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ABSTRACT

The primary objective of the project was to estimate the partition of

Sr?9 and C5137 between the local and long-range fallout formed by megaton-

range nuclear detonations over land and water surfaces. A secondary

objective was to determine the spatial distribution of radioactivity (and

particles) in the nuclear clouds a few minutes after stabilization. It was

planned to achieve these objectives by radiochemical analyses and particle

size measurements on the following types of samples:

1. Samples of the particles and radioactive gases present in the upper

portions of the clouds to be collected by high flying aircraft.

2. Samples of the 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,

3. Samples of the fallout to be collected at an altitudeof 1,000 feet

by low-flying aircraft,

The project participated in a megéton shot (Koa) fired over a coral

island, afsepeTryshot (Walnut) fired from a barge in deep water,and a 9-MT

shot (Oak) fired over a coral reef in shallow water. The aircraft sampling

program was generally successful, and fairly complete sets of both cloud

and fallout samples were collected on each shot. The rocket program was

unsuccessful due to a variety of equipment malfunctions,
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The gas samples were analyzed for radioactive krypton and the cloud and

0018933

fallout samples were each analyzed for sr”, cst3? and several other nuclides

to give information on fractionation. Fall rate and size distribution measure-~

ments were made’ on the particle samples from the land surface shot. The combined

analytical data were used to estimate the distribution of sr?? and cst? between

the local and long-range fallout.

There are no results to be reported on the spatial distribution of radio-

activity in the clouds since this part of the project was dependent on the rocket

samples.

The results indicate, if the layers sampled were representative of the

total clouds that for water shots, around one-fourth of the sr? and one-third of

the Cst?? formed will be dispersed over distances greater than 4,000 miles. Cor-

responding figures for a coral land surface are one-fifth for Sr?? and one-half for

cst37 Radiomelide fractionation was pronounced, i.e., the radiomuclide composi-

The local fallout wastion varied from layer to layer, in the land surface shote

depleted in both sr?° and cst3? and the upper portions of the clouds were enriched.

Fractionation was much less for the water shot.

It is reco-mended that a similar project, with a more detailed analysis of

radionuclide Gistributions be included as part of the progrem if future weapons

tests are scheculed. Such a project could provide more valuable information

than the HARDTACK data.
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PREFACE

In the formulation of this project, three distinct parts were establish-

ed: rocket fallout sampling, aircraft fallout sampling and sample analysis,

data interpretation and report preparation. Responsibility for the conduct

of rocket sampling was assigned to the University of California Radiation

Laboratory (UCRL); responsibility for the conduct of the aircraft sampling

was assigned to the Los Alamos Scientific Laboratory (LASL); and re-

sponsibility for the conduct of sample analysis, report writing, etc., was

assigned to the U.S. Naval Radiological Defense Laboratory (NRDL). The

Project Officer was supplied from the NRDL technical staff. H. F. Plank,

as technical advisor to the project officer, was responsible for the conduct

of the LASL portion, E. H. Fleming acted ina similar capacity for the

UCRL portion and N. E, Ballou and T. Triffet are responsible for the

NRDL portion.
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: CHAPTER 1

INTRODUCTION

1,1 OBJECTIVES

The general objective of the project was to estimate, from analytical

data on cloud samples, the relative distribution of certain radionuclides

between the local and world-wide fallout formed by megaton-range detona-

tions on Jand and water surfaces, with particular emphasis on the distribution of

Sr°° and Cs?37 between local and world-wide fatiout.
Specific objectives were to: (1) obtain airborne particle and gas samples

by rocket and aircraft sampling techniques; (2) determine the distribution of

radionuclides between two groups of particles which differed from one another

in their falling rates in air and which could be considered representative of

local and world wide fallout; (3) attempt to determine an early-time distri-

bution of radionuclides and pzrticles between the upper and lower halves of

the cloud and radially cutward from the cloud exis; (4) estimate the extent

of seperation of fallout from gaszous fission products by fission determina-

tions on gas end particle cempies collected coircidentclly rear the top of

the cloud at vzrious times following the shots,

1,2 BACKGROUND AND THEORY

Deta on the geographical distribution of fzllout are particularly necded

to assess the global bazards assozizted with the testing of nuclear weapons,

 



LC C:

SECRETRES7sRLCEDDehcTeA

but they are also important for an appraisal of the effects of nuclear weapons

0018933

used in warfare,

It has been recognized since the earliest weapons tests that a sub-

stantial portion of the radionuclides formed in a nuclear detonation are

deposited throughout the world, thereby becoming available for general

biological assimilation, The totz] fallout is usually considered as being

divided into two classes, designzted as loc2l and world-wide fallout. Ina

general way, local fallout is thought of 2s consisting of relatively large

particles, which reach the earth's surface in a few hours, where2s world

wide fallout is composed of finely-divided materi2l which may remain sus-

pended in the atmosphere for months or years and be deposited at long dis-

tances from the sources A more precise differentiztion is needed for

specific situations, one of the most important considerations being the loca-

tion of the detonation site in relation to world centers of population, For

explosions at the Pacific Proving Grounds, the boundary between the two

classes has been chosen at a particle falling velocity of 3 inches per second;

m2teri@l settling out more slowly than this is likely to be transported beyond

the ocean arezs and deposited in inhebited regions, if it attains an altitude of
190,000 ft. . -

#_so
The ratio of local to world-wide fallout is/governed by the heiynt at

the nuclear cloud and the size distribution

/ of the particles in the nuclear cloud which act as collectors for the

tained by
 

radioactive fission-product ztoms, If many large particles with fast falling

]
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rates are present, as is the case for surface or underground shots where the

fireball contacts the ground, the loca) fallout will be large. Local fallout can

be expected to decrease as the detonation height increases and become a

negligible quantity for an air burst high above the ground.

Numerous estimates of local fallout have been prepared at previous

Operations, mainly from analyses of radiation intensity data obtained in

acrial and surface monitoring surveys. However, the uncertainties in con-

verting from dose rate measurements to fission products deposited per unit

area are so great that the results cannot be regarded with a great deal of

confidence. More reliable values are evidently needed and in planning for

Operation HARDTACK, the AEC examined possible ways of obtaining such

information (Reference 1). After consideration of the difficulties inherent

in additional refinement of surface measurement techniques, this approach

was abandoned, An alternative program based on further development of

existing cloud sampling procedures was formulated (Reference 2) and this

culminated in Project 2.8.

A knowledge of fallout partition and how it is influenced by shot

environment may contribute to reduction in world-wide fallout at future

tests and to a better understanding of the military implications of local

fallout. It will also assist in extrapolation to previously untried shot con-

ditions and yields,

CitDDAT
spasSeo
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1.2.1 Formation and Nature of Fallout Particles, Whena surface

burst is detonated, great quantities of the edjacent environment are swept

upid mixed with the incandescent air in the fireball, There is sufficient

thermal erergy in the hot gas to completely vaporize all the material in

the immediate vicinity, but the flow cf heat into 2 massive object, such as

a shot tower, sbield or coral rock, will be comparatively slow even with

a high temperature gradient, Consequertly, the intericr portions of large

structures in the neighkorhood may not receive ercughheat to evzporate

and will be melted only, Later, wher the fireball has risen above the

surface, the material czrried ixto it by the vertical zir currents zround

ground zsro will not be hezted to the melting point. As 2 result, the fire-

bell in its later stzges will contzin the exvizonmental comporenrts 28 a

mixture of solid particles, molten dreps azd vapor, The extrancous ma-

st of ceral and ocean water s2lts plesti
deterizlin the Pacific sbets will cons

the cemponments cf the device, shield, and tower or barge.

The preponderance of cxygen and cf the eayironmsntzl meterial in

fon cf the felloutflthe firebzll is cf outstzading impartizce in the forme

péerticles, As the hot zir coolg threugh the range 2500-1000 K°,, it be-

comes s2turated with respect to the vaporized cozstitvents end they cen-

(Reference 3)
dense ott as an aggregate cf ligzid Crops most of which are very small

(References 4 and 5}, Theee are rnixed with the lerger drops formed by
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fusion and with solid particles,

The radionuclide atoms present will collide frequently with oxygen

atoms or molecul¢s and, since the mzjority of them are electron donors,

metallic oxide molecules will be formed which become thermodynamically

stable 2s the temperature falle, The cxide molecules, or free rediona-

clide atoms, also have frequent collisions with the liquid drops of environ-

mental material (silica, alumina, iron oxide or czlcium oxide) and these

collisions may be inelastic since in some cases the incoming mcelecules

will be held by strong attractive forces. The redicactive oxide molecules

which condense at the liquid surface will spread ixto the interior of the

drops and become more cr less uniformly distributed threughcut, Later,

after the liquid drops have frezen, the incoming radionuclide molecvles

may be held by surface forces,

Another way in which the radionuctli

erences 4 and 6},

Dus ta the very low concentrations of the radionuclide oxide mole-

‘ther will be relatively infrequent 2nd it

a f£ this type to form 2 drop

 [Fe
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The isobaric radionuclide chains formed in the explosion are known

to be distributed on a mass scale in a way generally similar to the pro-

ducts of asymmetric fission of y235 by thermal neutrons, but with some

important differences, The experimental yield curve for slow neutron

fission has a broad minimum for mass numbers approximately one-half

that of the original nucleus and maxima on cither side at mass numbers

in the neighborhood of 95 and 139 (Reference 7). Comparing the chain

yields for megaton-range detonations with this curve, it is noted that there

is a small drop in the peak yields accompanied by an increase in the sym-

metric fission probability. The same nuclide distribution might be ex-

pected in the fallout material and this is found to be roughly true under

certain conditions, In other cases, the elements formed initially partially separat

with respect to
/one another so that samples of fallout may differ in composition

among themselves and also from the distribution curve characteristic for

the event,

Fractionation is a term which has been applied to this phenomenon

and it is used to signify an alteration in nuclide composition of some portion

of the debris which renders it non-representative of the bomb products as

a whole, The R-values, which are commonly used for reporting radiochemi-

cal data on cloud and fallout samples, are useful indices of fractionation.

The R-value for any nuclide is defined as the ratio of the number of atoms
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of this nuclide to the number of atoms of a reference substance (usually

Mo?) in the sample divided by the same ratio for the products of thermal

of Ue35,
neutron fission/ Atoms which do not separate from the reference sub- .

stance have R-values appropriate for the type of detonation, while en-

richment or depletion are manifested by positive or negative deviations from

the characteristic value,

Knowledge of the causes and mechanism of fractionation is still

largely incomplete at the present time, One effect that seems to be indi-

cated by the available data may occur in the isobaric chains near mass

numbers 90 and 140 which contain rare gas nuclides as prominent chain

members, These have half-lives and independent fission yields such that

they comprise a considerable fraction of the total chain yield during the

period when the environmental material is condensing. If the rare gas

atoms which 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 depleted in the nuclide chains in question,

A variety of types of particles have been observed in the local fall-

out at previous test series (References 8,9,10,11, 12, 13). For land surface

shots in the Pacific they have been mainly of three kinds: irregular grains,

spherical solids and fragile agglomerated flakes, The grains were not, in

general, uniform throughout, but consisted of leyers or shells of calcium

17
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oxide, calcium hydroxide and calcium carbonate formed by the decarbo-

nation, hydration and recarbonation processes going on in the firebafl

and subsequently, The majority of them were white or transparent 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 con-

sisting of small black spheres of calcium iron oxide (2CaO- Fe, 03).

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 50-300 microns in diameter, These contained

about 80% salt, 18% water and 2% insoluble solids by volume, The major

part of the radioactivity was found in the insoluble solids portion,

The fallout deposited at more distant points has not been as well

characterized, but is believed to be composed of minute spheres formed

by condensation of the environmental 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 availability of the radioactivity in the fallout for assimilation

into the biosphere depends to a large extent on its solubility in aqueous

18
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or slightly acid media. Determination of the soluble fraction is therefore an

important problemand solubility studies have been reported on fallout from several _

of the shots at Operations CASTIE and REDWING. For CASTIE fallout, it was found

that the soluble fraction was strongly dependent on the detonation enviroment,

being around 0.05 for land shots and 0.58-0.73 for shots fired from a barge

(Reference 15). The solubility in seawater of the fallout from the reef shot

Tewa, Operation KEDWING, 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 (Reference 13). The soluble fractions found by these two methods

were 0.08 and 0.18, respectively. An ultrafiltration method was used for deter-

mining the solubility of fallout from the land shot, Zuni. About 25 per cent of

the total ganma activity and Np?3? were soluble in seawater and 5 per cent of

the total gamma activity was soluble in rainwater.

Recent investigations (Reference 60) have shown that biological availability

is analogous to solubility in 1 N HCl. Bomb debris from large tests is 99 per

cent soluble in 1 N HCl, independent of shot envirorment.
hy

‘

1.2.2 Cloud Development. During the later stages of existence of the fire-
   

ball, it is transformed into a vortex ring whose rotational velocity persists

up to the maximcloud altitude, at least for the larger shots. The vortex

contains the fission products, environmental material and bomb components which

were present in the fireball and is the site where the radioactive fallout par-

ticles are generated. The cloud contimies to rise until its buoyency is reduced

to zero by adiabatic expansion, entrainment
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of cold air and loss of energy in overcoming atmospheric drag (References

16, 17, 18). The diameter of the ring increases rapidly during the ascent

and the cloud spreads out laterally to a large 2rex zs its upward velocity

decreases, For smaller yields the cloud stops 2t the tropopause or be-

low, but for megaton-range weapons the top may penetrzte several thou-

sand feet into the stratosphere, The time to mzximum altitude is some-

what less than ten minutes,

A knowledge of the distribution of activity and particles within the

stabilized cloud is needed for the establishment of a rational fallout

model; however, the collection of a suitable set of szmples which could

be used to determine these quantities experimentally presents a formid-

able operationz]1 problem which has not yet been solved. Several distri-

butions have been zssumed 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 perhaps be anticipated that the activity would be greatest in an anchor

ring centered on the axis of the cloud. Some evidence for this structure

was obtained at Operation REDWING with rockets with telemetering ioni-

zation chambers (Reference 19),

1.2.3 Transport and Distribution, During the ascent of the nuclear

cloud the particles present are acted on by body forces and by the vertical

20
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currents in the rising air, Some of the large particles will be heavy exough

easece 0018933
— _—_—_— — —  

s0 thst they will have a net downward velocity even though the cloud 2s a

whole iz moving upward, They will coztribute to the falicut in the immedi- —

/During this time, volatile fissicn produc
ate vicinity of ground zero (Reference 20),may be fractiorzted from lees volatile
fission products by a kind of "fractional distillation" process within the hot cloud

Once the upward motion kuz ceaged, the particles in the cloud will

begin to settle cut at rates determined by their denaity, dimensions and

shapes and by the viscosity and density of the 2ir (Reference Zl), The

terminzl velocities for small spheres can be accurately calculated when

the dependence of the drag coefficient cn Reyneid's nuinber is known, Ir-

regular or angular particles will fell more slowly then spheres of the came

weight, but their velocities camnct be estimzted as well due to uncertzinty

in the shape factors (Reference 22),

The particles which mzke up the lec] fallout fsllow traiccterzits to

the surface governed by their fall rates aad by the mean wind vector between

their points of origin in the cloud and the greund level. Locaticns can be

specified by reference to 2 surface coordinate system mide up of height

lines and size lines, The height lines are the losi ef the points of erri-

val of all particles originating at given heights on the axis of the cloud,

The size lines connect the arrivel points of particles of the same size

from different 2ltitudes, Time and spice varizticn cf the winds will change

the magnitude znd direction of the mein wind vector and verticel rncticns
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in the atrnosphere will alter the falling rates of the particles. Corrections

for these effects can be made wh-n adequite metecrological data are avail~

2ble,

The local fallout as defined bere will be down in 4.5 days or less,

leaving aloft an aypgregzte of particles ranging from about 25-micron

diameter dewn to submicron size. For small shots the majority of this

will be.in the troposphere but for megaton-range yieldsa large propor -

tion will be deposited in the stratospkere. Hence, in discussing world-

wide fallout, it is desirable to consider it as subdivided into two classes

identified as tropospheric, or intermediate, fallcut and stratespheric, or

delayed, fallout (Reference 23).

The miterial left in the troposphere is thought to remain 2loft up

te forty days and to circle the carth 2 few times before reaching ground

level. It deposits in relatively narrow bards, centered on the detoretion

latitude, with little evidence of diffusion acress the stable air barrier

located in the troposphere north of the equator. It is probably brought

down largely by the scavenging effect of rainfall or other precipitztion

(Reference 23).

These particles which do not fall out within the first few weeks will

remain suspended in the stmosphsere for z prolonged period — 2 matter 1A S
* * ed f adtantastm Leites LELE 4b

of zround seven vears on the average, Thsmeteriz] oripinates exclusive-
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ly in the stratornphere and the particle size, sithevgh not known, roust

be very small, probably less then 0.1 micron, It ig dietributed by the

etratospheric winds in the east-west or west-east direction, and thsre

is also thought to be a slow circulation toward the poles, Movement into

the troposphere can take place by slow settling or by ses.conal changes

in the altitude of the tropopzuse, The exckirge may be most prevalent

at the break in the trcopcpause near the middle latitudes, Once transfer

from the stratosphere is completed, the material will be deposited rela-

tively quickly in the eame manner as intermediate fsllout (Reference 23).

1.2.4 Procedures for the Determinztion of Fallout Partitien. The

hazards cf nuclear wezpons testing are agsociated primarily with world-

wide fallout, since local fallout can be controlled by selection of the test

site and the proper winds aloft so that its arez of depesition will be of

However, local fallout has local
miner consequence to the population of the world, Introduction of radio- ;

2 . : - \

ecological consequences which are not neglibitieAud 14 aad fuse Spat Lite
. . . . ° a cr

muclides, such es sr79, into the human ervironment viz world-wide fallout fe
A

his 2 potential effect on the whole population and their significance hes QuPA

been studied in grezt detzil (Reference 24}, As a result ef theze studies, Atle

t
. . . . . . a wf

it has been concluded that certzin radionuclids levels at the sarth's sur- “o~

face can be tolerated anc thet these levels can Fe mintzined within

eptsole limits by restricticas om the rate of nuclear testing. This isa q
n Q

y
y

Ezsed on the concept thit a ecrdition of "equilibrium" is rezched in the
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stratosphere at which the rate of injection of radioactive bomb debris will

be equal to the decay plus deposition rate. A concensos reached at the

1957 Congreszional Committee hearings on fallout placed the permissible

rate of testing zt 2-10 MT. per year (Reference 24}. The validity of such

numbers depends in large pxrt on the reliahility of experimental detsrraina-

tions of the fraction of the wezpen appearing in global fallout,

This fraction hrs usually been estimzted indirectly by mezsuring

the fallout in the local arez and subtraction from unity, The methods used

for the determinztion of local fzllout have invelved measurement of gemma

ray field contours or representative sampling cf the material arriving at

the surface of the earth (References 25 and 2&}, The totzl amount of radio-

active debris in the fallout area may be celculated if the relation between

dose rate and surface density of radioactive m2teriz] is known, Similarly,

semples representing 2 known area of the fzllout field may be znzlyzed for

araount ef weapon debris and 2ll such are2s summedto give the total local

fallout, A combination of fallout sampling and enzlysis plus gamma radia-

fica mes.surements has also been used (Reference 26},

These procedures are subject to 2 number of difficulties and un-

tainties, not only with regzrd to making adequate sample collectionsacar

“and rzdistion field msasurements, but also in data interpretation, The es-

treblishment of accurate gemma contours requres an extensive and costly
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field program since radiation intensity mezauremexts must be made cver .

areas up totes of thousands of square milez, When the fxllout is deposited .

mainly over the surfsce of the ocean, the origina! pattarns are fistorted

continuously by settling of the particles and by osesz2 carrenta, The collec-

tion of samples at the earth's surface which are truly representative of

the areca sampled and free from collecter bias presents problema which

have not been fully solved to dzte, oo, \ Le

Cenversion of gemma intensity contour data te fraction of device

requires knowledge of the relation of dose rate te fizsions per unit area

of the fallout field at cne hour and of the gross radioactive decay rate,

The decay rate varies with the device composition, environment and frac-

tienation in a way which is not well understeod, Some urcertsinty will

always be presentin local fallout determinations by this method when

fractHonztion exists to an unknown degree, even though all the other quan-

tities are known accuratelys

Ancther procedure for the determination cf fallout partition was

originated by the University cf California Radiztion Laberztory bzsed on

she supposition that certain cf the rare gas fission products remzin through-

eut ihsir lifetimes as free atoms unetteched to surfaces (Reference 26), If

this is true, they will net be rermoved frem the cloud by the falling particles

and may be considered as representative of the number of fivzions remzin-

25

 



 

ing aloft for long periods.

In the application of this method, coincident samples of gas and

particles are taken by an isokinetic collector during the first few hours

of existence of the cloudse The muclear aerosol is sucked through a filter

to remove the suspended material and the particle-free gas is then pumped into

a storage bottle. The number of fissions in the two sanples ig determined by

analyzing the gas for 2.8~hour Kr88 and the solid for a representative mclide

such as Mo??, . .

The ratio of sample fissions calculated from a bound nuclide to those

from an unattached rare gas nuclide will give the fraction of the reference

‘substance which is in the sampled portion of the cloud at the time of sampling.

At a very early time, if no separation of gas and particles occurs, this ratio

‘should be one. Later it would be expected to decrease as the falling particles

remove the bound fission products. Hence, if the early ratio is one, the frac-

tion of the material in world-wide fallout may be determined if the time is

known at which particles having a falling velocity of 3 inches per second leave

the sampling region, or if the ratio approaches a ccnstant with time.ae)

o2¢5 Prior Estimates of Local Fallout. Determinations of local[
4

fallcut have been made at virtually ell the muclear weapons tests conducted

by the United States. Estimates of the fraction of the radioactivity deposi-

ted locally have been made for Operations JANGIE (References 16, 23, 25,

26
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27, 28), TUMBLER-SNAPPER (References 27, 14}, UPSHOT-KNOTHOLE .

ves(References 16, 27), CASTLE (Reference 29, 30, 31, 32, 33}, WIGWAM

(Reference 34), ‘TEAPOT (Reference 35), and REDWING (References 23,

3€}. A summary of values computed from gamma contours and/or area

sampling covered a range from 0.2 to 0,6 (Refereaces 25, 26}, Re-

examination.of the prelimizzry REDWING datz by Tucker {Reference 37)

gave higher figures in the range 0,65-0,70 for barge {water surface) shots

znd up to 0,85 for land surface shots,

Results by the UCRL cloud sempling method ere 2lg0 available

from REDWING (Reference 26) for the ground shots Lacrosze, Mohawk,

Zuni and Tewa (part land, part water), for tke water surfice shots Huron

and Nzvajo and the high altitude air burst, Cherokee. In the first three -

events the ratio of sclid-to-gas fissions was 28 low as 0.04, Valves for

Tewa were not much less than one but this was probably due to the low

sampling altitudes relztive to cloud height, The ratics for the barge shots

were greater then 0,6 in all cases, For Shot Cherokee the only sample taken from the

main body of the cloud gave .2 ratio-of one, from the assuaption that the ratio at

early times in all cases is one, interpretation of these figures intérms°of

f2Llout distribution indicates that 90-95% of the activity came devm locally

for the land shots, 15-50% for the water shots,and ezsentially none for the

highzltitude air burst,

On 5-7 March 1957 2 sympcsium was held at the Rind Corporation
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to summarize and evaluate work done on fallout partition up to that time

(Reference 26}, The conferees corcluded that the bert genezvalizition

which could be reached cu the basis of the data presented was anequal

distribution of radioactivity between world wide «nd lecal fukiout for both

land and water detonations in the riegaton rangee

1.2.6 World-wide Fallout. World-wide fetlout Laz been cf great

concern to persons responsible for the conduct of we2pons tests on acccunt

of the poeszible consequences attendant upes, the giobal diapsraal of zadio-

active substznces, The dangers from extern2l irradiation are generally

believed to be of a minor nature, due to the low levels af activity involved,

but the incorporation of nuclides into the humzen system through the uscal

biological chinnels introduces the poasibility of long-term effects whose

sériousntss is not easily determined,

The Iecal fallout from the tects at Exiwetck, as defined earlier, will

settle cut in the Pacific Ocean sxd hense will be of only indirect concern,

Rowever, the tropospheric and straterpheric falicut will come down

muslides prestntin giebal |sRver land areza. Careful cencideration of th

mest feared due te its possible@fallout has indicated thet Sr?° is the one to b

accumulaticn in the humin skeleton and subsequent longte

4
‘ ° 0 a p r

n a o
h fi a a m ‘< . w i3 ~ i
n
e

Oo “4 ro a n taof the hemstopostic tissues (Reference 24

of the werk done on world-rid« fzllout hig

 

 



0018933

 

-

°. Measurements have been made to determine the existingmation of Sr

levels at the saxrth's surface, the quantity stored in the stratcsphere, ind

the deposition rate, Samples of fallout have been t1ken from the soil and

vegetation, by gummed tipe and pot-type collectors on the grovnd,ard by

2ir-filter samplers at the surface and in the tropcesphers and etrstosphere

(References &, 23, 39, 40, 41, 42, 43, 44, 45).

Based on this work, it was estimated in the fall of 1956 that the

Sr?? levels were about22 me/mi* in the midwestern section of the United

States, 15-17 me/mi* for similar latitudes elacewhere and perhaps 3-4

mc/mi® for the rest of the world (References38, 39}, The totzl &.mount

in the stretcspheric reservoir, if uniformly distributed over the azea of

th: glche,would increase these figures by about 12 me/mi*, The deposi-

tion rate of the stored material was considered to be around 10% per

arnum, It was further estimzted that if these levelz were maintiined for

fifteen years the concentration in the human sksleton would Es atcut 1%

of the maximum permissible (Reference 24},

The quintity ci radioactivity in the storage reservoir was esti-

mited by summation ef the contributions of all the bursts thrcugh Opsrationabe

‘

REDWING which have deposited debris in the stratosphere, Ths available

fraction ef the weapon wis determined by subtracting the lccsl 2nd inter-

mediate fallout from the total, The intermediate: filleut is tho:ght to
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contain 1-5% of the weapon for megaton-range detoenations (References 16

46, 47). Determinations of this quantity by 2 world-wide retwork of

-stations for shots Mike and King of Operation IVY gave 2 figure cf 2%

{Reference 47).

Some data on sr?? concertrations in the stratozphere bas been

obtained from filter samples collected cn flights of the General Mills

high-altitude balloons, This work was part of a continuing program for

sampling the stratosphere along the 0th meridizm. (Reference 48),

1.2.7 Fractionation Effects (J}: Observations at Other Tests. The

occurrence of fractionztion is manifested by differences in radiochemical

compesitien, decay rate cr energy spectra zmong various samples of

fallont taken at different times or lecations in the contaminated region,

Otsexrvations of some degree of fractHiorzticn have been made at miny

different detonztions, As expected, fiszion j roduct nuclides such as sr®?,
Ps -

Sr we “3terwalt which hzve razv2-gzs ancestors with half-lives of

& fraction of a minute or lenger, are frequently found emeng the products which

which isare most severely fractionated with respect to the bulk matrix material,

always a refractory materiale The location of the burst is also an

Separation of the nuclides frem one another appears toimpertant fector,

be most prenounced in underground or surface shots (References 49%, 50),

generally less for a water surface (Reference 51) and still smzller for

Relativelybzlicon, hiyh tower and air detonations (References 51, 52).
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- in water sam les
little fractionstion We‘foundfer the ¢one device detonated in detp water

oc

- (Reference 34),

At Operation GREENHOUSEit was noted that the exponent of the

beta decay curve increased from 0.95 to 1,3 with median particle size

for samples teken frem the clouds at Dog, Ezzy and Able shots, This in-

dicates that the cloze-in particles are enriched in fast decaying components

with respect to the more distant fallout (Reference 53).

For JANGLE surface shots, prcenounced cepleticn of chains 89, 115, 111

and 140 referred to Mo?? was observed in compering leng-range with local

fallout samples, Chains 144 and 95 were not fractionated, Still more ex-

tensive ruclide separation was found for the urdergroznd shot with al the

above chzins shewing depletion in the crater arez (Reference 53).

Ona Shot 6 at TUMBLER-SNAPPERthe groas decay exportnt de-

creased steadily with distance from ground zero up te seventy miles

(Reference 53},

Radiochemical dats from CASTLE Brave showed fractionation of

sr’? and Ba? #0 with respect to Mo?’, but none for ce! *4 (Reference 53).

In the land Shots Zuni and Tewa of Optration REDWING, depletion

of c3137, Sr70 and pe l32 was found in the close-in fallout with miximum

factors of 100, 13 and 7 (Reference 54). These depletion factors became

smaller with increasing distence from the shot paint, Fractionation of the
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fallout from the barge shots Flathead and Navajo was much less znd vari-

ations in abundance werenot grezter than a factor of two (Reference 54), -

Analytical data on cloud samples from these four events corroborated the

fallout results (References 50 and 51).

Some radiochemical anzlyses have been performed on p2rticles of

different sizes from certain balloon shots (Reference 52), In Boltzmenn

of Operation PLUMBBOB, both the sr®?, Mo?? and sr?9, Mo?? ratios

were a factor of two greater in 22 micron pzrticles than in 137-micron

in smaller particle s
particles. Enrichment of sreF/ywas also found in two other balloon shots,

Hood and Wilsong

1.2.8 Fractionation Effects (II): Relations among the R-Va2lues

for Several Radionuclides, As noted above, some scattered observations
we $
 

on fractionation were reported from the earlier tests, but it was not until

Operation REDWING that enough data became available to investigate the

separation ef verious nuclides from one =nother in any detail, At event

Tewa of this operation, six pzrticle samples were collected from different

locations in the cloud and subsequently analyzed for sround thirty nuclides,

From this work, relations among the R-values for the products became

apparent which seem to be of significance for understanding the fallout

formstion process (Reference 55), The R-values for the substances studied

(cormalized to give unit intercept on the axis of ordinates) were plotted
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against the R-value for Eul56 and a series of straight lines resulted with

slopes ranging from positive to negative values. Positive slopes indica-

ted 2 simultaneous enrichment of the cloud pzrticles in europium and the

product nuclide, whereas negative slopes showed that 2s the particles

became richer in europium they were more and more depleted in the

product nuclide, Products having rare-gas and alkzli metal precursors

had the steepest negative slopes while U, Np and Pb had small negative

slopes, The more refractory oxide elements Nd, Be, Zr and Nb had

positive slopes and those elements such 2s Cz, which showed no fractiona-

tion with respect to eurcpium, had infinite positive slopes, The results

are conzistent with the view that those products having rare-gzs or alkali |

meti? ancestors at the time of condensation will concentrate iz the smaller

particles which have a larger surface-tc-vclumeratio.

Similar relationships have been found for several high yield air

99 as thebursts using Ba! 40 as the secondary reference nuclide and Mo

primary reference nuclide (the primary reference nuclide is the substance

used as reference in calculating the R-values; the secondary reference

nuclide is the substance used as abscissa in the R-valve plots). In this

reference system, Ag!!l, ue37, calls, csi36 Np2?7, y?!}, and sr®°9

had zpproximately unit positive slopes while zr? cel 44, Pat? end the

rare earths had average negative slopes of 1,5, For these shots there was
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evidence that the nuclidee in the larger pzrticles (3-12 p) were fracticna-

ted, but these in particles smzller than 1 p were not (Reference 54).

This method cf data analysis has been shown to be valid regard-

lees of the secondary reference nuclide, the primzry reference nuclide

2nd the reference event (Reference 6 },

1,3 EXPERIMENTAL PROGRAM

1.3.1 Outline cf the Pregram, The foregoing discussion indicates

thet further pregrees in the development of a realistic fallout model will ©

require zn improved knowledge of the structure of nuclear cleuds with

respect to the vertical and radiz] distribution of particle size and radio-

activity within the mushroom, Quantitative deta on the activity associated

with particles in different size groups is also needed for estimation of the

pertiticn of the weapon between Iccal end world-wide fzlovt, Project 2.8

Was established to attempt to obtein suck information from certain shots at

Operation HARDTACK, It was planned to explore the cloud structure by

In¢ins of air sampling rockets and to use both the rocket samples and also

airecrett sainples collected from the cloud with the UCRL coincident szmp-

ler for determinztion of the fzilout partition, Other aircreft flying zt 1000

feet were echeduled to collect falicut szmples to be used for the determi-

‘ nstion of the effect of particle size on fracticnztion and for ccrrcboratioa
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of the radiomeclide composition of local fallout as determined from the rocket

samplese The influence of the enviroment on fallout partition was to be inves-

tigated by participation in events over land and water surfacese

The basic hypothesis on which the determination of fallout partition by

the measurement of relative enrichment is based is that the increase of a

volatile material with respect to a refractory material (eoges Kr88 with respect

to Mo?9) occurs principally as a result of fallout of the refractory material

(i.e., the only force producing separation is gravitation). If this hypothesis

is correct, then the Mo?9 left in the cloud region sampled compared to the Kr88

nay be interpreted as the fraction of refractory debris which will be distributed

in"world-wide™ fallout. This fraction is given by

_ fR°°(e8)] 5

[n°9(e8)] c

If, however, other forces operate on the particles, particularly centri-

fugal forces which exist during the initial phase of cloud rise or turbulent

forces which may exist for several hours due to temperature inequalities, the

possibility exists that separation of gases or small particles from large particles

It is also possible

that separation of the more volatile products from the less volatile may occur in

the gas phase. as a function of altitude in the cloud without requiring separation

of large particles from small particlesor particles from permanent gasese If these

processes occur, even a large enrichment of volatile material near the top of the

cloud would not necessarily be attributable principally to fallout.

To help determine whether these elternative processes are important, it is

considered necessary to obtain very early data for R values of relatively volatile
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fission products in the cloud. 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 un- ;

important.

123.2 Rocket Sampling of Clouds. Experimental determination of the

distribution of activity within the cloud requires the collection ofa 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

necessitates the use of sample collectors which are propelled by rocketse

The rockets used by the project had a rather complex structure (see

Chapter 2) but from the standpoint of particle collection their important features

were the sampling head and the electronic programmer. The sampling head was

designed to separate the particles collected into two groups having falling rates

corresponding to local and world-wide fallout as already defined. The separation

was to be attained by the action of aerodynamicforces 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 programmer was to

open the head at predetermined positions in the flight path so that samples could

be collected from different portions of the cloud.
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It was planned to fire a total of eighteen rockets on each shot at

zbout H # 10 minutes from launching platforms spaced at various dis- -

tances from ground zero, Two rockets were to be fired along each

trajectory, one programmedto collect a sample from the base to the

top of the debris and the other to collect from the top half of the cloud

only.

1, 3.3 Aircraft Sampling of Clouds, A condition necessary for

use of the gzs-partiéle sampling technique for the determination of device

p2rtition is that the samples be collected from a region which is losing

materia] by fallout but not receiving particles from any other section of

the clord. The portions of the cloud which are suitable for this type of

sampling are dependent on the wind structure existing at the time of

burst, For one type of structure which occurs fairly frequently at the

proving grounds, the tcp and bottom pzrts of the cloud are blewn off

rapidly in different directions leaving a layer 2pproximztely one mile -

thick that experiences only light and variable winds, Hence this stratum,

which is located between 50,000 and 60,000 feet, will soon be isclated

irom the rest of the clovd and may remain fairly closely over grcund

zero for a day or more. It is called the'light and variable wind layer" and is

sifisfactory for coincident sampling since it can not receive fallout from

higher cloud levels.

36
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SUESBeRSERACED.

In cases where the stratum is not well defined, sample collections

.

can be made from the top of the cloud provided this can be reached and

followed by the sampling aircraft or from a location selected to minimize

the feed-in offallout from higher altitudes,

The theory of this technique has been discussed under section 1.2.4

and the sampling equipment is described in Chapter 2. The operation plan

wzs to fly through the light and variable layer at several intervals between

H #2 and H £ 24 hours with B57D aircraft equipped both with the coincident

samplers and with wing tank particle collectors, The coincident samples

were to be znalyzed for Kr88 and Mo?? to determine the fallout partition

(see 1,2,4) and the wing tank samples for ten radionuclides to investigate

fractionation with particle size,

1.3.4 Aircraft Sampling of Fallout, The fallout sampling p2rt of

the program was intended to provide information supplementary to that

obtzined from the rocket and aircraft cloud sampling experiments, WB-50

aircraft were scheduled to fly at an altitude of 1000 feet and to collect fall-

cat at various times between H / 4 and H # 24 hours along heightlines

which would correspond to the cloud level {ca 55, 000 feet} sampled by the

B57D's, Since the cloud is an extended source of fallout, the term "height-

line sampling", as used here, signifies the sampling of 2 band of mzterial

centered on the gecmetrical height line and hzving a band width approxi-
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mately equal to the diameter of the cloud,

The wind structure described in the preceding section on the forma-

tion of the light and variable layer 2lso leads to isolation of the 55,000 foot

height line along the eastern periphery of the fallout curtain, This situa=

tion is advantageous for height line sampling since the aircraft may proceed

westward from a position east of the fallout arez and collect the first fallout

i

encountered, The samples should contain 55, 000-foot fallout 2lone,uncon=

taminated by material from the rest of the cloud.

Other types of wind structure will probably not be as favorable for

height line sampling and the fallout collected is likely to contain particles

originating from different levels in the cloud.

As one proceeds outward frem ground zero along 2 height line, the

particle size of the fallout decrezses and the time of zrrival increases,

However, low altitude sampling ata given location should provide a sam-

ple containing particles of relatively uniform size.¥ Hence, by m2king 2

series of collections along 2 height line at different distances from the shot

peint, edvantege can be taken of perticle size separation by nzturel fzllout

processeS. The WB-50 operations were arranged to utilize this situation to

obtain a set of samples suitable for an investigation of size-dependent

* Uzed synonemously with falling rate.

   
    

38

Batt
ieOSTFT eftO



Ragerepaysereeonesreese 0018933

properties.

It was planned to use the radiochemical data from these samples to corroborate

the composition of local fallout as determined from the rocket experiments, to in- -

vestigate fractionation with particle size, and to compare the composition of local

fallout with world wide fallout. It can also be used for determination of device

partition if the fallout is shown to be highly depleted in a particular fission

product since the enrichment of the debris remaining aloft in this fission product

will then be related to the fraction of the debris which has fallen out, in much

the same way as has already been described for. interpretation of the enrichnent

of a gaseous fission product in the cloud with respect to particulate debris.

1.3.5 Selection of Radionuclides. The radionuclides chosen for determina-

‘tion from the particle samples were those of greatest concern in world-wide

fallout, namely sr?° and cst37 plus a sufficient number of others to provide

basic data for further investigation of fractionation. In the latter category were

sr°? x74, Mo??, cs136, Cot Eu’?6 and U-?’, ‘The members of this group existed’

in a variety of forms, ranging from gaseous to relatively non-volatile species,

during the period of condensation from the fireball. cats was Cetermined in con-

junction with elemental analyses for Ca and Na to help in tracing the behavior of

the enviromental material which forms the major part of the fallout particles.

Analyses for pl, which were tentatively planned originally, were not carried

out due to the limited analytical personnel available, the uncertainties of sample

collection for this nuclide and the relatively lesser interest in its ultimate

late.
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CHAPTER If

PROCEDURE

2.1 SHOT PARTICIPATION

The project initially planned to participate in Shots Koa, a megaton-

 

range land-surface burst,and Walnut, water-surface burst. ,

Due to apparent contamination of the Koa cloud samples by debris from Shot

Fir, participation was later extended to include Shot Oak, 2 high-yield

water-land burst fired over the lagoon reef, Important device information

is given in Table 2,1, The project rockets participated during Shots Koa

znd Walnut and were also fired during Cactus and Yellowwood for system

check and nose cone recovery practice, Aircraft were flown during Koa,

Walnut and Cak,

TABLE 2.1

DEVICE INFORMATION

  

 

 

 

KOA ; WALNUT OAK

Total Yield, Mt.: 1.31 40.08 | gs 8.9 40.6

Fission Yield, Mte: = DELETED vy DELETED

Location ' Site Gene ~“ “Near Site milessouth

Janet of Site Alice

Shot time 0630M . 0630 M 0730 M
13 May 1958 “15 June 1958 29 June 1958

Shot type Leand-Surface Water-Surface; Water-Land Sur-

, fired froma face; fired from

barge in deep an LCU 2nchored
water over the lagoon r:

40 in 15 feet of wate:
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2.2 INSTRUMENTATION

The instrumentation for this project falls into two general classes:

rocket-borne and aircraft-borne cloud samplers, Two types of aircraft,

B-57D's and WB-50's, were used,

2.2.1 Rocket-Borne Cloud Sampler. The rocket, a 20 foot long unit,

consisted of an air-sampling nose section, a two-stage propulsion unit and

various items of auxiliary equipment {Reference 57).

The air-sampling diffuser of the nose section was. 36 inches long from

the intake orifice to the filter, An additional 32 inches of length behind the

filter was occupied by exhaust ports and auxiliary equipment. The extreme

forward part of the rocket was a conical section 5 inches long which sealed

the intake orifice prior to the time when sampling was begun, Theorifice of

the diffuser was 2 inches in diameter and the filter was 8-1/2 inches in di-

ameter. An expansion from 2 inches to 8-1/2 inches in diameter in a length

of 36 inches gave an expansion angle of 10 degrees, the maximum at- which

the flow would not separate from the diffuser walls, The filter was an 8 inch

circle of matted cellulose 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 orifice. Particles

entering the sampling section were decelerated from about twice the sonic
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velocity to subsonic by passage through a shock front which formed near the

throat of the diffuser. Following this, they were subjected to a force field

of such a nature that the smaller particles were impelled toward peripheral

areas of the collecting filter toa greater extent than the larger particles.

The diffuser was designed to effect a resolution of particles having average

settling rates greater or less than 3 in. /sec. in the normal atmosphere

(Reference 57).

A light skin was wrapped around the outside of the diffuser to fair up

the external shape of the nose cone.

The propulsion section contained primary and sustainer motors, both

of which were solid-fuel units about 6 inches in diameter with burning times

of 6 seconds, The sustainer motor was ignited shortly before the start of

sampling and provided sufficient thrust to maintain the rocket speed at about

Mach 2 during passage through the cloud.

Items of auxiliary equipment included explosive squibs, electronic timing

circuitry, a parachute system, a closure system for the sampling section, a

radio beacon anda dye marker, Foamed plastic inserts were fitted into the

nose sections to provide additional buoyancy.

The explosive squibs were used to remove the conical nose tip, thereby

opening the sampling orifice, and to jettison the propulsion unit. The elec-

tronic timing circuitry initiated the opening of the orifice, disconnection of
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the propulsion unit, ejection of the parachute, closure of the sampling section

and activation of the radio beacon. The parachute system consisted of a pilot

chute, a pilot chute shroud cutter and the main canopy. The pilot chute was

withdrawn from its compartment when the propulsion section was jettisoned,

but remained attached by shrouds to the nose section until the latter had

slowed down to a speed which would not cause damage to the main canopy.

At this time the shrouds were cut and the main canopy was withdrawn from

the nose section by the pilot chute shrouds, which were attached toa bag

containing the large pzrachute, The front closure of the sampling unit,

made by a ball joint, and the aft closure, consisting of a cone and "O-ring"

seal, were closed after sampling, The radio beacon was activated at launch

time so that search craft equipped with radio direction finders could locate

the nose sections,

Figure 2.1 shows 2 complete rocket on a launcher. Part Ais the

primary motor, Part B the sustainer mector, Part C the parzchute compart-

ment, Part D the electronics compartment and Part E the zir sampling nose

section. Figure 2.2 gives the important dimensions of the diffaser-andfilter

in the air sampling nose section, Figure 2.3 is a view of a battery of six

rockets assembledforfiring.

2.2.2 Aircraft-Borne Samplers. Three different types of equipment were
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utilized to obtain the samples discussed in Sections 1,3,3 and 1,3.4, Units

of the kind illustrated by Figure 2.4 were used for collection of the cloud

particle samples needed for the radiochemical work, These samplers

were stainleas steel shells of parabolic shape fitted with intake butterfly

valves which were open only during the sampling rans. 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 filter paper which was supported

by a retaining screen located near the aft end of the unit,

The coincident sampler was constructed in such a way that both the

gas and particle samples would be taken from the same volume of the

cloud, Air was drawn through a dessicant section and a filter section by &

circulating pump and then forced under pressure into a sample bottle,

Figure 2.5 shows the intake and dessicant-filter 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-57D fuselage toward the rear of the

aircraft,

The WB-50's used for the fallout sampling were equipped

with the AFOAT-1 standard E-1 filter assembly, Figure 2.7 is a view of

a WB-50 with the filter foil installed on top, nearly over the rear scanner's

position, Figure 2,8 shows the filter screen removed from the foil witha

filter paper in one side, The foil was sealed by sliding doors in front and -
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eo

back of the filter screen except during the sampling periods,

2.2.3 Discussion of Possible Errors in Sampling. Polydisperse aerosols

contain an aggregate of particles whose sizes are arranged in accordance with

a characteristic frequency distribution, When the aerosol is sampled under |

ideal conditions, the ratios of the numbers of particles in the varjous size

ranges will be preserved unchanged in the collectors However, a departure

from the initial size distribution:may be encounteredif the collecting device

has'a dimensional bias (non-isokinetic condition), or if some of the particles

are broken up during the sampling operation.

Isokinetic sampling conditions will be achieved with a filtering device

moving through the aerosol at subsonic speeds if the air velocity into the

intake of the filter is identical with the flow rate past the outside, As used

in Project 2.8, both the wing tank and coincident samplers were close to

isokinetic since the velocity ratios were respectively 0.8 (or greater) and

- calculated
0.7-0.9. However, in a few cases, the/velocity ratios for the coincident

units were much less,due to malfunction of the sanupling equipnent - (see

Appendix B), The E-1 sampler used on the WB-50's was'poor isokinctically,

but this was considered to be immaterial for height line sampling where the

particles in a given region should be fairly uniform in size, Samplers, such

as the project rockets, which move at supersonic speed with respectto the

e
aerosol are expected from aerodynamic theory to be unbiased,
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In the rocket samplers some breakup of the fallout particles was thought

to be likely in passng through the shock front in the diffuser throat, A series

of experiments carried out by NRDL on the shock tube at the University of

California Engineering Experiment Station indicated that coral fallout grains

were not fractured by Mach 2 shock waves (Reference 58). Impact with the
7 4

i: /
filter is another possible cause of particle breakup in all the sampling de-

vices, but little or nothing is known about this effect.

2.3 DESCRIPTION OF FIELD OPERATIONS

2.3.1 Meteorology. It was indicated in section 1.3.3 that samples to

be used for the determination of fallout partition by the UCRL method should

be collected from the light and variable layer, if well defined, or from high-

er locations in the cloud. The cloud heights and wind structure in the upper

atmosphere are therefore important characteristics to consider in devising

operational plans, It is known from previous work that the clouds rise toa

maximum altitude in the first few minutes and then settle back toa "stabiliz-

ed" level. Based on height-yield curves derived from photographic data on

earlier shots (Reference 21), it was estimated that the stabilized altitudes

would be around 72,000 feet for Koa and Walnut and 99, 000 feet for Oak

(Reference 59). The altitudes observed by project aircraft were considerably

lower (Reference 60). A radar record for shot Koa indicated that the cloud

rose to 72,000 feet at 5 minutes and then settled rapidly (Reference 61).

The light and variable layer existed for all the shots, being possibly

50
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best defined for Koa whereit circulated -over: the afort foriatleast **

aday. For Koa and Walnutthe altitude of the layer coincided quite closely .

with the top of the cloud, whereas for Oak it was some 20,000 feet below

the top which was blown off rapidly by the strong casterly winds, Since
}

the B-57D samples were taken from this stratum in each case, the cri-

terion of sampling from a region which would not be receiving fallout from

any other source was easily satisfied,

Some altitude data taken in part from the wind and- _ temperature

tables in Appendix E are giveninthe Table2..2:

TABLE 2.2

Approximate Altitude in Feet

 

Koa Walnut Oak

Tr opopause 57, 000 54,000 50,000

Light & Variable Layer 60,000 i 55,000 55,000

Cloud Top, Expected* 72,000 72,000 99,000

Cloud Top, Observed 65,000 61,000 70,000 - 75,000

Sampling Flights 60, 300 56,500 56, 300

* (Reference 59)

The suitability of the wind structures for fallout sampling elong height

lines can be most readily visualizedby reference to the plan view,wind

velocity hodographs at shot tlme which are reproduced in Figures 2.9, 2,10
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Figure 2.9 Plan View Wind Velocity Hodograph, Shot Koa
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and 2,11, The Koa hodograph shows that for this event the winds were

ideal for height HNne sampling since material falling from the light and ;

variable layer would be clearly isolated from the rest of the fallout, On

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

1000 feet would contain material which came from several different eleva-

tions in the cloud,

2.3.2 Koa Event, No rocket samples were collected from Shot Koa,

In preshot planning it was intended that a salvoof 18 rockets would be fired

into the cloud, 6 each from Sites Wilma, Sally and Mary. The firing line

| to Site Wilma failed on the day before the shot and could not be repaired

before evacuation, Firing circuits to Sites Sally and Mary were intact at

shot time and a firing signal was transmitted to these sites at H t 7 minutes,

but no rockets fired, Failure appears to have been caused by the heavy

current drainby several launcher orienting motors dropping the main power

supply voltage to a point where it was insufficient to operate critical relays

in the local launch programming equipment. Thereafter, launching opera-

tions were programmedso that only a single Javncher motor would be

operating at one time,

Five samples were taken from the cloud by B-57D aircraft at 3-1/2, t,

8, 11 and 28 hours post-shot time (See Table Rl). A flight scheduled for
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13-14 hours had’ to be cancelled due to rain and atmospheric turbulence.

The first four samples were collected in about 1/2 hour each andthe last

sample required 2-1/2 hours, The wing tank samplers functioned on each

flight, but there were no gas samples on the last three runs due to a failure

of the compressor pumps on the coincident sampling units,

Samples of material falling from the 60,000 foot layer were collected

at an altitude of 1000 feet at 4, 6, 8, 10 and 12 hours after shot time bya

_ WB-50 aircraft, The fallout was encountered on a bearing of 50-60 degrees

at 28, 59, 88, 109 and 131 miles from ground zere, A second WB-50

collected one 1000-foot sample at H # 6 hours on a bearing of 20 degrees at

42 miles from ground zero, Itis thought that this mzterial came from about

45,000 feet. A third WB-50 missica was flown at 0700 the next day to 300

miles on bearing 58 degrees based on an extrapolation of the previous con-

tacts. From there, the aircraft was directed to 225 miles, bearing 55

degrees, then to 200 miles, bearing 40 degrees, and finally to 400 miles,

60 degrees, but no fallout was encountered, The aircraft was released

after 6 hours for a weather mission,

   

Shot Fir, — was fired at Bikini cn the day preceding
  

Koa and the clouds from the two bursts rose to approximately the same height

(65,000 feet). On the day following Koa there wés a deposition of fallout in

the Eniwetok area and in the afternoon the gamma radiation background on

 



=

‘ | 0018933

Site Elmer roseto 25-30 mr. /hr, The Fallout Prediction Unit was not able ;

to establish definitely the origin of this material, but felt that there was _

some reason to think that it had come from Shot Fir. After arrival of the

Koa samples at LASL, a dispatch was received in the field indicating that

the cloud, and possibly the fallout samples, were heavily contaminated with

'
'
‘

|

Fir debris, The nature of the evidence was not known at the time, kx»,oe eee * ey

pavers?

DELETED | Examinationofthewindstructures existing during theperiod

of the Fir and Koa detonations indicated a pessibility of some contamina-

tion of Koz fallcut by Fir debrie, but no mechanism was apparent that

could lead to heavy contemination, +

When the radiochemical deta became zvailable it was found that all

the Koa cloud samples contzined somes ma2terizl from Fir, but not enough

to appreciably elter the Significance of the results (sce Chapter 3),

203.3 Walnut Evert, It wzs planned to project a tctal of 10 rockets into
 

the cloud, 4 each from Sites Mary and Sslly and 2 from Site Wilmz, The .

launchers on Mary were set for zctomatic positioning by blue-box signsl,

whereas on Sally and Wilma the qu2drznt elevetiors and zzimuths were pre-

set, After the shct the firing circuits to S2lly and Wilma were intict, but

the line to Mery was open, A firing sign2l was sent zt H 4 10 minvtes and
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the rockets on Sally and Wilma were leunched, but the obscuring cloud .

cover prevented observation of their trajectories, The rockets on Mary .

did not launch and later inspection showed that one launcher was inopera-

tive, one elevated without rotating and two elevated and rotated. Two nose

cones from the Sally rockets were recovered by boat 2nd the others were .

lost, The closures on the cones recovered were intactbut water had

leaked in, There was a small emountof activity in the water 2nd on the

filter and the filter sample was returned to the Zl for analysis, It was

identified by the name Whiskey 6 (see Table B. 3).

6 samples were taken from the cloud at times between 1-1/2 hours

and 26 hours post sbot time {see Table B3), Both the wing tank and the

coincident samplers were operative on cach flights

In preparing the height line flight program for this shot, it was in-

tended that 1 WB-50 would collect 1000 foot samples at 4, 6, 8, 10 and

12 hours with a second WB-50 standing by on the ground to tzke over the

mission, if necessary, No sampling flight was scheduled for D # 1 day.

Thefirst aircraft encountered fallout at H ¢ 4 hours on a bezring of 320

degrees ata distznce of 42 miles from surface zero and a sample was

collected, Due to deposition of damp fallout material on the nose of the 2ir-

craft, z dose of 1,5 r, (read on an electronic integrating dosimeter) was |

accumulated at the bombardier's position during the sempling run, The
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dose was continuing to rise at the rate of 50 mr. /min, and the radiological

advisor aboard decided to disontinue the mission and return to base. The

standby aircraft took off and was flown toa point on a bearing of 330 degrees

ata distance of 120 miles from surface zero. AH #/ 8 hoursthe aircraft

searched on course 225 degrees, but no fallout was encountered, At

H # 10 hours the active fallout area was reentered at bearing 283 degrees,

140 miles from surface zero, 2nd a sample taken. At H / 13 hours a third

sample was collected at bearing 278 degrees, 150 miles from surface zero,

eT

2.3.4 Oak Event. There was no rocket participation during Shot Oak.

Circumstances leading to the discontinustion of the rocket sampling portion

of the project are outlined in Section 2,3.5 and Appendix A.

a
5 samples were taken from the cloud by B-57D aircraft between 2 and

26 hours post shot time (see Tables BS & B6). Both the wing tank and

coincident samplers were operative on all flights,

A WB-50 aircraft collected samples from the northeastern edge of the

fallout pattern at 4, 6, 8, 10 and 1]-1/2 hours after the detonation, The

fallout was encountered ona bearing of 300-310 degrees at 65, 93, 125,

160 and 187 miles from surface zero, The operation pregressed without

incident, due mainly to the experience gained by the participating personnel

 



0018933

 

on the first twoebots,

’ 2.3.5 Rocket Developmert, The project cloud sampling rocket (see .

Section 2.2.1) was a new one of complex design, The main motor had

been used previously on the ASP (etmospheric sounding projectile) znd

the sustainer motor on the RTV (reentry test vehicle), but the nese cone

and zasociited equipment had not been used 2s a component of a rocket

before, Development work ¢na similiar sampling device kad been done

during Operation Plumbbob, and at the end cf the cperation a satisfactory

unit for land recovery kad evolved. After Plymbbob, Project 21.3, Task

Unit 2, was set up for the purpose of developing a sea recovery version

of the rocket fer Operation Hardtack, When Project 2.2 was established,

the existing rocket contracts were exterded to provide additional units

for use on this program, Because of the experimental nature cf the

rocket, the sponsors cf this work, UCRL, assessed the probzbility of

ebtaining any rocket data as being of the order of 50%,

The development problems were the reepensibility ef Preject 21.3,

but a review of their work at the Exiwetok Proving Grounds is of interest

since a large portion cf Project 2.8 was directly depandent cn the evaile-

bility of 2 suiteble rocket-borre clcud sempler. This review will also

serve to previde an explanztion cf the circumstzncez which led to the

cancellation of the rocket experiment pricr to Shot Ozk,
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Notes on the’ developmental rocket firings and tests are outlined in

Appendix A. Details of the firings on Koa and Walnut, which have been ;

given in Sections 2,3,2 and 2.3.3, are not repeated.

2.3.6 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 communicated with the aircraft

by normal voice radio from the Air Operation Center on Site Fred, The

fallout samples were taken by WB-50 aircraft controlled by an NRDL

representative. They were directed from the Air Weather Central on

Site Elmer using CW radio communication, The transmitters used by

the Air Weather Central operated on a long wave length, thereby making

it possible to maintain radio contact with the WB-50's at long ranges and

low altitudes,
!

Estimated coordinates for each sampling position on the height line

flights were furnished by the Fallout Prediction Unit (FOPU). Theinitial

4 hour position prediction was based solely on the wind data available at

shot time, but contacts made by the sampling aircraft, plus additional

wind data, assisted in preparing the later estimates. Interchange of in-

formation between FOPU and the Air Weather Central was mz2intained

throughout the sampling flights,

The FOPU predictions were generally quite accurate with respect to

 



 

radial distance from ground zero, but the wind information was not always.

adequate to determine the angular position, For example, on Koa the es-

timated height line bearing was 0 degrees but the sampling aircraft encoun-

tered fallout at a polar angle of 50 degrees. 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. Sampling position estimates were

the best of all on Oak and even the most distant points were predicted within

2 degrees in bearing and 3 miles in distance,

oy Tables’ B1-B6 give a summary of all the samples collected by aircraft

for the project. 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 is included since

they give information on the variation of cloud composition with altitude

(see Appendix D),

2.4 PARTICLE WORK

Some investigation of particle characteristics was carried out for all

the cloud and height line samples from Shot Koa which were large enough

to work with, Approximately one quarter of each filter paper from the

cloud samples, and one section from the E-1 sampler, were shipped to

UCRLbythe first flyaway following the shot, On each samplethefilter
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paper was removed by burningoff in a stream of atomic oxygen from a

gas discharge generator. The maximum temperature reached during ;

burnoff was around 200°C, The weight of material recovered varied

from 50 mg. to about 4,5 gm,

At UCRL someof the cloud samples were separated into coarse and

fine fractions using a Bahco centrifuge and fall rate distribution curves were

determined for the two fractions with the micromerograph. Fall rate

data were also obtained for all the height line samples and in several cases

the specific activity-fall rate curves were determined for cloud and fallout

samples, In operating the micromerograph the weight could either be re-

corded continuously or in 16 increments by means of individual pans ona

rotating turntable,

Two of the height line samples and three cloud samples, separated

into coarse and fine fractions with the Bahco, were transmitted from

UCRL to NRDL for examination, The chemical substances present in these

samples were identified with the polarizing microscope and by X-ray diffrac-

tion, and the particle size distributions determined by microscopic observa-

Hon, A binocular microscope fitted with ocular micrometers containing a

linear scale was used for the particle work, Each scale division of the

micrometer represented 15 microns for the magnification used (100X). A

portion of the sample was placed on a microscope slide and tapped gently
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to disperse the particles, Traverses were made along the slide 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 mazd-

mum diameter and typed by the conventional classification of irregular,

spherical and agglomerated, Diameters were measured to the nearest

one-half scale 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, fall-rate and size distribution curves are

given in Appendix C. No particle work was done 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 the gas-particulate samples from the coincident units and on

| the fallout samples. The major part of the analytical work on the cloud and

fallout particle samples was done by NRDL (some by LASL), while the gas-

perticle samples for the determination of fission ratios (Section 1.2, 4) were

analyzed at UCRL,
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The gross particulate and fallout samples were shipped to NRDL on

filter papers as collected in the field, The size-separated samples were

prepared at UCGRL by the oxygen burnoff and centrifuge technique des-

cribed in Section 2,4, and then transmitted to NRDL. 2 particle groups

were separated for the Koa and Oak samples and 3 for Walnut (see Appendix

B).

At NRDL the samples were prepared for analysis by wet ashing with

fuming HNO, and HClO, to destroy organic material, then fuming with HF

to remove silica. The HF was expelled by again fuming with HC10, and the

resulting solution was transferred to a volumetric flask and diluted to

volume with 4N HCl, Aliquots of the HCl solutions were taken for the

analyses, A total of 1040 radionuclide determinations and 41 elemental

analyses (see Section 1,3.5) were performed at NRDL using the following

procedures;

1, Elemental Na and Ca were determined with the flame photometer

using a matrix very similar to the constituents of coral,

26 Mo?? was determined by either of two methods, depending on

the age of the sample, A carrier-free anion exchange method (Reference

67) was used for fresh samples, while a modified precipitation method

(Reference 68) was used for older samples,

144
were measured by a cation exchange pro-3, Eul56, yl, and Ce
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cedure after preliminary separation of the rare earth group by precipitation

reactions and anion exchange (Reference 62). .

4, Cat5 was separated by a procedure using precipitation reactions,

Ba and Sr were removedbyprecipitation as the nitrates using fuming HNO,

under controlled conditions, The Ca was recovered from the nitric acid

solution by precipitation as the sulfate, The sulfate was then dissolved,

scavenged twice with Zr, Te, Fe and La hydroxides, once with basic Mo

and Cd sulfides and once with acidic Mo and Cd sulfides, Ca was precipitated

as the oxalate for mounting and counting,

5, sr°9 and sr?° were originally separated by precipitation pro-

cedures (References 68 and 64), For the determination of sr?9, the y??

was allowed to grow into equilibrium, the SrCQ3 precipitate dissolved in

HNO3 containing Y carrier, Y (OH), precipitated with ammonia gas and

the Sr removed as the nitrate in fuming nitric acid. The Y was precipi-

tated as the oxalate from an acetic acid solution in the pH range 3-5 and

ignited to the oxide for mounting and counting. |

6. The Cs procedure used for the determination of cs136and csi37

was a modification by the original author of a precipitation and ion exchange

procedute (Reference 65), The modification consisted mainly of a Cs

tetraphenyl boron precipitation in the presence of EDTA, the use of Dowex-50

in place of Duolite C-3 in the cation exchange step and the addition of an

anion exchange step,
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The radiochemical work reported as being done at LASL was performed

in conjunction with diagnostic measurements on the events, The methods

used were those reported in the Los Alamos compilation of radiochemical

procedures (Reference 66),

The gas samples were analyzed for Kr88, Kr85, Kr85™ and in some

cases for Xe133, ‘The rare gas radionuclides were separated from the con-

stituents of the atmosphere and then counted in a gas counter, The separation

procedure used was developed at UCRL, Livermore, under the direction of

Dr. Floyd Momyer, Carrier amounts of inactive Kr and Xe were added to

the air sample and the mixture ‘pumped through a series of traps for puri-

fication purposes, Water and carbon dioxide were condensed out in the first

trap, which was filled with inert packing and held at liquid nitrogen tempera-

ture. The Kr and Xe were absorbed on activated charcoal in a second trap,

also immersed in liquid nitrogen, but the major part of the No» 02 and A

passed throughthe trap and were removed, Residual air was desorbed at -80°C

ahdthe kr by subsequent werming to 10°C. : _ Further purifica-

tion was effected by two more absorption-desorption cycles on charcoale :

After determination of

the pure Kr yield, it was transferred to the gas counter,

This was the procedure used when Kr alone was the desired product;

additional purification steps were necessary when Xe was 2lso determined,
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2,6 DATA REDUCTION

The analytical results were computed in the normal mannerfor the

elemental analyses done for the project, However, the first, and more

Mtime-consuming phases of the data reduction were carried out on the IB

650 computer at UCRL, Livermore, The radiochemical data were manually

transcribed to IBM cards in the proper form for use by the computer, which

was coded to apply a least-squares fit to the decay data and to make correc-

tions for chemical yield, radioactive decay and the aliquot of the sample

used, The output of the computer gave the counting rates for the individual

radionuclides at zero time of the shots,

Further computation was performed by hand to obtain the number of

fissions, product-to-fission ratios or R-values, Determinetion of the

R-values, defined in Section 1.2.1, required calibration values on fission

products from the thermal neutron fission of u235, When these were not

available, or only recently obteired, comparison enalyses between LASL
'

and NRDL provided the necessary factors,
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CHAPTER IU

RESULTS AND DISCUSSION

3.1 DISCUSSION AND INTERPRETATION OF THE DATA

It is noted that the achievement of project objectives 1, 2 and 3 depended

wholly or in part on the proper functioning of the rocket samplers. Due to

their failure, there are no results to be reported on the vertical and radial

distribution of particles in the clouds, which was cbjective 3. However,

objectives 1 and 2 were partially met and 4 was fully met by the aircraft

samples.

Referring to the nuclides listed in Section 1.3.5, it is to bea observed

that ‘4 rumber of then yo 4 a - “heee ‘%

were included for the purpose of developing 2 general background of infor-

mation on nuclide fractionation, This material may serve zs the basis for

a separate report, but it is not being considered here since it was nota

primary concern of Project 2,8. Only the data which hava bearing on the

distribution of the nuclides Sr? and Cs!37 in the fallout will be covered in

this chapter, The radiochemical results for each of the different types

of samples collected .: contribute something to the overall evaluation,

3.1.1 Cloud Data. For the coincident samples from the light and vari-

able wind layer there are two sets. availeble for Koa, five for Walnut 2nd
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six for Oak. The ratio of total fissions, as calculated from the sample analytical

data for Mo, Krand kr°® are given in Table 3.1. Also Msted are the R-values _

for sr? and 5137 from the gross particulate samples collected from the cloud at

the same time. R-values characteristic of megaton range detonations are 0.77 for

sr’? and 0.90 for Cs!2”* Subject to the assumptions inherent in the method, which

include among others that the ratio of Mo?? to Kroe in the sampled portion is repres~

entative of the entire cloud, the ratio of Mo’? fissions to Kr°@ fissions gives dir-

ectly that fraction of the total Mo’? formed in the explosion which was left in the

cloud at the time of sampling. Multiplication of these ratios by the cloud R-values

and division by the device R-values convert them to the fractions of the nuclides re-

99 rv . 0
maining in the clouds. eog- var x BEES} clozS = fraction of sr?

cloud device

remaining in cloud. The last step is necessary to correct for the difference in

fission yields between device neutrons and thermal neutrons (see Section 1.2.1). The

assumption is made here that the Mo9 to sr79 and Cs137 ratios are constant throughou-

the cloud. The samples in the table are identified by aircraft numbers as in Appendi:

B, to which reference should be made for further details.

88
The calculated fractions of Mo??, sr?° and e513? in the cloud, based on the Kr

fission product ratios, are plotted as a function oi tinue in Figures 3.1, 3.2 and 3.3.

KrS was not determined on the 27-hour sazples from Walnut and Oak due to its low

The points on the curves for these shots at 27 hours are

&8

counting rate at that time.

_to-Kr®? ratio at 12
90

based on the Mo99_to-Kr®? fission ratios corrected by the Kr

1
hourse On Koa the late-time fission ratio is extrapolated and the Sr’ and Cs 37

fractions
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are calculatedfrom R-values averaged fromthe particulats sonples tal:en in thz

main cloud on the same aircraft as the gas samples.e .
tte /The fractions for Oak are also trom averages, here in the light

and variable stratum, while for Walnut the stabilized condition shown in

Figure 3,1 is used, Sample 980 L for Oak is not included due to the poor

sampling conditions. |

The fractions of these nuclides remaining in the cloud after one day

are given in Table 3, 2. These numbers areto be interpreted as the quan-

tity of material which does not come downin the local area, The limits

assigned are derived from the variability in the data,

TABLE 3.2

-. PERCENT .-.- @& NUCLIDES LEFT IN CLOUD AFTER ONE DAY
 

   

Mo99 sr90 C5137

Koa 242 8+8 36 + 36

Walnut j 20 + 5 2 +6 3629

Oak a Wes (23-4 10 LO + 23
1 -

Of the curves for the fraction of Mo?? left in the clouds, the one for

the water surface burst shows to a considerable degree the behaviour an-

ticipated when the project was planned, On the reef shot, the points appear

to be fluctuating around a fraction of 0, 11, whereas for the land surface

detonation there is insufficient data to do anything but extrapolate beyond

6,5 hours, Sinceit is likely that the fission ratios would be around one

75
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{nitially, the curves shown for Oak and Koa may be only the relatively flat .

This seems to be consis- .part which appears for Walnut at a later time,

tent with what is surmised about the cloud particle size distribution for

land and water shots,

In addition to the samples from the light and variable wind layer,

there were also a numberof collections made on‘each shot at lower alti-

tudes, Althoughnot of direct application to the project objectives, the

radiochemical data for these samples is instructive since it shows how the

nuclide composition of the particulate matter varied with altitude, Some

of the samples came from the bottom portions of the clouds, but those

collected at the lowest altitudes may have been below the base of the mush-

room and would perhaps be considered as fallout, Table 3,3 gives a summary

of the Sr99 and Cs!37 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 from the R-values for the size-separated
- t

fractions, For the land surface shot the R-values show a general increase

with altitude, attaining values at 60,000 feet which are 10 (Sr?9) to 40 (Cs137)

times those expected for the detonation, The water shot R-values are rela-

tively insensitive to altitude, and the enrichment factor is not more than 2

for either nuclide, Samples collected below 45,000 feet may be from the
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fallout,

On the reef shot it appears that the sampling planes were just

entering the base of the cloud at the 55,000 foot level since there is a

sudden jump in the R-values at this point, The material collected at

lower altitudes is depleted in both Sr?9 ana cs)37 and is not greatly

different in composition from the fallout at 1000 feet, It is also noted

that the enrichment factors for both nuclides go through a maximum with

time for the samples from the light and variable stratum, Several conjectures

might be offered in explanation of this unexpected behavior with time. One of

these is that some sampling may have been dons.at the lower boundary of the light a

wariable stratum where some of the particles collected had fallen below the stratu
where the rare gases were present. This could also be offered as a possible ex-
planation for the late time rise in the,ge Lo Ireratio in,the Oak_ shot,

Somewhat similar data for the Mo??-to-Kr and Kr 8 to-Kr85 ratios

for the first four hours following detonation are given in Table 3,4, The

Mo?9 to Kr88 ratios are also shown graphically in Figure 3,4, At the.

lower altitudes the Mo?? is enriched and the Kr 88 depleted with respect

to Kr85, 1

! 7

3. 1,2 Fallout Data, The radiochemical data on the fallout samples
 

may he used to obtain results for the distribution of Sr 0 and Cs!37 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 is found

by difference from the numbers given in Table 3,2. Multiplication of

these figures by the sr?9 and Ce!3? R-values for the fallout and division
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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

the fallout.

Table

DATA ON NUCLIDES IN FALLOUT

 

R-Value(Average) Fraction Deposited

sr%0 cst37 M07? sr7 ¢sl37
Koa 0.52 O.L4 0.98 0.66 0.48

Walnut 0.78 1.13 0.80 0.81 1.00

Oak 0.45 0.40 0.89 0.52 0.40

All the fallout samples from the land and reef shots ‘show depletion of both

sr? and Cs!37 as compared to the detonation yields. This is most pronounced in the

earliest samples. Material coming down at times later than 4 hours for the land

shot, and 6 hours for the reef shot, is quite uniform in composition and exhibits

- little evidence of fall rate-dependent fractionation.

The 4-hour fallout from the water surface shot is depleted in both sr?? and

C3137 | but the 10- and 13-hour semples show an enrichment. The two latter senples

have nearly the same composition. The failure of the 6- and &-hour flight missions

makes the data rather scanty in this case.

These effects are brought out clearly by the numbers listed in Table 3.6.

3.1.3 Combined Cloud and Fallout Data. If alternative processes to fallout

are not important, fission products with volatile predecessors can be as useful as

Since it is incorrectgEeseous fission products for measuring the extent of fallout.

to assume that the content of a volatile fission product in fallout is zero, the R
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value in fallout must be measured.

Then:

[n99%Cx] g - RPCpp
[R99(zy 5 - [299(x) po

This formula can be derived by algebraic operations from the definitions of the

y=
 

R-values (see Appendix E). If, despite the fact that it is incorrect, the R value

for Y in fallout is assumed to be zero, the above equation reduces to the expressior

for a gas and y becomes the upper limiting value for the fraction of Mo?? (or re-

fractory debris) left in the region sampled.

Fission products such as Sr89 and Cs137 (to a somewhat lesser extent sr?)

appear to behave very much like Kr88 in Koa, Walnut, and Oak events and may be

used to estimate fractional fallout of refractory debris or upper limits to the

fraction remaining aloft.

The disadvantage of using sr®9 or ¢s13? for this purpose is that R valves

The chief advantagemust be measured in fallout and are not necessarily constant.

is that the analyses may be extended to longer times since the half-lives are long

and a sufficient sample may be obtained by simply filtering more air.

Values heave been calculated in the above manner and are given in Table 3.7-
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Table 3.7

Mo?? FRACTIONS FROM COMBINED DATA
Fr

 
 

  

Time of Collection (hr) Fraction of Mo?? in Cloud Calculated From:

Cloud Fallout sr®9 ggl37 90 _yIL_ cot cgbE

45 6 0.019 0.013 0.049 0.26 0.57 1.10

Koa 723° 8 0.014 0.011 0.033 0.20 0.53 0.58
8 10 0,016 0.013 0.041 0.28 0.61 0.82

1 12 0.013 0.010 0.030 0.22 0.86 0.76

Walnut 1.6 L 0.20 0.28 0.45 0.90 1.6 0.46

3.4 rR 0.32 0.44 0.60 1.04 1.6 0.44

6.8 13 - - le 0.93 1k 0.19

Oak 2.1 4 0.19 0.21 0.26 0.43 0.30 0.78

2.1 6 0.17 0.20 0.29 0.51 -0.06 0.81

6 8 0.06 0.05 0.11 0.17 0.05 0.31

6 10 0.06 0,05 On 0.20 -0.03 0.30

In calculating the above values for fraction of Mo? in the cloud, the data rust

be picked from Tables Bl thru B6 with caree Only cloud samples taken in the light

and variable layers are used and these are matched on an individual basis with height

line semples taken at a later time, wherever pcssible.

The half lives of the noble gas precursors of the nuclides used above ére: csl¥7,

3.8 min.; Sr®89, 3.2 min.; Sr%, 33 sec.; Y9, 10 sec.; Colsw1 sec.; Cst96none.

The fraction of Mo?? remaining in the cloud as calculated by each of these nuclides

increases inversely as the half life of the nuclides noble g2s precursor. This indicat

that these nuclides and their precursors were not distributed in the same ratio throug)

out the cloud even at very early times. If they were so distributed, the fraction of

85(a)
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Mo?? as calculated from each of them should be identical. This indicates that the

light and variable layer is not representative of the total cloud.

The Mo?? fractions calculated from csl37 and sr89| the two nuclides having the

longest lived noble gas precursors, are compared with the Mo?? fractions calculated

from Kr®8 in Table 3.8.
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The sum of the nuclide fractions from the cloud and fallout should be one in

each case provided that the R-values used are representative of the cloud and fallou

as a whole. This seems to be likely for the fallout where the R-values change only-

relatively slightly with time but more doubtful in the cloud due to the scatter of

the analytical results. Table 3.9 gives a comparison between the deposited fraction.

(from Table 3.5) and airborne fractions (from Tables 3.2 and 3.8). The agreement

is generally as good as could be expected considering the nature of the data.

In shot Koa the gas sauple data are very meager. The gas and particulate

samples are not matched well in time and altitude. It is believed that the No?9

fractions, and consequently the Sr?0 ana ¢si37 fractions, as calculated from the

sr89 and C5137 in the cloud and fallout are better values than those calculated

from Kr88,

For shot Walnut the late fallout results are limited and not interpretable in

obtaining the fraction airborne, hence only the gas sample data have been used.

These fallout data also lead to unreasonably large fractions deposited.

In shot Oak, both fallout and gas samples give similar values for the fractions

deposited and airborne. The averages have been used.

Table 3.9

COMPARISON OF AIRBORNE AND DEPOSITED FRACTIONS

  

   

sr70 cs137

Fraction Fraction Total Fraction Fraction Total
Deposited Airborne Devosited Airborne

Koa 0.66 0.13 0.79 0.48 0.56 1.04

Walnut 0.81 0.24 1.05 1.00 0.36 " 1.36

Oak 0.54 0.23 0.77 O.41 0.49 0.90
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3-2 DATA RELIABILITY

3.2.1 Cross-Contamination of Koa Samples. As discussed in Section 2.3.2,

a preliminary examination of the samples from Shot Koa, shortly after their receipt.

at LASL, indicated that they might be badly contaminated with debris from Fir. If

this were the case, the fission ratios from the Koa cloud data could not be used

for the determination of fallout partition since they would not be representative

of the detonation. To investigate the extent of cross-contamination, the Koa
p hon
~~ Sth185 Seaeeedsamples xere analyzed for w ’, £3 RN fmf

ae3.10 gives a sumary of the results of this work. These nunbers

for the tungsten-to-fission ratios times 104 are to be compared with a figure of

Table 3.10

RADIOTUNGSTEN ANALYSES ON KOA CLOUD SAMPLES

 Ht

p
s
y

{
h
a
g

  

 

wi85 Atoms/FissionSample
Number (x 104)

977 481
569 1.62
500 1.67
502 2.58

981 L 0.621
581 R 16.2
980 L 13-4
Massive R4 1.81

Massive R5 4.70

3.03Wilson Special R6

36,000, which is an averege of several analyses on raterial from the Fir cloud.

DELETED

Eence the quantities of Mo and Kr introcuceDELETED

into the Koa cloud from Fir were small enough so that they would have a negligible

effect on the fission ratios.

86
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3.2.2 Accuracy of Radiochemistry. Radionuclide analyses on the particle

samples were accurate to 5 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 due to uncertainties

regarding the samples. On Koa the fission ratio for sample 981 R may be off by a

factor of 2 due to the small sample size and high counter background from fallout

which would decrease the counting accuracy. On Walnut sample 978 L (27.5 hr.) the

probe velocity was low and Kr®? only was determined. Sample 980 L for Oak has

been disregarded due to the very low probe velocity which would tend to make the

Ho7? to Kr®8 ratio too high.

3.2.4 Particle Fall Rates and Specific Activities. The particle size dis-

tributions (and hence the specific activity as a function of particle size) could

be altered in a number of ways before the fall rate studies were made. Among

these are breakup of particles by impaction on the filter, loss of fine particles

in handling, spontaneous breakup of particles in the fallout process itself due

to atmospheric moisture (cf. Appendix C re the behavior of particles in liquids),

and several other possible means of alteration.

One can calculate what fall rate a particle would need to fall 59,000 feet in

4, hours, i.e., to be collected in Koa Massive Ll. This fall rate is 125 cm/SeC.

The diameter of a spherical particle with a fall rate of 125 cm/sec. is about

120 microns. Figure Cl gives essentially no particles with fall rates as great

2s 125 cm/sec. However, Figure C 10 gives about 30 per cent of the particles with

diameters greater than 120 microns. This disagreement is possibly due to the effect

of the micromerograph on weakly constructed particles, and the effect may not te

uniform on all types of particles.
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The above example illustrates the inconsistencies in the data and points out

the need for caution in making interpretations based on them.

3-3 COMPARISON WITH THE RESULTS OF PREVIOUS TESTS

Shots were fired during Operation Redwing under conditions similar to those

of the present series and some data are available from published reports which

may be used for comparison purposes. Results on the No”? to Kr88 ratios and sr79

R-values as a function of altitude in the cloud for the first four hours are repro-

duced in Table 3.11 from Reference 26. It is noted that for the land and reef

shots the Sr?9 R-values increase and the Mo?? to Kr88 ratios decrease in a way

On the water shots the sr?

88

generally comparable to the similar Hardtack events.

R-values are nearly constant with altitude, as with Walnut, but the Mo?? to Kr

ratios are not comparable.

The fallout R-values for the Hardtack shots are generally not inconsistent

with those arrived at for the Redwing shots by Project 2.63. The latter gave

radionuclide compositions which geerate computed decay curves in good agreement

 

with those actually measuredon several different types of instruments. The R-valu

from Redwing are listed in Table 3.12.

Table 3.12

R-VALUES FOR REDWING

n??(90) n?7(137)
Average Average

Shot. Cloud Fallout Cloud Fallout

Flathead ~l.1 0.34 ~2.3 0.32

Navajo - 0.8 - 0.7

Tewa ~1.0 0.29 ~1.5 0.14

Zuni ~2.0 0.25 ~w2.8 0.08
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Fallout R-values for sr70 and csl37 collected in different locations from Tewa and

Zuni showed variations of up to an order of magnitude. The fallout collections

from those stations closest to the zero point were most depleted in these nuclides.

Flathead and Navajo gave much less change in the R-values with distance from the

zero point; at most a factor of two.

3-4 EFFECTIVENESS OF INSTRUMENTATION

The aircraft-borne sampling equipment performed in a generally satisfactory

manner throughout the entire operation with the exception of some malfunctioning

of the gas compressor pumps on the first shot. This was due primarily to the

shortage of time for checkout prior to actual operational use.- As the participating

personnel gained experience, communications improved and the sampling flights pro-

gressed more smoothly. Each of the three types of aircraft sampling equipment is

considered to be well suited for its intended use.

Difficulties experienced with the rocket samplers are fully described in

Chapter II and Appendix A.
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CHAPTER IV

CONCLUSIONS AND RECOMMENDATIONS

4.1 CONCLUSIONS

The failure of the rocket sampling program made it necessary to rely almost

exclusively uponthe technigue of relative enrichment of volatile material in an

isolated portion of the cloud for the measurement of fallout partition. This

technique is an unproved one which includes some rather bold assumptions, and a

number of experimental difficulties.

It should be born in mind that if was not possible to sample at altitudes as

high as desirable, and differences in cloud height with energy release and their

subsequent effects upon fallout partition were not clearly defined. However,

with these reservations it is concluded that the technique generated a reasonably

consistent body of data which was interpretable in the fashion expected.

The pattern of progressive enrichment of volatile material in an isolated

portion of the cloud was displayed in Walnut on a rather long time scale. However,

if progressive enrichment occurred in Koa and Oak, it was on a time scale short

compared to two hours. Since the program for early sampling by rockets was not

successful, no data exist for these shots to demonstrate a time-dependent effect

in the direction of enrichment.

1. The results suggest that for megaton range weapons detonated at the ocean

surface, around one-fourth of the sr7? and one-third of the C5137 formed will be

dispersed over distances greater than 4,000 miles.

2. Corresponding figures for a coral land surface or reef are around one-

fifth for sr? and one-half for Cst37,
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3- Radionuclide fractionation is pronounced in shots over a coral land

surface. The local fallout is depleted in both sr?9 and cs¥7, while the upper

portions of the clouds are enriched. Fractionation is much less for water surface

shots.

4. Nuclear clouds are non-uniform in composition and certain nuclide ratios

vary by rather large amounts from top to bottom. Again, this is much larger for

land than water surface detonations.

5. The radiochemical studies of fine and coarse particles indicate that

the fission products with rare gas precursors, sr®?| sr70, y71, and csi37 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 groups.

6. sr? ana cst? distributions computed from cloud and fallout data are

roughly in agreement with one another.

4.2 RECOMMENDATIONS

The ratio of local to world-wide fallout is essentially governed by the

distribution of particles with respect to size and altitude in the cloud at

stabilization (i.e. at an early time before appreciable fallout has occurred),

and the specific activity of radionuclides of interest as a function of particle

size. The latter function may vary with altitude in the cloud at stabilization.

The basic types of information necessary to calculate the fractions of a

given radionuclide in local and worldwide fallout from particulate samples are:

1) the particle size at which division into local and worldwide fallout

occurs for each sample
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2) the fraction of the volume of the cloud swept out in obtaining each

-

sample

3) the mass of each of the two groups of particles in each sample

4) the R values of the radionuclide of interest in each of the two groups

of particles in each sample

The first of these can be calculated in advance from the criteria for world-

wide fallout from the altitude of sample collection. The second can be calcula-

ted from the area of the sampling system by obtaining the total volume of the

cloud and the cloud dimensions at various altitudes from cloud photography. The

third can be obtained by separating the particles into the necessary two fractions

during sampling and subsequently weighing each group. The fourth can be obtained

by radiochemical analyses of each of the two particle groups.

It is recommended that such a program be carried out if the opportunity is

presented by future weapons tests.
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APPENDIX A

ROCKET DEVELOPMENT|

A.1 HARDTACK PERFORMANCE

6 May Test

Four rockets were set up on Site Yvonne for testing during Shot

Cactus, a 14-kt, detonation; two were located at 3200 feet from ground

zero, while the others were placed at a position some 5000 feet further

down-island, It was plannedto fire both of the down-island rockets and

one of those situated at 3200 feet to check out the performance of the

array prior to operational use on Shot Koa. The remaining rocket was

to be left unfired on its launcher so that the results of exposure to the

detonation could be observed. The launching equipment for this rocket

was rendered inoperative by the blast, but neither of the rockets at the

close-in site were damaged, Both of the down-island rockets fired, and

one penetrated the cloud and was recovered from the lagoon. However,

it collected no activity since the cloud height was less than predicted and

the sampler head was programmed to open at an altitude higher than the

resultant cloud top, The second rocket flew in an erratic manner, missed

the cloud and sank, Its nose cone was recovered from the bottom of the

lagoon and a post-mortem examination indicated that the rocket had

probably been damezged by a flying object prior to launching.

 
420
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9 May Test

Two rockets were fired from Site Wilma for system check and nose

cone recovery practice, but both cones 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, since they were sealed at an

altitude of about 80, 000 feet where the ambient 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 cones and coated with a hydro-

phobic grease, thereby 2llowing air pressure equalization without per=

mitting the entry of water, Static tests showed that no water entered

the sampler heads by this route.

13 May Test

Eighteen rockets were set up for firing at the Koa cloud, but, as

described previously, none were launched (see Section 2, 3.2).

26 Mzy Test

After modification and testing of the launching equipment subsequent

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 comple-

ment of rockets, Four rockets were set up on Site Mary, eight on Site

The cloudSally and 6 on Site Wilma for firing at the Yellowwood cloud.
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from Shot Yellowwood did not develop to the extent predicted, and

launching signals were sent only to the launchers on Mary and Sally at H

# 13-1/2 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, Even of those fired, four were

seen to have missed the cloud. Three nose cones were recovered, The

czp on the first nose cone was still intact, probably due to a short in the

circuit that fired the nose cap removal squib; therefore, no s2mple was

collected. The second nose cone was froma rocket programmedto open

at 30,000 feet. When recovered, the nose cone contained abcut 60 ml,

of water. At H / 9 hours the filter of this nose cone read about 1 mr./hbre

at the surface, The third nose cone was from a rocket programmed to

open at 55,000 feet, About 100 ml, of water had leaked into it, and the

surface reading of its filter was 25 mr./bhr atH #9-1/2 hours, After

this shot, an intensive effort was made to determine the c2use of leakage

of water into the nose cones, It was found that the ball joint sezling the

forward end of the nose cons efter sampling could beunce back 2 small

zmount after closure, thereby permitting water to enter, <A Istching

mechanism was designed to lock the ball joint in its totally clcsed position.

This modification was then zepplied to all nose cones,
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I June Test -

 

Three rockets were fired from Site Wilma to test the modified ball

joint closure mechanism, The sustainer motor on the first rocket did

not ignite, causing the nose cone to remain attached to this unit which

fell into the lagoon and sank, The second rocket was damaged by impact

with a coral head, The third nose cone was recovered intact and was dry

inside, This represented a completely successful performance of the

system, It appeared that the problem of water leakage into the nose cone

had been solved,

19 June Test

Ten rockets were set up for firing at the Walnut cloud. Of these,

six were successfully launched {see Section 2. 3. 3).

20 June Test

Because of the presence of water in the Walnut nose cones, two rockets

were fired from Wilma to further investigate the cause of leakzige, The ncse

cone of the first rocket failed to separate from the sustsiner motor end wes

destreyed when it hit the reef, The second nose cone was recovered in

the lagoon, and 50 ml. of wzter was found to have leaked into it, It was

conjectured at this time that the low ambient temperature (-100 F®) en-

countered by the rocket at altitude might be freezing and causing distortion

of the O-ring seals,
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23 June Test

 

A nose cone with parachute was dropped from a helicopter at an

altitude of about 1,500 feet, It was recovered within two and a half

minutes after striking the lagoon, and again, 50 ml, of water was found

inside, The possibility of impact with the water causing the large rear

conical seal to open momentarily now became suspect, This was sug-

gested by the rather large volume of water that had entered ina relatively

short time,

24 June Test

Two nose cones with parachutes were dropped from an altitude of

1,500 feet in an effort to determine the exact point of water leakage. In

the first nose cone, the filter was replaced by a rubber membrane; and

both the fore and aft spaces of the nose cone were stuffed with absorbent

paper tissue, so any water leaking in would be retained near the point of

entry. After recovery, it wes found that no water had leaked into this

unit. The second nose cone, which was the same one used in the 23 June

test, was also stuffed with tigsue. However, 2 normal filter unit was

used to separ&te the sections rather than a rubber membrane, When re-_

covered, this nose cone w2s found to be dry inside, There was no difference

between recovery conditions on the 23 and 24 June tests, except that the

lzgoon surface was rough on 23 June and calm on 24 June.
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LATER RESEARCH

It is seen in Figures A-] and A-2, illustrating the programming of

the rocket and the nose section of the nose section of the rocket, that the

system is a complex one.

In the early stages of work on the rocket, prior to the field operation,

it had been recognized that the chance of having a completely operational

system ready for sampling the HARDTACKclouds was small, due to the

short length of time available for development and test firing. Neverthe-

less, it seemed possible that defects of a minor nature which remained

could be rectified in the field. The operational flights and tests already

described show that significant progress was made toward this objective.

However, after the tests of 24 June, it became apparent that the cause

of nose cone leakage and other malfunctions could not be determined and cor-

rected with facilities available at the Pacific site. Further work, utilizing

range and test installations in the United States, was essential to the attain-

ment of a completely successful sampling system. Accordingly, the rocket

portion of Project 2.8 was terminated on 27 June with the concurrence of the

Chief, AFSWP, and the Division of Military Applications, AEC.; all unfired

rounds were shipped to California.

From July to December 1958, the Cooper Development Corp. tested the

rockets from the EPG to investigate possible modes of entry of water into the

sampling heads (Reference 57).

Three nose cones identical to those flown in the last Pacific rounds

  

 

   mergyActof
ae is, od, PEscen

  



SECOND STAGE FIRING

NOSE CONE BLOWOFF *

FIRST STAGE
SEPARATION 0 p

 

Figure A.

OOCSY 322

HEAD SEPARATION
© anp FIRST STAGE

PARACHUTE  

 

SECOND STAGE PARACHUTE

 

1 Diagram to [lustrate Rocket Programming

109



OYE MARKER COMPARTMENT
-

FOAMED FLOTATION
AFT SEAL ACTUATION DEVICE

. FILTER

RECOVERY ANTENNA ond
TRANSMITTER

f| ="
NOSE CaP /

AIR DUCT ENTRY
AFT SEAL

SEPARATION DEVICE
FORWARD BALL SEAL

    

 

   

PARACHUTE SECTION

|
 

 

  |

 SEES

PROGRAMMER
BALL SEAL ACTUATION DEVICE

TRANSMITTER POWER SUPPLY

Figure A.2 Schematic View of Rocket Nose Section

/ tt



0018933

 

were subjected to environmental tests at North American Aviation Co.

during the month of July. The tests included low temperature cycle,

vibration and acceleration,

For the low temperature tests, the forward and aft seals were closed

and the programmerandits 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 coJd chamber wasstabilized

at -65 F°, The nose cone was placed in the cold chamber and allowed to

stand for five minutes, At the end of that time, the forward seal "O-ring"

-temperature was -10 F°. The nose cone was removed from the cold

chamber and allowed to remain at room temperature for 4 minutes, then

completely submerged in water for one minute and allowedto float at its

normal level for 4 minutes, When the cone was remcved from the water

and disassembled, it was found that no leakege had occurred.

The cone 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 2000 cycles per second. The dwell time at each resonant

frequency was one minute, The vibration was 2pplied first in the plane

parallel to the longitudinal center-line of the assembly, then in the plane

perpendicular to the center-line, No failures occurred.
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For the accelerationtests, a flight-ready nose cone assembly was

separated into two sections at the filter joint, Both sections were placed

on a spin table in the deceleration plane and the load was raised to 50 g's

and held there for one 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 one minute,. The programmer

started its functions at approximately 15 g's, continued to operate properly

and no failures occurred, The test was then repeated using the noSe cone

which had been vibration tested and the results were the same, The four

tests showed that the sampling cone design was entirely compatible with

the anticipated environmental conditions.

Beginning on 17 July, further testing of possible sources of leakage

in the sampling cones was conducted at the Morris Dam Small Calibre

Range, Azusa, California, which is a facility of the U. S, Naval Ordnance

Test Station, Pasadena, California, Ten assemblies were dropped into

the water at various angles and with various modifications, The first 8

tests were carried out by dropping the assemblies from a heightof approxi-

mately 32 feet at angles of 75° and 90° with the breathe hole left open.

Other tests included drops of cones attached to parachutes from 100 feet,

free-fall drops with the breathe hole closed, and parachute drops with a

neoprene boot on the forward seal of the nose cones, The last 6 tests used

103
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cones in whicha vacuum (23 inches of mercury), similar to the near-

vacuum of the upper atmosphere, ‘had been induced. Examination of these

assemblies after recovery showed that the vacuum remained when the

- breathe hole was sealed,

A total of 27 tests using 10 nose cone assemblies.were conducted

over a 5-day period,. This work, plus further testing at the Cooper Develop-

ment Corporation plant, indicated that certain points around the forward ball~

seal joint and the operating mechanism were susceptible to small leaks as

the pressure difference between the interior and exterior of the diffuser-

filter section increased, The neoprene boot, ‘which covered the operating

mechanism, had proved to be particularly vulnerable during the Pacific

firings 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 repaired 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 rounds were fired

at NAMTC, Point Mugu, California, on 24 July. The nose cones for these

rounds were modified to incorporate the improvements which had been made

during the tests at Morris Dam, All programmerfunction times were 2s

planned and both rounds were judged to be quite successful, Their trajec-
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’ tories were followed throughout the flights by range radar, enabling the

impact points to be quickly located by radars on the search aircraft. The

cones were then recovered by a rescue craft, One of them was completely

dry and the second contained only a few ml, of water. When the cones

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 approachesto the problem. After study of the design, it

wasconcluded that moving the forward ball seal NQ-ring” from the forward

to aft side of the ball would eliminate several possible sources of leakage,

although there would be some sacrifice of performance. Slight leakage

had been observed during some of the tests at the rubber boot onthe push-

pull red, around the nose cap cable entries and at the forward nose cap

blow-off joint. Relocation of the "O-ring" to 2 position aft of these areas

was expected to prevent any water which might enter from reaching the

filter. All changes in design which 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 cones were manufactured to the revised draw-
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ings.
:

A new antenna system was devised for the recovery transmitter

consisting of two bent dipoles located on opposite sides of the head and

positioned as far forward as possible so that they would be above the

surface of the water, This system was tested at Puddingstone Dam near

Pomona, California on 20 November 1958, The 2ntenna was first sub-

merged, then the head was allowed to float during the test. Readable

signals were received as far as 5 miles away with both ground and airr

craft receivers, The signal was both stronger and steadier than that pro-

duced by the antennas used on the Pacific rounds,

Drop tests using the two redesigned nose cones were conducted at

Morris Dam on 22 November 1958; The assemblies were dropped 5

timeseach froma height of 35 feet, No parachutes were used 2nd the angle

of impact was not controlled, Both assemblies remained completely dry

on the inside throughout the tests, One conewas slightly damaged when

it cameto the surface under a steel barge, but this was quickly repaired.

The two new nose cones were 2ssembled into flight rounds for tests

at NAMTC, Point Mugu, on 2 December 1958, Both rounds were launched

at a 75° elevation angte and azimuth of 217°, The second stage of the first

round either failed to ignite, or ignited only pertizlly, 2s evidenced by the

Nose conelack of a contrail and the horizontal range of only 14,200 yards,
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separation and parachute deployment were achieved satisfactorily, The

nose cone was located after impact by a very strong, steady, directional

Signal from the recovery transmitter and by sighting the dye marker, It

was completely dry inside and 2 vacuum seal had been maintained for 2-1/2

hours, On the next round, second stage ignition was observed and the range

radar showed nose cone separation 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 malfunc-

tion which evidently occurred, It is possible that the second stage para-

chute failed to deploy or that the first stage parachute was fouled by the

‘motor,

These were the final tests carried out in the development of an ocean

recovery version of the cloud sampling rocket, The results indicate that

the improvements in design made subsequentto the field operation have

resulted in a more practical system then the one available in April, 1958,

However, further flight testing would be desirable if the rocket is to be

used in a future cloud sampling program,
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APPENDIX B

RADIOCHEMICAL DATA TABLES

The tables given in this section (B.1 through B. 6) contain a compila-

tion of radiochemical data for all the samples collected by Project aircraft.

The samplers are identified by the number or name of the sampling plane.

The letters R or L placed next to the aircraft number (or name) indicate 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

tabulated separately for the gas and particulate samples from the three

shots. Data on the particulate material is divided into three groups, namely

gross cloud samples, size-separated cloud samples and fallout samples. In

each table the data are arranged in the order of increasing time of collection.

The following general remarks will serve to clarify certain entries in

the tables:-

1. All fission values based on Mo?? in the particulate sample tabula-

tions have been normalized to a LASL K factor of 2.50 x 10°.

2. The disintegration rates of P07! ana Cm*42 listed in the tabular

results have been corrected to the zero time of the event.

3. The amount of Po2!9 1oaded on KOA was 5.487 x 10!4 disintegra-

tions per minute as of the zero time of KOA.
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4. The amount of Cm242 loaded on KOA was 2,418 x 1014 disintegra-

tions per minute as of the zero time of KOA.

5, The amount of Cm*** loaded on OAK was 5,674 x 10)4 disintegra-

tions per minute as of the zero time of OAK.

6. All Sr89 and Sr?9 R values have been normalized to the LASL

values by means of the KOA samples analyzed at both LASL and NRDL.

7. All x?! 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 coincident sampler, Samples collected at 2 low probe velocity

are very likely non-representative of the cloud.

9. On KOA the Massive samples were collected on the 60,000 foot

height line; the Wilson Special sample wes from the generalfallout,

10. The fine 4nd coarse fractions for the KQA and OAK size-separated

samples were separated at a nominal fall rate of 1 cm/sec. Nominal fall

1 7 te rates for the WALNUTfractions were:

fine fraction, less than 0,1 cm./sec.; medium fraction, 0.1 - 1,0 cm,/sec.;

coarse fraction, greater than 1 cm. /sec.

11, The sampling altitudes given for Aircraft 978 on WALNUT end 981

on OAK are thought to be too high, but mere reliable figures are not available.
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APPENDIX C

PARTICLE DATA AND CHARACTERISTICS, SHOT KOA

C.1 Size Distribution, Fall Rate and Specific Activity Data

Fall rate distribution data, particle size data and specific activity-

fall rate data are presented in graphical form, in Figures C.1 through C, 13,

for the cloud and fallout samples listed in Table C.1. Samples 500, 502 and

977 from the cloud were separated into coarse and fine fractions with the

Bahco centrifuge before determination of the distribution curves. The

boundary between the centrifuge fractions is as given in Appendix B. No

fall rate work was done on samples taken from the cloud at times later

than four hours due to the small quantity of material collected.

TABLE C.1

Sample List

Fall Rate Particle Size Specific

Distribution Distribution Activity

Massive LI] Massive Ll Massive L5

Massive L2 . Massive L4 Wilson Special

Massive L3 502 Coarse 502 Coarse

Massive L4 502 Fine 502 Fine

Massive L5 500 Coarse 500 Coarse

Wilson Special 500 Fine 500 Fine

502 Coarse 977 Coarse 977 Coarse

502 Fine 977 Fine 977 Fine

500 Coarse

500 Fine

977 Coarse

977 Fine 116
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These results are being reported primarily for record purposes.

C2, Particle Characteristics

The majority of the particles were translucent white and had an

irregular shape. Someflaky aggregates, small spheres apparently formed

by condensation, and clusters of varying sizes were also present. Many of

the larger particles were discolored with 2 reddish-brown stain, presumably

due to iron oxide,

The main constituents were identified as Ca(OH), and Caco, (both

calcite and aragonite) by examination with polarized light and by X-ray

Small quantities of ocean water salts were observed in all thediffraction,

samples.

The particles disintegrated spontaneously into many small fragments

when brought into contact with liquids. The disintegration was most rapid

with water, but also occurred at a slower rate with hydrocarbons and other

fluids, Due to this effect, their dersity could not be determined by the

bromobenzene-bromoform method.

Size me2surement and type clzssificetion were described in Section

2.4; this investigation is surmmarized in Table C.2,
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TABLE C.2

Particle Classification and Size Measurements

-

 

Sample No. of Particles Mean Size, Particle Type, %
Measured Microns _ Irregular Aggregates Spheres

Massive Ll 115 155 ' 67,3 18.5 14.1
Massive L4 216 65 51,4 16,2 32.4

502 Coarse 255 48 82.0 11.0 7.0

502 Fine 287 19 93.7 3.5 2.8

500 Coarse 331 46 - 63.7 - 2.3 29.0
500 Fine 619 24 94.0 3.1 2.9

977 Coarse 264 47 76,1 9.5 14,4

977 Fine 299 21 94.6 2.3 3.1
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APPENDIX D

METEOROLOGICAL DATA TABLES

Meteorological cata for the shot days of Koa, Walnut and Oak are

presented. Tables D-1 through D-3 give winds aloft, while Tables D-4

through D-6 give atmospheric temperature data.
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- TABLE D.1

Winds Aloft Data, 13-14 May 1958

Alt., ft. H-3 ufst pf ee A211 Hfith Hfew Bf 28h
x 103: DD FFF DD FFF DD FFF DD FFF DD FFF DD FFF DD_ FFF

1 O07 025 O08 O28 09 023 O08 023 08 023 O06 O21 OF O22
2 O7 027 OF 033 09 G30 08 025 09 02% O06 023 08 023
3 0S 028 OF 032 09 030 08 026 09 026 O08 023 08 O21
4 08 O31 08 G25 09 030 09 O27 09 O27 O08 022 09 O1f
5 09 029 08 025 09 026 10 023 09 025 09 02% 09 016
6 10 025 09 02% 09 O22 11 623 09 022 09 O27 09 020
7 10 O27 10 O16 O8 019 10 023 09 O21 09 023 10 O21
8 10 027 10 017 09 016 08 019 09 G19 09 015 10 O14
9 09 022 10 017 09 010 OF O17 09 012 09 012 10 009

10 09 O22 12 016 10 022 09 012 09 008 05 009 10 005
12 10 025 13 O17 09 015 12 O11 09 006 02 oO% 29 003
14 11 022 15 012 12 009 12 008% 09 008% 20 OO# 25 602
16 12 012 14 012 42 008 19 010 — --- 23 O0% 30 003
18 12 010 14 012 15 009 18 004 “33 O07 22 OO% 31 008
20 07 007 13 00% 15 008 22 008 27 010 24 010 28 00%
23 20 008 18 016 16 o14 18 O14 2% 009 27 013 29 006
25 27 012 16 016 16 019 12 012 22 012 28 O17 30 016
30 25 O21 24 O18 15 020 25 019 22 018 25 O14 27 015
35 19 027 17 O27 17 025 17. 018 2 o2% 2 016 25 020
oO 22 025 19 025 22 020 23 O27 22 023 2h o22 23 08
45 24 035 26 O45 25 039 2h O34 25 023 29 021 2 025
50 29 031 28 030 28 O27 28 O29 27 025 27 026 27 022
55 28 O11 23 012 19 019 20 028 23 022 2% 029 28 9020
60 4 015 21 006 2 006 27 O10 30 O08 35 013 O02 O12
65 09 006 06 007 06 G09 Of Oil OF OOh O07 007 06 ODT
70 10 O14 13 008 O06 005 15 006 0S 010 O7 o12 09 012
75 10 020 OF O17 OS 020 OF O14 11 OfF1 12 O15 OF 010
8 10 027 09 G3l 10 033 11 026 10 025 09 623 10 018
85 09 036 10 O440:0 609 «O48 «622006 «(OU 090 C035 — == 09 «=—039
g0 09 C51 11 G62 =— -— 10 653 69 053 — --- 09 O48

DD —-- Wind bearing to nearest 10 degrees

FFF ==» Wind speed, knots
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TABLE D.2

Winds Aloft Data, 15 June 19568

Alt., ft. Het Hd Hee Hes Heit HIT ;
_x10>| DD FFP DD FFP DD FFF DD FFF DD FFF ODD FFF

07 010 09 020 10 015 O% 00h OF 016 OF 0181
2 0& 019 O8 019 4O8 O17 OF O21 O7 018 08 022
3 O07 019 09 019 10 O17. O08 O18 £O8 O18 09 023
4 09 019 +411 019 10 017 09 018 £09 018 10 023
5 09 O17 121 019 20 016 10 017 09 O21 10 022
6 09 013 +11 018 11 018 ll O17 09 023 10 020
7 09 013 #11 017 +12 «O18 11 018 09 028 10 020
8 09 013 #+%2Il O14 12 015 210 O15 10 017 10 020
9 10 013 +11 O14 11 012 21 013 10 014 10 019

10 10 013° «#12 O14 10 O13 12 012 12 O15 10 O17
12 09 010 11 O12 12 009 10 O12 09 010 11 012
14 11 015 09 009 #+=%4l OOF 12 OOT 11 006 12 006
16 11 020 10 013 13 010 10 O08 11 008 14 «O11
18 11 020 11 016 12 019 12, 010 12 013 12 010
20 11 018 13 O11 13 O17 #13 «O14 12 012 10 O11
23 15 016 24 oo8 11 006 13 012 #£=®913 012 °&2«&3210 O12
25 20 O11 17 «006 13 006 12 016 14 «016 11° O14
30 18 025 15 012 16 012 16 G20 17 O22 12 O14
35 18 022 19 019 16 025 18 018 18 019 17 014

21 023 18 025 16 o2 18 olf 17 O24 17 028
45 16 O14 18 G15 16 023 16 o28 17 639 17 037
50 19 O14 18 O24 18 026 15 633 18 008 21 021
55 11 00S 24 O14 17 ©O5 19 035 05 013 212 016

0& O17 00 613 O08 O15 14 oO%8 09 O17 09 015
65 10 G23 — --- 11 026 -- --- —- -= O7 029

To 09 025° — -— 09 C2 -= -~— 0S 029 09 O31
75 09 O42] —- =-- 09 O38 -- ~— -- —= 10 O89
80 09 050 -- —= 09 Ohk6 — --- 09 O15 10 050
85 09 060 = =~ 09 060 — -— —- --- 09 058
90 09 O64 — -~— 10 066 — --= 0&8 O47 09 C65

130
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TABLE D.4”

Atmospheric Temperature Data, 13 May 1958

. Altitude, Temperature,

feet co

Surface 27.8

310 26.8

2,231 21.5

4,950 17.2

7,874 11.5

10,310 09.5
14,450 - 2.5

16,929 - 0.5
18,209 7 2.5

19,095 ~ 4.2
19,240 - 4.2
19,554 - 4.2

24,920 -14,2

26, 903 -18.2
29, 331 -23.5

31,070 -28.1
31,870 -~30.2

36,036 -39.8
36,050 -40.2
40,930 -51.8

46, 850 -65.2
51,810 ~75.0

54, 680 -77.7

56,859 -79,0

57, 684 -75.0

60, 621 -74.0
63,030 -77.90
64,482 -62.0

68,120 -63.8

73, 656 -56.0
79, 167 -57.0
82,540 -50.0

94,149 : -~45.0
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TABLE D.5_
Atmospheric Temperature Data, 15 June 1958

Altitude, Temperature,

feet c°

Surface 25.2

310 24.2

4,910 14,8

5,348 12.0

8,202 9.8

10,240 7.2

11,417 5.5

13,123 2.5

14,350 - 0.5

16,240 . - 2.8

19,080 - 8.5

24, 640 -19.2

31,440 ~34,5

34,056 -40.2

35,550 -44.0

40, 330 -57,0

46,140 . -68,.0

53,460 -79.0

53,900 -78&,0

57,618 -76.0

60,555 -79.0

61,083 -62,0

64, 680 -70,0

65,703 -66.0

67,270 "266.8
69, 300 -67.0

70,257 -62.0
73,920 -63,0

76,197 -60.0

728,804 -~62,0

79,629 -56,0
81,390 -54,0
96, 947 -42.0

 



ES

a5 : R:|-OrT-E-D2D- A a 00)8933

TABLE D.6

Atmospheric Temperature Data, 29 June 1958

Altitude, Temperature,

feet co

Surface 25.5

280 25.2

3,900 16,8

4,890 " 15.5

10,210 - 7.2

14,320 - 0.2

19,050 - 7.2

24, 640 -~17.8

31,490 -32,.8

31,560 , 733.2

35,620 -42.2

40,420 -55,2

42,910 -62.0

46,240 -68.2

48,850 -74.0

49,740 -77.0

50,590 -71.0

56,050 -74.8

57,590 ~78.0

 lie
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- APPENDIX E

Derivation of Formula for Percent Mo Left in Cloud

The formula given in Chapter 3 for the percent Mo?? left in the cloud

is based on a materia] bzlance for some nuclide, Y,. It can be derived as

follows:

t

Let Y, = atoms Y formed in the explosion

e Yo so" " left in cloud

Yro ? " "in fallout

Mop, © atoms Mo?? formed in, the explosion

Mo, = " " left in the cloud

Mono * at " in the fallout

y * fraction of Mo?? atoms left in cloud

k 3 the ratio atoms Y: atoms Mo?? formed in thermal

neutren fission, a constant

[R9%y)] = R-value for nuclide Y in explosion

[R9%y)] cz" " " non cloud

| [R9%x]Fo = unt " at mM! fallout

= o eovececd 1%e =Y¥o+ Yeo - ( }
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since [n99(x}, = (x/¥,]/«

Tro = Mofo Yeo/MOpo

Mogg & [R77(T)]x9

since [R77(z)] 707 [Yeo!Mpa]

from (1) sirice Mog = Mopy and Moro = Mo,(1-y)

Mog k [R99(z] , = Moy k [RTD], + Mo,(1-y) k [R9%H]p0 cee (2)

dividing (2) by Mo,k and rearranging

_ RMIe - (R99°T po
[R97(z)} , - [R979go

 eS,
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