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FOREWORD

Classified material has been removed in order to make the information
available on an unclassified, open publication basis, to any interested
parties. The affort to declaasify 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 scme 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 either currently classified as
Restricted Data or PFormerly Restricted Data under the provisions of the Atomic
Bnergy Act of 1954 (as amendsd), or is National Security Information, or has
been determined to be critical military information which could reveal system
or equipment vulnerabilities and is, therefore, not appropriate for open

publication.

The Defense Nuclear Agency {DNA) believes that though all classified
material has been deleted, the report accurately portrays the contents of the
original. DNA also believes that the deleted material is of little or no
significance to studies into the amounts, or types, of radiation received by
any individuals during the atmospheric nuclear test program.
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ABSTRACT '

The geaeral objective was to estimate, frim analytical data oa cloud samples, the relative dis-
tribuiioh of cedtain radioauclides between the local and woridwide fallovt formed by megaton-
range detonsations oa land and wator surfaces, with particular smphasis on the distribution of
Sr® and Cs%' between local and worldwide fallout.

It was planned to achieve these objectives by radiochemical analyses and particle sige meas-
urements on the {ollowing types of samples: (1) particles and radioactive gases present In lie
upper portions of the clouds to be collectsd by high-flying aircraft, (2) particulate matter in the
clouds to be collected along nearly vertical flight paths, at several different distances from the
cloud axis, by rocket-propelled sampling devices, and (3) fallout to be collected at 2a altitude
of 1,000 fest by low-flying aircratt.

The project participated in 2 1.31-Mt shot (Koa) fired over a coral island, a: ‘shot
(Walaut) fired from a barge in deep water, and a 9-Mt shot {Oak) fired over a coral reef in shal-
low water. The aircralt sampling program was generally successful, and falrly complete sets
of both cloud and fallout samples were collected on sach shot. The rockst program was unsuc-
cesaful because of a variety of equipment malfunctions.

The gas samples were analyzed for radioactive krypton, and the cloud and fallout samples
were each analyzed for Sr¥, Cs'', and several other nuclides to give information oa fractlona-
tion. Fall rate and size distribution measuremonts were made on the particle samples from the
land-surface shot. The combined analytical data was used to estimate the distribution of Sc™
and Cs'*' between the local and long-range fallout,

There are no resuits to be reported on the spatlal distribution of radicactivity in the clouds,
because this part of the preject was depsndent on the rockst samples.

The results from Shot Koa indicate that, if the cloud layers sampled were repregentative of w0
their respective clouds, about one-fifth of the Sr™ and about two-thirds of the Cs%' produced oy
were dispersed over distances greater than 4,000 miles. Corresponding fractioas for Walnut '*::‘-:
were about one-third for each of the two nuclides. For Oak, the fractions were about one-third :x:."l
and one-half, respectively. Radlonuclide fractionation was pronounced in Kos and Ouk, .., “.f_:f",

the radlonuciide composition in the clouds varied with altitude. The local fallout was depleted,
and the upper portions of the cloud were eariched in both Sr™ and Cs'¥', Fractionation was
much less evident in Walnut, the water-surface shot. c
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FOREWORD

This report presants the final results of one of the projecta participating in the military-effect
programs of Oparation Hardtack. Overall Information about this and the other military-effect
projects can be obtained irom ITR-1660, the “Summary Report of the Commander, Task Unit
3.” This technlcal summary includes: (1) tables listing each detonation with its yield, type,
environment, meteorological conditions, etc.; (2) maps showing shot locations; (3) discussions
of results by programs; (4) summaries of objectives, procedures, results, etc., for all proj-
ects; and (5) a listing of project reports for the military-effect programs.
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In the formulation of this project, several distinct parta were established: rocket fallout samp-
ling, aircraft fallout sampling and sample analysis, data interpretation, and report preparatlon.
Responsibility for the conduct of rocket sampling was assigned to the University of California
Radization Laboratory (UCRL); responsibility for the conduct of the aircrait sampling was as-
signed to the Los Alamos Scientific Laboratory (LASL); and responsibility for the conduct of
sample analysis, report writing, and so forth, was assigned to the U.S. Naval Radlological
Defense Laboratory (NRDL).

The Project Officer was supplied from the NRDL technical staff. H.F. Plank, as technical
adviser to the project officer, was responsibie for the conduct of the LASL portion; E.H. Fleming
acted in a similar capacity for the UCRL portion; and N.E. Ballou and T. Triffet were respon-
sible for the NRDL portion.

The authors acknowledge the vital contributions made to the project, in both the field and the
laboratory, by members of the laboratories. The indlviduals included: G. Cowan, P. Guthals,
and H. Plank, of LASL; R. Batzel, E. Fleming, R. Goeckerman, F. Momyer, W. Nervik, P.
Stevenson, and K. Street of UCRL; and J. Abrizm, N. Ballou, C. Carnahan, E. Freiling,
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M.G. Lal, D. Love, J. Mackin, M. Nuckolls, J. O’Connor, D. Sam, E. Scadden, F. Schuert, %ﬁa
P. Strom, E.R. Tompkins, T. Triffet, H. Weiss, L. Werner and P. Zigman of NRDL. N
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Shot Koa: Samples 977, coarse, and 977, flag---occccs-ossconosss
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INTRODUCTION

1.1 CBJECTIVES * )

The general objective was to estimate, {rom analytical data on cloud samples, the relative
distribution of certain radionuclides between the local and worldwide fallout formed by megaton-
range detonations or land and water surfaces, with particular emphasis on the distribution of
Sr™ and Cs'¥" between local and worldwide fallout.

Specific objectives were to: (1) obtain airbosne particle and gas samples by rocket and air-
craft sampling techniques, (2) determine the distribution of radionuclides betwsen two groups
of particles that differed from one another in their falling rates in air and that could be consid-
eved representative of local and worldwide fallout, (3) attempt to determine an early time distri-
bution of radionuclides and particles between the upper and lower halves of the cloud and radially
outward from the cloud axis, and (4) estimate the extent of separation of fallout from gaseous
fission products by fission determinations on gas and particle samples collected coincidentally
near the top of the cloud at various times [ollowing the shots. )

1.2 BACKGROUND AND THEORY

Data on the geographical distribution of fallout is particularly needed to assess the global
hazards associated with the testing of nuclear devices, but the information is also important
for an appraisal of the effects of nuclear weapons used in warfare.

It has been recognized since the earliest weapon tests that a substantial portioa cf the radio~
nuclides formed in a auclear detonation are deposited throughout the world, thereby becoming
available for general biological assimilation. The total failout is usually considered as being
divided into two classes, designated as local and worldwide fallout. In a general way, local
fallout is thought of as consisting of relatively large particles, which reach the earth’s surface
in a few hours, whereas worldwide f2llout is composed of finely divided material, which may
remain suspended in the atmosphere for months or years and he deposited at long distances
from the source. A more precise differentiation is needed for specific situations—one of the
most important considerations being the location of the detonation site in relation to world cen-
ters of population. For explosions at the Eniwetok Proving Ground (EPG), the boundary between
the two classes has been chosen at a particle {ulling velocity of 3 inches per second; material

settling out more slowly than this is likely to be transported beyond the ocean areas and deposit-

ed in inhabited regions, IUf it attains an altitude of 100,000 feet.

The ratio of local to worldwide failout {s also governed by the height attained by the auclear
cloud and the size diztribution of the particles in the nuclear cloud, which act as collectors for
the radioactive fission-product atoms. I many large particles with fast falling rates are pres-
ent, as is the case for underground or surface shots where the fireball contacts the ground, the
local fallout will be large. Local fallout can be expected to decreaise as the detonation height in-
creases and to become a negligible yuantity for an airburst high above the ground.
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Namerces cstimates of loeal fzllout have bosa propared fom provises cporations, malnly
from analysea of radistica irtensity data obtained In eorial and gurface moniloring curveys.
However, the uncertaintics {n convorting from doue rate measurements to flzsica products de-
posited por unit area are so great that ths results cannst b regarded with a groat deal of con-
fidencs. ¥ore relizbla valucs are evidently noedad, and In ploaning for Cpsratica Hardtack,
the Atomic Energy Commiasion examined possihle ways of obtalning such lnformation (Raferonce
1). After coaciderztion of the difficultiss inhorent in additional refinement of surface mcasure-
ment tachniques, this arprorch was abandoned. An alternative program based oa further devel-
opment of exinting cloud-sampling procedures was formulated (Reforonce 2), and this culminated
in Project 2.8.

A knowledge of fallout partition and how it is Influanced by shot enviroament may coatribute
to reducticn in worldwide fallout during future teats and to a botter understanding of the milltary
{implications of local fallout. It will also assist in extrapolation to previously untried shot condl-
tions and ylelds.

1.2.1 Formation and Nature of Fallcut Particles. When a surface burst 13 detonated, great
quantities of the adjacent envircament are swept up and mixsd with the incandsescent alr In the
fireball, There is sufficiant thermal ennrgy in the hot gas to completely vaporize all the material
In the lImmediate vicinity, but the flow of heat Into a massive object, such as a shot tower, shield, '
or coral rock, will be comparatively slow even with a high temperature gradient. Consequently,
the interior portious of large structures {n the naighborhood may not recsive enough heat to
evaporate and will be melted only. Later, when the fireball hag risen above the surface, the
material carried luto it by the vertical air currents around ground zsro will not be heated to the
melting point. As a result, the flreball in ita later stages will contain the environmental com-
ponents as a mixture of solid particles, molten drops, and vapor. The extraneous material in
the Pacific shots will consist of coral and ocean water salts plus the components of the device,
shield, and tower or barge.

The preponderance of oxygen and of the envlronmental material in the {ireball is of cutstand-

Ing tmportance in the formation of the fallout particles. As the hot air cools through the range
3,500° to 1,000° K, it becomes saturated with respect to the vaporized constituents. and they con-
dense out as an aggregate of liquid drops (Reference 3), most of which ars very small (References
4 and 5). These are mixed with the larger drops formed by melting the environmental material
and with the solld particles.

The radionuclide atoms present will collide 1requently with oxygen atoms or molecules and,
because the majority of them are electron donors, metallic oxide molecules will be formed,
which become thermodynamically stable as the temperature falls. The oxide molecules, or
free radlonuclide atoms, also have frequent colllsions with the liquid drops of environmental
material (silica, alumina, iron oxide or calcium oxide), and these collisions may be inelastic,
because In some cases the incoming molecules will be held by strong attractive forces. The
radloactive oxide molecules that condense at the liquid surface will spread into the interior of
the drops and become more or less uniformly distributad throughout. Later, after the liguid
drope have frozen, the incoming radionuclide molecules may be held by surface forces. Be-
cause of the very low concentrations of the radionuclide oxide molecules, collisions with one
another will be relatively infrequent, and it appears that the aggregation of enough molecules
of this type to form a drop or crystal will be a rare event, if It occurs at all.

Another way in which the radionuclide molecules may become associated with the environ-
mental material is by participation in the structure of the cluster embryos, which are the pre- y
cursors of the liquid drops (References 4 and 6). /

The isobaric radionuclide chains formed in the explosion are known to be distributed on a /
mass scale ln a way generally similar to the products of asymmetric fission of U™ by thermal
neutrons, but with some important differences. The experimental yield curve for slow neutron /
fission has a broad minimum for mass numbers approximately half that of the original nucleus

and maxima on either side at mass numbers in the neighborhood of 95 and 139 (Reference 7), S
Comparing the chain yields for megaton-~range detonationa with this curve, it {8 noted that there \\
-
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1s 2 small drop ia the pezk ylolds accompanted by an increaze in the cymmetric fleston probabil. SN
ity. The same nuciide distribution might b3 expactod in the fallout material, and this is found :
to be roughly true under certain conditions. In other cases, the elements formed initially puriial-
ly separate with respect to one another 80 that sampies of fallout may differ in composition 2
mong themselves and aiso from tha distribution curve characteristic for the event,

Fractionation (s & term that has been applied to this phenomenon. D 12 used to signify an
alteratioa in nuclide composition of some portion of the debris that renders it nonrepresentative . .
of the progucts as & whole. Tie R-values, which are commeonly used for reporting radiocasmical
data oa cloud aad fallout samples, are useful indices of fractioantion. The R-valus for any nu~
clide is deflned as the ratio of the number of atoms of this auclida to the number of atoms of 2
reference substance (usually Mo®™) in the sample divided by the same ratio for the products of
thermal neutron fiseion of U, Atoms that do not separate from the reference substancs have
R-values appropriate for the type of detonation, while enrichment or dapistion are manifested

* by positive or negative deviations from the characteristic valus.

Knowledge of the causes and mechanism of fractionation is still largely incomplete at the
present time. Ca2 effect that seems to be indicated by the available data may occur in the iso-
baric chains near mass numbers 90-and 140, which contaln rare gas nuclides as prominent chaln
members. Because of their half-lives and independent fission ylelds, they comprise a consider-
abie fraction of the total chain yield during the period when the environmental material i# con-
densing. I the rare gas atoms that collide with the liquid drops of environmental material are
not held by strong forces, as appears probable, the particles formed at this stage will be de-
pleted in the nuclide chains in question. : .

A variety cf types of particles have been cbserved In the local fallout at previous test series
(References 8 through 13). For land surface shots in the Pacific they have been mainly of three
kinds: {rregular grains, spherical sblids, and fragile agglomerated flakes. The grains were not,
in general, uniform throughout but consisted of layers or shells of calcium oxide, calcium hy-
droxide, and calclum carbonate formed by the decarbonation, hydration, and recarbonation proc-
esses going on in the fireball and subsequently. The majority of them were whitas or transpareat,
but some were yellow or brown. Many of the flaky aggregates were observed to disintegrate
spontaneously into smaller particles within a few hours after collection. In addition to these
primary types, a fourth kind was noted consisting of small hlack spheres of calcium iron oxide
(2Ca0-Fe,0y). These were usually observed adhering to the surfaces of the large grains but
occasionally were found isolated (Reference 12).

For detonations over ocean surfaces, the fallout collected consisted of droplets of salt slurry
50 to 300 microns in diameter. These contained about 80-parcent salt, 18-percdent water and
2-percent insoluble solids by volume. The major part of the radloactivity was found in the in-

- soluble solids portion. The fallout deposited at more distant polnts has not been as weil charac-
terized but is believed to be composed of minute spheres formed by condensation of the environ-
mental material from the vapor plus a very fine, unfused dust swept up into the cloud from the
area around the shot point (Reference 14).

The availabtlity of the radioactivity in the fallout for assimilation into the biosphere depends
to a large extent on its solubility in aquecus or slightly actd media. Determination of the soluble
fraction is therefore an important problem, and solubility studies have been reported on fallout
from several of the shots during Operations Castle and Redwing. For Castle fallout, it was
found that the soluble fraction was strongly dependent on the detonation environment, being a-
round 0.05 for land shots and 0.58 to 0./3 for shots {ired from a barge (Reference 15). The
solubility in seawater of the fallout from the reef shot (Tewa) during Operation Redwing was
investigated in two ways: by leaching of particles placed on top of a glass wool column and by
centrifuging a suspension of the fallout material (Ruierence 13). The soluble fractions found by
these two methods were 0.08 and 0.18, respectively. An ultrafiltration method was used for
determining the solubility of fallout {rom the land shot (Zuni). About 25 percent of the total
gamma activity and Np®? were soluble in seawater, and 3 percent of the total gamma activity
was soluble in rainwater.
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Rocent lavestigotions (Rafsrencs 10) bave chown that biolegical avallability s analosous to
solubility tn 1 X ECl. mbmlwmmmwa-momm u%mrwmwlub!a In lNHCl. i -
dspendant of shot envircamont.

1.2.3 Cloud Daveloomaent. During tbe lator stages of exictencs of the fircball, it is trans-
formed inio a voricx ring whose rotatiocal velocily parsists up to the maximum cloud altituds,
at least for the largar shets. Tha vortexn coatains the feslion products, eavircamental material,
and bomb compoagats that were pregent In the firchall and (s ths sits whore the radicactive fall-
out particles are mamod Tha cloud coatlaues to rise until its busyaney s reduced to zaro
by adiabatic expansion, entraining of cold air, and luea of enargy in overcoming atmospheric
drag (Referencea 17 through 19). The diamster of the ring Increasss rapidly during the ascent,
and the cloud spreads out latarally to a large area as its upward veloelty decreases. For small-
er ylelds the cloud stopa at the tropopause or below, but for megaton-range yields the top may
penetrate several thousand feet Into the stratosph@re, The time to maximum altitude is some-
what less than 10 minutes.

A knowledge of the distribution of activity and particles within the stabillzed cloud is needed
for the establishment of a rational fzllout modal; howsver, the collaction of a suitable set of
samples that could be used to determine these quantities experimenially presents a formidable
operational problem that has not yet been solved. Several distributions have beon assumed In
an effort to match the fallout patterns on the ground, but it is not known how closely these models
correspond to the actual structure of the cloud. Considering the method of formation, it might
ba anticipated that the activity would be greatest in an anchor ring centared on the axis of the
cloud. Some evidence for this structure was obtained during Operation Redwing with rockets
with telemetering lonization chambers (Reference 20).

>

1.2.3 Transport and Distribution. During the ascent of the nuclear cloud, the particles are
acted on by body forces and by the vertical currents in the rising air. Some of the large parti-
cles will be heavy encugh s0 that they will have a net downward velocity even though the cloud
as a whole is moving upward. They will contribute to the fallout in the immediate vicinity of
ground zero (Reference 21). During this time, volatile fisaion products may be fractionated
{rom less volatile flssion products by a kind of fractional distillation process within the hot
cloud.

Once the upward motion has ceased, the particles in the cloud will begin to settle out at rates
determined by their density, dimensions, and shapes and by the viscosity and density of the air
(Reference 22). The terminal velocities for amall spheres can be accurately calculated when
the dependence of the drag coefficlent on Reynold's number i8 known. Irregular or angular par-
ticles will fall more slowly than spheres of the same weight, but their velocities cannot be
estimated as well because of uncertainty in the shape factors (Reference 23). o

The particles that make up the local failout follow trajectories to the surface governed by
their fall rates and by the mean wind vector between their pcints of origin in the cloud and the
ground level. Locations can be specified by reference to 2 surface coordinate system made up
of height lines and size lines. The height lines are the loci of the points of arrival of all parti-
cles originating at given heights on the axis of the cloud. The size lines conaect the arrival
points of particles of the same size {rom different altitudes. Time and space variation of the
winds will change the magnitude and direction of the mean wind vector, and vertical motioas in
the atmosphere will alter the {failing rates of the particles. Corrections for these effects can
be made when adequate meteorological data is avallable.

The local fallout, as defined here, will ba down in 4.5 days or less, leaving aloft an aggre-
gate of particles ranging from about 25-micron diameter down to submlicron size. For small
shots the majority of this will be in the treposphere, but for megaton-range yields a large pro-
portion will be deposited in the stratosphere. Hence, in discussing worldwide fallout, it is de-
sirable to consider it as subdivided into two classes identified as tropospheric (or intermediate)
fallout and stratospheric (or delayed) fallout (Reference 24).
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The material left 1z the tropoaphore Is thought to romals 2..:: 2P to 40 daye and to clrcle the
earth 8 fow times bafors reaching ground level. It depooits :- relatively narrow bands, ceatered
on the datonation latitude, with little evidence of diffusion across the stable air barrisr located
{n the troposphere north of the equator. It is probably brought down lamly by un scavenging
effect of rainfall or other precipitation (Refereace 24).

Those particles vhtchdomunoutﬂmmmtkatlovmhﬂunmluamndodlnun
atmosphere for a prolonged period, which is frequently describod by the term “half-residence
time.” This is the time during which the amount of material 50 suspended will be dapleted by
one-hall, The halt-residence times for the atratosphere vary from 6 months to § years depend-
ing oa the latitude ahd altitude of injection. Polar shots like those of the USSR in October 1958
gave about a 8-month half-residence time. The equatorial shots simlilar to those of Hardtack,
which stabilized in the lower stratosphere, have a half-residence tire of about 1 year. Clouds
that stabilize in the higher stratosphere like those from Shot Bravo duricg Operation Castle and

' Shot Orange during Operation Hardtack may have a half-resideace time of up to 3 years. The par-

ticle size of the material in the stratosphere ls extremely small, much of it being less than 0.1
micron (Reference 25) It is distributed by the stratospheric winds in the east-west or west-east
direction, and there is also thought to be a slow circulation toward the poles. Movement into
the troposphere can take place by slow settling oz by seasonal changes ia the altituds of the
tropopause. The exchange may be most prevalent at the break in the tropopause near the middle
latitudes. Once trarafer {rom the stratosphere is completed, the material will be deposlted
relatively quickly in the same manner as Intermedlate fallout (Reference 24).

1.2.4 Procedures for the Determination of Fallout Partition. The hazards of nuclear testing
are associated primarily with woridwide fallout, inasmuch as local fallout can be controlled by
selection of the test site and the proper winds aloft so that its area of deposition will be of minor
consequence to the population of the world. However, local fatlout has regional ecological con-
sequences that are not negligible. It may spread over considerable areas of as much as a mil-
llon square miles (Reference 26). Introduction of radlonuclides, such as Sr®, into the human
environment via worldwide failout has a potential effect on the whole population, and the signif-
icance of such nuclides has been studied in great detail (Reference 27). These studles led to
the conclusion that certain radioauclide levels at the earth’s surface caa be tolerated and that
these levels can be maintained within acceptable limits by restrictions on the rate of nuclear
testing. This is based on the concept that a condition of equilibrium is reached in the strato-
sphere at which the rate of {njection of radioactive debris will be equal to the decay plus deposi-
tion rate.

The fraction of the device appearing in glooval fallout has usually been estimated indirectly by
measuring the fallout in the local area and subtracting from unity. The methods used for the
determination of local fallout have involved measurement of gamma ray field contours or repre-
sentative sampling of the material arriving at the surface of the earth (References 28 and 29).
The total amount of radloactive dabris in the fallout area may be calculated if the relation be-
tween dose rate and surface density of radloactive material is known. Similarly, samples rep-
resenting a known area of the fallout {fleld may be analyzed for amount of weapon debris, and all
such areas summed to give the total local fallout. A combination of fallout sampling and analysis
plus gamma radiation measurements has also been used (Reference 29).

These procedures are subject to a number of difficulties and uncertainties, not only with
regard to making adequate sample collections and radiation field measurements but also in data
Interpretation. The establishment of Zccurate gamma contours requires an extensive and costly
field program, because radiation intensity measurements must be made over areas up to tens
of thousands of square miles. When the fallout is deposited malnly over the surface of the
ocean, the original patterns are distorted continuously by settling of the particles and by ocean
currents. The collection of samples at the earth’s surface, which are truly representative of
the area sampled and {ree from collector bias, presents probiems that have not been fully
solved to date.
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Couversion of gamma iatzasity esotear ¢ata bo fenction of dsvico requires knowisdyo of the
relation of doae rats to fizsiozs par unit arda of tho fallout flald at 1 boar and of o groce
radioactive daocay rate. Tho docay rote varies with tha device composition, environment, sod
fractionativn In a way that 18 not well undorsteod, Soms uncsrtainty will alwags be present ia
local fallout determinations by this msihod whon fractionation exicts to an unktnown dagree,
even though all the othor quantities are known accurntoly.

Another procedure for the dstormination of fallcat partiticn was originated by the University
of Callfornia Radiatton Laboratory (UCRL) based on the supposition that cartain of the rare-gas
fiasion products remain throughout thetr lifotimes as free atoms unattachked to surfacos (Relsr-
ence 29). If this is true, they will not bs removsd from the cloud by the falling particles and
may be considered 2s repressntative of tho number of fissions remalning aledt for long poriods.

In the application of this method, coincident samples of gas and particlss are taken by an
isokinetic collector during the first few hours of existance of the clouds. The auclear agrosol
is sucked through a fllter to remove the suspended material and the particle-free gas i3 then
pumped into a storage bottle. The number of {isalons in the two samples 15 dotermined by
analyzing the gas for 2.8-hour Kr* and the solid for a representative nuclide such as Xo™,

The ratlo of sample fissions calculated from a bound auclide to those from an unattached
rara-gas nucllde will give the fractlon of the reference substance that is in the campled porticn
of the cloud at the time of sampling. At a very early time, i no separation of gas and particles
occurs, thls ratio should be 1. Later it would be expacted to decroase as tha falling particles
remove the bound fission products. Hence, if the early ratio !s 1, the fraction of the material
ln worldwide fallout may be determined if the time 18 known at which pearticles baving a falling
velocity of 3 in/sac leave the sampling reglon, or if the ratio approaches a constant with time.

1.2.3 Prior Estimates of Local Fallout. Determinations of iocal {allout have been made at

virtually all the nuclear teats conducted by the United States. Estirmtes of the fraction of the

radloactivity deposited locally have been made for Operations Jaagle (References 17, 24, 28,
30, and 31), Tumbler-Snapper (References 17 and 30), Upakot-Knothole (References 17 and 30),
Castle (References 32 through 36), Wigwam (Reference 37), Teapot (Reference 38), and Red-
wing (References 24 and 39). A summary of fraction of radicactivity deposited, computed from
gamma contours and/or area sampling, covered a range from 0.2 to 0.6 (Referencas 28 and
29). Reexamination of the preliminary Redwing data (Reference 40) gave higher figures in the
range 0.65 to 0.70 for barge (water-surface) shots and up to 0.88 for land-surface shots.

Results by the UCRL cloud-sampling method are also available {rom Cparation Redwing
(Reference 29) for the ground shots, Lacrosse, Mohawk, Zuni, and Tewa (part land, part
water); for the water-surface shots, Huron and Navajo; and the high-altitude airburst, Shot
Cherokee. In the first three eventa the ratio of solid-to-gas fissions was as low as 0.04.

Values for Tewa were not much less than 1, but this was probably due to the low sampling
altitudes relative to cloud height. The ratios for the barge shots were greater than 0.8 in all
cases, For Shot Cherckee the only sample taken from the main body of the cloud gave a ratlo
of 1. From the assumption that the ratio at early times in all cases is 1, interpretation of
these figurea in terms of fallout distribution indicates that 80 to 95 percent of the activity came
dowm locally for tha land shots, 15 to 50 percent for the water shots, and essentially none for
the high-altitude airburst,

On $ to 7 March 1957, a symposium was held at The RAND Corporation to summarize and
evaluate work done on fallout partition up to that time (Reference 29). The conferees concluded
that the best generalization that could be reached on the basis of the data presented was an
equal distribution of radioactivity between worldwide and local fallout for both land and water
detonations in the megaton range.

1.2.6 Worldwide Fallout. Worldwide fallout has been of great concern to persons respon-
sible for the conduct of nuclear tests because of the poasible consequences attendant upon the
global dispersal of radioactive substances (References 41 and 42). The dangers from external
irradiation are generaily believed to be of a minor nature because of the low levels of activity
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; gvolved, but the lncorporatioa of nuclides 1nto thh buman syotem through the usual biological
chaanels introduces the poesibility of long-term effscts winse ooriousasss is not casily
mmxoalmmmmmmuumm&, as defined earlisr, will seitls out in the Pacific
Ocean and bence will be of only iadirect ccacarn, Howsver, the tropospheric and stratosphoric
will come down over land areas. Careful considaration of the nuclides present in global
fallout has indicated that Sc* ig the one to be most feared because of its possible accumulation
in the humsn skeleton and subsequent loog-term irradiation of the bematopostic tlasues (Rafer-
ence 37).- Consequently, a major part of the work done on worldwide fallout has been directod
toward the estimation of Sr™. Measuremaents have been mada ‘o datermine the existing lavels
al the earth’s surface, the quantity stored in the stratosphere, and the deposition rate. Samples
of fallout have been taken from the soil and vegetation, by gummed tape and pot-typs collectors
on the ground and by air-filter samplers at the surface and in the troposphere and stratosphere
(References 8, 24, 25, and 43 through 56).

Based on this work, it was estimated that in the fall of 1958 the Sr™ levels were about 22
mc/mi? in the midwestsrn saction of the United States, 15 to 17 me/mi? for similar latitudes
elsewhers, and perhaps 3 to 4 me/mi?® for the rest of the world (References 43 and 57). The
total amount in the stratospheric reservoir, U uniformly distributad over the area of the globe,
would increase these figures by about 12 mc/mi?. The deposition rate of the stored material
was considered to be around 10 percent per annum. It was further estimated that, if these
levels were maintained for 13 years, the concentration {n the human skeleston would be about
1 percent of the maximum permissible (Referencs 27).

The quantity of radioactivity in the stratospheric ressrvolr was estimated by summation of
the contributions of all the bursts through Operation Redwing that have deposited debrls in the
stratosphere. The avallable fractioa of the device was determined by subtracting the local and
intermediate fallout {rom the total. The intermediate fallout is thought to contain 1 to § percent -
of the weapon for megaton-rangs detonations (References 17,38, and 59). Determinations of
this quantity by a worldwide network of stations for Shots Mike and King of Operation Ivy gave
a figure of 2 percent (Reference 59).

Much information on Sr™ concentrations in the stratosphers has been obtalned bythe extensive
high-aititude sampling program (HASP) of the Defense Atomic Support Agency. In addition,
other data was gathered from fiiter samples collected on high-altitude balloons. The latter
work was part of a continuing program for sampling the stratosphers aloag the 80th meridian
(References 30 through 54, and 60), .
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1.2.7 Fractionation Effects — Observations at Other Tests. The occurrence of fractionation
is manifested by differences in radiochemical composition, decay rate, or energy spectra
among various samples of fallout taken at different times or locations in the contaminated re-
gion. Cbsaervations of some degree of fractionation have been made at many different detona-
tions. As expected, {ission product nuclides such as 5r¥, Sr%, Cs¥, or Ba!*®, which have
rare-gas ancestors with half-lives of a fraction of 2 minute or longer, are {requently found
among the products that are most severely fractionated with respect to the bulk matrix ma-
terial (always a refractory substance). The location of the burst Is also an important factor.
Separation of the nuclides {rom one another appears to be most pronounced in underground or ;
surface shots (References 61 and 62), generally less for a water surface (Reference 63) and
still smaller for balloon, high tower, and air detonations (References 83 and 84). Relatively
little fractionation was found in water samples for one device detonated in deep water (Refer-
“ence 37).

During Operation Greenhouse, it was noted that the exponent of the beta decay curve in-
creased from 0.95 to 1.3 with median particle size for samples taken {rom the clouds of Shots
Dog, Easy, and Able. This indicated that the close-in particles were enriched in fast-decaying
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components with respect to the more distant fallout (Reference 83). A
—_ For surface shots during Operation Jangle, pronounced depletion of chains 89, 115, 111,
~. and 140 referred to Mo’ was cbserved in comparing long-rangs with local fallout samples, !
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Chains 144 224 09 ware oot frectionsted. £MHI moro exte: 2 nuelids ssparation was found '
for the undorground shot, mmmnMommmmmmmaemumm-
“ersace 68).

From ot € of Oporaticn Tumbler-Snnynar, the gross dscay emomnt decronged ntzm!ny
with distance up to 70 miles from grourd zero (Tisfarcnce 65).

Radlochamical data from Shot Bravo of Cperaticn Castls showed fractionation of Sr™ and Ba“'
with reapoct to Mo%, bat none for Ce' (Refsrence 65).

In the land shots, Zuni and Tewa, of Oparation Redwing, doplation of Cs'd, Sr™, and Te'¥ was
found in the cloao-ln fallout with maximum factors of 100, 13, and 7 (Reference 68). These de-
plstion factors becime smaller with {ncreasing distance from the shot point. Fractionation of
the fallout from the barge shots, Flathead and Navajo, was much lesa, and variations In abun-
dance were not greater than a factor of 2 (References 68). Analytical data on cloud samples !rom
these four events corroborated the fallout results (References 62 and 62).

Some radlochemical analyzes have been performed on particles of diffarent sizes from
certain balloon shots (Reference 64). For Shot Poltzmann of Opgration Plumbbob, both the
Srf?/Mo™ and Sr™/ Mo ratios were a factor of 2 greater in 22-micron partidles than in 137-
micron particles. Enrichment of Sr*® In smaller particles was also found In two other balloon

shots, Bood and Wilson.

1.2.8 Fractionation Effects— Relations among the R-values for Several Radionuclides.

As noted above, some scattered obsarvations on {ractionation were reported from the earller
tests, but it was not until Operation Redwing that enough data became available to investigate
the separation of various nuclides {rom one ancther in any detail. During Shot Tewa of Opsra-
tion Redwing, six particle samples were collected from different locations in the cloud and
subsequently analyzed for about 30 nuclides. From this work, relations among the R-values

for the products became apparent, which seem to be of significance for understanding the fall-
out formation proceas (Reference 67). Tha R.values for the substances studied (normalized

to give unit intercept on the axis of ordinates) were plotted against the R-value for Eu'®, and

_a series of straight lines resulted with slopes ranging from positive to negative values. Poesi-
tive slopes indicated a simultaneous enrichment of the cloud particles in europlum and the prod-
uct nuclide, whereas negative slopes showed that as the particles became richer in europium
they were more and more depleted In the product nuclide. Products having rare-gas and alkall
metal precursors had the steepest negative slopes, whereas U, Np and Pb had small negative
slopes. The more refractory oxide elements— neodymium, beryllium, zirconium, and aloblum-——
had positive slopes, and those elements such as calcium, which showed no fractionation with
respected to europium, had infinite positive slopes. The results are consistent with the view
that those products having rare-gas or alkall metal ancestors at the time of condensation will
concentrate in the smaller particles, which have a larger surface-to-volume ratio.

Similar relationships have been found for several high-yield airbursts, using Ba'‘? as the
secondary raference nuclide and Mo®® as the primary reference nuclide (the primary reference
nuclide is he substance used as reference in calculating the R-values; the secondary referencs
nuclide 18 the substance used as abscissa in the R-value plots). In this reference system, Ag'!!,
uBl, cd't, cs!™, Np¥', Y", and Sr*! had approximately unit positive slopes, whereas ZrY,
Ce’“ Putht and the rare earths had average negative slopes of 1.5. For these shots, thers
was evidence that the nuclides in the larger particles (3 to 12 u) were fractionated, but thoae
In particles smaller than 1 u were not (Reference 68).

This method of data analysis has been shown to be valid regardless of the secondary refer-
ence nuclide, the primary reference nuclide, and the reference event (Reference 6). i

i
[‘.
I
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1.3 EXPERIMENTAL PROGRAM

1.3.1 Outline of the Program. The foregoing discussion indicates that further progress in
the development of a realistic fallou? model will require an improved knowledge of the struc-
ture of nuclear clouds with respect to the vertical and radial distribution of particle size and

18 X

LR ST 2R SR s - . -
. I A AR PG IE I LN S A S . AP
\‘-‘-'-\.4




T o . : . o oy
! . o ' = ee o oo . e = ; N . T e Lo e e -’:“ ;i"t; P -

/S radioactivity within the mushroom. Quantitative data ca the activity assccisted with particles
' um.mgmuahomododbrnum&mdmmmﬂmmdhmmh-
‘ en local and worldwide fallout. Project 2.8 was established to attompt to obtaln such
\nformation from certain shots during Oparation Hardtack. [ was planced to explore the
mmuwdmmm rocksts and to use both the rocket samples and aircraft ‘
samples collected from the cloud with the UCRL colacident sampler for datermination of the
fallout Othor alrcraft {lying at 1,000 feet were schoduled to collect fallout samples
to be used for the determination of the effect of particle size on fractionation and for corrobora-
tion of-the radionuclide composition of local fallout as determined from the rockst samples,
The Influence of the enviroament on fallout partition was to be investigated by participation in
gventy over land and water surfaces. '
The basic hypothesis on which the determination of fallout partition by the measursment of
relative enrichment is based is that the increase of a volatile material with respect to a rofrac-
tory material, e.g., Kr* with respect to Mo™, occurs principally as a result of fallout of the
refractory material, L.e., the oaly force producing separation 18 gravitatioa. 1f this hypothesis
|s correct, then the Mo® 1eft in the cloud region sampled compared to the Kr®* may be inter-
preted as the fraction of refractory debris that will be distributed in worldwide fallout. This

tractioa (y) is given by

[R"(e)] |

where the subscripts E and C refer to the explosion and the cloud, respectively. hi o
1, however, other forces operate on the particles (particularly centrifugal forces that ex :
doring the initial phase of cloud rise or turbulent forces that may exist for several hours as are-
" gult of temperature inequalities), the possibility exists that separation of gasses or small parti-
cles {rom large particles may occur without requiring real fallout of refractory material. It is
also possible that separation of the more volatile products from the less volatile may occur in
that gas phase as a function of aititude in the cloud without requiring separation of large paruglu
{rom small particles or particles from permanent gassa. U these processes occur, even a la;go
enrichment of volatile material aear the top of the cloud would not necessarily be attributable |
principally to fallout.
To help determine whether these alternative processes are lmporhnt, it is considered nec-
essary to obtain very early data for R-values of relatively volatile fission products in the c!mﬂd.
If it can be established that the very early distribution is normal and then departs from the |
normal pattern at a rate consistent with the fallout interpretation, other separative forces |
might be considered unimportant, .{

. « . 1.3,2 Rocket Sampling of Clouds. Experimental determination of the distribution of activlty
within the cloud required the collection of a group of samples at different vertical distances -
along paths nearly parallel to the axis and at various radial distances. The almost-vertical
flight path requirement necessitated the use of sample collectors that were propelled by rocksts.
The rockets used by the project had a rather complex structure (Chapter 2), but from the
standpoint of particle collection their important features were the sampling head and the elec-
tronic programer. The sampling head was designed to separate the particles collected into
two groups having falllng rates corresponding to local and worldwide fallout as aiready defined.
The separation was to be attained by the action of aerodynamic forces in the sampler similar
in effect to those experienced by particles falling through the atmosphere in the gravitational

field of the earth. The function of the electronic programer was to open the head at predeter~ ry
mined positions in the flight path so that samples could be coilected {rom different portions of "‘-:
the cloud. Eb

It was pianned to fire 18 rockets on each shot at about H+ 10 minutes from launching plat- ,-:1

forms spaced at various distances from ground zero, Two rockets were to be fired along each
trajectory, one programmed to collect 2 sample from the base to the top of the debris and the

L5, W N

other to coilect from the top half of tke ¢loud only. I

’c
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pli2g tachnlua 17 (he Caiermaiiatica of davies pardition 19 that the eamplss be eollsched from
& regioa that I8 losing matorial by fallout but eot rocsivieg particles from 2ny othor eactica of
the cloud. The portices of the cloud that are sultabls for this typa of sempling are depeadunt
on the wind structure oxicting at the time of burst. For one type of structure that occurs fairly
froquently st EPG, the top and bottom parts of the cloud are blown off rapldly in differzat direc-
tions, leavizg a layer approximatoly 1 mile thick that exparicaces only light and varisble winds.
Hence this stratum, which ls located between 30,000 and €0,000 fest, will scoa be isolated from
the rest of the cloud and may remaln fairly stationary above ground zero for a day or more.
It is called the light dnd variable wind layor and 1s satizfactory for colncident sampling, be-
cause it can not receive fallout from higher cloud levels.

In cases whara the stratum is not well dsfined, sample colloctions can be mads from the
top of the cloud (provided it can be reached and followed by the sampling alrcraft) or from a
location selected to minimize the feed-In of fallout from highar altitudss.

The theory of thin technique has been discussed under Section 1.2.4, and the sampling equip-
. ment 1s described in Chapter 2. The operation plan was to fly through ths light and variable
layer at several Intervalo between H+2 and H + 24 houra with B-37D alrcraft, equipped both
with the coincident samplers and with wing tank particle collactors. The coincident samples
were 0 be analyzed for Kr** and Mo™ to determina the fallout partition (Section 1.2.4), and the -
w'ng tank samples for 10 radionuclides to investigate fractionation with particle size.

1.3.4 Alrcraft Sampling of Fallout. The fallout sampling part of the program was intended
to provide information supplementary to that obtained {rom the rocket and alrcraft cloud-
sampling experimentz, WB-50 aircraft were scheduled to fly &t an altitude of 1,000 feet and
to collect fallout at various times between H+4 and H + 24 hours along height lines that would
correspond to the cloud level (about 55,000 feet) sampled by the B-57D’s. Because the cloud
is an extended source of fallout, the term “helght-line sampling, ” as used here, signifies the
sampling of a band of matarial centered on the geometrical height line and having a bandwidth
approximately equal to the diameter of the cloud.

The wind structure described in the preceding section on the formation of the light and vari-
able layer 2lso leads to isolation of the 55,000-foot helght 1ine along the eastern periphery of
the fallout curtain. This situation is advantageous for height-line sampling, because the alr-
craft may proceed westward from a position east of the fallout area and collect the first fallout
sncountered. The samples should contain 5§5,000-foot f2llout alone, uncontaminated by ma-
terial from the reet of the cloud.

Other types of wind structure would probably not be as favorable for height-line sampling,
and the fallout collected ilkely would contain particles originating from different levels in the
cloud.

Outward from ground zero along a helght line, the particle size of the fallout decreases and
the time of arrival increases., However, low-aititude sampling at a given location should pro-
vide a sample contalning particles of rslatively uniform size (used synoromously with falling

rat). Hence, by making a series of collections along a height line at differeat distances from

the shot point, advantage can be taken of particle size separation by natural fallout proceases. B

The WB-50 operations were arranged to ut{lize this situation to obtain a set of samples suitable

for an investigation of size-dependent properties. ¥

It was planned to use the radlochemical data from these samples to corroborats the composi- DY

tion of local fallout as determined from the rocket experiments, to investigate fractionation with ;]

particle size, and to compare the composition of local fallout with woridwide fallout. The data »

can also be used for determination of device partition if the fallout is shown to be highly depleted .‘-::‘,

in a particular {ission product. The enrichment of the debris remaining aloft in this {ission i::«f':

product will then be related to the fraction of the debris that has fallen out, in much the same f‘-j:'

way as has alrsady been described for Interpretation of the enrichment of a gaseou: fissioa ':\‘f
product in the cloud with respect to particulate debris.

w
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1.3.5 Selection of Radionuclides. Tho radioguclides chosea for detarminatioa from the
pasticle sampias were thoae of greatest coacarn ln worldwids fallcut, namely, 8r™ and Co'¥,
plus a sufficlont number of others to provide besic data for furthar investigation of fractiona. .
T tioa. In the latter category were Sc¥, Y¥, Mo", Cs'®, Ce'¥, Eu'™, and U™'. The members
M of this group existed in a variaety of forms, ranging from gaseous to relatively nonvolatile speciss,
a during the period of condensatica from the fireball. Ca'* was datermined In conjunction with
slemental analyses for czlcium and sodium to help in tracing the bahavior of the eavironmeatal
material that forms tha major part of the fallout particles. : ‘ .
.. . Analyses for I, which were tentatively planned originally, were not carried out because
of the lirhited analytical personnel available, the uncertalnties of sample collection for this
nuclide, and the relatively lesser interest in its ultimate fate.

21

.
n_" [

. , . e e e e e i et i .
IR o SR Ot 2t T o LUt S Gah CLELELIN L OO Ch LU CLALEATERORCLRECERR COAR OX 00 o FLORCR Ok (RN PO PRAR K LR SRtk
L™ - a™e" et e - L} - » F-'h-"h-.h -




Chapter 2

2.1 SHOT PARTICIPATION

The project initially planned to participats in Shot Koa, & megatoa-range land-surface burst,
and Shot Walnut, a megaton-racgs water-surface burst. PBscause of 2ppareat contamination
of the Koa cloud samples by debris {rom Shot Fir, participation was lator extendad to include
Shot Oak, a high-yisld water-land burst fired over the 1agocn reef. Devico informatioa Lo
given in Table 2.1. ‘

The project rockets participated during Shots Koa and Walaut and ware also fired during
Cactus and Yellowwood for systam chsck ard nose cone recovery practice. Alrcraft were
flown during Koa, Walnut, and Oak. ~

2.3 INSTRUMENTATION ’ L : ..
The lnstrumentation for this project fall into two general clasees: rocketborne and aircraft-
borne cloud samplers. Two types of alreraft, B-57D’s and WB-50’s, were used.

2.2.1 Rocketborne Cloud Sampler. The rockst, a 20-foot unit, consistod of an air-eampling
nose section, a two-stage propuision unit and various items of auxiliary equipment (Raference
69).

Figure 2.1 shows a complete rocket on a2 launcher. Part A is the primary motor, Part B
the sustainer motor, Part C the parachute compartment, Part D the electronics compartment,
and Part E the air-sampling nose section.

The air-sampling diffuser of the nose secticn was 36 inches long, a8 measured from the
intake orifice to the filter (Figure 2.2). An additional 32 inches of length behind the filter was
occupled by exhaust ports and auxiliary equipment. The extreme forward part of the rockst
was a conical section 5 {nches long, which sealed the intake orifice prior to the time when
sampling was begun. The orifice of the diffuser was 2 laches In diametsr, and the fllter was
8Y, Inches in diameter. An expansion from 2 to 8 Y%, inches In diameter in a length of 36 lnches
gave an expansion angle of 10°, the maximum at which the flow would not separate from the
diffuser walls. The fliter was an 8-lnch circle of matted ceilulose fiber coated with stearic
acid to help retain the particles. It was supported by a wire retaining screen. The inside wall
of the diffuser was In the form of a revolved segment of a circle 250 inches in radius and was
parallel to the axis of the rocket at the orifics.

Particles entering the sampling section were decelerated {from about twice the sonic velocity
to subsonic by passage through a shock {ront that formed near the throat of the diffuser. Fol-
lowing this, they were subjected to a force fleld that caused the smaller particles to be impelied
toward peripheral areas of the collecting filter to a greater extent than the larger particles.

The diffuser was designed to effect a resolution of particles having average settling rates e
greater or less than 3 In/sec in the normal atmosphere (Reference £9). A light akin was noe
wrapped around the outside of the diffuser to fair up the external shape of the nose cone. :-""‘-’:?'
The propulsion ssction contained prirary ard sustalner motors, both of which were solid- .:%.'_-,‘
)

tood

fuel units about 8 Inches in dlameter with burning times of 6 seconds. The sustainer motor was
ignited shortly before the start of sampling and provided sufficieat thrust to maintain the rocket
speed at about Mach 2 during passage through the cloud.
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.- filter foil installed on top, nearly over the rear scanner’s position. Figure 2.8 shows the fliter

.

. i .
pems of auxiliary equipment included exglcaive squids, elactroale timing circuitry, a para-
‘wm a closure syetom for the ooction, a rodio boacce, asd & dye marker.
plastic inserts were fitted I~ & the nose becticns to provide viditional buoyancy.
The explosive squibs were used to remove the conical nose tip, thoreby opening the sampling
orifice, and to jettison the propulston unit. The electronic timing circuitry initiated ths opsa-
of the orifice, disconnectad the propulsion unit, ejected ths parachuts, closed the sampling
and activated the radio bsacon. Tho parachute system consisted of a pilot chute, s pllot
chute shroud cutter, and the maln canopy. The pllot chute was withdravm from its compartment
when the-propulaioa section was jettisoned but remained attached by shrouds to the nose section
until the latter had slowed down to a speed that would not cause damage to the main canopy. At
this time, the pilot chute shrouds wers cut {ree from the nose cone, and the main canopy was
withdrawn from the noee section by the pilot chute shrouds, which were still attached to a bag
coataining the large parachute. The front closure of the sampling unit, made by a ball joint,
and the aft closure, consisting of 2 cone and O-ring seal, were closed after sampilng. The
radlo beacon was activated at launch time so that search craft equipped with radio direction
finders could locate the cose sections.
. Figure 3.3 is a view of a battery of six rockets assembled for firing.

2.2.2 Alrcraftborne Samplers. Three different types of equipment were utilized to obtain
the samples dlscussed in Sections 1.3.3 and 1.3.4. Units of the kind illustrated in Figure 2.4
were used for collection of the cloud particle samples needed for the radiochemical work.

These samplers wers stainless steel shells of parabolic shaps fitted with intake buttsrfly valves,
which were open ounly during the sampling runs. They were installed at the forward end of both
the right and left wing fuel tanks of the B-57D’s. The particles were collected on a 24-inch-
diameter filter paper, which was supported by a retaining screen located near the aft end of

the unit. 3 . :

The coincident sampler was designed 30 that both the gas and particle samples would be
taken from the same volume of the cloud. Air was drawn through a desiccant section and a
filter section by a circulating pump and then forced under prescure into a sample bottle. Fig-
ure 2.5 shows the Intake and desiccant-fliter sections, and Figure 2.6 is a photograph of the
compressor pumps and gas bottles. These samplers were mounted on both sides of the B-37D
fuselage toward the rear of the aircraft.

The WB-50"s used for the fallout sampling were equipped with Air Force Office of Atomic
Energy (AFOAT-1) standard E-1 filter assembly. Figure 2.7 is a view of a2 WB-50 with the

screen removed from the foil with a filter paper in one side. The foil was sealed by sliding
doors in front and baci of the filter screen except during the sampling periods,

- 2,2.3 .Possible Errors in Sampling. Polydisperse aerosols contain an aggregate of particles
_ whose sizes are arranged ln accordance with A characteristic frequency distribution. When the
aerosol is sampled under ideal conditions, the ratios of the numbers of particles tn the various
size ranges will be prserved uachanged in the collector. However, a departurs {rom the lnitial
size distribution may b: encountered if the collecting device has a dimensional blas (non-isoki -
netic coadition) or if some of the particles are broken up during the sampting operation.
Isckinetic sampling conditions will be achieved with a f{iltering device moving through the
serosol at subsonic speeds, If the alr velocity into the intake of the filter is ildentical with the
flow rate past the outside. As used in Project 2.8, both the wing tank and coincident samplers
were cloge to isckinetic, because the velocity ratios were respectively 0.8 (or greater) and
0.7 t0 0.9. Howsver, in a few cases, the calculated velocity ratios for the colncident units were
much less because of malfunction of the sampling equipment (Appendix B). The £-1 sampler
used on the WB-50’s was poor isokinetically, but this was considered to be immaterial for
height line sampling where the particles in a2 given region should be fairly uniform ln size.
Samplers, such as the project rockets, which move at supersonic speed with respect to the
aerosol, are expected from aerodynamic theory to be unbiasad.
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I the rockst samplars, scme breakxpicf the fallout particles was thought to be Iikaly during
prsouge through the ehock froat in the diffusee throat, A saries of the exporirents earriod
out by the Navel Radiclegieal Defense Laboratory (NRDL) (n tho shock tubo at the University of
California BEngingering Bxpsrimeat Stntlon indicntad that coral fallcut grains were not fractured
by Mach-2 stock waves (Reference 70). Impact with thy filter 1s ancther pozaibdle csuce of
particle breckup ia all the sampling Gurlces, but little crnotmucuknonmmu.gecg.

2.3 FIELD OP!RAT!W! ‘

2.3.1 Meteorology. T was indlcated In Saction 1.3.3 that samples to be used for the dater-
mination of fallout partition by the UCRL mathod should be collected from the light and variable
layer, if well defined, or from higher locations In the cloud. The cloud heights and wind struc-
ture In the upper atmoaphere were therefore important characteristica to consider in devising
operaticnal plans. R was known {rom pravicus work that the clouds rise to 2 maximum altitude
in the first faw minutes and then settle back to a stabillzed loval. Based on height-yicld curves
derived from photographic data on earller shots (Reference 22), it was estimated that the sta-
bilized aititudes would be around 72,000 feet for Shots Eoa and Walnut and 99,000 feat for Shot
Ounk (Reference 71). The altitudes observed by project aircraft were cousideradbly lower (Ref-
erence 16). A radar record for Shot Koa Indicated that the cloud rose to 72,000 feet at 5 min-
utes and then settled rapidly (Reference 72). '

The light and variable layer existed for all the shots, being possibly best defined for Koa
where it circulated over the atoll for at least a day. For Koa and Walnut, the altituds of the
layer coincided quite closely with the top of the cloud, whereas for Ouk it was some 20,000 feet
below the top, which was blown off rapidly by the strong eastarly winds. Because the B-57D
samplas were taken from this stratum (n each case, the criterion of sampling from a region
that would not be receiving fallout from any other source was easlly satisfied.

Some altitude data taken In part from the wind and temperature tablis in Appendix D s
given in Table 2.2. i : :

The suitability of the wind structures for fallout sampling along height lines can be most
readily visualized by reference to the plan view, wind velocity hodographs at shot time (Figures
2.9 through 2.11). The hodograph for Koa shows that the winds were Ideal for height line sam-
pling, because material falling from the light and variable layer would be clearly isolated from
the rest of the fallout. For Walnut, an overlap of particles originating in the cloud at 40,000
feet and at higher levels would be anticipated. For Oak, the samples collected at 1,000 feet
would contain material that came from several different elevations in the cloud.

2.3.2 Shot Koa. No rocket samples wers collected from Shot Koa. In preshot planning it
was intended that a salvo of 18 rockets would be fired into the cloud, 6 each from Sites Wilma,
Sally, and Mary. The firing line to Site Wilma f{ailed on the day before the shot and could not L s
_ be repaired before evacuation. Flring circuits to Sites Sally and Mary were (atact at shot time, )
¢ and a firing signal was tranamitted to these sites at H+7 minutes, but no rockets fired. Evi-"
dently, the heavy current drain by several launcher orienting motors caused the maln power
supply voltage to drop to a point where it was insufficlent to operate critical relays In the local
launch-programing equipment. Thereafter, launching operations were programed 80 that only
a single launcher motor would be operating at one time.
Five samples were taken from the cloud by B-57D alrcraft at 4%, 8%, 8, 11, and 29 hours
postshot time (Table B.1). A flight scheduled for 13 to 14 hours had to be canceled because of
rain and atmoshperic turbulence. The first four samples were collected in about ’/, hour each,
and the last sample required 2 Y, hours. The wing tank samplers functioned on each flight, but
there were no gas samples on the last three runs because of a fallure of the compressor pumpa
on the coincident sampling uniis.
Samples of material falling from the 60,000-fcot layer were collacted at an altitude of 1,000
fest at 4, 8, 8, 10, and 12 hours after shot time by a WB-530 aircraft. The fallout was encoun-
tered onabearing of 50° to 60° at 28, 59, 88, 109, and 131 miles {from ground zero. A second
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WB-50 collected oce 1,000-fcot s2ampls at ¥+ 6 houcs oa a beariag of 20° at 43 miles from
ground gero. IR is thought ihat this materisl ¢came from about 45,000 feet. A third WD-50
misaica waa flown at 0700 the next day to 300 miles ca & boaring of 53° based on an extrapola-
tion of the previous contacts. From there, the alrcraft was directed to 225 miles, bearing 35°,
thea to 200 miles, bearing 40°, and flnally to 400,miles, tearing 60°, but uo fallcut was en-
ecountered. The sircraft was relgased aftsr § bours for a weathar misalea.
Shot Fir ‘was {ired at Bikinl on the day preceding Koa,

’ On the day following
Koa, thers was a deposition of fallout in the Eniwsetck area, and in the ifterncon the gamma
radixticn background oa Sita Elmar roge to 25 to 30 mr/hr. The Fallout Prediction Unit (FOPU)
wig not able to establish definitely the origin of this material bat falt that thore was some rea-
son to think that it had come from Shot Fir. After arrival of the Koa samples at Los Alamos
Scleatific Laboratory (LASL), s dispatch was received (n the field ludicating that the cloud,
and possibly the fallout samples, were heavily contaminated with Fir debris. The oature of
the evidence was not known at the time

Examination of the wind structures existing during the period of the Fir and
Koa detonations indicated a possibility of some contaminstion of Koa fallout by Fir debris, but
1o mechanism was apparent that could lead to heavy contamination.
When the radiochemical data became available, it was found that all the Kca cloud samples
contained some material frcm Flr but not enough to appreciably alter the significance of the
results (Chapter 3).

" 2.3.3 Shot Walnut. It was planned to project a total of 10 rockets Into the cloud, four each
from Sites Mary and Saily and two from Site Wilma. The launchers on Mary were set for auto-
matic positioning by blue-box signal, whareas on Sally and Wilma the quadrant elevations and
azimuths were preset. After the shot, the firing circuits to Sally and Wilma were intact, but
the line to Mary was open. A firing signal was seat at H+ 10 minutes, and the rockets on Sally
and Wilma were launched, but the obscuring cloud cover prevented observation of their trajec-
tories. The rockets on Mary did not lauach, and later inspection showed that one launcher was
inoperative, one elevated without rotating, and two elevated and rotated. Two nose sections
from the Sally rockets were recovered by boat, but the others were lost. The clogures on the
nose sections recovered were Intact, but water had leaked in. There was a small amount of
activity in the water and on the filter, and the filter sampie was returned to the NRDL for anal-
ysis., I was identifled by the name Whiskey 6 (Table B.3).

Six samples were taken from the cloud at times between 1'/; and 28 hours postshot time
(Table B.3). Both the wing tank and the coincident samplers were operztive on ezch flight.

In preparing the height line flight program for this shot, it was intended that one WB-50
would collect 1,000-{cot samples at 4, 6, 8, 10, and 12 hours with a second WB-5C standing by
on the ground to take over the mission, If necessary, No sampling flight was scheduled for
D +1day. The first aircraft encountered fallout at H+4 hours on a bearing of 220° at a distance

* of 42 miles from surface zero; and a sample was collected. Because of deposition of damp
fallout material on the nose of the airciaft, a dose of 1.5 r (read on an electronic integrating
dosimeter) was accumulated at the bombardier’s position during the sampling run. The dose
was continuing to rise at the rate of 50 mr/min, and the radiological adviser aboard decided
to diacontinue the misaion and return to base. The standby aircraft ook off and was flown to
a point on a bearing of 330° at a distance of 120 miles from suriace zero. At H+8 hours, the
aircraft searched on a course of 225°, but no fallout was encountered. At H+ 10 hours, the
active fallout area was reentered at bearing 282°, 140 miles {rom surface zero, and a sample
taken. At H+13 hours, a third sample was collected at bearing 278° 150 miles from surface
zero.

2.3.4 Shot Oak. There was no rocket participation during Shot Oak, Circumstances leading
to the discontinuation of the rocket sampiing portion of the project are outlined ln Section 2.3.5
and Appendix A.
a5
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the firings on Koa and Walnut (Sections 2.3.2 and 2.3.3) are not repeated.

Five samples ware takea from the cloud by B-37D airersf botwoon 2 end 29 bours postshot
time (Tublas B.S and B.6). Both ths wing taak and colncident saamplers wars oporative on all

A WB-50 alrcraft collected samples from ths northasstera edge of tha fallout pattarn at 4,
8, 8, 10, and 11%/; bours after the dotonation. The fallout wes encountered oa a bearing of
300° to 310° at 65, 93, 123, 160, and 187 miles from surface tero. The operation progressed
without incldgnt, mainly because of the experience gained by the participating persounel on the
first two shots, e

2.3.5 Rocket Development. Tae project cloud sampling rocket (Section 2.2.1) was & new
one of complex design. The main motor had bsen used previcusly on the ASP (atmospheric
sounding projectils) and the suatalner motor on the RTV (reentry test vehicls), but the nose
section and associated equipment had not been used as a component of a rockat before. Devel-
opment work on a similar sampling device had been done during Operation Plumbbob, and at
the end of the operation a satisfactory unit for land recovery had evolved. After Plumbbob,
Project 21.3 was set up for the purpose of developing a sea recovery version of the rocket for
Operation Hardtack. When Project 2.8 was established, the existing rockst contracts were
extended to provide additional units for use on this program. Because of the experimental
nature of the rocket, the sponsors of this work, UCRL, assessed the probability of obtalning
any rocket data as being of the order of 50 percent.

The development problems were the responsibility of Project 21.3, but a review of thelr
work at EPG is of interest, because a large portion of Project 2.8 was directly dependent ca
the arailability of a suitable rocketborne cloud sampler. This review will also serve to provide
an explanation of the circumstances that led to the cancellation of the rocket experiment prior
to Shot Oak. ' : coo ot

Notes on the developmaental rocket firings and tests are outlined in Appendix A. Details-of

2.3.8 Aircraft Samples. The B-57D aircraft used for the cloud sampling work were under
the control of a LASL representative. The person responsible for these collections communi~
cated with the alrcraft by norraal voice radio from the Alr Operation Center on Site Fred. The
fallout samples were taken by WB-50 aircraft controlled by an NRDL represeatative, They
were directed from the Air Weather Central on Site Elmer using CW radlo communication.
The transmitters used by the Alr Weather Central operated on 2 long wavelength, thereby
making it possible to maintaln radio contact with the WB-50"s at long ranges and low altitudes.

Estimated coordinates for each sampling positicn on the height line filghts were furnished

- by the FOPU. The Initial 4-hour position prediction was based solely on the wind data avail-

able at shot time, but contacts made by the sampling aircraft, plus additional wind data, assisted
in preparing the later estimates. Interchange of information between FOPU and the Alr Weather
Central was maintained throughout the sampling flights.

The FOPU predictions were generally quite accurate with respect to radial distance from
ground zerv, but the wind information was not always adequate to determine the angular position.
For example, on Koa the estimated height line bearing was 0°, but the sampling aircraft encoun-
teread fallout at a2 polar angle of 50°. For Walnut the 4-hour sampling position given was quite
accurate, but the later curving of the height line toward the west could not be predicted. Sam-
pling position estimates were the best of all on Oak, and even the most distant points were pre-
dicted within 2° in bearing and 3 miles in distance. .

Tables B.1 through B.6 give a summary of all the samples collected by aircraft for the proj-
ect. It will be noted that in addition to the cloud samples taken {from the light and variable
layer, there were several samples on each shot from lower altitudes. Analytical data for these
samples are included, inasmuch as it gives information on the variation of cloud composition
with altitude (Appendix D). '
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3.4 PARTICLE WORX ' |

Some lnvestigatica of particle characteristics was carried out for all the cloud and height
* line semples from Skot Koa that were large encugdh to work with. Approximataly a quarter of

. sach filter paper from the cloud samples and one gactica from the E-1 samplar were shipped
to UCRL by the firct flynway following the shot. On each sample, the {iiter paper was removed
wmrnmwmlnmmamm:mn!rom:md!nehmmmmor. The maximum
temperature roached during burncff was around 200° C. The woight of material recovered
varied from 30 mg to about 4.5 gm.

At UCRL, 'some of tha cloud samples were separated into coarze and flne Iractions using a
Bahco centrifuge, and fall rate distribution curves were dstarmined for the two fractions with
the micromerograph. Fall rate data was also obtained for all the height line samples, and In
several cases the specific activity-fall rate curves were datermined for cloud and fallout sam-
ples. In operating the micromerograph, the weight could either be recorded continuously or la
16 Increments by means of individual pans on a rotating turntable.

Two of the helght line samples and three cloud samples, separated into coarse and fine frac-
tions with the Bahco, were transmitted from UCRL to NRDL for examination, The chemical
substances preseat in these samples were identiflod with the polarizing mliercacope and by X-
ray diffraction, and the particle aize distributions determined by microscopic observation. A
binocular microscope fitted with ocular micrometers containing a linear scale was used for the
particle work. Each scale dlvision of the micrometer represented 15 microns for the magnifi-
cation used (100X). A portion of the sample was placed on a microscope slide and tapped gently
to disperse the particles. Traverses were made along the slids from one extreme edge of the
dispersion to the other and every particle within the micrometer scale was sized and typed.
Generally, several appropriately spaced traverses were taken. The particles were sized in
terms of maximum diameter and typed by the conventional classification of irregular, spherical,
or agglomerated. Diameters were measured to the nearest half scals division, and particles
less than a half unit were ignored. Particles adhering to each other were sized individually,
if possible, or otherwise not taken into account.

Particle characteristics and fall rats and size distribution curves are given in Appendix C.
No particle work was dons on the samples from Oak and Walnut.

2.5 SAMPLE ANALYSIS AND RADIOCHEMICAL PROCEDURES

Radiochemical analyses were carried out on the gross particulate cloud samples from the
wing tank collectors, on size-separated cloud samples, on gas-particulate samples from the
coincident units, and on fallout samples. The major part of the analytical work on the cloud
and fallout particle samples was done by NRDL (some by LASL), whereas the gas-particulate
samples for the determination of flasion ratios (Section 1.2.4) were analyzed at UCRL.

. The groas particulate and fallout samples were shipped to NRDL on filter papers as collected
in the {leld. The size-separated samples were prepared at UCRL by the oxygen burnoff and
centrifuge technique described In Section 2.4, and were thea transmitted to NRDL. Two particle
groups were separated for the Koa and Oak samples and three for Walnut (Appendix B).

" At NRDL the samples wers preparad for analysis by wet ashing with fuming HNOy and HCLO,
to destroy organic material, then fuming with HF to remove silica. The HF was expellsd by
again fuming with HC10,, and the resulting solution was transferred to a volumetric flask and
diluted to volume with 4NHC1. Aliquots of the HC! solutions were taken for the analyses., A
total of 1,040 radionuclide determinations and 41 slemental analyses (Sectioa 1.3.5) were per-
formed at NRDL using the following procedures: :

1. Elementzl sodium and calcium were detsrmined with the flame photometer using a matrix
very similar to the constitueats of coral. .

2. Mo"™ was determined by either of two methods, depending on the age of the sample. A
carrier-free anion exchange method (Reference 73) was used for fresh samples, whereas a
modified precipitation method (Reference 74) was used for older samples.
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8. Eu'®, Y, and Ce'™ wers meesured by a cation cxchangs procefur aftor pealiminary
mammmwpmagmmmmmmm«mmﬁmmm
4. Ca% was separated by a procedurd using procipitation reactions., Parium sod stroatium
unuwodbypndpmuoautzmnnnm, using fuming F2N0,; uadar coatrellad esaditions.

The calcium was recoversd from tha nitric acld solution by precipitatica as the sulfate. The

sulfate was then dissolved, scavecged twice with sircoalum, tellurium, lroa acd lanthanum

hydroxides, once with basic molybdeaum and cadmium sulfides and once with acidic molybdenum -

and eadmium sulfides. Calclum was precipitated as the oxalats for mounting and counting.

5. Sr" and 5r™ were originally scparated by precipitation procedures (Refsrcaces 76 and
77). For the detarmination of Sr™, the Y™ wes allowed to grow into equilibrium, the §rCO,
precipitate dlsgsolved in ENO; contalning Y carrier, Y (OH); precipitated with ammonia gas,
and the 8r removed a3 the nitrate ln fuming nitric acld. The Y was precipitatsd as tho cxalate
from an acetic acid solution in the pH range 3 to 5 and ignited to the oxids for mounting and
counting,

6. The cesium procedure used for the determination of Cs'™ and Ca®' was a modification
by the original author of a precipitatioa and lon exchange procedurs (Refersnce 78). The modi-
{ication consisted mainly of & cesium tetrapheayl boron precipitation in the presence of EDTA,
the use of Dowex-50 in place of Duolite C-3 in the cstion exchunge step, ard the addition of an
anlon exchange step.

The radiochemical work reportsd as being done at LASL was performaed in conjunctlon with
diagnostic measurements oa the events. The methods used were those nportnd in the LASL
compilation of radiochemical procedures (Referencs 79).

The gas samples were analyzed for Kr¥, Kr%, Kr¥'@, and in some cases for Xa'®, The
" rare-gas radionuclides were separated {from the constituents of the atmosphere and then counted
{n a gas counter. The separation procedurs used was developed at UCRL, under the direction
of Dr. Floyd Momyer. Carrier amounts of lnactive krypion and xanon wers added to the air
sample, and the mixturs was pumped through a series of traps for purificaticn purposes. Water
and carbon dioxide were condsnsed out ia the first trap, which was fliled with inert packing
and held at liquid nitrogen temperature. The krypton and xenon were absorbed on activated
charcoal in a second trap, also immersed in liquid nitrogen, but the major part of the nitrogen
molecules, oxygen molecules and argon passed throug!; the trap and were removed. Residual
air was desorbed at —-80°C and the krypton desorbed by subsequent warmling to 10°C, Further
purification was effectad by two more absorption-desorption cycles on charcoal. After deter-
mination of the pure krypton yleld, It was transferred to the gas counter.

This was the procedure used when krypton alone was the desired product; additional purifica-
tion steps were necessary when xenon was alsc determined.

< c

2.6 DATA REDUCTION

The analytical results were computed in the normal manner for the elemental analyses done
for the project. However, the {irst and more time-consuming phases of the data reduction were
carried out on the IBM 630 computer at UCRL. The radiochemical data was manually tran-
scribed to IBM cards in the proper form for use by the computer, which was coded to apply a
least-squares {it to the decay data and to make corrections for chemical yield, radloactive
decay, and the aliquot of the sample used. The output of the computer gave the counting rates
for ths {ndividual radionuclides at zero time of the shots.

Further computation was performed by hand to obtaln the number of fissions, product-to-
fission ratios, or R-values. Determination of the R-values, defined in Section 1.2.1, required
calibration values on {isslon products from the thermal neutron fission of U™, When these
were not available, or only recently obtalned, comoarbon analyses between LASL and NRDL
provided the necessary factors,
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TABLE 2.1 DEVICE INFORMATION

Koa Walnut Qak
Total yield, Mt 1.31 1 0.08 . 8208
Fission yield, Mt ’
Location Site Gene Near Site Janet 4 miles south of Site
Alice
Shot time and 0630 M 0630 M 0730 M
date : 13 May 1958 15 June 1958 29 June 1958
Shot type Land-surface Water-surface, fired Water-land surface,
from a barge in deep fired from an LCU
water anchored in 15 feet
of water over the
lagoon reef

TABLE 2.2 CLOUD ALTITUDE DATA
Approximate altitude in feet.

Koa Walnut Oak

Tropopause . - 57,000 54,000 50,000
Light and variable layer 60,000+ 55,000 55,000
Cloud top, expected® 72,000 72,000 99,000
Cloud top, observed 65,000 61,000 70,000 to

75,000
Sampling flights 60,300 §6,500 §6,300

* Reference 71.
29
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: Figure 2.6 Pumps and gas bottles, B-57 gas samplers.
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Figure 2.8 B-50 filter screen.
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Figure 2.8 Plan view, wind velocity hodograph, Shot Koa.
g
Wy
34 e
oy
‘Eg
’.\.“v
AREE R ST SRi WAL AR ‘..:‘:ﬂ. RAN - . N - oS SRR AT RN e ..?:.:::'-:.’:




Figure 2.10 Plan view, wind velocity hodograph, Shot Walnut. E':\~
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Figure 2.11 Plan view, wind velocity hodograph, Shot Cak.
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Chapter 3
RESULTS AND DISCUSSION

3.1 DISCUSSION AND INTERPRETATION OF TEE DATA

R s noted that the achievement of Objectives 1,2, znd 3 dapandad wholly or in part oa the
proper functioning of the rocket samplers. Becsuse of thair failure, there are no results to ba
reported on the vertical and radial distribution of particles in the clouds, which was Objective
3. However, Objectivés 1 and 2 wero partially met, and 4 was fully met by the aircraft samplos.

Raferring to the nuclides listed in Jaction 1.3.5, it {5 to be observed that a number of them
were included for the purposs of developing a general background of information on nuclide
fractionation. Although this material could serve as the bagis for a separate report, it is not
being considered hare, because it was not a primary concara of Project 2.8. Ouly the data
that has a bearing on the distribution of St™ and Ca%*" a the fallout will be covered in this
chapter. The radiochemical results for each of the diffarent types of samples collectod contri-

~ bute something to the overall evaluation.

T{TRINT N
LR N )
B R A

3.1.1 Cloud Data. For the coincident samples from the light and varisble wind layer, there
are two sets available for Shot Koa, five for Shot Walnut, and six for Shot Oak. The ratio of
total fissions, as calculated from the sample analytical data for Mo®, Kr'® and Kr* ars given
in Table 3.1. Also listed are the R-values for St™ and Co!*" from the gross particulate sam-
ples collected from the cloud at the same time. The measured Sr® and Cs®' R-values for the
devices are listed {n Tabies B.1, B.3, and B.5. Subject to the assumptions inhereat in the
method, which include among others that the ratio of Mo*® to Kr*® in the sampled portion la
representative of the entire cloud, the ratio of Mo* fisalons to Xr® Jisetons gives directly that
fraction of the total Mo’ formed in the exploston which was left in the cloud at the time of sam-
pling (Appendix E). Multiplication of these ratios by the cloud R-values and division by the de-
vice R-values convert them to the {ractions of the nuclides remaining In the clouds, e.g.,

" R(Sr loud -
(.L“_"T) x -L—:)- ¢ = fraction of Sr® remalning ln cloud.
_ Kr'/cioud  R(SI™) gqyice

The last step 1s necessary to correct for the difference in fiasion yields between device neutrons
and thermal neutrons (Section 1.2.1), The assurnption is made here that the ratios of Mo to
Sr™ and Cs'¥7 are constant throughout the cloud. The samples in the table are identifled by
aircraft numbers, as in Appendix B to which reference should be made for further details.

The calculated fractions of Mo®, Sr™, and Cs' In the cloud, based on the Kr* fission prod-
uct ratios, are plotted as a function of time in Figures 3.1 through 3.3. Kr* was not determined
on the 27-bhour samples from Walnut and Oak because of its low counting rate at that time. The
points oa the curves {or these shots at 27 hours are based on the fizaion ratios of Mo™ to Kr'S,
corracted by the ratio of Kr® to Kr'® at 12 bours. On Koa the late-time fission ratio ls extrap-
olated, and the Sr™ and Cs'¥" fractions are calculated from R-valuss averaged from the partic-
ulate samples taken In the main cloud on the same aircraft as the gas samples. The fractions
for Oak are also {rom averages, here in the light and variable stratum, whereas for Walnut
the stabilized condition shown in Figure 3.1 ls used. Sample 980 L for Oak is not included

becauae of the poor sampling conditions.
The fractions of these nuclides remaining in the cloud after 1 day are given in Table 3.2,
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Theoe sumbors are to be loterpreted &8 the quantily of matarial that docs ect come down in the
locel arca. The limtits asoigned are dortved from the varizbility in tho dats,

Of the curves for the fraction of Mo% 1cft in the clovds, the cns for the water-curface burst
(Shot Walnot) skows to a coesideradle degreo the behavior anticizated whea the project was
planned. On the reef shot, the polnts appear to bo fluctuating arcund a fraction of 0.11, whoreas
“Tor the Iand-surface dstonntion, thers ls Ingsufficleat data to do anything but extrapolate beyord
6.5 hours. Bocause it is likely that the flzsicn ratios would be arcund 1 initially, the curves
shown for Oak ard Koa may be only the relatively flat part, which appcara for Walnut at a later
‘time. This seems to by consistaat with what ls surmicod about the cloud particls size distribue
tion for lacd and waler shots,

" In addition to the samples from the light and varisble wind lager, there were also a nunber
of collections made on each shot at lower altitudes. Although not of direct application to the
project objectives, the radlochemical data for these samples is instructive, because it shows
bow the aucliide composition of the particulate matter varied with altitude. Some of the samples
came from the bottom portions of the clouds, but those collacted at the lowest altitudes may
have been below the base of the mushroom and would perhaps be considered as fallout. Table
3.3 gives 2 summary of the Sr™ and Cs!}' R-values for the three shots as related to altitude
and time of collection. The R-values for the samples marked with an asterisk were calculated
as gross figures {rom the R-values for the size-geparated fractions. For the land-surface shot,
the R-values showed a general increase with altitude, attalning values at 60,000 feet which were
10 (St™) to 40 (Cs1") times those expected forthe detonation, The water-surfacs shot R-values
were relatively insensitive to altitude, and the enrichment factor was not more than 2 for either
auclide. Samplas collected below 45,000 fest may bs {from the fallout.

On the reef shot, it appears that the sampling alrcraft were just entering the base of the
cloud at the 55,000-foot level, because thers was a sudden jump in the R-valuss at this point.

The material collected at lower altitudes was depleted in both Sr® and Cs'¥' and was not greatly
different In composition {from the fallout at 1,000 feet. It Is also noted that the enrichment fac-
tors for both nuclides went through a maximum with time for the samples from the light and
variable stratum. Several conjectures might be offered in explanation of this unexpected be-
havior with time. One of these is that some sampling might have been doae at the lower bound..
ary of the light and varlable stratum where some of the particles collected had {allen below the
stratum where the rare gases wers present. This could also be offered as a possible explana-
tion for the late time rise in the ratio of molybdenum to krypton in Shot Ouk.

Somewhat similar data for the ratios of Mo™ to Kr*® and Kr* to Xr*f for the first ¢ hours
following detonation is given in Table 3.4. The ratios of Mo to Kr* are also shown graphically
in l-'lm'lrt 3.4. At the lower altitudes, the Mo™ was enriched and the Kr' depleted with respect
to Kr'¥ [ :

... 3.1.2 Fallout Data. The radliochemical data on the fallout samples may be used to obtain
results for the distribution of Sr™ and Cs*!, which are complementary to those found from the
cloud analyses. The fraction of the total Mo® formed in the explosion, which has left the
cloud, ia found by difference from the numbers given in Table 3.2. Multiplication of these fig-
ures by the Sr® and Cs'" R-values for the fallout and division by the device R-values convert
them to fractions of the two nuclides in the fallout. Table 3.5 lists results obtained in this way
based on the averaged composition for tas fallout,

All the fallout samples from the land and reef shots show depletion of both Sr® and Cs'¥ as
compared to the detonation yields. This s most pronounced in the earliest samples. Material P
coming down at times later than 4 hours for the land shot and 8 hours for the reef shot Ls quite -~
uniform in composition and exhibits little evidence of fall rate-Aependent fractlonation. !

The 4-hour fallout from the water-surfice shot 1s depleted In both Sr™ and Cs', but the
10- and 13-hour samples show an earichment. The two latter samples have nearly the same
composition. The fallure of the 8- and 8-hour flight missions makes the data rather scanty in

this case. /

These effects are brought out clearly by the llstings in Table 3.8,
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Then:

ye R - (R yo
- R*Mlc - R*M) po

This formula can be derives hy »'gabralc operations from thy dafinitions of the R-valuas
(Appendix E). X, deapl’s the fact that it 18 lacorrect, the R-value for Y in fallout 1a assumed
to be zero, the 1Dove equation ruduced to the expression for a gas, and ¥ becomes the u
limiting value for the fraction of Mo (or refractory dsbria) left in the reglon sampled e
Flasion products au<3 as S, C3'™, and to a somewhat lesser extent Sr™ appear to botay
very much like Kr™ (n Shots Koe, Walnut, and Osk and may be used to estimate fractional m:.
out of refractory deh:is oz upper lirdts to the {fracticn remalaing alcft.
The disadvaniage of using Sr*® cr Cs¥' for this purpose is that R-values must be meagured
Ir fallout and are necessarily constant. The chisf advantage is that the analyses may be ex-
tended to longer times, bacauso che half-lives are long and a sufficient sample may be obtained
. by simply flltering more alr. :
Values have taen caiculated In the above manner am! are given in Table 3.7.
In calculatiag the values for fraction of Mo™ in the cloud, the data must be picked from
' Tables B.1 through B.6 with care. Orly cloud samples taken In tue light and variable layers
are used, and -hese ars matchedon an lndiv: jusl “asic with height line samples taken at a later
time, wherever possible. ) ‘ )

The half-lives of the ucble-gas = ecus sors of the nuclides used above are: Cs¥%T, 3.8 minutes;
Sr, 3.2 min ves; Sr?, 33 decoad.; Y75, 10 secands; Ce'’, ~1 gacond; Cs'®, none. Tha frac-
tion of Mo™ re-saining in the cloud se aalculated by aach of these nuclides generaily increases
inversely as the he'f-lite of thy nuclice’s aobla-gas precurssr. K it is assumed that the R-
values (n the he1ght 1< 8ari2izs ire Lspregentative of the material that hae fallen from the
light and varia:le layer. t.« cesults of th- ralculation of the fraction of Mo® remaining In the

. cloud may be iriarprsts ! 43 ean that the original R-values in the light and variable layer were
not representative of u:,~ Z2vice. Tais ls due to the fact that {f the original R-values were
representaiiva and If tio avarage R-value is used for all the fallout, the fraction of Mo'® calcu-
lated to remaln In tite cleud (y) sheuld be the same no mattar which radionuclide 19 used in the
calculation.
: However, the same experimental data could have been obtained If the sampled region origin-
ally had representative R-values, provided the R-values from the height line samples were not
" representative of all the fallout {ror: tne light and variable layer. The assumption here ls that
the unsampled portion of the falivut, 1.e., the portion between 1,000 and 50,000 feet, had R-
valuss between those found In the fallout and in the cloud. The explanation of such behavior
might be that nuclides that condense shortly after the explosion occur la larger particles than
nuclides that condense later, e.g., those with noble-gas precursors. The larger particles fall
faster, are depleted in the cioud samples, and are enriched in the height line samples. The op-
poaite situation would exist for small particles. The actual explanation of the variation la tha
calculated fraction of Mo' remalning in the cloud may well be a combination of the two given above.
Small variations, such as those due to experimenta. uncertaiaties in the R-values, have
large effects on the calculation when the differences between the device R-values and chose
observed In the cloud and fallout are small. The Mo fractions calcuiated from Cs'¥' and S,
the two nuclldes having the longest-lived noble-gas precursors and ahowing the greatest frac-
tionation, are given In Table 3.8. They are compared to the Mo’ fractions calculated from

Kr¥,
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" The sum of the suclide fractines from the cload sad £Ustawiontd bo 1 ta exch enso, pro-
vided that the R-valuea used ars reproscaintive of the eloud £ fallont 0o o whols, T2 esoms
to be liksly for the fallout whers the R-values change caly rolatively slighily with tima but more
doubtful in the cloud as a result of the scattor of the analytical results, Table 3.9 gives a
comparison betwesn the daposited fractions (from Tabls 3.5) and atrborns fractions (from
Tables 3.2 and 3.8). The agreoment is gansrally 23 gocd 20 could be expected, considaring
the aature of the data, . :

. In Shot Koa, the gas sample data is very meager. The gus and particulate samples are not
matched well in tima and aititude. I 18 belleved that the 25" fracticns, and consequently the
Sr™ and Cs¥7 fractions, as calculatad from the 8r* and Ca®' in the cloud and fallout are better
values than those calculated from Kr'®,

For Shot Walaut, the late fallout results are limitad and not latsrpretable in obtaining the
fraction alrborne; hence, oanly the gas sample data has been used. This fallout data also leads
to unreasonably large fractions deposited.

In Shot Oak, both fallout and gas samples gave similar values for the fractions deposited and
afrborne. The averages have been used,

3.2 DATA RELIABILITY

3.2.1 Cross-Contamination of Koa Samples. As discussed ln Section 2.3.2, a preliminary
examination of the samples from Shot Koa, shortly aftar their receipt at LASL, indicated that
they might be badly contaminated with debris from Shot Fir. If this were the case, the fizslon
ratios from the Koa cloud data could not be used for the determinatina of fallout partition, be-
cause they would not be representative of the detonation. To Investigate the extent of cross-
contamination, the Koa samples were analyzed ’ . ,

Table 3.10 gives a summary of the results of this work.

' It is evident
that the Koa samples contained at mosat a little over 1 percent of material from the Fir cloud,
and generally much less. Hence, the quantities of molybdenum and krypton iatroduced into the
Koa cloud from Fir were small enough so that they would have a negligible effect on the {ission
ratios.

3.2.2 Accuracy of Radiochemistry. Radlonuclide analyses on the particle samples were
accurate to § percent on a relative basis, and the gas counting had an accuracy better than
10 percent. )

© 3.2.3 Reliability of Sampling. Certain points on the curves of Figure 3.1 are to be attributed
somewhat less significance than the others because of uncertainties regarding the saraples.
On Koa, the fission ratio for Sample 981 R may be off by a factor of 2 28 a result of the small’
sample size and high counter background from fallout, which would decrease the counting ac-
curacy. On Walnut, Sample 978 L (27.5 hour) the probe velocity was low, and K onl~ was
determined. (Probe velocity refers to the pumping speed in the gas particle coincident sam-
pler.) Sample 980 L for Oak has been disregarded because of the very low probe velocity,
which would tend to make the Mo™ to Kr*® ratio too high.

3.3.4 Particle Fall Rates and Specific Activities. The particle size distributions {and hence
the specific activity as a function of particle size) could have been altered in 2 number of ways
before the fall rate studles were made. Among these are breakup of particles by impaction on
the filter, loss of fine particles ln handling, spontaneous breakup of particles in the fallout proc-
ess itself due to atmospheric molsture (see Appendix C regarding the behavior of particles in
liquids), and several other poasible means of alteration.

It 18 poasible to calculate what fall rate a particle would need to fall 59,000 feet in four hours,
{.e., to be collected in Koa Massive L1. This fall rate is 125 cm/sec. The dlameter of a
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spherical particle with a fall rate of 128 em/sac s about 120 microcs. Figure C.1 gives esgen-
tally 00 particlas with {all rates as great 18 135 em/cac. Howaver, Figare C.10 gloss shout
80 percent of the particles with dlamsters greater than 120 microns. This disagreomant s
possibly due to the effect of the micromercgraph on weakly constructsd particlog, aad the effoct”
may not be uniform oa all types of particles. N !

The above example illustrates the inconsistencies Ln the data and points cut
caution in making interpretations based on them. s the aced for

3.3 COMPARISON WITH RfSUL‘l‘S OF PREVIOUS TESTS

Shots were fired during Operation Redwing under conditions similar to those of the Hardiack

series, and some results are available from published reports, which may be used for com-
parison purposes. Results on the ratios of Mo tc Kr* and on the St R-values as 2 function
of altitude In the cloud for the first 4 hours are reproduced In Table 3.11 from Reference 29.
It is noted that for the land and reef shota the Sr™ R-valués Increase and the Mo® to KM ratios
decrease in a manner generally comparable to the similar Hardtack events. On the watar shots
the Sr™ R-values are nearly constant with altitude, as with Walnut, but the ratios of Mo® tg '
K" are not comparable.

‘The fallout R-values for the Hardtack shots are generally not inconsistsnt with those arrived
at for the Redwing shots by Project 2.63. The latter gave radionuclide compositions which
generated computed decay curves in good agreement with thoge actually measured on several
different types of lnstruments. The R-values {rom Redwing are listed in Table 3.12. Fallout
R-values for Sr® amd Cs'¥" collected tn different locations from Tewa and Zuni (land and reef

« shota) showed variations of up to an order of magnituda. The fallout collections from those
stations closest to the zero point were most depleted in these nuclides. Flathead and Navajo
(water surface shots) gave much less change In the R-values with distance from the zero point——
at most a factor of 2. ‘

3.4 EFFECTIVENESS OF INSTRUMENTATION

The aircraftborne sampling equipment performed in a generally satisfactory manner through-
out the entire operation with the exception of some malfunctioning of the gas compressor pumps
after the firat shot. This was due primarily to the shortage of time for checkout prior to actual
operational use. As the participating personnel gained sxperience, communications improved
and the sampling flights progressed more smoouthly. Each of the three types of aircraft sampling
equipment is considered to be well suited for its intended use. i
< Dtifffculties experienced with the rocket samplers are fully described in Chapter 2 and

Appendix A. . ‘ <
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TABLE 3.2 PERCENT OF NUCLIDES LEFT
"IN CLOUD AFTER 1 DAY . S
Shot Mo¥ s cs™t )
Koa 222 1:211 36 = 38
Walnut 202§ 3048 3829
Oak 1128 381215 51 = 28
2 SRl B
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TABLE 3.6 ENRICHMENT FPACTORS IN PALLOUT

‘Sample R 8ampling B, &
Number Time ;
hr . !
8hot Koa:
Massive L1 4 0.86 0.34
Massive R2 [ ] 0.73 0.30
. Magsive RS ] .73 0.80
Massive R4 10 0.73 0.48
Massive RS 12 0.78 0.46
Wilson 8p. R . 8 0.74 0.48
Shot Walnut:
Massive 1 R1 4 0.70 0.58
Massive 2 R1 10 1.28 1.46
Massive 2 R2 13 1.16 1.4¢
Shot Oak:
Massive R1 4 0.7¢ 0.19
Magsive R2 ] 0.64 0.23
Massive R3 8 0.82 0.58
Massive R4 10 0.82 0.58 e
Massive RS 12 0.78 0.88 - .

Ry - [n"(so)]m: [n"uao)]E

« Ratio of S to Mo™ observed in fallout
Ratio of Sr™ to Mo expected frum the device

Ry = n"um] Fo' [n"(l_a-n] £

« Ratio of Cs''" to Mo™ observed in fallout
Ratio of Cs'™ to Mo™ expected from the device

TABLE 3.7 Mo™ FRACTIONS FROM COMBINED DATA

3 - . ©
B < B . a

Time of Collection (Hours) Fraction of Maf® in Cloud Calculated From: o -

Cloud Fallout c,m Sr” Sru Y“ Cem Cs’“
Koa 4.5 [ 0.015 0.024 0.039 0.26 0.33 0.24
1.3 8 0.012 0.018 0.038 0.20 0.33 0.17
3 10 0.015 0.021 0.033 0.28 0.3 0.22
1 12 0.011 0.017 0.02%, 0.22 0.55 0.19
Walnut 1.8 4 0.3¢ 0.36 0.42 0.5 1.0 0.68
. 3.4 4 0.53 0.5 0.55 1.04 1.0  0.6%
6.8 13 R — — 093 1.1 051
Ouk 2.1 4 0.22 0.18 0.12 - 0.43 0.81 0.14
2.1 [ 0.21 0.15 0.16 0.51 0.44 0.42
— ] s 0.06 0.05 0.04 0.17 0.24 0.07
T 8 10 0.08 0.08 0.04 0.20 0.19 0.08
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. TABLE 3.9 COMPARISON OF AIRBORNE AND DEPOSITED FRACTIONS

. DAY

q -
)
" .'.-\.'.—

Fractioa

Fraction

Total -

otsl

T

Deposited Airborne

Q¢

RIS AR
~

LSRN A NN N

AT

111
131

© 044 0.67
0.95 0.36

0.89
1.13

0.18
0.30
0.38

1
0.83

Koa
Walnut

.*-.' N

0.37 0.48

1.03

LW
Y \"‘a'.rts‘.\\."»-.-'l-.x,

[

T tasan,




TABLE 3.11 CLOUD DATA, OPERATION REDWING
This information is taken from Reference 29. ’
Altitade - R%(0) Mo™:x !
Land-Surface Shot (Zuni): ‘ c ‘
41,000 0.51 50.0
51,000 0.64 2.5
85,000 2.0 0.11 ‘
Reef Shot (Tewa): ‘ ‘ ‘
32,000 0.44 ‘ 16.8 ‘ ¢
48,000 0.47 14.3 |
$1,000 0.86 0.17 |
53,000 1.8 0.59 : ;
Water-Surface Shot (Navajo): [
39,000 0.78 . 143 |
43,000 ©0.84 ~100° *
43,000 : 0.64 0.97¢ i
48,000 0.68 ~100° o
50,000 — 0.54
- ® Note similarity to ratios for Shots Koa and Osk at . W ‘ .
Tot altituds. , o o . ( o
+ Mo®:K I, S SR S
TABLE 3.12 R-VALUES, OPERATION REDWING

R¥(39) R?1371
Shot ; Average Average
Clowd & ilout Clowd & liout
Flathead ~1.1 0.34 ~2.3 0.32
Navajo - 0.8 - 0.7
Tewa ~1.0 0.29 ' ~18 0.14
Zuni ~2.0 0.28 ~2.8 0.08
47 ¢
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Chapter 4
CONCLUSIONS AND RECOMMENDATIONS

e

4.1 CONCLUSIONS

The fatlure of the rocket sampling program made it necessary to rely almost exclusively
upon the techniques of relative enrichment of volatile material in an I3olated portion of the cloud
for the measurement of fallout partition. This technique is an unproved one that includes some
rather bold assumptions and a number of experimental difficulties.

It was not possible to sample at altitudes as high as desirable, and differences in cloud height
with energy release and their subsequent effects upon failo partition were not clearly defined.
However, with these reservations, it ls concluded that the technique’ generated a reuonably
coasistent body of data that was intsrpretable in the fashion expected.

The pattern of progreasive enrichment of volatils matsrial in an isolated portion of the cloud

' was displayed in Shot Walnut on a rather long time scale. However, if progressive enrichment

occurred in Shots Koa and Oak, it was on a time scale short compared to 2 hours. Because the
program for early sampling by rockets was not succsssful, no information was obtained on a
time-dependent effect in the direction of enrichment.
1. The results suggest that, for a 1.31-Mt device (Koa) detonaud ona coral surface, about

. one-f{ifth ot the Sr" {ormed in dispersed over distances greater than 4,000 miles. For a device

detonated on 2 modified ocean surface (sand-filled barge), the
Trreon increases to about dne-third. A device with a 9-Mt yleld (Oak) in shallow water over
a coral reef also disperses about one-third of the Sr™ produced at dlstances greater than 4,000
miles.

2. Fractions of Cs*" corresponding to those given above for Sr™ are about two-thirds
dispersed for Koa, about one-third for Walnut, and about one-half for Oak,

Beside the obvious environmental differences in these detonations, the following are some
of the factors that may have an effect on the fractions of varlous radionuclides that are widely
dispersed: (a) An 8.9-Mt device produces a concentration of debris in the cloud volume lower
by about a factor of 2 than the smaller devices studled here. (b) The time 1t takes the fireball
to cool to 1,000° C was about three times as long {for Oak as for Koa and Walnut. (c) The size
distributions of the fallout particles may well be different for devices of different yleld even

. though shot environment is similar. (d) The largest yleld device had an appreciably larger

fraction of its resulting cloud In the stratosphere where high-velocity winds could effect greater

" dispersion. (e) The different chemical and phyaical nature of the fallout particles may make

. .

for different distributions of various radionuclides between local and worldwide fallout.

3. Radionuclide fractionation is pronounced ln shota over a coral land surface. The local
fallout s depleted In both Sr® and Cs'¥', while the upper portion of the clouds are enriched.
Fractlonation is much less for watar-surface shots.

4. Nuclear clouds are nonuniform in composition, and certzin nuclide ratios vary by rather
_large amounts from top to bottom. Again, this is much larger for detonations on land than on
water surfaces.

8. The radiochemicai studles of fine and cosrse particles indicate that the llulon products
with rare-gas precursors—Sr*, Sr®, Y", and Cs®"—are In general more concentrated in the
fine particles in the land and reef shots. In the water-surface shot, they appear to be more
evenly distributed among the particle groupe.

8. Sr* and Cs'¥' distributions computed {rom cloud and fallout data are roughly in agree-
ment with one another.
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4.2 RECOMMENDATIONS

The ratio of local to worldwide fallout is esseatially governad by the distritution of particles
o with respect to size and altitude In the cloud at etabilization, L.e., at aa early time before ap-
v preciable fallout has occurred, and by the spacific activity of radlonuclides of Intorest as a
’ functlon of particle size. The latter function mey vary with altitude in the cloud at stabillzation,

The basic types of Information necessary to calculate the fracticns of a given radionuclide In
local and worldwida fallout from particulate samples are: (1) the particle size at which division
Into local and worldwide fallout occurs for each sample, (2) the fraction of the volume of the
cloud awept out, in obtaining each sample, (3) the masa of each of the two groups of particles
in each sample, and (4) the R-values of the radionuclide of interest in each of the two groups
of particles in each sample.

The {irst of these can be calculated ln advance from the criteria for worldwide fallout from
the altitude of sample collection. The second can be calculated from the area of the sampling
aystem by obtaining the total volume of the cloud and the cloud dimensiong at various altitudes
from cloud photography. The third can be obtained by separating the particles into the neces-
sary two {ractions during sampling and subsequently weighing each group. The fourth can be
obtained by radiochemical analyses of each of the two particle groups.

It {s recommendcd that such a program be carried-out if the opportunity is presented by
futurs nuclear tests.
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/ﬁen of those fired, four were seen to have missed the cloud.

Appendix A
ROCKET DEVELOPMENT

A.l HARDTACK PERFORMANCE

A.1.1 8 May Test. Four rocksts wers sst up on Sits Yvonms for testing during Shot
Cactus, an 18-kt detonation; two werse located at 3,200 feet from ground zero, and two
were placed at a position some 5,000 feet farther down-island, It was planned to fire both
of the down-island rocksts and one of those situated at 3,200 feot to chack out the perform-
ance of the array prior to operational use on Shot Koa. Ths remaining rockst was to be
left unfired on its launcher so that the results of exposure to the detonation could be ob-
served.

The launching oquipment' for the close-in rocket that was to have been fired was ren-
dered inoperative by the blast, but neithar of the rockests at the close~in site were dam-
aged. Both of the down-island rockets fired, and one penetrzted the cloud and was recover-
ed from the lagoon. However, it collected no activity, because the cloud height was less
than predicted and the sampler head was programed to open at an altituds higher than the
resultant cloud top. The second rocket flew in an erratic manner, missed the cloud and
_sank. Its nose section was recovered from the bottom of the lagoon, and a pos‘~-mortem
examination indicated that the rocket had probably bsen damaged by a flying objact prior
to lannching.

A.1.2 9 May Test. Two rockets were fired from Sits Wilma for system check and nose
section recovery practice, but both nose sections were leaky and sank soon after striking
the water. The cause of the leakage was not known, but it was thought that a contributing
factor might have been the existence of a partial vacuum inside the sampling heads, be-
cause they were sealed at an altitude of about 80,000 feet whers the ambhient pressure is
much below that at sea level. To correct this situation, small holes of about 0.040-inch
diameter were drilled in the nose sections and coated with a hydrophobic grease, thereby
allowing air pressure equalization without permitting the entry of water. Static tests
showed t.hat no water entered the sampler hea.ds by th.is route

A.l3 13 May Test. Elghteen rockets wers sat up for f*ring at the Koa cloud, but as .
described previously, none was launched (Section 2.3.2).

A.l.4 26 May Test. After modification and testing of the launching equipment subse-
quent to Shot Koa, it was believed that the system was fully operational. It was desired
at this time to test the complete array with a full complement of rockets. Four rockets
were set up on Site Mary, eight on Site Sally, and six on Site Wilma for firing at the

/ Yellowwood cloud. The cloud from Shot Yellowwood did not develop to the extent predict-
// ed, and launching signals were sent only to the launchers on Mary and Sally at H + 134

minutes. All rockets launched successfully. The rockets on Wilma were intentionally
not launched, because it was apparent that their trajectories would not intersect the cloud.
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Three nose tections wore recoversd. Mc@mthumzmucannmm@w
probably 2s a recult of a chort in the circuit that fired ths ncee csp removal squib; tharge
fore, no sample was collected. The second noss gection was from a rocket programed to
open at 30,000 feet. When recovered, the noss section containsd sbhout 80 ml of watar. At
H + 9 hours the filtor of this noss section read about 1 mr/hr at the surface. Ths third
nose section was from a rocket programed to opan at 55,000 feet. About 100 ml of watar
had leaked into it, and the surface reading of its filter was 25 mr/hr at H + 9% hours.

After thig shot, av intansive effort was mads to detsrmina the cause of leakags of water
into the nose sections. It was found that the ball joint sealing the forward end of the noee
section after sampling could bounce back a small amount after closure, thereby permitting
water to enter. A latching mechanism was designed to lock the ball joint in ita totally
closed position. This modification was then applied to all nose sections.

A.1,5 1 June Test. Three rockets wers fired from Sits Wilna to test the modified ball-
joint closure mechanism. The sustainer motor on the first rocket did not ignite, causing
the nose section to remain attached to this unit, which fell into ths lagoon and sank. The
second rocket was damaged by impact with a coral hsad. The third nose section was re-
covered Intact and was dry inside. This represented a completely successful parformance
of the system. It appeared that the problem of water leakage into the nose section had
been soived.

A.1.6 15 June Test. Ten rockets were set up for firing at the Walnut cloud. Of these,
six were successfully launched (Section 2.3.3).

A.1.7 20 June Test. Because of the presence of water in the nose sections after Shot
Walnut, two rockets were fired from Wilma to furthar investigate the cause of leakage.
The nose section of the first rocket failed to separate from the sustainer motor and was
destroyed when it hit the reef. The second nose section was recovered in the lagoon, and
50 ml of water was found to have leaked into it. It was conjoctured at this time that the
low ambient temperature (—100° F) encountered by ths rockst at altitude might be freez-
ing and causing distortion of the O«ring seals.

A.1.8 23 June Test. A nose section with parachute was dropped from a helicopter at an
altitude of about 1,500 feet. It was recovered within 24 minutes after striking the lagoon,
and again, 50 ml of water was found inside. The possibility that the impact with the water
caused the large rear conical seal to open momentarily was suspscted. This was suggest-
ed by the rather large volume of water that had entered in a relaﬁvely short dmo C

A.1.9 24 June Test. Two nose sections with parachuteu were dropped from an altitudc
of 1,500 feet in an effort to determine the exact point of water leakage. In the first nose
section, the filter was replaced by a rubber membrane; and both the fore and aft spaces
of the noss section were stuffed with absorbent paper tissue, so any water leaking in
would be retained near the point of entry. After recovery, it was found that no water had
leaked into this unit. The second nose section, wkich was tha same one used in the 23
June test, was also stuffed with tissue. However, a normal filter unit was used to sepa-
rate the sections rather than a rubber membrane. When recovered, this nose section
was found to be dry inside. There was no differsnce between recovery conditions on the
23 and 24 June tests, axcept that the lagoon surface was rough 23 June and calm 24 June.




R is soon in Pigures A.1 s2d A.2, {llustreting the programing of tha rocimt and of the
_nose sectica, that the eystom is & complex cna.
In the early stagos of work on tha rockst, prior to the flald cperation, it had been rec-

_ognized that the chance of having & complatsly operational system ready for sampling the

Hardtack clouds was smell, because of the short length of tims available lor dsvelopment
and test firing. Nevorthsless, it seswed possibls that the remaining dofects of a minor
nature could be rectified in the field. The operational flights and tests already described
show that significant progress was mads toward this objactive.

However, aftar the tests of 24 June, it became apparsnt that the causs of noss section
leskage and other malfunctions could nct be determined and corrected with facilities
available ut EPG. Further work, utilizing range and tast installations in the Unitad
Statss, was essential to the attainment of a completaly successful samplirg systam. Ac-
cordingly, the rocket portion of Project 2.8 was terminatad 27 June with tha concurrence
of the Chief, AFSWP, and the Division of Military Application, AEC, All unfired rounds
were shipped to California.

From July to December 1958, the Cooper Development Corp. tested ths rockets from
the EPG to investigate possible modes of entry of water into the sa.mpu.ng heads (Refer-

" ence 88).

Three nose sections identical to those flown in the final EPG rounds were subjected to
environmental tests at North American Aviation Co. during July. The tests included low-
temperature cycle, vibration, and acceleration.

For the low-temperature tests, the forward and aft seals were closed, and the pro-
gramer and its container were removed. Thermocouples were placed on the O~rings of

" the forward and aft seals. The assembly was brought to room temperature (75° F), -and

the cold chamber was stabilized at —65° F. The nose section was placed in the cold
chamber and allowed to stand for 5 minutes. At the end of that time, the forward seal
O-ring temperature was ~10° F. The nose section was removed from the cold chamber
and allowed to remain at room temperature for 4 minutes, then completely submerged
in water for 1 minute and allowed to float at its normal level for 4 minutes. When the
secticn was removed from the water and disassembled, it was found that no leakage had
occurred.

The nose section used for the vibration test was a complete flight-ready assembly

'except that the skin around the diffuser had been removed. The acceleration load was

maintained at 5 g's while the vibration frequency was varied from 3 to 2,000 cps. The
. dwell time at each resonant frequency was 1 minute. The vibration was applied first in
" the plane parallel to the longitudinal centerline of the assembly, then in the plane per-
pendicular to the centerline. No failures occurred. o ¢

For the acceleration tests, a flight-ready nose section assembly was separa.ted into
two sections at the filter joint. Both sections were placed on a spin table in the decelera-
tion plane, and the load was raised to 50 g’s and held there for 1 minute. No failures
occurred. The sections were then placed in the acceleration plane, and the load was
again increased to 50 g’s and maintained at that level for 1 minute. The programer
started its functions at approximately 15 g’s, continued to operate properly, and no fail-
ures occurred. The test was then repeated using the nose sec*ion that had been vibration
tested, and the results were the same. The four tests showed that tbe sampling cone de-
sign was entirely compatible with the anticipated environmental conditions.

Beginning 17 July, further testing of possible sources of leakage in the nose sections
was conducted at the Morris Dam Small Caliber Range, Azusa, California, which is a

mrey




facility of the U.8. Naval Ordnance Test Staticn, Paszdona, Californis. Tan sasomblies
wore dropped into the wator £t various engles end with various modifisstions. The first
eight testa were carried out by dropping tho assomblisce from a height of aprroximataly

32 feot st angles of 75° and $0° with the breathe hole loft cpsn. Cther tests includad drops
of nose sections aitachsd to parachutes from 100 feet, frea-fall drops with the braathe
hole closed, and parachuts drops with a nsoprens boot on the forward seal of the ncse sec-
tions. Tha last six tests uscd sections in which a vacuum (23 inches of marcury), similar
to the near-vacuum of the upper atmosphere, had been induced. Examination of thase ag-
semblies aftsr recovery showed thai the vacuum remainod when the breathe hola was
sealed. »

Twenty-seven tests using ten nors section assemblies were conducted over a 5-day
period. This work, plus {urther tssting at the Cooper Davelopment Corporation plant,
indicated that certain points around the forward ball-seal joint and the operating mecha-
nism were susceptible to small leaks when the pressure difference between the intarior
and extarior of the diffuser~filter section increased. The neoprene boot, which covered
the operating mechanism, had proved to be particularly vulnerable during the EPG firinga
and later tests. The reliability of the seal was increased a great deal by redesign of the
boot, and only infrequent minute leaks were observed after installation of the improved
boots. These leaks were rapaired as they occurred, until the seal was tight enough to
hold a pressure difference of 23 inches of mercury for 10 minutes,

Following the successful drop tests, two flight test rcunds were fired at the Naval
Mssile Center (NMC), Point Mugu, California, 24 July. The nose sections for these
rounds were modified to incorporate the improvements which had been made during tos
tests at Morris Dam. All programer function times were as planned, and both rounds
were judged to be successful. Their trajectories were followed throughout the flights by
range radar, enabling the impact points to be quickly located by radars on the search air-
craft. The nose sections were then recovered by a rescue craft. One of them was com-
pletely dry, and the second contained only a few milliliters of water. When the saections
were disassembled, it was observed that the dry one had maintained a partial vacuum,
while the other had apparently leaked air to equalize the pressure.

In spite of the success of the flight tests, it was felt that still further improvements
could be made in sealing the diffuser-filter assembly. A conference was held in August
between Cooper and UCRL personnel to investigate new approaches to the problem. After
study of the design, it was concluded that moving the forward ball-seal O-ring from the
forward to aft side of the ball would eliminate several possible sources of leakage, al-
though there would be some sacrifice of performance. Slizht leakage had been ohserved
during some of the tests at the rubber boot on the push-pull rod, around use nose cap
cable entries, and at the forwar+ nose cap blowoff joint. Relocation of the O-ringto a
position aft of these areas was expected to prevent any water that might enter from reach-~
ing the filter. All changes in design that had been made at the EPG and later, including
the relocation of the O-ring, were incorporated in a new set of drawings, and two new
nose sections were manufactured to the revised drawings.

A new antenna system, consisting of two bent dipoles located on opposite sides of the
nose section and positioned as far forward as possible so that they would be above the
surface of the water, was devised for the recovery transmitter. This syetem was tested
at Puddingstone Dam near Pomona, California, 20 November. The antenna was first
submerged, then the nose section was allowed to float during the test. Readable signals
were received as far as 5 miles away with both ground and aircrait receivers. The sig-
nal was both stronger and steadier than that produced by the antennas used on the EPG
rounds.




¢
2

Drop teets using the two redzcigned nose sscticns wors conducted o2 Morris Dam,
22 Novomber. Ths assemblias wore dropped five times each from & haight of 38 foat.
No parachutes wers usad, and the angle of impact was not controlied. Both assomblias e
remasained complatsly dry on the insids throughout ths tests. Ons ssction was slightly -
damaged whon it cams to ths surfzce under & steel bargs, but this was quickly repaired.

Ths two new noze sections were assembled into flight rounds for testa ot NMC, 2
December. Both rounds ware launched at an elsvation of 75° and azimuth of 217°. The sec-
ond stage of the first round eithsr failad to ignite or ignited cnly partially, as evidsnred :
by the lack of a contrail and the horizontal range of only 14,200 yards. Nose section
separation and parachute deployment were achieved satisfactorily. The nose section was
located after impact by a very strong, steady, directional signal from the recovery trans-
mitter and by sighting the dye marker. The nose section was completaly dry inside, and
a vacuum seal had been maintained for 2! hours. On the next rouad, second-stage igni-
tion was observed, and the range radar showed nose section sepsration at approximately
105,000 feet. The payload descended very rapidly and could not be located by the search
_craft. The radar plots gave no indication as to the nature of the malfunction that evidently
"occurred. It is possible that the main parachute failed to deploy or that the pilot chute
was fouled by the motor.

These were the final tests carried out in the developmen: of an ocean recovery version
of the cloud sampling rocket. The results indicated that the improvements in design mads
subsequent to the fleld operation resulted in a more practical system than the ons available
in April 1958. However, further flight testing would be desirable if tha rockst is to be
- used in a future cloud sampung proegram. . ;
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Figure A.l Diagram to lilustrate rocket programing.
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Figure A.2 Schematic view of rocket nose section.
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Appendix B
RADIOCHEMICAL DATA TABLES o .

Tablas B.1 through B.6 cortain a compilation of radiochamical data for all the samples
collectad by project aircraft. The samplers ire identified by the sircraft numbsr. Ths
letters R or L placed psxt to the aircraft numbsr indicats that sampling units toward the
right or left side of the aircraft were used. The single rocket sample obtained is also
included. The analytical results are tabulatad separstely for ths gas and particulate
samples from the three shots. Data cn the particulats matarial is dividad into three
groups, namely, gross cloud samples, size-separatsd cloud samples, and fallout sam-
ples. In each table, ths results are arranged in the ordar of increasing time of collection.

The following general remarks will serve to clarify certain entries in the tables:

1. Al fission values based on Mo® in the particulate sample tabulations have been
normalized to a LASL K-factor of 2.50 x 105, This factor gave approximataly the correct
number of fissfons in samples from all three shots and facilitated comparison of the re-
sylts from different laboratories.

6. All Sr™ and Sr*® R-values have been normalized to the LASL values by means of
the Koa samples analyzed at both LASL and NRDL.

7. All Y" R-values have been normalized to the NRDL values by means of the Koa
samples analyzed at both LASL and NRDL.

8. The term “probe velocity” refers to the pumping speed In the gas-particle coin-

_cident sampler. Samples collected at a low probe velocity are very likely nonrepresenta-

tive of the cloud. €

9. On Koa, the massive samples were collected on the 60, Ooo-foot helght line; the
Wilson special sample was from the general fallout.

10. The fine and coarse fractions for the Koa and Oak size-separated samples were
separated at a nominal fall rate of 1 cm/sec. Nominal fall rates for the Walnut fractions

re: fine fraction, less than 0.1 cm/sec; medium fraction, 0.1 to 1.0 cm/sec; and
coarse fraction, greater than 1 cm/sec.

11. The sampling altitudes given for Aircraft 978 on Walnut and 981 on Oak are thought
to be too high, but more reliable figures are not available.
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Appendix C
PARTICLE DATA AND CHARACTZRISTIC3, 8ROT KOA ' .
C.1 SIZE DISTRIBUTION, FALL RATE, AND SPECIFIC ACTIVITY DATA

Fall rate distribution dsta, particle size data, and specific-gotivity fall-rate data are
presented in graphical form in Figures C.1 through C.13, for the cloud and fallout sam-
ples listed in Table C.1. Samples, 500, 502, and 977 from the cloud wore ssparatad into
coarse and fine fractions with the Bahco cantrifuge before detarmination of the distribu~
tion curves. The boundary between the contrifuge fractions iy as given in Appendix B.

No fall rate work was dons on samples taken from the cloud at times later than 4 hours
because of the small quantity of material collected. These results are bzing reported

primarily for record purpoces.

C.2 PARTICLE CHAR ACTERISTICS

Most of the particlu were translucent white and had an irregular shaps. Some flaky
aggregates—small spheres zpparently formed by concenssation—and clustars of varying
sizes were also present. Many of the larger particles were discolored with a reddish-
brown stain, presumably due to iron oxide. 7

The main constituents were identified as Ca(OH); and CaCO;y (both calcite and aragonita)
by examination with polarized light and by X-ray diffraction. Small quantities of ocean
water salts were observed in all the samples.

The particles disintegrated spontaneouely into many small fragments whan brought into
contact with liquids. The disintegration was most rapid with water but also occurred at a
slower rate with hydrocarbons and other fluids. Because of this effect, their density could
not be determined by the bromobenzene-bromoform method.

Size measurement and type classification were described in Saction 2.4; this investiga-
tion is summarized in Table C.2.
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TABLE C.1 LIST OF SAMPLES MEASURAED, SEOT KOA

Tall Rate Particle Size Specific
Distributica Distribution Activity
Massive L1 Massive L1 Magsive LS
Masslve L2 Massive 14 Wilson Special
Massive L3 802 Coarse 302 Coarse
Massive 14 802 Fine 503 Fine
Massive L5 $00 Coarse 500 Coarse
Wilson Special 800 Fine 800 Fine
802 Coarse 971 Coarse 977 Coarse
502 Mine 917 Mne 917 Moe
$00 Coarse

500 Fine

7117 Coarse

9117 ¥ine

Ca

TABLE C.2 PARTICLE CLASSIFICATION AND SIZE MEASUREMENTS,

SHOT KOA
Sample H‘ “mb“”;::‘ Size [rregular Acm“ tes Spheres
Measured
microns pct pet pet
Massive L1 1s 188 1.3 18.5 141
Massive L4 218 (] 51.4 16.2 2.4
502 Coarse 258 “ 82.0 11.0 1.0
502 Fine 287 18 93.7 3.5 2.8
= 500 Coarse’ ) § 48 63.7 T 23 - 2%0 c o ‘
* 500 Fine 619 2¢ . 4.0 L L ..
977 Coarse 264 41 76.1 9.5 T 14.4 ’
917 Fine 299 21 .6 2.3 31
es
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Pigure C.11 Particle size distrilwtion curves for cloud samples,
Shot Koa: Samples 502, coarse, and 302, fine. .
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Shot Koa: Samples $77, coarse, and 977, tine.
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Appendix D |
METEOROLOGICAL DATA TABLES
Meteorological data for the shot days of Koa, Walnut, and Oak are presented. Tables )
D.1 through D.3 give winds aloft, whereas Tables D.4 through D.8 give atmospheric
temperature data. :
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Appendix E
DERIVATION OF FORMULA FOR PERCENT MOLYBDENUM LEFT IN CLOUD

The formula given in Chapter 3 for the percent Mo™ left in the cloud s based on & mats-
! rial balance for some nuclide, Y. It can be derived as follows:

: Let Yg = atoms Y formed in the explosion
Yo = atoms Y left in cloud
! Ypo = atoms Yin fallott
E Mog = atoms Mo¥ formed in the explosion
; ' Moc = atoms Mo™ left in the cloud
I Mopg = atoms Mo™ in the fallout
.E ' y = fraction of Mo® atoms left in cloud
: k = the ratlo atoms Y: atoms Mo formed in thermal

neutron fission, a constant ‘
(R®\V)) g = R-value for nuclide Y in explosion
[R”(Y)lc = R-value for nuclide Y in cloud
[R®"(N)]po = R-value for nuclide Y in fallout
YE = YC + YFO : (E.1)
= MOE YE/MOE
= Mogp k (R*(M)]g

~since [R®M)g = (Yg/Moglk ST e e

o

g e g NV A R T P T S ST Y, S rce T u——— e
N }
N B

[}

Mog k [R" (M)

since (R®(M)], = (Yo/Mocl/k

S

- Ypg = Mopg Ypo/Mopg

= Mogo k (R" Mg
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since [R®Mlpg = [Ypo/Mopol/k
From Equstion E.1 since Mog = Mogpy and Mopg = Mog{l -y)

- Moy k (R®(N); = Mogy k (R®*(Mc +Mopd-ykR*Mipo (€2
dividing Equation E.2 by Mop k ard rearranging

(R®W]g - (R*Wipo
(R¥(Mic - [(R®*Mipo
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