No. 5, 12-12, (May 1951).
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The factor for the ecounting efficiency of Az determined
above was used as the factor for all isctopes determinesd, This is re-
cognized as in error but it is beliesved to be sufficiently accurate for
the purpose of this investigotion. The physical geometry was the same
for all isotopes., The error in assuming constant backscattering is
certainly small since it is independent of beta encryy above one Mev
and has a maximum value for paper and alumimun of approximately 158,
The error in neglecting absorption of the plastic covaring is beliewved
to ve small because it was largely compensated for by forward scatter-
ing, Experimentsl counting rates measured with the plastic cover were
often greater than those measured without the cover,

A.6.,2 Special Technigues

Cerium: The determination of the disintegration rate of
Cel4* was complicated by the presence of Cel*! and Pri*%*, The latter
13 the daughter of Ce*** and has a half life of 17.5 minutes which makes
it impossible to prepare and count a planchet before an appreciable amount
of the isotope has grown in. Cel** is present because it is a fission
product and cannot be removed by chemical purification. Its half life
of 30 days prohibits waiting for its removal by decay. The difficulty
was overcome by waiting for at least two hours for equilibrium between
Pri4* and Ce®** and counting the mixture with a 112 mg/em® aluminum
absorber. Several absorption curves of the equilibrium mixture show=
that this absorber completely rermoved the 0.6 Mev beta from Cel*!, the
0.l Mev beta from Ce***, and transmitted 70% of the 3.1 Mev betas from
Pri*%, The disintegration rate of Pr'*% calculated with this 70%
transmission factor and the usual counter correction factors corresponds
to the disintegration rate of Ce*** at the time of measurement,

Barium: It was necessary to count Ba**® as soon as possible
after the purification in order to avoid contribution by the daughter
Lal*® which has a half 1ife of LO hours, Measurements were made within
two hours after the last purification step. The La'*? contribution at
that time is approximately 3%.

E

Av7  SPECIFIC ANALYPICAL PRCEIDURLS

A.7.1 Method for Dissolving Soil Samples

l. To a 2 gm soil sample in a 100 m) platinum
evaporating dish, add 5 ml HF (48%). Digest
on hot rlate, evaporate to dryness.

2« Repeat step 1 four times,

1. 8,P, Purtt, "Absolute Beta Counting”, Nucleonics, Vol. 5, No. 2,
28-1:3, (August 1949},

#
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3. To residue in dish, add S ml HC10, (68-70%)
and evaporate tc dryness,

4. Repeat step 3 twice.

S. To residue in dish add 30 ml conc. HENO,,
heat, and add 50 ml H,C.

6. Transfer to 100 ml volumetric flask and
make up to wvolume with HEO.

AeTe2 Method for Dissolving Adr Filter and Tmpactor Samples

1. Place filter or impactor sample in L0O ml
beaker, add S0 ml fuming HNO,, heat on hot
plate and evaporate almost to dryness,
Repeat if necessary.

2o Add 10 ml HC10,, 10 ml conc. HNO,,
gvaporate almost to dryness.

3s Add 10 ml H 0, transfer to 100 ml
platinum dish, wash sparingly. Add
10 ml HF, evaporate to dryness.
Repeat HF treatment.

4. Add 25 ml H,0 and a few ml ENO; to
dissolve residue. Transfer to SO ml
volumetriec flask and make up to volume,

A«T«3 Filter Paper Preparation

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

l. Mount on pold filtmr apparatus without funnel head.
&

2. Turn suction on.

3« Wash with 3-5 ml portions H,0.

Lbe Wash with 3-5 ml portions ethyl or methyl alcohol
a5 called for in procedures.

P 5. Suck dry and turn suction off.

6. Remove paper and place in drying oven, on porcelain
vlate, at temperature =specified in procedure, for
30 minutes,




|

PROJECT 2.60~1
Te Cool in dessicator for 10 minutes,

8. Bring to censtant weight by redrying and reweighing

A.7.t  Procedure for Molybaedenum Analysis

Carrier Solution: 10 mg Mo/ml., (1M )Mo 0, in H,O.
Weighed and counted as: Pttlo04.

Standard precipitate thickness: 13.L mg/cn®
Reaczents:

Conc. HNO,
Saturated oxalic acid,
2% Cupron (o benzoin oxdme) in ethyl aleohol.
~ 1 N HNO, -
RC10, (70-~72%)
Conec. NH, OH
FeCl, in H,0, 10 mg. Fe+++/ml.
Methyl red indicator
0.1 Pb(NO,),
10%Z Sodium acetate

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

2. Add 2 ml conc. HNG,, dilute to 20 ml with water.
Add 1 ml saturated oxalic acid,! stir, add 6 ml
2% Cupron, stir,

3. Centrifugej decant, discard supernate.?
L. Wash twice with 20 ml 1N HNO,. Discard supernates,

Se Add 3 ml conc, HNO,, 2 ml 70-72% HC1O,, warm carefully
in a water bath 3-L minutes, transfer to 125 ml
Erlenmeyer flask, wash tube with 3 ml conc. HNO,

{warm if necessary) then with 2-k4 ml water, trans-
ferring washings to flask.

e ——
Oxalic acid ¢omplexes Niobium,.

Because of the size and gelatinocus nature of this precipitate, it is
best to centrifuge for a short while, then break up the precipitate

; and recentrifuge, ,
=73 -
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6. Place flask on hot plate at low setting until vigorous
boiling ceases. Then heat on hot plate at high
setting until residue is nearly dry. Heat carefully
at end during exothermic thase,

7. Cool flask, dissolve residue in 2L ml conc. NHOH
added slowly, transfer to a clean tube., Wash flask
with water and add wash'ngs to tube until volume
is 20 ml.

8. Add 10 mg. Fe carrier, stir,

9« Centrifuge.

10, Add 6 ml conc, YNO, to a clean tube, transfer supernats
to this tube.

11, Cool 3~k minutes in zn ice bath, add 1 ml sat. oxalie
acid, stir, add 8 ml1 2% Cupron, stir.

12, Centrifuge, decant, discard supernate.
13, Wwash twice with 20 ml 1N HENO,, discard supernates.
14, Repeat steps S through 9,

15, fTransfer supernate to clean tube, add 1 drop Methyl
red indicator and conc, HNQ, dropwise until acidic.?

16. Add 1 ml 6N HNO,, heat to boiling,

17. Add 3 ml O.IM Pb(NO3)z, stir and boil for 1 minute.

18, Add S ml 10%Z sodium acetate, boil, cool in ice bath
for three minutes,
-]

19, Filter through ﬁold filter through previously pre=
pared No, S paper with wvery little suction.

20, Wash 3 times with § ml! water, three times with 5 ml
95% ethyl alcohol, Dry 15 minutes at 110°C. Cool
in desgsicator, weigh to constant weight.,

21. Mount and count,

1, BRest yields are obtained by doing the stirring continuously on a
mechanical stirrer throupghout steps 15-18,

- 80 =
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Ae7:5 Procedure for Silver Analysis

Carrier Solution: 10 mg Ag/ml, AgNO5 in HgD,
Weighed and counted as: AgCl.
Standard precipitate thickness: 6 mg/ecn®.
Reagents;

6N HC1

Conc, NH,OH

FeCl, in H,0, 10 mg. Fe+++fml.
(NH)2 S, light yellow

Conc, HNO,

Phenolphthalein indicator.

6N NH OH

Filter aid (C.P. diatomaceous earth).
& HNO,

1% Aerosol solution

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

2. Add 1 drop of 1% aerosol, heat ta boiling,add 1 ml
6N HC1l, stir until ApCl coagulates.

3. Centrifuge, decant, discard supernate.

. Wash with 5 ml water, discard wash.

5. Dissolve ApCl in 2 ml conc. NHOH, heat if necessary.

6., Dilute to 5 ml, add 10 mg. Fe carrier dropwise
while stirring. "5&

7. Add 2-3 drops aeroscl, centrifuge and decant into
a clean tube.

8. Wash Fe(OH)s with 2-3 ml water containing a few
drops of NH.CH,.

9+« Centrifuge, combine wash with supernate in step 7.
10. Add L drops aerosol and 2 mi (NH,),S.

11, Continue stirring until Ag.S coagulates.
w 8l =
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12, Centrifuge, decant, and discard supernate.

13, Wash with 5 ml water, discard wash,

1. Add L ml conc, ¥NO3, heat to boiling, stir 10
minmites to dissolwe Ap,S.

15. Place tube in ice bath under stirrer, add 5 ml.
conc. NHLOH cautiously, then 2 drops phenolphthalein,
then NH,OH dropwise until alkaline,

16, Add 10 mg. Fe carrier dropwise while stirring.

17. 4&dd 2-3 drops aerosol, stir,

18. Centrifuge and decant into a clean tube,

19, Wash Fe(OH); with 2-3 ml water containing 3 drops NH,OH,

20. Centrifuge, combine wash with supernate in step 18.

21. Repeat steps 10 through 20 using filter aid to
flocculste Fe precipitate,

22. Quickly add 4 drops aerosol, 1 ml 6N HCl znd 2 ml
EN HNO,, stire

23, Filter immediately on previously prepared No. L2
paper.l

2li, Wash with 3-5ml portions H,0, then 3-5 ml portions
ethyl alcohol.

25, Dry at 90 - 100° C for 10 minutes, cool and weigh
to constant weight.

26, Mount and #ount.

A.7.6 Procedure for Barium Analysis

Carrier Solution: 10 mg Ra/ml, Ra(¥03). in Hz0,

Weighed and Counted as: RBaS04.
Standard precipitate thickness: 6 mg/am®.

l. If not filtered immediately, larre particles of coagilated agCl
cause uneven distritution, introducing a counting error due to
self-absorption,

]



FROJECT 2.6e-1
Reagents:

Sr{NOs)a in Ha0, 10 m; Sr+t/al
Fuming iNOQ,
FeCl, in H. D, 10 mg. Fet™*/ml.
H 6 N NHCl
5% NHNOs
Conc. NHOH
6 N HYNQ,
& N Acetic acid
6 N Ammonium acatate
6 N HCL
3 N HS0,
1.5 M KaCply
Fresh cold ether-HCl reagent (5 pts.conc. HCl, 1 pt,
ether).

1% Aerosol solution.

1. To 5 ml sulphate~free soil solution, containing the
activity, add 20 mg. Ba** and 20 mg. Sr**t.

2+ Stir thoroughly, let stand S minutes.

3. Add 30 ml. fuming HNOs, to precipitate Ba(NOa)a,> stir
and cool in ice bath for 5 mimutes,

Lhe Centrifuge, decant and discard supernate.

5. Dissolve ppt. in 2 ml H 0, if necessary add several
more drops. Warming hastens the solution.

6. Add 10 ml fuming HNO,, to reprecipitate Ba(NOj)a,
stir and cool in ice bath.

Te Céntrifuge, decant and discard gsupernate,
8. Disgsolve pptdin 7 ml. H,0.

9. Add S mg. Fe*'* carrier and 2 drops aerosol to pre-
vent creeping.

10. Add 2 ml 6N NH40H while stirring.

11. Centrifupe and transfer supernate to clean tube,

o

1. For quantitative results, fuming nitric acid at least 3 times the
volume of the solution must be added. It should be added rapidly.
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PROJECT 2.6c-~1
Wash ppt. by slurrying in 7 mi 57 NH4NOa containing
2 drops conc. NH,CH.

Centrifupge and cembine supernate with 11. Discard
Fe{QH)a precipitate.

Neutralize supernate with &-8 drops 6 WNO, using
1 drop phenolpthalein indicator.

Add 1 ml 6N acetic acid and 2 ml &N armonium acetate,

Heat to boiling and add 1 ml 1.5 M X 0rN, dropwise
with stirring, stir 1 minute.?

Centrifuge, decant supernate into clean tube and
save for Sr analysis,

Wash ppt. with 10 ml hot water,

Centrifuge and combine supernate from 18 with
supernate fram 17.

Do not go further unless procedurs can be completed
in 2 hours.® Dissolve RPaCr04 ppt. in 2 ml 6N KCl,.
If white ppt. arpears add 0.5 ml H:0,

Add 15 ml fresh cold ether-HCl reagent and stir for
2 mimutes. To coagulate FaClza let stand S minutes

in the ice bath,
Centrifuge, decant ard discard supernate.

Dissolve BaClp in a few drops HzO and reprecipitate
BaCle with 15 ml ether-HCl reagent.

o
Stir 2 minukes and cool in ice bath for § minutes,

Centrifuge, decant and discard surernate,
Dissolve PaClz in 10 ml HzN, heat nearly to boiling,®
add § drops 3N H,50,.

Continue heating 3 minutes to ccamlate vri,

1.
2.

3.

This is best accorplished using a mechanical stirrer.

The counting error due to the growth of the 1.2**? dauphter will
become appreciable after two hours.

& water bath serves well for this,
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28, Filter in gold filter with previously prepared No.
42 paper.

29, Wash 3 times with 3 ml H,0 and then '3 times with 3
ml ethyl alcohol.

30. Dry at 90-100% ¢ and cool in desicator.
31. Weigh to constant weight, (% 0.1 mg.).
32. Mount and count.

A+7+7 Procedure for Strontium Analysis

Carrier Solution: 19 mg Sr/ml, Sr(NOs). in Hp0.
Weighed and counted as: SrC0;.

Standard precipitate thickness: 6 mg/em®.
Reagents:

Same as for barium analysis with the addition of
saturated Na,Coj,

1. To supernate from barium step No, 19, add é ml
saturated Na,Co, slowly with stirring.

2. Heat on water bath for 15 minutes.

3. Filter on gold filter with previeusly prEpared
No, 42 filter paper.

. Wash with 35 ml portions of water and 3-S5 ml
portions of alcohol.

F
5. Dry in oven aﬁkno0 C. to constant weight.
6. Mount and count,

Ae7.8 Procedure for Zirconium Analysis

Carrier Solution: 10 mg Zr/ml, ZrO(NOa)zin
' 3N HNOj.»
1, Commercially available zirconium salts vary considerably as to
purity., Best procedure is to dissolve, filter, precipitate as
hydroxide, filter, wash, and redisselve in 3N HNO,.
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PROJECT 2,601
“elghed and counted as: Zr(,.

Standard precipitate weight: & mg/cm®.
Reagents:

NH, OH-HC1
HF (LB%)

La(NO,), in H,0, 10 mg La***/m1.

2a(N0,), in H,0, 50 mg Ba**/m1,

Saturated H,B0;

Cone. ECl.

Conce H;504

Conc. NH,OH.

6% Cupferron, freshly made. Xeep under refrigeration,
1N HC1 cold.

CH;O0H, anhydrous, cold.

Aerosol 1%,

le To 5 ml sulfate-free soil solution c¢ontaining the
activity in a S0 ml lusteroid tube, add 20 mg.
Zr carrier.

2. Dilute teo 12 ml,

3. Add 0.3 g. solid NH,OH-HCl and 2 ce HF and let
stand 1 minute.

Le Add 5 mg. La**? carrier and centrifuge briefly,
add another S mg. La*** carrier and 3 drops 1%
aercsol and centrifuge thoroughly.

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

&
6. Add 150 mge Ba** carrier and let stand 1 minute.
Centrifuge, decant and discard supernate,

7. Add L ml saturated HyBO; and slurry well., Add 2 ml.
conc., HNO3 and slurry well again.

8. Add 10 - 12 ml H,0 and stir.

1. BRest results were obtained by dissolving the cupferron in hot ethyl
alechel, Jilterine hot, then recrystallizing the cupferron.
Comrercial cupferron conteined decomposition products and other
impurities. The above method preduces clean crystals,
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If ppt. does not dissolve completely, centrifuge,
decant supermate into another lusteroid tube and
discard ppt.

Add 100 mgz. 22" carrier and 2 ml MF. Centrifuge,
decant and discard supernate,.

Repeat steps 7, 8, 9 and 19,

Dissolve ppt. in 4 ml sat. H_BO, and 4 ml. cenc.
HCl and then add 15 ml H,0. Add 3 drops conc,
Hy504, stir and let stand 15 minutes,.

Centrifupge, decant supernate into glass tube and
discard ppt.

Add WH,OH (conc.) until basic, {white precipitate).
Centrifuge, decant and discard supernate.

Dissolve precipitate in 2 ml cone. HCl, L ml sat,
H4B0y and then add 10 mi Hz9D. Centrifuge any un-
dissolved mat-arials and discard these matzrials.

Precipitate with NY440H. Centrifuge, decant and
discard sup-rnate.

Dissolve in ? ml econc., HCl, U4 ml H3RO3, and then
add 10 ml HgOo

Precipitate with NH40H. Centrifuge, decant and
discard supernate,

Dissolve ppt. in 4 ml HCl and 15 ml H_O. GCool in
ice bath and add 5 ml cold freshly mafe cupferron
(6%), centri®uge immediately. Decant and discard
supernate,

Add 10 ml ¢old 1IN HC1l and slurry. Centrifuge, decant
and discard supernate,

Add 30 ml. cold CHaOH and slurry., Centrifuge, decant
and discard supernate.

Slurrvy with 3-4 ml cold CH,OH and filter on pold

suction filter using Jo. 42 paper with amall portions
of cold CHaoH for washing.
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23. In a porcelain crucible with 1id, ienite ppt. very
carefully over a Mecker burner. Place in a muffle
for 1 hour betwsen 607 and 81)°C.

2h, Slurry ZrQ, with 5 ml. CH3OH. Filter on gold filter
with previously prepared No., 42 paper using small
portions of CH,OH for washings.

25. Dry at 110°C. to constant weight.

26, Mount and count., (Wet the precipitate with a
solution of 5 drops Duco Cement in 50 ml ethyl
acetate, and allow to dry before mounting. This
will eliminate losses during the mounting pro—
cedure).

A.7.9 Procedure for Cerium Analysis

Carrier Solution: 10 mg Ce/ml, Ce{HSO.), in 3N H,S0,.
weighed and counted as: CeO,.

Standard precipitate weight: 8 mg./on®.

Reagents:

Conc. HNO,
Saturated H;BO,
Saturated NaBro;
0,35 M HIOg
1% HIO,
! H 0, - 30%

Conc, HC1
ZrO(NO,), in 3N HNO,, 10 mg. zr***/ml,
Saturated NaOH
Solid NaHSO, "‘:
Conc, NH OH A
6N HC1
Saturated oxalic acid,

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

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

3, Add 2 ml. HF, stir and let stand 5 minutes.

ke Centrifuge, decant, discard supernate.
~ 88 =
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PROJECT 2.6c-1
Wash with 10 ml water, centrifuge, discard washing.
Add 1-2 ml saturated boric acid, stir.
Add 8 ml conc. WNOD4, stir unt'l dfssolved,
Transfer solution to 40O ml glass tuno, wash sparingly.
Add 1 ml saturated NaBrO, (color chanre).
Add 20 ml 0.39% HIO,, stir.
Cool 5 minutes in ice bath.
Centrifuge, decant, discard supernate,

Wash with 20 ml 1% HIO,, centrifuge, decant,
discard supernate,

Add 8 ml conc. HNO., stir, heat to boiling and add
2-3 drops 307 Hp,0z and one drop conc. HCl.

Stir and add more H,0, dropwise until precipitate
is dissolved,

Heat until I, vapor goes off and solution clears.
Boil 2 minutes to get rid of excess H,Ca.

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

Ppt. cerium by adding 20 ml 0,35 M HIOa, stir
and let stand 5 minutes in ice bath.

Centrifuge, decant®discard supernate.

L
Wash with 20 mi 1% HIOa, centrifuge, decant,
discard supermate,

Repeat steps 14 through 21.
Repeat steps 1L through 17.
Cool in ice bath. (Three hours needed to camplete

procedure. Do not continue unless procedure can be
completed),
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Add 10 mg. Zr carrier, add 20 ml 0,394 HIO,, let
stand S minutes in ice bath.

Centrifuge, decant superrnate into a clean tube,
Add 10 m1 saturated NaCH, stir well.
Centrifuge, decant, discard supernates

Wash twice with 10 ml water, discard washings.

Add 1 ml conc. HCl, stir until dissolved and
dilute to 10 ml.

Heat to boiling, add one drop 14 aerosol, add solid
NaHS504 slowly until solution is clear and colorless.

Add conec, NM,0H until Ce{CH), ppts.

Centrifuge, decant, discard supernate.

Wash twice with 10 ml water, discard washings.
Dissclve in 1 ml &N HCl.

Add 16 ml water, heat to boiling.

Add 15 m} saturated oxalic acid. If no ppt,

add NH4OH dropwise until it aprpears. Do not make

alkaline.

Filter on gold filter using No. 42 paper. Wash
with H,0, then ethyl alcchol.

Transfer filter paper to crucible, ignite at 700° C.
L3

Slurry CeOg with™s m1 ethyl alcohol, filter on gold

filter, using previously prepared No. 42 vaper.

Use small portions of alechol for washing.

Dry at 110° C to constant weight.

Mount and count,

Procedure for Tron Analysis

Carrier Solution: No carrier added. Standard volumetric

iron analysis run on each samvle to
determine amount of iron present,
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Weighed and counted as: Fe 0.

Standard precicitate weight: Approximately 0.8 mg/em®.

Reagents:

1.

24
3.
L.

Se
6.
Te
8.
Se

10,

11.
12,
13.

1h,

Solid tartaric acid

Conc. NH _ OH.

Conc. H,504

HyS (gas)

10% H,50,

6% Cupferron in H,0, freshly made {See Zr procedure).
6 N NH,OM

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

Neutralize with conc. NHOH,

Add 3 ml conc. H_ 50,.

Centrifuge, decant supernate into clean tube. Wash
precipitate with 3 ml H,0 and cormbine wash with
previous supernate, Discard precipitate,

Pass H,5 through solution until saturated.

Add NH,OH to excess,

Repeat step 5.

Centrifugé, decant, discard supernate.

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

If precipitate remmins, centrifuge, decant supernate
into clean tube, wish with 3 ml H,O and combine
wash with previous supernate. Discard precipitate.
Add 5 ml cold 6% cupferron.

Centrifuge, decant, discard supernate.

Wash twice with 3 ml cold H,0. Discard washes.

Wash with 3 ml 6N NH,OH., Centrifuge, decant, discard
supernate. -
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PROJECT 2.6¢-1
“sing cold 4,0, filter on Wo. 42 paper.
Tegnite to Fe,0, at B0 C., in porcelain crucible.

Slurry with 5 ml ethyl alcohol and filter on
previously prepared No. L2 puper.

Dry at 100-110°C., weigh to constant weight,

Mount and count.
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APZENDIX B

ATRPORNE RALTQ-CTIVITY AT 1Hg 2oYilA TEST SITH

Air filter samnlers at the Newvada test site pick up considerable
alpha and beta activity. Analysis of the decay curvez of the alpha
activity shows that it arises from natural sources in the vicinity and
is not the result of longs-lived alpha emitting bomb debris. The
source and nature of the beta activity has not been establishsi. It
probahly arises, to a lirge extent at least, from fission products and
induced activities resulting from atomic bursts. The magnitude of this
activity is much larger than can be accounted For by the beta emitters
associated with the natural occuring alpha emitters. It has also been
noted that the relative abundance and the decay characteristics of the
beta activity are not constant,

Figure B.l shows the alpha and beta decay of an air filter samrle
taken in the Quonset area of Camp Yo. 3 on October 30, 195L. The sample
was collected by Project 2.5a using Chemical Corps Type VI filter parer
with a filter area of 100 an®., The samnler was run from morning until
night, approximately 10 hours, and filtered air at the rate of approxi-
mately 3 cu ft/min. The samrler was exvosed to the dust, ete, result-
ing from the normal traffic¢ in the area, Measuremenis of the activity
were begun twenty minutes after the sampler was shut off. Measurements
were made with a special gas flow, properticnal counter. See Section
2.4.8 for description.

Analysis of the decay curves shows that the alpha activity con-
sists of two components decaying with half lives of 33 minutes and 10.6
hours. The straight lines in Figure R,1 represent decay curves of
these two components and the curved line is the sum of these two lines.
The agreement between the curve and the experimental points is good.
However, no known alpha emittems have half lives corresponding to
these observed values} %

The identity of the alpha activity is establisted by considering
the decay schemes of U23® and Th®?%, both present in the minerals of
this area. Both of these elements have radioactive rare gas daughters,
radon (Rn2?*) and thoron (Rn“?%), which escape from the mineral deposits,
These gases decay to produce a suspension of very fine airborne radio-
active isotoves in more or less equilibrium. The pertinent parts of
the decay schemes are shown in Fifure R.2,

In the Th®32 decay scheme the two alvha emitters ThC and ThC!
have half lives considerably less than their precursor ThB and hence in

i
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a case of transient equilibrium would decay with an apparent half life
identical with the half life of this precursor. Since the sample was
collected for a long perioed of time and since even before sampling

a a B B
U328 . .» Rn———»Ray ———> RaB + Ral o Rall ~ -
v n3.8 d § 3 min R 26.8 min & 19.7 min
ct - 4 Rak
Pu— = — -
Ra 41 sec 22
a B
T3 _ _ . T — . ThA + ThE y THC = -
> 55 sec 41 sec 10,6 hr
(L) 3, qen —L
ThG 3.1 min -
60 min (66%) 8 a '
» ThO?
{1 sec

Figure B.2. Decay Schemes of Uraniun®3® and Thorium®3#

equilibrium is being established in the air, conditions of equilibrium
or near equilibrium are to be sxpected. Thus the long lived alpha
emitter is identified as a mixtgre of ThC and ThC' decaying at a rate
determined by the 1046 hour half life of their precursor ThB.

Similarly in the decay scheme of U2>®) RaC' is an alpha emitter
whose decay rate at equilibrium is determined by its grand-parent RaB,
4 beta emitter with a half life of 26,8 minutes., The lack of apgreement
between the observed apparent half life of 33 munites and this 26,8
minute half 2ife is probably the result of a perturbation produced by
the relatively long lived (19.7 min) intermediate RaC. Lack of complete
equilibrium at the start of the decay observations would result in an
dverage half life larger than that of the grand-parent RaB. Close
Scrutiny of the single set of observed values for the short-lived
Component shows a siight downward concav@ty in the early portion of
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the curve, in co~plete agrcement with this exnlination. Thus it seems
that the identity of tre shorter lived compenent Fas keen established
as RaC'! decaying at a rate determined by RaB.

U22% has a correspondingly alpha emitting daushter AcC' whose
decay rate is similarly controlled by AcR with a half life of 36.1
minutes. The relative contribution of this isoteope would be expected
to be negligible and no activity with this half life has been identia

fied in our samples.

The bvets activity of this swnple had an apparent half 1ife of 28
hours. The data are shown also in Fimre R.1,

A similar sample collected the same day in the field north of
the Buster area gave essentially the same results on alpha activity
but different results on the beta activity. This sample was collected
for four hours from 7 AM until 11 AM but because of logistics was not
counted until 5 P1,., Activity measurements over a period of 2C hours
indicated a half life of 1045 % 0.2 hours for the alpha activity. The
shorter-lived component had completely decayed before the measurements
were begun., The beta activity on this sa tle had a half 1ife of
14 % 0.k hours.

The ratio between the beta and alcha activities on the two samples
were of the same order of mapnitude, A corparison of the activities
mezsured six hours after tre completion of the sampling is

1 I
for the field sample ;é_ﬁ%@@, = 360 and

0
for the Camp No. 3 sample 2*3-?"—6@ = 330

On November 11 a series of samples were collected in the field by
Project 2.5a in order to determine the orler of magnitude of the
"background® activity which Fould be superimposed on their air filter
samples collected for the JANTIL tests., This data is shown in Table
Bsl. The values given are good to anproxirately 209, The purrose
of the experirment did not seer to justify the longer cnunting times

required for greater accuracty.
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TARLE R.1

Airbtorne €Contarinition Observed on November 11, 1951

Station | Time of Collection Cub;: Frut Activity,®

ACC No. ‘ Alir Sanmpled counts/min
Start Finish a| B

2 1527 1630 196 9| b
1322 1522 375 15 {150

0918 1315 740 25 | P

0928 1528 1175 40 | 500

23 1610 1710 185 10| 2P
1406 1606 370 15 | 130

1001 1401 740 2y | =P

1007 1607 1110 3h | 350

1k 1550 1650 202 1| =P
13h9 1519 305 13| =P

05l 13hh €10 20 j 200

09Lk 12@ 915 36 | -b

as Measured five hours after completion of sampling.
be Not measured,
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ABSTRACT

The importarce of neutron induced radionuclides has been
investigated in several samples from Operation JARGLE. Bp239,
which is produced from the bomb materinls, i1s the only meutron

indueed activity of major Importance,

The extent of fractionation of fission products at Operetion
JAFGLE was shown to be gquite great,

Gross decay and energy measurements were carried out on a
mmber of samples from Operation JANGLE. These measurerents
included a few samples as soon as six hours after detonstion.

Leaching was showr to have doubtful value as & method of
3011 reelamation after an underground burst under the eonditions

of this teat.




CHAPIER 1
TNR0DTLT0Y

The purpose of this portion of Profoct 2.6 1s to determine the
following characteristics of varlous radicactive soil sanplos:

(a) The relative amounts of neutron induced and fissiocn product
radionuclides,

(b) Gross decay rates and beta and gemms-ray energles,

(¢) The leaching behavior of radioactive elements present in tha
goll,

devaloraent of contaminant similants, and various contaninntion-
decontemipation investigations., Thus, determinations of radiochemical
composltion Indicata the radiocelsments to be considerad in contamina-
tion~decontanination investigations and in formalations of contanminmant
sirmlants, ard they irdicate the importance to the radiation hazard of
the peutron-induced radiom:clides; msasurements of groas decay rates
and botsa and gamma-ray ensrgies are usefully applied %o radiatiom
hazard studies as they show the rate at which ths radiation field

ig decreasing and the types and intensities of radiations which musgt
be dealt with; detsrminations of leaching charactaristics are of valus
in estimating:s (1) the feasibility of leaching as a method of soil
reqlamation, (2) the relative merits of the various sclutions with
respect to soil reclamation and decontamipation, (3) the correlation
of laboratory experiments with field operationa, and (4) the behavior
of radicactive specles in goll with reepect to uncontrolled disturb-

ances guch as rainfall.

F This information i3 useful in gulding hazard evaluation studies,

a

Four different types of spil samples were studied: scaop, cors,
differential fall-out, acd size-separated fall-oul samples. The seoop
and oore gemples wers collected for the National Institule of Health
by the Evans Signal Isboratory!s remotely ocontrolled Pweasel?, They
ware obtained from the crater 1ip by scooping up the surface soil and
by driving a coring pipe into the soil, The differentisl fall-out
samples wers collsctad as part of the U, 8. Naval Radloleglcal Defense
latoratory's participation in Project 2.5a; a description of the dif-
ferential fall-out collectors is given in the report of that project.
The size-peparated fall-out samples were collected as part of the
USMRIM, participation in Program 6; a description of the stations is
given in the report of that project. The fall-out samples wera
8eparatod Into fifteen slze fractions by sleving.

S
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FROJECT 2.€c-2

For the detax;ginations under (a), radiochemical anslyses were mn
at the slte for 1a%0, 5131, and 199, At USMADL, the following elemsnt,

wore determined radiochc.aicalﬁ: Ra24, P3266142, Cat3, Fe?, GaT2, g%
“799: Bau'o’ Gem, 3195: AB‘]' ’ Rulosa Rul ’ cd].l5’ and NP239. ’

For (b), a1l sanples available bafore H ¢ 8 hr were counted at the
gite on a scintillation specircuster and proportional couniers ublilizing
autonatie absorber changers. The scintillation spsciromater was & cone
ventional one in vhich a 5519 photomnltiplisr drove a Bell and Jordan
A= linear amplifier followed by a differential pulss analyzer coupled
to a two daeade scaler. Provision was also made to scales total count.
Autoratic scamming was asccomplished by & synchroncus motor driving the
helipot that controlled the lower discriminaetion level in the aralyzer
go the entire pulse helight spectrum could be examined contimonaly and
be recorded automatically with a Brown potentiomster. A4 diphenyl-
acetlyens crystal was used in the spectrometer for beta detection and
s thallivm~activated sodium iodide ome for gamma detection.

The rer=ining and soma duplicate samples wera counted at USHRDL
cn gide-window, argon-carbon dloxide gms-flow detectors connscted to
proportlonal comsters. Alumimm and lead absorption curves ware taken
at periodic infervals to cobtein average beta and gemma-ray energles as
g function of time after detomatlon. ,

For {¢), seoop and core samples ground to pass a 100 mesh scraen
vore obtained from the surface burst, and an untreated scoop sample waus
obtained from the underground burst. They were all returned to USERIL,

for the leaching experiments.

a?.?




CEAPIER 2

EXPERT'ENTAL PROGEDURE

2,1 DETERMIFATION OF RADTOCHEMICAL COMPOSITION OF SCQOP, GO
DIFFERENTIAYL FALL-QUT, AND SIZE-SEPARATED FALL-OUT SA

i

Radlochemlcal analyses were made of the followlng: scoop samples,
mubers 1 and 5 from the surface burst and munrber 18 from the under-
grourd burst; core sample from the surface burst; differential fall-ocut
samples, mucbora 33-8 and 29-~12 from the surface burat ard numbers
102-10, 103-15, 108-2, 108-6, 108-10, 108-15, and 108~19 fronm the
undsrground burst; and size gsparated fall-out samples, musbers G-1-6,
G-1-8, G-1-9, G-1-12, G-1-15, I-1~-7, I-1-10, I-1-11, I-1-12, I-1-15,
N-1-12, N-1-15, R-5~9 and N-5-10 combined, N-5-11, and N=5-~15 from the
underground burat. The locatlons of the differsntlal fall-out gollestor
stations and the times relative to zero time that the pertinent ssctors
were exposed ars listed in Table 2.1. The locations of the fall-out
stations pertlinant to the slze-separated samples are listed in Table 2.2.
The various screen sizss used to make the size ssparations are listasd
with the sxperimental results in Chapter 3. Thess screens were used in
& "Ro~Top" sieve shalcer to saparate the fractions.

The scoop and size-saparated samples had been ground to pass a
100-mesh screen before portions were taken for analysis. The differ-
ential fall-out (DFO) samples, which had been collected on 1,25-mil
almmimun foil eovered with a wa%er soluble grease (carbowax 1500),
¥ere gimply rinsed into a platifunm dish and evaporated to dryness.

Known weights of scoop, core, and size-separated fall-ouil samples
end totsl differential fall-out samples were fused in platimum crucibles
with a e¢arbonats, earbonate-borate, or carbonate-fiunoride flux, the
particular flux used being dependent on the analysis to be performed.
The melts from the fuslons were dissolved in 1:1 HO1 or 132 HNO3'
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The radlocch-wnienl @i tlo- > Prlle .3 the proecdurss frou
s Lcode Brargy Goodosten roporbs- 271 w3 nelifications, (8:2
%ﬁz’g{ : dpzordix A.) Fbs puoccdurss fou oilica;, s2llus, polagsivm, rznzeness,
ircz, erd phosphorcs wors dz.2le.zl 2% T5.30H, bacanse thoze availsdle
S wre ret pultable for the eessent work, 8Sexrl:s were prepared for

Coeeunting by filterdsyz the Diral prae’plists on a 2.3 eg dimratsr £ilter
“paper, rlasinz 4t 4a tho canter of an slnotima card, 1/16 in.thick erd
- 232 tr.by 3 174 1, and covolITs 13 itk 1 m2/eq e strip of plio-
£13h. Comnb?ez sae denn olihedAth en 21d-indew Godger-tads or &
Bidizdricy, gas-flcy peorosbicisl cousting tuba.

1 D.%. 'ﬁ'-s. s ey Ballea, agd L.E. Glecieadn, *A ¥armuel of the Radio-
chie; dewl C_lorairation of Fienica Pooducts Activitieg®, CN-2215

(ro daze).

_ ‘ C.D, Coryall, ®"Doveloprent of Eotheds for the Determipati.: of ¥Fisslon
ok el Prcivet Aetlvitles in Plant Process Solutions", CH-1312, Bay 23, 1945.

ozt 2 ¥. Bayne ¥sliks, Che.lcal Procedures used in Boubardment Work ab
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22 [TICTULTION OF GI0SS ITPAY RATES 47D AVERACE BiTA AID GANMS-Ray
4 -Ray

ZNARG1FS

Pooporticnnl eovnters were usrd in dotercipirg ectivities of al)
cispless The covntirg vith leod abeorti.s “ 15 purdoryzd on a propor=
11nal cownder obili-firg a 1 rge deftcctor (5 4nx 12 inx 1 1/4 1)
©311ed with €3 por copt 4--10 por cunt CO0p.  Aluaivunm o1l (2.4 13/

(1 en) cerved £8 uirJow io.tcvial for this detector. The counting with

cludvea rhzocbzrs v porforisd on & popertional counter utilising a

s 22l:p diteclor (1 1/2 fn.ddsczter x 4 1/2 4n) £3i11cd vith 90 por c:nt

L 10 por ecnt G0p.  Aluinua foil (4.25 1.5/eq 1) rerved es winlow
sezrial for thig - -1cr datector.

The differential fall-cut cazples vire on thin cover glesses
7/8 in.caucre. Tlose ware rouated on elwliam cerds (2 1/2 inex
3 1/4 3n.x 1/16 1n), The other sznples vere algo rounted on the coia
cine pluainuz crrdg, but were vwrniformly cpreed over a circular area
of 7/8 in.di- atcr on the conter of the card., Each serple was covered
vith & sheet (1 r7/e3 ) of pliofilm beld in place by a pressure
virxltive tzpa.

The caple 128 placed 0.2 In. fron the detectior vhen alunima
2% _orbors vere weid and 2 5/16 In.from the dstictor vhen lend atzorbors
vere uzad., The lead abscrbors were aly -ys rlcced vithin 7/8 In.of ihe
Catsotor and the clu-imm sbsorbers vwere placed es close to the delzslor
&3 possible. Counts were teken at regular intervels with no edded
elezrbzr end itk 0.0035, 0.05328, 0,041, 0,279, 0.454, 0.693, 1.38,
2,08, and 2.75 g/c1 ea of alvninua axd 2.0, 5.9, 9.85, 18,65, wnd
24,55 g/sq c2 of lzed.

Counts of a stenderd source were taken periodically to check the
st<billity of the ccunters, and background deternminatlions vere rzide exch
dzy. Coizzidcnce corrections were dstermined for cach of the counters
by the use of & riries of sowces prepared by diluticn, giving & neasare
of lir-arity of counting retesith activity.

%

2.3 COURSTYG GAITRRATTON FRCCVUURE

Teeiuga of the spacinl ceunting srreangevent used, beta and
5. a-rzy .beorption curves of redionuvelides of moun radiation
churecteristics vere taken for czlibrztion end ccmparison purposes.
The aeuples vore prepsred in the seme runner ns the gross decay
¢ rples, erd the cevniing criengenents for the alwiinum and lesd
ebeorption curves wore identicel with thoge uszasd in the nzasurer znts
of ectivities of the greose decay semples 1ith alunimum and ln%d
etyopbers,  The alumirmum abscrption cuves of Sr90, T1204, P3 ’ 190,
?.hloa, 3:95, end Fb?7 vsre teken in order to estsblish the raletion-
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8 100~ "% garsco. Froi ezch af throgs garplss, six portions approsi-
Eately vl wors telzlcl onl ard pleesd in separate Cellephans dislyuis
tac3; & egventh s- »ly, sadzhiez sttt 10 po, was gpread upon an alw.d-

m1 cerl fou obiednivg a rac s 5 of tha spacific go3l aetiviiy ard itz
d3cry characialsiics., The Plvss six roriions vere then trsaited with
the followlry eix solutdess In s rarwse deserirsd beloss

1. D

2. 8§

%, 0.8 per ce-ot "Dupersl 08
0.9

! Ccen’ ATidewy
z

byl
i
?

o 0.8 psr eeat Tetroecdiun ethylencdfenins-
tetreecatals, herezfier referrcd +o as
30ty

6. 10 per cenl Triscdiva eitrate.

Thee soluiions bad bezn freshly filisved in order to mininins the
Wcertainties arising fron radiccollaid foraatien.

Ten rl of a given solubtion were introduced inte ths
alysis bag with the coil ami tia t:2 was tten secperded inm enother
60 ml of the g-ra solution. %his ouker sclutien was contained in a
Insteroid centrifuss tuba, Tho reegrons of the systea toverd equi-
Ubriwn was folle.od by witkdeoiing 500 A(ricroliter) aliguets fron
In:ide ard omiside the ez,

Then the system hol beon stending for about 24 hr, 3 ml
aliguots of dialyrate were withdrern erd intrcduced into anothsr set
°f Iusteroid tubes, esch containing aprroxirately 1 g of unconteminated
frface soil which hed baen previe sly obtained freca the site. This
2041 had been protrested by plucing it on & 200-mesh sieve and washing
it thoroughly to remove particlos of colloidal size. The sarples were
on from time to tirme and the rate of lon~-sxchenge between the sclu-
Yion ang 801l was followed by ellowing the soil to settle at appropriate

- 7 -
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124

intervals and sampling the clear superrantsat liquid thus obtained,
About 15 per cent of the soll wes lost in the sieving operation, but,
since no ultrafiliration apreratus ves availsble, this device was cone
sidered rore expedient than waiting for a sccond sst of dialyses to
anﬂi‘braua

The verious leachings were coupered with ons enother ard
vith the original so0il by measuring thsir bota activities uxior as
tdcaticel oonditions as the form and activity of the ssuple vould per-
rit.

Rehe2 BSoil Sermle froz the Urdorercund Burst

The accop soil seuple obtained from the undarground burst
for this study consisted of sbout 30 g of extreraly heterogoencous
Faterisl, ranging in partioele size from 3/4 in.on dorn. Obviousg dif-
ficulties 1n sanpling were circuvrwented by choosing only that poartion
of the sarmle for experinentation which passed through a 20-rash serven,
This portion of the greoss saiple waas divided into eight represontative
snd approxirately equnl fractions and the welght of each fraction vas
deternined, Mo of thess fractions rn.re coibined ard ground sed used
to oblzin the gpeeifie ectivity of the untrested soil. %The other aix
froctions were troated soparstely with the earma six solutions that wire
read on the garples from the surface tarst.

A procedure rodified scrschat from that for the surface
burst vas used, Aprroxirately 1.2 g of soil, together with 10 ol of
lsaching golution, were introduced into a Lusteroid eentrifuge tube
and allowed to rerain in comtact for one hour. Thile Ain contact, the
econtents of the tube were thoroughly agitated every 5 min. At the end
of the hour the comtents of the tube were centrifuged and 5 nl of the
gupsrmtent 1iguid were withdrawn, Three 500 A aliguots of the supsr-
nxtont vere used to detarmine £he coxbined aciivity In lonle and col-
loida]l ststes reroved im the laaching process vhile the rerainder was
soparated into jovic and colloidal frections by dialysia.

Dislysis was carried out, as bzfore, In Cellecphens bags
149ch tare fizierzed in 60 nl of fresh deceontenlmstisg solution. Aboub
24 hr after dielysis hed begun, sauples were withdrain in the usual
ramer to deteriins the activity of the lonie frection. At the ssrs
tiry, 3 Ml of dialysate wsre withdrawn for Investigating the ilonp-
exchange properties of unccnteripated soil., After arother 42 by,
diaJyeate aliquots were again vithdramm in order that the degree of
equilibrium attalned at the time the first aliquots were teken might

be determined.

-8 -
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PROJECT 2.6c-2

Thsy sivdy of the isa-ix 27 propartiss of the goll ageln
eorsiated sl ply in 21loing ths doniz froclion of the leach to re-aim
in contzot with fresh coil and z2-7liry ths sin2rpatznt ligquid fron tiza
to tiza.

Sincy the a ovat of zoll oxi_ lrally obSirir:d wasz inzuf~
fisiat to perdt duplicsts det:r:Inatin-; to b rails, an eatliata of
the ropredoaibility of tha exmurianval prociluvs w3 obiained by leach-
inz four diffsreni pauploy of activo soil wivh natar ard comparing the
results obteir:d uith each othsr, 8Sirca ths particle sivs of theasa
scorples wes mecasserily greater than 20 paih, sanpling vas less reliable
ard the results should be taken as an uwppor 1irndt of irroproduecibility.

It wvas eonsider¢d nore practlcable to carry out ssvaral
group asparaticna rather than perfora a coaplets rediechenicsl aralyois
of each ionic fraction obtainzd in ths lezchinzy., Standard rsdio~
ehcnlical arelytical procadures warae thon erploy:d to earry oul guboa~
quant gseparation: end purifications a3z the aetivity of ths group ard
the eaxd of further seraration warrenicd, Individusdl ipotopss were
identifizd by reans of absorpilion and deesy cheractoristies. Tha
groups.chossn and ths nethods of asperatica ers smrarized in the fol-
leirirg geparation schoraa:

Cation Aralyais

To 25 nl aligquot of dialyrats, 20 ug each of tke folloudrz
carricra wero sddsd: ©€o(I), 8r(II), Ca(IT), La(YiI), Y(IIT).
Orgenic materisl was destioyed by boili: 3 in corcentrated HiD,.
The residue was teken up in & 20 par cent (BH4)2003 eoncentrated
ER,0H solubticn.

Supernatent: Residue: Treated with K/2 E;S0,.

Alkall metal
activitles Regldus; Burorratent: Couplexed rare earths
and €s(X) Sred, , Wy weking 1 psr cent in EDTA ard
carrier BaS0,, ard  added gaturated (ﬁ54)20204 golution,
agsociated
activitles Resicdus:  Supernatsnt: Rare earth
CeCa0, activities ard La(1IT}
and Y(IIT) earriers.
Anion Analysis

To 10 nl alignot of dialysate were added 20 mg lodide~ion carrier
and a standard radiochemicyl anslysis was mado.

-9 -
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The yiolds of &1 radiorcslidas are coipared to M99 ylold szt a%
6.0 per cent, exeopl dn the eazo of tre Biwg gorarated fall-gub g2rnlas
in ghish they ars coroarzd to i Delﬂﬁ-yielﬁ 3% 8% 5.3 per ceut. Fow
8ach radionuclida, the disintozration rats pew mirits at zero time per
iizraw of goil, in ths cacs of ths s0ll seiplas, and par tokal
s2°27e, in ths cez3 of the 4100 -catisl fail-~ou” sa.iles, wag ealeu-
latsd fron its msssured sctivity. Corre:sticns for the follesing zsra
arplied to ths wsasured activities: (1) volr 3 of allquot or asight of
8011, (2) goeorstiry factor of eowrisr as deternlned by a UX, standard,
(3} chenien) yield, (4) ebsorpiica of bate poriieles by eclatsr wirdos,
alr gap baetoaen sarple and winic:, ard sacple covsring, ard for enmergles
of less thau 0.5 2.7, by the gxm18 4t3:1%, (5) daughter growth whan
sccurrdng, (6) docsy of redicnaslide from tha birs of detscation to ths
iy of counti, For beta~rays with waclum ensrgy above 0.6 Y3v, the
cobstant correction faotor for saturation backseattering from the

1/16 in, thick elumim zounting cardsl did not have to be applied in

the daternirntion of relstivse £§ssion yislds,

For the percantase cont=ifution to gr0s3 activity caleulations,
&) the ebove corrections wera appllel excspl that tha measursd
activities were corrected to an abgoiphion of 7.65 rz 2lupimys -
ths caletlated amount of absorbsr throngh which tha gross astivity
Beazurements were madas.

D

B.P. Burtt, "absolute Bata Cownting®, Nuclsonles 5, (194%), 28.
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FROJECT 2.&c=-2

The E-values are defined by:
/I,
'I1235 / 1-2235

R =

(1)

taare !i end Y, are the observed relative ficsion ylelds for tgo given
rzdiopuclicdes, and 11235 and 12235 are the fission ylelds for the sare
vedionoelides in the thermal neuiron fission of U35,

Heatron ecopture crocsssctions wore calenlsted relative to that of
1223 arbitroreily set at 10 millibarns, Since the eaplire crogc-ssctions
dcpend on the mcatron ensrgles and the latter undoubtedly change
12rkedly as the noutrons diffuse oulierd from their point of origin,
the obassrved routron caplure cross-sections esre expscted to vary fron
gzt ~le to sarple. Posaible n,p reactions, on other elercnta present,
12y r-ke sora contribation to the arosunt of redionuclids produced by
the ncutron ¢aplnre reaction of Intsrest. Consequently, the relative
nsutron capture cross-sections are obsarved rot to be constant, but
thzir ordera of r:ignitude end the extent of varistion from sarple to
t22le are of Interost. The table listing the eross-sectiona nlse
rotog the quantitative amalytical data and the possible n,p rezxciiona,

Approxirately half the radlochemical analyses were dons in dupli-
cats, the rezainder wesre single determinations., Of the duplicate
recults, 83 por cont had & rasn deviation of 10 per coxt or locs,

8 por cont (uix aralyses) hed a rsen deviation greater than 15 per
cont,

It was shown that ever sampling procedures normally regarded as
satisfactory failed to glve homogeneous results from the seoocp and
core semnples, For this reascn, the over-all accuracy of the reletive
flosion yield date 18 considered to be £ 10 por cent for data on the
differential fall-out camples, end ¢ 15 psr cent for the data on the
gcoop end core sanples. The welues given for percentege contribuiion
et verions tires following dotonaticn ere considered to have an over-
e1l sccuracy of ¢ 20 psr cent.

-12 -




PRQJECT 2.€c-2

TARTE 3.3

roos Activitles(2) of Size-Sspirated Fall-out
Samples in the Swfacs Burst

P ST T L T L T S T e e s ST T L e e ey
Size 7 T R
Fraction| 8iia Henge
Ho. (&) | F3 G-3 H-3 1-3
1 = 5500 -(b) - - -
L 2 4760 = 5800 2 - - -
3 3327 = 4730 229 368 ¢ A2 | 1,775
4 2362 - 3327 | 1,291 | 1,422 3,3¢0 | 1,910
5 1651 - 2382 943 1,943 2,820 2,262
6 1190 - 1651 | 1,519 | 2,136 2,820 | 3,70
7 80 - 119¢ | 1,920 | 2,263 4,270 | 4,020
8 5€) « &0 | 2,973 | 2,115 497 | 1,095
-9 A7 - 583 | 1,287 €30 6,580 | 1,140
10 295 - 417 Al 23 4,210 | 2,3¢0
11 208 - 295 158 i 1,550 570
12 7T - 208 27 3.4 183 677
13 104 - 147 20 049 93 543
14 U - 104 34 42 7 611
o <% 17 81| & 196

(2) Activities (counts/min/mg) measurad 161 days after
buwrst. Counts teken on top shelf ard correctzd to
10 per cent geonathy; no absorption corrsctlons
wore mada, "

(b) A blank indicates semple, if any, was combined with
next sosller particle size rangs.

oo \3 € \hd Eeldﬂl

- 15 -
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TABLE 3.4

Gross Activities'® of S3 a-Separated Fall-Ount
Sacples in tha Unlsrgrourd Burst

S8ise | i - -

Fraction | Size Range ‘ﬁ
Ho. () D-1 c-1 I-1 | I-3 | Y¥-1 |O=3 | -8
1 5600 -(p) - - | -
2 4760 - 5600 | - - - - -1 - | -
3 3327 - 4760( - 2 - 13 9| - -
y 2362 - 3327| - 1 - 12| - - -
5 1651 = 2362 - 1,298 71 63| - | - | -
é 3190 - 1651] - 403 |1,243 | 607(431| - | =
7 g0 - 1150| - 349 1,010 {1.142 | 2 - | -
8 589 - 840) - 61 | 795 [1,052| 16| - [3;4
9 A7 - 5891 - 452 1 733 | 703 | - 2872
10 295 - LA7| ~ 851 664, 535 | 130 | 198 | 855
1 208 - 295130 585 709 Tih{ - | 766|953
12 L7 - 208 35 £27 830 700 | 992 | 834 | 820
13 104 - 147| 30 I 76| 612|708 1733 757
14 Th - 104 |26 119 523 433 | 609 | 597 | 520
15 7% 42 135 436 41X | 396 [ 450 | 383

(a)

Activities (counts/win/mg) reasured 151 days after burst.
Countes teken on top shelf and ecrrected to 10 par cent
gooumatry; no absorﬁ'téon corrections were : ide.

(b) A blexk indieates sanple, if any, 1vas coobined with nsxt
ex=)ler p-rticle sige range.

- 1€




3e2  GEESI DLIN B o QR FT g, 8 T GAD DAY BGRGTRS

A ox T 7 (2)

whara A 19 the activiiy p-o v 10 07 L, 1 3 Whe t o3 eftee dutarabion,
k iz a proportdor ddt, ca it 1AL o ol a ha a eonpbont
vales ovar c.rbzin $i-2 dniar, 7. oy 2 ar s ta%sza 27 leug as
thars nen spillcisnt :-..';";."'.‘;.I.':_; L.o-wxoo=" o0 Doy cuwwves of ths
variovs £.oplog wovs plout Y oo Jo e v oo erd the volusas of n for
thowo & plos wers etz Al Do i, 2luzas of the curvls.

i .

The vory l.rge o..numi ol J-.t ot 1 bay recessardly biea
pregented in a corderiad fon.1 in TrDL 3,15 71 32,16, Scoop-l,
Scoop-5, ard Suia roilzr %o thu coorlas ety f.LO‘ tka erstar foroad
by JAIGLM Swafac: B *'..,T“.. T=15 1.7~ Tooa e woaits g2300n puTplo
teksn froo tio erat-o fo i g J‘* _“T'", ST Larcy i Bm,, e Th2 loea~
tloras of ths IiD g~ plon with 7o | to tis erotes ave glven In
Tabls 2.1 of this I‘..a}_”:.'b

8inca the slepgz of tha d. .y ca 3 L2 with thy erovn oF
absorter placed ovor t-s oo _a‘f.z omd Wit b1 s eftur datonation,
Tabloes 3.15 and 3.18 ;..a 2t tha dz: oy .ok Lo thy glven
absortsr used over & mrthor of LIy denoonv s ke thy sleza
apraared to be raaecpably conzst--t.

Fron the decay eurves obitzl:i with voo ic““! ebsorbers, it 1s
possible to econstrvel tata ard gol werey ohzovpllos eurves of the
radlations at any t3 o within th. Aot -1 eosored by ths euwrves.
Sueh curves were conatruct:d fre the dicny dats st various intervels
after the bosb datonztienu.

Arslysas of the aluics &2 Yocd [buonptiin ewrviad sho.zd that
they could each ba epsrozt: «t-d Wfuly 511 %y ’: R ;x:anenta of
Yerious relative aburdozces, Ta: atreophlicn c flicicats of tho
copporants varled with gonple o: 1 ulth ‘r,i' EN
twrves showsd the prozence of 2 3
possible, the lezd ebsovrptlion cuvrves ueln rosol:
tonponenta.,

3:;;:1&& ard tvhere
into thros epparsnt

P - as MQA




PROJECT 2.€c-2

In order to cbtein Informatlon on the energies of the various
beta-ray components, a calibration cwrve of maxdismm beta-ray energy?
vergus half-thickness wa constructsg from the data of the absorption
curves of Sr?0, 11204, pJ2, Y90, Zr95, end M5, These radiomiclides
all gave siraight line curves oul to approximately two-thirds of their
rzxirum bata-ray range in plots of logarithm of activity versus thicke
238 of added alunimm absorber.

The half~-tkicknesz of each of the components in the elumimm
atsorption eurves wes calculated, and from this the corresponding
rovdimam beta-rey epergy was obteined dirsctly from the c¢alibration
curve. The aversge enargy of the beta-ray spectrum assoclated with
each bata-ray corponent’ of given waxdmum enargy vas calculated from
the date given by Parinslli. The average beta-ray enargles of the
various ganples at each of the selected itimes were comnputed from the
relative abundences of the components and their average ensrgles.

F A1) of these data for bota-rays are listed in Tables 3.17 and 3,18,

For the gewa-rey encergy studies, calibration absorption measure-
v:nte vere made. Half-thicknzss values of 12,3 and 7.2 g/5q cm of lead
ware deterained for CobO and the palr Zr95-Eb35 from their respective
lepd sbaorption ecwves as taken in the counting arrangerent used for
the gross decey seruples. According to the theoretlcal relationship

of gzuig-ray erargy to half-thickness, these values ecorrespond te

h energles of 1,30 and 0,74 ¥ov; the reported garw-ray energles are
1.17 ard 1,33 for 0060, 0.71 for Zr7 , and 0.76 for 25, This 2rreo-
“rent in geuma-rey enargies as reported in the literature and as deter-
nined by leed sbsorption measurements in the special counting set-up
",msed for the gross decey samples dsmonstrates that the absorption

, curve technigue used here is satlsfactory for deteruining gamra-ray

. enargles.

In the majJority of cases, the gamma-rey absorption curves con-
strocted from the gross decgg curves were resolved into two componants.
The energiss of the componer®s were obtained from their half-thiclkness
valuss by reference to the thBoretical relationship bstween energy amd
helf-thickness, Average gsmui-ray energies for each of the samples at
the different selected times vere computed from the relative abun~

— . i,

The rsxirum bete-ray energy values of these mclides were taken from
The Fatlonsl Bureau of Standards Circuler 499.

3
L.D. ¥arinelli, R.F. Brinckerhoff, and G.J. Kine, "Averege Epwrgy of

Eeta-Rays Emitted by Radioactive Isotopes®, Rev., Mzd. 1ijs. 19
(1947), 25.

—26— Al




IFQOEST 205220
danc2s ard er vits- of Ythe co rcliiz. Ihol: data are sumasriszsd in
Tables 3,19, 3,33, °rl 3,727,

Apparert exsvglsy ohb to U Tron N recolublen of lead absorption
gurves teken ca a ac* abiilition csw. v ars 1ist:d in ’l‘*ola 3.20.
poli: halght e:,_’j t @at- chisre ~iodiuit7y on the seindillation
dateelor ars 21z li t=d in Tallo 3.70.

TLAE 3,1
Ebysicol Aprsirance of Semples
L.-“" e T T T L o T I A e S e ey
Sxzaly  { T Ptyiiesl Appsarorca
Sccen 1 Firnoly grourd soil
Scoon 5 Finely grourd soil
Cora Pinely growad soll
#0-19 Fins dust
DI0-225 Fin3 dust
DFg-1Q2 Sard particlss, sovre dust
[50-103 Eeavy layer of firy serd
nro-103 Sard particles, sore dust
U-18 Pinaly groudld soid
»
&




FRQJECT 2.€c-2

TALBILE 3.15
Gross Decay for the Surface Burst
Tine Interval |
Sa-nle Added Absorber | Decay Exronznt (davse)
DFo-19 The gross decay at 0 added ahsorber for this
sazple, between the period of 4.5 hr and 55 hr
efter the detopation, vwas resolved into two
r apparcntly predeminant activities with helf
livea of 3.1 hr and 20.8 hr.
(ng/em? A1)
0 and 3-45 0-64 1.3 - 3
O and 3.45 1.8 3 - 9
0 and 3045 3-1 9 - 4-0
5308 1.4 103 - 5
11 1.7 1e3 - 13
27 1.8 1.3 - 10
Scoop 1| (ug/en? A1)
0 and 3.45 0.55 i1 - 2
0 exd 3.45 1.2 2 - 6
0 apd 3.45 2.5 6 - 20
O &nd 3-45 1.6 20 - 55
0 ard 3.45 1.3 55 - 120
53.8 1.2 le2 - 3
53.8 1.4 3 - 50
£3.8 1.15 50 - 120
56I7 1-25 0-5 - 1-04
56,7 1.70 1.04 - 15
56,7 1.0 15 - 108
14.1 1-6 1-1 - 20
14 * 0.63 20 - 120
221, % 1.65 0.5 = 1
21 1.9 1 - 2.7
221 1.5 2.7 - 1.0.8
221 1.00 0.8 - 29,2
221 0.65 29.2 - 108
2‘:‘9 107 1.1 - 20
279 0.62 20 - 120
454 107 1-1 - 10
580 1.7 0.5 -~ 2008
5'80 1.2 2-08 - 2205
580 0064. 22-5 - 108
93 1.4 1,1 - 10




FROJECT 2.6¢-2
i TABLE 3,15 (Contimed)
Gross Decay for the Surfsce Burst
Tize Interval
Samnle | Added Absorber | Docey Frponsnt (days)
Scoop 1
(Cont1d)| (g/em? A1)
1.57 ard 2.34 1.4 0.5 - 5.8
1|57 &ﬂd 2.31;. 0.98 5.8 - 83
g.;gg gng lll - 3
. A 3 - 10
(g/e Pb)
2,00 1.2 le2 - 7
2400 1.8 7 - 20
' 2,00 0.9 20 - 110
5.7 1034 0-5 - 705
5.7 1.04 7.5 - 108
509 1.2 1.2 - 8
5.9 1.3 8 - 50
5.9 1.0 50 - 120
9.85, 1..7,
18.65, and 24.55 l.2 ls2 = 120
14,45 1.42 0.5 - 5
14!45 1.09 5 - 108
Scoop 5 | (mg/ex? 41)
0 and 3-45 0-96 2 - 6
0 and 3.45 2.6 6 - 20
0 ard 3.45 1.5 ' 20 - 129
L 53,8 1.4 11 - 60
53.8 - 0.93 60 - 120
56.7 & . 0.85 0.54 = 1.0
56.7 1.62 1.0 =~ 9.6
56-7 1.37 906 - 37.5
56,7 1.02 37.5 =~ 108
14-1 106 101 - 18
m 0-88 18 - 50
141 0.67 50 - 120
&1 1.% 0.54 - 3.8
221, 1.39 3.8 = 23
21 0.60 23 - 108
- 29 -

—



FROJECT 2.fc¢=-2

TAELE 3.15 (Contimmed)

Grosa Decay for the Surface Burst

Tixe Intorval
Sarple | Added Absorber |Decay Exponant (days)
Seoop 5 | (ug/on? A1)
(Conttd)] 45 1.3 1.1 - 5
454 1-9 5 - 15
434 0.74 15 =~ 50
Aﬁ, 0.48 50 - 120
580 1.43 0.54 - 27
580 0.65 27 - 108
692 1.2 1'1 - 5
692 2,0 5 - 18
692 0-94 18 - 50
692 0.65 50 =120
(g/cm? 11)
2.75 0-86 1.1 -~ 4
2075 109 4 - 18
2075 101 18 - %

(2/ex? PD)
2.0 1.02 1,2 - 7
2.0 1.8 7 - 24
2.0 . 1.0 24 - 106
5.7 0.94 0u54 = 13
5.7 1.28 1-3 - 709
5.7 1.09 7.9 - 108
590 1.2 1.2 - 8
5.90 103 8 - 50
5.90 1.0 50 - 120
9085, 1407’ 4

18.65, and 24.5 1.2 0'54 - 120

il

Core (ng/ex? A1) % .

0 and 3..[.,5 0.8 0425 = 1.1
0 and 3045 1,0 1.1 = 4

0 and 3.45 2.1 4 - 25

0 and 3.45 1.3 25 - 120
53.8 1.6 101 - 2.5
53.8 2.1 2,5 - 15
53.8 l.1 15 - 120
56,7 1,10 0.28 = 0.67
5607 1.32 0'67 - 1.8
56.7 2.61 1.8 - 5.8

- 30 =




TABIE 3.15 (Contimed)

Griss Decay for ths Surfsea Borst

[ Time Interval

Se=-ole Added ibsorbder _Decey Bxvornt | (days)

Core (rg/c:? A7)

{Cont1g) 11 1.5 1.1 - 2.5
14.1 3.0 2.5 - 6
1 1.7 6 - 20
141 0.83 20 - 120
821 0097 0.28 - 1.0
21 1.9 1.0 - 2.2
221 3.04 2.2 - 5,2
20 1.8 1.1 - 2.5
279 3.C 2.5 - 7
279 1,7 7 - 20
45.,’., 1.6 1.1 - 2-5
454 301 2.5 - 6
454, 2.0 6 - 15
580 0087 0-28 - 0075
580 1046 0-75 - 1.9
580 2-92 1.9 - 5
€93 1.4 ld -~ 2.5
693 3-0 2.5 - 7
(g/cx? A1)

1.57 and 2035 0.81 0-28 - 0.75
1.57 and 2.33 1'25 0-75 - 1.8
1.57 and 2,3¢ 2,87 1.8 - &
2,75 1.3 1.1 - 2,2
2.75 3.0 2.2 - 6
(&/en? Fb)

2.0 » 1.3 1.1 - 2
2.0 % 3.1 2 - 9
2.0 1.5 7 - 30
5,7 0.71 0.28 - 0067
5.7 1025 0067 - 1.8
5.7 3.5 l.8 -~ 5
5.9 1-6 1.2 - 2
5.9 305 2 - 7
5.9 1.7 7 - L
9.85 1.6 1.2 - 2
9.85 3.4 2 - 6
9.85 105 6 - 20

-7 -



PROJECT 2.6c-2

i g B e raream—ar

TLBLE 3.15 (Concluded)

Gross Decay for the Surface Burst

F Time Intervel
Sample Added Absorber | Decey Exponent {3avs)
Core (g/cu? Fb)

(Cont'd)| 12,25 0.67 0.28 = 0,67
14-45 1.25 0.67 - 1.8
11{--45 3054 1.8 - 5
14.7 107 1.2 - 2
L7 3.4 2 - b
18.65 1.8 lqz - 2
18.65 3.4 2 - 6
2L.55 1.7 Ja2 - 2
24055 3-4 2 - 6
Seoop 1 | (mg/ca? A1)
0.0 and 3.45 1.3 120 - 186
53.8 1.1 120 - 1%
1LY 0.85 120 - 185
(g/ca? Pb) .
2,00 1.6 110 - 186
5090 1.4 120 - l%
9-85 1-3 120 - 186
1407 1-6 120 - 186
Scoop 5 | (mg/en® A1)
0.0 srd 3.45 1.3 120 - 136
53.8 0.9 120 - 126
14 o 0.65 120 - 186
(g/ca® Fb)
2.00 1-5 106 - 1%
5.90 1.3 120 - 186
9.85 1.2 120 - 186
Goro (rg/cm? Al)
0.0 and 3.45 1.1 120 - 186
53.8 1,1 120 - 186




T:RLS 3.16

FIUIRGT 2 Peed

ruzs nay For the TJodlrss ool Bueass
- TL 3 nt‘é;:e.l
| Sexple { Add:d abs A Bers Zoooenb o (deyo)
g-18 (e=/c 2 Al) I
0 O a.’ ’ 3 ’5 O. J’!’ 0323 - 008
Q.0 en1 3. :-5 :‘ 0 018 - 5
an e 1 3-.'.5 155 5 - 1(.0
0.0 &~1d 3.45 1.4 40 - 1%0
53.8 l:i’;- 0.8 - 12
53.8 112 ]2 - 1,0
5308 103 40 - 65
53'-3 003 65 - 120
560? 'IGS 0.25 - 0!5
56.7 149 Q.5 = 1.7
56-7 11(}9 1107 - 83
l!:pl 107 0;8 - 7
1111 0094’:— 7 - z’ro
141 1.03 40 = 120
221, 1.2 0,25 ~ 075
22-1 09? 0075 - 9»6
22.1 09 ‘.'} 9.6 - 6:?\
279 119’ 0.8 - 6
279 0.7% 6 - LD
27 Q.60 40 - 120
152, 2.3 0,8 - 4
45_}5, 1.2 19 - 30 -
550 O. 84 0-% - 0-56
580 1.8 0.5 - 3 -
580 1»29 3 - 9.6
693 aaO OIS - A
€93 1.1 4 = 20
(g/ec® 21)
1.57 % 1.03 0425 = h —
1.57 1,33 L = 9.6
2.35 0.83 0,27 = 1.9
2435 10‘»5- 1-9 - 8-3
(g/cz” Pb)
2-0 0-97 OOW had 152
2.0 led 1,2 - 5.8
2.0 1.0- 5.8 - 110 —
517 la36 0025 - 9.6
5.90 lnl", OO'H - 5.8
5.90 0.95 5.8 - 110
- 23 .



PRCJECT 2,602

TABLE 3,16 .(Contizmed)

: g S BEESSSS . e
Time Interval

~Semple | Addeq Absorber | Decay Exponent (daya)
U-18 (g/ca? pp) ]
(cont'd) 9'85 1!4 oom - 5.8
9.85 0.98 5.8 -~ 1np
14.2:.5 1036 0.25 - 906
18.65 1. 0.79 - 5.8
18-65 0.91 5.8 - n
18065 0.98 1 - 97
24-55 1.3 0079 ~ 5.8
24-55 0-89 508 -~ 11
244-55 1-0 11 - 40
F0-102 | (ng/ca? 47)
0 end 3045 0-93 20-1 - 5
0 and 3,45 1.5 5 - 30
0 and 3.45 1.2 30 - 96
53.8 1.6 2.1 - 10
53.8 103 10 - 36
53.8 1.1 30 -~ 96
56-7 1057 1 - Jit3
55.7 lelé 1—103 - 96
141 1.8 2.1 - 7y
R A 1.3 4 - 10
141 1.1 10 - 3g
141 0.75 30 - 120
221 X 1,94 1 - 4.6
221 . 1.35 4.6 - 20,8
27 1.7 2.1 - 5
2@ 102 5 - 12
27 0,83 12 - 39
454. 1-2 6 - 30
580 1.51 1 -~ 25
580 0,62 25 - 96
ggz 1.2 2.1 ~ 30
2 0.7 30 - 120
] \IR\J_.____“MJ

- 3 -



FROJECT 2,60.2

TABLS 3,745 (Ga":‘:i:":;d)

Groos Dseay for ths Urierzioocl Bursh

R - R B & v Intarval ]
—Sermls L Added Absorber | Pieaz Pmmivt]  (dsye) .
DF0-102 | (z/c.2 A1)
(Cout'd) | 1,57 ara 2,33 0,92 1 -~ 3.6
1.57 an1 2,35 155 3.5 - 35,4
1057 and 2335 0-76 35--‘-’{- - 96
2.75 0.97 2.1 - 4
2+75 1.2 FA - 30
2.75 1.15 30 - 120
(g/c:? Fb)
2.0 103 299 - 36
2.0 0.770 36 - 97
5‘7 1-38 1 - 5.4
5.7 0.95 5.!} - 50
5.9 1.1 2:9 - 36
5.9 0’85 36 - 82
9.85 1.0 2.9 = 36
14.45 1.’3 hi - L2
14,45 1.03 4,2 - 33
14.7 190 2.9 - 10
14.7 0.82 1 - 35
18.65 0.90 2,9 = 36
24.55 1.0 2,9 = 13
24,55 0.94 13 - 36
D¥0-103 | (rz/c:2 A1) .
0 ard 3.45 0.2, 2:2 =
0 ard 3.45 1.5 4 - 34
0 ard 3.!}5 103 34 - 110
53.3 » 1.5 2:,2 -« 10
53.8 x 14!]. 10 - 34
53.8 1.15 34 - 110
m 107 2.2 - 10
141 1.1 10 - 34
141 0,80 34 =110
279 1.7 2e2 = 5
279 1.0 5 - 13
2';9 0-82 13 - 34
279 0.63 34 - 97
454 1.6 2.2 - 5
454, 1,0 5 = 34
454 0.53 34 - 110
- 35 -




PROVECT 2,6c-2

TABIE 3.16 (Continued)

Gross Dacay for the Underground Burst

Time Interval
8suple | Added ibsorber | Decay Exponsnt (days)
170-203 | (mg/em® A1)
(Gont'd)| 93 1.2 2.2 ~ 34
(g/c:a2 A1)
2.75 1.2 2-2 - 110
(&/e? Pb)
200 1.1 2.2 = 6
240 1.2 6 - 36
2.0 0-98 36 - 90
509 1'1 202 - m
5.9 0.75 40 - ]J.O
92,835 1.1 22 = 6
9.85 0699 6 - 36
1407 1.1 2.2 - 6
14-7 0034 6 - 22
13065 leOS 2.2 - 6
18.65 0185 6 - 22
24-055 100 2.2 - 6
24&55 R 0.30 6 - 20
I70~108 | (wg/ew? AL)
0 and 3.45 O, 2e1 = 4.5
0 and 3.45 1.2 b5 = 9
0 and 3.45 2.2 9 - 20
0 ard 3.45 1.5 20 - 34
0 amd 3045 1.2 34 - 110
53.8 N 1-5 2,1 = 34
53,8 X 1.15 34 -~ 10
56,7 1.54 0.96 - 13.8
56¢7 .10]-1 1308 - 96
141 1.8 2.1 - 9
: 141 1.1 9 - 34
3 1.1 0.88 34 - 110
! 221 1-85 0*96 - 5‘8
221 1.27 5.8 - 25
221 0.64 25 - 96
ZFB 1. 2-1 - 6
2‘79 1.1 6 - 34
| 279 0.90 3% - 96




Tirr 3,14 (Cor=1., =)

Grooe Psony for thg Coloe, oo 1 Zimrgt
Ti3 Tntergal
[ Sezmla A &by s | peys Tearonnl o (deys) -
IQ~1C8 | (~z/c 2 A1) F
(Comtia) [, ) 1.9 2,1 - g4
451 1.2 Y
454 0,53 L 96
539 1.28 0.96 ~ 27
550 Q.84 27 - 96
692 0.7 34 <110
(e/c 2 A7)
1-57 ar-d 2e35 0485 0196 - 202
1.57 and 2»35 1n25 202 - 607
1057 ard 2&35 1.85 6-7 - 22
157 ar1 2,33 1,03 2 - 48
2.75 1.1 2,1 - ¢
2.75 1.7 9 - 3
2,75 1,15 3z - 96
(&/ca2 pp)
2.0 113 231 - 7
2.0 106 7 - 20
2.0 191 20 - 36
2.0 104 36 - 110
507 { 1-313 0-96 - 701
507 % 0!92 7.1 - 33
509 1!3 291 - 36
5.9 0.93 36 - 9
9'85 1%3 201 - 10
9485 101 10 - 36
14-1;,5 1!47 0.96 - SQA
14.-!:-5 0.86 5.4 -~ 30
14,7 1.2 2.1 - 34
18065 103 2.1 - 10
18'65 102 lo - 36
24..55 1.2 2.1 - 36
- 7
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PROJECT 2,6c~2

TABLE 3,16 {Continued)

Gross Dseey for the Urdsrground Burst

T Tine Tateryed
Sexple | Added Absorber D:cev Exvonsnt| {daya)
DFO-120(  (ng/cw A1) '
O O-95 1 - 3.1
0 1.49 31 -~ 5,4
0 1.-16 504 - 35
58,7 145 kA - 8.3
221 1.34- l - 4.0
221 1.47 4.0 = 8.3
580 1070 1 - 343
530 1.21 33 - 8.3
1570 and 2350 0.95 1 - 31
1570 &.‘.’E! 2350 1033 3.1 - 803
(g/c® Pb)
507 1.33 1 - 2.7
507 lom 2‘7 - 8-3
U~18 (ug/ci? A1)
0.0 and 3.45 1. 120 - 176
» 0096 1.20 - 176
1.3 0.36 120 - 176
(g/cz® Pb)
2.0 0.87 110 - 176
200 1005 ]J.O - 176
IP0-102 | (mg/en? A1)
0.0 and 3.45‘2 1.2 96 - 176
53: ; 0.9 96 - 176
14.1 0.7 120 - 176
279 0.7 95 - 175
692 0.6 120 - 176
(/a2 11)
2,75 1.2 120 ~ 176
(g/ca? Pb)
200 1.7 97 - 162

- 3% -
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Grou s Douny for Bhs Url-rgica.? Burst
e e T e T~ TR e weT TALESL LY TR I Tt T
Tim2 Inberval
LSerele 1 A3 U AY ot DRy o T oest b R GENT .
1:0-103 | o2/, 2 a1)
0.0 ax 3.,/54 1.4 110 - 1%6
53.3 1.2 N0 =~ 1%
121 1.2 1o - 175
29 0,60 97 ~ 176
454 Q.70 10 - 178
£33 0.70 120 - 175
(g/;;g Al)
275 1.6 116 - 176
o-103 | {uz/c 2 A1)
0.Q 2 3,45 1.2 110 - 1%9
53.%9 1.0 110 - 175
hFA 0.75 e - 1756
27 0.85 % - 175
454 0.9 85 =175
&92 Q.73 1o -~ 175
(g/c2 A1)
207’5 117 96 - 175
(g/c:2 )
5-9 192 96 - 143
Bt o i e R B el s ARt k. = A T & S s pae ) wrd
TABLE 3.17
*
Bota-Ray Encrgiss for tha Surfacqa Burei
“[Time After | lax.Freray | Averags | Ratie |
Detonation (¢sv) | Enerey 8oft/ | Avorags
|_Sanplo (daya) Soft| Hard | Sort| Herd | Herd Er:uar;r,;*T
SCOUP 1 1.% 0.-’*5 2.5 0-]3 1.1 703 0025
4el 0431 1.6 0.14 ] 0.59 2.31 0,28
6.3 0.491 2.3 0.16 0,92 | 42 0,18
10.0 0.50] 1.8 0,18] 0,75 | 10.0 0.3
3100 OO'R 201 0.26 0439 304 0-40
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TABLE 3.17 (Contirmsd)

Bela~Ray Energies for the Surface Burst

N | Tira After| Iax.Fnargy | Average Ratio
Dotonation| _ (lav) Ensrgy Soft/ | Aversge
Sernle (days) Soft | Hard | Soft] Bard | Hard Enargy |
Secop 1 59 0.49( 2.0 0,16 0.78 | 1.9 0.42
(Cont1d)] o2 0.411 2.2 0.13{ 0,88 1.5 0.43
Scoop 5 1.1 0.891 2.2 0.25 0.94 5.3 0.36
2.3 0.85 [ 175 | 0,28 0,66 | 2.2 0.40
3.6 0.68 1138 ] 0,23 0.50 2.04 032
4l 0.9 | 1.48 | 0.23 ] 0.53 2e7 Q.31
5.08 071 1148 | 0.23 ] 0.53 2.8 0.31
6.30 0.681.481{ 0.2310,53 3.7 0.29
7 0.64 1 L 47 | 0.21] 0,53 3.2 0.29
10 0.50 | 1.9 | 0.160,68 6.9 0.23
12 0.75 1 22 0.25 | 0,37 6.3 0.33
31 0.69 { 2.4 0,25 | 1,04 4e8 0.39
92 0.51 (2.3 | 016092 | 1.6 0.48
Core 0.28 0‘92 2¢l 0.31 0083 1118 0.55
1.2 0.63 | 149 .22 | 0,82 2.4 0.0
2.3 1.04 [ 2.3 0.36 | 0,92 412 0.47
3.5 077 | 242 0.23 { 0.87 | 13.6 0.7
4el 0.77 | 1,70 | 0.23 | 0.64 5.8 0.29
5.1 D.88 | 2,00 | 0.27 | 0.78 | 29.3 0.29
6.3 077+ 2,00 | 0.260.78 | 16.2 0.29
9 0.58 | 2.4 0,20 { 0,98 | 16,0 0.25
10 0.41 |1,8 0,12 | 0,75 | 13.0 017
31 0.69 | 2.2 0.25 10,94 2.9 0.43
SOOOP 1 186 0.28 2.4 an 0.97 0.79 0.58
Scoop 5 | 186 0.43 |2.6 | 0.14(1.08 | 0,78 | 0.67
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Bsca-Roy Toooides foe thy U0l os ourl Brwud
Q."."".-"'.::- KT IS e T e T TL L LT T - - B v oo g e
Tins .é.f“"“‘ | PER .._.I oy Avzoe Railo
Datowrtinn J . Baees ) Sofy/ | Aversgs
| Sarade | (doya)_ [ sG"n D2l $ors 7ol | Eand | Bmorig]
]I..fO 125 1.1 O 57 :9 O‘.20 0352 252 Ot39
U"'ls 10 0-‘ 3 2 J‘: 0023 1;0!}- 236 00—’,\‘7
5 0,67 | 2.70 | 0.22] 1.13 | 22,3 0.26
10 0./3 1 1.% 0.13| 0.59 3.5 0.23
30 0.73 2.0 | 0.271 0,37 | 442 0.39
90 0.5512.5 | 0.38]1.03 | 1.6 0.51
L0-102 2.3 | 0.23(2.0 | 0.30{0.87 | 4.2 | o.21
5 0.%7 12,5 | 0,251 1,03 | 15.7 0.31.
9.5 0.51 1,8 | 0.27]0.75 | 5.8 0.26
30 0,90 [ 2.3 | 0,3410.59 | 4.6 0.46
89 0 5? 2:1 0.2‘8 0.8'3 I__ Oﬂél 0.58
T70-103 2.2 0.7 | 13 | 0.25[ 0.93 [ 2.8 | ©0.38
905 0‘5‘3 108 0120 0:75 7.8 0026
30 0.2512.4 | 0.30]1.04 | 5.9 0.41
89 0.57 2.1 | 0,18| 0,820 | 0.80 | 0,52
Ir0-108 2.1 0.91 |18 | 0.34] 0,75 | 1.2 0,53
49 0.65 12,35 | 0.21] 0.95 | 18.4 0425
9.4 0.65 12,0 | 0.23] 0,97 | 14,0 0.27
30 0.9 2.0 [ 0.26]0.87 | 4.0 0.41
89 0,57 |2,5 | 0.18| 1,03 | 1.34 .,4
U~18 176 5 [2 [ 0.63| 1.09 | 0.8 0.4
DFO-102 | 176 .,34 2.5 [ 0.11{ 1,03 | 0.32 | 0.81
10-103 | 176 0.31]2.3 | 0.0]092 | 0.2 | o.€3
owo-108 | 176 (0,31 |2.4 | 0,30{0.97 | 0,43 | 0.7
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TABLE 3,19
Gamma-Ray Energies for the Surface Burst
~ 2t10 Of KbUNdancs| AVerags
Energles of Soft Componsnt | Gamma-Bay
Tima After (1ev) to that of Hard Enargy of
Detonation| Soft Hard Component at Zero | Sezple
Sernle | (dsys) Cormwonent|Component Absorber (I"sv)
Seoop 1 1,2 0.26 0.84 1.3 0.51
10.2 0.26 0.96 1.8 0.51
31.0 0.37 0492 0.46 0.75
92 | 0.56 0,81 0.31 0.75
Scoop 5 1,2 0.31 0.87 1.3 0.56
10.2 0.321 0.95 147 0.55
31.0 0.37 1.01 0.61 0.77
92 0.35 0.82 0.32 0.71
COI‘B 1.3 0.33 1.9 0'21 1.6
10.1 0.35 0.82 0.88 0.60
Scoop 1| 186 0.69 0.69
—
Sco’p 5| 126 0.76 0.7
TABLE 3.20
Gemma-Ray Energles for the Surface Burst
{(From the Scintillation Counter)
Tirs After Energieca
Detonation (10av
| Sanple (days) *  Absorption Spectrocater
&
Cora 2-3 - ~3.5 0.1 0025
3.6 0.34 | 2.0
401 0.26 1OW
501 - 196
6-3 - 104
Scoop 1 2.3 C.32 | G.94 0.1 [0.37 (0.6
3.6 C.3C | 0.8
4ol C.30 | 0.9
5.1 0.32 | 1.03
11 0,26 | 1.C3
39 - -....9-—:??‘-——-—‘—-' -—
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TA3T 3 3,20 (Coniime )

Goilsa=R-y Zravgies foo the Suifacy Bu-st
(Froez: thr Sairidd-nlea Coontur)

Ti.:a Aftey Eﬂ;félag e T
BPotenatlon o Y
| Sowle | (o) o [ .0 __dvssoubion [ Seigtroataxn |
Suoop B 2.3 0.2 1 0.95 0,1 | 0.4 | 0,6
3.6 0.25 | 0,92
A1 0.20 | 0.5
5.1 0.28 | 0.9
6.3 0.27 | 0,95
7 Olm 1.0
12 0146 © 0.29 | 1.1
33 - l - 0191..

TAELE 3,21

Gama-Roy Eucrgles for ths Undergrow:d Bursi

e O ——_— AN e G — et 4 kit

T T T T T Ratio of Abundance | Aversge

Enargies of Soft Co.porent | Gemma-Day
Tirs AMfter o Arav) ] to that of Baxd Brergy of
Detonation Sort Herd Corporant at Zero Sarple
Sanle | (deys) | CoiporentlCorponent|  Absorber {¥'ay)
U-18 0.79 0.39 0.90 0.59 0.7
5 0.13 0.28 1.3 1-21:0.6331 0057
9-!} 0035 " 1008 l‘l 0.69
29 0.0 1092 0.42 0.7
90 - 0.7, - 0.7/,
I:"U-].O2 2.8 0.29 0-85 1-6 .
5 0.]4 0.26 0-98 1.63:0-8)}-:1 .
9.5 0.31 0.28 1.2 .

0.39 0.94 0.3

— -

0.31 0,90 1,1

5T

~103

coafooco
AN

27

2,2

9.4 0.31 1.01 1.0
29 0.25 1.6 1.0
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TABIE 3,21 {Contimed)

Gamma-Ray Energles for the Underground Burst

Ratio of Abundance| Average

Ensrgies of Soft Component | Garma-Ray

Tine After Yov) to that of Hard Energy of
Datlonation Soft Hard Component at Zero Sample
Srimle {days) | Conponent |Component, Absorber (Lov
E£ﬁ~108 2.1 0.30 0.8 1.3 0.54
5 0.11 0.29 1.03 1.9430-63'1 0.29
9.4 0.34 0.92 1.1 0.62
29 0.33 1.2 0.56 0.88
90 - 0.88 - 0.28

3.3 IEACHING EXHAVIDOR OF SOIL SAMPLES

Sor3 exzuples of the percenteges of total activity removed from
the seoop and ecore sarples from the surface burst by the decontamirating
solutions sre chown in Table 3.,224. For each solution except sea water,
the aectivity ls broken dowm into the porcentage appearing inm the ilonie
slate and that in the eolleidal state. Such a breakdoun for sea water
tas precluded by the formation of colloidal raterial (possibly algae)
in the dinlysate. Unless otherwise indicated, these values refer %o
171 hr efter detonstion and 134 hr of contact betwsen soll and decon-

teminant.

Some results of the lomwexchange experiments are presented in
Teble 3,228, The values showd were celculated from the relution-hip

Bo(t) = Ag(t) )
ho(t)

vhere 2,(t) 1s the activity of tho original dialysate at time t,

Ag(t) is the ectivity of the supsrpatent ligquld from the scil mixture
et the same tine t, both activities referring to 500 A sliquots, anmd

K is the volght of the soll in grams. It should be noted that t, here,
refers to the time at which the actlvities were measured and not to
the duretion of contect betyxeen soil end dialysate when the aliquots
vere taken. This latter time vas 24 hr.
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The percentages of total activity removed from the underground
buregt sample are broken dowm according to thelr physical state amd
presented in Table 3.234. In order to chack the selectivity of the
solutions, the veriation of these percentages with tine has been
determined from the decay curves of the aliquots and of ths original
ser:ple, Both the carliest velues obtained =nd values for a substan-
1211y grester piriod of decay time are presented for comparison. By
corparing the activities of the first set of aliquots with the activi-
ties of another set taken A8 hr later, it was eatablished within the
error of the sxpurirant that these values refer to equilibriuom condi-
tions.

In Tzble 3.,23B, the resulis of the ion-exchange expariment are
vuunarised by maans of the same function used in the previcus section,
Here, however, the values presented for the different perioda of con-
tact wore obtelned from separate sets of aliquots and the increase of
the values with time is dus to the slow atitelrment of equilibriumm.

An absorption curve of the ground 20 mesh fraction of the
original cample was taken end compared to the absorpiion curve of
a thoronghly pulverized and nixed portion of the criginal scocp
erple., The identity of the curves esteblished the faoct that dle~
czrding the larger size particles did not produce any significant
frectionation of the contemineting sctivity,

The upper limit of irreproducibility, as determined from the
standerd error of four identlcal water leaches on four representa-
tive semples of particle size somsthat greater than 20 megh, wvae

4 15 per cent.

The repults of the analyticel procedure are summarized in

Table 3,24. For any given source of radiation, the tabulated data
represent the astivity in 1 m) of dialysate due to that source. By
zeeng of the known decay charac#gristics, al) date have Ttoen com=
pated for 43 days after detopatitn, The relative amount of dialysate
gctivity accounted for can be readily seen by comparing iotal amcunt
of votivity obtained froa the sources listed for any given solution
with the activity of 1 ml of that solutlon as shown at the Wottom of

the table.

The G137 activities in sea water, "Tide", and sodium citrate
dialyuates were found to be enomalously high and have not bsen
reported. This anomely is believed to be due to the concentretion
of alkall metals in algse, sediment, end mold, respactively, over
prolonged periods of stending and to the inlrcduction of these con-
contrates Into the aliguots chosen for analysis.
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An Insdssrtent contanminution of alkelins earth actiyitises during
analysis Bna meds the presentation of exact valuss for §r8%, Bal4O,
ard Tal40 in sea water impossible. It hag bean possible, howarsr,
to caleulate a felrly narrew range of limits for these sctivities and
thesa velues have been offered along with ths more relisble data,

F
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4o1  BADIDCEIUGAT, GONFOSITION OF Sa'Pi oy

The radlocherdczl dnvestigatlons of sarmples collecisd at Operation
JANOLE givs information on (1) the shaps of ths fission yleld curve of
producis of & boob fissinn process, (2) the extent of preduction of
ssverel neutren irduced radionuclidea, (3) the existence of fraction-
ation of ssvoral radiomuclides, and (L) the contribution of ssveral
induced radicnuelides and fission products to the measured gross beta-
activity as a function of tims after detonation.

In tha thorral neutron fission process, the ratio of fisslon
yialds of radionuclidaas at ths max’ 4 of the fission yield curve %o
thooy at the winimum is sboutl aix nusdred to one. Although the curves
obtained in these studles ars not clearly defined because of fraction-
aticn effects, the ratio seems swaller in the borb fission process. In
the swface burst, the retlo is about one hundred to one for the scoop
ard core gerples and about three hundred to one for some of the differ-
entlsl falleout samples. In the underground burst, the ratio 1s sboub
six hundred to one for both the sccop semple and the differential fall-
ont. samnles.
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42 (R0SS ISCAY BATES AND BETA AND GAMVA-RAY ENERGCIES

In the tables, the veluss for the ratio of ebundance of ths soft
rediation component to that of the hard radiation corponent veried
cppreciobly, since the values were dzternmined from interezpts of slorss
of half-thickness curves vith the zero cdded absorber axis, 4 g-all
change 1n half-thickness of the soft component would meke am apprecizble
change In ratlo of soft to hard rsdiastion, 8imilarly, the secattsr of
expsrimental points rade it difficult to define the slopa of the curves
eccurately. The combinaticon of thess errors contributed e raxiram
srror of eboul § 0.04 Iiov to the average energiea, The totel error
in gverage bete and germa-ray energy is estirated to be approxirately

_t 0,1 Hov. -

Average bata-rey Bnergiasa}ange from 0,17 to 0.52 Ly for the
surface burst ard from 0.23 to 0.58 for the undercround burst. In both
cases, the average encrgy showed a genersl dscresss with time et cerly
thsg, arnd a gradual terdency to increese at laier timzs; the windm
otzurre@ a2t ebout 10 days. Averzge gemra-rey energles range from 0.51
to .77 ¥sv for scoop sanples and from 0,6 to 1,6 Izv for the core
rrrple from the surface burst and from 0.51 to 0,88 Mev for the scoop
ez: 2le from the vnderground burst., These average energles are not
corrected for ihe counting efficiency of the detecter used. False
height analysisg data end several lead abscrption curves (taken through
relatively thin lead shsorbors) showed the presence of a 0,1 I'av com-
penunt, in eddition to the tvo components usually aobserved.
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Exc b for Lo covy gaple, ths aversge go. eeuy endcglas wor
obuorvid to By red shie 2Ty ecnit nb ovoc tho porded oborved, with a
slirLb tordency to deevsaos wiilo Blna, Tho cors gunple ghow.d strorgar

ayoriga gorwa-rey onoegleog ab o oty £ 0 th g oy olhur gaunla
ob..rvad. ks BIch rovoy coooeah che 1 a conttunal doercaze in
ov ray &lth bleo Tron ab ol 2 7, ab appie i1y 1 duy ta aboeud

0.8 Muv 0k 10 doyse The doety cowss anl 1 diueboodleal atalyseds of
thiz eample drdfec:t: thag 18 b2 o 1ok 1 aeltvity than ths othor
gaoplad, 313%’(mf); 80 (g 0.3, 1,8, 2,1, ard 2,7); 2 (Ey =
1.51) 5 ecd Moot (B2 2,75 e 1.32) co ol iny abuut 20 por coot of tha
groza actlvlty 8 kr aft.: d.tzaublon. Tho obuorved slop:s of ths log-
dog ploty of the butug.r -a-2:iy ducoy of tho gross radiations range
frca 0,47 to 3.1 for the svelfos: burst ool Teen 0,44 to 2.3 for the
walorgrow:d turot, The elc..n for thy coro s mply wore gonerally much
grecator thun thoss of any othar zuwiple. The obusrved slopes of tho
log-leg plota of tho gar. i-roy doewy ranjs frou 0,87 to 1.3 for scoop
and 1.3 to 3.5 for core suupleu for the surfacs turust and from 0,20 o

. ek for thy urdorgvovnd bursi.

A3 i3 eprarant fron the proat diffeorence in alops of log-lez plota

‘of bota and gawra-rey docay ard tho greoat differancy botiisen tho avsraga

encrgles of radintions of the varleous gorrples, 1% is evidont that tha
contaiinetion dn thy coil 15 of variable cunreaitlon ard coniists of
Induccd ectivitiea and fissicn preducts fractionat:d to differing
extonts. The gemi-lag plot of the deeny of the rediations fren IVQ-19,
et oorly timos, waas recolvid inbo $io corponsnis of half-lives 3,1 hr
and 21 hr., A simdler plot of tho decyy of the coro semple ylelded cone
ponentns of half-lives of 3.2 hr anl 16 hr.

4s3 LFAGHIEG BAHAVIOR OF SOTT, SAMUIES

- It should b3 pointed out that the value of the regults obtained
in the leachinz experirants on swipleg from the surface burst ars
quastionzhle for tuwo reacons: f¥rst, ths use of ground soil pregented
an unrealisticelly large surfaco ¥rea fron nbich peutron induced
activity and occluded fission products cculd bo leached, and, secondly,
the experimental arrangement wus such thot aclivity was contlrmuelly
passing from the soll to the solution so that the values glven are not
for equilibrivm conditions. Thess t.o defects were remedied in the
treataent of the scoop szmple from the undorground burst so that tha
resulting data ars mors rzaningful.

Regarding the lom-exchange experiment with the surface burst
material, it is interesting to note that while the ability of citrate
ion to form complex ions shows up warkedly in the low values of the
relative activity decrease for the citrute solutions, there is a strong

- tendeney for el other values of Table 3.22B to cluster about 0.2.

A
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According to the rosults {shoxm in Table 3.23A) of the studies on
the sccop se.uple frcm the underground burst, at most only about 2 per
eent of the total activity is leachsd out of a gram of soil with 10 m]
of colution; thus, leaching doss not ciem to be & very practical method
of uoil reclavation. im.larly, tm'[oss lergs amounts of raterisl are
rictanically transported over considerable distarces, the effect of
reinfell on the radiation charscizristice of a contaminated area ray be
oxpcetsd to ba slight,

A3 w38 capicted, the oifvet of grinding the soil sarple fron the
toofuco Lurst was to dncrence griatly the arosunt of fonie activily in
the lc oh without rpproeiebly elfceting the rugnitude of the colloidal
fresiion.

In 811 cases except cns, the largest fractionms of ionic activiiy
uppaared in the EDPA end sodiwm citrate solutions. Similerly, the
lcrgest colloidal parcentzges conslstently appear in "Duponol C%, ZDTA,
erd "iida®; only the relatively high efficlency of EDTA for reuoving
colloidal activity was not enticipeted. These resvlts indicate, there-
fors, that EDTA ard sodium citrate ehould bs of value in reroving con-
taiinntlen of an iopie nature. %iidef, "Duponnl C", end EDTA should
ba wupzirior in rewoving conteminetion vbich is priuarily colloidal,

Lcain in Teble 3.23B, lov vslies of the relative activily dccreoze
are obteined for sodiwmn eitrste. Here, alsc, the ability of EDTA to
form copleres is wpore cpparent then in Teble 3,22B, Again, %oo,
thara gesws to bs 1little, if any, difference awng the reiailning solu-
tions.

The anrlypes of the Ionic i‘:actions of the leachss lend then-
eolves fairly well to theoretical explanation on the basls of three
frotors: solubility, exohange, and couplexing ection. Thus, the
eppearance of ionle asctivity in distilled water should be prircip-lly
drs Yo the solubility of the sowyece of sctivity. Teking distilled
vaier 28 a polnt of reference, then, tho greater alkali ratal ectivity
in the other solutlons and the groater ectivity due to Ba end Sr end I
in s7a vater ray vall howve boon brought about through exchange. The
cci ple-ding ection of EDTA end clirete ion is probably responsible for
the rclatively large wwounte of activity asrecisted with Ba, Sr, and
tke rere eurths found in these sclutions.

The equivelence of all solutivns for removing lodine zctivity
erd ¢lose parallelism in the results of analyses of EDTA and citrate
dislysates ere also vworthy of meution.



Uik

The folloving conclusions m2y be mede from ouwr studies of samples
obtained in Operation JANCT=,

Np239 ie the major peuviron induced radionuclide produced, Measur-
;ﬁ%e amountg ,of other nauiron induced radiomiclides were found. N324,
» and En”® way be important confiributors to the gross activity at
ecrly times under the conditicns of these tests.

Neutron induced radiomiclides other thzn Np22? do not contribute
more than a few per cent to the gross redicactivity remaining from &
surface or underground burst in the perlod 1 to 90 days after detona-
tion, except in places which, altroush subject to the nsutron £flux of
the bomb, are not significantly conteminated by the fission products
(e.g., a feow inches belos the surfeg2 of th: soil at the lip of the
surface burst crater).

Fractionation of the fisgion products ocours much mors extensively
in the bomb debris from a surfac: or uwlerground bturst than it does from

an air burst,

The observed slopes of the log-log plots of the decay of gross
radlations vary from 0.5 to 3.1 with most values for the period 1 te

90 days lying between 0.7 and l.i.

~
Average beta-ray energies rangs from 0.17 to 0.55 Mev, and lie
mainly betseen 0.25 and 0.45 Mev,

Average gemma-ray energios lie mainly betwseen 0.4 and 0,9 Nev,
The softer component of the gamme-rays has an average eanergy close to
0.3 Yev, while the harder ceowponent has an average enzrzy of about
1.0 Mev at moat times from 1 to 90 days after detonation,

Lesching contaminatsd soil with water or decontaminating solu-
tions (detergents or chemical complaxing agents) does not seom to be
a feasible method of soil reclamstion. Only about 3 per cent of the
groas activity i{s removed by such traatment.




APPIIDIN A

RATIO0KE" 167,4 PROCEDJATS

Tks follosulry ouiling of thu wedivchericel prosnsedurss supple-
rsat3 S=zotlon 2.1,

Rutheziul - Rut™:nii i was separated frea the eothur ele-
peats by distillation as ruthesiv tetrocide, precipitation with
ethyl alaohol fron a sodiun hydroxids soluiion, ard reduction to the
matel with magnegium as descoibed by Huzs,

Bariim « The barium procedurs followsd that of Hurwe
exzapt that s fuming nitric acid precipitation praceded the barium
ehlorida prscipltation.

Silver - Silver was purified according to the procadure
deacribad by Huaoe by silver chloride pracipitation, ferrie hydroxide
scav=nzing precipltations, silver sulfide precipitation, and finel
gilvar chlorids precipitation.

Cadmiun -~ Cadniun wes ssparated ss deosgeribed by Bute
with ceduiva sulfids precipitations, ferric hydroxide and pallsdium
gulfide scavenzing precipitetions, and finual precipitations as cad-
nivy amponium phosphata.

Ceriva ~ Ceriun was separated by a fluoride precipitation,
purified with iodats and oxalats precipitations and zirconium iodate
gcevangings, ag in ths work aquﬁdy cited.

Zirconlum - The procéhure described by Hume was followsd,
i.e,, lenthanun fluoride scaverging precipitatiors, besrlum fluo-
Zirconate pracipltations, barium sulfate and Zirconium cupferrate
pracipitatiors, followed by ignition to girconlun oxide.

¥olybdenam -~ The molybdsnut determination followed the
procedure given by Hums, 1.9., precipitations as molybdenum alphsa-
benioin oximate, & ferric hydroxide scavenzing praecipitetion, and
findad preclpitation as lead molytiate or as molybdenum alphs-benZolin

1 D.N. Hume, K.B, Ballou, and L.E, Glendenin, "A Mamal of the Radio-
chenical Determination of Fission Products Activities", CN-2815
(no date). .
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oxi 2te, Lich cuas tlen jgodted o r0lybtdenum oxide. In soms cases
the firgt tuo roljbderuw oxlaete pracipitates ware dissolved in f\ms.ng
niti-le scid erd reprocipitetsd Ly dilvtion, ncutralization with

ar onium hjdeoride end 213i4irn of ¢ ure ressont; the third and last
o> 13 prociyiizte i3 Gustiopd by piechlorie peid,

Tepbow™na = Yh2 Loonrelion of neptuntum followasd the
prozcdurs dicuei-d by Rulpons,? 1.3, roluelrz the r.3ptunivm, carry-
Loz 1t on Leatlrmoa flucedde, anidiving the nopbunium, precipitating
rnd ddsccrding tho Jorth o Loty rodvelag the niptoniva and
raeetAng It with e Jovlkonos £1.0ride elurry on a Lotel disa. Cheudeal
yizld tos deotoredined by oidiuz e hosin ooouat of 279237 tirccer 4o Lthe
orvizinal golution sud countirg the slthz p-riicles in the fipal rountad
cei7las

Gelldum - The gallivy procedure folloned that described by
1'_::.’_111_;5,3 vhieh dpelvdsd eclrectioua of gelliuvnm with ethyl ether from
£ kyerochlorie, biruuth «0lfide, furrie Iydiresdds and barium carbon-
ats scavenzging precipitaiicns, evuporaticas to dryness with hydro=-
Yrozie eoid, ard firsl precipitation as the 8-~hydroxyquinclate.

Fhosphorous - Phosphorous was separated by auronim-phospho-
y21ybdzte precipitations in the giesenes of lontherum hold back carrier,
foouie hydros 1da reevenging precipitations, sud fipal preciplistion as
ragneeiua axwsnivs phosphate, followsd by ignition to magnesium pyro-
phosph&te.

I':ngerase - Fanpancss a8 purified by preeipitations of
I {prouducsd by sodiun chlorate-niiric ecid oxidatica ¢f 1~nganous
1:3 in the presence of lanthanum, cedriom, iron, Zirconium and cal-
civm held back carrisrs, basic ferric acetate, ferrle hydroxide and
cerium oxalate scavenging precipitations, apd final precipitation as
tar7anese ewmonium phosphate, folloved by ignition to rangeness pyro-

arphate
Ph FAALE, -

Jron - Tron .as pukified Uy Isopropyl ethsr extractions
from &4 hydrochlorie acid, barlum sulfete, antimony end tellurium
culfide end cerium fluoride sceverging precipitations, and final
rragipitation es ferric hydvoxide, folleved Ly ignitlon to ferrie

o iﬁ Ba

2 J.E. Budgens, end J.E. Satlizalin, #Dsveloprent of a lethod for the
Diterrinztion of Mp Activity in Fiocess Solutiom®, !ON ¥-13,
F.:"'Pto 2—"*-_1 1945.

3 V. Tayne Yeinke, "Cheoical Procedmres used in Boubardwsnl Vork ab
Forkaley™, UCRL-£32, fug. 30, 1949.
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Siliesa = Silicon was dstariuad by peocipitatisa of aoilicon
diculls by fofog pavitlosic acil, A dratioa and dgaitlon, follo.sd by
discillatica ol 2fliewn fabiofhiorilds in a coppac still, and procipita-
tica a3 potas ing fuocilinaty,

Caleivw: - Qelairn s purlilicd by ruthzall , iron, ond bi.-
11 sulfida, dron, Iantha fuy, end yiholun by troddy, erl strombiia
er 1 baedua nitrata, reaver 1 pr-elj ltalions, ard £ird preclpit-bicn
83 eileicy ordata.

Sodivn ~ Sedilum vas purifi-l Ly ferrie bydroxdds, lentbnruny
ivoride, bardr 1 eovborato sr' 1lzad svlfids geaverzing precipitatieng,
sypaxeted fic.: potassita by extimiciica of sedivn perchlorats with
oty l acotzly, ard £iv: 1Ty preclnliat:d ag sodiua chlorida.

Potassim - Potasalim was purified by the same secaverzing
precipitates vwssd in the scliun procadwre, and separatsd fron sodiv
by prosipltation of potussiuv: porchlorats,

po P

Btrontiua ~ Strontfuvn wasz izolatzd by a fu-irz nitrle acld
precipitation, purificd b7 beriv—: chrorite and ferrie kydroxids
scavorzing procipitaticrs, and firs)3y procizliatzd ea stiontiva

rotnta,
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PROJECT 2,503

The purpose of this investigation was to develop and field-tast
a cheap, simple method for obtaining surface s0il saples from areas
which cannol be entered by personnel. It was desirablz that the method
selectad use materia’ which was realily available and which did not
require extensive basic research. The method should not repiire the
training of a groun of svecialists,

The use of a retrievahbles misszile secmed to be an obvious method of
gttack. If successfully developed it woiald not only be of use in
future atomic weapons tests bubl would also be of potential value in
evaluating the hazarids associatad witn an explosion delivered by an enenmy.
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personnel of Aberde=n Proviug frounls for as.istance in conducting the
firings in the pre-tesi develoonent progran. In particular we are
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cooperative in filling orders on very short notice and in civing techni-
cal advice, n

%
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Fal

trouble to prepare special coils of nylon siwwt Jire for these tests,
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ABSTRACT

Field tests, described in this report, show that a retrievable
missile may be used to obtain surface soll samples. This report
describes the selection of the missile, its pre-test development,
its performance and its limitations. The missile selected was a small
line~towing rocket mamufactured by the Kilgore Manufacturing Company,
Westerville, Ohtio, It is inexpensive, readily availagble and easy to
use, It has a range of 1100 feet and a probahle impact area approxi-
mately 75 feet in diameter.

Recommendations are given for improvements which will greatly
expand its possibilities.,

> &
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CHAPTER 1

SELEGTION OF TCWING NISSILE

1.1 INTRCODUCTICH

Five types of line-towing missiles are readily availahle. Four of
these were eliminated without exgerimentation,

1l.1.1 The Shovlder Line-~Throwing Gun

The shoulder line-throwing gun used by the Navy and the
Co2st Guard is too small and has a range of only LOO feet when towing a
very light flax line with a breaking strength of approximately 200 pounds.

1.1.2 The Ivle Gun

The Iyle Cun ("Report on Life Saving Ordnance”, Lt. D. A.
Iyle, Ordncnce Department, U.8., Army, Goverrment Printing Office, 187&)
used by the Coast Guard for shore to ship contact, wes eliminated after
discussing its characteristics with an officer of the U.S. Coast Cuard.
This gun is a 2-1/2 inch bore muzzle-loading mortar of variable range.
The range is controlled by the amount of charge and the elevation. A
maximum 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
noga first into the mortar. This slug, which is approximately 16 inches
long, extends beyond the mouth of the mortar and the line is attached to
the protruding end. The missile tumbles in flight, thereby furnishing
a low probability that an attached sampling device will! strike the ground
with a suitable orientation. A further disadvantzge of the Lyle Gun is
its large recoil, which elimina¥es the possibility of firing it from a
vehicle, %

1l.1s3 JATO Motors

The use of JATO motors was discussed by Walter Ramsey of
Aberdeen Proving Cround. JATO motors have been used for towing long
lengths of very heavy line, but the metors now availsble are either too
large or too small for the sampling device and line required for this

project.

1.1.! Standard Military Rockets

The possibility of using a standard military rocket was
-1 -
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considered. Dy, Weil® and Dr. Anderson", with Mr. Wadsworth Mount® as a
consuliant, developed a remote sampling device using a military rocket g
sampling the crater during the first atomic test in New Mexico. The
present investigators were unable to locate the report on these develop.
rents in the literature of the Mznhattan Project. However, discussions
with Dr. Veil and with Mr. Mount convinced the investigatcrs that the
militzry rocket was not the missile of choice for this development.

The eguip:ant used by Dr. Weil consisted of a 3 inch to |y
inch exmy roclket weighing approximately 4O pounds and a special reel of
1/8 inch steel cable, The rocket which was fired from a ccaventional
military launcher at an sagle of U5C, used a high pressure motor which
reeslerated the rocket very rapidly to maximum veloclity in approximately
0.1 ezconds. The rocket, ywdth cable attached at the center of gravity,
was steabilized in flight by s standard airfoil assembly. It fell 2lmost
verticslly at a range of 1500 feet and drove the sempling head so firmly
into th2 ground that the force necessary to retrieve the semple quite often
snepped the 1/8 inch steel cable,

The speclally wound reels of cable supplied to Dr. Weil Yy
the Intertype Corporation, (New York City) are not now being produced.
The speclal production of the limited number of cables required by Project
2.6¢c vould force the cost of each cable up to approximately {1000 czch,
Such o exnonditure was prohibited by the project budget znd dimnetrically
opposad to e of the aims of the project, namely to develop a cheap
simple sampling device,

1 1 . 5 The _Line—TOW‘j.ng Rocket

The elimination of the zbove missiles left the investigators
with the line—towing rocket manufactured by the Kilgore Manufacturing
Canrpeny for ship use by the Merchant Marine, Except for its limited
range this missile ssemed to satisfy 2ll requirements.

This simple 8-1/3, pound rocket has been specifically de-
signed as a portable line~towing device which will tow a 7/32 inch manila
line 1000 to 1100 feet. The camponents as purchased are shown in Figure
1.1, "A"™ is the rocket motor which is powered by 2-1/1; pounds of slod=
burning sclid propsllent of the nature of black gunpowder. It "pulls"
for epproximately three seconds thereby grestly reducing the stress on
the towing line by its acceleration., The cost of the motor is $15.

URM is the harness used to fasten the line to the motor. The hammess

1. DBr. George L. Weil, Atonic Energy Commission, Washington, De Ce

2. Dr, Herlert L. Anderson, Institute of Physics, University of
Chicago, Chicago, Illinois,

3. Mr. Wadsworth Mount, 51 High Street, Sumumit, New Jerssy.

-2 -
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eem3igts of a yoke which alleus the motor to be placed in the launcher
and to which is attsckad 10 feet of 1/8 inch steel cable for the purpose
of removing the manila line from the searing blast of the rocket exhaust,
T™his caongtruction places the centar of drag well behind the center of
thrust, thereby producing a stable rocket without the use of airfoils.
Th2 harmess costs &5, "C" is an assembled rocket and harness with the
stzndard nose instead of the ground sampling nose shown in “"B", VD% is
the rocket launcher, It consists of a modified Very pistol, with a
shield to protect the operator from the rocket exhaust. The rocket
launcher weighs 15 pounds and according to the manufacturer can be
handfired with a recoll approximately that of a 10 gauge shotgun. The
cost of the complete rocket launcher is $122, ®E" is the primer-ejector
which simaltaneously ejects the rocket from the launcher and ignites the
rocket motor. The cost of the primer-ejector is $0.50. The bucket
containing the 7/32 inch manila shot line is shown in Figure 1.2. The
cost is $28 for a 1700 foot length weighing 30 pounda,

R L LT

Figure 1.1 Corpponent parts of sampling device

-3 -




PROJECT 2.6c-3

The investigators have rnaver fired the rocket from the hang,
held firing position recommended by the manufacturer but have built a
mechanical support for more accurate control of the slevation and direc.
tion., (Sce Figure 1.3).
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Figure 1.2 Coils of manila shot line and nylen shot line as

received
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Figure 1.3 Loading rocket into launcher on firing mount
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CHAFTER 2

PRE~T55T DEVELOFIINT

— -

2.1 OBJECTIVES

The objectives of the pre-test developrent progrzm were: (1)
to become familiar with the operation and characteristics of the
equipmment selected, (2) to design and build a sampling device to be
attached to the rocket and to determine the effect of the device upon
the flight characteristics of the rocket, (3) to increase the range of
the rocket by the use of lines other than the recommended 7/32 inch
manila line, and (4} to build and test a light mount for use in firing
the rocket from a vehicle.

2.2 EXPERIMENTAL

The pre-test firings were ccnducted at the Aberdeen Proving
Crounds by the personnel of "C" Field through arrangsments made by Mr.
S+ W, Swipp, Rocket Branch Office, Chief of Ordnance.

The number of firings was kept t¢ a minimum. Most of the effort
wag directed toward studying the effect of different lines upon the
range and flight characteristics of the rocket. The testing of the
launching mount and the sampling device were incorporated into thess
tests, ALl firings were made at an elevotion of 25 to 30° as rec-
emmended by the manufacturer.

No tests were made on recovery because the hard black loam and
heavy grass and uncerbrush which conprised the firing field did not
approximats the expected field conditions and because we did not wish to

tie the "CM Field personnel up any longer than necessary.
-

2.3 APPARATUS %
Ce 3 1 Rocket

The rocket, standard harness, and rocket launching
appliance, as secured from the Kilgore Manufacturing Company, has been
described earlier {Chapter 1) and is shown in Figure 1.l.

24342 Sampling Head

The two sarrling heads developed are shovn in Fipures
2.1, 2.2, and 2.3. The dcor 1s opened by impact as the kinetic energy

-5 -
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of the rocket drives the sampling device into the ground, The heavy
leading edges protect the hinges and spring whlch operate the door and
serve as gtops when the door 1s closed. If the soil packs so tightly

© mm e et oty

» L
. LY

Fipure 2,1 Szrpling Heads

that the coil spring cannet close the door, a large cample is collected,
If the soil is packed loosely ¥nto the device and the spring closes the
door a smaller sarple 1u collec®ed. The 45° plates on the sampling
device in Figure 2.3 are designed to prevent the rocket from penetrating
too deeply into the earth and to blest a crater, rather than a clean
narrow hole, by diverting part of the kinetic energy into side thrust.

24303 Tines

The characteristics of the various lines tested are listed
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8. 7/32 inch Manila snob line

(a) trearing loai - LX) rounds

(b) weight - 16 pounis/1200 feet

(¢} cost - $28/tun of 1700 feet

(d) source - R,J. Taylor Co. 39 8. Cay St.,
':_""Ql"e, Mdp
iy for use

2]

{e) remarks - received

b. 1/8 inch nylon trawl line
(a) ®reaking load - 420 pounds
(v) weight-2.1 peunds/1000 feet
(c; cost ~ 812 for spool of 2000 feet
source - Plynouth Cordage Co., Plymouth, Mass,
(e} remarks - a very soft laid, very flexible line.
Must be rewound before use

¢» 5/32 inch hard laid nyloa line
(a) breaking load - 800 pounds
{b) weight - 7.5 pounds/1000 feet
(¢} coet - 8L6 for coil of 2240 feet
(d) source - Columbian Rope Co., Auburn, N, Y,
(e) remarks - recsivel in c¢oil which had to be
placed in tub before firing

d. 1/16, 1 x 19 stainless steel cable
{3) breaking load - SO0 pounds
(b) weight - 8 pounds/1000 feet
{c) cost - ayproximately $70/1.000 feet
(d) remarks -~ must be wound ou special reel before

usa

e« 1/8 inch, 6 x 7 stainless steel cable
(a) breaking load - 1500 pounds
(b) weight - 2§ pounds/1000 feet
(c) cost - approximately $200/1000 feet
{d) remarks - must be wownd on special rezl befors

use

2.3t Line Dispensing Apparatus

The rapid acceleration of the rocket makes it necessary
for the line to be paid out in a manner which does not require the
initial accelaration of an entire recl or other holding device. This
was accomplished with the various ropes by pulling the line from the
inside of a hollow coil, The manila shot lines used came in such a
hollow close-wound coil, protected in an open end bucket. The 5/32 incl
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nylon line czse wound in a similar coil but without the protecting
baclzetse A buciiet similar to the one on the manila lines had to be
ceastructed to support the coil bafore the binding ropes could be
cut tnd the line paid out. Figure 1.2 shows a coil of each line as
roczivaid,

Tne 1/8 inch nylen line had to b3 rewound bafore it could
bs uicd. For this purpose a winding r:achine vas constructed similar %o
th? Mne winding rmechines used by the Coast Guard for both the 7/32 inch
ritila line they use wvith the ILyle gon end the cxallsr line they use
vith ths choulder linethroving pmne. This rmachine windas the line dnto a
eoil vhich is self supporting., Figure 2.4 shows the rewinding machine
and the start of a celf supporting coil. Note tha pattern of the winding
upon the rerovable tapered center.,

The investigators were assured by Mr. Hount that stiff
cpringy cteel cable cculd not be paid ocut from such coils, Conscyuently
two vooden resls ware devised for use with the steel cables. Tune first
conslisied of a large wooden drum four feet in diameter upon which the
cable was wound In a single layer. The rocket pulled the cable over the
end of the drum and since the coil of cable was only one laysar deep
th:ire vas no possibility of kinking on pay out. Howewver, a cpeclal
Vi’ ing technigue had to be used to vrevent the cehle from kinking as
thy recult of the tirlsts introduced in the czble as the turns ware pulled
off the drum., As each turn was wound onto the drum, a twist was
introduced in the cable in such a manner as to neutralize the twist
intrciueed later as the twrn was pulled off the end of the drum.

The second reel consisted of two 18-inch drums placed 36
inches batween centers. The cable was wound in a single layer on thase
two drums in a figure eight pattern. Wwhen pulled from the reel the
clockwise twist introduced by one drum was neutralized by the counterw
clock-wise twist introduced by the second drum.

Since the coaple®lon of the test it has come to the authorts
attention that drmms of steel chhle for use as shot line can be purchased
{from Wellccus Devices Manufacturing Corporation, 290 Manville Road,
Plczventville , New York. The cable is available in a variety of sizes
and in lengths up to several thousand feet and is wound in a'manmer
which eliminates twist. The cost is not known.

2.,3.5 Firing Mount

Tne girple firing mount used in this test is shown in
Flgure 2.5. The rope and remote firing were a requirciment of the
safety psrsonnel at "CY Field and was us2d in all firings in spite of
the fact that the lzuncher was designed for hand held firing.

-10 -
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Figure 2.5 Rocket in flight with nylon line. Note kinks
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2.4  RESULTS

The details of the results of the pre-test firings are given in
the following sections.

2.4.1 Yanila Line

Firings with the 7/32 inch manila line and the standard
rocket showed that this combination gave a stzady, well stabilized Tlight,
The rockets landed at about a 45° angle and penetrated the hard soil 7
t0 § inches. The rocket had a range of 1000 to 1100 feet and a deflec-
tion of lags then 50 feet.

One firing with a 7/32 inch menils line znd with the
sampling device, Figure 2.2, had a steady stabilized flight. The range
was 1000 feet with a deflection of 50 feet. The sampling head panetrateq
the ground é inches.

2.442 Steel Cabls

One standard rocket was fired with the 1/8 inch steel
ceble and the large four foot drum. The rocket had an erratic "cork
screw" flight with a renge of 600 feet and a deflection of 20 feet,

0ae standard rocket was fired with the 1/16 inch steel
czbhle and the four-foot drum. The rocket had a very high erratic "cork
serew" flight with a range of 1000 feet and a deflection of 200 feet,

One standard rocket was fired with the 1/16 inech steel
cable and the "figure eight® reel, The rocket had a high "cork screwt
flight with a range of 1050 feet and a deflection of 300 feet,

2.4.3 Nylon Line

Three standard rackets were fired with the 1/8 inch nylen
line with the coll in a bucket gimilar to the cnes used with the manila
line. Except in one experiment reported below, a lesder of 50 feet of
menila line was used with the 1/8 inch nylon 1line to protzct the thermo-
sensitive nylon from direct blast of the rocket eshaust. In all cases
approximately 1000 feet of line were paid out bdut the line bréke in the
air two or three hundred feet behind the rocket. In all cases the line
had large kinks and knots and was broken at the forward edpge of a kink.
The trailing edge of the line attzched to the rocket appeared to have
been fused or melted. Many of the kinks and scme open line showed
positive evidence of fusion and thermal damage. The rockets had fairly
stable flights and ranges of 1500, 1600 and 2500 feet.

One standard rocket =as fired with oniv tne manila line
and two attached handkerchisfs for establishing drag. Two ccils of

- 12 -
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nylon line in protecting buckets were placed in the normal position
under the rocket laiancher to see if the kinking and fusing of the line
might be the result of hot eimders falling fron the rocket exhaust into
the bucket during the initial stages of burning when the rocket was
traveling comparatively slowly. No cinders or fused places were found
on the nylon coils but several cinders wers found imbedded in the
handkerchief's attached to the end of the mznila line, In addition,
saveral holes had burned In the hmdkzrchiefs,

One rocket was fired with tha 1/8 inch nylen line in a
bucket but without a manila leader. Even witn this light drag the rocket
had a stable flight. The line was kinked and knotted and was broken in
the air about 300 feet behind the rockst. There was no excessive
thermal damage in the first 50 feet of line,

The large increase in range obtained with the 1/8 inch
nylon line indicated further experiments with it in spite of the breaking
and thermal dzmage observed, The investigators felt that both the
brearing and the thermal damagze might be eliminated if the line could be
paid ocut without knots and kinks. Since comparatively stiff hard laid
manila line does not kink when paid out from this type of coil by the
Coast Guard, a treatment was dewveloped which gave the very soft nylon
line physical characteristics approximating those of the manila line,
This treatment consisted of so2lkdng the line in a mixture of 1/? gallon
of Duco Cement and one gallon of acetone, wiving the excess solution
from the line and air-drying it. The incorporated Duco Cement in-
creased the weight of the nylon line 7 pounds. Coils of line prepared
with treated line were easier to make, much fimmer, and easier to handle
than coils prepared with untreated line.

Two firings with treated 1/8 inch nylon line in protecting
buckets resulted in two lines breaking in the air as before., The knot-
ting and kinking was some less than with unireated line but the general
flight characteristics were they same.

Six firings were :ade with the coil of treated 1/8 inch
nylon line lying on the ground without a protecting bucket, Two lines
paid out without breaxing and four lines broke in flight as before. One
of the intact lines was almost free of kinks but had some thermal
damage, Approximately 1950 feet of line were paid out and the rocket
had a range of 1550 feet., The other intact line was heavily kinked and
also showed thermal damage. Approximately 1900 feet of line were paid
out and the rocket had a range of 1L0O feat.

Four firings were made with 5/32 incn hard laid nylon line
wound for use as a shot line by the Columbian Rope Company. All lines
broke in flight and there was much kinking and thermal damage. Pigure

- 13 =
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2.5 shows the rocket being fired with 5/32 inch nylon line. Note the
kinking in the 1line.

2.5 COCLUSIMS

The investigatos concludad Irom the above results that:

a. The Kilgore line towing rocket has a stable well directed
flight with any of the ropes tested.

bs The range of the rocket decreases with an increase in the
weight of the rope.

¢+ Steel cables when paid ocut from the two reels tested praduce
erratic flights and are not practical for field use,

de Nylon line cannot be used without further experirmsntation
with line dispensing techniques,

e, The sampling devices do not materially effect the flight
tharacteristics of the rocket.

f. The launching frane is stable when used on the ground,

ge In spite of the invest.igators' inability to increase the range
of the rocket by the use of other lines, the retrievable
rocket seemed worthy of field testing with the 7/32 inch
ranila, the line of choice., The practicability of the m2thod
was determined on comparatively cold craters and at a short
reange during the Jangle operation,

-
%
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CHAPTER 3

FI¥ID TASTLT

8
A e s i

3.1 GIHZRAL

The sampling equiprent selected as the result of the pre-t-st
develoyment discussad in Chepter 2 was further testsd at the test-
sits in order to dstemine its behavior and perfoincznce under field
conditions,

3.2 PRE=TEST FIRING

The functioning of the assembled equirment and the recovery
procedure were testad by firing five rockets. The equipment was moumt—
ed on a 2-1/2 ton 6 x 6 truck so that the rocket launcher pointed to
the rear. The truck was driven toward a simulated target, turned arcund
and the rocket fired., The rocket mount was aimed by movement of the
truck. Recovery of the rocket was made by attaching the shot line to
the truck and driving slowly from the area.

Two rockets were fired slow fire and recovered individuzlly.
They had ranges of 1075 and 1085 feet; one was on line of sight and
the other went 20 feet to the left. The rockets did not penetrate the
hard-packed desert sand but were found lying on the surface, Each
sampling head contained approximately two grams of sand from a small
crater about one inch deep made by impact. Both rockets were success-
fully recovered. The heavy sage brush and vegetation were not enough
to snarl and break the line. A dynamometer inserted in the line
indicated that a maximm force of 1% pounds was required for recovery.

Three rockets were then fired rapid fire under simulated field
conditions to determine the time required for multiple sampling. The
rocket launcher was swabbed between firings to prevent accidents and
possible pre~firing by ignition from residual powder embers but the
line of sight was not checked.s The firing was completed, the lines
were attached to the truck and %he truck got underway in two minutes and
forty-five seconds. All rockets were succeszfully recovered,

The three rockets had a range of 1080 % 16 feet and deflections of
100, 120 and 150 feet to the left. Whether these large deflections were
the results of erratic rocket flipghts or a shift in line of sight of the
rocket launcher during the test is not knowm.

3.3 SAMPLING OF SURFACE CRATIR

The field performance of the sampling device was studied by
- 15 -
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sampling the crater from the surface burst., On the afterncon of D + 2
days the truck with rocket launcher was driven along the weasel-
approach road to a marked spot 1C50 feet from ground zero, The racdia.
tion level was only 100 mr/hr at this time and the test could Ye cone
ducted slowly and carefully. An observing party rrcceeded to a2 point
on a line of sight making an angle of approrimately 70 degrees with the
line of fire. Seven rockets were fired., Correcticns for deflection
range vere made on the first two shots and the balance were fired from
the same position. There was a very strong cross wind which carried the
line far to the right into the wrecked remains of a Bailey bridge and 3
jeepe Two rockets were lost during recovery by becoming sc firmly
entangled in this debris that the manila lines were broken. The results
of individual firings are given below:

1) 200 feet to left; slightly over target. Line broke
with a load of LSO pounds when rocket became entangled
in jeep. Line of sight adjusted; too much allwwance
had been made for windage.

2) Erratic flight; on line of sipght; over crater. Rocket
recovered; maximumt pull required, 200 pounds. Launching
site moved to 1100 feet from ground zero.

3) 150 feet to right; range good. No recovery attenpted.
No adjustments made.

4) On dead centery successful recovery. Sampling head was
unscrevwed from rocket vwitih long wrencles and samrle

removed by pouring from hole in rear. Approximately 100
grams of sandy soil in sanple.

S} 125 fect to right; range good. No recovery attempted,

6) TIn crater. Rocket wgs recovered but sampling head kad
beceme unscrewed and lost.

7) In crater. Rocket lost on recovery when it became
entangled in rerains of Bailey bridge.

3.4 SAMFL.ING OF UNDFERCGRCUND CRATER

On the afternoon of D + 2 days the sampling technigres vire
further tested by firing into the crater from the urderrrcumd Y irrts
Five rockets were fired with Slightly different ranges wnd lines o
sight in order to obtain a patterm of sarples from thc 1 rroe CT‘;} S

Four of the rockets landed in the craterj the otpber ¢ an ord
flight and landed 50 feet short. All rockets v re reccv.rcet.

- 16 =
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3.5 USE OF ROCKETS FOR PLACING AND RECCVERTNG FIIM DOSIMETERS

An extemporeneous attempt to determine the radiation field in-
tensity in the crater was made on D + 3 days. A standard packet of
film, similar to that used througiout the project for dosimetry, was
loeded Into the samplinz head of the rocket. The rocket was fired into
the c¢rater and left there for a measured time before recovery. The
intensity of the radiation field was determined from the exposurs of the
calibrated film. The film packet inside the sampling head was supple-
mented by Land £ilm desimeters taped to the outside of the sampling
nead.

Al the time the exparimenl was concelived only three rockets and
one bucket of shot line remained. The measurements were noi too
successful, Too large an allowance was made for the effect of the
additional weight in the sampling head and the first rocket landed just
on the far edge of the crater. The truck, with attached line, was
irmediately moved to a position which the Investigators estimated would
drag the attached rocket to the center of the crater, Recovery was
conpleted 10 minutes later,

Two more attempts were made with improvised lines, neither
h attempts being successful., Both rockets fell short as the result of
excessive drag due to tengled lines,

The field intensities indicated by the films were very low. Both
the Land film and the film packet indicated a field intensity of
approximately 10 r/hr., This was true for both the rocket which was
thought to be in the crater and for the rockets which fell short onto
the crater 1ip. Whether the low readings are real or whether they are
to be attributed to shielding of the dosimeter by burial in the ground,
is not kmown.

<17 -




CHATTER 4

CONCIUSIONS AYD RECOMMEIDATIONS

4,1 GENFRAL

These experiments have shown that the retricvsble missile tested
is a practical, cheap, simple method for obtzining soil sanples from an
area 100 feet in diameter at a range of 1100 feet., However, more than
one firing is necessary to be sure of hitting this area., Samples ob-
tzined by this method should be adeguate for chemical study of the come
position of close-in contamination. It may not furnish an exact method
for determining the concentration of surface centamination a#s a function
of area but should be better in this respect than the scoop samples
obtained with the remotely controlled weasels,

If the method is to be used in future tests certszin changes and
inprovements are recommended.

4,2 INCREASE TN RANGE

It is recommended that an increase in range be obtained by ths use
of & larger rccket. The scientific personnel of the XKilgore Manufactur-
ing Company have assured the present investiigators that the development
of such a rocket would be very simple. A rocket of arproximately iwice
the mass would have a range of between 2500 and 3000 feet. Such a
developrent was prohibited both by time and Yudzet in the present investi.

gation.
4,3 LINE

The available 7/32 inch manila shot line will probahly continue to
be the line of cholce although the steel cable supplied by the Vellcome
Devices Manufacturing Corporatiem, 290 Manville Road, Pleasantville,

New York, might be considered. Bhe cost of the steel cable will probally

be relatively high.

The zdditional line required for a rocket of greater range could be
supplied by use of two or more marila lines tied in series,

4.4 FIRING MCUNT

The firing mount should be considerably improved. It should be a
multiple launcher so that no time would be required for lrating while
in a radiation field. Tt should fire at constant elevatior tut ghould
have provision for a small adjusirent in azimuth. It showld probably
fire to the rear of the truck as in this test.

- 18 -
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4.6 SMMPLING HEAD

The sampling head shown in Figure 2,2 is adequate for sampling
loam or loose earth. The deflector plates shown in Fipure 2.3 are not
necessary with the present rocket. They may be necessary with a
heavler, more penetrating missile. For hard-packed earth a similar
head but with smaller cross-zection is reccommended,

4.6 OPERATION

The recovery of samples by this method will be greatly facilitated
i1f an access road from the prevailing up wind direction is prepared in
advance, This road should be well marked with range stakes in the region
from 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. Corrections in azirmth can be
easily made from the truck with the new mount. Corrections in range
will probably be unnecessary if adequate pre-test firings are made but
radio centact with a flank chserving party well ocut of the contaminated
area 1s recormmended.

With all of the above menticned improvements a party of two or
three should be able to obtain from 5 to 10 samples and not be in the
most advanced position for more than 2 or 3 minutés. With the sharp
gradients in radiation field intensities gensrally observed a party
should be ahle to take samples when the launching vehicle at the most
advanced position is in a field of LO to 50 »/hr.

4,7 LOCATION OF SAMPLE

If desired, the accurate location of a sample can be determined by
triangul ation with high power theodolites on fixed towers outside the
radiation field. For accurate observation some type of smoke signal on
the rocket 1s suggested. ThissSignal may be supplied in one of the
following ways. &

The gimplest method conslsts in fastening one or two "Coston Hand~
held Distress Signal Flares" to the exterior of the rocket and manually
igniting them before launching the rocket. These flares burn with a
deep orange smocke for a 1little over a minute which should be more than
ample for accurate triangulation. These are also supplied by the Kilgore
Manufacturing Company,

A better but rore expensive method wonld be to build a smoke candle
into the forward end of the rocket motor. The spent rocket motor and
tube would act as a smoke stack for this candle which would be ignited
by the rocket motor when it burns to the end of its charge. This

- 19 -
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method has been discussed wifh the engineers of the Kilgore Manufactura
ing Company and is considered very feasible.

4,8 USE FOR FIIM DOSTMETRY

The present rocket may not be the missile of choicz for deliver-
ing packets of film to a contaminated area., The military rocket used
by Dr. Weil and Dr. Anderson will probably be better. Wwith this rocket,
which is stabilized by an air foll and not the drag of the line, &
long nose which would support the film packet zbove the ground could be
designed. The penetrating force of this rocket would not be detrimental
since it would not be necessary to recover the entire nose but only that
part containing the film packet. The neat of the rocket motor and
exhiaust makes the fastening of the film to the line or rocket notor

impracticable.

4,9 OTdLR USES FOR ROCKETS

Incremental measurcments of accumulatzad dose in regions of high
radiation-field intensity could be easily obtained with an adaptation of
the military type rocket. These rocxets could be placed in sub-surface
launching tubes and equipped with long nose rods which hold film
packets above the ground. They could be Fired either autematically or
manually by remote control wires at any time after the atomic explosion,
The accuracy of the military rockat and c¢zareful emplacement of the buried
launcher should make the location of these rockets very simple.

It should also be possible to design a small fall-out tray which
could be attached to the lonz nose of one of these buried rockets. 7Tt
would take only a very small amount of the hichly radicactive early
fall-out to make several int-resting chemical and physical measurements,

-
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ABSIRACT

Radiological samples were collected from highly contarinated
areas durlng Operation JANGLE, Both surface and cors samles were
obteined around the lip and crater area resulting from a surface and
a gubsurface detonation of an atomic weapon. The samples were obisined
utilizing remotely controlled weasels equipged with remotely controlled
ipatrumentation, viz:

a, Cne surface sampler on each of two weasels, capable of
plcking up ten two-cublc inch samples,

bs One earth corer on each of itwo weasels, camble of taking
an earth core three feet sirxr inches deep and two inches
in ddamater, with six Yo eight szmpling points.

¢s An ionization chamber probe to measurs the gaama rate in the
area where samrles were taken. This rate was ielematered
back to the conirol roint by a radio link.

d, Television cameras on the surface and earth core sampling
woasels to observe the surface sampling and corlng opers-
tions and 2150 to 21d in gulding the corlng weasels and
surface sampling weasels into the lip and crater area,

ATter samples were obtained by the weasels they were removed from

the weagels and placed in lead conteiners for imredlate delivery to site
laboratories.

-
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CHAPI®R 1

INROBTCYT O

10 QBJECTIVE

The major objective of this project was to obtaln surface
samples and deep core samples of the earth around the lip and crater
area resgulting from the detonation of atomic weapons at the surface
end buried seventeen feet underground. Surfacse samples were taken in
the 1ip and crater area for the surface and underground shots as wall
as over a pattern from which estimates may be made of the distribution
of ground contamination in the crater area. Valuable information was
obtained concerming the efficacy of utilizing remotely controlled
weasels equipped with sampling instrumentation on atomic wezrons tests.

1.2 HISTORICAL AND THEORETICAL

The nature, amount and distribution of residual contamination in
the lip and crater ar¢a are of direct military importance since they
indicate the radiation hazard, as a functlion of time, assoclated with
each type of burst. OSuch an indication is necessary in order to esti-
mate the length of time a glven area will be denled to troops in the
eventuslity of surface or aubsurface nuclear detonations. The chemieal
nature of the residual contamination as & functlon of distribution and
of particle size furnishes information for the selection of decontamina-
tion procegses and provides fundamental data for interpreting and under-
standing the phenomenology of each burst.

hﬁ

The orly previous work in the field of radicactive contaminated
sample collectlion by means of remotely controlled vehicles using tanks
wes performed at Operation SANDSTONE. The use of remotely controlled
wveagels represents a major offort in providing an improved method for
sample collection in highly contaminated areas.

1,3 PHYSICAL FACILITIES -

Preliminary installations, testing and repairs were performed in
the JANGLE test area at the electronlcs repalr shop and weasel shed as
shown in Figure 1.1. The electronics repelr shop incorporated facili-
tiea for storing and repairing major componente used in conjunction

1
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KEY

B = TOVER
A = VJEASEL A SHQP u
(20'x30'% 10")
8 = ELECTRONIC SHOP [EASEL ACCESS ROAD
(14'x 32'x 8')
€= EARTH-FILLED SHIELD

T S Tlesdmts  metmmm e —rerd e— o F oo

Fig. 1.1 Shop and Tower Layout
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with the remotely conirolled wesszls. Includsd, wzre the various
radlo, television and aaznpling com:onents., This alen served as ths
central working &rcea in conduciing 271 vreliminary tests, in service-
ing the weasels and in serving as the field bacz of all prelimirary
orerations. The weusel sted accer.cdatald the four weacels concernad.
Realr and calibratlon facilities were 2vzllable in the Samp 3 area.
Some minor shor work was done at the rachkino shan in the con4ral
point area, Toweras ussd in the oger.tion weie distribuiad as shown
in Figure l.l.

f.&
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A.  Your woedsela, (M09 two of wbitoh werg oqulopad with gur-
race sanyleva, ralio cad colovislon sud two wlth deap

Sorers, TAalto o and felav!ston,

. Mwo Ldeaiteal wbile control giatlous 1n tvwo and one-hatt
ton, K-> trushs tosellor with a sl vortable S L,
tower used to conitrol thoe socaobling woessaels,  Ope owebile
coniml atatton worvad A o oupare,

e A socand 24 ft. towor aued for Yateral loecatton of the

weroal bl sl on o satielton Uon ooerts G,

de A Joop oqud bped with o wobile conlrol Lianswittor.

a, A radlologsteal detoctor vrote on cech wetaal Lo msnaure
cut A rate at Lhe swaprling colnta.

f, A suni-portabls ourth-filled shield oud & remote sample
removing instrueeniation sjystem,
o

)
2.2 MOBILE CONIHOL SIACTON

— P

The noBlle contrvl statlon was 'nutalled tn a two sand ono-half
ton XK-53 truex which towed 1ty ovn 1E-95 power unit and wog equippod
with an LC-DC converter and a bunk of estorsje butterles as chown in
Figare 2,1, Meare 2,2 ghows the tulertor of tho vHbile contwl
atation,

2+2.1  Radlg Egulvnent

The rabile control st:tlon contulucrd a 50 wott FM
trensnitter opsrating on 162,120, 1A0.2B0, or 16.,360 mes, for con-
trolling one woamsel, while a sccond iranewlitivr of the seme typs com-

4
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Figure 2.2 Mobile Control Station, Interior
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trolled aecond weasal on 162.480, 162,600, or 162,720 mcs. The
additional $wo frequencies on each transmitter could be switched 1in
immediately for operaiion of the aprropriately tuned weasasl if re-
quired.

Each control transmitter contained means for modulating
i1t3 carrier in such a way that tweniy-eight different pailrs of audio
tones could be trapsmitted thus activating twenty-eight relay con-
trolled functions in the weassl., The transmi tted funciions were pro=-
duced by vressing controls on thrse separate consoles. One console
coutrolled the Master System Control functlion as well as the eight
vehicular functions listed in 2,3.1.

The second conscle controlled the TV equipment in the
weaze]l using the following fouriesen functlons:

(1) ©Or {8) Contrast Retard

(2) off (9) Iris Open

(3) Camera Right {(10) Iris Close

(4) Camera Left (11) Bean Control Advance
(5) Carara Up {12) Beam Control Betard
(6) Camera Down {13) Target Focus Advance

(7) Contrast Advance (14) Target Focus Retard.

The third console provided controls for operating shallow
samplers, sarth corers, and also caused the remote weasel to send back
sither sangine spesd informaition by means of a microphone in the engine
coupartment or gama radiation rate data from a specially designed
radiation probe on the front of sach weagsel, A loudsoeaker for moni-
toring engine speed and an Eaterline Angus recorder for recording the
gamms rate were provided. A duplicate set of three consoles was
available for tower top operation. Antennas for these firansmitters
were skirt type of vertical difle antennas located at the top of the
24 £t, towsr, The maximun opera%ing range was estimated %o be ten
miles.

The control station was also equivped with a rack of re-
celvers. Two of these recelved gemma rate data or englne nolse, as
deaired, from the correavcnding two weasels, while the third acted as
an immediately avallable spare in case of failure. The first receiver
could be swlitched to 172,120, 172,240, or 172,360 mcs., the frequencies
used by one group of wasel trensmitters, The second receiver could be
swltched to 172,480, 172,600, or 172.720 mes,, the freguencles used by
ths second group of weasels. The third recelver could be preset to any
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of the above frequencies. Antennae were skirt type vertical dipoles
located just above the transmitting antennae on the tower described
above,

2a2.2 Television Hguipment

The mobile control station contained two television
receivers. OUne television receiver demonstratead the picture obtained
by the shallow sampling weasel znd the other the deep samiling weasel.
When used in conjunction with the remote vehicular control boxes, the
two television receivers nroved invaluable in safely guiding the
weagsels around various obstacles to the deslred locations, in satis-
factorily choosing good sampoling locations and in viewing the aciual
sampling operations, ~he consolesa controlling the IV equipment in the
wezgsels were mounted alongside of the appropriate UV receivers. The
two television channels used were 258-270 mcs. and 294-306 mes. with
central frequencies of 264 mes. and 300 mcs. A list of all frequencies
used appears in Table 2.1, Spare IV recelvers were avallabdble for im-
mediate use in case of failure. The mobile control station antennae
consisted of a pailr of directional three«slement vertically polarized
Yagi antennae for TV reesption from each weasel.

2.243 Power Supuly

A}l contirol station equipment o_erated from 110 voltis
AC except the .V equirment which was designed for vehicular operation
and required 24 volts DC which was »provided by AC-DC converters. A4
total of 10 EW was required for the control station. Drawers and cab-
inets were used for storage of special spares and tools.

2.3 JYeshlcular Egquinment

A1l vehicular equipment was insialled in four weasels {¥-29),
which were specially modified fgr remote control usage in {this opera-
tion. The vehicular functione as described in 2.2.1, were activated
from the mobile control station. Flzure 2.3 and Figure 2.4 show a
surface sanpling weagel and a core sampling weasel respectively.

243.1 Servo-Mechanismg

The weasels were all modified and equipped with serve-
mechanism which when remotely activated perforwed the followlng ve-
hicular operatioans:

Engine Start Throttle Hetard

Lefi Steer Clutech

Rigbt Steer Shift Lever Forward

Throttle Advance Shift Lever Reverse
8

 :?ij



TABLE 2.1
Frequency HRequlrenants

Television

Channel 1

Channel 2

258-270 mes

294306 mes

Jowars

2430 Watts RF Peak

Control: LC (balanced line)

Radio
{Control Station
to Mobile Station)

Transai tter 31

162,120

162.240
162,360

mes

mcs

mecs

Transnitter #2

162.430
162,600

162,720

ie:]

mes

mcs

Power:

50-60 Watts RF

Contm1l: Single Crystel controlled

frequenciles

RBzdie
{lipbile Station
to Contral Station)

Transmi tter #1 173,120 mes
%iTransmitter 52 173.240 mes
Trangmitter 3 173.360 mcs
Tranamitter 3 173.480 wmwes
Transmitter #5 173.600 mcs
_ Trensmitter 36 173.720 mes

Pawer:

30 Watts RF

Control: Single Cryatal controlled

Frequencies
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2432 Weagel, Radio and Television. Egﬁiument

The four weasels were equipbed With radio receivers and
tranemi ttera, and television cameras and transmiiters. The radio cdn-
trol equipment consisted of three units ooerated from the 24 volt DC
power supply of the weasel.

Unit PA® consisted of a 50 watt .crystal controlled FM
transmt ttear for transmitting gamma rate and engine speed data to the
control station and & receiver for bPringing in the tone-modulated
controlling carrier. Units “B" and "C" demodulated the vehicular,
sampling and TV control signals thereby pruducing relay operating -,
currents, These relays controlled the servo-mechanisms for vehicular
control, the motor operated potentiomeiers for TV contrel and aleo
actuated motor tum-on relays for sampling operations. Antennae for
the radio and television equipment consisted of vertical skirt type
dipoles and vertical dlpeles resectively. Fisures 2.5 and 2,6 show
the weasel's radio and IV equipment respectively.

24343 Core Sampler

The core sampler, Figure 2.7, consisied of a remotely
actuated vile driver mechznism using a 150 1b. wet ght to drive a steel
tube into the ground. The steel tube was five feet long, two inches
in dinmeter and contained aight evenly snhacad slotted openings each
four inches long apd six inches apart. A second rotatable tube,
1dentically slotted was concentrically held within the first tube,

In the operating position, the slots in the lanner tube were peripheral-
1y displacad from those in the outer tube, For sample remcval, the
slots were lined up tms exposing the contents of the steel coring
tube,

A one second duration signal from the mobile control
station initiated the coring opdgation. Simultaneocusly, a tlming motor
adjusted for a running time of fi%e minuites and the cadble drum wotor
wore activated causing the tube withdrawer to be lowered to the base
plate of the steel tube guide. Upon reaching this point a limit switch
was tripped which caused the operation of the hammer motoer. The hamuer
motor arm, rotated at aprroximately 6 rpm, effected tlhe cycle raising
and free fall of the 150 lb. hammer thereby driving the sampling tube
into the ground, When the steel tube had be.n driven to the pre-
determined four-foot depth a mlcro-switch was ectuated causing the stop-
page of the hammer motor and the starting of the operation of the cable
dman wotor which automatically withdrew the sampling tube from the
ground. Another limit switch stopped the cable drum motor when the
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steel tube had been completely withdrewn. A syring-loaded flap valve
sealed the bottom of the tube thereby comuleting the deep soil sampling
cycle. A complete achematic of the core sampling instrumentation ap-
rears in Fipure 2.8,

The five minute time limit was imposed on the pile driving
rechanism s0 that if jmpervious earth were encountered, the tube was
autonatically removed at the end of this timwe. An additional electronig
feature was the use of a remoie control function in the mobile control
station which enabled withdrawal of the sampling tube at any earlier
tine.

The sampling tube was held in place by an easily removebls
rin which, however, could not be Jarred loose by rmechanical vibrations
of the weasel, Tubes were resadily iptorchangeable enabling repeated use
of the same weasel,

2.34% Shallow Surface Sampler

The shallow surface sampling equipment, Figure 2.9,
consisted of ten identical scocps for semple collection, and a vehicu~
lar sampling selector box which cycled any individusl scoop. A scoop
selector in the mohile contrl statien autometically sslected the de-
sired scoop upon throwing the appropriately numbered switch., This
caused the transmitier to be pulsed the desired number of times which
in turn operated the proper relay in the radio equipment on the weasel,
The make and break of this relay was followed by a stopping reley in
the vehicular sampling selector box., A small DC timing motor mountad
in the vehicular sampling selector box insured a long enough time de-
lay 80 that none of the scoops night bs prematursly activated, The
time required per pulse was gpproximately two seconds so that a total
time delay of twsnty-five seconds was adequete to Insure proper cpera-
tion were the tenth scoop selected. For exarple, a time delay of only
fifteen seconds would not permit selection of the eighth, ninth or
tenth scoozs but would activat® the seventh 3c00p instead. At the emd
of the delay period the stopyiﬁz relay caused the closen scoop to atart
its cycle., The linear azctuator moter was activated causing the scoop
saumpling arm to be lowered to a height shove the ground determined by &
ricro-switch feeler attachment. The rotary ectuator on the scoop
sarpling arw then caused the scoop $¢ undergo a rotary motion resuliing
in & shallow sample collection zbout 2 inches deep at the earth's sur-
face and the sutomatic closing of 2 cover which prevented spiilage. A
ricro-switeh was then trivpred causing comyletion of the rotary motion
and reversal of the lincar actuator until the arm was returned to its
original raised position. This completed the cycle and the stopping
relay was returned to its home rosition preparatory to activation of a
different scoop.

16
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The individual scoop arw micro-zwitch feelsr attach-
ments were preset for different tyses of terzain enccunfered. For
exsrple, a very loose tyce of soil enabled setiting the samplers for s
deeper scoop. A margin of safety was furnished by an overlo relay
which caused the rotary actuator to reverse itself and recycls the sam—
plinz arm were a load of greater thua 60 lbs. encountered. This in-
sured that the rotary actuary motor was not dawanged when overloaded,
The same scoov could then be reselected at the same or anothsr location.
A comnplete circuit diagram of the vehicular sanpling box appears in
Figure 2.10. The sckheratic of the scoop selector which pulsed the
transmister in the lobile Con%trol Station appears ln Figure Z.11.

The sampling scoops were ranuzally resch at the front of the weasel

premmratory to additional use,

2345 Radiologlcel Telemetering

Radioclogical telemetering equibpment was ussd primarily
to transmit gawmma rate data to the mobile control statlon from points
at which earth sarples were taken, This equipment consisted of a high
level probe connected to a radiologicel fteleretering unit containing a
phase shift oscillator as shown in Figure Z.12, Thie eqipment, em-
ployed for the underground shot, covered & ganma rate logarithmic range
from 5 milliroentgens per hour to 5,000 roentgens per hour, The logarith-
mic output of the high level probe modulated a phase shift audio oscil-
lator varying its frequency a8 the genra rate changed. The phase shift
oscilletor had a high imredance output which modulated the radio trans-
mitter., An Esterline Angus recorder was used in conjunction with an
goplifier in the mobile controcl station 0 record the gamma rate.

In addition to the above-mentioned telemetering unit,

a modified AN/FOR-T1B, with a maxirun range of 500 roentgens/hour,
was employed for the surface shot.

2.4 AUXILIARY EUIFENT *

2elkel Towers

Two 24-ft, towers were set up for all operations with
the exception of & 36—ft. observation tower used on the surface shot,
The towers were approximetely 1% miles apart and each about 1 mile
from ground zero. A field telephons system connected both towers with
the mobile control station. The mobile control station was at the
base of one tower at the head of the weasel access mad. In addltion

21
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to the fleld tmleprbone, this tower was further equipged with a
Battalion Comrendor’s telescore, an auxiliary set of antennme and a
control box for directing the weasels should any failure necessitate
tower top operation. The sccond tower contzirzed a field telephone
and an M 65 Battalion Comrandar's telescovs for mecurate lateral
positioning of the weasel and for adiivionzl 2id in navigating the
weaceel about various obstacles,

2.4.2 Sample Reroval Instrusmentation

A jeep equirped with a moblile transmiiter and antenna
waa used for close positloning of the weasels at the unlcading polnt,
Wooden bumpers were utilized to aid in stopping the weasel at the
proper location. A seml-portable earth-filled plywood wall, 15 ft.
long, 6 f4. high, and 1 ft. thick was available should the radiation
level from the weasels have necessitated its use. A metal mirror was
mounted to the wall for the purpose of cbserving the sample removal
operations either with or without the shield. The shellow earth
sampling scoops were placed individually in ten two-inch thick leed-
lined containers, Thess conitziners contzined plyofilm bags to aveid
sapillage of sample and consequsnt contamination of the contelners.
Samples taken from the corilng tubs were placed in small bottlas vhich
in turn wers placed in one-inck thick lead-lired containers.
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QFERATIONS
3.1 GENERAL

Four weasals were used in the tests., Two woassls were equipped
with television and surface sauplers and iwo with television and earth
corers. During saumplling operations, in most instances, the weasels
wore used in pairs; a corer and a surface sampler. These were directed
inte the 1ip and crater areaz as coon as rogsible after cach detonation,.
The television squirpment wes capable of both guiding the vehicles and
viewing the sarpling coperations,

3.2 FRE-ZEFQ TIME PHASR {SURFACE & UNLERGEOUND SEOTS)

Conveys were formsd at H-2h at a point approdimately three miles
from the surface grouna zerv and five miles from the underground zero
Dolnt, The convoye consisted of:

&, Jeep )
) Operationai and Rad-Safe personmel
b, JGBP )

¢cs Mobile Control Simtion baunling a FE-95 Power Unit

d. Shallow Sempling Weassl )
) on 2% ton trucks
e. Doep Sampling Weasel )
I+ VWeapona Carrier hanling a 275 gal. tank of gasoline

£e Weapons Corrier hauling a IE-95 Power Unit which acted as an
emsrgency repair and ap@{e Farts imck

h. Moblle Control Station hauling a PE-95 Pover Unit
1. Shallew Szmpling Weasel )

) on 23 ton trucks
Js Diep samling Weaqsl

k. Jeep ) Operationel personnel,

All equipment including wehicles mnd serplers, were checked, operated
end adjusted until H-lh, At this tize all equiprsnt was turned off
preparavory t¢ poving tovard ground zero at H f 1n.
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3.3 POST ZEIQ TIME PHAS]

-

Je3e1 Surface Steot

At h f 1m the convoy proceed2d at 15 mph towvard thas control
towar located 1 wmi upwind from gmund zero which served as ths gesnarnl
arca for the test base of operations, Tke Rad-Safe monitors checked
tha radiation levels enroute to insurs safe eniry. Upon reaching tha
control tower, the moblle control stations were rapidly set up at its
base at the head of ths weasel accesz road and 211 equipraInt activated,
The control station contained all required tronscltiing and raceiving
equipmant for remotsely controllipz the wezzels and their inatrursnto-
tion. The weazels ware driven off the trucks at a pearby unlcading
ramp and driven maspuselly the ashort distzuced to ths bead of the wesmpel
access road., Final checks were then made on the radio, TV and eamp-
ling equipment. A Bad-3afe monltor then accompanied an obsserver to ths
second tower, At approximtely H ¥ 1l hr. a surface paumpling woasel
followed at & distence of 100 feet by a core sampling weapael, started
down the mlle road leadinz directly to the 1lip and crater area. A craw
of four ¥in the mobile conirol station was responzidle for dlrectiing ths
weasels to the 1ip area whers shallow and cers samples wera teken.
There wers two weasel operators, one TV control oparator and ons oper—
atione coordinator who directed ths recote activitize, mintained tel-
ephone contact with both towers and also condvctod the sampling opar-
ations. Uponreturnlng to the sauple unloading site at E # 3 hr, wmon-
itoring the weasels demonsirated that use of the earth shield was un-
neceasary Inssmich as the rediation level at one foot from the weasel
was approximately 3 r/hr for tkhe shallow semplsr and 15 r/hr for the
corer. The unloading operation expossd two mesn for approxinately crne
minute each to a sm=ller field sincs long handling tongs ware used,

The individual scoops wore removed by pulling tlas sppropriate pin on
each arm and a long palr of tongs was used to plage each scoop in
separate lead contalnera. A bhooked tool, was nsed to pull the pin on
the corlng tube and tw men, gach with a pair of tonzs, placed ths
corlng tube into a lead cradly where small manples were talsmn, placed
in small bottles and than in 1-in. thick leasd-linzd containers, Within
ten minutes of the weassl's arrival at the unlcading point, all the
gamples in lead-lined contalners, were ready for immadlate dellvery to
thwe alte laboratoriss,.

At B 4 4h the second pair of weaaels started for the 1lip
and crater arss., operations belns corducted i1n a similar maner to ths
firet run, This tios shallow earth sazples were taken 1n the crater.

At about E f 6 h both weasels were back at the sample unloading site al-
though trouble had besn encountered with the corer as discussed in 5.1.1,
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For the surface shot, a modified AN/FDR-T13 having a max-
imim range of 500 r/hr wag used to telemeter rate data back to the
mobile control station., The recording equipment went off scale in the
crater areas indicating that the rates exceeded 3500 r/hr., However a
good deal of interference was present and readings were considered un-
reliable, This suggested use of a highsr range instrument on future
shots., During all of these activiiies constant comrmnication with tha
observation tower helped locate and ransuver the weasels,

3e3e2 Undorgrournd Shot

The convoy wes forred and a base or operations set up in a
manner similar to that for the Surfzce Shot. On the first ran, in order
to expedite shallow sample recovery, & single shallow sampling wesasel
was directed to the lip. The radiologlcal data, telemetered to the mo-
bile control station appear in Table 4,2, At H { 2 h 10 m the samples
in lead containers, were delivered to the site laboratoriea, A pair
of woagels was then directed to the lip =nd crater area for ths seccond
run. In order to cbtain some data as to the dAlstridution of groand
contamination in the 1ip and crater area, a pattern of shallow samples
was followed on the third and fipnal rum at avout H f 25 h. Ten sampling
scoops were activated at approxtirately 530-ft,., intervals along the up-
wind side of the lip.
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TES: RESTLIS

A tabuvlation of the principle results aobiained with the sampling

equipment appears in Table 4,1,

runs made on the tw shots of Operation JANGLE,

TABLE 4.1

Sampling Operations

The results incluvde the total of five

RPun | Aporwoxz.Time of | No. of Skallow Depth of
Shot No, {Samnle Unloading Saanles Core Taken{ Location
Surface 1 E43nh 8 18 in, At the lip
2 Ef{énh 5 —(a) Inside edge}
of crater
lip
Underground] 1 Hf{2h 7 _{b) At the 1lip
2 Hf{l ha __(a) 18 in. At the 1ip
=
3 E£27h 7 _(v) Pattern
about the
1ip

(a} Equipment failure described in 5.l

(b) Deep s0il samsler not used during this run.

4,2

LOGI STICS

Parsonnel, material, and time requirements were aptly snticlpated
as witnessed by the close conformence of operational tests with pre-—
This was true in both pre-test and test perlods,

dicted schedules,

Varlous obstacles were encountered as might be expscted with a project
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of this scope, but these were all overcore in such a manner as to offar
minlmm impediment to oreraticonal smoothness,.

h,3 INSTRUMENTATION

4.3.1  Radlo and IV Equiprent
O¢czsional fatlure of componentis, particularly relays in
the moblle radie receivers, necessitated clearing of contacts and in-
gartion of spare unitg so as not to Interfere wiith operational schednles,
The radio and IV equliment then rerforrmed their intended functions. The
twenty-eight remote functions croved sdequats in conducting all opsra-
tional plans. The IV equipment proved azdequate in gulding the weasels
in and about the lip and c¢reter area, The rexotely controlled weasels
ware more easlly directed and raneuvered using the TV equiprent than
was possible without TV from the tower top. This proved especially
true at lncreasing distances from the coatrol towers

4,3.2 Szmpling Eculpment

Ag shown in Table 4,1 both shallow and deep samples were
obtained on each shot zlthcocugbh not with the maxirsum vossible capacity.
The irregulari sy of the terrain about the 1lip resulted in several of
the shallow sarmplers not obtaining a sample although run through a cycle.
The reasons for the variocus faflures encountered are discussed in 5.,1.1
and 5.1.2., The results, obtained with the system of ssmplers used,
were good al though certainly not the ultimate system to be desired. It
did, however, successfully achteve for the first time, the early collec-
tlon of shallow aad deep samples from a highly contamirated area.

544343 HRadiologdcal Telemetering

4 tabulation of results obtzined with the radiolegical
telemstering equipment on cach o the two shots appears in Teble 4.2.
A discussion of the reliability of these results aprnears in 5.1 and

S5e24 '

ho3.4% Haagels

The weasels operated satisfactorily proving edoquate in
reaching the desired polnts 2nd capable of providing the required power
for all electironic and mechanical equipment. The system of changing
gears wap gomewhnat slow and experience in operation was required to
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TABLE 4.2

Radiolo=ical Jelerstered Rate Data

" Distance fm Max, Bate
Shot Time Rate Ground Zerc {a) Measurable
_ e boxfhe | omi. r/hr
Surface | H4 1 b 50 m | 500 (In 1ip area) 500
n H42h10 m | %500 n o
" HiZhihm 120 vl u
® Ef42n35nn 110 o2 "
n Hf{zZhns8m 83 o3 n
Underground! H £ 57 m 6 o5 5,000
" E4# 59 10 n n
" Hf{lb5m 700 .2 n
n Ef1h7nmn [>5,000 (In 1lip arsa) n
" H4£1h20m{ 3,000 (In 1ip area) L
" Hf{1h22m {55,000 (In 1lip area) n

(a) Distance 13 glven on the upwind gide in a direction aprroflimately
165° from true norib.
&,
avoid unnecescary grinding of geﬁ?s. Actually, ths top soeed of the
various weasels differed scmewhat and a higher sveed could have besn
beneficially tolerated wlthout conmsequent reduction in wehicular control.

The maneuverability of the weasels, utilizing IV equip-
ment proved adequate 1ln observing the various sarpling operations, in
turning around in confined areas and in avelding varicus obstacles.

The sampling weasels were sufficlently maneunverable to

climb over the 1lip into the crater edge on the sirface shot to take
parmples at the edge just within the crater lip area. Previously,
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performance tests had beer made over obstacle courses at the Aberdeen
Proving Grounds, Msryland, to insure iis capabilities over rough and
difficult terrain conditiona. These samplers were alsoc designed for
poelitlioning at various levels above ground for operation over different
conditions of terrain.

o
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CHAPTER 5

DISCUSSION, CONCLUSIONS AND RECOMIENDATIONS

S5¢1  DISCUSSION

5-1.1 Surface Shot

For the surface shot, there was no get pattern followsd
for taking samples due to the presencs of various obstacles such as
stesl spvikes at various stations, foxheles and velcles distributed
about the crater ar=aa. The weasels were direcied straight to the lip
dnring the first run at which point eight shallow samples and one core
sample wers obtained. Due to the irregsularity of terrain at the
shallow sampling point, devpression bepeath a sampling arm would re-
sult in mssing a sample although the micro-switch feeler attachmont
18 properly set. Dhue to a layer of calichs beneath the surface, the
depth of a core sarvle obtainable was limited to spproximately 1% ft,
During the second run five shallow gamples were taken at the 1nside
edge of the crater lip. Additionszl samples were not obtained because
of the weskened signal received with the weasel on the ingide edge of
the crater 1lin. Using the radio transmitting entennae atop the tower
enabled the weasel to be backed out of thls position but no further
ghallow samvles were taken, During this phase of the coperation the
pile driving mechonism on the coring weasel was rendered inoperative
dne to a kink in the hammsr cable which caused the cable to wrap
around the hammer arm thereby 1ea§§ng to fallure of the coring equip-
ment,

The radicloglical telemetering equipwent used incorporated
a modified AN/FDR-T1B with a mximmm range of 500 r/hr. This range
was lnadequate 1n obtaining readings in the lip and crater zre= inas-
mxch as the equipment went off scale indicating rates inm sxcess of 500
r/hr. In addition readings obtained were considered unreliable dus to
arxceasive drift and rf interference, The need for an itmproved probe
on subsequent shots was theraedy indicated.

An anslysis of all dats obtained from the samples collec-
ted arpears in the Pro ject 2.6 final report.
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56ls2 Undoargrournd Shot

For the underground shot, & single shallow sampling
weasel was direcied to the lip from which point seven samples were
obtained and the weasel directed back to the sample unloading reint.
This minimized the sample recovery time which was of particular in-
tereat since informition wae deslired om decay of the samsles of resid-
nal contamination at the earliest possible time., A% H £ 2 h 10 m the
gamples, in lead containers, were ready for delivery to the site
labtoratories. In order to winimlze the samile recovery time it was
necesegary to avoid the delay and danger of breakdown involved in stop-
ping the weasels (changing gears, checking, etec.) therefore, no readinga
ware teken after their exit from the 1lip area. During the second run
the shallow samplers could not be actuated becanse of an lnoperative re-
lay in the radlio receiver on ths weasel. Due to the flmely pulverized
and dry texture of the earth at the 1lip, although the coring tube was
rapldly driven 4 ft. down, upon extraction of the tube only 1% ft. of
core sample romained. In order to obtain some data as %o the distribu-
tlon of ground contamination in the 1ip and crater area, a mattern of
ghallow sanples was followed on the third and final run. Ten sampling
scoopd were activated at aprrodmiely fifty-foot intervals along tha
upwind side of the lip and the weasel returned with ssven shallow
sarrles, including 2 sizeable rock which was consldered valuable for
obtaining data on neutron-induced activities,

Durling the test overations for this shot a different probe
Wl th a logarithmc scale going to 5,000 r/hr was vsed., Readings obtained
at low level radiation Loints indicated quantitative agreement with other
Instrumants, However, radiation rates in the lip and crater area sx-
ceeded 5,000 r/hr so that no absolute reading wes obtained. Three film
badges placed con the weasel making the first run receilved a teotal
dosage of 1925 r which indicates,a radiation rate in the order of 5,000
r/br at the time the telemetering equipment indicated a reading in ex-
ceas of 5,000 r/hr. An analysis of all data obtained from the semples
collected aprears in the Project 2.6c final report.

501-3 Instmmentation

The telemster and the film bhadges on each of the weasels
ware located spproximately three feet sbove the ground to offer mininum
shield ng conditions and to absord the least smount of scattered radia-

tion from the weasel.

The rdnlimm reliability figure of the rales at the crater
falls within_ﬁ_zoﬁ of the true rates, with each estimste mving the same
dogree of rellability. |
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%.2  CONCLUSIONS

The main objeciives of the project were successfully attained.
The methed of using television-g:iided, remtel y-controlled weasels to
perform and view samcling operziions in a highly contaudnated ares as
well as to telemeter radiation rate data has proved to be practical,
Additlonal development ani improvement is required on all instrumeniar
tion. These new techniques utilized enabled rapid acquirerent of both
radlological rate informmtion and sanples for early analysis. From
experience gained during Cperation JANGIE varicus improvemsnts in the
current equiprent can be made. If was concluded that shislds wuld ned
e necessary for samnle rerpval for nominal sized surface or underground
atoric detonatlons.

53 RECOM:ENDATIONS

Utilizing experience gained durinz Operation JANGLE various
recommendations 28 fo improvement of equinment and onerations are made.
It would be desirable to conduct 2 test without the presence ¢f the
various obstacles encountered in the libp area suchk that it would be
rossible to teke a full pattern of sanples. This would yield consider-
able data -on the distribution of ground contarination, ZRadiologlcal
information should be telemetered at freguent intervals or be con-
tinususly recording to afford a correlation betwsen rate and sampling
data. This rate data could be recorded bty means of instrurentation on
the weasel, as a funciion of tire and location and then later recoversd.
A probe cavable of operating up to rates considerably higher than 5,000
r/hr is also desireble.

Various refinements and improvements in the instrumentation are
reco mmended for consideration in the light of experience gained. The
rexote functlen coatmwl relays in, the radio receivers which were not
designed for field use and cansed pecantonal erratlc recelver response
should be replaced by rugged herms tlcally sealed snap relays. The shal-
low sampling scood selecior should be redesi gned for more uniform tims
intervals beiwsen pulses. The television system should incorporate
larger receivers ag well as improved TV camera shock mountas to reduce
vibration.

Certain features of the shallow sampling equigment should be im—
proved. The overload relay operation chould be more certain and design
changes should insure a sample collection although a depression may ex-
ist directly beneath the shallow sampling scoop arm. More sxtensive
chanses on the deep sarth sampler are indicated to insure that when the
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coring tube 18 driven down to its full depth, a representatlve sample
ig obtalnad upon tube wilithirawal. A mors repld system less suscaep-
tible to fallure than the hammer-driven pile should be contemplated,
Also, depth gage feelers should be modified to prevent entanglement
or damage in rough terrain.

Changes should be made on the weasel itself, Recomsendation is
made trkat an antomatic transmlssion be incorporated rreviding a wider
smooth vartatlion ¢f speeds, This will insure more rapid operation and
will eliminate the poselbdility of fallure of the clutch gear shifting
motor. A change in the electrical system will improve the TV transg-
mission characterigtics and avold batiery discharge thersby elimina-
ting the necessity for racing the wezsel engine while performing
stationary functions.

It is congidered that a Yweasel™ incorvorating the foregoling

recomnmendations will be capable of performing rany required samsling
operations over difficult terrain on future weanons tests.
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