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FOREWORD

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

The material which has been deleted is all currently
classified as Restrict2zd Data or Formerly Restricted Data under
the provision of the Atomic Energy Act of 1954, (as amended) or
is National Security Information.

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

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

The object of this study was to obtain data relative to the close-
in ground level airborne and fall-out hazard associated with each de-
tonation in Operation JANGLE. For this purpose samples of the aercvsol
and fall-cut were obtained from 46 statioms located between 4000 feet
upwind and 50,000 feet downwind. Several types of instruments were
used in this study; filter samplers, cascade impactors, conifuges, par-
ticle separators, electrostatic precipitators, Brookhaven continuous
air monitors, Tracerladb continuous air monitors and fall-out trays.

The concentration of beta activity in the cloud near ground zero
a few minutes after the shot was found to be approximately 10-3 and
10-1 microcuries per cubic centimeter for the surface and underground
shots respectively, The number median diameters of the particles in
the surface and underground shots were 1.0 and 1.5 microns respectively
at stations 4000 ft. downwind, docreasing in both cases to less than
0.1 miorons at 50,000 ft. Data were also obtained on the wariation of
activity with particle eize, as well as the percentage of the number
of particles which were radioactive for both the aerosol and the fall-

out. In addition, & study of fractionation and its manifestations was

made,

- 111 -



PROJECT 2.5a-1

FREFACE

The airborne particle studies reported herein were undertaken
by the Chemical Corps to enswer questions which were reised regard-
ing the internal hazard due to the radicactive particulate matter
asscclated with the elnud and base surge produced by a surface and -
undergrcund detonation of an atomic weapon, It is believed that A
the data devel ~ped from this study will assist in evaluating the h
relative importance of the internal hazard which can result from
such a detonation. ) \\\\\
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CHAPTZR 1

INTRODUCTION

1.1

OBJ=CTIVE

The primary objective of Project 2.5a was to conduct a study
of the airborne particulate matter resulting from a surface and under-
groand detonation of a nuclear weapon and to determine the followings

1. Concentration of radiocactivity in the aerosol and its
variation with distance from ground sero.

2., Variation of radioactivity with particle-szize.

3. The variation of the particle-size distribution with
distance from the point of detoration.

4e Total particles which are radioactive as a function of
particle size,

Secondary objectives of this project were to study similar
factors for the fall-out (factors which are inseparable from the
aerosol) and the phenomenon of fractionation 1 for both.

An indirect objective of the project was to evaluate the field
performance of the several instruments employed.

1,2 HISTORICAL

Chemical Corps results from SANDSTONE2 derived from the cascade
impactor indicated a predominance of particulate matter in the range of
0.1 to O.4 micron diameter, with some material in the rangs 1 to 10
microns, The long sampling period and the large integrated sample col=
lected left doubt as to the accuracy of the particle size measurements

I These and certain other terms used in this report are defined in
Appendix A.
Bernard Siegel, Cdr He L. Andrews, USPH3, and Raymond E. Murphy,
Particle Size of Material in Cloud, Operation SANDSTONE, Tack Group
7.6, Project Report, Project 7.1-17/RS(CC)-9, 30 June 1948.
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PROJ?CT 2,5a-1

of the active particulates. Tracerlab results from SANDSTONE 3,
derived from filtors, indicated that in the frequency vs. particle
size graph the mode occurred betwesn 4 and 6 microns for particles in
the range of 2 to 10 mocron diamater. The limit of resolution of the
tachnique was approximately 1 micron, thus no observations wa-e made
on particles lesa than one micron d.amester,

Chemical Corps results from Operation GREENHO'SE 4 derivad
from the cascade impactor indicated that cloud samples taken at 16,000=
25,000 feet had a madian size of aprroximately 0.3 micron. The rasults
from the U. S. Naval Radiological Dafense Laboratory derived from the
electrostatic precipitator on this same Operation indicated a ma2dian
particle size of 0.l5 microns.

In June, 1950, the Joint Chiefs of Staff directed the test of an
underground and surface nuclear detonation. The Armed Forces Special
Weapons Project requested the Chemical Corps to submit propos2ls for
participation in the test. As a result, Project 2.5a was developed to
conduct airborme particle studies on the aerosol resulting from these
bursts. Bscause of the large amount of ground contamination expected,
these tests provided an opportunity to determine whethar there is a
correlation botween particle size, isotopic content and decay rate,
and to evaluate the intsrmal hazard associated with these types of deto-
nations,

1.3 AEROSQL SAMPLING

It may be safely said that the sampling of particulate aerosols
is a field characteriszed by instrument design difficulties. And this
is particularly true of sampling aerosols containing large particles;
a condition which is produced by the detonation of atomic weapons near
to or under the surface of the ground.

The difficulties, roughly, are two-fold. First, is the problem
of introducing the particles into the sampling apparatus without preju-
dice with rzspect to particle size. This is the problem of obtaining
isokinetic flow into the sampler. The second problem is to remove the
particles from the air, again, without selecting for or against differ-
ent gized particles. This problem is usually aggravated by the desire
to remove ths particles in such a manner that they pay subsequently be
gubjected to size m=2aguremsnts or other types of analysis.

¢

3 TReport on Analysis Results and Conclusions Relating to Test Joe,
Dacember 1950, Department of the Air Force Contracts with Tracerlab,
Ine., 130 High St., Boston, Mass.

4, GREENAOUSE 6.1 Raport. Unpublished.
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At the tirs of planning of this project there ware a nimbsr of
sampling instruments in existencse, none of which satisfied the firct
ecriteria, but which partially satisfied the second criteria in & nun-
bar of ways which were suitable to the types of m2asursimwnta desired.
For example, a filter sampler, in comon uge in the Chemiecal Corps,
would collsct all particle sizes to be encounterad with bsbisr th-n
97.9 per cent efficiency, and would be excallent for the m2asurarenis
neceasary to determine activity coancentration data,

Due to the cost and lack of time adjudged to be neccasary to
redesign all desired instruments for lsokinetic flow, it was dee:rad
necessary either to reduce the number and type of sampling instrurents,
or to uge 2ll instrumants as they wera, even though sampling was not
isokinetic. A decision in favor of the latter course was mads at an
early stage of planning. The crux of this matter was the extent to
which non-isokinetic sampling would affect the data obtained by the
instruments. Unfortunately, only & qualitative discussion of this
point can be made at the present time.

Andersons, working with cement dust less than 50 mlicrons in
diamster, reported dust concentrations of 150 to 180 per cent of the
true concentrations in the samples taken at one-half of the atream
velocity and concentrations of 80 per cent of the true value for gar—
ples taken at 140 per cent of gtream velocity.

Figure 1.1 1llustratss isokinetic flow. The streamlines enter
the sampling tube without distortion. Any other condition results in
deflection of the streamlines in the vicinity of the orifice, giving
samples which are either too low or too high, depending upon whether
the ratio of sampling speed to wind speed is less than or greater than
ona respectively. Figure 1.2 illustrates the sampling speed to wind
spsed ratio of one-half. In this case the sample will favor the largor
particles. Figure 1.3 illustrates the sampling speed to wind speed
ratio of two. In this case the sample will favor the sraller particles.

Table 1.1 indicates the deviations of the samplers from isokinstic
flow, assuming the intake orifice is pointed into the wind. (Not tho
cage in actual use) The average wind speed at Nevada Test Site
wa3 approximately 5 miles per hour, or 1.34 x 10* cm/min, A value of
one for the ratio sampling speed:wind speed, represents isokinetic flow.

5 Fvald Anderson, YOn the Qualitative Determination of Industrial
Gas Digpersoids.” Transactions of the Amwerican Ingt. of Chemical
Engineers, 34, 589. (193
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TAELE 1.1

41r Saopling Spoed Data

1
Volurs Flow | Saxpling Saxpling | Sxoolinz Sto:d
Area

Inatruent Rate Spoed wind Spued
e /rin « ca/dn
Filter Sazpler 34 X 1of~ 100 [3.@ x 162 | 2.54 x 1072
Cascedo Ispactor 1.25 x10% | 10 1.2 x103 | 8.95 x 1072

Conifuge at €CO0 REY 2.2 x10% 0.18 1.2 2103 | 8.95 x 1072
Tracorlad Continuouy

Adr Yonitor 7o, x10% | 13.2 | 5.6 x103 | 428 x 1071
Brockhavan Continuoua

Adr Yonitor 9.6 x 104 | 10.4 [9.25 2102 | 6.50 = 202
Particle Separator 2,83 x 104 | 52.8 | 5.23 x 107 | 4.02 x 1072
Radiological Afir -2

Sa-plar 5,0 x102 | 0.6 | 7.94 x10% | 5.94 = 30°
Electrostatic Pro= )

cipitator 33 104 | 2 [1.5 x10°| 132210

It mst ba rcamphagiscd that tha valuvas given in Tadlo 1l are
spplicable only for the cas2 of tho instrmueint facing continually
into the wind i.e. a7 a veathar cock. Actually tha filter cacplas
wore mounted parpardicvlazrly to tka rodii from ths zero point £o that
in gonaral on ths "hot® legs thay samplod broadsids to tha wind sirean.
This ard ths prosonce of the shest rstal bood (zee Fig. 2.1), tor2:d
to rake this insiru=:nt favor ths g=aller particlos. The caseadd
impactors wora oriemted dem ths axis of radii froa the sero point
énd on the "hot¥ lcgs were non-izokinetic to approxi::ataly thse doorce
indicatad in Table l.d. A1) of ths othor inatru-ats wers orientsd in
the vertical direction and tharefore wors £xmling buoodaids to the
wind and in a ramsr corparable to the filtcr eampler, exceplt th:t thay
favorcd tho vory largost particlos which had a Stokel's fall wvolocity
greatar than ths horizontal wind - slocity.

le4 RADIOACTIVITY MEASURT.ENTS

While in any inveatigation of this nature all co kirds of
nuclear radiation °an be of interest, the hazard cauzad by tho in-

SR
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balation of fission products is predowinantly due to beta radiation.6
For this reason, as woll as the heavy counting load caused by the
lerge number of samples, only beta counting was performed in this
project. In order to report such quantities as concentration of
activity in the aerosol, it was nocessary to doterriine absolute beta
disintegration rates, a difficult goal. An uncertainty of the ordor
of 20% can be expucted in the reported bota cctivity data. 758
Unless otherwise indicated, corrections for coincidence, sample
covering, &ir path, and tubs window were applied to all counting data,
in addition to the usunal georatry correction. No corrections for
s21f scattering and self absorption or back scattoring wore rade,

1.5 ORGANIZATION

Pigure l.4 ghous ths orgentzation exployed to prosecute this
project, and Table 1.2 shows the assignmont of gtations to pesrsom.wl.

87473, for exi. ple, uhs Bffects of Atortc Feivons, (U. S. Gove
Frinting Office, Sopt 1950), Pe 257«

7 G. Frisdlandor cnd J. W. Konnedy, Introduction to Rndiechcnistry,
(Kew Yorks Jobn Viley and Scns, 1949), p. 228

8 L. R. Zur=lt, "Abgolute Bota Counting Using End-Tindow Geiger-
IucIler Counter Tubss LIDC ~1348, (O~k Ridgas Technienl Infor: niira
Division, 1947) ps 1
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CHAFY'ER 2

INSTRU'BNTS

—————— A st . s Uit

2.1  PILTER SAMPLER

The purpose of this instrument was to filter the partioculate mat-
ter from a knoim volums of the aerosol. By mossuring the eaotivity oz
the filter papsr and volums of air filtered, the avarage concentration
of activity in the cloud could be estimated,

2,1.1 Design

The filter samplers used in ths tests (see Fig. 2.1) con-
sisted of a motor driven suction pump drawing air through a filtor pa-
per sampling area of 100 cnl.

2.1.2 Calibration

All filter samplers were calibrated at the test sito with
& dry flow-rate meter. PFor the surface shot the flow rates of several
tarplers were measured bafore snd aftsr the datonrtion. The results,
given in Tadble 2.1, shouw that for the quantity of material filtered there
was no appreciable chanze in resistance of tha papsr before and after the
test., It was therefors considered reasonable to assums that the flow-
rate remained constant during the szmpling period.

The following code was used in dascriding the various fil-
ter samplers listed in Table 2.1. (For looation of the stations, see
Fign. 5.1 and 3020)

X Consisted of 1 gheet Chemical Corps No. 8 paper and
2 sheets of No. 5 paper. This type was used on all
stations at distances greator than 4000 feet from
tero. The sampler was loocated 7 feet above ground.

X; Consisted of 1 sheet Cml C No. 6 peper, 2 sheets of
Cml C No. 5 paper backed up by b smheets of No. 8 pa-
per. The § sheets of No. 8 paper served to ocut dowm
the flow of air approxirately to 1 oubioc foot per
minute while the filter sampler wws oporating at full
(24 volts) battery voltage. This type of ssxpler was
ussd on all stations up to and inoluding distances of
4000 foet from ground zero. The eampler was loocated
7 feet above ground.

-9 -
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Filter Sampler Assembly

Fig. 2.1
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Flow Rato(eu.ft/min)
Bafore

Surface
Shot

TABLE 2.1

Filter Sarpler

Aftsr
Surface
Shot

b e s ———

1.18
1.36

1.32

0.76
0.83
1.36
1.24
1.43
l.28
0.59
1.23
1.38
1,13
1.21
0.55
4,28
4,08
4.14
0.77
4.28
4.14
3.90
0.90
0.86
4.11
4.29
1.25
1,32
3.30
3.30
2.86
3.12
3.30
3.45

damaged
by blast

—

llllIQ\iglellllﬁllll
W

. . L]
<O

R AW O
*

.

(<204 4

Data

Purpose of
Sample

activity,decay
aativity,decay

activity,
autoradiograph
activity
activity
activity
activity
activity
aotivity
aotivity
activity
activity
activity
activity
activity
radiochonistry
radiochemistry
radiochemistry
sctivity
radiochenistry
radiochemistry
radioochemistry
activity,decay
activity,decay
rediochemistry
radicchsmistry
activity
activity
activity
sotivity,decay
activity,decay
activity
activity

activity,decay‘

""""""TL"" ———

Agancy

Perforuing

Analysis

¥Id4,TL
NIH,ACC

NIH,LASL,ACC

WIH,TL
NIH,ACC
NIH,ACC
NIH,?TL
NIH,TL
NIA,TL
NIH,TL
NIH,ACC
NIH,ACC
FIH,ACC
NIH,ACC
NIA

TL

ACC

NIH

NTH

NIH

T

ACC
NIH,TL
N1H

TL

ACC

NIH,ACC
NIH,ACC
NIH

NTH
NIH,ACC
NI

NIH
NIH,TL
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TABLE 2.1 (cont'd)

Filter Sampler Data

a 8 é: Flow Rate (cu.ft/min)
Ot | >t
~0 |PE o Before After Agency
e g 8o & | Surface Surface Purpose of Sample Performing
he | 3 8™ Shot Shot Analysis
23 X 3.16 3.16 activity NIH,TL
24 X 2.73 - activity NIH,TL
26 X 2.83 - activity,decay NIH,LASL,ACC
sutoradiograph
26 X 3.67 - activity,autoradiograph | NIH,LASL
27 X 3.43 3.40 e-tivity,decay NIH,TL
28 X - activity,autoradiograph { NIH,LASL
29 X 3,33 - activity NIH,TL
M 3.09 - activity,particle size |TL
30 X 2.26 - activity,autoradiograph | NIH,LASL,ACC
M 3.90 - activity,particle size | TL
31 X 2,63 - activity NIH,TL
) | 3.57 - activity,particle size | TL
32 X 3.53 - activity,docay
M 4.29 - activity,particle size | NIH,decay
33 X 3.20 - activity,autorsdiograph | NIH,LASL
| 34 X 3.00 - activity,decay NI1H,LASL,ACC
autoradiograph
35 X .12 - activity,autoradiograph | NIH, LASL
38 X 3.51 - activity,autoradiograph | NIH,LASL
37 X 3.63 - activity,autoradiograph { NIH,LASL
38 X 2.562 - activity,autoradiograph | NIH,LASL
39 X 3.12 - activity,autoradiograph | NIH,LASL
40 X 2,46 - activity,autoradiograph | NIH,LASL
41 X 3.0 - activity,autoradiograph | NIH,LASL
42 X 2.65 - activity,autoradiograph | NIH,LASL
43 X 2.38 - activity,autcradiograph | NIH,LASL
44 X 2,48 - activity,autoradiograph | NIH,LASL,ACC
45 X 3.37 - activity,autoradiograph | NIH,LASL
46 X 3,00 - aotivity,sutoradiograph j NIH,LASL

s#plus molecular filter adapter,
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G Sarss a3 X in all respects except that thes fil-
ter sampler was located 2 feot above ground.

L.LI,A Consisted of 4 sheets of Chemical Corps Ho. 5
paper. This is an "open® paper and the pur-
pose is to obtain a large ssmple for radiochom-
ical analysis. The various letters daasignute
the receiving agencles,

M Consisted of 4 sheots of polyfiber paper (Air
Force) paper. This is an "open™ paper and the
purpose 1s to obtain a large sample for radio-
chemical analysis,

Equipment at stations of the surface shot (1 through 46)
was transferred to ths corresponding stations of the underground shot
(101 through 146). The handling of samples and snalytical work for
samples collected from the underground shot tests was the same as the
surface shot, except that time did not permit the preparation of suto-
radiographs by the Los Alamos Scientific Laboratory. :

The abbreviations of the rscelving agencies are as fol-
lows; :

ACC <« Army Chemicsl Center

NIH National Institute of Health

TL - Tracerlsb, Inc., Boston, Massachusetts
LASL - Los Alamos Scientifio Laboratory

2,2 THE CASCADE IMPACTOR

To determine the size-distribution of any heterogeneous oloud,
8 size-grading sempling method is desirable, It is also desirable to
subjeot the particles to a minimum amount of physiocal strain ae they
are collected., The cascade impactor, first developed and deseribod in
detail by Mayl. is partiocularly suited toc these requirements. It sisze-
grades partioles in a manner suiteble for analysis with light and/or
elactron mioroscopes and also collects the larger particles present
(these being the most likely to shatter) at low velocities. The pre-
deminate disadvantage of the impactor is that it is not an absolute in-
strument, i.0., below a certain sixe, depending on ths geometry of the
last jet and the physical properties of the particle involved, the
Probability of collection decreases in a rather complex manner (but pre-
Sumably monotonic with respect to particle size).

xR, May, “The Cascade Impactor: An Instrument for Ssmpling Coarse
Aerosols”, Journal of Soientifio Instruments, 22 (Oot 1946) 187

- 13 -
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The performance of a jet in a cascade impactor is determined by
the effects of the previous stages and the flow rate through it, as
vwell as its own physical characteristics; thus the instrument must be
deeigned as & unit, ench stags being compatible with both the preced-
ing and the following ones. Since ths impnctor is to sample offi-
clently an extended particle size runge (0.2-100 microns), five ctages
vore consldered nacescary for suitatle size-grading. The effective-
nese of each stage, and therefore >f the cowplete instrument will vary
with flow rate. Thus it ia nocossary to maintain a cuitable and con-
ctant flow rate,

Although narrower Jets will imgpinge smaller particles efficient-
ly, one might readily asgsums that the narrowest possible jet should de
used for the fifth stage; hovever, supersonic flow cannot be obtained
in a jet of this type. Thua, the fluw rate cannot exceed a maximum
value, vhich occurs vhen sonic velocity is rcached in the smallest jet,
In nctual practice, this feature was uszed to control the flow rate in
the oascade 1mpactor. If a narrowsr jet had bsen used, the flow rate
vould have becn reduced correcspondingly, thersby reducing the smmpling
Volm.

2.201 Desig_g

A thecry of impaction i1s nccecearily based on the trajec-
tories of small particles in a moving fluid and exteneive studios of
the factors eifecting particle trajectories have besn made by many in.
vostigators2s3,4, in epproximate theory of impacticn, by BaurwashS et
al, is quite flexible, alloving immediate compurison of the efficien-
cios of various jet widths and velocities. This relation may be der-
ivod by oconeidering a jet from which a fluid of density e viscouity

2.y, o1d T
3J¢1 1cons und Roberts, “Dorosition of Avroeol Particles from Moving
Ces Streams™, Inductriel end Enginesring Chentstry, 32 (1940) 650

41L-pple and Shepard, "Calculation of Perticle Trajoctories”, Induc-
trial and Engfneoring Chenistry, 32 -

— .

EBhurmm:h. "Duvelopront of Continuous Jet Iupactor Ysthods"™, UCIA 13,
£:20-208,

- 14 -
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n , slit velocity V, is flowing in an approzicately oircular path

of mean radius of curveture R, as showm in Fig. 2.2. It tsalos any
particls roughly a time equal to

- IR,
t = S5y (2.1

to traverse tha quarter-cirols arc. In this tins 1t will have
drifted radially oubtward e distance x equal tc

x = ut (2.2)

whare u is the Stokes velocity

u = P-Ig—);—- (2.3)

D iazjge partiocle diameter and a 1e tke radial acoolsration and equal
to V¢/R,

If it is assumed that the criterion for impaoction 1is
that the radial drift distance x is equal to half the jet width d, thsen
it is possible to caloulate the minimum particle diameter Dyipn, whioh
will bs impacted. Substituting and solving for D resulta in

36 nd
Dptn = 1 "ﬁ’%‘v’ (2.4)

To ocheock the validity of this forumla, the experirsntal
Values obtained by May, Johnstone®, and Casella” wers compared with

Bi;ho Report, University of Ill., Hizh Velooity Impaotor for Sampling
Aerosols, 15 March 1749.
C. . Cassella & Co, Ltd., Casoade Impautor, Leaflet 72J, Regent
House, Pitsroy Sq. London W. I.

-15 -
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Fig. 2.2 Schematic Drawing of the Idealized Flow From a Cascade
Impsctor S1it. The slit length (into the paper) is
asswiod to be much greater than the width w,
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thoss predicted by thoory. The results warv in excollent agrac.ent.

The impactor described by Vo2zltin and Hodze® was found
to be the moat sturdy impactor avajlable and since it was designed so
that the jets could readily be interchanged it was declded to modify
the Hodges modsl to fit requirossnts for sampling at Operution JALGLE,
Aftor some oconslderation it was decidad to use the ls%, 2nd, and 4th
jots of the original Hodgo impaotor for the firet, sucond, and third
jots of the new modol and then to design two new jets. The davelopuent
and perforuance of this modified Hodjes-type imprctor as well as re-
finements to eg. 2.4 have beon previously described in dstailf,

A further important modifiocation in this instrucant was
the ir-lusion of slidos with electron miorosoope spscimen sorsons set
in recusseslO, As a result, a slide assembly well suited for field
use was developed.

2.2.,2 Calfibration

Critical floir rates of the casoade impactors uzed are
shown in Table 2.2. The oritical flow rates were dotermined using a
previously calibrated Dry Test Meter and & vaouum gauze. To be rea-
sonably certain that oritical flow was attained, a vacuua of 18,0 in-
ches of meroury was required for oritical flows.

Table 2,3 gives the calculated sizes of particles effi-
ciently removed for the modified instrument. Cslibration of cascads
impactors for actual efficiency for warious particle sizes was not
necessary for this work dus to tho heterogeneous density of aerosols
expeoted. The samples were analyzed by direct methods, i,e., measur-
ing and counting of each particle in a known reprssentative sroa.

r

Vosgtlin & Hodge, Pharmocology and Toxicology of Uranium Compounds,
9701. FI-1, p. 483, icﬁrav&ﬂi§¥, 1549, -

J. D, Wiloox, Design and Development of & New Pive Stage Impaotor,
1cm,m 92, AcC, Md, -7 .

9. D. Hllcox.lé Wew Sampling Techniqus, CRLIR 70, ACC, Md.

-17 -
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Filg. 2.3 The Jets of the Caecade Impaotor in “xploded Arrangemant,
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TABLE 2.2

Cascale Impactor Critical Flowv Rates

2]
i
|
1
|

i
i
!
-

(8)P1ow rate of 12,5 1/min

- 19 -

) "
| ] [T
S % B [Flow Rate | Vacuum Batween S% 8 [Plow Rate | Vacuur Between
v T I (1iters & Pump (inchos ST |{(1iters & Pump (inches
S 8 |per min. of Mercury) 898 |per min. of Mercury)
AL S 4. o R
A 15.4 18,0 I 12,2 19.0
B 12.1 20.0 J 12.6 19.6
c 13.0 19.9 K 13.6 18.5
D 13.4 18.6 L 12.56 19.5
E 12.9 19.0 M 12.6 19.6
P 12.5 19.5 N 13.1 18.5
3 13,4 18,90 0 12.1 19.5
1 12.6 19.0 PT 12.2 20.0
TABLE 2,8
Cascade Impactor Jet Data(a)
P’*""_"‘""
Minimum Particle Diamster
Jet | Jet Jet Velocity at Impasted ( ) miorons
Noo |Length Width Orifice w1l 2 4 7.5
ag €-1]P~=2]0=* |P~=
1 [13.90m |5.30 om | 2.83x10%m/se0 [18.0 [11.0 | 7.4 | 6,2
2 |14.36mm [1.38 mm | 1,05x10%cm/sec | 4.2 | 2.84 | 1,98 | 1,56
3 [13.85mm |0.575mm 2.6211050q/sec 1.77 | 1,17 0.84 | 0.63
4 | 9,16mm |0,396mm 5.761104om/seo 0,95 | 0.85]0.47 | 0.347
| 5 | 4.05mm | 0.290mm | 1,77x10%m/sec | 0.47 | 0,32 | 0.224 | 0.168




FROJECT 2.5a-1

2,% CONIFUGE
Tha purpose of the conifuze was to provide a size-graded sample
of the particulates in the aerosol,

2.3.1 Deﬂisn

The conifure cornsists of a conical head centrifugze form-
ed by an inner and outer cone, arranged co-axilally and separated by
a norrow annular space throuzh which a steady stream of aerosol is
draym by the self-puuping action of the cones, vhich are driven by a
motor at high rpm. The cloud sample is introduced as a thin film in-
to the annular space through a sinzll tube at the apex of' the inner cone.
Since the particles ar~ influsnced by the transvarse velocity of the
air stream and the centrifuzal velocity of ths rotating cones, they fol-
low a trajectory based upon thuir mass and terminal velocity. The par-
ticles pass betwasen the two cones and deposit as a spectrum of particle
sizes on the surfece of the outer cone which is made of polystyrane
plagtic with two rows of six evenly spaced screws which carry electron
microscope screens.

The thin filament of sampled cloud passing across the
gup betwoeen the end of the sumpling tube and the apex of the inner cone
is in unstable equilibrium and is easily displaced by an inequalit, in
the spacing of the two cones. The result is an uneoven distribution of
the samples on the outer cone. Precise workmanship is therefore essen-
tial in the construotion of the centrifugal chamber and in the align-
maat of the vhole apparatus., The design must also be robust enough for
this adjustment to be retained after diasmantling for cleaning and re-
aezembly. Good seals must be obtained arcund the base of the two cones
and around the base of the container. Poor seals give rise to leakage
which alter flow rates and destroy regularity of the size separation.
For a simllar reason, the housing packing must be kept well oiled to pre-
vent leakags through the hearinge., To maintain the designed sampling
rate, both the sampling inlet and exhaust jet wust be subjected to the
eams external prossure, Figures 2.4 and 2.5 show photographs of the
corn{fuge employed et Operation JANGLE.

The disadvantages of the present instrument are (1) low
flow rate and vertiocal orientation which precludes approximating iso-
kirctio conditions cnd (2) separation {s dependent upon the density of
particuletes vhich is 1likely to be heterogeneous in the acrosol. Ac-
cording to Sawyerll, "The dspositing efficiency of the conifuge is 100

Tiy, F. Sawger, Porton Teohalcal Paper, No. 86, (Porton, U. K., 14 Dec.
1948) -
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per oent under all conditions for all partiocles which do not encounter
the walls of the sampling tube on entry or impaot upon the inner oone.
Re-circulated particles would, if present, show no size separation and
form a hetarogeneous background to the main deposit™.

2.3.2 Calibration

Recent laboratory testing of the conifuge has shown that
the rate of sample flow is greater than was first essumed, Flow cali-
bration data was obtained by f1lling a bottle full of ammonium chloride
smoke and drawing the smoke through a 1.17 cm inside dlameter glass
tubing by the self-pumping action of the conifuge. The polnt of the
snoke was then timed as it flowed through 60 and 100 cm lengths of the
glass tubing and into ths oonifuze inlet tubing., The flow rates shown
in Teble 2.4 wore obtained by the use of a "pipe coefficient” of 0.5
as suggested by Vennardl2 for laminar flow (Re = 380).

TABLE 2.4

Conifuge Flow Calibration

Corrected

RPM Flow Rate
(co/min)

8000 316

7000 2656

6000 218

6000 173

4000 130

3000 90 B

erating ~‘he oconifuge at 5000 rpm gives a sampling
rate of 173 cc/min with cbout 3460 cc/min of excess alr recycled. The
low sempling rate is a serious limitation., For good size separation,
the sampling rate rust not exceed sbout five per cent of the total flow
rate (total volurme oirculating between the cones). The design of the
Cheidcal Corpe oonifuge limited the speed to 8000 rpm when operating st
extended periods of time (2-3 hours). For shorter operating times
(20-30 rmin.) the conifuge can be operated at 10,000 rpm. A calibration
curve of rpm vs voltege vas used to obtain required speeds in the field.

125, K. Vennard, Elem:ntary Fluid Vschanics, (2nd ed) New York: Wiley
and Sons, 1947. 7, p. 163.

-22 -
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Test runs vere made on the conifuzs using a steel outer
cone which had two slits covered by plastic slides alonz ths slent
helght of the cone., An aerosol containing spherical glass particlas
was generated into a sampling chaxber. Samples were taken with ths
conifuge, and the particle size distribution wes dstermined with a
microscops. Table 2.5 gives data obtained at a speed of 500G rpm, &
sarpling tine of 6 minutes, and an air flow of approximately 170 cc/min.

TABLE 2.5

Conifuge Partiole Size Calibration

r‘bistance Particle
From Top Size
Edge (microns)
16 mm 12 .6
20 6 -4
24 4 -2.5
28 2,5-1,8
32 1 8-1.1
36 1.4.0.6
40 0.6-0.4
| _44 | _under .4 |

2.4 PARTICLE SEPARATOR

The purpose of the particle separator was to sample and fraction-
ate the aerosol and fall-cut particulate material into size ranges by
meang of a vertically oriented sifting device.

2.4.1 Design
Each partlole separator conslsted of:
1. Eleven bronze wire screen sieveas whioch were to frac-
tionate particles into class intervals of 37-43, 44-62, 53-51, 62-73,
74.88, 88-104, 105-124, 125-148, 149-176, 177-209 microns.,

2. A porous stainless steel filter to retain particles
larger than 1 micron.

3. A molecular filter to separate all the particles
which pass through the porous stainless steel disk.
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+— K OLECULAK
FILTER
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Fig. 2.6 Crocs-sasctional Drawing of a Particle Separator

TABLE 2.6

Particle Separator Calibration

Flow Rate (cu.ft/min) e
Station Before After After
Number |Surface Shot | Surface Shot | Underground Shot
8 0,89 0.87 0.88
9 0.62 ~ C.45
14 0.83 0.90 ’ 0.79
15 0.82 ~ 0.81
20 0.88 0.83 0.92
21 0.89 - 0.85
23 0,89 0.88 1.00
24 0.93 - 0.94
28 0,95 - 0.94
29 0.98 - 1,02
| 30 0.82 ~ | 0.90 .
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4. A rotary type vacuum pump and hose oconrnection to the
particla separator to draw the particles through the apparatus. Air
was drawn through the pump at the rate of approximately 1 cubic foot
per minute,

The detailed design of the particlo separator is shewm in
Pigu 2.6, '

2.4.2 Calibration
Table 2.6 indicatez the flow rate through the various fil-
ter samplers before and after each test., The results show that no appre-~
ciable change In resistance occurred in the particle separators during
the test and the rate of flow through the particle separator was constant.

2,6 ELECTROSTATIC PRECIPITATOR

The purpose of the vlectrostatic precipitator was to sample the
particulates, This instrument is not amenable to particle size dstermin-
ation unless microscope slides or soreens are incorporated into the sam-
pling oylinder,

2.5.1 Design

This instrument weighe about 50 pounds and consists of a
metal cylinder through which air is drawn at the rate of 32 liters per
minute at a speed of 25 cm/sec. An electrostatic potential of 300 volts
was applied between an outside collecting cylinder and an inside central
wire, The particulate matter is precipitated upon the outsids oylindri-
cal shell, A schematic diagram of the collecting cylinder is shown in
Fig. 2.7,

2.6 CONTINUOUS AIR MONITORS

The purpose of the continuous air monitors was to measure the vari
ation in the concentration of activity in the air with time,

2,6.1 Brookhaven Air Monitor

A filter paper feed system traveling at 4 inches per hour
Combined with a vacuum pump (3.5 ou ft/min) was employed to collect par-
ticulates from the air. A strip of filter paper 3 inches wide moves
Scntinuously at a predetermined rate over a rectangular sampling port,
1 in, x 1-3/4 in.) The particulate material in the amercsol was filtered
oto the paper which passes under a shielded scintillation counter where
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Fig. 2.7 Cross-seotional Drawing of the Electrostatio
Precipitator Cylinder.
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the activity was messured and a racerd made on an Esterline-Angus re-
corder. See Fig, 2.8,

“
o . 4,
3

'._ K
!‘ i I .
. . : . ;-.. NG " .'.,'i.‘:‘ e B o . .'., - )
L] B U S SNIPIIE Lo Vs ot A AP T EREDP LR ¥ SRR SRRSO PRI S0

.

Fig. 2.8 Brockhaven Continuous Air Monitor,
Count Rate Veters Omitted,

The rate-meter and recorder were housed in a shack while
the ajr sampler and scintillation counter were s tuated in a four foot
8holf outside, A Plastic cover protected the sampler from fall-out,
OXcept at the sampling port. The purpose of this procedure was to sam-
Ple the cloud and protect the air sampler as much as possible, Csllo-
Phane sheet was fed from a roll onto the re-wind spool of the air sam-
Pler betwoen successive layers of filter paper to eliminate cross con-
tam’m&tion 80 that the filter paper could be recounted in the event of
“meter or recorder failure. Rubber foem mats were placed under the
%lsctronge equipment to reduce vibration. Eleotrie power (110 volts,

on :y°10) was supplied by a generator driven by a 2-cylinder gasoline
Sine,

-27 -
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The important festure of this fnstrument 1s that the
sanple 16 continuouely cnllected on an area 1 in. x 1-3/4 in., tha
activity measurement is made over a ccntaminated strip 1 inch in
width, and the radiation detector tube off-set anproximately § inches
from the center of the samplins ports, which results in a 30
minute delay between sampling and siznificant countinz. The total
time required for a one square inch (the size of the counter face)
of filter paper to trevel the sampling port is 41.25 minutes. There-
fore an estimate of thy activity in a cloud 1s hased upon thils per-
fod of sampling which ends appreximately 52.5 minutes prior to count-
ing and recording. A detailed discussion of the calibration of this
Instrument is given in the Appendix.

2.6.2 Tracerlab Air Monitor

This instrument also employs an alr pumping system
(2.6 cu. ft/hin) with filter paper 6 inches wide traveling at 7 inches
per hour or multiples of 1/4, 1/2, 2, and 4 times this rate. Wax pa-
per was fed between successive laysrs of filter paper to prevent cross
contamination. A Tracerlab P-12 alpha scintillation probe and a lsad
shielded Tracerliab TGC-1 Geizer-ifuller tuhs were omployed to detect
alpha, beta and gamma radiations. The output voltans from two linear
count-rate meters wus recorded on a two point chart recorder manu-
factured by the Brown Instrument Company. The ontire unlt was housed
in a metal cabinet and located in a shack with two alr intuke pipes,
12 feet long, extending from the instrument through the roof of the
shack into the atmosphere. See Fizs. 2.9 and 2.10.

The important feature of this monitor was that the radia-
tion detectors were located direstly over the sampling ports (2,25 in,
diameter) and the activity was measured over this circular area, Inas-
much as deposition of the aerosol and counting occurs simultanoeously,
no time lag occurs. However, it may be noted that the counter reading
at the time of deposition is not the same as when the tape is replayed
through the instrument at a later time, despite correction for radios-
active decay. A detalled discussion of this and other problsms of in-
strumant calibration may be found in Appendix C.

2.7 RADIOLOGICAL AIR SAMPLER

The Radiological Air Samplar (RAS) was a modification, for Opera-
tion JANGLE of the Portable Air Sampler (PAS) used previously by Test
Division, CRL and Dugvay Proving Ground, Utah, Its purpose was to pro- .
vide an Iintermittent type of samplsr capable of collecting a radiocactive
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asrosol as a function of time. As the sampler contains ita om 6 volt
DC powsr supply, the necessity of laying long power lines is avoidedq,
thus simplifying its installation in the field.

2.7.1 }29_315“

The renaral layout of the componants of the RAS are best
seen in Fig. 2,11, TIhkis instrument was surmounted by twolve plastic
"molecular®” filter2S assesbliss through which air was pumped success-
ively for ten minutes by meens of a rotary solenoid air walve controlled
by a cyclin_ mschanism. The sampler was started five minutes prior to
shot time dy a siznal which closed a 24 volt DC latching relay. ¥ach
filter in turn sampled the air for ten minutes and then the instrumant
automatically turned itself off. The complete design details of the
RAS have been given previouslylé4,

2.7.2 Calibration
Calibrations of the instruments at the test site were
rade by usin~ a molecular filter assembly in the line of flow. The flow
calibration data was obtained usinz a Dry Test Meter and is shown in
Table 2.7.
TABLE 2.7

Radiological Air Sampler Flow Calibration

RAS Flow Rate
Code Liggfg/kinuto

A 0.380

B 0.385

c 0.445

D 0.445

E 0.440

F 0.440

H 0.445

I 0.450

K 0.440

T35 1exander Goetz, "Molecular Filters", Report of Symposium III, Aero-
gols, Chomical Corps Technical Command, Army Chemical Center, ¥d.
4 April 1950,

145, p. wilcox, W. R. Van Antwerp, C. S. Elder. A Radiological Air Sam-

ler - A Modification of a Portable Air Sampler. CRL Interim Rpt. 103
ACC, Md. T2 Apr 52,
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Fig. 2.11 Radiological Air Sampler, Showing Filter
Heuads, Rotary Air Valve, Pump, Timing

Mechanism, and Battery.

2.8 PALL-OUT TRAYS

. The purpose of the fall-out trays was to collect samples of the
all-out for particle size distribution, activity measurements and radio-
Shomical analysis.

2.8,1 Design

Wooden trays 23x36x2 in, with an effective exposure area
of 21x34 in, were lined with thin sheets of polyethylens plastic approxi-
Mately 0.001 in. thick, The trays were located on top of 7 feet high
O%ers and 8 feet hizh shacks and covered until aporoximately 12 hours '

- 3] -
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hoefore the test when all covers ware removad, Revaral trays weres lo-
cated on the ground wherevnr shacks ware not available or the NRDL
thermal precinitator occupled the top of the tower. After the test
the trays ware covered, returnad by truck to the rear area, end sev-
eral hot particles removed for mlcroscoplie analvasis at the test site
by personnel of the Army Vedical Centerl®., Tho revainier of the sax-
ple wus baz~ed, crated, and relurned by air to the ACC for particls
size snalysls and radiochemistry.

A possible disadvantare of the fall-out tray was tha un-
cortalnty of the amount of material blown out of or i{ntn the tray.
Three trays were cxposed to atmosphariec conditions in the tast area for
several days and tha amount of dust accumulatead was too srall to bhe
weighed on a torsion balunce, OCn this basis it was reasonahle te as-
sume that under normal conditions at the tast site, insic¢nificanrt a-
mounts of material were blown {nto the trays. Fizure Z.12 shows a fall-
out tray in position at a typical station,
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Fig. 2.12 Fall-out Tray Installed at a Typical Station.
A filter sampler and a particle separator can
aleo be seen.

lshoy D. Maxwell, Radiochemlical Studles of Large Particles, Project
2.5a,0pzration JANGLE,Army !edical Graduate School, iwashingzton,D.C.
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CHAPTFR 3

EXPERIVMENTAL PROCEDURE

3.1  STATION LAYOUT

On the basis of pre~shot meteorological data accumlated at the
test sice, 46 sampling stations were located for each shot as showm
in Fig. 3.1 and 3.2. The general layout for each shot was the sams,
hevover minor changes in position were made to take advantage of
differences in ground elevation. Equipment was sacured to steel
towers which were bolted to concrete foundations (this considesrabdle
ovardesign of equipment was the result of the change from Operation
WINDSTORM to JANGLE) within 4000 feet and wooden foundations beyond
4000 feet of the zoro point. Sampling was done at 7 fest and 2 feet
above the ground. Figuras 2,11 and 3.3 illustrata the appsarance of
typical stations of this project.

3.2 DISTRIBUTION OF SAWPLING EQUIPMENT

The following itens of sampling equipment were used:
1. Filter sampler

2, Cagcade impactor

3. Conifuée

4. Particle separator

5. Flectrostatic precipitator

6. Continuous air monitor

7. Portable air sampler

8. Fall-out tray
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Table 3.1 showas the manner in which the equipment was dis-
tributed. This distribution was based on a prior study of the
woather, and the number of samplers available.

3.2.1 A Typical Station

The followling instrumsnts represent a typical tower
ingtallation; filter sampler, cascade impactor, conifuge, and par=-
ticle separator. One 24 volt battery rated for 35 ampere hours was
placad at each gtation for each pieco of equipment requiring a
24~-volt motor. Bach motor required 10 ampere hours. 9ne hundrad and
ten volt AC gonerators, rated at 3 XKW were used at stations which
required continuous air monitors, electrostatic precipitators or AC
motors.

3.2.2 Trigggring

At shot time minus 5 minutes a relay was clossd by a
algnal which activated the clock relay and turned on the powar supplye

It is of interest to discuss briefly the clock which
controlled the sampling period of the instruments. Figure 3.6
shows the 8 day clock nrechanism employed. It is of a type which
can ba get to open or close a relay for any hour of a particular day.
Since shot tims could not ba accurately forecast, the follewing modi~
fications were made to allow flexibility in the time of firing. Ome
end of a rigid wire was fastened to the clesing latch of a relay and
the other end was insertsd in the balance wheel of the meachanical
clock; the clock was then wound and set so that the micro switches
rore closed and the relay was opea. When the relay was closed at
shot time minus five minutes, the rigid wire attached to the closing
latch was pulled away from the balance wheel and the clock was started,

‘ At shot, time plus one hour and fifty-[ive minutes the
clock mochanism opened th: micro switch and caused the relay to open,
disconnected the power supply, and stopped the sampling apparatus.
Figure 3.5 gives the details of these circuits.

The cascade impactor required a scparate timing device
bacause it 1.as necessary to sample for 1 minute when the cloud had
arrived at the station. See Fig. 3.6+ A longer sampling period would
have provided excesaive sariple vhich could not bs analyzed wicro=
scoplically for particle size distribution.

- 38 -
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Flgs 3.4 Clock and Triggering Machanism. The Rigid Wire
Leads From the Relay to the Balancs Wheel. hen
the Relay is Closed the Wire Was Withdram From
the Balance Wheel, Starting the Timing of Equip~
ment, The Outside Dimensions of the Box Are 10-1/2
by 10-1/2 Inches,




PROJECT 2.5a-1

weadeTy UL UOTIWIS S°E BT

3SNOH wYNe1s

_40 -

38N 4INOD - == ===a |

e _ !
Qllél. Av13y TVNeIS \MH

]
SANOLIMS ONOIN |
|

]
H
|
837084109 %0710~ |
)
I

WOAVY VIS
I3VJ1L ¥V

g
N \rﬁt!.ﬁ-

il

¥3dnvs rsda 1
Y344

pym SR g e . .
Y\ . m
N ! Mgdns = =

Vom o oo o e B W e o e




PROJECT 2,.5a-)

$TOXT) SutIeSSTay Jojovduy opeOsR) Q'L *STy

4O 1dvdw!
3avosvyo

4avE
a??

Isnd
9NV Of

M""M‘"

) 1
X0010 d04s
b
GION308 02
AVI3Y
l— R&
4 { Cremee
Lada AV13y )
L QQQQ0
AP
L1sd'a |

./ al-XW

- 4] -




PROJECT 2.5e-1

The triggering device was a Beckman MX~7B radiation
detection alarm that was 50 per cent discharged and modified so that
it would closs a micro switch after being exposed to 50 milliroentgens.
The alara was placed on top of a tower and shielded in a well of lead
brick, 8 inches thick and open at the top, thus it would presumably
only be discharged by the radiation from the cloud.

After the cloud radiation discharged the MX-73 and
closed the micro switch, the power relay was closed and supplied
power from the 24 volt battery. The left pole of the relay upon
closing ahunted the MX-7B micro switch out of the circuit thus
elininating the possibility of its opening due to low current capacity
and causing the circuit to function impreperly. The right pole of the
relay performed two functions upon closing; it connected one side of
the battery to the cascade impactor motor and started the cascade im-
pactor since the other side of the battery was connected to the motor
through the left pols of the relay, and it also placed the clock
golenoid coil across the battery. when this solenoid was placed
across the battery it drove the plunger against the start button of
the machanical stop clock and started the clock. The sweep hand of
the clock was arranged so that after one minute it came in contact
with a terminal connected to one gide of the battery and thus placed
the coil of the relay acrogs the battery through the sweep hand and
threw the relay to the position opposite of that shown in Fig. 3.6.
This action opened the cascade impactor circuit and at the same time
shorted the terminals of the battery across the 30 ampoare fuse; the
fuse blew, and the battery was removed from the circuit eliminating
the chance of the circuit recycling.

3.3 COLLECTION AND SHIPMENT OF SAMPLES

3.3.1 Surface Shot

Sampie collections stafted after 4 hours and were com-
pleted within 30 hours after detonation. Rapid collection was
possible dus to the fact that all stations were lightly contaminated
with the exception of those stations in the north-north east sector.
Collections along these "legs™ were doferred for approximately 20
hours to permit the area to "cool off". Mo pick-ap team accumulated
mre than & 1 roentgen for the test; the maxirnm allowable dose for
each test being 3 roentgens.

The collection of samples was accomplished by 8 groups;
each consisting of a group leader, assistant, and a radiological safety
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moni tor; and each responsible for approximately € astations. In-
dividuals wore protective clothing furnished by the radioclogical
safety organization at the tsst gsite. This consistsd of cotton-
khaki coveralls, white skull cap, gloves, booties, respirator, and
masking tape te seal the trouser-bootie opening. Perasonnel handled
the sampling ingbruments with gloves. Filter sampler papers and
portable air gsamplers were placed in wooden boxes and returned to
the project office at the test site. The National Institute of
Health (NIH) laboratory at the test sits started activity measure-
ments on filter sampler papers approximately 12 hours after shot
time and completed measurements within approximately 48 hours.

Cascade impactors, conifuges, and particle separators
wore removed from the towers and the impactor slides and conifuge
liners were removed in a dust-free room.

All samples were shipped in wooden boxes by military
air to either the Army Chemlical Center, Md. or Tracerlsb, Inc.,
Boston, Mags., and analytical work was started approximately 5 days
after shot time.

3.3.2 Underground Shot

Sample collections were started 6 hours after shot time
and were completed 4 days later. Slow collection was necessitated by
the fact that many stations were heavily contaminated. As in the
surface shot, the heaviest contamination occurred in the north-north
eagt sector, and entry into this arsa was delayed about 4 days.

The procedurs of handling samples on this test was

similar to the surface shot. Activity measursments were atarted 12
hours after detonation.

3.4 TREATMENT OF SAMPLES AT ACC

Shipmenta received at the Army Chemical Center were opened,
Aisassembled, and distributed for analysis among the various groups
in the Chemical and Radiological Laboratorises according to a pre-
arranged plan., Cascade impactor plates and conifuge cones were re-
moved in a dust~free room and alalyzed for activity and particle
8ize, Laboratory analysis started approximately 8 hours after the
recsipt of samples at the ACC,

JREST TV
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CHAPTER ¢

DATA AND R-ZSULTS

4.1 CONCENTRATION OF ACTIVITY IN Tde ASROSOL

4.1.1 Filter Samplsr

Approximately 48 filter samplsrs weros employed in each
shot of Operation JANGLS to obtain samples of the aerosol from which
activity concentration data could be derived. As described in para-
graph 2,1, these instruments sampled for a period of from $ minutss
before to 115 minutes after shot time, and ylelded basic data in the
form of filter papers upon which was deposited a measurable amount of
radioactivity.

The avserage conaantration of activity at each station
over the intorval H/b to HA115 minutes could be computed by divlding
‘the measured activity {corrected for decay) by the volume of air sam-
pled in 115 minutes. Howewer, in order to obtaln the concentration
of activity in the cloud, 1t was necessary to know when and how long
the instrument actually sampled the cloud, information not obtuinabls
from the filter sampler itself. It was orizinally planned %o deter-
nine these quantities by an examination of aerial photographs and the
N8BS gamma intensity data (Project 2.1a), but after careful study of
Fecords from both these sources the conclusion was reached that this
determination would be possible for only fivs stations, all in the
Underground shot. The difficulty arose in defining the "sdge™ of the
complicated oloud structure either visually, or in terms of the gam-
ma intensity. This was partioularly true for times later than about
15 minutes after either shot, and for dirsctions other than downwind,
For example, from the photographs, it appeared that many crosswind
stations never sampled the cloud, even though fair amounts of radio-
activity were found on the filter papers from these stations.

To estimate the concentration of activity in the cloud,
then, it was first necessary to estimate when and how long each fil-
ter sampler sampled the cloud proper. This has been done by assuming
® reasonable model of the cloud, based upon the data obtained from
terial photographs, and calculating when this cloud arrived and de-
Parted from each station. The elapsed time and lengthi of sampling
tine wore then caloulated and conpared with the figures used to cal-
Sulate the 115 minute concentrations, resulting in factors which
Sould be applied to the latter to give the concentration in the cloud
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proper. These factoras wero employed in order to emphasite the effact
of these calculations. It should be noted that the cloud model, be-

cause of the restrioctive assumptions regarding its size, was applied
only to the downwind stations.

The following i: a description of the clsud models

At zero time a cloud of diameter do is rapidly created.
This cloud drifts downwind in a atraight line, the velocity of the
sentor of the cloud V being a constant 5 mph, or 440 feat per minute,
The subsequent cloud diameter d increases with tine, and hence with
distance from ground zero r according to the equation:

d' s dp / 0.1(1’)

The arrival time of the front edge of the cloud at station whose dis-
tance from ground zero is r is:

The length of time of sampling isa

d
t2- t) = V

The elapsed tims betwaen zer> tims and the tics at which this sampl-
ing took place has boen chosen as

5/ fort,
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PROJICT 2,.5a~-1

The obsarved initial diamoter of ths cloud was:

Surface Shot = 880!
Underground Shot = 3750

Table 4,1 presants thes results of these calculations for the appropri-

ate distances from ground zero. The factor f£1 in column § is tho ratie
of the 116 minute sampling period to the sampling period determined on

the basis of the model:

f£1 = Ezl%ﬁgi

The factor f£2 in column 7 is the mctivity correction that must be ap-
plied to correct the activity from H/60 min. (see next paragraph) to

B / Jt1%2 minutes. The product fyfp, therefore, is the correction fac-
tor that must be applied to the 115 minute concentration data to obtain
the approximate concentration on the cloud proper. Table 4.1 also

gives the arrival of the front and rear edges, respectively, of the
cloud at the only stations where these oould be observed from the asrial
photographa.

Tables 4.2 ani 4.3 present the average concentration of
activity over the 115 minute sampling period, (col. 3) together with
the data required for this determination (Cols. 1 and 2). It will be
noted that the selection of H/60 minutes as the time to which the activ-
ity for all stations is ocorrected is an arbitrary selection. The 115
minute concentrations have been plotted on a station layout in Pigs.
4.1 and 4.2. From these plots stations .ere selected at which the con-
centration of the activity in the oloud was calculated, The latter
soncentrations and the factors which produced them are listed in cols, 4
and 5 in Tables 4.2 and 4.3.

Activity measurements were made on Chemical Corps type 6
filter paper initially by NIH at the Nevada Test Site within 100 hours
8ftor each shot, using a Model PC-1 proportional counter made by the
Nuclear Measurement Corporation, Second and third papers were radio-
dutographed in many cases and found to be free from activity. In the
fev cases where activity wae observed, 1t was attributed to leakage
through the odges of the filter paper package since the filter paper is

3.97 per cent efficient for 0.3 micron particles at a flow rate of 32
lters per minute through 100 square centimeters area.
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TABLE 4.1

Calculation of Sazr~ling Interval and Elapsed Time
on the Basis of Cloud Modsel

T ' - )
rlo0h Y2 | Bt -
(feet) (min) (mdn) | (min)} 1 172
Surfa t

2,000 | 3.3 5.8 | 2.5 U6 4.3 |24 1.1 x2107

3,000 | 5.5 8.2 | 2.7 U3 6.7 |14 6.0 X 1o§

4,000 | 7.4 10.5 | 2.9 B9 8.9 [10 [3.9 X 10

6,000 | 11.9 15.3 | 3.4 B4 13.5 | 6.1 |2.1 X 102

8,000 | 16.3 20,1 | 3.8 PO 18.1 | 4.2 [1.3 X 102
11,000 | 22.3 27.2 | 45 26 25.0 | 2.9 |7.5 x 10}
14,000 | 29.2 3444 | 5.2 [22 31.7 | 2.2 [4.3 X 10}
20,000 | 42.1 8.7 | 6.6 N7 4544 | 1.4 (2.4 X 102
30,000 | 63.7 72.5 | 8.8 [13 68,0 | .86{1.1 x 10t

50,000 .07, 120, [13. | 8.8 [113.0 | .45/3.9 L
nderground Shot

2,000 G 9.2%| 8.3 3.9 | 3.0 |37 [5.2 X 10°

3,000 | 2.3 Wady,| 91 026 | 5.1 {19 [2.4 X 1072

2.1# 11.5 )

4,000 | 4eb 13.7 | 9.3 2.4 | 7.8 |12 1.5 X 10

4% 13.7%
6,000 | 8.8 18.5 | 9.7 1.8 | 12.8 | 6.5 {7.7 X 10t
8,.5% 18.3%

8,000 | 13.1 23.3 |10.2 1.3 | 17.5 | 4.4 |5.0 X 10}
11,000 | 1946 30.5 |10.9 [10.5 | 2445 | 2.9 |3.0 X 101
14,000 | 26,0 37.6 (11.6 | 9.9 | 31.3 | 2.2 [2.2 x 10t
20,000 | 32.0 51,9 (129 |89 | 45.0 | 1.4 1.2 x 10}
30,000 T60o6 75 07 15 01 706 6708 086 605
50,000 102, 123, [21.0 | 5.5 [112.0 | .47[2.6

* Values obgserved from aerial photographsa.
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TABLE 4.2

Filter Sampler Concentration of Activity, Surfacs Shot

rAct.iv'it.y olurs Saupled “vorAgo Conc 4 Conc. of
at H ¢ 60 [Between Zero of Activity | Factor JActivity
Station | minutas nd H ¢ 115 mind ovor 115 ming in Cloud
C
X .6 EB. 1,1 A-i
pe . led X307 | em L T | oem |
1 4.3 X 10* L 1.0 X 10™7 p.1X162|1 X 1072
2 | 8.l 4e6 1.7 X107 h.1x10?| 2 x 1072
3 2.1 4ot 4ol X 20™7
4% 1.0 2.5 4 X 1077
5 7.8 X 1073 2.8 2.7 X 1072
_ 6 | 1.9 X 10 4e6 4,2 X 1077
7 3.3 .2 7.9 X 107 6.0 X302 5 x 1074
' 8 2.5 48 5.2 1077 16.01102| 3 X 10™
9 5.6 X107} 4.3 1.3 X107/
10 5.6 X 1071 2.0 2.7 X 10~/
11 6.9 X 10™4 4o 1.6 X 10710
12 1.2 X 1073 47 2.7 X 10720
13 3.8 3.9x10%2
14 2.2 4. 5.3 X 107 [3.9X102] 2 x 10~
15% 9.9 X 107} 4.0 2.5 X 10™7
16 9.1 ¥ 1071 3. 3.0 X 10~7
17 0 4.3 0
18 4.9 X 1074 4.5 13 x 10730
19 1.6 11.1 1.2 X 1077
20 9.7 2.1x10%
2 Lok 11.0 3.9 X 1077
22 4.8 11.7 4. X 1077
23 1.4 X 10t 10.6 1.4 X 10°6 |1.3x102| 2 x 1074
24 47 9.3 5,0 X 1077
250 1.3 X 1071 9.6 1.4 X 2078
2% 4. 12.2 3.2 X 1077 .
27 1.6 X10°H  11.6 1.4 X106 |7.5x101 | 1 X 1074
28 6.6 Y1073 11.0 6.0 X 10710
29 2.6X100| 1.3 2.3 X10°¢ |4.2 x10t| 1 x 1074
30 4.7 7.7 6.1 X 107
Et 6.6 X 1073 849 7.4 X 10710
32 7.8 X103 12,0 6.5 X 10™10
33 11.9
;1. 3.6 1042 3.5 X 1077
5 4a5 10.6 4.3 X 10
36 4.7 11.9 3,9 1077 11ax10| 4 x 1076
L3 | 2.6x10Y 1200 2,2 X 10~8

* Instrument did not function properly.
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TARLE 442 (Contd)

Activity :Jolum Sampled | Average Concj Conc. of
at H + £0 | Betwoen Zero of Activity [Factor Activity
Station| mirnutes rnd H &+ 115mdn. | over J1% min ¢ in Cloud
%o c
e em® x 108 /‘igm-j 1 ?
e T PN S T B T T e T e
38 1.8 .6 2.1 X 107/ »
39 4.1 10,6 3.8 X107/ B9 1 X10
40 1.3 £.3 1.6 ¥ 107
a* | 2.2X1079 10,2 2.7 X 107
42 511104 9.0 5.7 11078
43 0 8.1 0
L 4e7 X 1073 842 5.7 X 10710
45 3.2X1073 1.2 2.8 X 10710
46 2.8 X107  10.2 2.8 ¥ 1078 | N
* Ingtrument did not function properly.
TABLE 4.3
Filter Sampler Concentration of Activity, Underground Shot
Activity Volume Sampled|Average Conc, Conc, of
at H # 0 | Between Zexo &| of Activity |Factor Activity
Station |zdnutes He 60 Mn Jover 115 min, in Cloud
K RS
pe lem? Xagh cn’ 52 o
100 5.2 X 102
202 3.6 x 107 4eb 7.7 X 105 |5.2 X 102 | 4 X 1072
103 lLed
104 [5.5 ¥ 107} 2.5 2.1 X 1077
105 |g.5 X 1072 2,8 3.0 X 1077
106 4.0 4ab 846 X 2077
107 |4e4 X 102 el 1.0 X 10™% (2.4 X102 |2 X 1072
108 |4.6 X 107 4.8 9.5 X107 [2.4X10% |2 X102
109 2.9 x 102 43 6.8 X 10~3
110 |5.2 X 107+ 2.0 2.5 X 1077
111 (1.2 X 102 440 29X 10:,;
112 |2.8 4eb 6. X 10
113 3.8 o 15 x 102 "
v 11 1. x10° 4 2.6 X100 [.5XY10°|4 X 10




TABLR 4.3 (Contd)

Activity |Yolume Sampled | Average Conc., Conc. of
at H & 60 |Botiaen Zero & | of Activily |Factor Activity
Station|rdnutes H ¢ 60 Min over 115 min. in Cloud
he_ re,
3X_ 6 3 1tz 3
§in . cn 10 o an .
15 167 X210 ,| 4.0 1.6 X 10
16 7.3 X110 3.0 2.4 X 107
117 |2.2 4a2 5. X 1077
118 1.2 4ol 2.6 X 10_¢
19 (121105 [ 1. 1.1 X 107
120 {4.5 X 10 9.7 4.7 X107 |7.7 x 10t |4 X 1073
121 {43 X10° | 11.0 3.9 X 107
122 [2.6 X 102| 117 2.2 X 1070 )
123 |13 X 10’1; 10,6 1.0 X102 |30, X10~}{ 5 x 10~
12, {(4.0X 131 9.2 4e3 X 10:2
122 2.9 X1 9. 3.0 X 10
12 12.1
127 741103 | 11.6 6.4 X10% |3.0x10 |2 x 1072
128 (1.4 X 162 11.0 1.3 X 10™0
129 |e.2 X 103 11.3 7.8 X10™4% 2,2 x10! |2 x 1072
130 7.5 X 10t 7.6 9.8 X 1076
131 849
132 |2.8 12.0 2.3 X 2077
133 11.8 1.2 X 10>
134 |2.9 101 2.8 X 107
135 10.6
136 11.9 6.5
137 | 4.6 12.0 3.2 X 1077
139 [1.0 X 10 10.6 9.9 X 10 2.6 3 X 10™5
140 9,2 8.2 1.1 X 1076
14 1041 -
142 |24 9.0 2.4 X 10
43 |79 8.0 9.8 X 10~
144 [2.2 X 10t 8.2 2.6 X 10~6
145 (3,710 114 3.2 ¥ 10~8
146 9.6 X 10'2 10,1 94 X 10:%0
| 147 199 x10 11.0 9.0 X 10
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Fige 4.1 Lines of Fqual Concentration of Activity, Surface Shot
Activity Corrected to H + 1 Hours, Sampling Time 115
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Fig. 4.2 Lines of Equal Concentration of Activity, Underground
Shot. Activity Corrected to H ¢ 1 Hours, Sampling
Time 115 Minutes.
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All activitinag wore corrected to a coomen ti=o by noans
of a decay curve obtained frca a alngls staticn. Unfortunately approci-
mately 40 per cent of the filtor papers from both shots were too activo
tc be coumted by HIH; thuss wure sent by military alroraft elther to
Tracerlab or to ACC, whars thsy were counted betveen 120 and 600 hours
aftor the ghot., At these two laberatorles activity msasurc. nte ware
corrsoted to a cormon tima (ACC, BALOO hours, Tracerlad, HI500 houra)
by means of the decay curves from th> individual filter sazplora.

Extrapolation of actlivity data back to very early tizass,
was accomplished by use of ths decay curves obtained by NIH! froa cra-
tor and 14p samples, These are presented in Fig. 4.3. The experiment-
al data from whioh thess curves were derived began at approxinately
H/4 hours and continued to about H/bOOO hours, Extrapolatious have
been made to HZ0.) end HA10,000 hours,

Wherever possible the decay slcpes from these "master”
curveer were compared with the decay slopsa obtained at various tims in-
tei1vals from several filter samplers and various other equipreni and
agreement was considersd satisfmotory., Bxact agreemsnt is not achisvad
because of fractionation (See Par. 4.5.3) which influences the dacay
slope of samples taken at varlouas distances from ground zero. Th» use
of a single decay curve for all the filter sampler data thus introduces
an error in the extrapolated activities.

4.1,2 Alr Monitors

Three Brookhaven continuous air monitors (BCAM) and aix
Tracerlab continuous air monitore (TCAM) were employed to measurs the
radioactivity of the aerosol for both shots of Operation JANGLE. Ta-
ble 4.4 surmarizes thelr operation. It can be seen that a large nun-
ber of failures ocourred which were attributed either to failure of ths
110 volt motor generstor set2, or mechanical failures of the instrumoents
themselves. These latter difficulties were largely due to the dolicate
nature of the monitors under the savere conditions of the Nevada Test
Site and the receipt of the TCAMs only a week prior to the surface shot,

For the surfece shot, ths BCAM at station 38 (30,000 ft.
FE and defiladed by a ridge from the zero point) furnishes an interest-
ing record as showm in the "raw" data plotted in Fig. 4.4, Of particu-
lar interest is the oosurrence of a "pip" approximately 5 minutos after

Tlatter from WIH, dated 7 February 1952.
2The large quantities of fine dust at the Test Site tended to rapidly
foul the spark plugs.
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TABLE 4.4

Alr Monitor Qperation for Surfeace and Underground Shots

iﬁ;g;:n Instrument Operation

S .- -
36 BCAM Defective rate mster prior to test
37 BCAM Motor zenerator failure
38 BCAM Vacuum leak, qualitative data
29 TCAM Satisfactory
30 TCAM Shear pin failure, data obtained
31 TCAM Motor generator failure
39 TCAM Satisfactory although off scala
40 TCAM ¥zchanical failure
4] TCAM Motor generator failure
136 BCAM Motor generator failure
137 BCAM Capstan frozen to sampling port
138 BCAM Imperfect filter paper ,
129 TCAM Mechanical failure
130 TCAM " "
131 TCAM " "
139 TCAM Recorder broken, repley dat4

obtained
140 TCAM Satiafactory
141 TCAM Satisfactory but low concentration
- 56 -
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CONCENTRATION OF ACTIVITY (MICROCUR:ES /G:33)

STATION 33

H+l N+2 H+3 Ht 4 H+S
TIVE AFTER SHOT (HOUNS

Fig. 4«5 Approxirate Concentration of Activity at Station 38,
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toro tire (0900 hour. #:T). This "pip™ appoare to bs identifiatle only
as external garme +1i! tion from an ovartead clsud whaes averaze spued
wis about 20 mph3, Fi -, 4.5 presents the sare data ccnverted to micio-
curies per cubic cen* . roter by the xothode described {n Appsnlix B to-
gethar with appropriate allecwnncos to instrurnat tire lag, The maxinun
at 1N00 hours correeponds to a grounl-level cloud spead of about 5 mph.
Unlortunately the exact flow rate through tha instrun~nt is in doutt

dus to damage to the vacuun line right angle bend which could not be re-
paired prior to the zero hour so that the data of Fig. 4.5 must he re-
gardad as approximate, It is interestin: to note that the rate of oharge
of ths ground-level ocloud activity concentration appsars to have been as
rapid as ths BCAM was able to msasure, It would thus appsar that the
BCAM in its presont form 1s nct well sulted to monitor such rapidly chang-
ing concentrationsa,

For the surface ghot, the Tracerlab Continuous Air Monitor
(TCAM) at station 29 furnished a record of events which are plotted in
Fig. 4.6, The cloud apparently arrived about an hour after shot time
and either rerained there for a number of houre, or as appears more like-
ly, gamms radiation from local fall.out contridbuted a significant count
rata to the instrument.

The TCAM at station 30 falled whoo & shear pin in the paper
drive mechanisms broke, causing the monitor to sample on one spot of fil-
ter paper. Howaver, the beta activity concentrations were readily ob-
tained by graphical differentintione? of the recordesd counts per minute,
dividing by the volumetric flow rate, and applying the efficlenoy factor
for a uniformly contaminated tape as derived in Appendix C. This record
is presented in Pig. 4.7. The sharp changes of activity concentrations
in the ground-level cloud cen be especially wall seen hers since no instru-
ment time lag or averaging error exists for these data.

Due to a pre-shot estimate that the 20,000 c/h beta scale
wag most desirable for a distant station, the TCAM at surface shot station
39 went off scale ( > 44x10-7 uc/%c) at about H/i.s hours and remained
there until the record was retrieved by the pick-up crow on 20 November,
The count rate record obteined is shown in Fig. 4.8. Of especial interest

—————

8 ground-level cloud ocould not have been sampled on the tape and register
as early as 0915, Ses paragraph 2,.6.2 for time lag discussiom.

4It may be noted that while a moving air monitor filter tape furnishes an
averaged oconcentration directly, the derivative of the record obtainsd
from a stationary tape gives instantaneous concentrations.
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i3 the alpha count rate pip which occurred at about H/A2 hours. This
pip occurred after cessation of a shot time beta pip (see discussion
of BCAM 38) and prior to the hump due to the ground-level cloud.
Since the beta record at this time shows nothing it is difficult to
explain this eoffect.

A more regular record was obtained from the TCAM at sta-
tion 140, in the Underground Shot. Fig. 4.9 presents the concentra-
tion of activity derived from the instrument at this station.

4.1,3 Particle Separator

Concentration data were obtained from particle separators
used in each shot of Operation JANGLE by sumning the activities meacsured
on all the sampling elements of the particle separator, correcting for
decay, end dividing by the volume of air sampled in the 115 minute sampl-
ing time, These data, of course, represent the avorage concentration
in the air over the 115 minute sampling time. Concentration of activity
in the cloud was computed using the sampling time and elapzed time as
dstermined from the cloud model described in paragraph 4.1.1, for select-
8d particle sepsrators. These data are presented in Table 4,5.

The eleven screens, the metal disc, and the molecular i1l
ter of each partlcle eeparator were counted in a Nuclear ¥easurement
Corporation PC-~1 proportional counter, It was necessary to use two rings,
one plastic and one aluminum, to prevent excessive contamination, hold
the screen in place in the chamber, and yet insure suitable contact with
the piston. 1In counting the surface shot sarples it was found that the
screens, metal dise, and molecular filters caused disturbances in the
counting chamber; namely, the counting rate of any individual sample ds-
creased with time. The surface shot samples had essentlially no loose
particles so colloidal graphite was sprayed on each sample before count-
ing. After this treatment, reproducible messurements were obtained., The
underground shot samples presented a more difficult problem since there
was a large deposit of looss granular particles on most of the screens
except the molecular filters. These screens were covered on both the in-
fluent and effluent sides with scotch tape. 1In this way it was possible
to achieve reproducible results without seriously effecting the betas count,
ing rates,

These activity measurements were made between 150 and 400
hours after the Surface Shot, and in two series, 400 to 800 hours and
1000 and 1200 hours after the underground shot, due to the extremely high
sctivities encountered, Dscey corrections were made to H/?OO, 400, and
1000 hours respectively by means of the individual decay curves for each
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Particle Separater Concentiration of Activity

( Activity [Volume of Air|Average Ccnc.{ Conc. of
Corrected to| Sampled in |of Activity |Factor cbivity
Statien!H + 60 min. | 115 minuteg |Over 115 min.d £ f n Cloud
| (ue) (3 X 106) | peyea® | 12 (pefer”
Surfara Shot 4 — .
8 6.1 3.0 2.0 X 10 6.0 X 10° |1 x10™°
9 11 2.1 5.3 X 1077
14 10.2 2.8 3.6 X106 |3.0x102]1 x10°3
15 0.64 2.8 2.3 X 1077 ” -
20 4.6 2.9 1.5 X 10 2.1 X 10°| 3 X 10
21 2.4 3.0 8.1 X 1077
23 4e2 3.0 1.4 X10°6 1.3 x10%| 2 X107
24, 1.6 3,2 4.9 X 1077
28 0.91 3.2 2.8 X 1077
.29 | 0.3 3.3 2.8 3107 |48 x10t]|1 x107°
S Undargro Shot ., . -
106 [1.6 x 107 3.0 5.5 X10 ¢ |2.4Xx10%[1X10"
109 [4.2 X 102 1.5 2.7 X 1074 a
114 {2.7 X 103 2.7 1.0 X102 [1.5x10° 2X10
115 |6.9 x 10t 2.7 2.5 X 1079
120 3,3 X103 2.1 1.2 X 10™ 7.7 X 10t | 9 x 1072
121 |3.8 X 107 2.9 1.3 X 1074 .
123 |3.8 X 103 3.4 121 x103 [5.0Xx10t] 6x 10"
124, 4.4 X 1o§ 3.2 1.4 X 1074
128 4.2 X10 3.2 1.3 X 1074
129 {2.9 X 102 3.5 8.6 X 100 |2.22x100| 2 x 1073
[ 130 2.9 x 102 3.1 9.7 X 1075
]
- 65 ~
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sampling soreen. The NIH decay curves (Fig. 4.3) were used to correot
all activities to earlier times,

4.1,4 Cascade Impactor

Concentration data was also obtalned from seven cascade
impactors in the surface shot and ten cascade impactors in the under-
ground shot. Ae discussed in paragruph 2.2.1, thase instrumente con-
tained five slides and a molecular filter, By summing the measured act-
ivities on these elements, correcting for decay, and dividing by the
volume sampled, the concentration of activity was determined. Since
some of these instruments sampled for only a minute, and ware initiated
by a radiation alarm upon arrival of the cloud, the conceantrations der-
ived from these lastruments should represent the concentration of act-
ivity in the cloud proper. The balance of the cascade impactors sampled
for the usual 115 minutes, and their concentration data should represent
the average concentration over that intsrval, The data from selected
{mpactors of this latter group have been corrected by the methods des-
cribed 1n paragraph 4.1.1 to produce the concentration of activity in
the cloud. The entire dath are presented in Table 4.6.

The measurements of activity on the cescade impactor
3lidss were made in a gas flow proportional counter (Nuclear Masasure-
monts Model PC-1) in which the brass piston forming the base of the
counting chamber was milled out in such a manner that the surface of the
sl.ide was flush with the surface of the piston, Calibration was accom-
plished with a UXIIB standard mounted with the same geometry as the sam-
pl.o geometry. No corrections were made for absorption or acattering.
The measurements were completed by about HZ200 hours and were corrscted
to H/IOO hours by means of individual decay curves. Use was made of the
N1H decay curves (Fig. 4.3) to connect back to HA1 hours.

4,1.5 Radiological Air Sampler

The Radiological Alr Sampler which consisted basically
of twelve small filter samplers sampling in succession, was desipned to
produce concentration data as a function of time. The decision %o use
these instrumsnts was made a short time prior to Operation Jangle, and
was baged upon a desire to evaluate the instrument. Although time did
not allow construction of a device to afford protectlica of the filter
asgembly, it was planned that the first filter assembly, which sampled
from H-5 minutes to HY5 minutes, be ussd as a control for the balance of
the filter assemblies. The assumption was made that the fall-out would
unifornly contaminate all the filter assemblies, and that the first
agsembly, which had ceased sampling before the arrival of the cloud,
riould contain only fall-out activity, This ectivity would be subkracted
from the activities on succeeding assesmblies,

- BH =

st S




TABLE 4.6

Cagcadn Impactor Concantration of Activity

U, e
( Activity at|Sampling | Volum3 |Conceatration [Conc. of Act
Station/H « 60 min.|Interval | Sampled |[of Activity Factor | in Cloyd
We) | (ming) | (end) | (ofemd) | fo | (ac/es)
Surfacs Shot

13 |2.81102 | 1 1.3 X 104/2.1 X 1077 10 |2x10°6

23 |1.9 x 1073 1 1.3 X 10%1.5 X 107 4.2 |6 x 1077

25 (2.1 X104 | 115 1.6 ¥ 10%/1.3 X 10739

26 {1 x 1072 | 115 1.5 X 108/ 7.2 x 109

30 |2.9 x 1072 | 115 1.5 X 106]1.9 x 1078

35 |2.5 X 1072 | 115 1.6 X 10%/1.6 X 10~

40 6.0 X103 | 115 1.5 X 109] 41 X 107 |
= ]
g Undergrourd Shot ]

13 17 x103| 1 1.3 X 1041.3 x 1077 12 |2x10®

N4 [7.5 X 1073 1 1.2 X 104 6.2 x 1077 12 |7 3x 1070

15 |3.5 X 2072 1 1.3 X 104/ 2.7 x 107 '

19 1.8 X 1073 1 1.2 X 1041.3 X 10”

124 {1.8 x 103 | 115 1.5 X 10%(1.2 x 10

125 111 x103 | 115 1.6 X209 7.0 X 10722

126 15,6 X 1074 | 115 1.5 X 16512,7 X 107170

132 |8,0 X 1072 { 115 1.5 X 10%5,3 x 1011

135 3.8 x1074 | 115 1.6 ¥ 10012,4 X 10720
[ 240 12313073 | w5 1.5 X 108/1.6 x 107 L B
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Howavnr, 1t wan found that tho activities on the various
filter assomhlies varied widaly; in many cusos there was more ackivity
on the Mrat filter assembly than on succesding sasemblies. A pare
tioularly gnod example of thia variability was afforded by the two RAS
ay utation 120, Joth {nstruments failad to he initiated, and conse-
quantly all 24 filtor assemblies were asubjected only to fallout, Om
ons of thnas {nstruments the most active filter asssombhly was more than
three timos na mnctive as the lmast active filtor assombly, and the
atandard deviation, percontagowiss, of the 24 from the mena aotivity
(6~mputad by summing the activities and dividing by the nuibor of [il-
tor asasembliag) was found to be 25 per cank, Probably a reasonahle
asxplanation for this affeuct is that the small f'ilter assembly offerr a
poor target, =atatirtically, for large highly radloactlive partiulas, or
that in the various stagus of transportation ol ths samples, thause par-
tislaa wore lost,

Since the variability in fall-out activity was sufficlent.
ly largoe to mask the sotivity due to tho sampled asrosol, 1t has not
hagn pneaibla to detormine the sonsentration of antivity in tho asrcsel
with thia {natrumant.

4.0  PARTICLE SIZE DJSTRISUTION

4.2,1 gggpade ImEggggg

The slides of twelve cascade impactors in »ach shot wers
exanined by optical and elactron mlarascopic methods to detarmine the
sire distribution of particles in the aerosol, A sumnary of tha data
from each shot is presonted in Tahles 4.7 and 4.8, The meusuring and
somputing methods by which these datn ware obtained are deseribod in the
"ollewing paragraphs,

The particles on the first and second jets were counted
and meaasured by examining the projocted image of 1000 diameters from a
light mioresoops. The particles on the 3rd and 4th jals were examinad
from projuoted images of 50,000 diameters. All measuroments were made
with transparent rules with millimeter diviaione~. Pariicles which
v’ r.aured dotween 14 and 15 mm wure racorded as 1% mm, particles whioh
monsurad batwean 14 and 16 mm were recorded as 16 stoe. An uctempt was
mrde to meanure the equivalent diamater of each particle (i.e., tha
diardters of a girole of area equal to ths araa of the partisle)., Sinos
most of the particlos had a rather circular projecticn, little diffi-
culty was snaountered. In most cases, the ’nd, Ord, and 4th jet sanmples
vaure relatively hemoponeous and a partleole count of 300-600 particlaes
eppvared satisfaotory., The lat und 6th jet samplos vere rather hetero-
~:imoua and partiale ccunts of 400-1000 sure made. The arsa reprosented




TAR.® 4,7
Cu: T-vactor Partiale Size Distribubion
Surfac=s Shet
- B R St Tt St Tt A et
Ly DML m G Dawvyg Total Total Tobal |
(m) ) ()x 9 Q\) ¥o. Surfaca Masa
Jot 1 T2.m2 T1700 T a1.5 | 2,97 4.45 1.61%10% | 7.73x108 | 1.34x108
JoL 2 |0.,”7 | 11.4 5.8 | 3,920 [2,19]1.,18x205 | 1.47x106 | 3.17x107
Jet 3 0,458 | 1,39 4,04 | 2,36 (0,72 [ 1.72x106 | 1,8%x10% | 5,87x10°
Jet 4+ [0.325] .94 g.18 | 2.98 [0.68 | 9,40 79| 1.?77x10% | 4,.782105
Jat 5
Comp.Tmp.| 0,998 | 17.1 | 47.7 | 8.28 |2.15 5.46x105 | 1,02x107 | 1, e7x1oa
b e g o e e o OWBCRCS Imprator 14
Jet 171 T ITR [T42,0 |'3,59 2,14 [1.25x105 [1.63x107 [4.4€xiCF
Jet 2 |o,87 | 25,7 [101.%3 [4.20 |2.82 |6.72x105 | 3.07x107 |4.22x108
Jet 3 10,91 | 1€.0 66,0 |3.79 {2.27 | 2.30x10b | 4, 11:106 4,58x108
Jet 4 |0.83 7.45 8.80 [ 2,23 [2.72 | 4.39x10% | 6.48x10% | 5.11x1C6
Jﬂt 5
Conp Tmp 0,75 [ 15.6 | 75,5 | 3.6 |2.42 | 2.2 xlo6 5. 31:10{J 1.88r10°
VUMV S——— L [T L B LR o S SO
Jet 1
Jot 2
Jet. 3 Imsuffintant Sauple.
Jet, 4
Jut §
C
Omp r“_p.:.-_- FPUUP VU I WU - ke o g oy i o]
e Cascada Imprector 19 .
Jet 1 [b T BLA [ 9.5 [3.90 To.84 | 1,605105 [3.99x105 [8.46x107
Jet. & |1.92 | 27,9 B4.,2 | 2.86 |4.10 7.49r104 5.08x108 {1,96x108
Jot 3 ’
Jet ¢  Insufficiont Sample,
Jay §

TR ORI AN SRS S -
b e e weue. ... Cascade Jmpagtor 23 IR B
Jet 1 190,19 | 9.90 [ 59.50 |1.96 [1.84 [4.66x108 [3.71x107 [5. 232108
Jet 2 |).85 | 89,0 42,0 |a,96 |8,35 |3.24x10% | 8.12x108 |3.27x108
Jet 7 2,07 5.30 7.50 {1.88 |2.63 | 1.402108 { 1.90x108 |1.s582108
502 4 [1.13 3.89 9,18 [2,26 (2.07 | 2.81320% | 1.97x108 [1,52x108

ot §
CongoInp. 0,005 | 768 | 31,8 [3.47 [2,93 |4,65x108 [4.87x107 [9.381100
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TABLE 4.7 (contt'd)

-?o-

NMD |D3MD | M¥D | g |Dayg | Total | Total Total
() () () 3 (@) No. Surface Vaas
Casoade Impactor 24
Jot 1
Jet 2
Jet 3 Insufficient Sample.
Jot 4
Jot §
Comp,Imp.
—-G8gende Jupacter 26
Jet 1 12.72 | 15.3 [Bl.2 [2.50 |5.03 [2,09%10° |1.09x107 | 1.49x10° |
Jot 2 |2.17 | 5.35 | 8.40 |2.05 |3.26 |2.11x105 |5.28x108 | 2.34x107
Jot 8 ' .97 | s.44 |8.78 |2.22 |1.44 |5.88x105 |1.38x108 | 6.87x108
Jot 4 [1.16 | 2.31 | s.13 [1.7¢ [1.29 |3.68x108 |9.63x108 | 2.56x108
Jot 5 |0.438| 1.16 |1.78 [2.01| .50 |8.45x10° | 4.,12x10% | 6.41x1200
Comp.Imp.|0.8¢ | 9.16 [20.7 |2.83 |1.65 |1.99x108 [1,79x207 | 2.12x108
_ Casoade Imnaotor 28
Jet 1 |6.25 |18.7 [26.8 [1.9) [7.30 [2.2 x10% [2.19x1 §,01x107
Jet 2 |1.03 5.26 [10.3 |2.76 |2.19 |4.13x105 | 8.54x198 | 3.24x107
Jot 3 4968 2,19 | 4.08 |2.40 | .776|9.24x108 | 1.10x108 | 2.84x108
Jot 4 5191 1.48 | 2.256 [1.98| .86 |7.47x100 | 6.222106 1,10x108
Jet 8 .098 778] 1.38 |2.97 | .182]|1.88x108 | 1.49x105] 1.06x108
Comn.Inps] .302| 6,00 [19.4 [3.44 ] .678[4,04x208 | 8,14x108 | 8.39x107
Cagoade Impactor 30
Jot 1 94 | 6.0 [18.7 |2.67]2.18 [1.29x10° | 1.20x107] 1.66x109
Jet 2 [1.41 3.83 | 8.2 |2.13]2.29 |1.08x108 ] 8,62¢x108] 4.284108
Jet § [1.01 1.87 | 2.32 |1.62]1.10 |4.59x108 | 8.21x108] 1,70x108
Jot 4 6431 1.27 | 1.82 |1.80] .798]3.34x108 | 3.c0x108] 5,14x108
Joet 8 062 382 .818|2.80 | .099/4.80x106 | 1.10210¢| 4,00x10%
Comp.Imp.| .89 | 6.11 [ 8.76 |2.80 |1.60 |2,87x108 1.56x107 | 8,06x107
I —. —Gagonde Irpagtor 32 N
Tot 1 T1.97 T 9786 [2170° [ 2.64 ] 3.81 [1.26x100 [ 3.27%108] 4.07x167]
Jet 2 [1.70 | 3.72 | 8.15 [1.9¢ | 2.44 |4.67x104 | ¢.08x208] 1,93x108
Jet 3 .02 3.47 | 9.08 | 2.66]1.02 |1.87x10% | 4.46210%] 2.47x108
Jot 4 498 1.07 | 1.57 [1.88 ] .66 |8.34x208 | s.32x108] 4.87x108
Jet 5 | .216 500] 987 2.21 | .81 ]1.57x108 | 2.22x108) 1.83x108
conp.Inp,| 348] 841 [ae.x [3.18] .67 [2,47x108 | 4,98x10%] 499210
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TABLR 4,7 (cont'd)

MO | 02D | WD | g |Davg | Total | Total Total
(M) () () d Ty No. Surface Mass
- Cascade Impactor 36 o
Jet 1 | 3.75 [11.6 18.4 2.11 | 5.32 [3.46x105 [1.76x107 [2.67%108 |
Jet 2 | 2.08 | 6.85 9.20 | 2.14 | 3¢23 |1.88%x105 | 3,14x108 |2.31x107
Jet 3 | 1.44 | 2.90 3.7 | 1.70]1.42 {2.61x105 | 9.43x105 [ 3.34x106
Jot 4 83 | 1,36 | 2.1) | 1.84] .97 |4.82x105 | 5.91x105 | 9.37x105
Jot 5 098] ,.308 46 | 1.96 | .072]1.14x107 | 1.72x105 |6.44x10%
Comp.ImpJ .692[12,6 31.4 5.82 | 1.44 [2,42x108 | 2.43x107 | 3.16x108
Cascade Impagtor 40
Jet 1 | 1,52 |22.8 82.6 | 3.65[3.70 [3.83x10% [ 1.62x100 [4.91x10
Jet 2 | 1,94 | 3.72 5.10 | 1.76]2.60 |3.83x10% | 3.84x105 |1.75x108
Jet 3 | 1,47 | 2,67 | 3.18 | 1.79 [ 1,21 [1.87x1058 | 4,67x108 | 1.40x106
Jet- 4 | 0,708 1,56 2.47 | 1.95]|0.544}2.563x108 | 3.31x105 | 6.80x105
Jot 5 | 0,033] 0,266| 0.620| 2.98 | 0.088/8.82x106 | 1.00x105 | 3.06x10%
Somp.Impd 0,030| 9.26 | 81.5 | 5,36 ] 0.138]9.31x108 | ¥.,09x108 | 5.83x107
TABLE 4.8
Casocade Impactor Particle Size Distribution
Underground Shot
Cpscade Impactor 113
Jot 1 0.91 4.43 14,80 | 2.85]1.9 |6.04x10° [4.11x105 | 3.81x107]
Jet 2 1,28 7.9 18.9 2,58 | 2.51 |8.94x103 | 1.22x100 |1,57x108
Jot 3 .
Jet ¢ Excessive Sample.
Jet §
_gﬂmp..'[mp.
e Casoada Impaoctor ll4
Jet 1 [1.88 12,6 30.9 2,80 | 3.43 [1.94x100 | 5.41x108 [ 6.89x107
Jot 2 (1,42 [ 4,75 | 8.58 | 2.22] 2.44 |1.40x10% | 1.60x108 | 1.02x108
Jot 3 | 1,04 | 2.2) 2,90 | 1.m8 | 1.88 |3.80x10¢ | 1,88x100 | 4.06x108
goe 4 0.7 | 4.37 7.56 | 2.87|1.76 |1.38x10% | 7.89x10% | 4.34x208
ot &
Comp.Impq 1,41 [12.3 | 31,8 [ 2,99 [3.18 |2.61x105 | 6.32x10° | 1.02x108

-7
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TABLE 8.8 (Cont'd)

—
MO |DAD | WD | - n.vg] Total Total Total
() (n) () ? | () No. Surface Vass
d
c mm_Fmpgot r.115
Jet 1 |3.30 | 27.2 73.0J 2.61 15,98 [9.35x10° [1,24x10% | 4,.38x10%
Jot 2 |1.72 | 88.0 l102.16]3.90 | 4.61 [2.3 x103 !2,.55x105 | 1,78x107
Jet 3
Jet 4 Exocessive Sample,
Jet b
Comp.«Imp,
Cascade Impactor 119 _
Jot 1 |1.18 l 10,6 I 25.6 | 5.10] 2.72 | 1.67x100 | 3.07x10° | 4.18x107 |
Jet 2 |1.,00 | 10.8 26.7 | 3.60 | 2.52 |4.78x10% | 7.93x10% | 1,09x106
Jet 3
Jot 4 Excessive Sample,
Jet 5
Lq?_mp.rmp.
Cascade Jmpagtor 123 —_—
Jot 1 [0.48 | 5.70 | 18,0 | 3.35] 1.54 | 7.61x108 | 3.87x107 | 8.52x10F |
Jot 2 |3.356 | 8.38( 11.5 | 1.90]4.33 |1.20x10¢ | 3.37x1008 | 3.44x106
Jet 3 |[1.05 5.76 | 13.0 | 2.75] 2,12 | 8.00x10* | 2.52x105 | 2.11x106
Jet 4 0.5 5.99 | 14.5 | 3.40] 1,00 | 2.42x105 | 6,19x108 | 2.42x108
Jet 5 | 0,88 1.77 2.63] 1.61]1.16 | 1.03x105 | 1,28x105 | 4,222108
Comp.Imp.] 0.478| 5.65 | 20.4 | 3.47| 1.28 | 8,00x108 | 4,26x107 | 4,16x108
Cascade Impaotor 124 1_1
Jet 1 [0.81 2.17 | 96 3.83] 2.53 [4.13x10% [1.01x10° [ 3,66x10
Jet 2 |1.23 8.00 | 19.6 | 2.67] 2.46 | 3.9 x103 | 5.42x10% | 6.94x105
Jet 3
Jet 4 Excessive Sample,
Jet 5
Comp.lmp. ]
__;a:qa;g mpaoctor 126 ]
Jet 1 1,98 5.90 | 9.90] 2.107] 2.80 | 1.56x105 [ 2.27x107 | 1.86x10°
Jet 2 |o0.68 | 5.50| 11.80] 2,96 1,76 | 3.73x10% | 2.32x105 | 1.79x108
Jet 3
Jet 4 Excousaive Sanple,
Jet 8§
(CompuImpe b

4
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TABLE 4.8 (Cont'd)

o (D2 |wo 6= | Dayg | Total Total Total
() (m) (m) ? | K No. Surface Mass
o IS DO .4
Casocade Impactor 126
Jot 1 T
Jet 2
Jet 3 Excessive Sample,
Jot 4
Jet §
Comp.Imp.
Cascude Impactor 130
Jet 1 |2.34 | 9.15 [168,20 | 2.31] 3.81 |2.23x10D | 6.14x108 |7.97x107
Jot 2 |1.46 | 4.30 | 6.75 | 2.19 ] 2.41 |3.78x105 | 3,44x108 |1.87x107
Jet 3 |1.48 | 4.35 | 6.80 | 2.16 | 2.41 |2.14x106 | 1.96x106 | 1.16x107
Jot ¢ |o.85 | 1.89| 2.84 | 2.00]1.67 |3.32x10% |1.11x108 |3.16x107
Jet 5 |0.058 | 0.,198| 0.328| 2.28 | 0.098|1.75x108 | 2.92x10%4 | 7.08x103
Comp.Imp.] 0,120 | 8.26 |20.7 | 3.87 0.726]2.89x106 |1.02x107 |1.10x108
- Cascade Impactor 132 - BJ
Jet 1 [2.,56 [10.5 [20.6 | 2.44]4.10 [2.36x10% [7.51x100 |9.67x10
Jet 2 [1.38 | 4.16 | 65.85 | 2,21 | 2.33 [1.64x10% | 1.41x105 | 7.52x105
Jet 3 |1.66 | 2.41 [ 3,01 | 1.62] 2.08 [3.06x10% | 1.68x108 | 6.44x105
Jot 4 |0.343 ] 1.41 | 2.44 | 2.28] 0.476[1.30x105 | 7.03x10% | 1.20x108
Jet 5 !0.18 | 0.304] 0.376] 1.63] 0.201}{1.62x108 | 8,72x10¢ | 2.94x10%
Comp.Tmp.! 0.203 | 7.96 |29.% | 3.26] 0.350{1.82x106 | 1,19x10% |1.38x10%
‘ gagggde Impactor 135
Jot 1 J0.49 | 2.72 | 7.80 | 3.08] 1.42 |6.05x105 | 1.83x10% | 7.95x105 ]
Jet 2 | 0.70 | 4.20 |11.30 | 2.99] 1.79 ]2.93x10% | 1.71x100 |1,26x108
Jet 3 [1,12 | 2.55| 4.85 | 1,96 1,95 |3.44x10% | 1.78210% | 8,06x105
Jet 4 |0.189| 1.08 | 2.26 | 2.76| 0.283]5.20x105 | 9,93x10% | 1,36x105
Jet 5 |0.063] 0,20 | 0.41 | 2.30| 0,086]2.12x108 | 6.80x10%* | 8,56x103
[Conp Imp.f 0,104 | 2.39 |11.7 | 4.0¢] 0.339]3.37x108 | 2.34x10% | 1.15x107
—_— Cascade Impsctor 140
Jet 1 [1,26 [ 7.56 [19.8 | 2.78 '3?34 1.24x100 [ 1,70x10¥ [ 2.14x107 |
Jet 2 |o0.81 3.72 | 9.40 | 2.7¢| 1.84 |5.34x20% | 3.10x105 | 1,87x108
Jet 3 |0.73 | 1.76| 2,17 | 2.22| 1.50 [1.04x108 | 3.00x165 | 8,842100
Jet 4 [o0.104 | 1.44] 3.17 | 8,10 0.31 |4.02x108 , 1,43x108 | 2,01x10%
Jet 5 [0.12 | o0.24 | 0.36 | 1.33 0.14 |3.34x108 | 7.40x10% | 2.16x10%
CompIwp ] 0,004 | 2.39 |11.7 | ¢.04| 0.339]3.37%108 | 2.34x108 | 1.16x107
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by the count was measured and recorded, Also the total impaction area
was measured for each sample with the light mioroscepe using scattered
light,

A table of data and calculations was made for each jet,
the cempleted table being similar in form to Table 4.9,

TABLE 4.9

Sample Cascade Impactor Data and Calculation Shest

[ 9

[ ]
8 E [Number |Per Cent nina Per Cent [Cum, Per n1n13 Per Cent|{Cum, Per
3 5 by No. by Cent by by Mass [Cent by
Pl Surface Area Mass

It will be noticed that to obtain the percesnt by surface and percent by
mass only the relative surface area and mass were computed.

Three sets of pnints representing cumulative par cent
loss than stated size by number, by surfacs, and by mass, were plotted
on log-probability paper., Straight lines were drawn to reprosent the
sets of points by inspection, using the following criteria:

A. The slope in buest agraement with all three ssts of
points was used for all three lines. (If the distribution is assumed
to be log-normal then this procedure is indicated by theory5,5,7,

TRatoh & Choate, "Statistical Desoription of the Site Properties of Non-
Uniform Particulate Substances", J, Franklin Inst., 207, (1928), 369

67, Hetoh, “Determination of Average Particle Size From the Screen Analy.
sie of Non-Uniform Particulate Sudstances", J, Frunkiin Inst., 215,
(1933), 27 -

Tc. E. Lappel, "Mist and Must", Heating and Air Cond., 18, (1946)

-7‘-
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Also, this method gives a single avarage measure of the degree of heio-
geneity of the sample.)

B. The slope being already detsrmined, the lines were
positioned to best fit the points in the 10-90 per cent range.

C. EKnown difficulties in analysis, such as measuring
the amalleat particles, waere allowed soms consideration., The following
parameters were obtained from the lines:

NMD 4 Number Wedian Diameter g D(50%) from
No. line,

D°MD s Surface Median Dismeter « D(50%)
from surface line,

MMD o Mass Median Diameter , D(50%) from
mass line.

0; = Geometrio Standard Deviation g D(84.13%)

Other values obtained are:

Davg = Average Diamoter » Dili

n

Total No. of Particles Collected
Total Surface (Relative)
Total Mass (Relative)

Thero are many good arguments againat the use of log-
Probability plots to represent sub-samples such as those from the jets
of a cescade impactorB8,9, However, the method is expedient and gives
Parameters that represent the sample to a reasonable accuracy. There
Are several snalytic methods of curve fitting8,9, but they would be

];:>Kottlor. "The Distribution of Particle Sizee", Parts I and 11, Jd.
Pranklin Inst., 250 (Oct & Nov, 1960), 339 and 419.

P. Kottler, "The Goodness of Fit and Distribution of Partiole Siszes”,

::;t. I and IT, J. Pranklin Inst., 261, (May and June 1961) 499 and
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very difficult to use oonsidering the large nurber of pointa involved
and the fact that parallel linecs are to b2 drawn.

Having obtained sufficient information about the {ndi-
vidual jet samples, it was necessary to corbine the data from each set
of 5§ jets to obtaln the size distribution of the cloud. An area cor-
rection factor was obtained for each jet by dividing the impsaction area
of the jet by the area counted. The number of particles in each aize
group (class interval) was multiplied by the area factor and the rasult-
ing number represented the total nurber of particles in each class in-
terval collected by the jet. An integrated set of fifth class intervals
covering the entire size range studied (0.02-100 microns) had been for-
mulated, and the individual jet data were fit to these class intervals
on a sub-size basis. The number falling in each class interval was
found by adding the contributione from each jet; a table of data and cal-
oulatione similar to those for the individual jets was made, From the
data thus obtained, four cycle log-probability plots for the entire cas-
cade impactor were constructed, from which the paremeters tabulated tab-
ulated in Table 4.7 and 4.8 were taken. Fiz. 4.10 is an example of such
a graph. It should be noted that the parameters listed in the tables
permit reconstruction of the straight lines in any desired plot.

4,2,2 Filter Sampler

The filter papers from the filter samplers at stations
29,30 and 129,130 were analyzed by Tracerladb for particle size distribu-
tions, The results are reported in Appendix E.

4.2,3 PFall-out Tray

Of the twenty fall-out trays employed in each shot, one
tray in the surface shot and twenty in the underground shot collected a
weighable sample of the fall-cut material, The former and eight of the
latter contained suff'ioient material to permit a sieve analysis, while
four of the latter passed sufficient material through the last (37 mi-
¢ron) sieve to permit further separation by means of a Roller Analyzer,
Fig. 4,11 shows the mass of the material collected on the trays plotted
%gainst distance grom ground zero, while Figs. 4.12 through 4.15 show
the partiole size distributions nbtained from the four stations that were
Put thrcugh the sieve analysis and Roller Analyzer,

The sieve analysis consisted of sifting ths samples through

A column of U. S. standard sieves shaken by a Rotap machine. This machine

"8 operated for 6 minutes on fractions greater than 1410 miocrons, and
oF ten minutes on smaller site fractions. In the case of four stations
*re more than grams of material was found to pass the last soreen,

-7 -
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Fige 4.11 lass of Material Collected by the Fall-out Traye
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further frectionation was accomplished with the Roller Analyzer. This
machine separated the reraininz csieve meterial into the size fractions
2-4, 4-8, B8-16, and 16-37 microns and the frections wero welghed on

an analytical balance,

The basic date ottained in this techrique, then, is the
wai=%* agsociated with the various particle size fractions, which may be
ter-el the weicht distribution of the fall-out sample. A specific grav-
ity of 2.7 was assumed for all particles, and froem the weight distri-
bution the area distribution as well as the size distribution has been
cocmputed, It was also assumed that all particles on a given sieve were
of a size equel to the average pore size of that sieve and the next
higher, All particles were treated as spheres in the calculations,

4,2.4 Pre-Shot Soil Analysis

The particle size distribution of the soil at the test
site was determined on six samples taken at five foot depth intervals
from a location near the underground shot zero point., These samples were
analyzed by the method described in par. 4.2.3; the data are presented
in Figs. 4.16 and 4,17,

4,3 RADIOACTIVITY AS A FUNCTION OF PARTICLE SIZE

4.3,1 Cascade Impactor

The activity in the aercsol as a funotion of particle size
was deterrined from the cascade impactors by measuring the activity on
:ach slide and plotting these data against the particle size impacted on

he slide,

The dats are tabulated in Tables 4.10 and 4.1l for the sur-
face and underground shots respectively. The activity on each slide,
corrected to HA1 hours, is shown in column 4, while the KMD, the measure
of the size of particles on that slide, is shown in column 3. The latter
data were taken from Tables 4,7 and 4.8. .Column 7 shows the specific
Activity of the particlee on each slide as computed by dividing the act-
ivity on the slide by the mass of particlos on that slide. The latter
weors obtained by multiplying tha "total mass” on each jet in Tables 4.7
and 4.8 by 11'(’/6. where f = 2.7110'125rms per cubic micron.

A description of the procedures used in makinz the act-
ivity measurements is given in par, 4.1.4.

- 83 -
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TABLE 4.10

Surface Shot Activity Measurements on the Cascade Impactor

Number Activity on|Percentage] Mass of |[Specific
Station Jet |Nedian Jet at of Total |Particles |Activity
No. |[Nos|Diameter | H # 1 Hrs.| Cas, Imp.] on Jet uc
(microns) (me) Activity | (grams) gram
13 (1 | 2.0 3.7 X 1074 13. [1.9 x107%| 1.9
13 |2 0467 2.2 x 10™3 80. '
13 |3 0445 1.9 x 10™4 7. 8.3 x 1077 2.3 x 102
23 |1 0.19 7.5 x 104 Oe |74 x 1074| 1.0
23 |2 1.6 1.1 x 10~3 De | 4.6 x 1074] 2.4
23 |4 2.1 2.5 x 1077 1. [2.1 x10°%] 1.2 x 102
25 |1 | 247 1. x 1074 51.  |2.1 x 1074 5,2 x 1072
25 |2 2.2 6.7 x 1072 32. [3.3x10°%] 21
25 |5 0.44 3.6 x 1070 6.  |7.6 x 10°7| 4.7 x 10*
26 |1 6.3 2,7 x 104 3. [7.1x 1079 3.8
26 |2 | 1.0 4o x 1072 Qe 3.2 x 1077] 1ok x 102
2% |3 0.50 4.8 x 103 4he |40 x 207 0] 1.2 x 203
26 |4 0.32 7.0 x 10~% 6o |1.6 x 207°| 4.5 x 102
26 |5 0.9 6.3 x 10~4 6o |1e5x 20°7! 4.3 x 103
30 (1 0.9 7.0 x 10':{; 2. 2.3 x 10:3' 3.0
30 |2 1.4 9,0 x 10™ 32, | 6.7 x107°| 1.3 x 103
30 |3 1.0 1.4 x 10™2 8. |2.4 x210°6] 5.7 x 103
30 |4 0.64 3.2 x 1073 1. |7.3 x10"7 4.4 x 103
30 |5 0.05 1.9 x 1073 7o | 5.6 x 20°2] 3.4 x 105
35 |1 3.0 1.6 x 1073 6. [3.6x 21074 4.4
35 |2 2.1 5.5 x 10‘3 22, [3.3 x20°2] 1.7 x 102
35 |3 1.4 1.2 x 10” 8. | 4.7 x 1078] 2.6 x 103
35 |34 0.33 5.2 x 10”3 21, [1.3 x 107®] 3.9 x 10°
35 |5 0410 7.0 x 10”4 3. [9.1 x 1078] 7.7 x 10°
WO |1 1.5 1.8 x 104 3. | 649 x 20°3] 2.5
o |2 | 19 2.1 x 1073 35. | 2.5 x 1078 8.5 x 102
0 (3 | 1.5 1.8 x 107 30, {1.9 x 1078 9.1 x 10
L |4 0.70 1.2 x 10 2., 19.7x1077| 1.2 x1
W |5 0.03 7.0 x 1074 12, [1.4 x 21078 1.5 x 10%
- 36 -
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TABLZ 4.1

Underground Snot Activity ieasuremsnts on the Cascade Impactor

Nweber Activity on [Percentags| Mass of Specific

Station|Jet |Madien Jet at of Total |Particles |Activity

No. |[No.|Diameter H #lirs. Cas. Imp.| on Jet pe
(microns) (ue) Activity | (grans) gram

1n3 1 | 091 [1.4x107 8o  [5.4 x1077 [2.6

n3 |2 | 1.3 5.,x10°% | 32, |2.2x1076 |2.4 x 107
13 |3 3.5 x 1074 20.

113 |4 3.5x107% | 20,

113 5 304 x 1074 20,

14 |2 | 17 9.9 x1074 | 13. 1.3 x1074 (7.9

ns |2 | 1.4 20x102 | 39. [1.4x1076 2.0 x 103
1 |3 | 10 1.5x102 | 19, 6.9 x10°7 2.1 x 103
14 |4 | o |1.3x107 17. 6.1 x 1077 | 2.1 x 103
11[0- 5 805 x 10~ 12,

s 1| 3.3 2.8x102 | 78. 6.2 x 10 [ 4.4 x 102
15 |2 | 1.7 2.3 x 1074 7. |2.5x1075 9.

15 |3 1.2 x 10™4 3.

115 |4 1.7 x 10™% 5.

ns |s 2.5 x 1074 7.

uy |1 | 12 7.8 x 1074 | 44, 5.9 x 1075 [1,3 x 10}
119 |2 | 1.0 2.8 x 10™ 16,  [1.5 x 1076 | 1.8 x 102
119 |3 4ol x 1074 | 24

19 |4 2.2 x 107 12,

119 5 7.0 x 1077 be

126 |1 | 081 [17x107%| 9. [5.2x107%(3.3 x 10}
12 |2 | 1.2 8.5x1074 | 46, [9.3x1077]8.7 x 102
124 |3 6.2 x 1074 34,

124 4 109 X 10‘.;‘ 100

124, |5 2.2 x 10 1.

- 87
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TABLE 4.11
Underground Shot Activity Measurements on the Cascade Impactor
(Contd)
Number Activity on [Percentage| Mass of Specifie
Station| Jet |iledian Jet at of Total |Particles [Activity
No. |No.|Diamater H #1 Hrs.| Cas. Imp.| on Jet uc
(microns) (ne) Activity | (grams) gram
125 |1 1.9 5.6 x 1074 50, |2.5 x 10‘_'2 2.1
125 |2 | 0.8 |9.5 x 1075 2. l2.5x10° | 3.8 x1d
125 |3 6.7 x 10°° 6.
125 |4 3.2 x 104 2.
125 |5 g.3 x 10” 7o
126 |1 3.1 x 10~ 5,
126 |2 3.2 x 1073 6.
126 |3 7.7 x 1073 14
126 |4 7.2 x 10 13.
126 |5 3.5 x 10™% 62,
132 |1 2.5 1.9 x 10~ 2. |1.3x 10:(5> 1.4
132 |2 1.4 1.3 x 10~ 22. |11 x10 1.7 x 10%
132 |5 | 018 |4.3x1070 540 | 4.2 x2078 | 1,0 x 107
135 |1 | 049 |9.5x107 25. [1.1x120°5| 8.5 .
135 |2 0.70 6.). x 107 16. (1.8 x1076 | 3.4 x 10t
135 |3 1.12 1.8 x 10~5 5, |1.1x10°6| 1.6 x 100
135 | 4 014 1.5 x 1074 39, |1.9 x10°7 | 7.8 x 102
135 |5 0.053 | 6.0 x 1073 15. (1.2 x1078 | 5.0 x 103
140 |1 | 1.26 - | 1.7 x 107 7. [3.0x1072 | 5.6
10 |2 0.91 945 x 10~ 4e [2.6 x20°0| 3.6 x 10t
10 |3 0.73 1.4 x 20°3 60. |1.2x10%| 1.1 x210°
10 |4 0.8 4.9 x 10™4 22, |2.8x107 | 1.7 x 103
140 |5 0.12 1.6 x 10~4 7. |3.0x108 ]| 5.3 x10°
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4e3.2 Conifuge

By means of a radioauto;rapn technique, it was possible
to determine the activity in the aerosol as a function of particls
siza (subjeot to the limitations of the conifuze). Unfortunately, of
all the conifuge cones employsd, only the one from station 133, lo.
eated 20,000 feet north of the underground zero point, exhibited what
could be considered a good radiocautograph pattern. The majority were
not sufficiently active to produce a definite film darkening while
most of those that were sufficlently active produced irregular patterns,
indicating improper operation of the instrument.

The technique consisted of placing the plastic conifuge
cone over & matching conical mandrel upon which was fitted a fan-shaped
plece of DuPont dosimeter film, type 552. After an exposure of approxi-
mately one month, the cones were removed and the film processed., This
radioautograph (Fiz. 4.18) was scanned along several radii with an
Ansco optical densitometer (after standardizing on the clear film) at a
number of distances from the imner edge of the fan shaped film. The
averaged optical densities were plotted versus r, the distance from the
innar edge of the film. This plot was graphically integrated and nor-
malized to a fractional density and plotted versus r as shown in Fig.
4,19, Assuming that the density of the film was proportional to the
radiocactivity deposited upon the conifuge cone, and the density of the
aerosol was similar to glass, the percent activity of the aerosol as
a function of particle size can be obtained by use of the data of Table
2.5. In addition, these data were plotted on loz probability peper as
.hown in Fig. 40200

Upon the basis of the results from this conifuge, it may
be concluded that the median radioactive particle size of the aerosol
at station 133 was of the order of two microns.

4.3.3 Particle Separator

Although a determination of the activity of the aerosol
83 a function of particle size from the particle separator would have
bean o relatively easy matter and, indeed, the necessary activity measure-
Wouts were made, no results are reported because the instrument failed to
8sparate partlcles satisfactorily accordinz to their size,

Microscopic examination of the particle separator screens
Tevealed that the larger screens collected a considerable amount of fine
< 37 u) airborne particlss while the larger material ( > 37 u) be-
haved normally in passinz through the various meshed screens. This effect
Can be seen by examinetion of Figs. 4.21 and 4.22, which are photomicro-
Eraphs of the first screen of the particle separator at station 123, taken
8% ditferent magnifications, Figure 4.21 shows the large particles which
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Fige. 4.18 Radioautograph of Conifuge Cone, Station 133, Under-
gro:nd Shot. This is Actually a Positive Print,
The Dark Radial Lines Were Caused By the Use of
Scotch Tape to Obtain Samples of the Collected Par=-
ticles. The Dark Dots Were Caused By ths Electron
Microscope Screens.
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Fig. 421 Photonicrograph of the First Screen of the Particle
Separator at Station 123, at 20x Magnification. The
Large Particles are Apparent.
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Fige 4.22 Photomicrograph of the First Screen of the Particle
Separator at Station 123, at 50x Magnification. The Small
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Fig. 4.23 Photomicrograph of a8 Clean Particle Separator Scrsen.
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werrs stopped by the screen, while Fig. 4.22 shows the small particlas
that also adhered tc the screen, For comparison purposes a photo-
miarograph of a olean screen has been included in Fig. 4.23, It was
noted that the large mesh screens were densely covered, front and
rear, by a layer of the ordor of one to ten microns, while the smaller
megh screens were almost entirely free of particulate matter. Act- ‘
ivity measurements and microscopiv examination of the porous stainless
steel back-up filters indicated, however, that a considerable number
of particles passed all scroens,

The only plausible explanation of this anomaly so far
advanced ias that the air passing through the screens builds up an elec-
trostatic charge on the well insulated metal screens sufficient to
attraot and remove from the air stream those particles with suitable
charge and inertia values while permittinz the neutral and oppositely
charged particles to pass through the screens until mechanically stopped
by the back-up filter.

In order to test this hypothesis, attempts were made in
this laboratory to measure electrostatic charge built up by the particle
separator scresns while air passed througzh at the correct rate. A
charge of the order of a volt was indicated bv an oscilloscone after
geveral minutes of air flow, While it is conceivahle that in the drier
climate at the Nevada Test Site a somewhat higher electrostatic potan-
tial might be attained, it would apnsar that the eloactrostatic theory
is untenable unless the particulate matter in the JANGLE aerosols was
highly charged.

4.3.4 Fall-out Tray

Activity measurements were made on the particle size
fractions obtained in the sieve analysis (see par. 4.2.3) of one fall-
out tray from the surface shot and eight trays from the underground shot,
and from theso data the activity of the fall.out as a function of par-
ticle size has been determined. Figs., 4¢.24 throuzh 4.29 show in cumula-
tive fashion the percentage of activity associated with each particle
sirze fraction, the data from stations at the same radial distance beingz
shown on the same graph, Table 4.12 shows the specific activity, cor-
rected to HAl hour, of the particle size fractions of four stations from
the underground shot.

The activity measurements vere made by means of a
Tracerlab SC-Sa automatic sample changer and associated equipment. Ali-
quots of each particle size fraction were transferred to ths counting
planchets and coated with collodion to prevent loss in handling. A
Tracerlab TBC-1 Geiger tube having a window thickness of 2.48 mg/cm2 was
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TABLE 4.12

Specific Activity Corracted to Hfl, of Fall-out,

Underground Shot

Particle Size Sta&ion 103 | Station 107 | Station 114 |Station 120
(microns) (10 uc/gm) | (10"hwe/gm) | (10hc/gn) |(1Ghuc/gu)
2 51. 36. 284 48.
6 30, 26. 19. 24
12 14, 19. 10. 19.
24 10, 12. 8.5 17.
34 75 8.7 8.6 1.
40 16. 10, 12. 16.
4 17. 10. 8.8 1.
53 24, 8.4 6.2 1n.
68 12, 9.1 7.6 8.3
gl 13. 72 7.8 57
96 1. 15, 1.0 6.5
115 26, 13, 13. 1.
137 L2, 17. 22, 14.
163 F VAN 23, 22, 16.
a4 48, 25, 32, 19.
230 8. 27, 34. 30.
274, n. 115, 35. 32,
358 . 33. 4. 3.
460 3. 32. 39. 22,
5‘5 69 ') 43 ° 460 300
650 80. 64. 40, 43.
775 38. 72, 4o 52.
1500 3&. 18 x 10.'2 51. B.
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employed, and the scaler was preset for a cunulative count of 4096 for
each sample, A Tracerlab R-1lla simulated P? gource was used as a
reference standacd for abaolute beta counting. Ranze curves in alum-
inum were run f'or the standard and several fall-out samples to deter-
mine correction factors for air path and window losses. Back scatter-
ing and possible collodion absorption corrections were not attempted.
All activity measurements were made between 1000 and 2000 hours after
the shot and were corrected to H-1030 by means of individual decay
curvee obtained on each sample. The NIH decay curves described in
par. 4.1.1 were used to correct all fractions from H/1200 hours to H/1
hour,

4,4 PERCENTAGE OF RADIOCACTIVE PARTICLES

4.4.1 Cascade Impactor

The number of active particles on each of the five slides
from the cascade impactors at stations 123 and 130 was determinsd by
means of a radioautograph technique. Since the particle size analysis
of the cascade impactors (par. 4.2.1) ylelded the total number of par-
ticles per slide, the percentage of radioactive particles could be de-
termined., The data are presented in Fizure 4.30.

The radioautographs were made after the particle size
measurements were completed since the emulsion on ths slides would have
interfered with the electron microscope particle size analysis. Eastman
Kodak Company type NTB stripping film was cut to size and cemented over
the sample area cf the slide. Development of the film was carried out
as recommended by Eastman Kodak Company. The radioautographs were then
examined by means of a microscope to determine the number of particles
with associated activity, The slides from station )23 were exposed from
HA1704 to BA2208 hours; station 130 slides from HA1704 to HZ2018, Al-
though other slides were exposed for an even greater length of time, too
few of the particles on each slide were sufficiently active t> provide
reliable results,

4.4,2 Fall-out Trax

The size fractions of the fall-out from stations 103 and
120 of the underground shot were analyzed by a radiocautograph technique
to determine the percentage of radioactive particles. The data are pre-
sented in Fig. 4.31. The size fractions were obtained from the sieve
analysis described i{n par. 4.2.3, and the radioautograph technique is
described bhelow,
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Fig. 4.30 Percentage of Active Particles in the Aerosol as a Function
of Particle Size, Underground Shot, Cascade Impactor Data.
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After sons experimentution, & number of proceaures for
determining the percentage: of radicactive particles were developedlO
for various size ranges. These were as follows: Method No. 1 approxi-
rat2ly 150 to 850 microns, In this method, Kodak NIB Autoradlographic
Stripoing Film was employed to distinguish active particles. Thie
erulsion was stripped frem its cellulese backing, relaid omuision side
domn on its backing and lightly [astened to it with strips of tapa.

Tho fractiomated sample was distributed over the back side of the enul.
sion by means of a spatula and the particles were affixed by covering
with a Duco cement sclution (one volume of cement to four of acetone.
After drying, the strip film was reversed and retaped to the support.
The film was stored in a light-tight box for a three to four day ex-
posure. The exposed film was developed with DuPent x-ray developer,
fixed, washed, and dried and again removed from its support and fast-
ened to a clean glass slide over millimeter graph paper for examination
and counting with a stereomicroscope. Black areas were observed above
each radioactive particle while the inactive ones did not effect the
ezulsion. The intensity of blackening appeared somewhat variable and
occucional difficulty was experienced when only a small spot war evident
or when only a portion of the particle appeared to be active or when
the emulsion appeared fogged or grey rather than intense black. In
deubtful cases the particle was considered to be radiosctive. A number
of these "doubtful" active particles were picked up and were found in
every case to be radiocactive when held in front of the window of a G-M
tute counter. Thus the assumption that all "doubtful" particles were
active appears to be justified. Considerable wrinkling of the strip
film was experienced but this does not interfere with the method. Be-
low approximately 150 microns the method becomes impractical due to
difficulties in ascertaining the nature of many particles,

Method No. 2, approximately 16 to 150 microns. Kodak
N8 Nuclear Track plates softened for 10 to 15 seconds in warm water
(£0 C) were utilized in this procedure, The size-fractionated parti-
cles were distributed over the moist plates in the same manner as in
the first method and the plates with their edhering particles were al-
loved to dry and expose for two to three days in a light-tight box.
The plates were developed with careful agltation so as to avoid displace-
ment of the imbedded particles. Examination of the plate with a
'tereomicroacope revealed the radioactive particles over their assoc-
lated darkened area on the f£ilm. (See Fig. 4.32)

0

Valcolm G. Gordon and Benjamin J. Intorre, "Some Techniques Applic-
able to the Study of ABD Falf-out”, CRL Interim Report No. 137,

14 Mar 1952,
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As a check upon the egrexment of the two methods, the
percentage of radloective particles in a 240 to 420 micron range sam-
pls wms determined. Recults of 16.7 and 17.7 per cent were obtained
for the strip-film and the plate methods respectively,

Method No. 3, acproxirataly 8 to 40 microne. Inasmuch
as the smaller particles tended to agzlomerate, the second methad was
rodified for the lowest particle size ranzes so that the sample was
drcoped into a swirling inch of hot weter (50°9C) in a battery jar.
Aftor suspension of the particles an NTB plate was submerged and after
aporoximately 30 seccnds removed, dried, expcsed for four or five days
and then processed in the usunl manner. Particle counting was most
easily accomplished in the range of 8 to 40 microns by visually count-
ing the radioactive particles in & given area with a light background
anc then photographing the same area with a dark background. The to-
tal number of particles could be conveniently counted on the print,

4.5 STUDY OF FRACTIONATION

4.5.1 Radiochemistry

The study of fractionation included radiochemical analy-
8is of meny JANGLE samples obtained from various types of instruments
which were loceted at a number of different stations. Sr89, zr95,
Y099, Aglll, cql16, Bal40, Cel4., and Cel44, were determined on four
filter papers frcm the underground shot, and Zr9% and Wo99 were deter-
tined on a horizontal ointment plate from the surface shot. These
data are tabulated in Teble 4.13 as counting rate ratios (at zero time)
¥ith respect to Mo99 (an allegedly non-fractionating nuclide). Aglll/
Bal40 and Agll1/Cd115 ratios have also been tabulated because of their
Special interest.,

In addition, the large quantities of fall-out collected
from the underground shot at Operation JANGLE provided a unique oppor-
tunity to perform radiochemical analyses upon size-graded particles.
Sr89, 7,95, Bal40, and Cel44 were determined on a number of different
Particle size fractions of fall-out collected at stat&gns 103,107,114,
83d 120, These data are tabulated in Table 4.14. Mo”? was not deter-
Bined because the decieion to make the fall-out analysis was not made
Uatil some weeks after the shot. The nuclide activity per unit mass of
Fadioactive material was calculated by dividing the nuclide activity by

he mass of active particles in each fraction. The latter was deter-

Rined by applying the data of par. 4.3.3 to the messured mass of each
fraction, These data are tabulated in Table 4.15 and will be used in
he discussion in par. 5.5.
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The fisalon products secarationa were carried out esson-
tially by the mathods compiled by Coryell and Suzarmanl}l as modified
by J=-11 Group, Los Alamos Scientific Laboratory. The only important
modification was the determination of silver as jodate rather than io-
dida, The fall-out samples were run in duplicats, the othere in quad-
ruplicate,

In order to provide a basis for comparison with other
laboratories, radiochemical analyses were performed on an irradiated
U235 sample for each of the fisslon products listed above with the ex-
ception of callS and col4l, The sample consigted of 14,8 milligrams
of enriched uranium foil irradiated to 9.3x1013 fissions in the Brook-
havsan plle.,

Filter paper samples wsre digested by treatment with fum-
ing nitric, perchloric, and hydrofluoric acids by the procedure des-
oribed by Spence and Bowvmanl2, The M-5 ointment was removed from the
sluminum plate with facial tissue and dizested by the same procedure,.
It was necessary to repeat ths digestion to effect complete solution.
The fall-cut samples were fumed successively with perchloric and hydro-
fluoric acids and taken up with hydrochloric acid,

Samples were mounted in a reproducible geometry system
on 3-1/%x2-1/§x1/{6 inch aluminum cards. In the case of Mo, Cd, Ag,

Ba, and Sr the final precipitation was carried out by the glass chimney
and Hirsch funnel technique, which confined the precipitate to a de-
fined area on the filter paper. Ce and Zr precipitates were tapped out
of the ignition crucibles into counter orss in the aluminum cards. Sam-
Ples were covered with either 3.8 mg/cm2 of cellophare or 0.45 mg/cm2

of rubber hydrochloride. Cel44 was counted face down and hence through
217 mg/em  of aluminum.

Each mounted sample was counted for decay with a thin mica
¢ad.window G-M tube and conventional scaler unit until a satisfactory
Curve was obtained or the aotivity became too low, whichever occurred
firat, The counting rates were measured to 0.95 errorsld of 2-5% for the

le, D. Coryell and N, Sugarman, Radiochomiocal Studies: The Fission Pro-
ducts, MoGraw-Hill Book Co., New York, N. Y.
2R, w. Spence and M. G, Bowman, "Radiochemical Efficiency Results of
Operation SANDSTONE", SANDSTONE Report 10, Appendix A, Los Alamos Soi-
entific Laboratory, March 25, 1949

1.9, We are 95% certain that the statistical error in counting is not
greater than the listed per cent.

- 111 -

R




e,

FROJECT 2.5a-1

plate. Spread-14 for repested analyses on the size-graded fall-out
were within 5% for the Bal40.and §r89 and feom 10-20% for Cel44 and
Zr95, The spreads for the filter paper and odatnment plate work were
also 10-20%

The activity was read frem the snoothed decay curve
at an arbitrary tinme and corrected to zere tirs. Pour different G-¥
tubes, cross-czlibrated with samples of each fission product, were
used, and all data were corrected to the samas tube. Data were fur-
ther corrected to 100% chemical yield, first shelf and rzero added
absorber. No ccrrections for coincidence were required nor were cor-
rections made for self-absorption and self-scattering since time did
not pernit preparation of correction curves., This error was insig-
nificant except in the case of some strontium samples where the chem-
ical ylelds were extremely high. The correction even here would be
less than 5%. The aluminum mounting cards provided saturation back-
scattering., Corrections to zero added absorber were based on absorp-
tion curves in Coryell and SugarmanlS. Barium activities were cor-
reoted for growth of lanthanum activity as indicated by Pinkle and
Sugarmanl6,

4.6.2 Aotivity of the Radioactive Particles as a Function
of ParticTe STze

In the study of fractionation it is of interest to deter-
mine the activity of the radicactive particles as a function of their
size, surface area, and mass. The analysis of the size-graded fall-
out samples at stations 103 and 120 of the underground shot for activ-
ity and per cent active particles offered an opportunity to determine
these quantities indirectly. The results are presented in Figures
4.33 through 4,35.

The followlng procedure was employed: The peroent ac-
tive partiole data (par. 4.4.2) in each fraztion were applied to the

l4the spread was obtained by dividing the difference between the ex-
trenes by the mean,

16Coryoll and Sugarman, op. ¢it., Book 2
161bid., p. 1123 ‘
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TR 4.33 Activity per Radicactive Particle as a Function of Particle Size.
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specific activity of that fraction (par. 4.3.4), giving the specific
activity of the active particles of the fractlnn (essuming all par-
ticles in vhe fraction had the same weight). Makinz the further
assumption that all particles in the fraction had the same density and
shape, the activity per unit active particle surface area, and the act.
ivity per active particle were calculated. A specific gruvity of 2.7
was assumed, and all particles were assumed to be spherical in shaps,
The size of particles in a given size fraction was taken to bes the aver.
age of the pore size of the sieve on which the particles were found and
the pore size of the sieve directly above,

4.5.3 Deca! Rates

It was expected that fractionation would manifest {tself
by a variation in decay rate with particle size. To investicate this
possibility, the activity measurements on the size fractions of fall-
out at stations 103,107,114, and 120 were continued from about H/lOOO
hours to approximately H/?OOO hours. The resulting activities were
plotted as o function of time on log-log vaper and a straight line was
fitted to them by the method of least squares. The slopes of thesge
lines are presented in Table 4.16. The data for staution 120 is presented
in graphical form in Figure 4.36,




Decay Slopes (Between H/1000 and 2000 Hours) of Size

FROJECT 2,.5a-1

TA

BLE 4.16

Graded Fall-out Samples

Particle Decay Slope»
Diamater Station | Station| Station |Station
(rnicrons) 103 107 114 120
1600 -1.110 | £0.127 | -1.217 |-1,225
775 -1,238 | -0.448 | -1.205 |-1,124
650 =1.291 -1.417 | -1,058 -1.221
545 -1.162 -0.613 -1.177 | 1,203
460 -1.424 -0.587 | -1,165 | -1,105
3568 -1,128 | -1.252 -1.247 | -1,066
274 -1,284 -0,796 «1.241 -1.154
230 =1.244 -0.878 | -1.241 -1.279
194 ~1,308 | -0,943 -1.229 | -1,140
163 -1,349 -0.913 -1.,253 «1.165
137 -1.302 -0.687 | =1.241 -1.211
1156 -1.331 -0,.856 -1.329 | -1.228
26 -1.354 -0.883 | ~1,288 | -1.229
81 «1,331 ~1.,204 | -1,247 -1.186
68 -1.430 | -0,987 | -1.300 | -1.244
58 =1.337 | -0.843 -1,215 | -1,321
48 -1.,436 -1.170 | 1,312 | -1,281
40 -1,543 | -0,836 | ~1.394 | -1.294
18 -1,424 | -0.738 | =1.429 | -1,331

*The decay slope is defined as n in the equation

A 5 kt?
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CHAPTER §

DISCUSGION
5.1  CONCENTRATION OF ACTIVITY IN THK AEROSOL

Before proceeding to a discussion of some of the details of the
activity concentration data, it is well to compare the data obtained
by the four types of instruments which were employed. Such a com—-
parison is made in Table 5.1, in which the ratios of the concentrations
obtained from the particle separator, cascade impactor, and con-
tinuous air monitor, to those obtained from the filter sampler have
besn computed., The table illustrates, for one thing, the extremely
large variations that may be expectad in measuremsnts of this soit
mide with existing sampling equipment. It is apparent that the data
obtained by the particle separator varied from one tenth to ten times
that of the filter sampler. There is apparent disagreement betwaen
the cascade impactor and the filter sampler, the former being smaller
than the latter by a factor of the order of a several hundred. The
cass of this disagreement is thought to be due to the fact that the
Cascade impactor, in obtaining a relatively amall sample, is more
susceptible to the loss of large particles, because collection of the
particles is made on a glass slide, rather than on filter paper,.
Comparison between the continuous air monitor and the filter sampler
suffers from the lack of data from tae former, together with a con-
tradiction on two of the four records obtained, that is, apparently
the cloud did not reach the station until after the 115 min filter
Saxpler sampling period was over., One of the remaining two records
indicated the continuous air monitor data was ten times, the other
o038 tenth as large than the filter sampler data. Probably the only
tonclusion that can be reached from this comparison is that the

ilter sampler concentration data is in systematic disagreement with
the cascade impactor data, but is not in systomatic disagreement with

particle separator or continaous air monitor data, although
greement. in any particular case may be no better than plus or minus
°ne order of magnitude.

¢ It 1s possible that the comparison of the particle separator-

{lter sampler data may shed soms 1light upon the question of the effect

°f non-isokinetic sampling upon the concentration data. It will be

Maenbered that the particle separators were oriented with the axis

f their sampling port in the vertical direction, while the filter
lers were oriented in the horisontal direction. Under these

:::ditiona one would expect that the particle separator, in collecting
largest particles
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TAHLE 5.1

Comparison of Concentration of Activity Data

Particle Separatort

Cagcade Impacto

Continuous Air xggi_tor’

Filter Sampler! | Filter Sampl Filter Sampler
Surface Shot
8 3.8 —
14 6.8
15 902 b & 10-1
2 2.5
2 1.0 1d x 1071
24 907 x 10
25 9.5 x 10°3
26 23 x 1072
23 47 x 102
29 1.2 x 207 1.1 x 1073
30 3.2 x 1072
35 3.6 x 1072
38 9.6
/40 206 X ]0'2
Underground Shot
108 5.7 x 107+
109 4.0 -
114 3.5 x 10% 2.1 x 10
115 1.5 1.6 x 1o"§
ng 102 X 10‘
120 2.6 x 10+
11 3.4
123 1.0
124 3d 2.8 x 10~
125 23 x 10~
128 1.0 x 10*
129 1a x 1072
130 11 x 10t
132 2.2 x 1074
140 1.4 x 103

1 Average concentration over 115 minute sampling periode.
2 Station nuxbers less than 25 and 125, concentration over 1 minute
sampling period; greater than 25 and 125, over 115 minute sampling

period.

3 )verage concentration over 115 minutes computed from concentration
va, tims curve.
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would cause & systematic docrease in the particle geparator-filter
sampler concentration ratio with distance fron ground zero. How-
ever, no such trend can be detected, and it is thought, therefore,
that the effect due to non=isokinetic sampling, at least in the case
of concentration data, may be masked by the spread already present
in the data.

The question of the accuracy of the cloud model doscribad in
paragraph 4.1.1 is open to some conjecture. Certainly the records
of the continuous air monitors indicate the cloud arrived later and
stayed much longer at the most distant stations than is indicated
by the cioud model. At the very close stations, the age of the
cloud becomes extremely important because of the activity decay
correction. At the stations of medium distance therefore, the cloud
mdel can be expected to give the best results. The concentration
of activity in the cloud proper, bases on the cloud model, has been
plotted in Fig. 5.1 as a function of distance from ground gero. The
data indicate the underground shot produced an aerosol 10 to 100
tires as active as the surface shot.

5¢2 PARTICLE SIZE DISTRIBUTION

As was indicated in Chapter 4, egsentially only one instrument
¥as employed to obtain the particle size distributiod of the aerosol ’
the cascade impactor, and thus there can be no inter-instrument com—
parison of results. A discussion of the particle size distribution
of the cloud, therefore becomes & discussion of the cascads impactor
data. The most important fact to be emphasized is that sampling was
Don-isokinetic in the senge that the intake velocity was considerably
less than the wind velocity, but that the intake throat was pointed
toward ground zero, and therefore, generally speaking into the wind.
Under these conditions the intake aerodynamics favor the large
Particles. However, as was indicated in paragraph 5.1, the impactor,
though undoubtedly removing these particles from the airstresm, must
bave shattered them, or else subsequently lost them, since no particles

iﬁz’ than about 40 microns were observed in the examination of the
Se

However, the tendency toward smaller particle sizes in the asro-
%1 with incriasing distance from ground zero was definitely observed
in both shots. Figs. 5.2 and 5.3 illustrate this situvation. It is
Pparent that the underground shot initially possessed a distribution
Con € larger particles than the surface shot, but that these paxr-
:1‘-‘103 rapidly fell out, leaving at distances of 20,000 feet a dis-
Tibution containing smaller particles than the surface shot. This
TesWlt may be explained by the fact that the underground shot cloud was
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lowar than the surface shot cloud, giving the large particles legs
tizs in which to be carried by the wind out to the more distant sta-~
tiona. By the time both clouds reached 50,000 ft. tha NMD of their
distributions had reached a value of less than 0. micron.

The material on the fall=out tray was collected under favor-
able conditions in the sers2 that no appreciable wind sprang up be-
twoen the time of thoe shot and the recevery of the trays, conditions
under which very little material could have been reroved or addad aa
determined experimentally. The analysis of the material was carried
out acrording to standard procedure and apparently no difficulties
were encountered. Nonetheless the resulting distributions (see Figs.
412 through 4.15) indicated the fall-out had a very small NMD, less
than one micron, a distinct anomaly inasmuch as the aerosol NMD
apparently was about this size. In addition, the lines representing
the size, area, and mass, distributions did not give a straight line
trend. For these reasons, no attempt was made to fit straight lines
to the data, with the result that convenient parameters describing
the distribution were lacking, making a comparison of distributions
difficult. It can be noted, however, that station 103, which is
shown in the photographs as being in the base surgsa from the under-
ground shot, had a noticeably larger percentage of particles less
than 10 microns than the other four stations analyzed, giving wieght
to the idea that the base surge was composed of small particles.

5.3  RADIOACTIVITY AS A FUNCTION OF PARTICLE SIZE

It was hoped that the cascade impactor would size grade part-
icles sufficiently so that activity measurements made on the five
alides would give an indication of the activity of the particles
in the aerosol as a function of particle size. However, theze data,
which are contained in Tables 4.10 and 4.11, present such large
scatter as to make such a correlation impossible. An example of
this is easily seen by consideration of the percentage of activity
on the first slide. One would expect that the first slides on the
bearest impactors would contain a large percentage of the total
activity of the impactor, while the first slides on the farther im-
Pactors would contain less, since there would be feaer of these very
highly active particles present in the aerosol at the farther stations.
Bven this effect, which should be very promounced, is not efident. A
Partially satisfactory explanation of this can be made by the fact
that the cascade impactor, in its collection of particles, size
€radey them only by virtue of widely overlapping efficiency curves,

&d that a wide spectrum of particle sizes may be found on any one
tlide, although the NMD of the disiribution varies from slide to alide,
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This, of course, does not affect the particle size analysis by vire
tue of the way in which it is carried out, however, it might frus-
trate any work dependent upon size grading.

It i3 unfortunate that a larger number of conifuges did not
give satisfactory data. Although all conifugs cones were radioauto-
graphed, only a few showed any darkening at all, and only one of
these showed & smooth distribution of film density. The others had
only splotches of activity, which probably indicated the presence of
turbulenice in the cone volume. The fact that most conifuge cones
ware not sufficiently active to produce radiocautographs can be
attributed to the small flow rate of the instrument.

The activity as a function of particle size data obtained from
the fall-out trays appears to be satisfactory, except that a self-
absorption correction, originally considered to be almost negligible,
apparently is necessary for the large particle sizes., This question
is discussed in more detail in paragraph 5.5.2.

It should be pointed out that the specific activity data from
the fall-out, which indicates the relative activity of each particle
size range, can be applied to the mass distribution of the aerosol
as determined from the cascade impactor to yleld the distribution of
activity as a function of particle size of the aerosol. The assumption
rede is that, in any given particle size range at any given station,
the specific activity of the aerosol ig the same as that of the fall-
oute If this is not the case, the implication is that there must be
some selection on the basis of activity in determining which particle
of a given size range will remain in the aerosol or will fall out.

504 PERCENTAGE OF ACTIVE PARTICLES

If the percentage of active particle data (paragraph 4.4) of
the cascade impactor and the fall-out tray for the underground shot
are combined, it appears that the percentage of active particles is
a8 monotonic function of particle size over the range of particle
sizes covered by the two types of data, i.e., from 10~1 to 103 microns.
In fact it appears that a straight line, with a slope of one, rep—
resenting a linear function, fits the data well.

Since both the cascade impactor data and the fall-out tray de—-
pended upon a radioautogrephic msthod of differentiating the active
from the inactive particles, it was thought that the exposure time of
the radioautograph would affect the results. This was not borne out
by results of the cascade impactor, since a number of radicautographs
of different exposure times showed no &pparent change in the per-
centage of active particles.
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5.5 STUDY OF FRACTIONATION . )

5.5.1 Radiochemistry

The data concerning the nuclide activity per unit mass
of active material as a function of particle size, which is con-
tained in Table 4,15, provided a method of investiga‘!é&ng the 8gchaniam
whareby particles acjuire activity. The data for Sr°7 and ZR
have been plotted in Figs. 5.4 and 5.5. Referring to Fig. 5.4, it
appears that a straight lins with a slope of =1 may be fitted to the
data, whereas this is not possible with the data in Fig. 5.5.39
Allowing for some over=-simplification, it appears that the Sr
activity is a function of particle surface, wher=as that for 295
tends to be more of a volume function. Bald0 gives a plot similar
to the Sr°7 plot, while Cel44 15 similar to 2r?”?, Purther study
1s being made of these data, particularly with respect to the
question of whether the activity of Zr%5 and is concentrated
in a shell rather than a wolume. Examination of the decay chains
of these four nuclides provides a plausible reason why there should
bs a difference in the mechznism for acquiring radiocactivity. The
decay chains are as follows“:

ke 2.0 m%  15um 5%

K% short B9 amort,_ 595 short Y% 1oysm 295
Xe _1bs, Cs _66g, Bal40

Xol44__ 1a, cs'  ghort, Bal44  ghort  Lal% gort  celés

It may be seen that Bal40 and Sr89 both have gaseous precursors that
have half-1ives long in comparison with the 1ifetime of the fireball.

j Since gases such as krypton and xenon are not significantly subject

‘ to adsorption abo;g liquid_air temperatures, it is logical to suppose
that while the Zr Cel44 chains passed the rare gas stage early
9mough to be adso durx:iﬁothe particle growth process, no appreci-
able amount of Kro? an ggved before the particles had coased
Yo grow, Hence the 5rf9 and Ba activities were confine' to the
outernost surfaces of the particles.

L -

Ce Do Coryell & N. Sugarman, op cit, pp. 1996~2001.
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54542 Activity of the Radioactive Particles

In order to investigate the mechanism whersby part-
icles become radiocactive, the data described in paragraph 4.5.2
activity of the radioactive particles as a function of their size,
surface area, and mass were calculatsad. (The latter, it will be
noted would be the sum of all ths nuclide activities of the kind
discussed in the paragraph immediatsly above if a radiocnemical
analysis could be perforiasd on all the nuclide species.)

One of the questions that arose in the study of the data
was the effect of soli absorption and self sgcattering upon the
moasured activity of the different particle size fractions. The
formar is susceptible to gquantitative treatment if the range curve
for the activity is known, while the latter is as yet not well
understood. The complexity of the combination can _perhaps best be
seen by examining the data of Nervik and Stevenson”, who have plotted
a self-gcattering and self-abgorption correction factor vergus
gample thicimess, with beta energy as a parameter, for NaCl and

A gimple calculation can be made to inwsstigate the
magnitude of the self-absorption. Assumings

(1) The attenuation of beta particles is described
by the equation

_ 0.693 (5.1)
o w

where w is the path length in milligrams/cm®, and T# is the half
thickness of the particle for the fission product radiation. The
latter was taken to be 20 mg/cm? in accordance with the data of

paragreph 4e5.4.

S W. E. Narvik and P, C. Stevenson, "Self-Scattering and Self-Ab-
sorption of Betas by Moderately Thick Samples". Nucleonlcs, I,
(1952), 19.

- 130 -




FROJECT 2,5a-1

(2) The particles are cubical, so that ths mean path
length travelled by a beta in escaping from ths particle is

(5.2)

1SN

where s is the side of the cube.

(3) The density of the particles is 2,7 grams/cm3,
making the _thickness factor of the particle material equal to 2.7 x
10™ mg/c:nz/micron. The relative sslf-absorption of a 1 micron
particle 1s:

6~0:93 x 0.5 x 2.7 x 107} = o —00048 4 (5.3)

while that for a 1000 micron particle ist

0,693 x 500 x 2.7 x 107% = 9743
* T 120 (5.4)

Thus the correction factor for self-absorption for a 1000 micron par-
ticle is 120 times that for a 1 micron particle, and therefors is of
great importance. Previous calculations had led to the belief that
this correction was negligible.

: No data is available to estimate the effect of self-
8cattering, but it is probable that it is negligible in comparison to
the ecorrection for self-absorption.

It has been suggested that the necessity for making these
corractions could bu side-gtepped by crushing the large particles
fore measuring their activity. This is presently being carried out
On gsome of the fractions that are still sufficiently active,

5¢5.3 Decay Slopes

A study of the variation of decay slope with particle
81z (paragraph 4.5.3) has yielded no information other than further
Rroof of fractionation.

- 131 -~
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CHAPTER 6
SULLZARY

It wvas expected that the considerable quantities of dirt
throm up by the Jangle explosions would trap a relatively large
proportion of the fission products of the bomb, creating highly
radicactive aerosols containing relatively large particles.

The_concentration of beta activity in the aerosols was found
to be 10~3 and 10™* microcuries per cubic centimeter for the surface
and underground shots respectively. These are based on filter
sanpler data taken from the nearest stations (2000 ft. to 4070 ft.)
on the dommwind leg, as modified by an estimation of the arrival
aad departure tims of the cloud.

The number median diameters of the particles in the aerosols
weres 1,0 and 1.5 microns for the surface and underground shots re-
spective~l6, at stations 4000 ft. downwind, decreasing to less than
0.1 microns at 50,000 ft. for both shots. These figurss were ob-
tained from the cascade impactor. The particle size distribution
of the fall-out was also determined at a number of stations of the
wmderground shot,

No satisfactory data giving activity as a function of particle
8126 in the aerosol were obtained due to unsatisfactory operation of
the instruments designed to size grade aerosol particles during the
8apling process. These data, however, were determined for the fall-
Out at a number of stations on the underground shot. The percentage
gf 8ctive particles in the surface shot aerosol was determined to be
+'01 per cent for particles approximately one micron in diameter.
*or the underground shot fall-out, this percentage was found to be 20
Por cent for particles approximately 100 microns in diameter.

Data of the various consequences or manifestations of fraction-

Sion were made on size-yraded particles of fall-out from the under-

f““nd shot, and study of these data have made possible a number of

b.ml‘esting conjectures regarding the mechanism whereby particlss
tone radioactive.
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APPENDIX A

DEFIKITION AND ABFREVIATION OF TEEKS

Brookhaven Continuous Alr Monitor
Brcokhaven National laborstory

Chemiocal snd Radiological laboratories

the exponent in the decay equations A = ot”

particulate matter once a part of the aercsol that has
precipitated to the ground

any variation in the fiseion product nuclide abundance,
usually spplied to the variation as a function of parti-
cle size

actually "equal motion", but is generslly applied to
particulate sampling that is carried out so as not to

be selective in any way

molecular filter

Neational Inatitutes of Health

Navel Radiologicel Defense Laboratory

Radiological Air Sampler

Tracerlad Continuous Air Nomitor
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APPENDIX B

CALIERATICN OF THE SROOKHAVEN CONTINUOUS AIR MONITCR

The counting efficiency of this instrument may be obtained by pass-
ing a small rectangle of filter tape of width w end length s (s 1s equal
to w for the Brookhaven air monitor), see Pig. B.1l, inserted into the
center line of an unoontaminated filter tape., This small sectionm of fil-
ter tape beers a wmifornly distributed known deta activity, G of the
sare species as for which the ocalidration is desired, As the tape passer
wder the counter in the x direction, a count rute is recorded whioh may
be oomverted into a plot of observed counts per unit time versus dis-
tance, Swh a plot will have the appearance of the graph shown in Fig.
3.2, and should be symmetrical about the origin, The maximum count rate
¢t x = 0, C4 1s the oount rate when the counter face is exnctly covered
wiformly contaminated filter tape Cu is the finite swxmation of the
tatos obtained when the center of the standardizing rectangle is at x
position equal to O, 4s, 428, 438, etoc, and is thw

Cy = % t+ 20y (B.1)

:mricany 1t hae been found that with counters positioned close to the
Fe that Bq, B,1 can be reduced to

Cu = 0y $20) $20 (B.2)
° 1 2
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The fraoction of the total counting rate contributed by the seguent of
width w and length S positiored directly in front of the tube 1s

ey f2 Gt o9

The officiency E of the segment in this position may be defined as

0o = cufg X0 (B.4)

The activity per standard segnent (width w and lengtk s) is given by

G = aV (3.5)

where a g gotivity per unit volume of cloud; V g voluns of air sampled
through the atandard segoent. PFrom Eq. B.4

=B av (B.6)

This equation limits a to the average value of the time interval
during which the unit segment of paper was oontaminated, For the sake
°f olarity the midpoint of this time intervel van be taken as the time
Sorresponding to the value a.

. To obtain an unknown sativity ooncentration & from the instrument
Mnt rate meter readings Cy, it was necessary to determine the instru-
M2t ometants B, ¢, and V. E and f were dotermined by the following
Proeadurn With the center of the window as'a reference point, the stan-
d activity paper was moved one and two inches on efther side and the
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oounting rateec observed, The sum of the counting rates in all such
positions gives the counting rate of a uniformly ocontaminated fil-

ter paper of infinite length, Proceeding in this manner the results
shown in Table B,1l were obtained,

TABLE B,1

Efffoiency Data for Brookhaven Monitor

Distance From Incremental
Center of Counts Per [Efficieno
Window (per oontg
0 501 23
£ 1 inch 35,5 1.61
£ 2 inch 2,35 0.11
= 1 inoh 58,9 2.67
« 2 inch 2,0 0.09
Total 599,76 < 600

These results are plotted in Fig.B.3. s‘l‘he activity of the one square
inoh standard corresponded to 2,2 x 10" disintegrations per second,
Thus _

f‘g-g%"'.es

E-5.,01x10° ;2
2.2 x 100
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Since the sampling port measured 1 inch wide by 1,76 inches long, the

filter tape transport velocity was 4 inches/hour and the flow rate
through the sampling port was 3.5 cubio feet per minute, the value of

V was found to be:
Ve=1._561x 108 omd

Therefore, the counts per minute on the instrument count rate meter
may be converted to miorocuries per cubic centimster by the equation:

(cm ; 1.1 x 10712 (¢/a) (B.8)
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AFFEDIX C

CALIBRATION OF TRE TRACEKIAB CONTINUOUS AIR MONITOR

Interssting two dimensional counting gecmetry problens cocur
if 8 contipucus air monitor is constructed with both circular suc-
tion and countir; areas (of radii R and r respeciively) as is the
case for the Tracerlsb continuous air moniter, (See Fig. C.1),

For simplicity in the focllowing derivations, the steadv.state
conditions of an aercsol of constant beta activit, per unit volume,
s flowing at a ccns‘ant volumetric flg'x rate, V depositing activity
st a wniform rate, q (equal to aV/¥rR® ) per unit area on a filter
tape moving at a constent velocity, u n«s been assumed, It is also
omnvenient to consider first a previocusly contaminated filter tape
being rerun through the monitor with the coordinste axes x,y and
x', y' as showmn in Fig, C,l,

It may be noted that the activity concentration, Z deposited
upon the filter tape is proportiomal to the cord length of the suct-
ion circle in the x' direction and ia given by the relation,

Z = 33
u J R? - ¥ (Cod)
with the restriction that
-REy &R

8od Z can thus be represented graphically as the elliptic sheet, in-
finite in the x direction shown in Fig, C.2,

As the contaminated tape with ita elliptical distribution of
tctivity passes under the counter window, the counting efficiency of
sach differentisl ares is a function of x and y (or O and in polar
coordinates). This function can be determined experimentally by plac-
ing a small, known, uniformly contaminsted filter paper standard in
the f4 lter tape and passing it under the counter in the x direotion as
Yas dme to obtain the data shown i{n Fig. C.3., Inasmuch as the effi-
ciency of the G-M oounter should be symmetrical about its central axis,
the entire function can be represented by a solid of revolution, the
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first quadrant of which is shown in Fig. C,4.

The differential cowunt rate, &t summed up by the G-M tube of the
air manitor 1s the product of the activity omcentratiom and the count.
ing efficiency for each element of area of the x,y plane of the fil-
ter tape, Thus

s=¢2 (c.2)

and can be represemted by the solid sketched inm the first gquadrant of
Fisa C.S.

The count rate, A finally reocorded on the air monitor recorder
is the volume between the surface described by the function 2 and the
X,y plne in Figure C.6 and is approximtely expressed dy the definite
double integral

R R® -

A.‘ '.dy.dx(CQS)

or in the more convenient cylindrical coordinates by

R T
2

Az 4 z.e.do.dp (C.4)
0 4]

It ray be noted that the upper limit of integration, R, for @ intro-
duces & anll error due to the neglected volumes in the x directim
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which should be trivial in the oase of the well shielded Tracerlad aip
am’.t“. '

The function

- 2
€Exo ée (€.5)

ray be arbitrarily seleoted to repressnt the solid of Fig, C.4, Substity,
tion of this end Bq. C.1 into Eq, C.4 after changing to oylindrical coor.
dipates by the substitution

Ya rlin )
results in the relatiom
(Ce)
R
ey, "
Azd .o .(o.%_g /(1-1:2 e1n? 9) 80,8p

in wnieh the function, 1~k sain @ can be recognized as the elliptic in-
tegral of the seoond kind, E(k,0). As the upper Iimit of the first in-
tegral 13 T/, the cormplete elliptio integral, E(k) can be obtained from
tables 1 for various values of k where k fs equal to f/R.

Equation C.8 thusr beccmes

As g%gg ’ P .o H’Jz o E(k) o dp (C.7)

o]

1 R, S. Burington, Handbook of Mathematioal Tables (2nd ed; Sendusky,
Chioc: Handboox Publishers, 194F) p.63,
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and can be readily evaluated by graphical integration of a plot of the
terz within the integral sign vorsus f noting that k varies from 0 to 1
in the interval e e 0 to R, In terus of eir ocnoentration, Bq, C,7 te-
cones

-7
uc (1,77 x 10 (v) (R)
—3 - = B :LF_ A (C,8)
- Replay = -of (e B(k) .df

Thus the beta activity concentration of the sampled aerosol is a simplo
multiple of the reccrded counting rate when the filter tape is played
back through the Tracerladb air moniter.

A somewhat more ooaplicated problem occurs during the build-up of
activity upca the filter tape. Thus {n Fig. C.) the ccerdinate axes x,y
and x',y' oolnoide, The deposition of activity upcn the tape mey be
reprosented by the shape in Fig, C.6, Beyond equal to R ip ths x
direction, the surface becorss identical to the elliptic sheet of Pig. C,2
but within the region

03 e‘gn

the activity concentration may be expressed by

zs (a) (mfm [ (c.9)
u K R® - y? *
which may be transfarmed to cylindrical coordinates by the substituticas

t Poon Onndy.elhc
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(c.10)

and Eq, C.? beocones
z - (qR) (1 £ kecs Q) j],-kz ,,nz;
u
Substitution of Eq. C.10, C.2 into Bq. C.4 ror the first and second quad-
rents results in
(c.11)
sin? 2 .284)

R T
L4
Az2 /f.-e( oeamlja/kco.o) l-kz
a
0 0 |
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or (c.12)

-

R ~ m ™
8¢
A-;!g&'/ee \/E(k,e) defli/ﬁ.-kz 8in? @ . cos9| .dp
u
0 L0 (]

wpad

A3 it can be easily seen that

1—
1-k28in? 0 . con 930 (c.13)
0
and also since w ) A
E(k,0) d® = 2 E(k,®) ., d®  (C.14)
Y ©

Equation C.14 may be smplified to
R 2

A = m Q-PF . E(k) . de (0.15)
u

0

“hich gives the counting rate for the moving tape. It may be noted that

8 13 half of Eq. C7 so that the graphical integration need be per-
formed only once for both cases. By use of Eq. C.7 and C,15, the initial
&nd several replay results may be combined to investigate the radioscotive des
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cay characteristics of the aerceol sampled by the Trsocerlad air monitor,

An experimental determination of the value of the conatants in they,
equations was made by means of the following procedure: A standard actiyy,
ty sample was prepared by placing an aliquot of a fission product nixtur,
on a small (6 x 6 mm) square of filter tape from the Tracerlab continuey,
air monitor. This mixture wus selected beoause of its beta range curve n
considered to approximate that of the fission products rosulting from the
surface and underground detonations. The standard square was oalibrateq
for its absolute beta activity while on a 4 mg/om cellophane additiom)
backsoatterer in order to duplicate the canditions under which the tape
iteelf is counted, This was done by raising the G-M counter in its shielq
to a higher position and mounting the square and reference activity astape.
ards on cards positioned on the lower btracket., Range curves for the
reference standards as well sa the calibrating equare wore determined og
another counter with a shorter air path and thinner G-M tube window, Thee,
data were ocombined after appropriate corrections for air path, aluninue
absorber of the air monitor, and the tube window so that the absolute bety
activity of the filter paper squire was determined by the average of two
Tracerlab simulated P2 and two I131 reference standards which were stateq
to be accurate to ten per cent.

The standardised gauare was placed in a § x 5§ mn square hole (bscked
with a similar 4 mg/cn backscatterer) in a movable atrip of air monitoer
filter paper ip such a manner that the center of the standard square ap-
proxinately coinoided with the central axis of the G-M counter. Activity
msesurecents for this square were made by moving it alomg the center line
of the path followed by the tape, stopping at half centimster intervals
beginning 3 om before, and § cm after departure of the center point of the
standard from the central axis of the differential counting efficlency
ere given in Table C.) and are plotted inm Fig, C.5, The slight asymmetry
of the curve is apparently due to a one millimeter error in positioning
the calibrating stendard, For purposee of camparison, the Gaussian ourve
wed to approximate this funotion has been sketched in as & dotted line.

The function 2
€s .y (C.16)

was selected to represent the two dircnsional efficienocy of the Tracerlab
air sonitor G-M tube (See Fig. C.4). By use of the smooth ourve of Fig.
Co3 the constants and of Eq., C.5 were found to be 0,0915 and 0,308
respectively for Unit No, 1. The integral of Eq, C.7 was then evalumted
by tabulation of the values of the fumotion

f.--f"p‘t . B (k) (c.17)
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as & function of @ and k as shown in Tabla C.2 and plottad in Flg.
2,7. This curve was graphically interrated by the mathod of Moore
batwnen tha limits zero and R with the reasult that

2
e-ﬂ° « E (k) . d(’ - 2.14 (c.18)

Substitution of this value into Eq. C.8 and rearransing resulted in
the relations

(ue) _ 1 ]
and
)
(::3 Replay - (1.1 x 10-11)(a) (c.20)

which gave the air beta activity concentration from the observed in-
itial and replay counting rates from the Tracerlab continuous air
moaitor,

In order to confirm the validity of the equations derived above
88 well as the accuracy of the emporical constants X and ,» the
calculated overall counting efficlency, € ov of a large circular (2.25
in. in diameter) filter standard was compared with the experimentally
dstermined efficiency of a comparable standard. The overall counting
efficiancy oan be obtainsd by integration of the expression

L/
€ov s 2y /f o- (F? cP-d® .4 (c.21)
& o

A. D, Moore, Proceedings of the Society for the Advancement of En-
Sineerins Education, California Weeting, 48, 452, (1340).
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TABIE C.1

]

Tracerlsd Alr Monitor Efficiency ss a Funotion of Distance, x

— st - et e e ———————— ey

Distance From Scni; of 7{Countl Per [Differential Counting®
Center of Counter | Instruxsnt Minute Efficisncy
cm
(o] 100 37,600 0,0916
0.6 100 37,000 0,0803
1,0 100 81,000 0,0767
1.6 100 21,180 0,0618
2.0 100 9,040 0,0221
2,0 20 9,800 0,0239
2.6 20 1,970 0,0048
3.0 20 600 0.00146
3.0 2 760 0.00183
8.6 2 360 0.00086
- 0,6 100 35,400 0,0868
- 1,0 | 100 29,800 0.0751
~ 1.8 100 15,600 0,0329
- 1.5 20 18,300 0,0446
- 240 20 9,300 0,0227
- 246 20 2,170 0,0068
- 3,0 20 700 . 0,0017
- 3.0 2 760 0,001¢
()

The absoclute botl activity of the 6 mm square standard was approxi-
xately 4,10 x 10% d/cin after correction for absorbers, tube window

and air, 154 ' 4
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TABLE C, 2

2
Tebulation of the Funotion Pe” P( o B (k)

e | o7 (v g (sl B0 P peloctha

0 0 0 0 1.87 1 0 0

:\ 0.6 0,26 | 0.17¢ | 10 1,860 | 0,926 | 0,463 | 0,724
1.0 1,0 0,548 | 20,6 | 1.62 0,786 | 0,735 | 1,12

1.2 la44 | 0,417 | 24.5 | 1,60 0.642 | 0.771 |1.18

1444 | 2,07 | 0.6 30 1,468 | 0,630 | 0,764 | 1.12

1,6 2,26 | 0,521 | 81.4 | 1.457 | 0,600 | 0,760 | 1.094
1.6 2,66 | 0,666 | 33,8 | 1,44 0.4556 | 0.728 | 1.06

1,7 2,89 | 0,69 86,1 | 1,425 | 0,411 | 0,698 | 0,996
2,0 4.0 0,696 | 44 1,%6 0.293 | 0,586 | 0,797
2.2 4.84 | 0,764 | 49.8 | 1,306 | 0.226 | 0,496 | 0,846
2.4 5,76 | 0,834 | 66,56 | 1,28 0.170 | 0,408 | 0,502
2,6 5.76 | 0,834 | 66,6 | 1,28 0,170 | 0,408 | 0.502

2,88 | 8,3 1.0 90 1.0 0,078 | 0,224 | 0,224

(o)
Re 8. Burington, Handbook of Mathemsticael Tables (2nd editiom;
Sandusky, Ohio: Handbook Publishers, 1946) p, 263,
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which may be derived by applying the same reascning as ussd in Appen-
dix Bs Integration of Eq. C.21 results in

€ov = 9'957' (1 - o‘pﬂz ) (C.22)

Substitution of the numsrical walues for ¢l , (3 , and R into this equa-
ticn results in

€ oy = 0.033

for the caloculated counting efficiency of a unifcrmly ocontamirated stan-
dard 2,26 in. in diameter, For comparison, stendard activity papers were
prepered by spraying circular discs 2,25 in. in diameter with radioactive
dust and calibrating them with a G-M counter of known geometry. The
calidbrated discs were placed under the G-M tube of the air monitor and
the activity observed with the following results:

TABLE C.3

Efficiency Data for Tracerlab Air Monitor for Circular
Uniforaly Contaminated Area(a)

Activity d/min,
Standard | Corrected for Obgerved | Efficliency
Window, Air and ¢/min
Absorber

1 1.38 x 106 3.98 x 10° 0.029
2 1.56 x 10° 2.98 x 10% 0,022
3 4,3 x 105 9.82 x 103 0,023
Aver,  §
0.025

(a) Dete for Unit No. 1. Averxge value for units
four and five were 0,024 and 0,032 respectively.
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The agrserent between the values presmted in Table C,.3 and the cal.
culated value is considered to be sufficliently close to confirm the
validity of the derived expressions and the oonetants employed, es-
pecially in view of the faot that completely uniform distribution of
the radiocactive dust over the filter paper discs waa difficult to
attain by the method employed., Due to the greater experimental sim-
plioity, more direct approach, and the graatsr care exercised in its
preparation and calibration, the amall § x 5§ ma square standard wasp
uned as the basis for the activity concentrations reported in pare-
gl‘aph 4.12.
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APPENDIX D

EVALUATION OF INSTRUMENTS

D.,) INTRCDUCTION

The evaluation of the hazard to personnel from an ABD cloud can be
rale from studies of deta on sctivity and particle size of the generated
aercsol. Such a study requires four types of information. These are:

(a) Properties of the c¢loud expreseed as activity and mass per
unit volume end time,

(b) Properties of fall-cut expressed as activity sand mass per unit
time, .

(c) Particle size distributions of (a) and (b) expressed as a funo-
ticn of time. -

(d) Radiochemistry of (a) and (b) above,

Since the ccllection of these deta iz a field operation, laboratory ac-
ouracies should not be expected; even though laboratory equipment be
employed,

A brief description has been prepared of each item of sampling
equipment used for Operation JANGLE., It is intended to discuss the ad-
vaptages and disadvantages assoociated with each instrument insofar as
its ability to collect samples for the above data; this i{nformmtion
should afd (1) the design of improved sampling instruments, snd (2)
the selection of instruments for use in future tests,

D.,2 CONTINUOUS AIR MONITOR

In this instrument the aeroscl is drewn through a moving strip of
filter material which removes particulate matter, The activity of the
Collected particles is then measured by conventional alpha and beta
counters as the strip is moved through the counting chambers,

Operation JANGLE employed two continuous air monitors - Brookhaven
and Tracerlab, The Tracerlad instrument is a refinement of the Brook-
haven model in that it is more compact. The Tracer lab measurer activity
ot the same time as sampling, However, this’may or may not be an advan-
tage, since contamination of counting equipment io possible, The Brook-
baven gontinuous air monitor measures activity shortly after oollection.
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The cantinuous air monitor furnishes a complete record of (1) alph,
and (2) bets plus gamma radietion for any desired period of timwe, Thig '
valuable record is not produced without great difficulty since the con.
tinuous air monitors are bulky, delicate, and complex from the viewpoint
of field operation, They require a good AC power supply and must be prq.
teoted from all so-called bad weather conditions. The instrument weirt,
about 500 pounds,

D.3 FILTER SAMPIER

The filter sampler is another cloud or aerosol sampling instrument
which colleots particulate matter on filter paper, The collection ia
nade by pulling air through the paper at from 1 to 6 ¢fm, The paper {s
then removed and ite sctivity determined by proper alpha and/ar beta
plus gamma counters.

The filter sampler may operate from battery or AC power generator and
is rugged, light weight (about 20 pounds), and simple to operate. Data
on ABD cloud aotivity collected with this instrument is difficult to in.

terpret for two principal reasons: (1) The variation of activity with
time cannot be obtained except by cuxiliary apparatus, (2) the prede-
termined flow rate is subject to errors due to clogging of the collection
paper. The exaot clogging effect is difficult to determine except by
visual operation of the instrumnt which is impossible in field operation,

D.4 INTHRMITTENT AIR SAMPLER

The intermittent air saupler collascts the cloud and/or fall-out
particulate matter on each of twelve (12) filters so arranged that each
filter is employed for a preset time of operation. The collected aerosol
psrticles may be counted for alpha and beta plus gasma activities.

The resulting record will furnish data concerning the variation of
activity with each time interval employed, Clogging effects will not be
encountered for meat cases, since the sampling time intervals may be
kept short (say 10 minutes),

This instrursnt 3s light weight and is operated from batteries, The
unit complete with batteries weighs about 25 pounds. Although the unit
is oconpact, it is not rugged and requires shielding from rairn and dust,
The arrangeiiat of the filters ie such that they are unprotected from
fall-out,
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0,5 PARTICIE SEPARATCR

The particlea separator ia designed to fractionate particles frmm
she ABD clcud, The fracicnaticm is to be done at the time of sampling
and is accouplished by a serles nf wire screen clotha with openings
of 37, 44, 63, 61, 73, 88, 106, 125, 148, 177, and 210 microri. A
golacular back up filter is erploy«d for collection of particles less
than 37 microns,

In theory, each screen 18 ootnted and the relationship between
particle size and activity determined. It has been shown thet szall
articles tend to stick to screen wires instead of being captured on
their proper sised screen,

The separator is a small piace of equipment, but requires auxi-
liary vacuum and power supply. The separator weighs about 1 pound
without vacuum pump.

D.& CONIFUGE

The conifuge samples cloud aerosol for particle size analysisz in
range of 0,3 to 10 microns at the rate of about 170 ¢¢ per minute as
elr is drawn between two conicel surfaces (rotating at 5000 rpm)
which are separated approximstely one~eighth inch apart, The parti-
culate matter is centrifuged out with respect to mass, A section of
the outside plastic conicel smurface is cut out and examined mioros-
Soploally for particle size, Electron microscope soreens are located
on the plastic.

The conifuge ia quite rugged but produces excessive vibration of
turiliary equirment., It requires a power supply which may be either
fenerator or batteries., The ingtrument without pover supply weighs
tbout 30 pounds and is well protected from elemsnts (westher) except
for dust proteotion.

Particle size analysis of conifuge samples obtained in the field
bas not been entirely successful even though the theory is good,
Since the surface arsa for collection of particles is large, the in-
"runent is capable of long periods (1-2 hrs.,) of opsratiom for most
fie14 sampling dvties,

There iz no method for obtaining particle size vs, time of
tollection data,

Isokinetic sampling is not obtained.
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D.7 CASCADE IMPACTOR

The cascade impactor is a clcud or aerosol sampling instrument;
operated to obtain a sample for particle sige analysis in range of
O.] to 20 microns. Air at the rate of 12,5 liters por minute 44
drawn through a series of five Jets with deoreasing orifice diameter,
The air stream from each Jet impinges upm a glass plate which col-
leots the partioculate matter, The first plate, which is opposite
the coarse stream, collects the largest particles while the lagt
Plete collects the smallest particies, The {nstrument weighs about
%0 pounds including the vacuum pwap, but not including AC or DIC
power supply,

The volume of sample is large but can be maintained for but a
ninute for most field sampling jobs, simce the collecting area is
rmall, It 1s diffioult to predetermine exact sampling tires desired
and remote tantrol or alarm control i{s camplex,

The instrumant is fairly rugged, and is well protected from
elerente although dust protection 1s not adequate,

When proper sampling time is used, an {deal sanple i{s obtained
and frentionation allows some approxiimtion to be made of the re-
lationohip between perticle sise and activity,

D.8 THERMAL PRECIFITAT(R

The therm1l precipitator 1a an aercsol sampling inatrument
whereby particles are precipitated on a cold surface through their
reaction from a hot filament, Particles from 0,02 to 10 microns are
resolved as aerosol ig nampled at the rate of approximtely 7 oc/min,

The thermal precipitator has been wsed in the field and iso-
kinetio sampling attempted, The instrurant ia bulky (weight 40 pounds )
dolicate, complex, and requires a large DC power supply. However, a
good sample for particle sige analyeis can be obtained,

Except for dust, adequate weather protection is provided but no
attexpt has been ride to provide particle size vs, time data,

D.9 ELECTROSTATIC PRECIPITATCR

The eleotrostatfo precipitator is an instrunent which mYy be
used to oolleot perticles for particle size end/or activity measure-
ments, Alr is drswn through a metal cylinder between whioh and an in-
side elcotrode, there has buen applied an electrioal potential of sev-
eral thousend volts, The senpling rate can be varied tccording to
the design of the power supply,
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The precipitator operates «' high collection efficiency, has
po ologging effecte, and can t: re+adily adapted for counting. How-
ever, no techmiqus is availalie for obtaining activity vs. tiue data
with the instrurment,

Particle size analyasis could be mnde of the collacted sanpls,
although no exact tachniques are known., There 1s no fractionation
of particles nor any partiole sisze vs, tims technique,

In general, the precipitator requires specialired auxiliary
eloctronic equipient (power supply) and a good AC source, There is
no information on its behavior under conditions of high humidity,
The use of high voltages makes it a dangerous piece of equipment es-
pecially so in wet climates,

The precipitator camplete with high voltage power supply and
vacuun equipment weighs about 40 pounds,

D.10 DIFFERENT JAL FALL-OUT COLLECTOR

The differential fall-out collector is an improversnt of the
fall-out tray in that fall-out variation witk time may be determined,
The use of sliides for particle size analysis mokes this a desirabdble
{nstrument, The collector is operated by a mechanical c¢lock which
rotates a disc beneath a alotted cover in such manner as to collect
fall-out on the disc,

The instrunent is light weight (5 pounds), fairly rugged, and
Somplete except for minor design changes, There appears to be an
improper £eal on the cover which allows dust leakage, No informetion
is available on the protection afforded against a wet, humid atmos-
phere,

D.)1 CONCLUSICNS AND RECCMMENDATIONS

None of the sampling equipment discussed here is entirely satis-
factory, Although some instruments approach the desired type, there
is a need for sampling equipment to furnich the data 1isted in the
introduction. In order to obtainm such improved experimental resulte
With greater efficiency and therefore economy, the following considera-
tions should be incorporated into redesign of sampling equiprent.

(1) Permit slpha and/or beta plus garma activity measurements
of cloud and fall-out samples,

(2) Approach 100 per cent sample collectiom effioiency.

(3) &imple and accurate flow calibration.
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(4)

(6)
(¢)

(7)

(8)

(9)

(10)

(11)

(12)

(13)
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Well adapted for high

| counting geomstry witk a minimum
of manipulatiomn, ’

Keep field installation effort at minimum,

Operation in wet, humid as well as hot, dry, or cold oli-
mtes not affected by dust,

Suitable for operation from stationary ground position as
well as moving vehiole or aircraft,

Prepared for remote tontrol of starting and stopping mech-
anisms,

Power requirements suitable for AC or DC cirocuits to be
operated by battery or generator.

Keep sample pick-up time short to allow rapid recovery of
samples from highly radioczotive fields,

Allow quiock removal of equipment frem field, vehicle or
eiroraft,

Permit replacement of senpling equipnent as & unit-
furnish with plug-in receptacles for electricel as
well aa air and vacuum oonnections,

Reduce the need of tools in assembly, sample pick-up,
and roll-up operations,

(1¢) Allow shipment via truok, oxpress, or airoraft with a

minimum of packing,

(16) Allow decontanination by washing with hot water and/br

stean,
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APPENDIX B

INTERIU REPORT, ARMY CHF(ICAL CORPS, COKTRACT NO.
DA-18~108-C1{L~2532

with Trecerlab, Ino., R.D, Epple, Projsot Direetor}

B.1 PRKFACE

This Interim Report contains the experimental results of the work on
JANGLE, together with the interpretations that can be made at tlds tire,
Bach of the three parts of the report are independent wnits, and have there-
fore been assembled with this in mind, Each section oonsists of a short
introduction that indicates ths purpose of the work. This is followed by
the experimental results and a discussion of the significance of ths re-
sults,

It is anticipated that the final report will add to this report suf-
ficlent inforzaticm to perait a thorough evaluation of ths results, It
will inolude considerable detailed inforuation about the experirsntal
Procedures developed in this laboratory.
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R This report has been written by the following members of the Tracerlabd
staft, '

Charles Sherman Counting Program snd Decay Curves
James Shearer Particle Sise Distribution
Robert Epple Radiochemistry

l. s report is reproduced here in its entirety, and is edited omly
with respeot to format.
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E,3 COUNTING FROGRAM

The objeot of the counting prcgram was to memsure the rndioaotivit,
contained on filter pepers which sampled the cloud 'mder certain known
ocnditions of operation, and to deternine the radioactivity as & funotiy,
of tine after tine-zoro, These two sspeots of the progrem are necssgar
for the evaluaticn of the redfaticon hazard to personnel in the vicinity
of un atomic explosion, Solution of the raciation hezerd problem also
requires kmoaledge of the distribution of sizes of the redioactive party.
nles; this part of the protlem is trested on Suction E.4,

Ee3.1 Filtor Sampler Activity

Teble E.] and Table E.2 give the beta activity of each filter pajper
received, These sctivities were mensured with a "wrap around® counter
get up which used a Tracerladb TGC<5A tube, Each peper was wrapped around
a cylindrical lead jig of such diameter that it just fit over the tube,
The lead jig had an opening of 482¢x which faced the thin-walled (30
mg/bnz) portion of the tube, Thus the remaining pert of the paper was
shielded fram the tube by the 1/8 inch thick wall of the lead jig, and
the aotivity of 43 cm? frcm the central part of each paper was measured,
Each paper was left in fts plustic tag for counling to avoid contaminatigg
the apparatus, The effective absorter thickress along radii of this
cylindricel arrengerant is then epproxinsately 20 mg/cm? of plastic plus
30 ng/bmz of glass, A sraller ares was measured for scme of the most
active papers, :

In Tables 5,) sand E.2 the tise of eack measurement is given in hours
after tino-serc in the second colurm, The activity of each paper (cpm)
corrected for background is given in the third colum, For purpose of
conparison it 1s necessary to correot each sctivity measurement to some
standard time after time-zero, 600 hours after tine-zero hes been used,
and esach activity meesurement corrected to this time by use of the
rcasured decay curvee (sce Figures E,1-E.5), Each corrected activit
msesuremsnt has been multiplied by the appropriate ares factor (100/43)
(is the factor in most cases) giving the total beta ectivity of each paper
at 800 hours; these results appear in the fourth colurm, This latter re-
sult was not calculeted for those cases where the activity was extrezely
small, Blank spaces in the third column indicate that the observed rcunt.
ing rate was lowver than the bsckground rate,

Although the counting set-up described sbove has not been thoroughly

calibrated, it is known that the disintegration rate is related to the
counting rate by the following approxinate equation:

dpm = 16 (cm).
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TARIFE £,)

Filter Serpler Counting Data, Surface Chat

Time of Count CPY For Whole
Senple After T, cpM Ares at 600
Hours Hours
S-1X-1 = 215 5C13 343C
2 215 2.2
3 = 215 2.9
S-4X-1 not received -
2 602 2.5
3 603 2.6
S-7X-1 268 297 266
2 268 -
3 268 2.6
S-8X-1 266 225 202
2 266 0.9
3 266 -
S«9X-1 not received
2 €04 0.6
3 605 5.7
S-10X-1 194 71.3 43
2 194 -
3 194 -
S-15X-1 191 147.3 91
2 191 -
3 191 0.5
§-16X-1 196 165.6 956
2 196 -
3 196 -
S-21X-1 240 446.0 347
2 240 -
3 240 0.6

eThese numbers refer in each casé to the first,
second and third filter papers collected at
each station.
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TABLE R,] (Cort'd)

/

Time of Count CPM For “hole
Sample After T, CPM Area at €00
Hours Hours
S-22X-1 216 527 362
2 216 0.2
3 21€ 0,8
$-23X-1 265 1284 1150
2 265 0.9
3 265 3.7
S-24X-1 240 532 4)5
2 240 -
3 240 -
8-27X-1 218 1918 1310
2 218 0.2
3 218 9.4
S-29X-1 287 2022 2050
2 287 -
3 288 4.1
§-31X-1 244 -
2 245 -
3 263 0.8
TABLE E.2

Filter Sampler Counting Data, Underground Shot

Sample Tine of Count CPM |CFM For Vthole
After T, Area at 600
Hours Hours
0-101X-1
2 |not received
3
U-104X-1 190 41.7 36
2 190 2.2
3 190 5.9 5.1
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TARLE 2.2 {Cant'd)

[P e e e g fm e mwmi e o

F Timo of Count CFM For Whols
Sarvle After To CPy Areu at 600
Hours Hours
IR RN U PR SR — o e e

U-107¥-1 1940 3840 33,100

2 144 40.4 29

3 144 34.9 25
U-108X-1 1940 3070 342,000

2 384 139 216

3 384 132 205
U-109X-1 1940 2343 21,900

2 169 34,7 27

3 169 43.7 34
U-110x-1 192 30,3 26

2 192 10.3 8.9

3 162 5.2 4.4
U-115X-1 165 6360 4940

2 1656 10,4 8.2

3 155 17.1 13
U-116%X-1

2 not received

3
U-121X-1 1840 3474 32,400

2 168 62.3 49

3 168 95 74
U-122X-1 121 6.9 4.0

2 121 2.5

3 . 121 -
U-123X-1 1940 8635 842,000

2 433 389 650

3 433 1206 2010
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TABLE E.2 (Cont'd)

Time of Count CFV For VWhole

Sample After T CFM Ares at 600
Hours Hours
U-124X-1 1940 3205 29,800
2 193 50.1 43
3 193 174 150
7.127X-1 1940 4940 551,000
2 360 625 910
3 360 1970 2870
U-129X-.1 1€40 €640 622,000
2 167 782 608
3 167 1280 a8

Since our oounting arrangersnt has a much higher efficiency for ltets
raye than gamma rays the activities listed in Tables E.1 and E,.2 are es-
sentielly the bets activities; it 1s estimated that 1/2-1% of this {s
due to gamna activity,

In order to measure the alpha activity of these gapers it is necessary
to obtain a very thin sample (not more thean 2-3 wg/on®). This has been
done by dissolving a amall portion of one of the most active papers from
each shot, end evaporating the resulting solution on a platinum planchet
until the maximum allowable thickness has been obtained, The beta and
alpha activities of these samples will be measured and the alpha activity
of each of the other papers estizated by using this beta: alpha ratio
and the measured beta activities, Nunlear traok plates will be used to
moasure ths alpha activity since this has provem to be one of the most
reliable msthods of mwsasuring alpha activity. This work is in progress
although results are not available yet.

It oan be secn from Tables E,1 and E.2 that the majority of the actirvie
4y 1is present on the first paper in the series of three papers, In the
oagses of U-104X and U-110X, horever, the activity of the lasst paper in the
scries ({3) is about 16% of the activity of the first papsr (#1). It
gshould be noted that these tuo sets of papers came from adjacent stations
on one #ide of the station layocut, The three papere from each of these ivo
sots were redicautogruphed for 17 days beginning February 4, 1952, in sn
atterpt to investigete further the nature of the radiocactive particles
which they conteined, Although the activity of these papers was not grest
enough to permit eny definite staterments to be made from this type of in-
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vestigaticn, it was fournd tnat tne nunter of spots on the radiographs of
the last papers in each 3~ ics aus less than 157 of the number of spoto
or the radiographs of the rirsi papers, lIni. {i cmsistent with the
hypothesis that the particles on the last papers of the series are small-
or than the particles on the firast pepers,

E.3.2 Filter Sarpler Activity Decay

Beta decay curves for the designated papers were obtained with the
counting arrangement descrited previously and appear in Figures E.]
through E,7, Decay measurements were taken cn the first paper in the
series of three since this one had the majority of the activity, Paper
U-122X was received and ocounted, but did not contain enough activity for
decay measurements, In Figures E,1-E,7 counts per minute is given on
dotted curve drawn through each set of experimental points represents a
decay which is inversely proportional to the time; it is fitted to the
data at 600 hours., This type of decay agrees with the Hunter and Ballou
results for fission product decay for times between adout 100 and 900
hours, and is seen to agree approximately with the data here. For times
greater than about S00C hours, the data is seen to decay alightly faater than
the dotted curve which 1s also in agreement with the Hunter and Rallou
results, The data is given here up to about 1200 hours (50 days) after
tize-zero; further deta 1s being taken and will be given in a futms re-
port,

E.3.3 Discussion

The data of Tables E.1 and E.2 when ocombined with the diagrams of ths
station layout show the spatial distribution of the asctivity with reaspest
to growmd-sero, It is seen that the majority of the activity covers only
two arms of the four-anzed station layout system, snd that in scue cases,
more activity was collected on the distant papers than on the near onss.
Figures E,1<E.7 give the activity as o function of time after time-sero,
At wo have seen, this data agrees well with the Hunter and Ballou results
for fission prcduct decay for ths rarge of VYimes under consideravion, It
would be desirsble for the purposes of evaluating radiation harards to
knowx the shups of the decay ourve for a wider range of time than hss besn
Poasible here, The data is being extended to longer timees in those oares
Where the activity is sufficient. Although measurexents were begun as
8oon as the papers were received in this lsboratory, the earliest data is
between 100 and 200 hours after time-zero, Since we have good agreement
with the Hunter and Ballou results for the rangs of time over whioh the
Reasurements were msde, it is reasonsble to assume thet our best approxi-
Bation for earlier times is also the Hunter and Ballou resulte, One
Qualification must be made; when induced activities are present in ip-
Preciable amounts, the decay curve will differ from that of Hunter and
Ballou results. REvidence of such activity is seen in some of the figures
Where the experimental curve differs from the dotted curve at early times,
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We have presented data in this section whibh when combined with oth,,
krown data (such as smount of air sampled per filter paper, position wity
respect to ground-zero, prevajling simospheric and wind oonditione, oto,)
oan be used to evaluate the radiation hagard to personnel in the vloinig,
of an atomio sxplosion at variocus timea after the explosiom,

E«é¢ PARTICLE STI2E DISTRIBUTIONS

F.A.l Radicactive Particles

These partioles were found by first diepersing the filter paper fi.
bers with a needle in a layer of collodion on a glass slide, and thon
radionutographing the alide, The developsd film wias realigned mith the
01ide and o seardh msde under each "spot®, It the field of view wase
too orowded, that area of ocollodion was redispersed and radioautographed
again, Most of the partioles were found to be s} ierioal]l, but we found
more irregular shapes on JANGLE than on previous tests, When a particle
has been found, 1ts dianmeter is measured, and its epprorinate oolnr and
thape are noted, The diameters of all tho particies found are then
clansed into groups suoh that all partiolas of group 1 have diame.ers
D such that:

Dy ~AD~ZD <Dy ¢ AD (R.2)
] 2

whare the group width AD is 0,6 uioroms.

If K¢ 1 the nuaber of particles in the ith group, then the total

nunmber N is sipply: .
¢ ©
N = N o dx 2

6
whore we have made the sssumption that the size distribution will approach
a s1'o0th curve as N becomes large,

The results for Ny ve Dy are shovm in E,8 for the surface shot, 5ta-
tions 29, amd 30, and Fig. E.9 for the underground shtot Stations 129 and 134

Thore cre several sources of error in our raasurement, First, the
radionutograph vill not glve a vizible spot vhen the particle 1s weakly
redioactive, This xtans that as the particle diameter becomes smaller, the
e’fiolency of rocovory decreases, Sucond, the diffioulty of seeing e
pertiole increcsos as the dicreter decrcanes, further lowering the effi-
wlency of recovery, Furthernore, it is not posrible to correct for these
oifects in a quentitati ve way, since ell the factors involvoed are rot com-

latal s under our control, It is our feeline, based on past exporience,
.11t we oan elrays recover onorticles ot dismoter D> 4 microns with 10
effieiency, In sona special cases thie 1imit can be decreased,
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It should alsc be menticned that the upper limit of the size diastri.
bution curve is determined by the total! number of particles which are
moasured, If 10,000 particles were masured instead of 1000, cne could ex-
tend the doetridution curve to slightly larger diameters,

We now define the sixe distributicn fumction Pi

1 dN
¥ 90

P is tho probability of finding one partiole of the population of N
particles whone diameter is greater then D and le<s than D dD, Since
we believe that the efficienoy of recovery for particles larger than 4
microns s roughly canatant, the slope (dP/dD) of our aize distribution
curve will be equal to the alope of the true aize distribution within
oxperimontal errors. It will bs convenient to define two new paramesters:

P

(E.3)

13 1 4P
) ¥ d@ (R.4)
ngdf/P . D

ml/; Y (E.5)
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TABIE E,3

RADIOACT IVE FARTICLE STZ¥ DYSTRIBUTI (N PARAMETERS

—— - - s g - T
Filter Paper b (micrors) [ n } Rarge of Sizes of Mogt
B - - Particles Found (In
micrens) R

S=2% 2.8 2.8 3-11
S~30M 3.8 1.6 3-8
Ue1294 2.4 1.4 2-6
U~-130M 7.0 1.0 2-12
aFaf swrface 3 2 3-8

" Underground ] 1.3 4-12 ]

In general, the parameters b and n are funotions of the diameter D;
two special cases are of interest, hovever:

(P)y conat = (const) e"D/'b (E.8)

(P)n cmst = (const) DB (E.7)

To determine b and n from the experiment, we notice that é-io given by

the negative of the slope of a plot of log P vs D, and (-n) 18 the slope
of the plot of log P ve log D. Drewing the best straicht l1ines through "
the experimental points gives us our best estimates of n and b in the 3
size range studied, 5§

The experimental wvalues of b and n are reported in Table E.3 whare )
resuits obtained for two AFOAqTZIFtper: are also shown for ocomparisw,

Beded "Gross" Particles

At the suggestion of Col., Rohbins ths pirticle group attempted to find
the sise distribution of all partioles collected on filters U-129X1 and
U-107X1, not just the radioactlive particles. Aotlvo portions of these
filter papers were disperaed on glass slidesa and all particles observed
under the miorcscnpe were measured for "dlameter". TIn this case the defi-
nition of "diameter" {s the longert observable dimension, For comparison
purposes we aleo prepared "hlunks", "Filter papcr blanke™ were simply
suears of the collodion which waes used for dispersal purposes,
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The result of this work was that all threu types of semples contained
the same nurter of partlicles per unit aurea, and, as one would expect from
this result, all three had the ssxe size acd clor diatribution, Our
cenclusion, then, 1s that we meausured mostly ladoratory dust, and that
the standards of oleanliness necetsary for this work are much hizher than
for radioactive particle work,

This work was repeated on A_P:gk'l“{ lfilt_or nunber U-13<B, which was
10 times as radiocactive per unit area as ACC filter U-129X1, The result
was again found to be negative,

In view of these disappointing results, the only result that can be
quoted is an upper limit to the number of inactive particles present per
redlosctive particle, Frcm the work done on AE_Q&.I.',_:‘,Nlter U=-13+B, one
can say that there are fewer than 104 nonramacti?é‘p'artiolol per radio-
active particle, whera nonradicactive particles are defined as teing op-
tically detectable { 1 ), and where radicaciive particles are defined
ay being optically detectable sand as having aufficlent activity to pro-
duce a spot on photographio film. The work on the ACC filters would give
higher upper limits, due to the fact that less debris was collected on
them,

E.5 RADIOCEEMISTKY

FEe5.1 Introduction

The original purpose of this pert of the program was to estadligh
ths shape of the fission yield curve by radiochemical analyses for thoee
elsments ocourring at sgveral oints of :nflection of the curve, The
eloments chosen were Mo®®, Bal ., 8Sr89, aglil, cdl18, ane cal3€-137,

It was originally oconsidered that an upward displucement of tha curve in
the neighborhoot o’ Cd was indicative of the release of large numbers

of neutrons, while horizontal displacements of the slopes of the surve
(such sa that including Ag) could be used to identigy the fiseions®le
Wmtorial, Although there is no reason to use chemical anelysis to an-
wor thias latter question about our owmn bombs, it hes always been rec-
ognized that the successful applicetion aof these tests to debris from
forelm banbs would require that t ese tests be spplied to bombs of
Kicwn ;iuionable content,

A gradually increasing uncertainty hes arisen because of ths frec-

YHonation of activity assoolated with debris from explusions of stomis
Meapone, [
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An examination of the results presented in the tadles that folloy
¢i1ll show that fractiomtiom in'JANGLF occurred to such an extemt that
it 1s impossible to associate a counting ratio with a particular shot
unless the origin of the sample is known, In addition to the samplag
supplled from statlons set up es part of thic wntract, other sarjles
fram Air Force collections and an indepercent gource have been analysed
and are reported in these results,

E.5.2 Expserimental Details N

The reasults that are incorporated here are counting rates of stand.
ard weighing forms of the elementis involved, corrected for decay by
extrapolstion backward to the known time-zero for eack shot, Although
the decay surves are not inoluded in this interim report, they have
beeu carefully chsocked and in all cases (except two esrly experiments on
Sra‘)) have shown decay rates that corrsespond very olosely to those
recorded for each nuwolide,

The counting rates have alsc been corrected to zero~thicimess by
comparison against precipitate-thickness curves that were determined as
part of tlm preparatiom for this contract, It is hoped that the ccunt.
ing-rate ratios (e.g. the Cd115 ratio) may be compared with the seme

MoS9
ratios massured on the products of an irradiation of normal U30g by
thermal neutrons, In this way, the results frcm different latoratories
say be intercompared without tedicus and vulnersble attempts to re-
duce counting rates to disintegration rates,

E.5s3 Precision of Results

The ocounting of samples was controlled by the standard statistical
procedures used in radiochemiatry, As a rule, the precision of the re-
sults is estimted to about §%. In those cases where the counting rate
was very low, thers will be included in parenthesis imnediately after
the counting rate, the nine-tenths error converted to gercentage of the
oounting rate. For example, the counting rate of Cd11® from sample
S-16~L is recorded in Table E.4 st 66(23%). This means thet the total
number of counts per minute of Cd1% (extrapolsted to time zero and
corrected to sero thickness of precipitate) is 66, and that this number
has one chanco in ten of being im error by 20%, .

Standard fastors sre teken (from a stancard By2l0 source) on esch
counter each working day in this laboratory, MNoreover, a careful ohack
has been Inpt of the background during the last five minths, and a ehift
of as much «s 3 ¢pm would be cause for concern., This oconstanocy of back=
ground has been achieved by placing 2-inch briocks of lead under the manu-
al sample ohangers, thereby reducing to a small fraction those effects the
come from other sources of radiocactivity that are hamdled in the basement.
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In Tables E.4 ard E.5 are listed the extrapolated counting rates for
the total sample of each element amlyzed, Tests of the filters showed
that there was virtually no astivity on the secord filter paper fram each
station. However, both first and second papers were treated by the
standard dissolution procedures.

The standard practice of laboratcries working on these olementg is
to record the ratio of the counting rate of each element to the Mo? .
These are also included in Tables E.4 and E,S,

E«5.4 Surface Shot (To is Nov. 191700)

The smcunt of activity collected at the four stations listed below
was quite small:

Statiom Gross B Count on lav._g_dr_
§-13-1L 151 x 103 opn
S-14-L 53 x 1o§ cpm
8-15-L 64 X 103 om
8-16-L 165 x 10° opm

As a result, the counting rates of Cd and Cs were s0 low that they

- have little significence,

E.5.5 Underground Shot (T, is Nov. 292000)

The distribution of activity from this shot followed a very unexpected
Pattern. A heavy surge must have gone from ground-zero in the dirsction
toward Station U-114, because the amount of activity cocllected there was
Rany times greater than that ocollected at any of the other three stations
{m1luded here, Except for this station, gross B activity collected at
:he other stations was comparezble in amount to that collected on the sur-
ace shot,

In addition to the four samples fram the ACC stationms, activity was
talyzed from a close-in Air Force paper. The paper was divided into
three parts and the different elements analyzed; each one referred to
W99 | It was assumed here that the distribution of activity due to each
Quolide would be independent of that part of the paper taken for am lysis,
It 1s now thought (from other results) that this assumption is not al-
ways strictly true, ' .

One other source of activity collected indepencently, was also ana-
lyzed, tut the results of this analysis will be given in the fimm1l report
Yecause there 1a some uncertainty whether the sample (a particle resembling
*lag) omteins debris from the surface on the underground shot.
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In Table B.5 are listed the results from the underground shot. The,,
are presented in the same gemeral pettern as those from the surface shot,

E.5.6 Discussion and Conclusions

The distinctive fact about these ratios is their variation. Althoyp)
the precision of the measurements 1e sometimes low because the total
amount of activity was low, there were several samples where the countip,
levels were high enough to make the maximum error less than §Z. In the
undsrground shot, for example, the statistiocal errors on the samples frox
Statd on U-114-L and the Air Force paper were 1 or 2%, The great variatiey,,
in the Ag/l(o and Cd/Mo ratios at these stations must be cmaidered acourat,
to within 3 or 4 %, These results confimm the earlier evidence for fracilg,.
tion, a term tmt this laboratory has until recently comsidered to be a —~
sospegoat for difficulties arising in the course of the analysis,

Once the reality of fractimation has been established, the use of
radiochemical results to establish fission-yleld curves is seen to be
highly vulnerable., There is, however, one interesting ratio that ap-
pears to be useful in iuentifying a shot. This ratio is the Lgluf
Cdll5 ratio, and a survey of a considersble amcunt of data from former
shots shows a remarkable consistency in the values of this ratio., In the
case of JANGLE, we have the following Ag/Cd ratios:

/-‘.\___\
Station )

Surface Shot S=-13-L

S-16-L \/_\_ L

The comting data on S-14L and S-15-L is not suff.u.mtly preclse to
give a valid ratio,

- e

Station = N ’ T

U-114=-L
Underground Shot 0-115-L

Air Foree
Paper \\ f«j
J213B . '

When cme considers the great variations in the Ag/Mo ard cd/Mo retios
in Tables E.4 and E,5, it wauld at first seem remarkable that the Ag/Cd
ratios are as consistent ar they are, But this is seen to be plausible
(though not at all necessary), if one considers the relative volatilities
of Pd, Ag and 04 oxides that are formed by the end of the first second in
an atcmic explosion. In fact, when we ocnsider the periodic varistion in
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the volatility of oxides of the elements, we arec led to make a hypothesis
that will certeinly be subjected to an exhaustive trial-namely, tha t
fissicn-product ratios will be most ccnsistent when they involve pre-
cursors and finel radioactive daughters thet have asimilsr volatlilities,
This 45 a rathter orude hypothesi{s, and it will likely be consideredbly
refined, It ignores the influence of variaticus in the half-lives of the
precursors as well as several other relatively abstruse points of nuclear
physios, Certainly, the corstancy of the Az/Cd r-tior is consistent with
this hypothesis,

The solution to the problem of fractionatim will require an inte-
grated effort by chemists, physicists, and nuclear physiclists engaged in
this work, It is essentislly an attempt to treat rationally the cambina-
tion of events that can give rise to such variations in radiochemicel dis-
tribution as those found in the eamalysis of Jangle debris. The progrsm
is being initiated in this laboratory because we realize that it is a
problem of central importance in the analysia of atomic bamb debris and
tie interpretation of the results,
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ABSTRACT

The cheaical end physieal properties amd the distritution with
tize ard ar2a of tho particulete matter dispericd by a surface ard en
wlorground atcale beoab dotoration were investigatcd., Aerosol couplors,
difforentinl fall-out coilectors, and fall-cut trays were designcd arl
developed., Sanpling was conductod from grourd besed statiorna.

The follcwing points were specifically investigateds

1. Y>dian particlo diocneters of thas grocs and ths radicactive ra-
terial,

2, Redionetivity of tho falleout raterial as a functic: of partiels
si=,

3. Ccupcaition of ths fall-out and corralation with tha zouvr:zo
mtorial,

4e Tiroe and arca distritutions of ths fall-out ratorial,

The nedian particle sizes of the gross and rcdicactive ratorials
Vore 0,2 p and l.4 p respoctivoly. The radicictive particlos wero
tlazay erd had the samo elenontal ccuposition as the sourco ratixial c=
¢ept for the absence of carbom end boron. The bulk of tho activity w2
fourd in the gise fraction > 20 p. The tirs distrituticn stvlies shor:d
beavy initial concontrations tramsported by high altitude wirds exd fol~-

by seversl secondary waves of materlsl carried by surfaco wirda,
Arca aistritutions were found to be dotermincd by the extent of the tage
Surge and wind profile.



CHAPTER 1

ZNTRODUCTION

1.1 Q3JICTIVE

Tks purpose of this investigation wes to study ths physic-l aed
chealeal eharacteristice and distritution of the particulats rattor ec=
prising ths ‘clcud epd tres surge resulting frcn underground erd curfac»
atcnic boab 'datorations, This infor:mation is important, frc. ths polamt
of view of military dofense, as besic dats nocassary for tha study ard
esvaluation of interpal kaszards and decontamination prodloers,

In 1ta study of ths physieal and chonieal characteristies of par-
ticulate matter, the U, S. Naval Radiolczic:) Defense Laboratory (USYBDL)
prid particular attention to the folloving points:

l. Grose particlo sisze distributioans.

2, Radicrctive purticle size distrituticne.

3. Aectivity eas a function of pirticle siza,

4. Identification and corrolatlion of collected raterials with
source ratorisls,

In the investigation of the distribution of particulate nattor,
consideration was given to its distribotion with regard tc both tirze end
ares,

1.2 PAGKROUND MATERIAL

. The aerosol cloud produced by an atomie bcib detonation has been of

laterest ever sincs the first bomb at Alasogordo. Fall-ocut froa this

tloud was observed at ome or two places in tho United States and 1is said

to have caused some difficulty by contaminating the raw material for photo-

{raphic fila pecking., Msasuroments of the size of particles ccuprising

the cloud were attemptod at Opsrations CROSSROADS and SAMDSTONE, These

:;;sumenta, however, were not of sufficient refinement to provide reli-
e data.

Reliable data regarding chemical composition and physical properties
Yecone more and more necessary as regearch in contamination-deacontamination
Measures and inhalation hazerds progresses. Recent investigations at
Operation GREENHOUSE have revealed that cloud samples taken under isokinatie

-1-
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flow conditions show a mich smaller median sizel (approx 0.15 ) thag
those previously teken under non-isokinetie conditions, They also Tre-
vealed that, under cortain meteorological conditlons, the fall-out cap
be significant even from an air burst.2

It is now of interest to investigate the properties of the aerogo)
resulting from an underground and a surface burst gince these are miyj.
tarily possible situations. The conditions differ in many ways from an
alr burst situation, First of all, there is the tremendous mass of me -
terial involved. The controlling factor in the chenical composition ¢p
the carrier is the soil surrounding ground zero rather than the boab con-
stituents, Secondly, since drone oparation was considered impracticably
for this test, ground level sanapling was used. Under these conditiong
the velocities for isokinetic sampl ing were those of the surface windg’
rather than the air speed of drone aircraft. These two factors, nanely
large amounts of material and low velocity sampling, allowed the use of’
a therral precipitator sampler which is wore l1deally suited to electron
micrographic anelysis than either the electrostatic precipitator needed
for high velocity sampling or the impactor insiruments which discrimingty
egalngt the smaller sizes, Large quantities of fall-out were collected
easlly under these conditions., Studies of activity as a function of par
ticle slze, fall-out as a funetion of time, and Identification of carriep
raterial wers, therefore, more fruitful than for air burasts,

-

1 J. P, Vitetell and T. 2. Goodale, "Cloud Phenomena: Study of Particulale
and Gaseous Matier", Greenhouse Report, Annex 6.1,

2 ¢, E. idans, . R, Yolden, and I. R. Tallace, "Fall-out Phenomsnology",
Greenhouse iteport, Annex 8.4,
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IUSTRITFITATICH

2,1  AFROSOL COLIICTOR

2,1.1 Theory of Th~ v a) Precivitatien

It 12 kno:wn that if a hot body 1s suspondod in & windA-fr:o
dust-leden at:iosplisre, a clear dust~frce space a fraction of a millirutor
vide 18 observed irusedintely surrounding the body. Thoory explains “hie
phenonenon by an interaction betwoen the dust particls and ths steep thsr-
mal gradient around the body which causes the particle to be accoloratzd
frca the body. If a cold (with rasprct to the body) surfaco ia plac:d
wvithin the dust-free spaco, a particlo pissing tatueen this hot bedy avd
the cold surface will be precipitated on thy cold surfaco, This is essen-
tially the way the therr:al precipitator oparatos,

The dustefree space surrownding a hot body vas first re-
ported by Tyndall in 16870 ard Bayleigh in 1232, This spacy vz sirdi-d
by Altken and by Lodge end Clark in 1884, Eipirical for.mlns f£i. the
vidth of the spaco as a function of pressure, excoss teuperaturs over ths
swrrounding gas, shape, and convective heat leoss, wero deteriin-d by
Hyaks in 1935 apd Watscn in 1936, These forwulae wers of the form,l

A = LOE0.38 (2.1)
where A = thickness of dust~free space

H = convective heat loss

© = tesperature excess

L = constant,
and A = kP-. (2.2)
where k = a proportionality conatant

P = pressure

a = 0,61 to 1.0 depending upon the sise and shaps of ths

Wticl‘.

The convective heat loss in (2.1) equals ¢ 1°25 where C
1s 4 constant which varies with the size , shape, and orientation of the

body,
b .

1
H. H, Watson, Proc, Faraday Soec., XXXII (1936), 1073.
-3 =
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Cawood, in 1936, developed an expression for velocity

based on the theory of molecular bombardment of a particle in a therma)
gradient,2 namely:

t+ P

=
Hi

RT
"N

«
1

x () (1+ &) (2.3)

émnr

whare pressure

tharral gredient

cean free path
tezpcreture

radius of particles
gas constant
Avogedro's nunber
constant

viscosity.

N oo

SrmpnacfiSy

Koesurecents of velocity agreed to within an order of ragnitode,

A rore successful approach has been to consider thermal
ropulsion a8 a redioroter phenomcnon. As oarly as 1825, Fresnol noted
the effect of radiation on a particle euspsonded in a gas, Since that
tire xany investigatores attempted to derive equations to explain the
rediorster effect as observed with the classical vane rediometer, The
first equation which successfully agreed with exparincntal observations
vas derived by A. Einstein in 1924, and vas based on heat flow using a
simplified modeli3

F= -4 () (2.4)
where F = force par unit length of vane
P = pressure of gas
L = mean free path
T = tempsrature of gas
g% = therwal gradient,

Lexvell doveloped an equation in 1880 for the force on &
radiometer vone in a high pressure atuosphere, Although this equaticn

2 W, Cawood, Proc, Fareday Soc., XXXIT (1936), 1068.
3 A. Binstein, 3, Physik, XXVII (1924), 1.

- -



PROJECT 2.5a-2

was not even in qualitative agree~ent with expirinent, a more rizorous
derivation based on Max:»1l's work was dsvelopcd by Eputeind in 1929 ard
led to a satisfactory explanation. Ths equation given by Epatein is:

2 4.
LI W o (2.5)

Y = o= 2

2 H, + By T dx

hoat conductivity of gas
hoat corductivity of particle
radiri of particle

viscocity of gas

density of ges.

|
LTI O T

Particles having dluneters of soveral microns and baslow
sequire torainal welocitics in distances leas than tkelr dinmastora. Theso
velooities are described by:

vV = Z¥F (2.8)
whsre 2 1s the mobility of the particles, In a medic: rordered inkszo-

gezsous by a steep thar'nl gradient, 2 is dependemt upon the ratio L/a.
Kxpressions for Z for throe values of L/a follow, noialy:

when L/a 1o #7211, 2 = (1 + A L/a) /67N & (247)

when Iff is large, 3 = (A + B) L/6mm a2 (2.8)
and when L/a has an -

internediate valus, z = LV ls/fﬁ%l 2 B S/t (2.9)

where mean free path
123
0.41

0.88

Qupt

Wit

Ruation (2.9) reduces to (2,7) and (2.8) in the appropriate rogions.

Substituting equations (2.5) and (2.9) in (2.6), and using
the well known expressions

N = 049 WL and PV = 8/

.

N
P, 8, Epstein, 3. Physik, LIV (1929), 537.
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(vhere ¥ 1a the average molscular velocity), the following genoral squa.
tion for the veloclty of a particle in a thermal gradient is obtulned,

. 1 PL2dr Lil/afA_tpeta/l) .
Vo= =179 5 Hi/Hg T dx 611 (243:

This equation has been verified oxpsrirontelly by Rosonblatt and La ¥ap S
The radiometer theory also predicts a "tharzal creep™ effect whlch shoulq
result in a streaming effect of the gas from the cold to the hot 3ide of
the partlcle, This wes obsorved by Gorlach end Schutz {n 1932. Frea +i,
oevidonce it certalnly appears tha® the phonomenon is explained by the
radioneter thaory.

The first thermal precipitator as such was described oy
Green and Wataon in 1935, Since the repulsive force is dependent on pep.
ticle size (2.5), the deposit is fractionated to some degree when precip-
itated. The smaller partlicles tend to be deposited first and the larger
ones last, This is not wuiltable for electron miecroscops analysis since
only a snmall area of the sample 1s observed in the field of view and a
representative size dlstribution 18 not obtainred. This defect wes reze-
died by the davclopment of an oscillating thernpal procipitctor at the
Porton Laboratorles, In this device the sample holder cusclllates back and
forth across the hot wire and the size fractlonation 18 overcors by unifin
mixing, Ideally, thon, every polnt on the sample collector will recolve
the proper proportion of each size particle precipitated. An oscillating
thorngl precipitator of batter design was devcloped by ¥ilson, Leskin, snd
Meieor® at the University of Rochester, Tholr precipitator forams the busie
unit of the USNRDL aercsol sampler udged in Operation JANGLE,

2.1.,2 Isokinetic Sampling

The general theory of isokinstic sampling is straightforwsrd
and reasonable. Simply stated, if sampling 1s done with a lineal flow
identical to that of the aorosol stream, the streamlines will not be dis-
turbed and the sample will be repressntative insofar as particle sizes
ere concerned., If sampling 13 done with a lineal flow exceeding thbat of
the merosol cireem, the streamlines will converge toward the sampler irlet
apd the sraller partlelss will be favored in the sample. Conversely, if
sanpling 1s done with & lineal flow less than that of the &srosol stireas,

5 P. Rogenblatt and V. X. La ¥er, Phys. Rev., LXX (1946), 385.

6 R, Wilson, S. Laskin, and D, Weler, University of Rochester Quarterly

Report, December 1949.
- b -
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the ptr.odincy ddverge arovmd thk2 inlet and the largar particles ars
favorsdi. This 13 explainad by tio fact that tha z:allar particlas teud
to follc.s tka stroailinas while tho larger particlos do not bocruia of
thalr groater inartie,

Wkat 13 rot will kro.m, houoviir, 15 to what oxtent th)y 8i¢)
distritation of the goiple 1s affucted by any givan dovistion freoa 1oo-
ki=»¥ie eonditionss Tk> ixportanco of 1sokinetie sc-pling kas tom ron-
$1o22d by nany authoss theazh the rastricticons which should be inpoisd
en tho a'r flow have navor bosm clszarly dolimeated. Tha enleulaticns of
tzs dag-idence of sanpliry on 1sciinctlis coudltlons aro difficplt and
laborioic3. Tkay are rows in prozress at tksy USURDL,

Expori-usntal evidence is scanty at btest, One experitantor
has roported romasurable differences in rmasa betwoen sanples collected
wdor isokinetic conditicns and those col’~cted at sapling rates diffore
ing by five eind ten milea por hor frci “mut of the asrocol strcan, Ho~
svor, his data and deascription of sanplinz corlitions were mot eciplat»
anough to evaluats his eonclusionn propsrly. It vas found in sciplirg
the redicactiva esrcoola at rec.nt ato dc becudb tests tiat carplsa takon
at isokinstic conditions yiaslded pariicls siso distritutions si nificantly
mallor than those collacted at provious tests vhoro ths panplirs veloew
%109 wers leas than tho eerosol velocitioa. Howovsr, th:ao dain aro
applicabls only to aircraft velocities,

2.1.3 Deslm Critoris

The seroscl eanpler used in this inveatigation ras dosiga~d
to operate under the following conditicnas

1, Expscted wind volocity, 5 to 10 mph with a raxiiun an-
ticipated afternmoon wind of 35 mph.
2. Extrcme tenperature difforences of epproxirately 20

to 8o°r,

3. Dry atzosphere ladon with wird bio'm dust,

4. Rexote starting signal.

Partheruore, the sampler was designed to acoomplish the
folloving:

1., Collect sanples isokinetically in the wind direction.

2, Collect samples in the size range of 0.02 to 8 p di-
Weter particles,

3+ Collect samples directly onto electron microscope
Soresnu and microscope cover glassas. ‘

4o, Start from a remote starting signal and turan off when
the sampling period was complete.

,-7-
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2.1.4 Description of Aeroso]l Collector

The serosol sampling instrument is essentially a Univerait,
of Rochester oscillating thermal precipitator in a housing designed to
reduce the air velocity to a value approximating the inlet velocity of
the therzal precipitator. A pump, operating at constant speed, is attachy
to the housing through a ranifold to furnish air flow into the houaing
and, through a calibrated metering orifice, into the thermal precipltato,,
A wind-actuated rotary valve controls an external calibrated leak vhich,
connected through the manifold, controls the flow into the senmpler, Th,
cntire instrument is vaned and fres to rotate in a complete circls so a4
to head always iuto the wind. A scheratic cross sectional view is showy
in Fig. 2.1.

The thermal precipitator is essentially the University of
Rochester design (Fig. 2.2), but a slight modification was made in its
over-all appearance by tapering the inlet to reduce turbulence. The wire
assenbly was also modified tc incorporate apring tension and a 8lightly
oasier method of changing wires,

0:0.5 1N LYW 31 ] D8 &N
| ! TAIL
R PP I e —.

THERMAL
PRECIPITATOR
!

e

b
&
WIND ACTUATED L™~ . waniroLD

ROTARY VALVE ——_

OVERALL LENGTH APPROX 7 FT t o TO JUNCTION BOX
(NOY YO SCALE) ’ }_—_———' (POWER & TIMING CIRCUITS)

CCoT - 2 n Tt
l

Fig. 2.1 Aerosol Sampler
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In this model, two steel slides, sepureted by & C.CL0 4y,
bress spacer, travel beck and fortb at the rete of C.6 cycles per mir-
ute. Between the slides is a stationary nichroze wire (28 gauge) RO gg
parallel tc the plane of the slides =nd perpercicular to the direction
of motion. Aluminum plugs with microscone cover glesses atteched are
inserted in the steel slides to that the glecses oscillete back and forty
in the region of the wire., The oscillaticrs are controlled by a O.é~rpg
d-¢ timing motor driving & hesrt casm which, in turn, drives the slides,
The entire device is enclcsed in a brass (Javel grede) housirg.

An aerosol passing between the slides is precipitated on4g
the cover glasses oprosite the %ot wire. On one of the glasses 1s mounteqd
an electron microscope ccreen., The flow rate through the precipitator 4,

approxizately 7 ce/mir erd ihe lireal velocity pest the wire is approxie
mately 2.4 fpm, The wire is heeted by 2.5-smp de which gives it & tem=~
pereture of approxirmately 560°C. A condition of no leskage around the
wire which still allowe cacillaticn of the slides without lubrication is
attaired by keeping the toleresrnces to a few ten-thousendths of an inch,
Such tolersarices elso apply to the positicring of the holcs for the hot
wvire to prevent intermittent shorting. It wes necessary to reducs the

oscillation rete to less than one cycle per mirute for most effectve pre-
cipitetion, Higher retes of oscillation decicased the collectio. effi-

clency to a large extent,

The diffuser housing was designed to szample isokinetically
from the ambient alrstream and to slow the aerosol down to the intake
velocity of the thermal precipitetor. The flow rate through the housing
1a such that the lineal flow at the tip is the same as the wind bloving
past the nozzle, This lineal flow is reduced in two steps to that of the
thermal precipitetor:

Step 1, from V, to %% through an ideal 7° diffuser section

Step 2, from %% to Vp through a second gection more diver-

gent then the preferred 7° eangle. This wos done to keep the precipitetor
withirn a reasonable size,

The houeinrg 1s basically designed to semple from a 5 mph
wird. The flow rate is modified to semple from winds up to 30 mph a8

irdicated in Table 2.1,

- 10 -
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TABLE 2,1

Ti20. 2b1o11 €:upling Valocitina(a)

" : e et P T . LT W - T LTS T
l Flo . Ribs 1
Vind Valeoelty thocozh Homadng Inlst Volocliy
o o) ey - (ren)
0 - 10 | 0.6 5 i
10 - 20 1.8 15
20 - 30 1 3.0 25 J

(s) At all voloclties tly ganplor was within * 5 mph of bolng ico-

kinstie,

The wird guugo 1e & rc 'odolid elrcraft gas lovol gavge.
4 di°x 18 substitut=d for thy flcat crd allow-d to bong fresly in the
slratroin, Th> wird inpinzing on tha dink dofl i3 tkd arn at eu anglo
propoiticnal to ths veolocity. This roticn is tiorsf ro:d throvgh a set
of bovelcd goars to & rotary valve which is enlibratcd to allcs the
lsal s 4n tho rainifold raeszesry to produco ths houning £l ratea liatzd
in Tabls 2.1,

‘Tha puap is porarsd by a 24~y d~3 rotor and bes a raxirmn
capacity of aprroxi:ately 3,0 efa., The manifold ecanseled to thy pup
des inlets for rain housing flow, tho wird actuated valve, erd thorrmal
Precipitator flow,

The tiningz unit consists baslically of tio tiadlpg rotorat

1. A 4=hr rotor which turns ths wnit off after a 3-hr
Sampling poriod,

2, A 5-pin npotor which cleczes tho starting eircult of the
dfforontial falleout collector five minutes after rocelving the T - & min
Ts2ote~starting pulse, This etarting pulss actnates a relay which sinul-

sously starts the aerosol saupler (allosing at least a 5-min wara-up
Poriod), the 4=hr motor with a 3-hr turn-off ccm, end the 5-min delay
Wlor for the differential fall-out collector (DF0). This is all physi-
tally fncorporated in a main junction box with cables running to the bat-
bory, rewote~atarting relay, differsntial fall-out collector, and the
orog0) sampler.

™ Pover requirements are furnished by a 24-v storage battery.
9 current drain is approximately 10 smp for three bours.

-n-
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2,1.5 Evaluation

To evaluate properly the sample collected by this instm.
mont, the following points had to be investigated before the field opers.
tion:

1. Collection efficlency as a function of perticle sise,
2. Collsction efficlency as a function of heat conductiviy,

The investigations were not as thorough as desired becang,
of the short time botwuen the inception of the ingtrumsnt and the nspy-
factore of the fleld models, All the results indicated, however, that
this nonld be a satizfactory instrument for the conditions vhich were
expected to prevail,

iz

2.1.5.1 "ollection Efficiency as a Function of Particle
e

0.

It has boen generally conceded that, as nearly
as can bs determined, precipitation is complete for particles not ex-
ceesding 2 to 3 p in dlauster. It has been claimed by sone and refuted
by others that collections of particles up to 10 or 20 pu in dianoter canp
ba rade with good efficiency. Since there seems to be no doubt adout
the saupling efficiency for particles less than 2 u in dieneter, and
since Laskin snd Lesuterbach at the University of Rochester have tested
this particuler precipitetor in the range O to 3 u with NaCl aerosol,
it was decided to check the upper end of the particle size sposctrum,

By the expedient method of connecting two pre-
cipitators in series and observing collections on the second instrument,
i1t was determined that there was complete preciplitation of alumina par-
ticles in the renge O to 2 p.

To determine precipitation efficiency in the
renge 1 to 10 p the cam was removed from the precipitator, so that all
particles not precipitated would have clear passage, and a jet impactor
(known to be very efficient for particles over 0.5 p) was connected to
the exhaust, Inpactor scrples were taken with the wire of the thermal
precipitetor cold end with the wire hot, The samples weru counted and
the numbers in each size group corcpsred, The efficlencies given in
Table 2.2 were determined in this manner:

- 12 -
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TABLE 2.2

Collection Efficisncy

[ - e Ry A et e — e
Sizy Efficiency
(W) | (%)
14 100
4 -6 9
6 - 10 98

2.1.5.2 Collection Efficionor as a Punciien of Fank
Contuctivity

Cozbinivg Epsteints equation (Equation 2,5) an?

Equation 2,6,

2B,+ 5 | P TaX

from which it is evident that the velocity of thorral ropulsica is ale
most exactly inversely proportionesl to tho hsat corductivity of trs rca-
terlal being precipitated., It was determined experi-antally that a wiro
texperature sufficient to precipitste alunina was not at all sdoquate to
Precipitate dry NeCl. These results ere ghown in Table 2.3.

2
va-z(9’r‘3‘>’1 141 | (2.11)

TABLE 2.3

Precipltation Temperstures
mmmmm

Tenparature
Heat Necessary for
Conductivity Precipitation
Material (cal/cn/secoC) (°c)
41203 0.01 ' 280
EaCl 0.015 560

It is evident from Equation 2,11 that to
the same velocity to NaCl and Al203 particles, thereby permitting the
Sane collection efficiency, it ies necessary to adjust the quantity

(? g%). Considering the inaccuracy in determining the wire teaperature

-13 -
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and the beat conductivity of the material, the agreecent between caley,.

lated and observed values of the ratio (l ﬁX) (l a1
T4 NaCl

T d:)_AleB L

good (celculated, 1.50; observed, 1.54).

Since a preliminary survey indicated that nope
of the raterial at the site would bave heat conductivity grester thap
that of FaCl, a rire temperature of 560°C appoared sufficient to ensure
good precipitation,

2.2 FPALL-OUT COLLECTORS

In the past, fall-cut collectora have suffered from two major de-
ficiencles:

1. No separation of actual fall-out caterial from background wirde
blown caterial {either inactive or redispsrsed active raterial).
2. No data have bcon gathered regarding time rate of fall-out,

0f the following instruments, the first one attc:pts to correct
both of these deficlencles and the second aticzpts to rencdy the first,

22,1 Deocription of Jmstrurents

The differzntial fall-out collector (Fig. 2.3) consists of
a circular Lucite disk approxdamately 25 in, in diemzter partitioned into
twenty sectors. A glass plate coated with carbovax is inserted in each
sector providing a surface which is easy te work. On each glass plste
is placed an electron microscope screen and a microocope cover glass,
The disk potvered by a spring-driven clock rotor rotates for one perioed
of revolution sterting at T = C, Two poriode vere used in the teztss

1. Twenty minutes for the nezar stations.
2. Two houre for the far stations.

Tha rotating disk 18 enclogsed in en elurinum housing, Di-
rectly over the diak is en opzning in the form of a sector of the disk
end one-guerter ite width., This opening is adjustable over a small renge
in azimuthal position so that collection e-3 stert at the beginning of a
sector for conveénience in &nalyseis.

In operation, the collector is set in position and started
by a triggering pulse from the thermal precipitator junction box, The
disk revolves once snd stope. During the operating period, it collects

-1/L-
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MOTOR SECTION A-A
Fig., 2.3 Differcntial Fall-out Collector

falleout in small incrcuents through the opening in the housirng, Back-
tround materiel is kep to a minimun because the sample ir collected enly
during the fall-out poriod except for the firat and last positions,

The fall-out collector tray consists of a l-ft-square tray,
t tray eover, and two clock-actuated wochanisus (Pig. 2.4).

The clocks are set mso the tray will be exposed cne hour
before the shot and covered one hour after the shot, When the first
¢lock-actuated mechanism triggers, it allows the tray to be pullcd eut
from under the cover by a spring which is in the extendsd position bsfors
the mechanism 18 actuated. The tray remains exposed to the fall-out

the fall-out period., Then the other clock mechanism 1s actuated
Qllowing the cover, which is slso under spring tension, to slide over
the tray. In this manner, much of the beackground material is excluded
from the collectiom.

-15 -
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LOCKING ARM FOR COVER
COVER

LOCKING ARM
FOR PLATE

Filg. 2,4 Fall-out Tray
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CHAPTER 3

FIELD OPERATIONS

3.1 AEROSOL COLLECTORS

A series of 7=ft towers located according to the pattern in Fig. 3.1
were provided by the Arny Chomicel Center for the installation of equip-
ment, This pattern forwed a sector straddling the expscted wind direction
and alloving for a raximun shift of 60° in elther direction. The asrocol
collectors were mounted on top of the towers near whose bases vere situ-
ated junction boxes containing the timing motors. Near each junction box
s starting relay, which wes tied into the timing network, was installed
snd batteries were placed on the grourd to supply the powere. The bat=
teries were furnished by the Evens Signal Laboratory.

The instruments were started by the remote starting signal (T-5 nin)
and stopped automatically three hours later, The samples were recovered
as soon a8 it was possible for personnel to re-enter the area and were
shipped by air to USHRDL.

During the operation of the instrumsnts in the field, the follou=
ing difficulties were encountered:

1. Failure to recoive a starting signsl.
2., Plugged needle valves,
3., Jammed precipitators.

Two stations (Nos. 129 and 130) failed to function apparently because
€alling of the brass waeys caused the precipitator to jam, This failure
invalidated the electron microscope analyses for these two stations,
Autoradiographic anaslyses for Stations 129 and 130 were not invalidated
8ince the entire field is counted when searching for active particles
instead of the small portion employed in electron microscopy. Prior to
the underground shot, metering orifices were substituted for the needle
Valves and operated satisfactorily.

3.2 DIFFERENTIAL FALL-CUT COLLECTORS

The differential fall-cut collectors were situated on the grourd
and all but two were pear enough to the towers with the aerosol collec-
rs to be operated from its junction box, These two were located at

2,000 yd range as shown in Fig, 3,1 and had thelir om timing units.

- 17 -
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STA 2,3 DFO ONLY
STA 36,37,38 AEROSOL SAMPLER ONLY

V- SKOT:

$TA 102,103 DFO ONLY
STA 132,148 AEROSOL SAMPLER ONLY

Fig. 3.1 Instrument Layout
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The differentiel fall-out collectors wers started by the renote
starting signal (T=5 odn) and turned themocalves off after ome cciiplete
revolution, The sanples vero recovercd wkon it wa3 safe for perscnnel
to re-enter the area and shippsd to USIRDL.

In tho field oparaticn of the difforontizd collecters, the fallo.-
ing difficulties wvere exporiencud:

l. PFallure of the st-ri=-stop neck-uicn,
2. Dirty relay ccatacts.
Je Pailurs to recelve a starting siznsl,

Thy start-ctop nechanie consisicd of a pln pushed against ths balancs
vhesl of ths clock motor by a relry, Thic arrergernent did pot functicn
porfectly a:ud, consxqu-ntly, scus of these devices did not start erd
others d1d not stop at the completion of & single revolution. Dusty
conditiors which prevailed at ths site made 1t very hard to keep 211
relay contacts sufficiently claan to assur> thoir perfect operation,

In the area covercd by the fall-cut after the underground shot,
one collector (Ho. 119) did not oposrats becauss it felled to recaive a
starting signsl; collectors No. 109 and No., 121 fail:d Yocavse of con-
ditions 1 and 2, Of the five collectors which were in the fall-out arcas
after tha surfacs shot, ono (No. 8) failcd to start ard another (No. 2)
stopp:d shortly after sturtinz, The failure of No. & vas picsv+dly
dvs to corditions 1 or 2, but no satisfactory roascu w23 fou:l for the
failure of No. 2.

3.3 FALL-OUT TRAYS

The fall-gut treys wero located in the field as shown in Fig. 3.2.
The clocks which actustad the trays were set to uncover them at T=1 hr
ad to cover them at T+ 1 hr.

As socn as it was safe to re-enter tbs area, thy sanplos were
Reasured in place for loniration intonsity. A more careful :easvrsment
a8 made at the field laboratory and there the matoriel was rerovod
from ths pans in a dry box and weighed. Seamples were selectcd and seat
back to tho USVRDL for spocific sctivity deteruinstion and sieve sizo
grading.,

One hundred and twolve iInstrucents were 1nstalled for the surfaco
Shot, Of this number, the tray release failed on one, the 1id relesse
on fourteen, and both releases on five, Of the one hundred instruments
vhich were installed for the underground shot, the 1id releases failed
°n nineteen and both releases on one, A 114 release failure does not
Recissarily invalidate the collection result unless high winds come up
fore they are retrieved.

- 19 -



CHAFTER 4

ANALYSIS AND RESULTS

4.1 CHARACTERISTICS OF FALL~-QOUT MATERIAL

heldl  Particle Size Disiribvution of Gross Sanmols

4All the electron microscops grids froa the thernal procipi-
tators plus those differential fall-out grids which showed an activity
sbove an arbitrary 500,000 ¢/m (using a special aluninun window, gas flow
proportional ecounter) wers scanned in an RCA EMUZB electron microacope
vith extended range lens, Li=iilrz the initisl scanning to grids frea
sectors with an activity count abovs a cortain amount fecilitates early
discovery of grids with sufficiont numbers of particles to obtain & sizo
distribution.

If over 200 particles could be found on a grid, the par-
ticles were photographed at an electronlc ragnificatfon of 2,7C0X, Thon,
in the case of the therwmal precipltator grids, these partlcles wors elzad
diroctly from the lantern slides with a Gasrinar opticsl ccaparator,

This method was selected only to eliminais the necessily of making prinis,
Hovever, since there was frequontly some difficulty in determining %he
boundaries of the particles, the plates frcm the grids of the differcn-
tia] fall-out collectors were phoiographically enlarged four times to

give a total megnification of 10,800X and the particles were siscd frca
the prints. :

A few of the remaining grids with an activity count of
less than 500,000 were picked at random and scanned to determine whethor
they too might not yleld a sufficient number of particles to obtain a
distribution., Although some particles were found, sufficisnt nuuber for
3120 distributions were not and, consequently, further acanning of thase
grids was discontinued,

Almost without exception, the grids were so sparsely popu-
lated with particles thet a rigld geometric photographic sequence would
have been impractical, Therefore, only those areas containing relatively
la' ge deposits of particles were photographod, the single particles being
8kipped whether large or small., Quantitatively, it would be hard to
$valuate this blas, but qualitatively, it 1s known to shift the distri-
bution in favor of the larger particles.

A1l dismeters on both the micrographs and the lantern
811158 wore measured 28 a projection of the maximum dismeters on a common
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axis. Since thers is a certain amount of distortion inherent in the

lenses of an electron microscope, particles are apparently elongated iy

a radisl direction, those farthest from the electron beam axis being

distorted the most, This again introduces a blas shifting the size 4i,.

tribution toward a higher median diameter, but the distortion amounts

to leas than 3 per cent and is, in fact, insignificant in conparison to

the blas previously mentioned. It may be eliminated conmpletoly, hovevgr

by picking the aforementioned common axis of projection orthogonal to th,
edlal 1line from the center of the micrograph through that of the pertim,

being measured,

From past experience, it has bsen found that the ragni~:-
cation of the particular RCA EllUZB elsactron riicroscope used for thess
ctudies may vary as much a8 10 per cent boiween grids since megnification
is quite depsndent on nositioning and there are several relative position,
tvhich zay be altered vhon grids are changed. Thls problem may be resolveq
only through recalibratlon of the nicrozcope each tire a new grid is in-
troduced. This was not considered to be sufficlently vorthwhilo corsider.
ing the poor yleld of purticles and the other blas clready montioned,

The particles appsaring in the photogrzohs =zere wozasured
with a scale ruled ir 0,5 rm divigions end the sizes r::orded In inter-
vels of 0¢5 mm, from O %o 10 mm; 1 ca, from 11 to 25 mm; 5 m, from 25
to 50 ma; end 10 mm, from 50 to 100 :r These epparent sizes mere con-
verted 1n turn to microns. In all the statistical treatments of the data,
the upper 1lirdit of the size Interval was used. These data were convartod
to cumulative percentaze and plotted on logarithmic probadpility papor,
(cee Figs, 4.1 end 4.2). The best strueight line betweocn the twcntieth
end eightieth percentile ranks vas used t{o determine the standord geo-
retric deviation, o, and the logarithmic probability median, @ gs fre-
quently referred to g rein as the median,

The particles were mecsured on a coumparator thich had a
lo23t count of 0,001 cm and tabulated in order of ragnitude, The median
size was then obtained by plotting the 20, 30, L0, 46, 54, 60, 70, exd
80 per cent size on logarithmic probability peper. The beat Sur&ight
line bstrsen the points was used to determine the standard deviationm,

o gs end the logarithmic probability medien d,. This was in reality un-
noceseary since the 50 per cent site could be picked out of the tebulatsd
deta, btut was done this vay for the sake of uniformity.

Check recounts were made on some of the photographs by
onother observer and one is included in Table 4.1. The agreement is
within 9 per cent, the difforence baing dus not to disagreement over
clnss interval, but rather to the decision 2s to what constiitutes a par-

ticle. An os+imated roliability for the diameter measurements is within
tha reported order of magnitude, This reliability does not warrant

- P2 =




e A e A e S e

PROJECT 2.5a~2

3
. ;! ] i P
IR EREEEE b
e
- - - -~~---‘{>—r R e i T e S SR o §
! : | . Pl [ 1
’ i ' '
! bt A A AR A P .
| A oo 3 [
. P ! b -
7Y S S ST H i R SR T
Y SERA R A S S
E O T voToT ot
o ? -——— —-i—- — - - -r- - -T-—~-— -
:‘ ¢ - —————— —— = = - me—— -
w L : o s
< roTT T T T T v
L R U | S S
i ; N
b o L S S S
i | Py b
I A
L et aaaackie E iy GEOMETRIC WEDIAN DIMMETER(43:0.215 |
Lo ' | egomeTmC DEVIATION (09e 31 !
kst S " NUMBER OF PAATICLES (Zay 1364, -
! ; ; 1 ! o ;
: i i | [ i i ‘ [ l
ot ' . i ] } ¢ i i [ i
v 2 s 0 0 3 4 30 & O 80 0 " % 39 93 ME

PER CENT LESS THAY STATED.5.2%

Fig. 4.1 Curmleative Size Distribution from Therr-1l
Precipltator Electron Micrographs

. O S N S T T[ T L
S Y O S S R
: - 4 1 % f !
! ' \ :
R o T i
371" GEOMET.IC MEDIAN DIAMETER (441102241 f T
ol .| BEOMETRIC DZVIATION 7, )¢ 4.0 L J
NUMBER OF PARTICLES (Zn* 2102 f
Sl L L y
T
| | !
ES ! |
& b 7——& < e -b— - —}H
o bl I )
w ! | ! ! l |
: ] : . 1 J !
€ i ! ‘ !
o B N S 4AERNN
po N S N S A . TR SN R N
o+ = —_ . - _-_L-._._..
b et e . 4
S 1 —+ 4
st - L__IL [V S S A S
| . 1. I - N SR . I L
e L -
ar 02 O ] 2 30 40 30 &0 70 [ [-] 20 ” ”’ "

PER CEMT LESS THAM SIZE STATED

Fig. 4.2 Cumlative Size Distribution from Differential
Fall-out Electron Micrographs

- 23 -




PROJECT 2.5a-2

correlation of median diameter with distance or time from the atomie
boob detonation. !

TABLE 4.1

Median Dieneters of Gross Samples

Hedian Median vz:i
Distance Diamster | Dis:ieter
from Thori:al Differontial
U~2aro | Preclplitator Fall-out Stendard !Total No,

Station (£t) (p) | (u) Deviation|Particlee !

103 2,000 ! 0436 3.0 550

108 3,000 0437 3.2 310

109 3,000 0.26 hed 453

120 6,000 0.22 ! 2.4 72

120 6,000 ? 0.12 3.1 86

120 6,000 0.10 3.7 469()

121 6,000 0,54 2.2 9

121 6,000 0.20 3.6 713

134 | 20,000 0.07 244 248
Curulative 0,22 4.0 | 2,702
Differential i
Fall-out : |
Cunlative 0.22 31| 1,364
Thermal i
Procipitator |

(8) Gheck recount not included in cumulative totals.

4.1.2 The Size Freguency Distribution of Radioactive Particles

Autorsdiography 18 a reliable and practical scheme of
4dcatification and measurement of radioactive particles. In order that
po bias be introduced in the determination of the size frequency dis-
tritution of the particles, they should not be removed from the collec-
tion surface during the radlosutographic process,

For this experiment, contrast radioautography was employedo1
In contrast radiocautography, the multitudes of gralns are rendered

1 ;, P, Mitchell end T. C, Goodale, "Cloud Phenomenas Study of Particu-
late and Gaseous Matter", Greenhouse Report, Annex 6.1.
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devilopable into a demso black spot aboul the rodicactive source by the
ovorasxpogure of photographic exmulsion to tata particlesa, This method,
bovever, presants four uvroblems.

Exposure time: If the partlcles collacted on the thorral
ocipitator were assu-:d to havs di--aters in ths rionge 10 to 10~2 S

?:1xinum differgncs in die-sters, 103 p), tholr activity would vary on
tks order of 100 to 109 tiros dopordirg on whathor 1t 13 a funciion of
the surface or the volu.os of th» particle, Tharefore, po.I{ilve identi-
fication of all radioactive particlos bet:sen 10 to 107< p brcc-os rath v
difficult, espocially 1f the concontration of particlas per unit area la
klgh,

Background fogs Vo3t emulsions usted in radicitography are
qulie sensitlvs to buck round fogglng, & fact which makes fcuniificicien
of waaker autographs dfifeult.

Regolutlon of puitlclaa: 57 ¢2 the slze of +he silvar
graina in the emulsion i3 in the ord:v 67 0,3 p, particln sizes of 0.5
diaraster or szaller ars quite difficuls to diutingoish fron ths silvor
grains,

Idantiflication of highly aciive rariicloot An activs par-
ticls, which might cav:e a dense autograph, may not bo viaible vrdsr tho
stardard microscopa due to tha obstruction of undor stage 1ligh* by t:»
dense silver grain apois.

4.1.2,1 Progedurg

The circular microscope sampling slides (diaxz-
*ter 1,8 en) from the thermal preclipitator were removed and counted for
redioactivity under an end-window halogen filled GM tube at constant
teoxnetry (approx 5 per cent). The background count rezained fairly con=
*tant (approx 25 to 30 c¢/m) during the whole process,

The uas of 4 x 5 in, Bastuan Kodak NTB type

Stripping £ilm, which has the emulsion on a thin cellulose ester base
backed by a celluloid support, was selected because of its ease of

dling and low suaceptibility to background fog. The film (emlsion
W4 cellulose ester bass) was stripped from the celluloid support with
‘Scalpel. The film was then cut into appropriate sizss (approx 2 x 2 ea)
4 placed on the sampling slide with the cellulose ester base side in
Youtact with the particles. A warm glycerin jelly was used as the mount-
::8 modium, which, after hardening, permansently mounted the particles
. tween the film and the sampling slide. The aanpling slides were pre-
1°‘lﬂly cemented with jelly o~ a larger cover slide (22 x 40 mm) for
%uvenjence in handling, (Fig. 4.3).

- 25 -




} POJE;CT -) a 5“ "A?

GLASS SLIDE —~- .- BALSAM
SAMPLE SLIDE - /

//)/ I ”'f\ t\ 4
PARﬂCLES/// \\” FILM

T GEL

EMULSION —

Fig. 4.3 Sectlonal View of Autoradiography Plate

It was determined empirically that the exposure
time was related to radioectivity by the cgquation, T = kA'l, vhars T
cquals exposure time in hours snd A equals activity 1n counts per mirute
per unit area,

Lfter exposing the films for a doslgnated peried
of time, they together vwith the gaupling end cover slides were dsveloped
in Kodek D=1Q Developer at 68°F for 10 min, rinsed in runnirg water for
5 min, fixed 1r Kodak Acid Filxer for 15 min, washed in rurning cold waler
for approximately 20 min, and then dried, At no time was separation of
film from the glass slide contsining perticles necessary.

Measurements of particles were made under the
stenderd microscope by placing the sample slide together with the film
on the microscope stage (with slide facing the objective)., This, in
effect, orlented the plane of the sanpling slide containing the particles
sbove that of the film, In addition to the substage (Eohler type) illu-
mination using & mercury vapor lemp with a blue filter( A= 4,358 X), an
euxiliery vertical illwiinator (either Bausch and Lomd (B eand L) type or
Loite Ultrapak) vas employed., The latter type illuminator rendered visibdle
the active particles vhich vere situasted ebove their esutogrephs. The erall
opzque purticles (eppiox 0.5 p) causing light redlozutogrephs were easily
distirguished, The cellulose cster base separsting the emulsion from the
perticles was thick encugh so that a slight adjustment of the focus dis~
tinguished the plane of the particles from the plene of the emulsion thus
enabling the operestor to differentiate the particles from the silver
grains.

A total magnificetion of approximately 520X waa
obtained usiug a 43X B and L objective and a filer micrometer ocular.
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Tha use of oil i=nersion typs objectivos for a higher regnification vas
pot posaiblo becanse of tho thickness of the eexpling, alides, Therefore,
particle sizes smaller tham 0.5 p could not be sized,

4.1.2,2 Rosulta

A1l data in this eaction refer to tks undergrourd
shot and are su-marized in Table 4.2 exd Fig, 4.4e

Approxi=ately 20 psr ccnt of the eutozraphs falled
to rowoal a particle, ard consequontly it was assucad that the purticles
respondidble for thase sutographs were bayord the 1imit of detectlon.
Atc.t one out of every four particles obusrved and messured was glas:y,
colorless, and tremsparvrt, indicating that eny such particle whose index
of refraction approached that of the gel mediun (r = 1.50) might be un-
detactabls, even though its disneter might be vell above the linit of
resolution,3 Thersfore , & rosising of tho radicactive particles sma =nade

L) v T
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Fig. L., Total Size Distribution of Radioactive Particles

I;hoorotic.lly, a smallest resolvable particle diameter using a blue
filter and & 43X objective (Numerical Aperture, N.A. = 0,65) is
/

14 = X = } = o35 He
28in 1 2MN.A,

Foster and Schrenk, Bureau of Mines Paper R. I., (1938) p, 3368
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with a phase microscops which was capable of ravealing very szall index
diffarences.

The recount with the phase microscope on one
saxple decreased the runher of invicible particles by ebout 50 per cent.
The renaining blank autographs were assvizd to contaln enall particles
beyord the limit of detection. The nowly detect:d particles were glessy
in appearance and generzlly less thon 1 p in dismater, Theo frequoncy of
those particles was such that a recalculation of ths over-all sirs fro-
quancy distribution produced ro appreclable chonge.

Approxirately 50 per eont of ell radicactiva par-
ticles 21zed frcm the four sanples ware lescs than 1,5 p in diaxster,
The data were obtained by ploitirz sizes versus accumulative percuntoscea
of frequency on log prot2bility graphs. The 50 psr cent size is desig~
pated as the goometric median diameter and the geometric deviation 1is
the ratio, 84%-=ixn/50%-s1ze.

The concontration of rzdicactivity (ne/cc) exd
the concentration of active particles for the four stali-=~ were esti-
mated from the redloactivity measurenents and the nunber of particles
sized, Since the exact volume of +hs cloud sempled was no® knosm, an
estinate was zade by multiplying the total tins (approx 120 ni:) thks
thernal precipitator wes in oporation by the average wvolw.: (ec) zampl:d
per minute,

The collection efficiency of therual precipitation
was assuxted to be 100 per cent. Also, the total volume ssrpled was
asgued to be collected equally on the two semple plugs.

The values computed for each station are rough
approxinations and the activity and particle concentrations may be sur-
pised to be the minimum values,

Activity as a function of particle size involves finding
the activity associated with each particle size group. To establish
this functional relation, some of the gross material deposited on the
differential fall-out collector was divided into three slze ranges, lees
than 2 4, between 2 and 20 p and gr-ater than 20 p, Each fraction was
then counted to determine the per cent of total activity assoclated with
sach size group,
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4.1,3.1 Fract tion Procedure

The procedurs for scparating the particles ool-
lected by the differential fall-out collector into three size ranges 1,
esgontially the same, except for minor modifications, as that describeq
by C. E. Adams, et al,,% in the analymis of fall-out particles collecteq
at Oporation GREENHOUSE. Ome or more sectors upon which most of the
initial fell-out was deposited wers selected from a differential fall.
out tray and washed with distilled water into a clean photographic pro.
ceosing tray. The contents of ihe tray wore washed again I1nto & tesker,
In each csse, the washing was continued until the radiat’un level of th,
sector and, subsequently, of the tray was down to normal dac'ground,
Part of the contents of the beaker was transferred to tvwo 50 nl contria
fuge tubes and vas then centrifuged for 30 min at sufficlent speed to
precipitate 21l particles greater than 0,25 w in disrster. The super-
natant liquid was decan’cd and saved, The tubcs vore agaln filled frox
the beekor. This process was ccrried on until all part’cles greafer
tban 0,25 4 had been concentrated “‘n one gO ml contrifuge tube., This
precipitate was redimporsed in an Alrosol’~water solution and vltra=-
sonorated at 400 kc to break up egglomerates forrod by the centrifugation,

The suspersicn of mrrticles ecollacted in “his
ranor vas allowved to settle through a distance of 9.5 e¢m for 2,5 min,
In this time, particles of greater tham 20 u in diameter z2-{itl~d out,
The rc¢=aining solution, i which wera coneined particles of 20 v or
less, w2s decanted into a beaker, The entire operation frem redliepeore
sion to decantation was ropeated three times on the precipitate in order
to remove most of the particles of 20 p or less wvhich ray have settled
out with those of a die~cter greater then 20 pu,

The medium sisze (2 to 20 u) particles were sep-
arated from the small (less than 2 ) particlea by a method employing
two concentric centrifuge tubes and a urea water solution. 4 15-nl
centrifuge tube with a bhole in the end wes fitted into a 50-ml centri~
fuge tube, The smaller tube was supported ingide the l:rger by a cork
through which the snaller tube extended and which fitted into the neck
of the larger (Fig. 4.5). This double-layered tube vas filled with
30 ml of a solution of urea in water (800 g of urea in 1,000 ml of
wator)., About 1 ml of the agueous susponsion of particles was care=-
fully plecoed on the surface of the urea water solution inside the eraller
centrifuge tube., A radicine dropper ras used to pour tbe particulate
suspension domn the side of the inner tube in order that no ~ixing might

4 C. E. Adams, F, R. Holden, and N. R, Wallace, "Fall-out Phenomsnology®,
Greenhouse Report, Annex 6,4.

5 Dispersing agent umarufsctured by Alrose Chemical Compeny.
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ocour beitveen the two liquids,

It was found empirically that, when the double.
layered tube was centrifuged for 2.25 min at 1,100 rpm, the great majgm
ity of the particles lcss than 2 p in disiioter remained in suspension
above the urea solution while most of the particles of dianster greate,
than 2 p settled to the bottom of the larger tube, Particles of al)
sisos wore distributed throughout the volume of the urea solution. Ty,
susponsion of particles less than 2 u was rcmoved from the inner tube
vith an eyc-dropper and the fnner tube 1tsoclf was removed fron ths outer,
In this lact oparation, it vis nocessary to save the liquid Trom the
ioner tubo futact for rocyclinge. A cork with an wir vent was placed ¢y
the 15 nl tube and the alr vent was closed. It was then posscible to
reove the inner tube and spill its contente into another container,
The urea solution in the 50 ml tube was dec nted and the precipitate
caved,

The entire ruspension of particles less than
20 u in diarcster was frectionated by this rethod, Focyeling of the
contents of the inmner lube consisted of precipitation of the particles
by a 30~min cuntrifugztlon, rcdispersion in vater vith a srall arount
of Alrceol edded and fractiongtlion by risaua of the double=layored tube,

Although the group of particles lying in the
sigzo renge botween 0,25 and 20 p hed t_on separated into two Z:ontions,
cc.ch fraction was 2t1)) conteminzted with psrticles which belcized teo
the othere It was nececsary, as in the case of the large fraction,
to purify each group to remove outsiszed particles,

The intermediate fraction (2 to 20 u) was parde
fied by redispersing the fraction in 30 ml of a watar-&lrosol solution,
ultresonorating the suspenasion to break up agglomerates and comtrifuging
it for 2,5 min at 1,100 rpm, The supernate, containing trace quentities
of particles too small to be classified in the intermediate group w2s
discarded. This procedtire was ropeated three times.

The fine fraction (less than 2 ) wes purified
in the seame vway as vas the intermediate fraction with the sole exception
tkat the supernate vas caved and the precipitate was discarded. The
120 pl of supernate accuiulated during the purification process of the
sL2)] fraction (0.25 to 2 n) was centrifuged for 0.5 hr at sufficient
spaed to precipitate all ths particles in that size range.

£edl.3.2 Telpghing and Counting Procedure

At the complstion of the fractionation process,
esch size group of particles was in the form of a wet residue on the
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bottom of a 50 ml centrifuge tube. In order to welgh and count this
satsrial, it was neceasary to transfer the sep~rate fractions to micro-
scopa cover glassaaz which measurasd 04875 by 0.875 in. and weighed approx
imately 0.2 g each., By adding szall quantities of watsr to the residues
in the tubes, it waa poaoalblo to make thick sludgos which could easily

be trenaferred to the cover glasczaa with a spitula or a mellclne droppar,

In ordar that each sample be of constont geor-
stry, the matsrial was placad on the cover glasases a 1ittls at a time so
that the residuss sprend out imto clreles of falrly uniforn diseturs.
Bach deposit was sllcwed to dry befors mors raterlal was edded. Ths
sanples were oven dried and weighed. Since tho walght of each dry covor
gless was deterauinzd beforohand, the true welght of the sample was easily
deternined.

Tho internmediate and fine fractions from a single
analysls were mostiy of sufficlently eme’l amount and formed suci a hard,
coapact resldus wn the cover glasses thet gornsrally each could be con-
tained on a single cover glass withou' dunzer of belinz ghaken »ff ths
glass or of being so thick as to introduce self-absorpilon errors in tks
subsequsent counting, This was not the case with the large fractlon
{greater than 20 ) obtained from the undergrowsd ghot wharein the size
of individual particles was go largs that thay would roll off “hw cover
glass or, 1f the entlre fractlon were plecsd on ths cvrer glass, fora
such a nound of waterial that self-absorption effects would att in grri-
ous proporticns.

For these reasons, each large fractlon obtained
from gectors exposed to the underground shot was weighsl in itz entirety
in a watch glass end was then aplit up into about eight parts, each on
an ipdividual cover glass, Like the glsss sectors used in the field,
::ch covar glass was costed with a film of carbowax to keep the particles

place.

A gas flow proportionsl coumter with a side win-
dow chamber built by the Instrumpents Branch of the USNRDL was eapabdle
of counting at a rate of 2 x 10° ¢/m without the need of correction
factors, Since ths most active individual cover glasa sample had a
Counting rate of the order of 105 c/h, this counting system was well
&ble to handls the material obtained from both bursts, This counter was
hoi, available for the counting of the surface eshot samples, Therefore,
An IDL 161-G scaler attached to an end window halogen filled tubs in
% lead castle was used for the counting of all surface shot fractions.
The activity of the mamples collected from the surface shot was so low
that the limited counting rate of the latter system was no handicap.

wevar, no comparison between the results obtained from the surface
8hot and those obtained from the sub-surface shot 18 possible except in
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those cases whare the results are independent of the counting system
used.,

401.3 03 Results

Tables 4.3 and 4.4 give the results of the anal-
ysis of the thres size fractions from each of eight trays taken from
bsth wnderground shot end surface shot. The trays sre identifled accorgda
ing to tha otation at rhich they were eiposed.

TABLE 4.3
Ruzdioactivity ve Ferticle Size for the Curface Shot Fall-out
Corrocted per ¥oight
Size to S8 24 Unit of Per Cent
Fraction Days Folght Fraction of
(p) (c/w)(8) | (c/w/g)®) ' (g) Actlvity
Statlon 19, Sectors 12, 13
SN, <2 B 2.,1x107 0.0038 1.0
tcdium, 220 32 1,5x102 0,021 2.9
Lorge, >20 773 13.1xa0% | 0,050 S 3ell
Station 33, Soctor 7
L21l, <2 0 0 0,0004 0
edivm, 2-20 0 0 0,0038 0
Targe, >20 1,804 547x10% 0.0316 100,0
Station 29, Sectors 2, 3, 4
S.all, <2 0 0 0 0
bicdiun, 220 75 1,5x104 0,0049 1.5
Targe, >20 4,818 2,9x10° 0.0168 98,5
Station 29, Sectors 14, 15
;211, <2 80 1.0x102 0,0008 0.4
rcdium, 2-20 1,259 3.0x10 0.0042 642
rge, >20 18,882 R,0x20 0.0094 93.4

(a) Corrected to 100 per cent geometiry.

The selection of particular sectors from a tray
was not random, A preliminary ronitoring of the entire tray indicated
which area was the most azctive and only those sectors which constituted
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With the exception of Whoel 29,

Sactors 14 and 15, the sectors choaen were those which contalned the
initial heavy fall-out.

TABLE 4.4

Radicactivity vs Particle Size for the Underground Shot Fall-ocut

e ———

[ Count " Counta T
Corractad per Welght ,
Siza to U 20 Unit of Por Cont |
Fraction Dmy? i Woigh? Fracilon ol |
(w) (e/:)18) | (c/u/g)(2) (g) tivity
Station 102, Sector 8 I
Saall, <2 746,32, 9.x102 0.0078 1.0
¥odium, 2-20 230,316 4.0x100 0.0582 3.0
Large, >20 7,304,565 ¢ x5 0.7782 96,0
Station 120, 8eclor 1
Scall, <2 38,825 11.80° 0,0033 047
¥odimm, 2-20 256,611 6.5x1c8 0.0295 43
Large, >20 5,022,133 12.2x10° 0419 | 3.5
' Station 133, Sectors 9, 10 |
Srall, <2 53,408 6.4310° 0,0083 2,5
¥sdimm, 2-20 221,384 3.3 0.0676 1.9
Large, >20 11,088,397 12.&a0P 0.8821, 97.6
Station 108, Sector 1
Small, <2 109,377 9.9x1° 0,0110 1.1
¥ediun, 2-20 269,395 4o8x206 0.0211 2.6
Large, >20 10,001,980 9,6x106 1.0382 96,3
L Station 129, Sectors 7, 8
Sall, <2 96,755 10, 5x100 0,0092 1.0
¥adium, 2-20 451,799 5.3x106 0.0859 4.8
| Largs, >20 8,952,487 12.0x106 0.7433 94.2

(a)

of aeveral days, each count had to be corrected for decay.

Corrected to 100 per cent geometry.

Since the counting process extended over a period
Gross dacay
Curves determined from some of the same differential fall-out collectors
23sd in this analysis were prepared by the Nuclear and Physical Chemistry
Branch of the USNRDL. These curves were available for Stations 102, 103,
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108, and 19, The three underground shot curvss did not agree as to slg
on log-log paper because of the inhomogeneity of the fall-out from place
to place in the shot area, However, there was sufficivut agreement anp
them in the region of U + 20 to about U + 60 days to validate the use o
any one of the curves for correcting counts from any underground shot
station for decay. The decay curve for Station 103 wa® used for adjugt.
ing all the counts becsuse the ezpsrimental polnts determining it showeg
the least variation from the curve in the critical rogicn (U + 20 to

T + 60 days).

Bocause of the sparse fall-out resulting from th,
jurface burst, only one fall-out collector, that at Station 19, was ans.
lyzed for gross decay. This curve was used for adjusting the surface
shot counts to S + 24 days.

The underground shot samples were analywsd for
radiochemical composition. The recults are precented in Table 4.5. It
is significant to note that there are definite differences in radiochea.
ical content of the thr=e siza fracllions. Since the fall-out material
was dissolved before anslysis, the irherent solf-zbsorption errors pres-
ont in the values of Tobles 4.3 and 4.4 are greatly x=iuced,

TARLE 4,5
Variastions of Product Activities wiih Three Size Fractilone

62 Daye afier Bo;b Detonation

—— ~ _. oty — e e o . ot M o o~ S T . S, ¢ P = e s —r
ot *.—..T..'q

Activity
(c/n/ng so11)(8) x 1073 ] Per Cent of Total
Large Medium Small Large Kedium Small
Element (520 u) (2 to 20 u)|(<2p)| (>20 1) {(2 to 20p)) (< 2)
Rare Earth{ 19,1 hebb 4670 67.3 76.0 79.2
Ba 0.675 00375 00385 204 604 605
Sr . 0.436 00298 00288 105 5'1 4.86
r 6e24 0e442 0,234 21.9 75 3.95
Rut06 0.236 | 0,0699 | 0,11 | 0.83 1.2 2,38
Ra103 1.7, 0,216 0.191 6.14 3.7 3.22
Total 28 e43 5,861 5.939 | 100,07 99,9 100.154J
(a)

Corrected to 100 per ccnt geometry.
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4.1.4 The Identification of Collected Material ard Correlation
with Squrce Materia)

In order to characterize the fall-cut material chemically
and determine ths effect of the parent material on the physical and
chcnical characteristics of the radioactive fall-cut, petrographlic sur-
veys, size distributions end csrtain apalyses were racde on both ths
parent and the fall-out material,

In the chemical identification of the materizl, tha 0 1o 2
fraction of the parent soll was separated and subjected to additionsl
analysis in order to determiune the cley constituent, A4 conblnation of
x-ray diffraction, electron microscope, differential thornal araiysis,
ard dehydra“’on technli¢u:os was employed in this phase. The rezaining
bulk of the s0il sample ®=g Iinvestigated by petrographlc mieroscopy,
spectrochemical analysis and by standard Department of Agriculturs sirze
distribution determinastions., The railoactive portion o“ the fall-cut
was exumined petrographically and spectrochemically and the bulk falle-
out material was sized in accordance with ths Departuant of Agriculturs
method,

The soll samples from O to 6 £t were oblained with o shoval.
The deeper core samplez were procured from the U, S. Geoleczicr) Jurvey.
They were obtalned with a churn drill end repregented composi’s sxuplos
of 10 ft intervals in depth.

Additional standard soll tests which were made to further
characterize the soil at this location are described in Appendix C.

belush.l Petrographic Apslyses

The sand was sieved into various sizes and a pre-
liminary microscopic examination was made of the send in each sieve sige.
The size classes into which the send was sieved are as follows:

Mesh (C,S,) Size (mm)

18. 4.730
2.380

16 1368 M)

30 0.595

50 04297

20 0.175 (g

230 0.062

pan -
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The send 1n three different size classes, des{g.
nated (L), (B), and (C) above, was analyzed in detail. The sand botweey
2,380 and 1,168 mm, (A), was exemined with the aid of a stereoscopic
microscope. Each of the finer portions (B) and (C) was split with ap
Otto microaplit to approxmately 1,000 grains of sand and of these apprq,.
imately 300 were identified under the petrographic microscope. The cog.
position of the sand is shown in Table 4.6,

TABLE 4,6

Petrographic Anely=is of Sand

!!

Constitution of Fractions i
Retalned on Steves(e) Constitution of WholJ
i Z by Number Sanple(b)
Constituent ~ (A) (B) rc) % by Nunber
QuartZite 5.2 - - 0.7
Limestone 0.2 - —— 0.1
Acid Volcanic 80.0 - - 10.4
Caliche l.6 -~ -- 0.2
Ssndstone 24 ~- - 0.3
Quarta 540 6.4 2.8 43
Schist 4.0 - -- 0.5
Punice 0.2 - -- 0.1
Grapite 0.2 - - 0.1
Alkali Feldspar -- 25.1 31.7 2502
(orthoclase)
Lime-Alkali Feldspar 1.2 17.4 15.3 1.1
(plagioclase)
Biotite ~ 7.0 bed 4.8
Chlorite e 0o7 200 103
Volcanie Glaas -- 6.4 3.2 3.9
Zircon - 003 200 l.2
Altered Feldspar -- 33.4 37,8 31.3
Opaque Minerals - 3.3 0.8 1.5
Rutile - - trace trace
—_
Total 100.0 100.0 100.0 100.0

(8) paged on the exeminatlion of 300 particles in each sieve fraction.

(v) Based on grading of the sand and on the distribution of constituents
by sleve fractions shown at the left =bove,
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The sand betioen 2,380 and 1.162 oa (A) consists
prodoainantly of acid voleanic grains, protably rhyolita, with minor
saounts of pink quartsite, clear quartz, and ferruginous micacaous schist,
Very small amounts of gray limestons, fine grained sandstons, granite,
puwiice, plagioclase feldspar, and caliche are also present., The colors of
the acid volcanic grains include pink, red, violet, and pale yollowisk~
orange, The grains are soft and csn be broksn easlly with slight proas-
sure. Soue of the volecanic granules are porphyritic and contaln quart:
and hornblends phanocrysts embeddod in a denss groundiass, Tra quarts
phenocryats are short atubby hoxagonal erystals terainated by eqially
develorod pyrcnid faces;y quaris of this type 1s knom as "high™ grarix
or "beta® quartz and wag probably forued abovo 573°C., The ferruginous
micacoous schists are waferlike, soft, and follated and break essily in
a direction at right angles to ths follation. In color, they ara gray,
grayish red purpls, and very dusky red purple,

The sand batwvcen 0,175 and 0,149 xa (B) consists
principslly of feldapar, with minor amounts of quarts, blotito, opaqus
nicerals (probably magnetite), and volcanic glesa, Very emall asrounts
of chlorite and sircon ere also presont. Alterod feldspar grains accovnt
for approximately 33 per cent of this portion of the sanple and are seom
to consist of aggregates of cryptocrystalline silica, ssriocite, elay
particlos, and parts of unaltered feldsrar fragments, Many of the altorcd
feldsper gralns show myrusidtic patches, The comparatively frash feld-
spar grains consist of orthoclase (ccns sanidine) and plagloclase., Tha
¢onposition of the plaglioclase probably falls between slbite and cligo=-
clase, (AY90An10), although measurcuents are difficult becsuse twin
Planss, when present, are obscursd by alteration products,

The sand between 0.149 and 0,062 mm (C) conalsts
of the same minerals as the sand between 0,175 and 0,149 mm, Feldupar,
in all stages of decomposition, i1s the major constituent,

Petrographic analysis of the fall-out material
w3 made with & petrographic microscope. A nuaber of radioactive falle
out particles from both the surface and underground shots were exunined
to determine their mineralogical compositions,

The particles smaller than 20 p were first re~
RWoved from the samples by repeated sedimentations. The largsr particles
Wore then dispersed in a dilute solution of gelatin in water and aprecad
Over Eastman Kodek nuclear track plates, type NTB. The plates were ex-
Posed for a day or two in a light-tight box and were then removed and
developed. The radioactive particles were essily identified by the halo
of blackened film around them. These particlss were removed by firat
Softening the gelatin with a drop of water and then picking up and trans-
fbrring the particles, with forceps, tc clean glass slides.
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Most of the active particles examined were aboyt
50 to 4001t in diameter. The particles were conposed exclusively of
glass with varying emounte of included mineral fragments,

Approximately 1 to 4 per cent of the particles
were glassy spheres ranging in size up to about 40 p in diameter. lMost
of these spheres were tranaparent and were either colorless or a pale
blue-green or amber color. Occasionally one was found which bad a black
pitch-like appearance. A few of the glassy particles exhibited teare
drop shapes.

»

Kost of the radicactive particles were irregularly
shaped, white to gray colored, translucent to opaque, and had a supsr-
ficial resenblance to the mineral grains with which they were mixed,
However, upon crushing these particles they were found to be glass with
sons included smsll mineral grains. The opacity of the particles was
due to many included bubbles and tube~like cavities, The mineral frag-
ments included amount to 5 to 20 per cent by volume of the total particle,
but were too small to be identified positively except in one instance
in which a fragment was found to be quartz. However, the fragments had
indices of refraction and birefringencies close to those of quarts and
the feldspers, Since about 85 per cent of the soil ne=r the shot pointa
was composed of these minerals, 1t seems probable that most of the crys-
talline materiel included in the glass weas quartz and feldspar. These
fragments were angular and showed no signs of fusion. Apparently the
vaporous material in the ball of fire condensed upon these fragmentis
during the cooling stage of the cloud,

The nunber of radioactive pearticies was leass than
1 per cent of the total number of grains on the plate. Judging from the
sizes and intensities of the darkened areas of the film around the active
particles, the intensity of radiation is apparently not proportional to
the sige of the particle,

Lelehe? Spectrochemical Analyses

The following samples wers anslyzed spectrochem-
ically:

1. 8011, 0 to B‘ino level.

2, Soil, 17-ft level,

3. Fused glassy spheres from the surface shot.

4o Fused glassy spheres from the underground
shot,

5. Irregular, translucent grains from the under-
ground shot, .
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These results are presented in Teble 4.7 and show
s closs correlation between the elemental composition of the =oll and the
sctive fall-cut particles.

TABLE 4,7
Spectrochemical Analysis of Soil snd Fall-out

————— —ond
Soil Sample from Tiiﬁ:gzi:;t
Underground Site Glassy Spheres Grains

(a) Underground | Underground

Element | O to 3=in, 17=£ft{ Surface Shot Shot Shot

Al v.s. vV.S. S S S

B T T N.D. N.D. N.D.

Ba T T T T T

C w w N.D. N.D. N.D.

c‘ v.s. VQS. V.Sl v.s. ’ VIS.

Cr T T T w w

Cu T T N w w

Fe S S S S S

Ca T ) N.D. N.D. N.D.

K | M N.D. w ]

Mg v.8. v.8. ] S s

Mn '} M n W w

Na M M S S S

Ny T T T T T

Si V.S. v.S. v.Ss. vV.S. v.S.

Sr T T T T L]

T4 w w N.D. n w

v T T N.D. N.D. N.D.

ar N.D, T T T T
(.) T = 0.001 - 0.01% w = 0001 - 01% M = 0.1 bt lz

S = 1. - 10% V.S. = <10% N.D. = Not Dstected

410403 Size-welght Distributions

A sieve and hydrometer analysis was made on soil
Samples from the underground shot site taken at the following depthss
0to3 in., 5 to 6 ft, and 17 ft, The sample from each depth was passed
hrough sieves including, and cosrser then, No. 4. A representative por-
tion of the material passing the No. 4 sieve was oven dried and a 100 g
Of the dried fraction was slaked overnight in water. The soil was then
dispersed in an electric mixe: for about iv min and then tested for

ﬁA]_-
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gradation of the fines by making up a 1 liter suspension in a cylinder
peasuring the specific gravity of the suspernsion with a soil hydrometer,
The suspension included gum arabic in solutior. as a deflocculating agent,
After the hydrometer test, the same 801l fraction wes washed through o
No. 270 mesh sieve, the retained meterial dried and a dry eieve analyni,
rade, The complete analysis was computed from the results of prelim
screening, dry sleve analyuis of soil retalned on the No., 270 aleve, ang
the hydrometer test,

A size analysis waa slso done on both pre~test
801) and fall-out by the p%petto method easentially as used by the U, §,
Dopzrtzent of Agriculture,® In this rethod, the ssuple passing & 2-xa
sleve 1s treated with hydrogen peroxide, washed and filtered through a
porceluin filter to remove organic matter, The sand ia mseparutcd from
the 811t and clay by washing the dispersed seo:ple through a 300 nesh
sieve, Sodium metaphosphute 1s used as the disporsing agente. The sard
frections are separsted by sleving end the 20=, 5-, end 2<u fractions are
obtained by sedimsntation and pipettings. The oven~dry, organic~free
seanple welght is used as the base weight for calculating the percentages
of the verious fractions.

The method used differed from that described6 in
that a 2-r2 rectengular-Loled sleve was used insteed of a 2-:m round-
bolud sieve; a Coors filter cylirder, porosity No. 5, vas uc<d Jratend
of a Pasteur-Chamberlain filter of “F" fineness, and hand eleving was
used insteed of a mechanical shsaker,

The reesults of the analyses are surmarized in
Tables 4.8 end 4,9 and in Figﬂ. 406 and 4.7,

TABLE 4.8

Sisve and Hydrometer Analysis of Pre-test Soil Samples
at Underground Shot 3dite

ey St e —— sl ]
Depth at Which Saeriple Taken
Size 0 te 3 in. 5to 6 1t 17 ¢
GRLVEL
(per cent less than stated size)
2"1ﬂo inded 100 hannd
A-1n, == 28 100

6 VoJ. Kilmer and L. T. Alexander, "llethods of Making Mechenical Analysis

of Soils", Soil Science, LIVIII (1949), 15~24.
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TABLE 4.8 (Continued)

Sieve and Hydrceter Analysis of Pre-test Soil Samples
at Undsrground Shot Site

Dep‘tg:; a"c-h Sarpls Taken
Site 0 to 3 in, 5 to 6 £t 17 £t
GRAVEL
| (por cont less than stated size)
3/4~in, 100 97 98
1/2-1n. 98 94 95
SAND
(per cent less thon atated size)
No. 4 Sieve 91 88 80
No. 10 Sieve 84 83 65
No. 30 Sieve ™ 73 A2
No. 60 Sieve 68 58 7
SILT OR CIAY
(per cent less than stated sizs)
No., 270 Sieve 20 22 9
2 p 5 7 1

41444 Clay Apalypeg

The less then 2 p fraction of the surface soil
from surface shot sero was used for a clay analysis by X-ray diffraction.
This fraction was obtained as follows: the materisl passing a 2-z=a
8ieve was dispersed for 10 min with distilled water in a mechanical dias-
perasion cup fitted with beffles, The suspension was then allo.d to
8ottle in a tall, straight-sided glass vessel until perticles greater
then 2 p effective diamoter had settled out beyond the dosirod depth.
The euspension containing the less than 2 p particles was siphonad off.
The remaining materiel wes again shaken with water and allowed to settle
ard then siphoned off, This process was repeated until the liquid
fppaared fairly clear after the required settling time, The suspension
Temoved by siphoning was concontrated by means of the Coors porcelain
filter and by supercentrifugation., After concentration the less than
2 1 material was dried with the e4d of an infrared lamp, and ground to
Pess a 60~mesh sieve. '
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TABLE 4.9

Compurison of Particle Size Distritution {by Weight) of Pre~test Soi}
Samples and Fell-ocut Determined by Sleve and Pipette Analyais

M s e s — —
I R Sof1(n) Ur1(b] uG31°) ‘
Cumula- ) Cumala- Curmala-
Actual tive Actual tive | Actual tive |
h;raction Per Cent Per Cent [Por Cent Por Cent |Par Cent Por Cent
SAND
Very coarse
2=1nm 30,58 99427 37.79 99.38 28.84 100,5.
Coarse
1"0.5 nn 8.81 68.69 9.45 61059 8.80 71.70
Bodium
0e5«0,25 mm 0.48 59,88 0,78 52414 0.39 62.90
Fine
0.25-0.1 Rm 27052 59vo 22043 51036 70% 62-51
Very fine
0.1=-0.05 11,25 31,88 9.86 22,93 14,10 55,23
S _ SILT _
0,05~0.02 rm| 8,58 20.63 7.02  19.07 19,60  41.13
20=5 p 3.52 12,05 4+83 12.05 10,07 21.53
5=2 2,67 8,53 1.93 Te22 4e17 11,46
" . CLAY
2"1 M 1.17 5.86 0.50 5.29 2.00 7.29
< L}L 4069 10069 A)W 4079 5029 5.29

2) Soi1 samples teken O=30 ft from U-zero.
(b) UFl = Fall-out from the station 300 yd north of U-zero on north leg,

(e) UG3 = Fall-out from the station 600 yd porth of U-zero ard 300 yd
west of north leg.

X-ray diffraction patterns were dotermined on
this matcriel untreated and after glycerol solvation. The results of
this analysis sre tabuleted in Table 4,10,

The 3,34 and 3,04 £ 1ines indicate th presence
of orthoclase and the 9.93, 447, 3434, 2,58, 1.93, and 1.49 A lines in-
dicete the presence of a blotite-muccovite-Lydrous mica-type riineral.
The lack of a 17.7 % 11ne with glycerol golvatlon indicates ebsence of
rontmorillonite, end the lack of & 7.2 % 1line indicates the absence of
knolinite,

- 1) -
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TABLE 4.10
X~ray Diffraction Data
Wave Length
(2) 8 Intenalty
9.93 Very Very Weak
447 Broad Strong
3.34° Strong
3.04 Strong
2,58 Broed Strong
2.28 ¥edium
2.125 Weak
2,090 Weak
1.93 Broad
1.907 Moderats
’ 1.870 MOdGrat‘)
1,814 Moderate
1.541 Very Weak '
1.498 Strong
1.372 Weak
1.291 Weak

Differential thermsl analysis is a usoful technique
iv identifying the clay mineral fraction., The principle involved is that
the release of water (which appears as endothermic breaks in the differen~
tiel curves) at a temperature above 200°C takes place at a specific tem-
Perature for each mineral, The apparatus used in the aralysis was described
by Page,’ The apperatus records the temperature at which a temperature
change takes plsce in the sample relative to the temperature change in an
anhydrous reference material (e.g., aluminum oxide) which is being heated
At the same rate,

The endothermic bresk around 130°C on the diffor-
ential analysis curve (Fig., 4.8) indicates the presence of hydrous mica
or montmorillonite. The exothermic break at 800°C probably indicates a
trace of chlorite, This analysis also confirms the absence of kmolinite.

Electron micrographs were made of the less than
2 u fraction of the soil obtained from the 17-ft depth at the underground

gy T

7 J. B, Page, "Differential Thermal Analysis of Montmorillonite", Soil
Sclepce, LVI (1943), 273-283.
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TENPERATURE DIFFERENCE DETWEEN
STANOARD AND SANPLE 1°0)

1 4 i SIS URNIIUNEY WG R S |

L1 1
30 00 200 300 400 00 &0 00 800 30O0 1000
TEMPERATURE  (*C)

Fige 4.8 Differential Therual Analysis of Pre=~teat Soil (<2 u Fraction)
from 17-ft D.pth Underground Site

chot site, The less than 2 u fraction was obtained by sucecesnive sedimen-
tations as described above, Aliquots of the cvrp:nsion reroved by siphon.

. ing were dispsrsed by one of the folleoiing roinode: rAdition of sodiua

rotaphoaphate plus sodivm carbonate, ultrasonsration, and addition of
sodium mataphosphate plus sodium carbonate sfter the colloid had been
vashed and filtered three times using water as the wvashing agent,

After any of the above treatzonts, the suspensiou
wore placed overnight in a shaking machine at 120 oscillations per minute,
After shaking, the suspensions were disporsed as an nerosol snd collected
on electron microscope grids and on optical slides using the oscillating
therzal precipitator,

Positive ldentification of elay minerals with tts
elcetron microscops is not, at present, coupletely possible. However,
in combination with other rethods (chemical, optical, thermal, and X-ray)
clectron microgruphs are helpful in establishing the presence or absence
of certain clay types., In this instsnce, kaolinite was not found, con=
firring the results obtained by X-ray diffraction and thermal cnalysis.
A trace of a mineral vhich resembled halloysite was found, The bulk of
the rateriel appeared to be prizary mineral fragmenta rather than clay
rinerals,
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A dehydration cwrve (Fig. 4.9) was run on the
less than 2 p fraction of 801l from the 17-ft depth of the underground
shot site., The data obtained from this curve were not spacific or char-
actaristlc enough to pernit identification of the clay components.

4414445 DPlscuasion

The petrographic exanination indicated that all
tha uctive particles wers of a fuaed glassy material., The cpectrochsnlcal
aralysess showved that thsy were of the sare elorantal conpeosition as ths
paront soll except that boron and carbon were misaing. Thelr absenco
protably oecurred becauns they are more readlly volatilized,

The analyses of the less than 2 u pre-test soil
fraction by XI~ray diffraction, differential thsrmal anslysis, electron
aicroscopy and dehydration indicated that this material had the following
spproxinate composition: 30 to 50 por cent poorly crystalline bydrous
mica type clay mineral, traces of chlorite azl possibly halloysite, and
finely divided primary mineral fragmeuts.

The particle size distributicn curves for thae
0 to 30 ft pro-test sauple and the UFl and UG3 fall-out ssnples ars re-
markably similar in shaps, Consideration of these curves seaus tc in-
dicate that the effect of fracturing on particle size is minimal and that
the decrease in median diameters is due mainly to & sedinsntation effect.
A detslled astudy of the greeter than 2 rm fraction, necessary for the
proper evaluation of the extent of fracturing in soil particles, was not
rade,

4.2 TALI~-QUT DISTRIBUTION

4Le2.1 Time Distritution of Fall-out

In investigating the time distribution of fall~out from the
differential fall-out wheels, it wae necessary to messure the radioactivity
continuously around them beginning at the sectors exposed at shot time.

To accomplish this a special housing and probe for the differentiasl fall~-
out wheels were designed (Fig. 4.10). The bousing was circular and a few
inches larger in diameter than the wheels. It contained a turntable which
could be rotated by a knob extending through the housing and engaging the
turntable on ite periphery. By means of a series of equally-spaced notches
ou the periphery the turntable could be repeatedly rotated one-eightieth

of & revolution at a time.

The top of the housing was made removable for placing the
differential fall-out wheels on the turntable. The housing completely
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PROPORTIONAL CHAMBER
AND PREAMPLIFIER -

—
TURNTABLE - --

T

TURNING KNOB

Fig, 4,10 Differential Pall-out Counting Apparatug
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enclosed the turntable and wheel except for a redisl section cut inte the
top for the probe. The window of the prote was 0.5 mil alumirum foll apy
rested 0.625 in., above the surface of the differential fall-cut wheel,
This wirdow waa 10 in. lcng and tapered ir width from 0.25 in. near the
center of the wheel to 1 in, at the periphery. The window was partielly
shielded by aluminum from all parts of the underlying differentiel falj.
out wheel except for the sector directly bencatn the window.

The probe wes the gas=flow, proportional counting type
that used a mixture of 90 per cent argor and 10 per cent carbon dioxdde,
A three~:tage feedback pre-smplifier which fed Into en Atozic Instrumers
Compeny scaler was built into the probe.

In the firat step of the counting procedure, the top of the
hougirg was removed and the wheel placed on the turnisble with 1ts stariyr.
mark dirvctly beneath the probe window., The top of the housing and the
probe were then reoplaced. By successively teking a 1 1lc count at each
of ‘he eighty positions around the thsel, a reliable mcasure of the rels.
tive distribution of the radioactivity was obt-ired. Because of the high
level of radicactivity on some of the underground shot wheels, it wes
nececsary to use a 1/16 in., aluminum absorber cover the counting window,

Prom the rclative distritution of the rudlcectivity around
the wheels and the times of thelr rotation, grephs were comstructed show-
ing the variation of fzll-ocut with time.

To make & qualitative comparison of the activity on the
vheels at different stations, all the counting data were corrccted for
decay hack to shot time plus 1 day by use of decay curves prepared from
surf+ce and underground shot fell-out semples by the Nuclear and Physical
Chewnistry Branch of the USKRDL, Attention is called to the fact that
some of the wheels were counted with an ebscrber which rakes it impossibtle
to compare them directly with others counted without an absorber., Due
to the heterogeneity of the fall-out seamples, no unique corrsction factor
was found which could be applied to the counts made with an absorber to
cozpansate for the effect of the absorber.

It should bs emphasized that the graphs are reliable only
in indicating the time of wmaxdmum collectlon of redicactivity on tbe
whcels, The width of the peaks on the grephs ere exaggerated by the un-
absorbed gamma radistion from the more rediosctive sectors of the wheel
vhich caused an I1ncrease in the counting rate of the sdjacent sectors.
Also, the magnitudes of the largest maxira are unreliable since the
counting rates were so high that appreciable coirciderce luaces oceurred.

Followirg the surface shot, the fell-out was distributed
in a long parrow ewath extendirg north from the shot point, The line of
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ifterontial fall-out collectors exterding ¥10%E from the shot point fell
rithin the edge of this fall-cut area, Of thnae collectors only two re-
seived & significant amount of fall-out and operated satisfectorily. The
ista from these two Stations, Nos. 29 and 33, have been plotted end aro
tsovn in Fige, 4.11 and 4.12.

From Fig. 4.11, it 18 apparent that tho redicactive fall-
mt reaching Station 29 arrived in t»o major waves. The duration of the
{irst wave was apparently from approximstely 8 te 23 min after shot tl.o,
itd the second from about 60 to 100 min after shot tine, Considsring
udat the distance of this station was 14,000 ft frca the shot point, 1+
s evident that the initial fell-out cust have traveled wlith an avera-o
wrizontal speed of abou® 20 mph to recach the station in 8 mir.

From an ircpection of the graph for Station 33 (Fig. 4.12),
it 1s seen that practically all the activity reached the station in orne
mjor wave which arrived about 10 min after tho shot, Since Station 33
ms located 20,000 £t from the shot point, the initial wave of fall-out
%3t have been traveling with an average horlzontal spesed of about 23 uph.

Following the surface shot, the atomic cloud rose to a
»ight of 11,000 ft above Bea level, At this elevat’cn, tha wind had &
mlocity of about 40 mph, N20°E., The veloclty of the sur’acs xind wes
iy 2 mph, It 1s evident that the fell-cut raterial must kave besn
Tansported by the high velocity winds aloft rather than by the e ~faed
tids to reach the outer stations in the otszerved time.,

The complete absence at Station 33 of the second wave of
“ll-out, g8o well developed at Statlon 29, is surprising. However, during
e laboratory examination of the fall-out semples from these stations,
% vag found that practically all the radiocactivity in each sample was
“counted for by a very few, intensely radioactive, glass spheres approxi-
Wtely 0.5 to 2 mm in dlameter, Each of these spheres was sufficlently
ktive to cause a maximum in the graphs. This meager number of radicactive
t?ticlee in the fall-out introduces a large element of randommess into
~V fall-out distribution, which factor makes correlation between adjacent
Mationg difficult. This difficulty was not encountered at the undor-
:::id shot where each sample contalned a lerge number of radicactive

cles.

¢ The apparent increase of activity at the end of the graph
@ Station 33 is typical of most of the grapha. It is caused by the

XMbsorbed radiation from the highly redicactive material on the first

" of the wheel. This material increases the counting rete of thse
Clor to which 1t 1s adjacent at the end of the run,
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Fig. 4.12 Fall-out as a Functlon of Time, Station 33
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The fall-out from the underground shot was distributed {p
a broad area extending generally NNE of the shot point. Included withyy
this area were two lines of differential fall-cut collectors extendl
N5°0 and N35°E from the shot point, Data from the differential falleout
collectors located at Stations 102, 108, 129, 133, and 134 were Buccess.
fully obtained: the resulting graphs are shown in Figs. 4.13 to 4.17,

From the graph for Station 102, it is seen that most of tyg
activity apparently fell out in three waves which pazsed the s'stion at
about 0.5, 2, ard 4 nin folloving shot times The fall-out at Station 10g
appcrently continued over a grester langth of time, maximum fall-out
occurring at about 1.25, 4, 3, and 10 min following shot time. S'stione 1gg
and 108 were situated edjmcont to each other at distances of 2,000 and
3,000 £t from the shot polnt, respectively. Fowever, there 1s no apperent
correlation between fal -out arrival times at “1e two stations. It is ret
possible to compute accurately Lhe average horizontal velocity of the
initial fall-out rateriel from the chot voimt to these stationa as the
upcartainty in the starting times of the Theels varied from 10 to 30 sec,
an appreciable fraction of the time which slapzod between the shot and the
arrival of the first fall-out.

Stations 102 and 108 were located closre enov:;h %o “he shot
point to be vithin the area affected by the base surge and tirow-zut from
the shot, Photographs show rut~rial falling from the cloud inte nls
area in streamers and irregular clumps. This probably accounts for fas
apparent irregularity and lack of correlation of the fall-out dis’.ribution
for these two statlons.

Froe the graphs for Stations 129 and 133, located 14,000
and 20,000 ft, respactively, from the shot point, it is seen that most
of the radiosctive fall-out arrived in one wave which reached Station 129
at spproximately 7 min, and Station 133 at ap;roximately 6 min, after
shot time, Why the fall-out should reach the more distarnt statlion first
is inexplicable. These arrival times indicete an average horizontal
velocity of the fall-out material of 23 and 38 uph to Stations 129 and
133, respectively, from the shot point., The top of the cloud at the under.
ground shot reached an elevation of approximately 9,000 ft above ses lovel.
At this elevation, the wind velocity was about 21 uph in the direction
N4O°E (Stations 129 and 133 were N5%% from the shot point). At lower
elovations the wind velocity ras even less and decreased to 4.5 nph at the
surface. While it seeus possible the initial fall-out material could bave
beon carried by the high winds end have arrived at Station 129 in about
7 uin (giving an average velocity of 23 mph), it is highly unlikely the
fall=out could have reached Station 133 in 6 min. This anomalous arrival
time casts some doubt on the accuracy of the timing at Station 133.

The initial arrival time of the fall=cut at Station 134 wes
aot well defined.
- 56 =
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A seriles of small fall-outs, indicated by minor maxinma 4,
the latter part of the graphs for Stations 129, 133, and 134, occurreq
following the passage of the main body of fall-out at Statione 12% apgq
133, There was apparently some pattern to these maxima which could b
correlated fairly well betwsen these stations. A few of ths correspong.
ing points on each curve have been indicated on tbe graphs by numbery )
through 6. By measuring the differencus of arrival times for each cor.
responding point at each atation, and taking into account the geometriey
arrangement of the stations, it 1s possible by simple trigonometry to gy
culate the horlzontal apeed and direction of travel of the radicactive )
raterial represented by these points, From these calculations, the velc,!,
of the radioactive material is 4 to 6 mph in the direction N10°E to K3q0p.
The surface wind is reported as 4.5 mph in the direction N30°E, It aomn'
probably that these secondary perturbations are due to radiocactive materiy
carried along by surface winds.

4e2.2 Area Distridbution of Fall-out

The purpose of this study was to determine the pattern of
fall-out from both the surface and underground explosions in terms of
specifle activity, weight, and particle size, To accomplish this purpcss
over 100 collecting devices were placed around each test site, The arrq.
of stations and their designations are shown in Fig. 4.18. After each
explosion field readings of the gamma intenaity wers taken at each station
using the standard U, S, Army AN/PDR/T1B 3 ft from the ground, The ma-
terial in the collectors was removed from those stations which experienced
significant fall-out and taken to the field laboratory where readings of
both the beta plus gamma and the gamma intensities were taken with a
Beckman Ionization Chamber (M X-4) at a distance of 3 in, The former
readings are referred to as Fleld Gamma Readings while the latter are re-
ferred to as Plate Beta plus Gamma Readings and Plate Gamma Readings.

Samples showing appreciable radiation intensity ware shipped
to the USNRDL where each sample was separated into fifteen size fractions
by sieving, and the radiation intensity and the weight of each fraction
measured, Because the moisture content of the samples was of the ordsr
of cne per cent, its contribution to the weight was neglected, The count-
ing was done with proportional gas-flow counters through a 200 mg aluninus
absorber. The data obteined are given in Appsndix D. Any interpretation
given to these values other than their relationship to each other is

moaningless.
Table 4,11 summarizes the measurements made at the test

site, These measurements have been corrected to 1 hr after the reapective
explosions according to the standard formula Ay = Ly(t/%5) 1.2,
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TABLE 4.11

?agintion Intensities
8

o CUERIRIT L I L S TUAL S L TR TR pri Tl e e A pgialies il Ao et L IR
Fleld ' Plats Plate Beta plus
Garra Reading! {anma Roading| Garma Reading
| Statfoni Plata No, | (mr/hr) ' (mr/hr) (mr/br)
b e ¢ e e e SURFACE SHOT
NS 26 |
A-2
A-3 27
A-4
A-5 16
A~
A7 5
A-8
A-9 5
B B-1 210
B2 160
B~3 160
B-4
B-5 51
B-6
B-7 26
B-8
B=9 8
c C~1 1,100
C-2 520 .
c-3 780
C=4
C-5 260
c~6
C7 51
c-8
c-9 10
D D=1 26,000 3,5C0 12,000
D2 7,800
D=3 10,000
D-4 800
D=5 1,100
D-6
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TABLE 4.1l (Continued)

?2§iation Intensities

—
Field Plate Plate Beta plua
Gamma Reading Gamma Reading | Gamma Reading ‘
Station | Plate No. (mr/hr) ( (rr/br) | {zr/nr)
SURFACE SHOT ‘,
D~7 190 : }
D-8 t ‘ |
D-9 32 ‘ l %
E E-2 53,000 1,800 4,400 ;
E-3 76,000 2,700 16,000 :
E-4 960 l :
B-5 3,300 ’ ;
E-6 |
E-7 320 .’ |
E-8 '
E-9 53 !
!
4 F=1 540,000 71,000 | 390,000 ;
F-2 11,000 | !
F-3 200,000 30,000 ., 400,000 ;
F-d 500 ; ;
P=5 2,500 : ‘
F-6 |
P.7 340 ;
F-8 !
P9
G G-1 200,000 14,000 160,000
G"'z 3,3%
G~3 460,000 39,000
G4 100
-5 16,000
G~6
G=7 330
G-8
G-9 112
H H-1 160,000 6,900 35,000
H=2 1,300
H-3 340,000 47,000 530,000 |
- €4 -
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TABLE 4.11 (Continund)

Rﬁﬂl}ation Intensitles

Field Plate Plate Beta plus
Gamma Reading Gamma Reading| Gamme Reading
Station | Plate No, (mr/hr) (mr/hr) (ar/br)
SURFACE SHOT
H-4 60 |
H-5 67,000 9,100 92,000 '
H=6
B=7 560
H-8
B-9 10
I I-1 88,000 1,400 2,900
I-2 890
1-3 340,000 53,000 580,000
I-4 10
I=5 89,000 10,000 75,000
1-6
1-7 1,300
I-3
I-9 110
N N=-2 110,000 11,000 79,000
N-3 110,000 9,400 g8,000
LA 110,000 14,000 92,000
u N-5 66,000 3,500 23,000
UNDERGROUND SHOT
A A-1
A-2
A-3 1,600
A-4
A-5
A-S
A-7
A-8
A9
B B-1
B-2
B-3
— B-4
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TABLE 4.11 (Continued)

Field end Laboratory Measurements of Radiation Intensities
from Fall-out Trays(“)

| —— ey
Field Plate Plate Beta plyg
Gamma Reading Gamna Reading | Gemma Reading
Station | Plats ¥o. (ar/hr) (mr/hr) (nr/hr)
UNDERGROUND SHOT R
B=5 400
B=6
B=7 120
B-8
B-9 60
c C-1 10,000
C-2
c-3 4,000
C-4
C-5 1,000
c=6
C=7 200
c-3 360
c-9 75
D D-1 660,000 637,000 1,400,000
D-2 210,000 25,000 160,000
D-3 140,000 10,000 96,000
D=4, 7,600
D=5 3,100
D-6 1,800
D=7 510
D-8 510
D9 360
E=-2 430,000 86,000 310,000
E-3 250,000 Tray buried
E-4 130,000 5,800 140,000
E=5 31,000 3,200 41,000
E~6 3,000
E-7 1,800
E~8
E9 220
F F-1 3,400,000 1,200,000 3,000,000
F-2 1,300,000 170,000 1,400,000 |
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TABLE 4.11 (Continued)

Fleld and Laboratory Measuremsnts of ?agiation Intensities
from Fall-cut Trays'®

= e~ e— — ———— e
Pield Plate Plate Beta plus
Garma Reeding | Garma Readirg Gamma Resading
Station | Plate No. (mr/hr) (ar/hr) {(mr/hr)
! UNDERGROUND SHOT
! r-3 360,000 75,000 560,000
F~4 | 42,000 5,300 66,000
F=5 29,000 2,900 37,000
) 23 6,800 340 510
r-7 4,100
) 2 1,700
¥-9 260
G G~-1 820,000 77,000 900,000
G-2 420,000 74,000 790,000
G-3 230,000 22,000 190,000
Gg | 51,000 3,800 34,000
G-5 | 22,000 3,000 41,000
G~6 15,000 170 860
G~7 6,100
G~8 14,000
G=9 3,100
H H-1 610,000 74,000 640,000
H=2 510,000 56,000 460,000
B-3 220,000 45,000 600,000
B-4 34,000 4,200 57,000
H=5 41,000 4,600 78,000
B-6 17,000 520 4,300
;g 10,000
H=8 5,100
H=9 2,400 1,400 20,000
1 1-1 410,000 - 62,000 720,000
I=2 260,000 34,000 430,000
I-3 1,000,000 120,000 1,400,000
I-4 170,000 14,000 160,000
I=5 140,000 21,000 240,000
I~6 26,000 3,000 34,000
17 10,000 1,700 28,000
1-8 34,000 P 5,600 120,000
—_— I1-9 5,100
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TABLY 4,11 (Continued)

Field and Laborator; ¥on urements of Radiation Intensities
frve Talleout Trm(‘)

Field Plate Plate Beta ply,
Gemma Reading Gaxma Resding | Gemma Reauing
|_Statdon | Plate No, '  (mr/br) (er/hr) {nz/br) |
UNDERGROUND SHOT
N N-2 240,000 4,800 48,000
N-3 270,000 21,000 410,000
N-/ 400,000 36,000 550,000
N-5 340,000 29,000 530,000
HE NE-1 340
FE=3 340
NE-4, 1,700
NE-5 17,000 3,500 52,000
B! E'-1
E'-3
E'-4
E'=5 500
w -3 50
W4 70
-5 50
W NW=5 820

(2) Blanke 4n the columne indicate no messurable activity on the plate.

Comparison of columns 3 and 4 of Table 4.]l1 is significant
only if the over~all comnting efficiencies of the M X=4 at 3 in. and the
T1B at 3 ft are considered. For a 1 ft-square sample, the ratio of thess
counting efficiencles is approximately 50, i.e., for a given semple the
M X-4 at 3 in, indicates fifty times as great a value as the T1B at 3 ft.
Therefore, the contribution of a square foot of sample to the general
radiation field 3 ft above it is approximately equal to the plate reading
(columm 4, Table 4.11) divided by fifty,

Figures 4.19 and 4.20 show the field gamma readings and the
plate gamma resdinges as a function of location for the surface explosion.
Similarly, Figs. 4.21 and 4{.22 show the field gamma and plate gamma values
for the underground explcsion, Fleld gamma readings were obtained pri-
warily at the collector stations; however, extrapolation of lines beyond

- A8 -
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the station array waes accomplished by use of other sources, such as
monitor's data and telemeter readirgs.

Figures 4.23 and 4.2, reaspectively, show the total mass
distribution of the samples <ollected at the surface and underground
explosions. PFigures 4.25 through 4.28 show the distribution of total
ectivity and of specific activity for both explosions. These graphs
were plotted using the values shown in the tables in Appendix D.

Figuree 4.29 and 4.20 are graphs of the percertage of total station active
ity found in particles less than 74 pu for the two explosions. Ths mass
distributicns by particle eize for the underground shot are sbowmn in

Figs. 443) to 4.3, and for the surface explosion in Figs. 4.35 to 4.38,

In the underground explosion a base surge formed as the
main column began to settle back to earth. An estimation of the maximum
extent of the bese surge was made using binoculars containing a reticle.
This visual estimation compared well with a well defired dust pattern
later found on the ground in the cross wird direction. The dust pattern
extended about 400 yd up wind from ground zero and about 750 yd crose wind
in both directions, Down wind, the boundaries of the dust pattern werse
not clearly defired. In the up wind and cross wird directions, all of
the cortaminated materiel was found within the dust pattern; however, the
radietion field extended well beyond the boundary of the pattern,

The particle size of the contaminant is significent in con-
tamination-decontamiration studies. For the surface explosion, no mors
than one per cent of the activity was found in the particles under 75 p
ir dismeter. The percentage of activity in the fraction under 75 i1 was
fairly constant and independent of the distance from ground sero. For
the underground explosion the percentage of activity in the particles
under 75 y in diemeter ranged from 0.5 to 40, and varied directly with
the digtance from ground sero.

The above observations suggest that it would be easier teo
decontaminate objects subjected to contamirstion from a surface burst
::an those contaminated by an underground burst; this was generally found

be true.
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FPig., 4.28 Undergrourd Explosion,
Pistritution of Total gpeci.tic
Activity {c¢/min/g x 10°)
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CHAPTFR 5

5.1 SUNTMRY QF RESULTS

5.1 Particle Siua Distelbutlong

The welghted total eollection mediasn dlametera snd grormetrlce
deviations of particulate matter 2ol'acted in the aervsol sempler and on
the differential fall-ou® collector eleciron mlcroscope grids are suwmarliasd
in Table 5.1.

TABLE 5.1

Sumnary of Median Diameter Detnrminations

- o

‘ Geonatric {
! Med] Lan Geonetric
Sarple i () . Devlaticn

Gross Aerosol j 0.2 | 3.1
Sanmple ? i
EM Grids !
Groas DFO 0,22 " 4.0
EM Grids |
Radioactive Fractlon 1.4 | 2,2
Aerosol Semple |

All aerosol measurements are for the underground shot only.
No samples were collected during the surface shot since the path of the
cloud lay betwesn two of the legs of the instrument layout and was not
wide enough to contribute significantly to the aerosol collection.

In evaluating these resulta, it must be remembered that
tho particle size distributions obtalned are alwuys greatly influsnced
by both the collection and the analytical methods employed. At this time,
thers is no known method for sampling and aunalyszlng aerosols with as wide
A spread of pearticle size as was encountered in this investigation, The
tpparent difference in median particle diameter between the groas and
radioactive samples was undoubtedly dus to the difference in analytical

- 8 -
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procedures, The radicactive particles were measured under an optical
microscope with conditions limiting resolution to 0.5 u while the grosg
samples were measured undexr the electron microscope whose limit of resoyy.
tion is probably two orders of magnitude better, It has alao been deten.
rined that size frequency distributions of the same semple made under g4y,
farent magnificationa with the electron micrcscope show a decreasing neq
with increasing megnification. Two factors prohbably are responsible for
this effects

1. More suall particles tecome visible with higher mepmi.
fication.

2, Larger particles are automatically diseriminated agatyst
when thelr apparent dimonsions approach that of the viewing aresa,

As an exr.ple, it was noted that the waximum slzes recorded
for the aerosol sanples were & u vhen mossuved optically and 1.5 w when
mcasured on o6)ectron micrographs,

Another factor to consider 1s <the bilas contributed by the
sanpling Instruzonis. For lnstance, thermal pracivitntors will not colleet
particles much grester *han 8n, As steted previcusly the DFO elec*ron
microscope grids wore not covered with carbowex as were the glnra sectors,
and when thay wara coll~rted 1t was observed that they looked rch ¥eleaney?
then the surrounding crea, ith the DF0 collector, difforerces in surface
conditions resulted in poor collection efficierncies for particles larger
than a fev microns in diameter.

It can be shown by an independent measuremsnt, howsver,
that the values in Table 5.1 are not as greatly blased by the inefficien~
cles of collection for large particles as might be assumed., Consider the
particle size distribution of the fall-out sample labeled UG3 in Sec~
tion 4.1.4. This distrioution covers the entire range of particle sises
from the class interval O to 1 . to the class interval 1 to 2 mm, It was
obtained by plotting the woights of the particle size fractions separated
by a combination of sieve and sedimentation 1iethods, If this distribu-
tion be converted to one in terms of numbers of particles per sixe frac-
tien, vhich is the marner in which the dilrect messurement data are usually
presented, the interesting result of a modlan particle diameter less than
1y is found. In making this couversion, the per cent hy weight, Pw, of
the particles in a given class interval divided by the cube of their
diamater was taken es s measure, N, of the number of particles in the in-
terval (see Table 5.2).

Table 5.2 shows that the size fraotion below 1. representd
approxizately 95 per cent of all the particles by number. It seems then
that the measurements pade from the electron mierographs are not greatly
biased ty the collection method but rather by the analytical methoed, and
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could conceivably be smaller than reported. This hypothesis becomes nop
credible when it is noted that, no matter how sensitive is the method op
detection used, the mode of the size frequency distribution curve alwayy
crovds the miniuwum particle slze interval, The stardard procedure of
plotting logarithms of particle diameters attempts to compensate for thig
effoct.

Another interesting result of the radlcactlve particle meay.
urements is the estimate of “he conceniratlors of alrvorme radlosctivity
contributed by the O to 8 u particles. Since this nparticle slze range 1,
inportant from the polnt of view of inhalatlon hacard, Lhis ecil-a’e nay
farnieh an indlcatlion of the eoriowspes< of the problem with ex urdergrovyg
d~tonation. The values given in Jsctlon 4.l.1 are actnally avernged over
the firat 3 hr by viriue of the fact that the instrumnnte ovaratec during
this poriod. The actv~l -oncentrations in *1a cloud are difficult to evale
vate. Howover, the Llme differential dsta of 3Section 4.2.1 indicate +hat
tha heavy concentrations arri-ad at mo~L of the staticas within a few
rinutes and wore of minutes duration. Therefore, the computed conconirae
4ions, which varied from 2 x 10~4 p~curin/se at Staiion 108 to 2 x 10"8
p-curie/ce at Station 130, are minlmum value-. The octuval cloud crncen-
trations could eazily he one or two ordors of wagn’iwds hisher. It should
be noted that even the rinirum values are rany tirmes gmoates than the
prasent ARC tolarance for iixed fission procducts concen*=n%ion, whick is
109 y~curie/ce.

5.1.2 Activity =3 a Function of Partiols Sise
The percentage of the total activity and the relative spe-
cific activities of three size fractions of the fall-ovt material are
sumwvarized in Table 5.3,
TABLE 5.3

Suamary of Activity va Particle Size

ibrey —— e Yo et s e Tt o -
Size of Surfuce Shot ‘ Underground Shot
Freotlon | Aeblvity | Activity Activity Aotivity
(n) (%) | per Unit Welght (%) per Unit Weight
0"‘2 0"'1 0""001 0.5“1 6"10
2 -20 0-6 0-0.3 25 3-6
> 20 93 - 100 0,01 ~ 2,0 94 ~ 96 9 - 12
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Obviousaly the bulk of the activity of the fall-out material
{3 contalned in the grsatsr-than=20 u size frastion, It was observed in
the surface shot samples that the bulk of the actlvity in the >20p
traction could be traced to a few largs glassy particles as shom in
Sections 4.1.3, 4.1.4, 4.2.1, and 4.2.,2. Even though the spreed of par-
ticles sizes of the active materlal was grester in ths underground shot
saupla3, tho active partlcles still representrd a small fraction of the
totel collection., (See Sectlon 4.l.4.1)

Measurements on tha activity per unit welght are given in
arbitrary units because they are only useful for comparison, It la noted
that for the undargroun?! shot these activitles are all of the sams order
of magnitude,

Since the total amount of materlal collected during the
surface shot was small, the rellability of the measurements made is not
a3 good as that for the underground shot.

5.1e3 Qompogition of Fall-out Materlal and Correlation wlith
Source Material

Although it 18 difficult to sumnarize the results presented
in Section 4.1.4 Iin more conclse form, certein general conclusions may be
presented,

Both the particle size and the composition of the gross fall=-
out samples are remarkably similsr to the original materlala. Analyses of
the results indicate that little fracturlng of soll gralms occurred. It -
appears that the diminishing median ¢lze as & functlon of distance from
sero (Sectlon 42,2) is due malnly to sedimentation rather than the frae-
turing of larger particles,

The radiocactive fall-out material apparently consisted
8olely of glaasy aspheres and glassy gralns. The glassy partlcles were
intensely radioactive. Only one or two accounted for all the radiocactivity
on sous of the surface shot DFO sectors,

The elemental composition of the radicactive particles was
identical to that of the parent soll with the exception of carbon and
boron whose compounds are easily volatilized as compared to compounds of
the other elements presont, Apparently, the radioactive material was
formed by an intimate mixing of fission products and vaporized material,
There were indications that the mixing was not homogeneous insofar as
fission products were concerned, The following observations during the
tnalysis of the fall-out samples substantiste the possibility of inhomo-
goneous nmixing:
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1. Groas decay curves of samples from different stationg
we.e not identical, ’

2. The ratio of radicactivity measurements with and withoyy
absorbers wers widely different from station to station, and from sectep
to sactor in the individual DFO collectors,

3. Radiochemical analyses of the three fall-out size frg..
tions show different ratios of fission products in the fractions, par':e,.
larly for Zr, Ba, and Ru.

In comparing these data with thoas from air bursta, 14 sggy,

that the partiscle size of the radloactlivze materlal ray dovend »mi=arily o
“1e concentration of source materlal in *he [{ireball, and saeconc rily oy
it3 particle size, At Cperation GREENHOUGE the concaentration of sou-nae
material wa2 much smaller than at this operaifon, and the »articls sisag
were also smaller, TFurther, some of the rc fouciive fall-out ma:erial
at CREENHOUSE consisted of nomrse inert coral greins which had bean swept

to the cloud and upon which small racioaciive sphores had adhered,l
Upon such evidence the particle size of *the soil irvvolved s% thils opera-
tion could be expected *o =ffect tho size of “te actlve airborpe material,
This secondary effect wa3, however, not obeaved,

=]

5.1.4 Fall-out Distributio

e

l

P

5.1e4.1  Time Distrllutlon
The results of the time distribution of fall-sud
studieas aseem erratic at first glanca, It 18 regrettable that mechanica’
diffienlties and timing clrcult failures resulted in poor coversge. FHow-
ever, the two collections from the surface shot and the five from the
underground shot, yleld certain conclusions regarding fall-out,

The first heavy wave of fall-out on the surface
shot arrived at Stations 29 and 33 sometime between 8 and 10 min after
shot time, To srrive at that tiws the material must have been transported
by the high veloclty winds aloft. A second wave which arrived at Station 2
approximately 60 min after shot time vas not detected at Station 33.

A well-defined heavy fall-out was experisnced in
the first few ninutes following the underground shot. The fall-out on
arcas near the shot protably originated from material in the lower part
of the stem of the cloud, in the base surge, and from throw-out, This

1 C. E. Adens, F, R, Holden, and N, R, Wallace, "Fall-out Phenomenology®,

Greenhouse Report, Annex 6.4,
- RG -
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fall-out started almost immediately after the shot and persisted for
spproxinmately 5 to 10 min.

The fall-out which occurred at more distant areas
probably originated from material in the higher reglons of the cloud,
vhich was rapidly carrled afar by the upper winds, This fall-oul arrived
st a point 3 miles from ground zero in about 7 min, and persisted for
about 10 rdn.

FPollowing the heavy initial fall-out there were
repeated minor amounts of fall-out decreasing greatly in quantity and-
aprarently traveling along the ground with the velocity of the surface
wvind, These minor fall-outs persisted for at least 2 hr following the
shot, end probably came in part from material of the earlier heavy fall-
out which had been stirred up and earrled along by the surface wind,

5.1.4.2 Area Distribuiion

The area distribution of the fall-out 1s best
glvon by Pigs. 4.20 and 4.22, which show the radiai’-n fields, and by
Figs. 4.23 and 4.24, which show the mass distribuiion of materinl, after
the surface and undergrovnd shots, It seams evident tha® the wup wind and
¢ross wind dimensions near ground zero are determined by the exter” of
base surge, and the domn wind pattern by the wind profile ai and fsllow-
ing time zero.

In the surface explosion, the bulk of the ac-
tivity was found associated with glass sphercids. At stations close to
ground zero larger spheroids predominated, while at remote stations they
-Wore smaller and more numeroms. The direct relatiomship of frequency with
distance, and the inverse relationship of size with distance, were most
pronownced. ’

In contrast, the activity resulting from the
Wnderground explosion was found distributed throughout the gross fall-
out, The radiocactive particles could not be distinguished visually except
for some partially fused rocks and large clinkers found near ground zero.
Some of these clinkers were several inches long. The size fraction con-
taining the groatest percentage of activity was dependent on the location
of the collector since activity was found in all particle sizes and the
Porcentage weight of any size fraction was a function of its distance
from ground sero. Thus at the station 4,000 yd north of ground zero,
40 per cent of the over-all activity was found in the fraction of 74 p
tud under (Fig. 4.30), while at the station 300 yd from ground sero less
than 1 per cent of the over-all activity was found in the fraction = 74 e

- 87 -
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The apecific activity for the surface explosion
increased with distance out to the limits of the experimental array. Tpy
increass indicated the influence of the larger number of small spheroigs s
at distant stations compared to the smaller number of large fused particy,
close to ground zero. Although the specific activity increoased with dy,. ‘
tance, the total activity at any one station decreassed with distancae,
Thorefore, the larger quantity of fall-out at short distances overwhelmey
the higher specific activity at distant stetions,

For the underground explosion, the speclific se-
tivity also increased with distance from ground zero., However, for both
shols the rate of increase was slight beyond 2,500 yd,.

The statlions located 300 yd fron ground zero, in
both the surface and underground explosions, had by far the highest per-
centage of total fall-out along with the lowest specific activitles,
Apparently there was very little mixing of radloactlve partlicles and irer
801l at these close stations,

Several isolated areas of heavy fall-out can be
located on Figs, 4,27 and 4422 for surface and und.rground explosions,
reapactively. These areas irdicate true fall-out wita epoclfic achivities
mich higher than thosze found at the 300 yd statlions.

5.2 CONCLUSIONS

1, The median particle diameter of the gross alrdborne material was
messured as approximately 0.2 u.

2, The median particle dlameter of the radicactive particles wae
measured as approximately l.4 pe.

3., The O to 8 p fraction contrivuted at least 2 x 10°5 p =gurie/ce
to the airborne radioactivity concentrations,

4e The bulk of the radioactivity was contained in the larger th
20 p diarmeter particles.

5, Inhomogeneity in radiochemical content was aoted in the fall-out
collection.

6, Size distribution and mineral content of the fall-out material
were similar to that of the parent material with the size distrlbution
varying with distance from zero.

7. The radioactive particlea vere observed to be glassy and have
the same elemental composition as the 301l except that boron and carbon
were missing. :

8., The time distritution studles showed heavy initial concentra-
tions transported by high altitude winds followed by several secondery
waves of materiel transported by surfece winds.

- 88 =



PRCEJCT 2.5 2

9. Area distributions were found to be determined by the extent of
the base surge and the wind profile.

5.3  RECOMMENDATIONS

The following recommendations are offerad for those wha wmay undar-
take similar investigaetlons in the futura:

1. For size~frequzncy distributlon studlies, lnstrwients which di=-

crimirate against the larger particle sizes are preferable to those which
iscriminate sgainat smaller particle sizes. For size-welght distribution
etudies, the reverse ie true.

2, Sincs the acturl partlicle concentrations are low, high volune
samplers are indicsted for better statlistical sampling.

3. Since 1t 12 impoasible to collect the emntlires particle size
specirum with one insiruzent, it 19 sugger®ed that ths radicactivity con-
centrations contributed by the smell«r par:iicle slzes (less than 5u) be
investigated since these are more importesr: i investlgating inhalatlon
hezards and decontaminatlion problems.

4. A more rugged differential fall-out collecor which ls¢ cheap and
sizple enough to allov wide coverage should be develcped.

5. The sampling of alrborne particleas by means of ground tnged
senpling stationz 18 ex*remely inefficient beceause of the large nuiber of
instruments and man bours needed for gocd coverage. A more reasonable
approach would use a rerote controlled airborne sumpler which could be
directed into the cloud after it 1s formed and thereby guarantee a col-
lection, In thiz way, expensive instruments and manpower would not be
wvasted on stations not ylelding useful information. Developuent of a
sampler which can be transported in a small gulded missile is suggested
gince large drone aircraft are too cumbersome. Even though the individual
instrument cost would be higher, the price per usable sample would be much
lover and manpower would be conserved.



APPENDIX A

PERSONNEL, LOGISTICS

A.1 ROSTER OF PERSONNEL

A projoct of this magnitude reqguires th» services of a lergs number
of parsonnel of diversifiel skille. The following list ie an etiempt to
credlt all the people ¥ho %took part in th's work. The task could no have
boon acconplishsd with< it each contriuution,

U, 3, Naval Radiolozical Defense Laboratory.

C. E. Adams, Chemist, Chemlcal Physics Branch. Supervisicn of fall-
ent analysis. Preparetion of the sectlion on time dlstrivution of fallwout.
Petrographic survey of fell-ocut materlal,

T. H., Anderson, Chemist, Research Engireering Branch., X~ray diffrac-
tion snalysis,

D. W. Berte, Electronics Engireer, Ins‘ruments Branci. Design of
differentisl fall-cut counting equipment.

M, Brownsell, Toolmeker, Shops Branch, Fabrication of succesaful
prototype of thermal preclpitator. Imspection of production models.

W. Buser, Machinias%, Shops Branch. Progress of inatrument fabri-
cation, On-site repairs,

H. Chan, Chemist, Applied Research Branch. Aralysis of fall-out
samples.

P. A. Covey, Electronics Engineer, Instruments Branch. Fabricatlon
of gas flow proportional chamber and counting apparatus.

E. C. Evans, IIl, Physiciset, Chemical Physics Branch. Supervision
of on-site operations,

N. H. Ferlow, Chemist, Chemical Physics Branch., Particlipated in
aerosol sempler development, on-site 1installstion end calibration of in-

struments, and fall-out analysis.
J

F. A, French, Chemist, Chemical Physics Branch, Participated in
on~site instrument installation and calibration.

.
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T. C. Goodale, Chemist, Assistant Chief, Chemical Physics Branch,
Participated in on-site operations.

A. E, Greendale, Chemist, Nuclear and Physical Chemistry Branch,
Preparation of gross decay curves from fall-out material.

P. Harris, Microscopist, Research Engireering Branch. Preperstiop
of electron micrographs.

Je W. Hondricks, ¥athematicien, Chemicel Physics Branch. On-site
instrument installation and calibra’lon.

M. Honma, Chemist, Analytlcsl and Stardards Branch. Spectrochemieq)
analysis of soll and fell-out samples.

S. XK. Ichiki, Physicist, Chemical Physics Branch, On-gite instru-
montation. Preparation of section on slze cdlestribution of radiocactive
particles.

W, Irhoff, Physicist, Chemical Physics Eranch., Participated in
particle size enalysis of aerosol seamples.

P. D, LaRiviere, Physiclst, Cherlcsl Physics Branch, Su~r-v!=ion
of particle radioautogrephy. On-gi‘e insiruument in3*e’latlion ~rd cali-
bration.

R. Laurino, Chemist, Military Evalustions Branch., Participation
in on~site and laborsa*oiy phases of fall-out study.

F. Mason, Mechanical Engineer, Design Franch. Supexvision of
engineering design of sampling instruments.

N. Morabe, Xaterials Branch. On-zite materiel procurement,

J. D. 0'Connor, Chemist, Analytical and Standards Branch. Spectro-
chemical anaslyeis of soil and fall-out samples.

J. N. Pascual, Chemist, Analytical and Standards Branch., Excbange
capacity determinations on soil samples.

W. W. Perkins, Chemist, Applied Research Branch. Apalysis of fall-
out samples.

I. G. Poppoff, Physicist, Chemical Physics Branch, Technical
coordinator, Design and development of aerosol esampler and differential
fall-out collector., Preparation of Chapters 1, 2, 3, and 5 of this
report.
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Jo T. Quan, Chemist, Chemical Physics Brench. On-site instrument
4nstallation and calitration. Participation in particle size aralysis.

E. A, Schuert, Physicist, Applied Reseerch Brauch. Development of
fall-out trays, On-site instrumentation. Preparation of fall-out dis-
tribution portion of this report.

Je. A. Seiler, Chemist, Analytical and Standerds Branch. Radlochenlcal
analysis,

W. Shipman, Chemist, Ane.ytical and Steandards Branch. Radlochernical
analysis of fall-out szmples.

R. R. Soule, Physicist, Applied Reseaxch Branch., Design and devel-
opment of fall-out trays. Participetion in on-s=ite operations, Co-zuthor
of fall-out distrivution section of this repori.

H. Steiner, Physicist, Chemica) Physics Branch. Calibratlon of
differential fall-out counting apparatus.

N. Vogel, Mechanical Engineer, Shops Branch., Supervision of fabri-
cation of field instruments,

N. R. Wallace, Physicist, Chemical Physics Branch. Development of
differential fall-out collector, Om-gite instrumen*ation. Prepiration
of section on activity ss a functlon of particle size.

Jo W. Weshkuhn, Industrial Hygienist, Chemical Physics Branch.
Supervision of analysis of soil samples. On-site instrumentation. Prep-
aration of section on iden*ificatlion of collected material and correlation
with source material for this report.

Je. Po Wittman, Physiecist, Chemical Physics Branch. On-site instru-
ment installation and calibration. Radlioactivity measurements on differ-
ential fall-out,

Je V. Zaccor, Physlcist, Chemicel Physics Branch. Thermal precip-
itator development, On-site instrumentation. Preparation of section on
sizv distribution of gross samples for this report.

versi alifornia

'I. Barshad, Division of Soils. Differential thermsl analysis of
clay fraction of soil. Assistance in the interpretation of other data
on clay fraction. ,
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California Department of Public Bealth

L. Schmelzer, Chemist, Buresu of Adult Bealth. I-ray diffractiop
analysis of clay fraction of soil samples,

U, S, Geological Suryey

A, M. Piper, Geologist, Portland, Oregonm, Office, Data on caliche
layer at site.

J. L+ Poole, Geologist, Carson City, Nevada, Office. Soll sample
collection,

0. 8, Army Corps of Engineers

C. B, Palmer, J. G. Zeitlen, C, E, Bettinger, and C, V. ¥eNicol,
South Pacific Division Laboratory. Physical, chemical, and petrog*aphic
analysis of soil samples.
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APPENDIX B

GRAPES (PARTICLE DIAVETER VS PER CENT LESS THAN STATED SIZE)

SIZE FREQUENCY DISTRIBUTIONS OF GRCSS SAVPLES FOR INDIVIDUAL
STATIONS

These graphs supplement Seciion 4.1.1., (See FPigs. B.l to B.9)

SIZE FREQUFNCY DISTRIBUTION OF RADIOACTIVE SAVPLES FOR INDIVIDUAY
STATIONS

These graphs supplement Section 4.l.2. (See Figs, B,10 to B,13J
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APPENDIX C

ADCITICMAL SOIL ANALYSIS

C.l  EXPLANATION

The following so0il analyses were made to charactlerize more fully the
soll at the Yucca Flat test site. These tests supplement those discussed
in Sectlon 4.1.4.

C.1.1 Physical Tests

Atterberg Limits. Liquid and plastic limits were determined
in general accordance with the A.S.T.M. Designations D423-39, "Standard
Method of Test for Liquid Limit of Solls”, and D424-39, "Standard dethod
of Test for Plastic Limit and Plasticlty Index of Soils®¥,

Specific Gravity. This was found by the pycnometer method,
using evacuastion to free the soil of adsorbed air,

Counpaction. Since the soils were non-plastic, it was con-
sidered acceptable to test the materials in an air-dry condition as a
measure of their behavior,' Both the maximum and minirmum densities were
obtained on the material passing through a No. 4 sieve., For maximum Con-
sity determirations, the soill was compected into a 1/30=-cu ft mold (4 in.
in diameter) by twenty-five blows of a 10 lb-hammer dropped 18 in, on to
each of five layers in the mold. The striking face of the hammer was
3.875 in. in diameter so that the soil was confined during the compaction.
The minimum densities were found by pouring the 801l loosely into the sare
mold with no compaction.

Fleld Moisture Equivalent. This was determined by the
method given in A.S.T.M, Designation D425-39, "3tandard Method of Test for
Fleld Moisture Equivalent of Solls".

Centrifugsl Moisture Equivalent. The method used was that
given in A3.T.M. Designation D425-39, "Standard Method of Test for Cen-
trifuge Moisture Equivalent of Soils",

Fleld Density. The density wus determined on a small piece
of caliche by the *waxed chunk" method in which the soil chunk is water-
proofed with a coating of wax and then weighed in water to determine its
volume, After removing the wax, the material is oven dried and its dry
welght per unit volumo determined. The field density of the caliche was
100 1b per cu ft and its moisture content was 2,9 per cent.
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The physical -test results are summarized in Table C.l.
TABLE C.1

Physical Test Results of Pre-test Soil Samples
at the Underground Site

Tﬁ ¥olsture _
! Liquid Specific ' Equfvalant |
| Limit Plasticity(‘)'Gravity 1Compaction | Per Cent ?
Sarple Per Cent : Index =4 Yesh {¥fn, “ax,  Fleld!Cen*ri ugs]
-3in.|] 22 | o0 2,60 |79 |106 | 2| 4.6
" (Plastic Limit = 22) (Air-dry ' ]
| Moisture f '
|- 145%) !
5-6 ft 20 i 0 P 2459 | 76 ! 104 21 | 6.4
(Plastic Limit = 21) | l
f
17 1t Unobtainable 2,61 92 | 117 22 5.0
(Non-plastic) (Alrdry
; Molsture !
j 1 =128 | 'z

(8) 4o defined in A.5.T.M. Designations D424-39, "Standard Method of
Test for Plastic Limit and Plasticity Index of Soils"W,

The liquid limit, plastic limit and plasticity index values
indicate that the soil 1s either non-plastic or just barely plastic. The
molsture equivalent values indlcate that the moisture holding capaclty 1s
quite low, The compaction values indicate that the soil, as it exists in
the fisld (with the exception of ths caliche material), is not in a com-
pacted condition.

C.1.2 Chemical Testa

i

Bage-exchange Capacity. The capacity was determined on soil
samples from the O to 3-in., 5 to 6-ft, and 17-ft levels from the under-
ground shot site and on a caliche sample from the Operation BUSTER site.
The camples were crushed to pass a No, 30 sieve and the analyses made
according to the method of the American Association of Agricultural
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Chenista.l In their method, the sample is szturated with ammonium acetate
solution followsd by an alcohol wash. The sanple 1s then transferred to

a diatillation flask and distilled in the presence of sodium hydrcxide,
the ammonia distillate is received in HCl with methyl orange indicator.
When distillation is complete, the solution is made distinctly alkaline
with NaOH and back-titrated to the first yellor with HCl.

Exchange capacity was also determined on the less than 2 u
fraction and on the sand fraction of soll frou the 17-ft level of the
underground shot esite, The less than 2 p fraction was prepared as pre-
vioualy described under *he X-ray diffraclion and dehydration curve para=-
grapha, The sand fraction was prepared as follows: the total soll sample
was placed in a cassgerole with water and triturated with the tbumbs to
free the sand froa adhering silt and clay. The suspended silt arnd clay
waa removed by decantatlon. Trituration and decentation wers repeated
untll the sand was free of silt and clay.

The exchange capacity of the lssa than 2 p and the asnd
fractiona were determined by Peech's method.“ In this method the sample
is leached with ammonium acetate solution followed by an alcohol wash.
The sample is then transferroed to & Kjeldahl flask and distilled., The
distillate is received in standard acid with methyl red indicator and the
excess acld titrated with sodium hydroxide,

The values obtained for exchange capacity were somewhat
unusual for a sandy textured soil of this type. (See Table C,2.) In
general, base exchanpe capacity is usually assoclated with the clay (less
than 2 p) fraction of soil. In this instance the exchange capacity of
the sand freclion can probably be assigned to the weathered feldspars.
The exchange capacity of the less than 2 y frection 1s probably essen=
tially due to the hydrous mica and the weathered feldspars.

Chemical Analyses. These analyses were made by methods of
the American Association of Agricultural Chemists.’ The results are re-
ported on the material passing a No. 4 sieve with the exception of the
caliche sample where the total sample was usad, The sllica, iron, and
&luninum were determined on fused samples and are reported as per cent of

1 0fficinl and Tentative Methods of Analysis of the Association of Official
Agrioultural Chemists (6th ed; Washington: Aessoclation of Official
Agricultural Chemists, 1945).

2 Michael Peech, "Determination of Exchangeable Cations and Exchange
Capacity of Soils - Rapid Micromethods Utilizing Centrifuge and Spectro-

photometer®, 801l Science LIX (1945), 25-38,

3 Op. cit. : é
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TABLE C,2

Base Exchange Capacity

Exchange Capacity in Milli.
, equivalents NH;/100 g
Sample of Sample
0 to 3-ino 24
(erushed to pass through a 0.590 mm mesh)
5 to 6-1t 23
(erushed to pasa through a 0,590 mm mesh)
17-1t 18
(crushed to pass through a 0,590 mm mesh)
Caliche 15
(crushed to pass through a 0,590 mm mesh)
Sands 4902
(2.0 to 0.002 mm)
Less than 2 41,3

dry weight of soil. The carbonates and organic carbon were detercined
on raterial crushed to pass a No. 100 sieve and the results are reported
es per cent of dry weight.

The composition of the pre-test soil samples as obtained
by chemical analysis is glven in Table C.3.

TABLE C.3

Chemical Analysis of Pre-test Soil Samples

WW
, Sample

N Component 0 to 3 in. 5 to 6 £t | Caliche 17 £t
Silica % 6808 6502 47.7 6906
Fe and Al Oxides (R203) % 17.1 16.8 9.8 16.1
Iron Oxide (Fep03) % 2.9 3.0 2.0 (a)
Total Carbonates % 0455 2.92 19.17 1,00
Organic Carbon ¥ 0.16 (a) (a) (a)

(8) Not determined.
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APPENDIX D

FALL-CUT DISTRIBUTION DATA SHEETS

D.1 EXPLANATION

The first letter in the station designeotor indicates the type of
explosion, S and U for surface and underground, respectively., The re=-
mainder of the deslgnator locates the station with respect to ground
zero (Fige 3.1).

The values of activity and activiiy per unit welght bave been rounded
off to two significant figures.

STATION S-D-1

Size of Weight of | Percentage Activity
Fraction Fraction of Activity per Unit deight
(p) (g) Total Welight (¢/m) (c/m/g)
5600 and over 5047 6.C5 0 0
5180 19.2 2,29 0 0
4040 36.2 Le32 1,600 45
2845 19.6 242 0 0
2006 17.4 2,07 140,000 7,600
1420 11,2467 134 13,000 1,200
1015 12.2000 1.45 27,000 2,200
ms 11.6341 1.39 20,000 1,800
503 17.5224 2,09 12,000 700
250 90.4 10.78 20,000 220
175 16344 19,49 12,000 75
90 94 .C 11,21 10,000 110
7, and under | 109.7 13.08 9,000 84
jAverage Activity
per Unit Weight
Totals 834 o4 100 2,77 x 105 | 3.3 x1




STATION S-E-2

mm‘:‘—.—-—-ﬁz C —— -—-‘g
Size of Weight of Percentage Activity

Fraction Fraction of Activity || per Unit Weight

() (g) Total Weight (c¢/m) (c/m/g)

5600 ¢ i1 over 37.9344 11.68 0 o |
5180 10,0736 3.10 0 0
LOAO 16.2792 5.01 320 20
2845 13.4892 4el5 0 0
2006 £.9508 2.76 ! 68} 8

1420 7.0307 2,17 4 ,700" 640 1
1015 5.8228 1.79 4,300 750
715 4..8688 1.50 7801 160
503 5.5238 1.70 1,000] 290
356 74243 2,28 750! 120
250 12,6942 3.92 2,300 180
175 21.5552 6.64 | 2,900:, 130
125 36,7063 11,30 2,300 7
90 37.4725 11.54 : ol 0
74 and under| 98,8966 30.46 0, 0

. Average Actlvity

| per Unit Weighy

Totals 324..7 100 2 x 1o4h7

STATION S-E-3

——'—-—-—m
Size of Weight of Percenteage ‘ li Activity

Fraction Fraction of Activity : per Unit Welight
(p) (g) Total ¥eight (c/m) | (c/m/g)
5600 and over 85.3508 4,68 0] 0
5180 26,1658 1,43 600 23
4040 41,0856 2,25 0 0
2845 30,4581 1.67 0 (o]
2006 27.9737 1.53 0 0
1420 24, e 1475 1,22 0 0]
1015 33.3190 1.83 1,600 49
715 50,6013 2.7 0 0
503 100,0645 5.49 2,800 28
356 165.3572 9.07 104,000 630
250 220.4256 12.09 17,000 80
175 324.,7897 17.81 46,000 140
125 259 .4 14,22 10,000 40
90 215.9 11.84 0 0
7/ and under | 166.7 9.1 5,000 30

Average Activity

per Unit Weight
Totals  1,823,7 100 1.92 x 105 1,05 x 102
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STATION S-F-1

o

e,

e
—

———

—

Size of Weight of Percentage Activity
Praction Fraction of Activity per Unit Weight
(n) (g) Total Welght (c/m) (c/m/g)
5600 and over 26,1 5.95 0 (0]
9.4 2,14 300 32
8.7 1,98 1,400,000, 160,000
6.5606 1.49 | 3,800,000 570,000
| 6.,2968 1.4 | %.500,000!] 720,000 |
| 6.86TT 1.57 | 3,700,000 540,000 |
| 6a73 1.41 . 2,200,000 410,000 |
[ 846399 1.97 "700, cooﬁ 81,000 |
L 19.1641 4,37 320,000, 16,000 |
48,3875 11,03 150,000 3,200 |
68,2216 15.58 75,000 1,100 |
85.5 19.49 54,0001 630
51.8814 11,52 29,000 560 |
74 and under|  73.0264 16.65 '71,000 o, 580 |
‘1 Average A'Lc’civ:ttyJ
i per Unit Weight|
Totals 438.6 100 1,72 x 1071 3.92 x 104

STATION S-F-3

R R e e

Size of Welght of Percentage ! Activity

Fraction Fraction of Activity per Unit Weight
(1) (g) Total Weight ' (c/m) {c/m/g)
5600 and over 9.7 30,98 1,300,000 140,000
5180 1,6576 5429 o) 0
4040 1.9642 6.27 580,000 150,000
2845 1.5429 4.93 230,000 150,000
2006 13747 4e39 1,100,000 820,000
1420 1.,2353 3.95 880,000 710,000
1015 1.2171 3.89 870,000 710,000
5 1.2200 3.9C 1,100, OOO 920 000
503 1,0232 3.27 670 000 650,000
356 1.,1362 3.63 87 000 77,000
250 1,362 435 54,000 40, 000
175 1,8060 5T 28,000 15,000
125 1,7851 5.70 22,000 2 000
90 1.3854 hLeb2 9,700 7 000
74 and under 2.8994 9.26 17,000 6 000

Average Activity

per Unit Igight

Totalg 3143 100 7,2 x 206
- 109 -




. PROJECT 2.5g2

STATION S-G-1
m — —
Size of Weight of Percentage Activity
Fraction Fraction of Activity per Unit Weight
(p) (g) Total Weight (c/m) (c/m/g)
5600 and over 0 0 0 o |
5180 0 (o) 0 0
4040 1,5404 7439 280,000 180,000 |
2845 0.6130 2.94 170,000} 280,000
2006 0.8026 3.85 | 480,000 600,000
1420 0.7123 3e42 190,000 290,000
1015 07100 3.41 190,000 220,000 i
715 0.2210 423 150,000 18C,000
503 1.5185 7.59 76,C00 50,000
356 242285 10.69 26,000, 12,000
250 249976 14.38 ; 23,000 7,800
175 2,9925 14,36 ? 14,000 4,900
125 263726 11.28 10,000 44500
90 1.4174 6480 : 5,400 3,800
7, apd under 2.0566 9.87 N 3,000 3,900
i I Average Activity
( 6 PeT Unit Weight
Totals 20.8 100 1.7 x 108 T 8,16 x 104
STATION S-G-3
Size of Weight of Percentage Activity
Fractlon Fraction of Activity per Unit Weight
(u) (g) Total Welght (c/m) (c/m/g)
4040 end over 24,7480 1.07 510,000 180,000
2845 1.3618 0.53 790,000 580,000
2006 1.4744 0.57 2,600,000 1,700,000
1420 1.6545 0.64 1,300,000 810,000
1015 2,270 0.88 1,700,000 760,000
715 3.5772 1.39 2,500,000 700,000
503 9.1523 3456 2,000,000 20,000
356 26,4 10,26 740,000 28,000
250 520.3 23,05 72,000 1,200
175 647 25,15 62,000 970
125 hde3 17,22 65,000 1,400
90 19.3 7.50 31,000 1,600
74 and under 20.5 797 72,000 3,500
Aversge Activity
per Unit Weight
Totals 257.3 100 1.27 x 107 4494 x 104
- 10 -
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PROJECT 2.5a-2

STATION S~H~1

Size of Weight of Percentage Activity
Praction Praction of Activity per Unit Weight
(1) (g) Total Weight | (e/m) (e/n/g) |
4040 and over 0.3453 9449 180,000 530,000
2845 0,1899 5022 290,000 1,500,000
2006 0.4848 13.33 230,000 490,000
420 0,2042 5.61 l 310,000 1,500,000
1015 0.2128 5.85 300,000 1,400,000
75 0.1653 be54 260,000 | 1,600,000
503 0.0682 1.33 46,000 680,000
356 0.0887 2,44 29,000 ¢ 320,000
250 0.2.526 4420 18,000 | 110,700
175 0.2516 | 6,92 9,000 | 37,000
125 0,382, 10.51 6,000/ 17,000
90 0.3343 9.19 3,000 8,000
74 and under 0.7569 20,81 5,000 - 6,000
!l Average Activity
6'i- per Unit Ieight
Totals 3.6 100 1.7 x10°] 4,72 x 10
STATION S~-H-~2
-—-.__—_z_—_.—_.:.-;.-a
Size of Weight of Percentege Activity .
Fraction Fraction of Activity per Unit Weight
(w) (g) L Total Weight (e/a) (c/n/g)
4040 and over
845
2006
1420
1015
75 THIS STATION NOT  RECOVERED
503
356
250
175
125
90
7, end under
Average Activity
Totals per Unit Weight
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FROJECT 2 ,5a=2

, STATION S-H-3

Size of Weight of [ Percentage Activity
Fraction Praction of Activity per Unit Weight,
(») (g) Total Weight (c/m) (c/n/g)
4040 and over 0.5239 6,70 230,000 450,000
2845 04744 6,06 680,000 1,400,000
2006 1.0537 13.48 1,100,000 1,100,000
1420 0.8938 12043 970,000 1,000,000
1015 0.8816 11.28 1,400,000 1,500,000
715 0.8381 10,72 1,400,000 1,600,000
503 0.5475 7.00 1,100,000 2,000,000
356 0.2237 2.86 _ 430,000(! 1,800,000
250 0.2912 3.73 ! 55,000 180,000
175 0.4073 5.21 ! 29,000 70,000
125 0.5305 6.7 i 18,000 34,000
90 0.4116 527 : 11,000 26,000
74, and under 0,7376 9444 ) 18,000 25,000
; Average Activity
} 65 per Unit Welght)
Totals | 7.8 100 | 766 X 10% 9,71 x 107
STATION S-H-5
5ize of Weight of Percentage Activity
Fraction Frantion of Activity per Unit Welght
(n ) (g) Total Weight (c/m) (e/m/g)
4040 and over 0.0409 1,23 0 0
2845 0.0773 2.43 96,000 1,200,000
2006 0.2045 6442 220,000 1,100,000
1420 0,202, 6.36 210,000 1,000,000
1015 0.2297 7.21 190,000 840,000
715 0.2587 8.13 300,000 1,100,000
503 0.2663 8.36 33,000 120,000
356 0.2618 8.22 130,00C 520,000
250 0.26m 8.41 70,000 260,000
175 0.2741 8.61 21,000 75,000
125 0.3315 10.41 10,000 30,000
90 0.2366 743 4,000 18,000
7, and under 0.5322 16,72 6,000 11,000
Average Activity
gll Ppor Unit Weggﬁ
Totals 3.2 100 1.3 x 10 4o14 x 10
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PROJECT 2.5a-2

STATION S-1-1
=:81ze of Weight of Parcentage Activity
Fraction Praction of Activity per Unit Weight
(p) (g) Total Weight (c/m) (c¢/n/g)
4040 snd over 0.3326 11 0 0
2845 0,0227 .80 o]} 0
2006 0.0935 3.31 103,000, 1,000,000
1420 0.0867 3.07 41, 000! 470,000
1015 0.0765 2,71 51,000 660,000 :
75 0.0812 2.90 79,000 970,000 |
503 0.0517 1.83 25,000; 490,000
356 o 0 0|l 0
250 0.1270 4450 2,500 19,000
175 0.2132 755 2,200 10,000
125 0.3987 | 14.12 830 2,800
90 0.3685 13.05 500, 1,400
74 and under 0.9710 34.38 970. 1,000
|| Average Activity
‘i per Unit Weight
[ Totals 2.8 100 3.06 x 105  1.08 x 103
STATION S~I=3
mwﬂ__—z—‘%_.f_;_:__:—.mxfm
Size of Welght of Percentage , Activity
Fraction Fraction of Activity |! per Unit Weight;
(p) (g) Total Weight (c/m) (c/m/g)
4040 and over 0.9732 11.38 400,000 410,000
2845 0.9269 10.84 260,000 280,000
2006 1.3433 15.71 1,200,000 920,000
1420 1.2578 14.71 900,000 710,000
1015 1.1453 13.40 1,300,000 1,100,000
715 0.8925 10.44 1,200,000 1,300,000
503 0.34/2 4.03 660,000 1,900,000
356 0,2010 2,35 140,000 690,000
250 0.2274 2,66 92,000 400,000
175 0.2576 3.01 58,000 220,000
125 0.3027 2454 40,000 130,000
90 0.2148 2,51 15,000 7,000
7, and under 0.4618 5040 23,000 49,000
Average Activity
per Unit Weight
Totals 8.5 100 6.4 x 1A|| 7,49 x 105
-113 -




. PROJECT 2,582
, STATION S-I-5
Size of Weight of Percentage Activity
Fraction Fraction of Activity per Unit Weigh
(n) (g) Total Weight (c/m) (¢/m/g)
4040 and over 0 0 0 0o
2845 0.0684 2,04 84,000 1,200,000 !
2006 0.2429 7 o2 130,000]; 530,000
1420 0.2846 8.48 250,000” 870,000 |
1015 0.26L - 7.7 370,000 1,400,700 |
715 0.2371 7.06 | 370,001 1,500,000
503 062444, 7428 260,000 1,000,000
356 0.2739 8.16 320,000 1,100,000
250 042423 7.22 | 49,000 200,000
175 0.2663 7493 ! 15,000 56,000
. 125 0.,3213 Q.57 . 5,000 17,000
90 0.2537 7.56 | 2,000 7,900
7 and under|  0.6604 19.67 | 3,000 5,000
I Average Activit
! “ per Unit Weigh
Totals 3.4 100 1.9 x 20%! 5,66 x 105
STATION S-K-1
= Size of Weight of Percentage Activity
Fraction Fraction of Activity per Unit Weight|
(w) (g) Total Welght (c/m) (c/n/g)
4040 and over 0.0118 0.78 0 0
2845 0.0063 042 o) 0
2006 0.0595 3.96 24,000 400,000
1420 0.1038 6,91 150,000 1,400,000
1015 0.,1543 10.28 260,000 1,600,000
7ns5 0.2366 15,76 360,000 1,500,000
503 0.2855 19,02 630,000{| 2,200,000
356 0.1571 10,46 490,000/ 3,100,000
250 0.0438 2,92 32,000 730,000
175 04,0457 3.04 7,000 150,000
125 0,0782 5.21 4,500 57,000
90 0,0891 5.80 2,000 23,000
74 snd under 0.2295 15.29 3,300 M,m
Average Activity
oll Per Unit Weight
| Totals 1.5 100 1,98 x 10 1,32 x 1
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PROJFCT 2.%a-2

STATION S«N=~3

Size of Weight of Percentage Ac*(,ivj:t:ymn::1
Fraction Fraction of Activity || per Unit Weight
(p) (g) Total Weight {e/m) (c/m/g)

4040 snd over 0 0 0 0
2845 0.0614 3.19 25,000 410,000
2006 C.1068 554 150,000 1,400,000
1420 0.1655 8.59 170,000 1,000,000
1015 0.2394 12.43 290,000 1,200,000
75 0.2653 13.77 520,000 1,900,000
| 503 0.,2471 12.83 380,000, 1,500,000
| 356 0.0973 5.C5 58,000 590,000
250 0,C776 4.03 0 0
175 0,0997 5.18 0 0
125 0.1605 8433 7,000 45,000
90 01400 727 3,000, 23,000
7/ and under 0.2659 13,80 4,000; 14,000

.| Average Activity

: per Unit We%ght
Totals 1.9 100 | 1.6 x205,  2,42x10

STATION S-N~-4

Size of Weight of Percentage Activity

Fraction Fraction of Activity per Unit Weight
(p) (g) Total Weight (c/m) (¢/n/g)
4040 and over 0.1229 6.38 10,000 81,000
2845 0.1575 8,17 180,000 1,200,000
2006 0.,2176 11.29 130,000 610,000
1420 0.3789 19,66 430,000 1,100,000
1015 0.4003 20,77 690,000 1,700,000
715 043207 16.64 670,000 2,100,000
503 0.0872 452 250,000 2,900,000
356 0.,0323 1.68 26,000 800,000
250 0.,0316 1.64 20,000 640,000
175 0.,0301 1.56 11,000 350,000
125 040353 1.83 7,000 180,000
90 0.0288 1.49 3,000 100,000
7, and under 0,0838 4e35 3,000 35,000

Average Activity

" per Unit Wg%ght
Totals 1.9 100 2,5 x108)  1.28x1
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PROJECT 2,%a-2
, STATION U-D-1

Size of Welght of Percentage | Activity

Praction Fraction of Activity per Unit Weight
(w) (g) Total Weight (c/m) (c/n/g)

4040 and over | 1173.3 31,65 340,000,000 290,000 ]
28/05 152.5 4011 ) 1’.0,000,000 260,000

| 2006 125.2 3.38 | 1,000,000 8,400 |
. 1420 ; 105.9 2,26 1 9,400,000 89,000
| 1015 96.2 2,59 7,900, 000i 82,000
75 | 87.2 2.35 | 52000000 58,000
503 96,2 2,59 | 2,700,700 28,000
3o 120.1 3.2, 1 3,000,000 25,000
50 L 179.56 4,3L 1 2,700,000 20,000
175 | 32944 % 7,88 | 3,900,000] 12,000
125 591.9 i 1597 § 5,500,000 11,000
90 336.6 9.08 , 5,000,000 15,000
74 and under| 313.1 | 8.45 6,000,000 20,000

! ! ' Average Activity

! || per Unit Weight,
Totals |3,707,2 100 | 4e3 x 1081 1,16 x 109

STATION U-D=2

Size of Weight of Percentage Activity
Fraction Fraction of Activity per Unit Weights
(p) (g) Total Weight (¢/m) (c¢/n/g)
4040 and over 8 . 7477 3 ° 28 (0] 0
2845 1.1638 0444 1,500 1,200
2006 1.3789 0,52 1,000 690
1420 1.2351 0446 1,100 960
1015 1.5954 0.63 1,400 860
715 2,2653 0.85 83,000 37,000
503 3.3673 1,26 63,000 18,000
356 5.9562 2,23 90,000 15,000
250 11,2264 4420 130,000 11,000
175 22,9 8.58 340,000 14,000
125 5245 19,66 769,000 14,000
90 50.4 18,88 1,100,000 2,000
74 and under| 104.1 38.99 5,800,000 56,000
Average Activity
per Unit Feight
Totals 267.9 100 8.5 x 105|]  3.19 x 10
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PROJECT 2.52-2
STATION U-D-3

S8ize of Weight of Percentage Activity
Fraction Fraction of Activity per Unit Weight,
() (g) Total Weight (¢/m) (c/n/g)
4040 and cover 13.3 11.26 1,000 76
2845 1.8218 1.54 9C0O 480
2006 1.9661 1.66 1,000: 520 |
1420 1.1693 0.99 | 1,000, 1,000 |
1015 0,6969 0.59 ) 13,007 19,000 [
503 0.6610 0.56 49,000 75,000
356 0.7779 0.6 : 32,000;! 41,000
250 0.5864 0,50 : 8,000, 14,000
175 43825 3,71 32,000| 7,000
125 11,1543 9444 of 0
90 15,2 12,87 170,000 11,000
74 and under 65.9 55.78 2,209,000“ 33,000
|| Average Activity
| per Unit Welght
Totals 118.1 100 2.6 x 0% 2,16 x 10+ |
STATION U~-E-2
Size of Weight of | Percentage | Activity
Fraction Fraction of { Activity per Trlt Welght
(w) (g) Total Weight |  (c/m) (c/u/g)
4040 and over 437 6.88 ‘ 10,000 240
2845 5.5272 0,87 2,800 500
2006 4,.9565 0.78 49,000 10,000
1420 4447729 0.70 127,000 28,000
1015 5.0070 0.79 490,000 99,000
715 5,8166 0.92 420,000 72,000
503 944205 1.48 280,000 30,000
356 14.8875 2434 540,000 36,000
250 294 4.63 1,100,000 39,000
175 72.0 11,33 3,000,000 42,000
125 168.8 26,56 5,100,000 30,000
90 143.9 22,64 3,800,000 27,000
74, and under| 127,7 20.09 4,200,000 33,000
Average Activity
: per Unit Relght
Totals 635.5 100 1.9 x 107||  3.07 x 104
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PROJECT 2,5a-2

. STATION U-E-,

Size of Weight of Percentage Activity !
Fraction Fraction of Activity per Unit Weigh
(p) (g) Total Weight gg/m) (c/m/g)
4040 and ovesr 8e5 16.46 0 0 “{
2845 0.1821 0.35 0 o
2006 0.26T1 0.52 330 1,200 |
1420 0.1859 0.36 17,0001 g2,000

1015 0.2163 Oe42 16,C00 76,000
715 0.1387 0.27 16,000 110,000
503 0.1951 0.38 15,000 77,000
356 0.2378 0.46 8,000 33,000
250 0.4043 0.78 8,000 19,000
175 1.2013 .23 23,000 18,000
125 3.9539 7.66 : 79,000}, 20,000
90 6.3514 12,30 g 197,000 31,000
7, and under 29.8 57671 2,200,000 78,000
l i Average Activity
: per Unit Weight
Totals 1.6 100 | 2.7 x10%]  s.23x1
STATION U-E~5
Size of Welght of Percentage ActivityfzzT
Fraction Fraction of Activity per Unit Weight]
(p) (g) Total Welght (¢/m) (c/m/g)

! 4040 and over 0.2448 0.97 170 650
2845 0.2219 0.58 130 620
2006 0.3894 1.55 11,00¢C 27,000
1420 044392 1.75 520 1,200
1015 0.4912 1.95 740 1,500

715 0.4872 1.94 0 0
503 0.7351 2.92 29,000 39,000
356 1.3482 5.36 73,000 54,000
250 1,0272 4.C8 16,000 15,000
175 1,1019 4428 5,900 5,400
125 2.,1627 8.59 39,000 18,000
90 2,6885 10.68 41,000 15,000
74 and under 13,8254 54494 610,000 44,000
Average activity
per Unit Welght
Totals 25.2 100 2.28 x 10°]l ~ 3,29 x1
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FROJECT 2.8a~2

STATION U-F-1

Sige of Neight of Percentage = Activity
Fraction Fraction of Activity per Unit Weight]
() (g) Total Welght (c/m) (¢/n/g)
4040 aod over | 472.8 20,35 210,000,000 450,000
gaogé igi.a ;ISZ 29,000,000 160,000
3 o3 37,000,0¢. 190,000
1420 195,3 8.41 24,1006, 00 | 120’000
1015 1861 8.001 . 59,000,000 310,000
75 161.5 6.55 62,000,000 380, 000
502 167.5 €.7° 55,000,000 340,000
35 14543 6.26 37,00C,CC0 250,000
ig{; 135.(15 5,82 29,000,000 220,000
134. 5.7 | 11,000,000 84,000
| 125 140.0 6.03 5,100,000 42,000
' 90 89.8 3.87 2,400,000 27,000
74 and under| 127,28 5450 3,300,000| 26,000
[ 1" Average Activity
’ ;, per Unit Welght
\ Totals |2,322.9 100 5,72 x 105 2.4 x 10
STATION U=F-2
8i7ze of Weight of Psrcentage Activity
Fraction Fraction of Activity per Unit Weight
() (g) Total Weight (¢e/m) (c/m/g)
4040 and over 3.3035 1.24 930 290
2845 0.9143 0434 100,000 110,000
2006 1.8508 0.70 120,000 68,000
1420 446327 1.74 1,000,000 220,000
1015 11.9555 4oh9 2,300,000 190,000
L5 19.9 7.48 6,300,000 310,000
503 26.6 10.00 8,000,000 300,000
356 2.9 8.61 7,600,000 330,000
250 2%’.2 797 4,600,000 2§8,ooo
175 26.4 9.52 4,200,000 160,000
125 3449 13.12 2,600,000 76,000
90 26.9 10.11 1, 500,000 58,000
74 end under] 64,6 24,28 5,500,000 85,000
it Wetgnt
per alg
Totals 266.1 200 4oid x 107]] 1,67 x 107
¢
- 119 «
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PROJECT 2.5a-2

STATION U-F-3

Size of Weight of Percentage Activity

Fraction Fraction of Activity per Unit Weight)
(n) (g) Total Weight (c/m) (¢/m/g)
4040 and over 20,2 9,56 1,800,000 93,000
2845 542857 2450 60,000 11,000
2006 442823 2.03 160,000 38,000
1420 4,,8067 2027 490,000 100,000
1015 6.8973 3.26 810,000 110,000
) 5.7741 2,73 700,000 120,000
503 5,1388 2443 300,000 60,000
356 3.6646 1,73 160,000 43,000
250 6.5417 3.10 210,000 32,000
175 15.1759 7.18 400,000 26,000
125 29.1 13,77 600,000 20,000
90 27.6 13.06 610,000 22,000
74 end under 76.8 36.35 2,700,000 36,000

Average Activity

per Unit Weignt
Totals 211.3 100 9.2 x 108  4.35 x 104

STATION U=F=4

Size of Welght of Percentage Activity
Fraction Fraction of Activity per Unit Weight
(p) (g) Total Weight (c/m) (c/m/g)
4040 and over 0.6491 3.20 190 330
2845 0.1237 0,6 190 680
2006 0.1367 0,57 620 4,600
1420 0.3382 1,67 7,800 23,000
1015 0.2638 1.30 2,200 8,200
715 0.31 1,57 27,000 85,000
503 0.5128 2,52 21,000 41,000
356 0.6936 3.41 15,000 21,000
250 1,0585 5.2 25,000 24,000
175 1.6974 8436 58,000 34,000
125 2.5312 12,46 63,000 24,000
90 2.4303 11,96 88,000 36,000
7, and under 9.5591 47.06 530,000 55,000
Average Activity,
per Unit Feight
Totals 20.3 100 8.4 x 10%] 4.5 x 1
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PROJECT 2.5a-2

STATION U-F-5

8ise of Weight of Percentage Activity :

Fractlon Fraction of Activity per Unit Weight]
(n) (g) Total Weight (¢/m) (c/n/g)
4040 and over 0.6129 bel2 120 160
2845 1,1189 8.06 38 34
2006 0.2036 1.47 100, 530
1420 0.1769 1.27 200 1,000
1015 0.1974 1.42 1,700 8,500
s 0.1910 1.38 2,200 11,000
503 0.2198 1.58 3,100 14,000
356 0.2370 1.71 8,600 36,000
250 0.6272 4.52 68,000 100,000
175 1,120 8.08 55,000 49,000
125 1,2173 8,77 36,000 29,000
90 1,3961 10.06 22,000 15,000
74 and under 6.5565 47.25 320,000 48,000

Average Activity

per Unit Weight
Totals 13.9 100 5.2 x 10° 3.73 T 104

STATION U-G-1

Size of Weight of Percentage Activity

Fraction Fraction of Activity per Unit Weight
() (g) Total Weight (¢/m) (c/m/g)
4040 and over 0.2949 0.41 32,000 110,000
2845 0.5986 0.84 71,000 110,000
2006 1.0627 1.49 110,000 100,070
1420 2,6099 3.65 390,000 150,000
1015 4418839 5.86 840,000 200,000
5 46448 6.50 1,600,000 350,000
503 3.2886 4,60 1,600,000 510,000
356 7.1085 9.94 3,500,000 500,000
250 6.9080 9.66 2,400,000 350,000
175 5.4111 7.57 1,100,000 210,000
125 565647 7.78 760,000 130,000
90 6.5215 9.12 790,000 120,000
9/ and under 23.29/9 32,58 1,500,000 &, 000

Average Activity

per Unit Negght
Totals TLe5 100 1.5 x 107)] 2,11 x 10
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'PPOJECT 2,582

_ STATION U=G-2

Sise of Weight of Percentage Activity

Fraction Fraction of Activity per Unit Weight
(w) (g) Total Weight (c/m) (c/m/g)
4040 and over 1.7718 2440 290,000 160,000
2845 0.6630 0.90 65,000 98,000
2006 1.0324 1.40 300,000 290,000
1420 2,9804 4,404 960,000 320,000
1015 7.1868 9.75 2,500,000 350,000
715 10,2980 13.96 3,000,000 290,000
503 9.7554 13,23 2,700,000 280,000
356 6.3939 8.67 1,900,000 300,000
250 6.2348 9.40 2,200,000 320,000
175 7.2329 9.81 1,500,000 20,000
125 5.5682 7.55 830,000 140,000
90 37442 5.08 240,000 66,000
74 and under 10,1811 13.81 750,000 74,000

Average Activity

per Unit Welzht
Totals 7347 100 1.76 x 107 2,39 x 103

STATION U~C-3

Size of Weight of Percentage Activity
Fraction Fraction of Activity || par Unit Weight
(p) (g) Total Weight (c/m) (¢/n/g)

4040 and over 1.7139 4458 82,000 48,000
2845 0.5873 1,57 200,000 340,000
2006 1,7084 4456 150,000 90,000
1420 2.4961 6.67 1,200,000 510,000
1015 347540 10.03 1,100,000 300,000
75 4.3961 11,75 710,000 160,000
503 2.8517 7.62 870,000 300,000
356 1.3673 3.65 290,000 210,000
250 0.8346 2.36 140,000 150,000
175 0,7089 1.89 51,000 72,000
125 1.4272 3.81 60,000 42,000
90 2,293 6.12 57,000 25,000
74 end under| 13,2403 35.38 670,000 50,000

Average Activity

. 6ll PeT Unit We%ghq
Totals 37.4 100 5.7L x 10 1.53 x 10
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STATION U-G-4
[
Size of Weight of Percentage Activity
Fraction Fraction of Activity per Unit Welght
(r) (g) Total Weight (¢/m) (¢/m/g)
40,0 and over 0.1258 1.46 0] 0
2845 0.1394 1.62 52 370
2006 0.0864 1.00 63 720
1420 0.1247 1.45 10,000 81,000
1015 0.1.583 1.8, 34,000 210,000
715 0.2083 242 38,000 180,000
503 0.2547 2.95 40,000 150,000
356 0.2618 4e20 16,000 45,000
250 0.7068 8.20 100,000 150,000
175 1.3414 15.56 200,000 150,000
125 1.2448 Lhold, 130,000 100,000
90 0.9306 10.79 60,000 &,000
74 and under 2.9373 34.07 160,000 ! 56,000
|lAverage Activity
i per Unit Weight,
Totals 8.6 100 8.11 x 10%  9.41 x 104
STATION U-G-5
8ize of Weight of | Percertage | i Activity
Fraction Frection of | Activity || per Unit Welght
(p) () | Totel Weight  (e/m) (e/n/g)
4040 and over 0.0757 | 1,03 0] 0
2845 0.0321 | 0.43 | 12 | 370
2006 0,1193 1,62 ] 3,000 25,000
1420 0 - 0 0 0
1015 0.1344 | 1,82 13,000 99,000
715 0.1572 2,13 210 1,300
503 0.2033 2.75 4,800 23,000
356 0.2891 3.92 6,000 21,000
250 0.5036 6.82 3,000 59,000
175 1.1576 15.69 73,000 62,000
125 1.2362 16,75 54,000 44,000
90 0.8010 10.85 26,000 33,000
| 74 and under 2.6705 36.19 150,000 58,000
f Average Activity]
i per Unit Weight|
. Totals 70k 100 3.08 x 105 | ~ 4.17 x 104
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_STATION U-B-1

Sigze of Weight of rcentage Activity

Fraction Frection of Activity per Unit Weight
(pn) (g) Total Welght (¢/m) (c/m/g)

4040 and over 0.1133 0.17 41,000 360,000
2845 0.2464 0.37 59,000 240,000
2006 0.7392 1.10 530,000 720,000
1420 2.6174 3.90 770,000 290,000
1015 6.7092 9.98 1,200,000 180,000
715 8.2896 12,35 1,900,000 230,000
503 7.2583 10.81 2,000,000 230,000
356 6.8590 10.22 2,000,000 300,000
250 7.1128 10.60 2,000,000 290,000
175 4.,9080 7.31 1,200,000 240,000
125 3.9185 5.84 550,000 140,000
90 3.2287 4 .81 310,000 97,000
74 and under 15,1491 22,57 1,400,000 94,000

Average Activity

per Unit Weight,
Totals 67.1 100 1.44 x 107 2.1, x 10°

STATION U-H=-2

Size of Weight of Percentage Activity

Fraction Fraction of Activity per Unit Weight,
(u) (g) Total Weight (¢/m) (e/m/g)
4040 and over 0 0 0 0
2845 0.,0389 0,07 59 1,500
2006 0.0881 0.16 23,000 260,000
1420 0.5196 0,96 260,000| 510,000
1015 2,0952 3.85 640,000 300,000
715 6.3069 11,60 2,000,000 320,000
503 11.8245 21,75 3,400,000 280,000
356 11.4916 21,14 1,100,000 150,000
250 8.5757 15,78 2,000,000 240,000
175 4.1961 7.72 920,000 210,000
125 2.1369 3.93 420,000 190,000
90 2,1658 3.98 360,000 160,000
7, end under 4,.9147 9.04 850,000 170,000

Averaga Activity

per Unit Wegght

Totals 5444 100 1.22 x 107 2,2, x 10°
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PROJECT 2.5a-2
STATION U-H-3

MW‘-‘
Size of Weight of Percentage —.1 Activity
Praction Fraction of Activity poer Unit Weight
(p) () Total Weight (¢/m) (c/m/g)
4040 and over 1.1 ’ 3425 38 35
2845 0.1114 0.33 100,000 950,000
2006 0.3367 0.99 220,000 660,000
1420 0.9674 2,86 540,000 550,000
1015 3.3636 9.93 1,200,000 370,000
715 6.6661 19.48 1,600,000 2,0,000
503 6.0104 17,74 1,300,000 220,000
356 1.5434 456 400,00C 260,000
250 0.7935 2.34 140,000 180,000
175 0.8573 2,53 40,000 46,000
125 1.6272 4.80 74,000 45,000
90 2,0967 6.19 98,000 46,000
7, and under 8.4033 2,480 640,000 77,000
Average Activity]
6 per Unit le%ght
Totals 33.8 100 6435 x 10 1,93 x 10
STATION U=-H-/
r: Size of Weight of Percentege Activity
Fraction Fraction of Activity psr Unit Weight
(n) (g) Total Welght (c/m) (c/n/g)
4040 and over 0 0 0 0
2845 0 0 0 o
2006 0,0156 0.15 1,400 89,000
1420 0,0490 0.47 23,000 460,000
1015 0.0366 0.35 16,000 440,000
715 0.0494 0.48 7,800 150,000
503 0.0673 0465 19,000 290,000
356 0.1611 1,55 21,000 130,000
250 042659 2456 33,000 120,000
175 0.7256 6.98 95,000 130,000
125 1,3842 13,32 120,000 87,000
90 1,2287 11,82 68,000 55,000
7, and under 6,410, 61,67 450,000 70,000
Average Activity
per Unit Weight
Totals 10.4 100 8459 x 107 8,26 x 104
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STATION U-H-5§

Size of Weight of Percerntage Activityi:::

Fraction Fraction of Activity per Unit Weighy,
(k) (g) Total Weight (¢/n) (c/m/g)

4040 and over 0.2201 1.9 0 0 —
2845 0.0713 0.51 0 0
2006 0.0716 0.52 ) 110
1420 0.0366 0,26 93 250
1015 0.0675 0.49 1,300 19,000
715 0.0486 0.35 6,100 127,000
503 0.1911 1.38 75,000 390,000
356 0.7186 5,18 180,000 260,000
250 0.5099 3.8 84,000 160,000
175 0.4744 342 35,000 74,000
125 1.0869 7.84 46,000 42,000
90 1.,2502 9,02 36,000 29,000
74 and under 9.1137 65.75 470,000 52,000

Average Activity

per Unit Weight,
Totals 1349 100 9.51 x 10°||  6.26 x 104

STATION U-I-1

Size of Welght of Percertage Activity

Fraction Fraction of Activity per Unit Weight|
(u) (g) Total Weight (c/m) (e¢/n/g)
4040 and over 0 0 0 0
2845 0.,0553 0.15 8,900 200,000
2006 0.1474 0.40 120,000 800,000
1420 0.3439 0.94 150,000 500,000
1015 1.1798 3.22 660,000 600,000
715 3.0737 8,40 1,000,000 400,000
503 5.8027 15,85 1,200,000 200,000
356 34,7923 10436 910,000 400,000
250 8.8855 24,27 2,100,000 400,000
175 6.1377 16,76 1,700,000 400,000
125 2,7196 7.43 660,000 300,000
90 1.7928 4,20 450,000 300,000
74 end under 2.6806 7.32 450,000 200,000

Average Activity

per Unit We%ght
Totels 36,6 100 9.6 x 10°|| ~ 2.63 x 10
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STATICN U-I-~2

. — .
8ise of Weight of Parcentage " Aotivity ’
FPraction Fraction of Activity per Unit Weligh
(n) (g) Total Weight (¢/m) (e/n/g)
4040 and over 0 0 0 0
2845 0.0240 0.07 72 3,100
2006 0.,0820 0.23 3,000 36,000
1420 0.1713 0.49 64,000 370,000
1015 0.6724 1.92 322,000 480,000
L5 19444 S5e54 0 0
503 7.6391 21,71 2,200,000 290,000
356 93277 26,57 1,900,000 200,000
250 3.5009 9.97 700,000 200,000
175 1.9995 5470 420,000 210,000
125 1.9443 5.54 330,000 170,000
90 1.6837 4 .80 230,000 130,000
74 end under 6.1388 17.49 920,000 140,000
Average Activity
per Unit Weight
Totals 35.1 100 7.2 x 10°]  2.05 x 105
STATION U~I=~3
m‘anu:pnmm
["Size of | Weight of | Percentage | Activity
Fraction Fraction of Activity per Unit Weight
(1) (g) Total Meight (e/m) (o/m/g)
4040 and over 0.0358 0.06 0 0
2845 0,0515 0.08 0 0
2006 0.2483 .28 91,000 360,000
1420 0.3639 0.56 190,000 540,000
1015 049356 1.45 460,000 490,000
75 2,7694 helB 1,100,000 400,000
503 11,5631 17.87 3,200,000 280,000
356 15.8999 26,11 4,300,000 270,000
250 14,019 21.66 44,900,000 350,000
175 747255 11.94 2,300,000 300,000
125 3.3997 525 70,000 210,000
90 344536 5.34 770,000 220,000
74 and under 402497 6.57 900,000 210,000
Average Activity
per Unit Weight
Totals 64..7 100 1,92 x 107} 2,97 x 105
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STATION U-I=4

FROJECT 2,502

—_—
Size of Welght of Percentage Activity
Fraction Frection of Activity per Unit Weighd
(p) (g) Total Weight (c/m) (c/un/g)
4040 and over 0 0 o 0
2845 0.0235 0.17 3,200 130,000
2006 0.0801 0459 34,000 420,000
1420 0.1176 0.826 87,000 740,000
1015 065744, 4 .20 220,000 390,000
715 1.8385 13445 940,000 500,000
503 45306 33.15 1,300,000 290,000
356 1.7441 12,76 300,000 170,000
250 0.,2739 2.00 38,000 149,000
175 0.4339 3.17 62,000 140,000
125 0.5122 3.75 41,000 80,000
90 0.€085 4el5 49,000 81,000
74 and under 2,2299 2144 390,000 135,000
Average Activity
per Unit Welighy
Totals 13.7 100 3.55 x 10%]] 2,59 x 105
STATION U-I=5
e e = =3
Size of Weight of Percentage Activity
Fraction Fraction of Activity per Unit Welght
(pn) (g) Total Weight (¢/m) (¢/m/g)
4040 and over 0 0 0 0
2845 0 0 0 0
2006 0 o 0 0
1420 0.0412 0.27 1,900 47,000
1015 0,052 0.35 4,600 89,000
5 0.1639 1.09 94,000 610,000
503 1.,9397 12,88 931,000 480,000
356 440100 26,63 1,100,000 280,000
250 1.5826 10.51 420,000 260,000
175 1,7136 11.38 450,000 260,000
125 1.4228 9445 300,000 210,000
90 0.8899 5491 110,000 130,000
74 and under 342419 21,53 340,000 100,000
Average Activity
per Unit Weight
Totals 15,1 100 4.27 x 106) 2,83 x 109 |
- 128 -
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PROJECT 2,.%8a-2

STATION U-I-6

Size of Weight of Percentage ) Activity

Fraction Fraction of Activity per Unit Welight
(n) (g) Total Welght (c/m) (e/n/g)
4040 and over 0 0 0 0
2845 0 0 0 0
2006 0.0357 0,58 37,000 1,100,000
1420 0.0746 1.21 59,000 790,000
1015 0,318 5.15 170,000 540,000
715 0.9210 14494, 210,000 220,000
503 D0 739 10,92 | 100,000 150,000
356 0.2270 3.68 ; 4,100 20,000
250 0.4195 6.80 ! 5,500 13,000
175 0.6467 | 10.48 ‘ 4,900 7,700
125 049835 15,94 8,200 8,300
90 047820 12,68 5,200 6,600
74 and under|  1,0870 17,62 12,000/ 11,000

I Average Activity]

i| per Unit Weight

Totals 642 100 6428 x 105 i 1.02 x 10°
STATION U-T~8

e — S e e
Size of Weight of Percentage 7 Activity

Fraction Fraction of Activity per Unit Weight
(n) (g) Total Weight (¢/m) (c/m/g)
4040 and over 0 0 0 0
2845 0 0 0 0
2006 0.1095 5457 16 140
1420 0.0275 1.40 15,000 550,000
1015 0.0394 2,00 20,000 520,000
715 0.2003 10.19 150,000 760,000
503 0.2591 13.18 97,000 370,000
356 0.7442 37.85 200,000 270,000
250 0.1701 8,65 27,000 160,000
175 0,0718 3.65 1,200 16,000
125 0,0885 4,50 1,000 11,000
90 0.0912 bobds 1,000 12,000
7/, end under 0,1647 8,38 3,100 19,000

hverage Activity

per Unit Weight

Totals 2,0 100 5.2 x 105 2.66 x 107
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STATION U=N-l

Sige of Welght of | Percentage | K T Activity )
Fraction Fraction of Activity | per Unit Weight
(n) (g) Total Weight (c/m) (c/n/g)

4040 and over 0 0 0 0
2845 0.0073 0.15 0 0
2006 0 0 0 0
1420 0 0 0 0
1015 0 0 0] 0
715 0.0203 0.42 200 10,000
503 0.0174 0.36 2,000 120,000
356 0.0596 1,22 21,000 350,000
250 0.1981 4.06 59,000 290,000
175 0.5110 10.48 190,000 330,000
125 0.7952 16,31 220,000 280,000
90 0.7498 15.38 175,000 230,000
74 and under 2.5163 51.62 450,000 170,000

Average Activity

per Unit le%ght
Totals 49 100 1.1 x 100  2.27 x 10

STATION U-N-3

Size of Weight of:T= Percentage Activity

Fraction Fraction of Activity per Unit Weighﬁ
(p) (g) Total Weight (c/m) (c/n/g)
4040 and over 0 0 0 0
2845 0 0 0 0
2006 0 0 0 0
1420 0 0] 0 0
1015 o) 0 0 0
715 0.0136 0.12 130 10,000
503 0.0393 0,36 15,000 380,000
356 0.3103 2,93 114,000 360,000
250 0.5453 5.99 190,000 300,000
175 1.4116 12.99 460,000 330,000
125 2.4892 22,73 690,000 270,000
90 1.7908 16,35 440,000 240,000
7, and under 442523 38.83 980,000 230,000

: Average Activity

6 per Unit Weight
Totals 11,0 100 2.91 x 10 2,66 x 107
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STATION U=N=4

f’ Size of Woigat of Percentage ‘;Etivity

Fraction Fraction of Activity per Unit Weight.
(p) (g) Total Welght (¢/m) \e/m/g)
4040 and over 0 0 0 o)
2845 0 0 0 0
2006 0 0 0 0
1420 0 0 6 0]
1015 0.0164 0.06 550 33,000
715 0.0653 0627 18,000 280,000
503 0.2488 1.03 99,000 390,000
356 0.9017 3.72 340,000 380,000
250 2,9043 11.97 900,000 310,000
175 504063 22,52 1,700,000 320,000
125 4.7592 19.63 1,200,000 270,000
90 1,8838 777 400,000 210,000
74 and under 8.0627 33.25 1,300,000 170,000

Average Activity

per Unit leéght
Totals 24,2 100 6.2, x 106 ~ 2,57 x 10

STATION U=N-5

8ize of Weight of Percentage Activity

Fraction Fraction of Activity per Unit Weight
(u) (g) Total Weight (¢/m) (c/n/g)
4040 and over 0.0046 0.02 0 0
2845 0.0126 0.07 0 0
2006 0,0178 0.10 0 0
1420 0,0298 0.17 o) 0
1015 0.1200 0.67 61,000 500,000
715 0.4032 2.24 140,000 360,000
503 1.0520 5.83 290,000 280,000
356 1.0929 6.06 360,000 330,000
250 2.1153 11.73 760,000 360,000
175 3.0855 17.10 970,000 310,000
125 3.3095 18.35 930,000 280,000
90 1.6026 8.88 310,000 190,000
74 and under 5.1297 28.44 820,000 150,000

Average Activity

6 per Unit Wegght
Totals 18.0 100 4.70 x 10 2,76 x 10
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ABSTRACT

A study has been male of fall-out particles from both the surface
and the underground shots at Operation JANGLE. Particles were collacted
upon trays placed downwind five to ten miles from point zero. The size,
radioactivity present including decay, and chemical composition of the
particles were determined. The method of mechanical separation of the
radioactive particles from the non-active material gave a preference for
large sizes. However, the findings indicate that particles as large as

five hundred microns fall as far as ten miles from the point of detona-
tion. :




CHAPTLR 1

TTHODUCTICH

1,1 BACKGROUID

Fall-out of radioactive particles from the cloud after an atomic
bomb has been detonated at or nezr the ground is a well known and nuch
studied phenomena, Since the first shot at TRINITY, it has been knowm
that particulate matter falls over a rather wide arca. For the most
part the collection of this material has been confined to alr sampling
devices, After the first shot at Operation GRAENHOUSH it was noted
that rather high levels of activity werc encouniered on the inhabited
islends, Soil samples were collected and by tedious methods of mechan-
ical separation of the radioactive material, the averase size was found
to be above 50 microns, Prior to this time most investigators felt that
the largest quantity of radioactivity falling out from a cloud sfter an
atomic bomb were particles of 5 microns or less. Thus, with the opening
of the proving ground in Nevada, it was desirable to asceriain the truo
conditions which would exist after the contaminating burst,

A small amount of radioactivity was encountered at the Control
Point bullding after one of the BUSTER shots and here, as at GREENHOUSE,
samples of soll were collected and a few partiicles were isolated, These
particles were approximately 500 microns in diameter and had the appear-
ance of fused soil, They contained radloactivity, either absorbed in
the pesrticle or mechanically held after the cooling process, The sam-
ples hereafter discussed were collected after the surface and under-
ground shots from the JANGLE operation,



CHAPT=R 2

TECHNIQUES AND ORBSHRVATIONS

2.1 SANPLE COLLEGTION

Inasmuch as it was necessary to adhere rather closely *o the
agreed wind requirements for shot time, the sampling poinis were selo
ected several weeks prior to the shots, These arcas were determined
by the Army Chemical Center, under the direction of Lt, Col, RchWbins,
Among the equipment at the station points selected was a 7-foot steel
tower, In order to ascertain that the material collected was *true ©all.
out, wooden trays were made measurirg: approximately 2 feet wide and 3
feet long with a one-half inch border pro.ruding above the surface so
that any material falling onto the tray would not be “lown off, Then
at D=1, a sectlon of thin plastic material was placed on the surface of
each tray and anchored in such a way that the wind vwould ro% cause it
to whip. The trays were then placed on the above mantioned towers,
Personnel of Project 2.5a-1 went forward to collect thesc Lrays as soon
as the radiological situation would permit, In most cases ‘his wnse
within three days. The area covered by the swupling points «x*.inded
out to 14 mlles, Some radloactivity was found on several of the col-
lecting trays and particularly on those immediately downwind, The
points from 5 to 10 miles in both the surface and underground cshots
gave the highest total reading for the radioactivity collected,

2,2 ISOLATION TECHNIQUE

The method used for isolating the radiocactive particles 1s wmore
applicable to the larger particles, although any amount of activity
which could be detected was investigated. A small zmount of the soil
and/or fall-out particles from the tray was placed on a microscope
8lide and dlstrlbuted rather evenly over the surface, The slide was
then placed on the table approximately one inch under the counter tube
and surveyed, A No, 263 G, M, Field Counter was used in some instances,
but for the most part a more sensitive Fuclear Instrument and Chemical
Corporation Laboratory Survey Model was used, The thin window was
covered by a plece of aluminum one-cighth of an inch thick with a hole
in the center one-fourth of an inch in diameter, This served to some-
what collimate the beta activity, If, as the tube crossed the area, a
particle or particles gave an increased number of counts, the materisl
was isolated and placed on another slide, The operation was continued

-2 -
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until such time as only one partlecle shoulng activity rem-inad of thoue
orlginally renoved for study, After ascertalning that only one particle
w23 present to glve the reading on the Survey leter, the particle wian
mounted under cellophare tape or placed in a small droplet of qulek dry-
ing plastic, 3everal hundred particies were 1solats? by this method ~nd
epproximately 250 of these were carefully examined,

2.3 PBHYSICAL OHGURVATIONS

Aprroximately 250 rarticles were mountved; of ithezse, 150 were. izo-
lIated from the surface shot and 100 from the underyronnd shot, Fhoto-
¢graphs were mede of particles from each snot, four of eanh beins pre-
sented In Figures 2.1 through 2,8, It will be noted that the eye plore
microreter is clearly indicated, The scnle for one divialon ejusls 15
microna, or a total of 750 microns for the mlcrometer. The photographs
were made by using reflected light rether than transmitited light in or-
der to bring out as much of the charzcter of the material as possible,

It was found thet many of the par+ticlea from the surface shot were
smooth, round and bead-like in appearance of varying trznsparency, show-
inz continuity of material reszembling glass, In a private communica-
tion from Dr. Charles Williams, the author was informed tha® the index
of refraction of the particles was 1,572 - 1,578, which is typical of
the index of refraction of glass., FPhotographs of typical spherical
particles recovered from the surface shot appear in Figures 2,1 and
2.,2. An interesting irregularity assoclated with a spherical particle
is showm in Figure 2.3.

Some particles from the surface shot and all from the underground
shot wers irregular in shape and somewhat opaque in appearance, No
attempt is made to describe each particle isolated but an indication
of size varlation and extreme irregularity of shape of these particles
is illustrated in Figures 2,4 - 2.8. The particles appeared to be
fused earth with adhering small metallic points and imbedded black
specks, These points and specks varied from sub-mlcron size up to
fifteen microns, with the majority from one-half to two microns in
size, Observations made in the course of activity messurements indi-
cated that the greater the number of these black specks the greater
the activity.

2,4 CHEMICAL ANALYSIS

It was highly desirable to know the elements present in these
particles in quantities large enough to be chemlically analyzed,

“-3-
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However, because of the critical nature of the experiment it was deemed
advisable to have a complete spectrographic analyais made, With this
in mind ten particles from the surface shot and ten from the under-
ground event were snalyzed at the lational Burcau of Standards and a
report of the findings is given in Tables 2.1 end 2,2, Elements not
detected in any of the particles examined inciude the following: Ag,
As, Be, Bi, Cb, Cd, Co, In, Mo, ¥i, Ta, Th, U, V, Zn, 2r,

There appear to be no significant differences in the composition
of the individual large particles collected {rom the fzll-oubt of either
shot, Furthermore, the chemical composition of large active particles
is the seme as that of the original soil (See report of Project 2.8,
Operation JANCIE) except for minor constituents which were not looked
for in both analyses,

TABIE 2,1

Chemical Composition of Surface Shot Particles*

L

t Size - | Major Constituents kinor Impurities

Slide in over 105 1 - 10% less then 0,17 listed
Yo. Y.icrons | (listed in order of in 2lphabetical order

concentration)

110 450 Si Al Fe Ca g |[Ba Cu kn ¥a Pb Sn Sr Ti -
113 495 Si A1 Fe Ca lig {Ba Cu Mn Na Pb 3n Sr Ti -
105 395 Si Al Fe Ca Mg |[Ba Cu I'n Na Pb S8n 3r Ti -
100 L65 Si Al Fe Ca Lg |Ba Cu In Na Pb Sn Sr Ti -
82 465 S1 M1 Fe Ca Mg [{Ba Cu kn N2 Pb Sn Sr Ti Cr
75 480 S1 Al Fe Ca Vg |[Ba Cu Mn Na Pb Sn Sr Ti Cr
72 525 Si Al Fe Ca kg |Ba Cu ¥n Na Pb Sn Sr Ti Cr
47 375 SL Al Fe Ca Mg [Ba Cu ¥ Na - - 3r Ti -
73 510 S1 AL Fe Ca Mg |Ba Cu In Na Pb Sn - - -
71 525 S1 Al Fe Ca g |- Cu - Na = - - - .
91 465 51 Al Fe Ca Lg |- Cu - Na -~ - - . .
108 360 S1 A1 Fe Ca kg |- Cu - Na - - S8r - -
103 480 Si A1 Fe Ca g |- Cu ln Na - - -
30 495 81 Al Fe Ca Mg { - Cu XMn ¥Wa Pb Sn -

* These anelyses, made on individual particles, need not necessarily
egrce with chemical analyses made on pre-shot gross soil samples,

-8 -
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2.5 RADIOCHEMNICAL MEASUREMENTS

In an attempt to ascertain whether there was any differcnce in the
radioactive substances achering to the fused mass, 25 of the more active
particles collected from each shot were used for studying the beta de-
cay rate, It was found that the decay curves, plotted on log-log paper,
vere very characteristic and were in every way similar regardless of the
size of the particle used, While there is a slight wariztion from tho
surface shot to the underground shot, there wes no marked deviation in
the decay cheracterlsiics betveen individual particles collected for
elther snot, This report does not give all the data collecied, but one
representative set of data is given for each of the two shois, In ad-
dition to the representstive decay data which eppear in Tables 2,3 and
2.4 and as curves C and D in Figure 2,9, the decay data for gross cra-
ter 1lp samples 1s presented as curves A and B in Figure 2,9 for com-
parison, The crater lip sample data was furnished by Dr. Charles Max-
vell of the National Institutes of Heszlth, The reader is referred to
the report of Project 2,6c~1l for further information on the physical
and chemical nature of crater lip samples, A comparison of these data
shows that the activity is not selective as might firs4 be thought.

TABLE 2.2

Chemical Composition of Underground Shot Particles

Size Liajor Constituents Miinor Impuritiec
Slide in over 10% 1 ~ 10% less than 0.1% listed
No. Microns | (listed in order of in alphabetical order
concentretion)

114 PO50 x 750 {S1 Al Fe Ca Mg |Ba Cu ¥n Na Pb Sn Sr Ti Cr
93 | 540 x 665151 Al Fe Ca Mg [Ba Cu Mn Na Pb 3n Sr Ti Cr
95 {450 x 665|541 A1 Fe Ca Mg |Ba Cu k¥n Na Pb Sn Sr Ti Cr
70 525 x 360 |81 Al Fe Ca Mg |Ba Cu ¥n Na Pb Sn Sr Ti Cr

115 | 625 x 225 |S1 Al Fe Ca Mg |Ba Cu ¥n Na Pb - Sr Ti -

101 | 180 = 375|SL Al Fe Ca Mg |- OCu Mn Na Pb -
72 1550 x 400 |31 Al Pe Ca ig | Ba Cu Mn Na Pb Sn
86 |600 x 600 |S1 Al Fe Ca Mg |- Cu ¥n Na -2 - - . .
60 [075 S1 A1 Fe Ca Mg |-? Cu Mn Na Pb = - < -
59 [ 375%x 375 |51 Al Fe Ca Mg |Ba Cu Mn Na Pb = Sr - -

(2 |
H
3
e
-2
Q
]

38 1225 %x300|S1L Al Fe Ca Mg |Ba Cu Mn Na Bb = w? o
29 [050 x 300 |SL Al Fe Ca Mg [Ba Cu Mn Na Pb? Sn = -2 -
52 {275 x 225[S1 Al Fe Ca Mg |Ba Cu Mn Na Pb Sn - T4 -
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Radioactive analysis was not carried out because it was not con-
sidered to be within the scope of this study. However, every particle
isolated was very carefully studied wvith respect to the amount of tota]
activity present, The counting geometry was determined by using a co-
balt standard in the same relative position to the thin window Gelger
tube used, Table 2,5 and Table 2.6 give the complete analysis as found,
inciuding the size of the particle, the activity found, the size in cu.
blc millimeters, and the activity present at the end of one hour, using
the decay curve for crater lip samples, Figure 2,9, Curves A and B,

The size in cubic millimeters was determined by using the 4/3 R3 form-
ula for the spheres, and for the irregular particles the long axis was
multiplied by the square of short axis, Thls was assumed to be within
the limits of error and certainly within the limits of the method of
exemination, All particles from both serles are included,

TABLE 2,3

Beta Decay Data for Surface Particle

Hour Day Hours After Counts per
Zero Second

1330 21 November 52 467
1945 21 November 59 417
0930 22 November 72 342
1045 23 Hovember 98 247
1930 23 November 106 223
0945 2/, November 121 197
2200 24, November 133 164
1030 25 Novenber 145 144
2130 25 Yovember 156 130
1130 26 Novenmber 170 12
2000 26 November 179 104
1000 27 November 193 91
1030 28 Novenmber 217 T4
0830 29 November 239 63.5
1015 30 Novenber 265 51
0830 1 December 287 45
1045 2 December 314 37.8
1000 3 December 336 33,5
1345 11 December 533 12.3
1715 19 December 728 12.2
1545 26 Deconber 295 10,3
1515 2 Jonuary 1052 8.3

- 10 -
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AL 2.4

EBete Decay Date for Underground Particle

Hours After

Hour Day Counts per
Zero Secord
1330 30 Noveaber 30.5 L06
0645 1 December 43 325
1830 1 December 54, 247
0930 2 Decenmber 71 188
1915 2 December 79 167
1030 3 Decenber 7A 143
1830 3 Decenber 102 123
0900 4 December 117 11¢
1100 6 December 167 6l
1330 7 Deccmber 191.5 A9
1000 8 Deccmber 212 39.6
0815 10 December 260 26,2
0930 11 Decamber 285 22
0900 12 December 309 18,2
1345 1/, December 362 1
1315 17 December 433 9
1315 ]9 December 481 2,1
0945 21 December 536 7,1
1430 26 December 658 5,0
1545 28 Decenber 685 Leb
1400 2 Jenuary 826 3.6
1445 4 January 872 3.4
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A = UNDERGROUND LIP SAMPLES
B = SURFACE LIP SAMPLES

C = UNDERGROUND PARTICLE

D= SURFACE PARTICLE
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Fig. 2,9 Beta Decay Curves
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TABIE 2.5

tivity lata for Surface Shot forticles

counts Extrapolated
Size In Yer Size In | me x | mc x 1075 to One Hour
Wo.| wMicrons® | second | TEHe® 107° = nc/particle
[ L 1]
___Recdings made on 2G Novenver 1951
1 | 450 x 450 118.0 | 0.0915 [ 122.0| 1520.0 0.08
x 450
2 | 650 380,0 | 0,140 394.0| 2810.0 0.262
3 | 450 10,0 | 0,0472 108.0| 2290.0 0.07
4 | 600 280.0 | 0.108 290.0| 2590.0 0.191
5 | 425 400,0 | 0,042 £15.0| 00,0 0,274
6 350 4 373 | 330.0 | 0,095 342.0| 3600.0 2.228
150
7 | 1140 x 495{ 70.0 | 0.280 72.5| 259.0 0,047
8 | 450 94.0 | 0.0483 97.5] 2000.0 0.065
9 | 465 : 72.0 | 0.0523 74.5} 1410.0 0.049
10 | 315 4 550 { 280.0 | 0.111 290.0¢ 2515.0 0.1¢2
11 | 465 160.0 | 0.0823 | 167.0| 3180.0 0.11
12 | 450 19.7 | 0.0478 20.2; 423.0 0.013
13 | 495 x 200 165.0 | 0.0695 | 171.0| 2450.0 0,113
14 | 345 66.0 | 0,0223 68.5]| 3060.0 2.045
15 | 375 180.0 | 0.0282 187.0| 6630.0 0,123
16 | 450 88.0 | 0.048 91.0] 1900.0 0,06
17 | 555 47.0 | 0,0895 48.8| 547.0 0.0316
18 { 500 112.0 | 0.0655 | 115.0{ 1780.0 0.077
19 | 1100 x 450 197.0 203.0 910.0 0.134
20 | 495 350.0 | 0,0617 | 362.0| 5860.0 0.238
21 | 500 220.0 | 0.066 222.0) 3440.0 0.151
22 | 330 57.0 | 0.0189 59.0 | 3110.0 0.039
23 | 450 197.0 | 0.0484 | 204.,0] 4220.0 0.135
24 | 480 75.0 | 0.058 78.0 | 1340.0 0.052
25 | 330 12.0 | 0,02 12.4| 624.0 0.008
26 | 330 72.0 | 0.02 74.5| 3700.0 0.049
27 | 465 81.0 | 0.052 84.0 | 1610.0 0.055
28 | @75 16.5 | 0.0286 17.1| 600.0 0.011
29 | 400 112.0 | 0.0336 116.0 | 3460.0 0.077
30 | 450 4 105 306.0 | 0.09 317.0 | 3510.0 0.209
31 | 480 120.0 | 0.0578 124.0 | 2150.0 0.082
32 | 550 304.0 | 0.0872 | 315.0| 2590.0 0.208
33 | 450 210.0 | 0.0480 | 217.0| 4500.0 0.143
34 | 375 80.0 | 0,029 '83.0 | 2850.0 0.055
35 | 480 170.0 | 0,058 176.0 | 3040.0 0.115
26 | 495 140.0 | 0.063 145.0 | 2310.0 0.095
37 | 420 98.0 | 0.039 101.0 | 25%0.0 0.067
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mA3LZ 2.5 (Cont.)

Ccunts |- Extrapolated
Size In Per size In me X ue_ 1075 to One Hour
No.| Microns® Second . 1075 nc/particle
(2 ] ]
28 | 850 42,0 | 0.322 45.5 135.0 0.038
39 | 540 z08.0 | 0.082 320.0 | 3900.0 0.211
40 | 400 47,0 | 2.0336 49.0 | 1450.0 0.0%32
41 | 450 x 430 |270.0 { 2.0713 | 280.0 } 3920.0 0.185
4 200 x 150
42 | 480 250.C | 0.0585 259.0 | 4830.0 5.171
43 | 525 £3.0 | 0.0755 26.3 | 1140.0 6.056
44 | 495 147.0 | 0.063 152.0 | 2410.0 0.10
45 | 750 x 225 19.7 | 0.0466 20.2 £25.0 0.013
46 | 525 187.0 | 0.075 195.0 | °580.0 0.127
47 | 375 2.0 | 0.0286 4.0 | 1120.0 0.021
48 | 450 193.0 | 0.0420 199.0 | 4150.0 9.18
49 | 600 148.0 | 0.113 153.0 | 1360.0 0.101
50 | 390 110.0 | 0.0311 114.0 | 35670.0 0.075
51 | 630 133.0 | 0.138 134.0 | 1000.0 0.103
52 | 450 85.0 | 0.0480 £9.0 | 1800.0 0.068
53 | 730 £10.0 | 0.206 214.0 | 1040.0 0.104
54 | 850 x 975 | 450.0 | 0,375 £65,0 | 1240.0 2.3558
55 | 375 39.0 | 0.0324 40,5 | 1250.0 2.031
4 600 x 75
56 | 375 x 300 13.3 | 0.0336 13.8 403.0 0.01
57 | 600 185,0 | 0.113 125.0 | 1700.0 0.148
58 | 375 145.0 | 0.0286 150.0 | 5270.0 0.113
59 | 750 530.0 | 0.211 540.0 | 2560.0 0.41
60 | 645 4 250 300.0 | 0.16 312.0 | 1940.0 0.236
61 | 400 £ 100 55.0 | 0.0505 36.3 720.0 0.028
4 150
62 | 300 x <25 3.2 | 0.0152 3.6 232.0 0.002
63 | 2mm x 1.2 mm{1100.0 | 2.88 1140.0 400.0 0.87
64 | 180 x 225 1.3 | 0.0072 1.4 195.0 5,001
65 | 700 x 375 10.0 | 0,098 11.2 112.0 0.008
A6 | 300 x 225 2.1 | 0.0153 2.2 143.0 0.0016
- ~7 | 330 x 400 3.3 | 0.0435 3.4 78.0 0,002
© . 450 x 600 10.0 | 0.122 10.2 3.0 0.0077
3 | 450 x 600 118.0 | 0.122 120.0 985,0 0.091
Realings made <7 November 1951
70 | 525 1156.0 | 0.0755 120,0 | 1590.0 0.1655
71 | 525 47,0 | 0.0755 48.8 648.0 0.0876
72 | 510 54.0 | 0.0696 55.8 801.0 0.0772
73 | 540 116.0 | 0.079 120.0 | 1320.0 0.1G665
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Counts Ixtranoloted
vize In rer Size In | me x oc x 1079 to Une Hour
io. | inicrons second | TmV*e 1072 = me/particle,
74 | 420 30.01 0.058 3l.c 540.0 0.0434
S ] 420 60,01 0.038 51.8 890.0 0.0718
75 | Leb5 9.0 | 0.0735 S57.2 495.0 0.0514
77 | 400 75.01 0,076 77.5 | 2160.0 0.1075
78 | 270 12,51 0.015 19,2 | 12€0.0 0.1648
79 | 265 124,01 0,032 113.0 | 2170.0 0.1568
89 | 450 114.0} 0,048 113.0 | 2360.0 0.155¢8
£l | 465 143,01 0.03 164,0 | £950.0 0.216
€3 ] 495 72.5) 0,0617 74.5 | 1210.0 0.1025
85 | 5<5 184,0 | 0.0755 120,0 | 2500.0 0.263
8% | 480 8.0 ] 0.05ge 71.5 | 1210.0 0.0389
85 | 435 23.5 | 0.0441 24,0 545.,0 0.0333
86 | 465 52,01 J.032 83.7 | 1050.0 0.0743
27 | 425 76.0 | 0,064 78.5 | 1&20.0 0.1088
38 | 465 46,0 0,082 7.7 915,90 0.056
89 | 450 72,5 0.0:8 75.0 | 1860.0 0,104
S 265 114,01 0.0&2 118.0 | 2270.0 0,133
91 | 40u .4 0,078 35.5 925.0 00,0454
7 095 cl.z2 | 0.0327 22.3 | 1000.0 C.0448
98 | 420 38,61 0,0384 40,0 | 1040.0 0.0534
94 | 510 66,0 | 0.070 68.5 980.0 0.095
95 | 400 11,5 90.038 11.7 3<5.0 0.0152
U6 | 465 160,01 0.032 166.9 | 3180.0 0.23
97 | 425 48,0 | 0.043 43,6 | 1180.0 0.0688
98 | 4865 150.0 | 0,052 155.0 | 2600.0 0.1875
99 | 465 61,0 | v.082 63.3 | 12<0.0 0.0875
100 | 465 157.0 | 0.082 142,0 | 2730.0 0.197
101 | 300 47,01 0.0143 48,7 | 3310.0 0.0675
102 | 48O 173.0 |} 0,057 173.0 | 31890.0 0.248
103 | 420 55,0 | 0,039 57,0 | 1400.0 0.08
104 | 335 c<.8 | 00,0323 25,6 725.0 C.03z8
105 | 56O 20.6 | 0.0243 31,8 | 1510.0 0.0441
106 | 345 27.81 0,0:18 27.9 | 1320.0 0.0386
107 360 20.8 0.0244 21,6 885,0 0.030
108 | 528 4,51 02,0218 46,2 | 2110.0 0.064
109 | 450 61.0 | 0,0483 63.2 1310.0 0.0£75
110§ 20 8:.5| 0.0384 86.5 | 2300.0 0.125
111 | 460 7.0 0,082 59,0 | 1120.0 0.082
112 | 495 84,51 0.065 87.0 1340.0 0.121
115 | 430 <0.0} 00,0403 20.5 510.0 0.0284
SINRAN A210] 85.0} 0,068 88.0 1510.0 0.122
R 1Y) 2.0 ] 0,0143 33.2 | 2320.0 0,046
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Ta31E 2.5 (Cont.)

' e ———
b T e—
bounts - Zxtrapolated
Size In Per Sizp In | me x | me x 105 to One Hiur
No. | Microns*® Second g 1075 I nefpariicle
sy
16 | 2 on 570.0 e.00 580.0 74.0 0.804
117 | Som x 2 om | 43.0 | 20,00 44.0 2.0 0.081
118 | 27C x 150 41,0 0.0€61 42.0 620.0 6.058
119 | 3 mm x 1,7=nf 120.0 6.70 123.0 1.4 0.17
120 | 525 250.0 0.C765 | £59.0| 3390.0 0,369
121 | 5756 105.0 0,0282 | 109.,0| 3860.0 0,131
122 | 750 x 450 92.0 0.0635 95.0| 1490.0 0,131
123 | 750 x 600 10.7 0.145 11.0 76.0 0.01s82
124§ 750 x 300 83.0 0.258 85.0) 12%.0 0.217
2251 2 mm x 450 [240.0 0.405 £42,0 615,0 0,344
126 | 600 x 275 20.0 0.0455 11.0 242,0 0.0152
127 | 300 x 450 23.0 0.045 24,0 510.0 0.0322
128 | 3 x 200(0) 105.0 0.042 109.0{ 2500.0 0.131
129 | 135 4 3.5 | 0.0053 3.6| =260.0 5,305
(180 x 75)
150 | 660 x 480 405.0 0.0149 | 409.0} 25740.0 0.556
131 | £25(Q) x 188.0 0.098 190.0} 1970.0 C.<6¢
165
132 | 330 x 105 58.0 0.02 60.0 3000.0 0.083
133 | 420 x 150 94,0 0,12 96.0 800.0 0.1:3
134 | 105 5.5 0.0055 5.6 1000.0 0.007%
135 | 600 x 185 236.,0 0.143 240.0 1660,0 ICICH
136 | 700 482.0 0.18 486,01 2700.,0 0.67¢
137 | 1.5 am x 400} 300,0 0.24 310,01 129%90.0 0,430
138 | 600 x 300 3.0 0.054 3.1 575.0 0.004
. Those with oaly

e

"h

by the short axle squared.
ficlently close approximation.

one value shown are spherical glass bezds.
ghowing two dimenslons are irregular.
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Two types of particles are included in this list.
The remalning partilicice

‘The size of the syheres was ccleculated by 4/31’R3.
irregularly shaped particles was found by multiplying the long a's
The latter vas considered to de a suf-

Tne first 69 were read on 23 November -~ E plus 109 hours.
ue here for interpolation was 104,000/1560
censured at 1930 on 27 November - H plus 180 hours,
uced was 104,000/750 x 138.6 x mc.

¥ mc,

Tre slze ol

.
L.

.8 YiLie

The next 62 vrie€
The fectel
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TABIE 2.6

Activity Data for Underground Shot Farticles *

sounts [ . Extraclited
dize In rer vize In Be x o twe x 10 © to Lne Houw
So. | Microns®** lsacond | Trivwe* 107 owes ® TS ac/ rricle
X
1 875 x 375 | 212 0,035 90 930 0,085
b 525 x 11001 282 C <20 400 0.07
3 540 x 375 k& 0.076 56 750 0,034z
4 200 x 300 | 1e7 0,081 54 685 0,035
5 (1050 x 300 | 475 0.095 200 1500 0.122
6 5056 x 660 =244 0.190 e 560 0.06:6
? 790 x 375 192 G.111 82,56 750 00,0504
8 750 x 330 254 ¢.021 105 1260 0.0625
9 375 x 480 | 625 0.068 <66 3200 0.1625
10 800 x 340 | &45 0.238 104 445 0.0635
11 | 1180 x 390 171 0.175 72.5 425 0.,0448
12 | 1100 x 375{ 175 0.155 74 475 00,0452
13 750 x 2401 215 0.043 85 1970 0.05624
14 225 -z 200 85.51 0.0155 56 <320 0.022
15 700 x 9801 445 0.274 188 685 0.115
16 900 x 480} 1080 0.208 450 <160 0.274
17 | 750 x 500| 195 | 0.187 82.5 | 440 0.0503 :
18 750 x 25| 176 0.208 7%.5 360 0.0454
19 500 x 675 610 0.167 2le 1260 0,129
<20 675 x 12000 625 0.345 265 * 4°5 0.1615
2l c00 x 750 435 0.0675 185 2740 0,113
22 526 x 525 310 0,145 131 200 0.08
23 <25 x 256 33 0.0114 14 1220 0.0085
24 300 x 285 30 0.0153 12.6 820 0.007
25 180 x 525 73 0.0118 0.8 | 2600 0.0188
<6 450 x 450 57.6| 0.091 24.2 267 0.0148
27 185 x 300 14,21 0,0103 6 580 0.0036
<8 275 x 225 47.21 0.014 20 1430 0.0122
29 275 x 450 g2 0.031 38.8 | 1280 0.0237
30 210 x 546 8 0.0156 5.36 | 245 0.002
31 270 x 270 <9 0,0197 12.5 620 0.0076
3 540 x 540 7.2 0,157 3.041 194 0.0018
33 526 x GOOJ 1.7| 0.145 0,72 6 0.0004
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: WAy S P
Lanlis 200 {unnt,)

—

counts . Dilragnlated )
Size In reor Size In | e x  |nc s 105 to rie Hoar
No. Mlcrons®*® Second | ToCwe 167 vweex 5 gc/“nrtic}e
* LA TR
34 100 x £20 3.7 1 0..78 4,12} 1:.,7 C.0028
) 875 x 78 2.7 0.5L25 ) 175 .08
{6 w75 10,6 | 1,28 .45 7.0 L 0L27
7 SO0 = 575 3.2 | 0,28 0. 58 0. 08
38 O75 x G256 20 J. .04 .23 ub 0.5 &4
39 200 x 150 5] 0,045 .70 | 17 Q.07
40 195 x 225 20.2 | 0,083 RLE | 200 O.oubie
41 550 = 080 42,5 0,187 18 108 0.021
42 700 x 480 58 0.1L0 Ll 158 0,u18
<0 600 x 400 57.8 1 0,096 16 167 0,007
44 450 x 425 150.4 | 0.1y Hl 268 0,931
45 600 x 525 19.5 ] 0.1 £.3 50.5 0.005
46 525 x 360 135 0,037 57 850 0,9E5
&7 5256 x 350 208 J, 14 88 700 U, U4
48 480 x 5e¢b 97 v. 120 21 oL v, 25
49 075 x 560 28 5.05 11.8 |20 G.0%7
50 S8V x 000 €5.4 | V.03 10,7 | 558 0.L0C5
5l 750 x 550 110 0.226 <0.6 | 204 0,028
52 ©ehb x 225 150 0.0115 6.5 | L5860 0.039
53 510 = 575 34 0.071 14,4 1204 0.02%9
54 550 <00 54 0,087 £2.8 |262 0.014
55 450 x 300 120 0.04 50.6 | 1260 0.031
56 800 x 600 30 G.ce8 12.7 44.30 0.0077
57 525 x 500 35 0,122 12,8 | 112 0.009
5¢ 1126 x 900 2.5 | 0.92 5.3 5.7 0.003
59 450 x 390 120 0.0085 50.7 | 742 0,031
60 825 x 480 140 0.,1¢7 59.5 [ 865 0.036
€1 750 x 575 100 0,105 4c,.5 | 400 0,026
62 600 x 600 2.9 | 0,216 C.l3| 0.5 0,00007
53 600 x 525 100 0,195 42 £18 0,0256
64 570 = 375 39 0,080 16.5 | 2086 0,01
65 750 x 400 50 0,12 21,1 176 0.0129
66 480 x £00 3 0.185 0.1.8] 0.7 0.00008
67 330 x 375 83 0,041 S 850 0.0214
68 375 x 375 1c8 0.053 45,6 ]840 0.0275
69 540 x 665 800 0.176 338 1930 0.206
70 300 x 450 3 0.045 0,127 2.8 0.00007
71 800 x 675 3 0.362 0,127} 0.35 0.00007
72 1500 x 450 84 0.264 35.4 154 0.022
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TA2L: 2.6 (Cont.)

Counts Extrapolated

3ize In Per Size In me x ne x ];:é to Cae Hour

lio, | Micronsx* | 3eccnd T3 s 10-5#xxx o mc/partigiiﬁ*

73 630 x 300 140.0 0.057 5%.00 1030,C0 0,035

74 510 x 150 14.0 0.0115 5.90 515.C0 0.0026

75 180 x 225 7 b 0.0073 3420 438,00 £.0019

76 120 x 375 71.0 0,012 30.40 254,00 0.0185

77 av. 150 2.0 0.0034 - 3480 1150.00 00,0023

78 150 x 520 £1.0 0.012 33.80 282,00 0,0206

75 225 x 1ad 18.5 0.0076 Lol5 585.00 0.0027

&0 275 z 210 5C.0 0,0167 21.20 1270.00 0,0122

8 225 x 330 3.8 0.0167 1.60 95.CO 0.0C97

£2 120 x 150 22.0 0.2041 16.50 4000,00 0.01

83 | 450 x 750 | 218.0 0.152 92,00 605,00 0.05

84 525 % 820 | 2356.0 0.226 121,00 535.00 0,074

85 450 % 725 63.0 0,142 26,60 136.00 0.01¢

S 525 % 525 2.0 0.145 0.25 C.57 C.00C5

g 450 % 750 | 225,0 3.152 9 .00 630.C0 0.058

250 % 500 7.1 Ne332 2.96 .00 0.0018

€9 1050 x 750 224.0 2.590 95.00 160.00 0.05%

90 | 625 x 225 76.0 0.316 32.20 102.00 0.0196

91 525 7 525 4540 C.145 20.20 139.00 20,0123

92 600 x 750| 490.0 0.270 208.00 770.00 0.127

93 400 x 225 55.0 0.203 23.20 114.00 0.0

94 800 x 345| 506.0 0,095 216,00 2260.00 0.132

) 325 x 495 42,0 0.052 17.80 342.00 0,0108

* All readings were made beginning at 1500 hours on 2 December,
which was H plus 75.

** The size was meassured on the longest axis and an average of

shortest. The particles were very irregular.

%%  he size in cubic millimeters was found by assuming that the par-
ticle vas somewhat rectengular and thus the lang axis was multi-
plied by the square of short axis.

s%x%  The peometry of the counter was such that counts per sec x 5,13 X
10-9 = me x 10-5. . 12,1

¥»=3% The data used to extrapolate to one hour was furnished by Dr. c.L,
Vaxwell and is showvn elsewhere in this report, The factor is
500,000/8200 = 61, Then 61 x mc = value at one hour,

- 19 -
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CHAPTER 3

STATISTICAL STUDY

3.1 INTRCDUCTIQN

In order to assess the trend in activity variation with particle
size the data collecied on the size and activity of the indivicual par-
ticles (Tables 2.5 and 2,6) was presenied to the statisticien at the
Arny Medical Service Creduate School, The procedure and results of
this examination are presented in the following paragraphs,

TABIE 3,1

lean Activity versus Perticle Volume, Spherical Farticlesx

Number

Volune Contrivuting llean
Interval Measurements Activity Range
Cubic mm Curies x 10'8 Curies x 10-%

liean Standard Low High

EBrror
0-0,01 0 - - - --
0.,01-0.02 3 4546 15,3 12,4 7045
0.02-0,03 6 89.9 247 17,1 187.0
0.03-0.04 4 95.0 13.6 49.0 116.0
0.04-0.05 9 150,1 35.5 20.2 415,0
0.0C5-0.06 7 126.9 23.8 T4he5 252.0
0.06-0,07 5 200.6 39.7 116.0 362.0
0.07-0,08 2 139,6 37.9 86.3 193.0
N.08-0,09 3 227.9 73.2 8.8 320.0
0.09-0.10 0 ~ -~ - -
0.10 or 24 245.2 5245 43,5 540.,0
larger

¥ Coe Firure 3,1 for graphical representation

- 20 -
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3,2 SEHERICAL PARTICIES

The data analyzed consisted of the diameler and the measurcd
radistion, in curies, originating from a number of spherical perticles
collected from the surface detoration, The measure of size of the par-
ticle was arbitrarily chosen as volune which was calculated directly
from the data, Two groups of spherical particles, grouped by the day
on which the activity measurexments were made, were studied, The vol-
ume range of the particles was chiefly below 0,10 cuble rillimelers
and an arbitrary class intervel of 0,01 cubic millimeters, stariing
from the base of zero volume, was set up, 411 particles larger than
0.10 cubic millimeters were placed in a single class. The mean, stan-
dard error and the range were calculated from the frequency distribu-
tions for each interval and are presented in Tables 3.1 and 3,2. The
correlation coefficlents and regression lines bassd on the data were
also investigated, (See Figures 3,1 and 3.2).

TABIZ 3.2

lieen Activity versus Particle Volume, Spherical Particlesw

Number

Volune Contributing Mean
Interval Messurements Activity Range
Cubic mm Curies x 10-8 Curies x 10-8

Mean Standard Low High

Error
0-0,01 0 ~— - - -
0.01"0.02 3 33.7 7.0 1902 4807
0.02-0003 4 31.9 1&05 21.6 4602
0003"0004 8 4505 8.8 1107 6805
0.04"0.05 6 5705 1209 20-5 ‘ 113.0
0.05-0,06 15 98,2 12.1 31,2 179.0
0.,06~0,07 4 73.9 5.8 55.8 §7.0
O.W-0.0S 6 97.4 2104 37.2 190.0
0.08-0,09 0 - ~— - -—
0009"001-0 0 ""'. — - habad
0.10 or 0 - - - -
i Iarger

* Sap Fipure 3... for graphical representation
- 21 -
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In zeneral, the intensity of racdiation was shovm to vary direcily
with the volume of the particle, since the volume-radiatior correla-
tiom coelfficients in both groups of sphericel particles were signifi-
cantly greater than zero, There was considerable random fluctuation
in the quanlity radistion per unit volume within the range of volunes

o

studied, and no significant trend of that quantity was demonstrable,

5.3 IRREGULAR PARTICIES

A number of irregular narticles were also anzlyzed on the sasie
lines of inguiry using a prolate spheroid to express the volume sinece
the length and width of the partiicles were the only dimensions recordi-
ed, The results gave an indication of a volume-radiation correlation
sinmilar to tha' observed i:ith the spherical marticles but the varin-
tion encountered was very wide and there was some doubt whether the
group represented a random sample.

- 23 -




CHAPTER 4

DISCUSSION AND CONCIUSIONS

4.1 DISCUSSIN

1% is not, nor has it ever been, the contention of the author thst
all fall-out particles are large. However, it s bLeen definitely pro-
ven that a large quantity of activity -ay be found in large particles
in areas removed from the immedicte zero point in a *errain similar to
the one in Nevada and under wind conditions which prevailed ait the
time of the shots, Some of the activity may be due to small airhorne
particles which may be a health hazard when inhaled, This does not
mean that there 1s no heelth hazard in the lerge particles because, as
indicated from the data, many of these individual particles have as
much as 0,1 to 0.2 millicuries at ithe end of one hour after the shot
has occurred, The hazard would then be that of external radiation and
not inhalation, Inasmuch as the particles isolated were within a ra-
dius of fourteen miles, with the majority between five and ten miles
away from zero point, the activity on the ground in the general vi-
cinily mentiouned would be due to the large particles and not to the
smaller ones, At distances greater than this, namely 20 o 50 niles,
no siztement can be made, It would appear, however, that with larger
bombs and higher winds, particles of 50 microns could be carried to
this distance and fall out within a period of two hours, It is not
believed that these large particles are carried much beyond this
point, although this is strictly the author's own viewpoint.

‘It is of interest to cite two instances which serve to substan-
tiate the finding that a great amount of the activity in nearby fall-
out areas is due to pasrticles large enough to lend themselves to thic
method of separation, The first instance was a boot worn by a man
who went into the area 14 miles from zero point and which upon his
return to the laboratory was found to be highly contaminated. By sur-
veying the boot with the No, 263 Field Survey Instrument the majority
of the activity was found to be on the sole, A pen knife was used to
take the adhering material off the sole and it was noted that the ac-
tivity went with the removed soil, Three particles were isolated and

more than 60 percent of the activity was carried in these three par-
ticles.

The second item of interest was a water can which had been in the
field epproxiretely three miles from ground zero for the surface shot
of JAICIE, This can had become moistened in some way prior to shot
time, and dirt had adhered to it. It was brought to the lsboratory

- 24 -
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and apvrozimately 10 sranc of Jirt were seranced off, This dirt vas
found 5 contain a consiicrable snount of activity. The 10 ~rams were
cividec 1n half end vory corcfully studied oy the technigue mentioned

»

ctove, Thirty-eichit yﬂruicles were isola tc4 from one 5 gram portion
an€ placed in a container., Thc Mo, 253 C, instrument —ith the beta
Tindowr open was placed spororinstely 2 1ncueu above the zamnle, A

reacing of 1S mr, per hour was oobtained, The remainder of the soil
fror tiac some nortion nO“uAJWCd C.8 mr, ner hour. Thus it can be seen

that 2bout 90 vercent of the activity wmas carrizd on these thirty-sisht
rarticles, 211 of thenm woro ~*n~tcv %/en 150 microns in Zismeter and
nme wns sreater than 430 niecrons. Twenty-two of *he largest garticles

carried J5 rercent of the above mentioned activity, while the remaining
sixtecn nzriicles contained the remasining 15 percent.

A Rn i ]

/,.2 l\i: J.a.b. 5
it hrs been shown with this method of sample collecting of f£all-
out prrticles cdue to an atomic detonation that:

o

(1) Particles of 300 to 700 nicrons in size mey be found ac far
p oomvwind from zero point.

=
(o)

14 g
(‘u

(2) There does not apoear to be any selectivity of specific radio-
¢ ilcotopes on large particles of the size range reported,

(2) There seems to be at least a trend, from statistical analysis,
e larger particles carry a larger amount of activity,

(2) OSpecifically for the surface shot, a very large fraction of
the total fall-out activity is carried by particles above 100 microns
out to distences of 10 miles downwind,

(5) Significant differences of the physical properties of par-
ticles were found for the surface and undergrounc shots., Fused spher-
ical particles were Tound in considerzble number only efter the surface
shot,

3est Availabie Copy
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PBEZFACE

The work reported herein was underteken at the request of
the Division of Blology and Mediclne of the Atomic Erergy Commisalon.
Questions were ralsed regarding the possible agricultural hazard of
fall-out materlial from surface and underground explosions of atomic
weapons, It was declded that a study would be made of the sites of
the surface and underground shots and of fell-out material at warious
distances from the sitea. Collectlon of the materlal for study of
the sites was made by L. T. Alexander. Dr, Andrews agreed to arrange
for collection of the fall-out material. Major John 4! H. Hord made
these collectlons and arranged fur shipment of the material to Wash-
ington. Dr., N. &, Tolbert of the Divislon of Blology and Mediclaze,
Atomic Energy Commission, contributed very greatly to the planning
and execution of the project.
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ABSTRACT

A study was made of the chsomical and physical compositlon
of the sltes of the surfaco and underground shots of JAVGLT opera—
tlon »rior to test date, Subsequent to the tests, collectlons of
fall-out materlal were made. Soms phyeical characterizations have
been mads of these fall-oul materlals. Measuremant of radioactiv-
1ty 1ndicates that the fall-out within a four mile distance from
zero had an actlvity of about 10 curies per ton, The fall-oui at
one~-ralf mile north was more than 1,000 tons per square mlle while
63 tone fell at four miles northeast, TFall-ou! at four miles norih-
easl wvas somewhat more radloactlive per ton than at one-half mlle
north, Gredation of the material waas dependent on distance from
zero., Preliminary studles of the uptake of radioactliviiy froun fall-
out raterial mixed with differont solls Indicate a very hlgh uptake
of a heta emltiing element of approximately & days half-life. The
elemcat is thought to be strontium 89, The amount taken up from a
80l)l '‘ow 1n calcium 1s of a magnitude that might constitute a haz-
ard t,o agriculture,
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COLIECTION OF SAVPIRS

1.1 PHE-TEST

8011 samples were collacted 17 and 18 September 1351 at JANGLE
underground site, JANGLE surfece site, and to a limited extent at
BUSTER tower shol site, Zxcept for the small fraction used in the
analyses, these two to four pound samples are held at the Beltsville
laboratory of the Divisiorn of Soll Management and Irrigation Agri-
culture, Addltlonal tesis can be made on the whole soll or on any
fraction of it 1f this seers desirable,

1.2 POST TEST

Post test fall-out sample collections were made at E plus 72
hours for the JANGLE surface shot and at H plus 48 hours for the
JANGLE underground shot. The 3/8 inches of rain that occurred be-
tween the time of the surface sho% and the sample collectlon made
collection difficult and caused loss of some sample from the S2-
inch x 70-inch suepended oll cloths. Decantation of the water in
24-1inch diameter tubs used for collecting close-in samples cansed
some loes of the finer fraction of these samples. No water was en-
countered in collection of fall-out material from the undsrground
shot except for the statlon 8 miles northeast of shot slte. Collec-
tion of fall-¢out material from the underground shot 1s considered
satisfactory except for the possibllity that wind action may have
removed fall-out from some collectlion oll cloths.

1.3 SITE FIXLD DATA

Iocatlon of exact sampling positions and comments on the loca-
tions are given in the followlng paragraphs.

1.3.1 JANGIE Underground Shot Site

The eamples through 10 feet in depth were taken in a pit
150 feet north of exact zero, Depths from 10 feet through 16 feet
vere from an excavation 350 feet east and a bit north of exact zero.
The sample at 22 feet was taken at exact zere, This location is in
an area of alternating layers of sandy and gravelly material that

1
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has been formed by outwesh from the surrounding mountalns or hillg ag
alluvicl fana, The site is relatively coarse textured as conpared to
nost inhabited and agricultural regions. The amount of material that
is fine enougn to remain in suspension in the atmosphere for any long
pericd of time without comminution is & small fractinon of the tctal,
There are nn very hard pane or cewented layers at this site to the
Gdepth examlned. Cementing materiel where present is calcium carbdon-
ate,

1.3.,2 JAIGLS Surisce Shot Sit

At this site semples were oblalned fron a small pit dug
100 feat west and a few feet south of exact zero and from rotary dril-
ling at Station 7 which 1s 642 feetl south of exact zero, IThis site
is similar, as regercs mode of forretion, to the surface shot site
but 1s more uniforam in particle size cdletritution, The most siriking
ciffererce beiveen this wite and the underground site is the precence
nere of a hard calcium carbonate Lorizon called "ealiche" extendlng
fron two to four fcet in aeptk. The cesenled ucterials aro similar
v0 those avove znd below except for the cementing metrix of celciwn
carbornate, This layer is so hard that o heavy crowber rebounés upon
striking it. This site alco had 2 very loose surface mulch (zero to
i inches) of locse material with somewhat hicher percentage of silt
tran the horlzons beneuth, ZEZfferts were beirg made to stabllize thie
layer at the time of sampling prior to the teste., Unstebllized 1t
blows intc the air very readily.

1.3.3 BUSTFR Tower Shot Site

The semples were taken in an undisturbec area 150 feet
west of the tower, The depth from zero to € inches was very loose
and powdery. The content of silt is higher than that at the JANGIE
surface site tut has less clay. These two sites, when undisturbed
should be quite similar with regard to ease of movement of surface
raterial by alr blast. All sites were dry except for a small anmount
of moisture just above the "caliche" layer at the JANGLE surface shot
slte.




RESULTS

2.1 PHYSICAL DATA OF PRE-TuST SAMFLIS

Methods used are recognized standard procelures for soll snaly-
gses, Because of the tlme recuired and exrpense involved all deter.in-
2ticns were not made on all sauples. Where this was the care, ensush
deternlnations were made to give the *trexnd or value decired. Adil-
tlonal deterrinatlons con be made 1if needed.
ais

ize Disvrloution JANGIE Underground Test 5i

3

e

i

2.1,1 Particle

The sam;les of soll material were sieved orn - and 6-mm
(actually 5.6-mm square meshes) sieves for sezaratisn into fine earth,
fine gravel, and coarse gravel. The results are given in Table 2.2,
Althoush there is present conslderable quantities of gravel-size par-
ticles, the less than Z-mm fracticn predominates.

A more detalled particle~clize distribution analysis of
the fractlion less than 2-rmm in dlameler seemed desiravle from iwo
standpointe: first it 1s only this fraction thet can be carried an-
preclable distances without comminvtion and second, it is desiratle
that the test site material be compared in texture with soll material
found in other places. For agricultural purposes 1t 1s the les: than
2-zm fractlon only that is analyzed in deteil, Table 2.2 gives the
data of this analysis.

2.1.2 Particle Size Distribution JANGLE Surfoce Test Site

The corresponding data for the JANGLE surface shot are
giver in Tables 2.3 and 2.4.

This site is more homogeneous then the underground test
site. This is particularly true with respect to the particle size
distribution of the fine earth below a depth of two feet. The firer
fractions, silt and clay, are somewhat higher than in case of the
underground site.
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TABLE 2.1

JANGLE Underground Shot Site Size Fractions
of Whole Material at Various Depthe®

—

Diameter in Millimeters R

Depth ‘-.4

lese than 2 2 %t 6 5 a~d Tp |

Feet Percent Percent Porcent -

0-1 82 10 8 |
1-2 81 9 f 10
2-3 84 4 ! 12
3 -4 66 21 23
4-5 72 14 14

5= 6 83 7 10 |
6 -7 84 9 7
8 -9 81 b 14
9~ 1C 58 19 23
10 - 11 49 17 4
11 - 12 82 11 7
15 - 16 47 17 36
22 73 16 11

The distribution of particle sizes

horizons at the aite,

reflects the layering of the




JANGLY Underground Shot Site Size Fractions of Fine FEarth
(1ess then 2-wm diameter) at Varlous Depths
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TABLE 2,2

S1ze Class and Diameter of Particles gigigm.) “mjj

VYery Very
Depth coarse | Coarse| Medium Fine fine 511t

sand sand, sand, sand, sand 0,05~ |Clay

2-1 1-0,5 [0.5-0.25{ 0,25-0110,1-0,05; 0,002 {<0.C02
Feel Percent | Percent Percent [Percent | Percenti PercentiPercent
0-1 6.3 11,0 9.2 27.8 23.4 12.8 9.5
1-2 9.2 12,4 9,5 27.4 23.4 11.5 6.5
2=23 10,3 17.7 13.0 27,7 19,0 7.9 4.4
3 -4 29.2 37.3 11.5 9.4 3.4 5.1 4.1
4-5 18,2 29.3 16.7 19,6 7.4 4.5 4.3
65~ 6 4.4 11.6 13.1 32.4 20.4 12,9 5.2
6 -7 6.6 16.6 12.5 31.0. 17,7 11,2 4,5
8 -9 11.3 22.6 16.7 25,7 9,4 6.0 8.4
9~ 10 15.6 26,0 15.8 23.4 8.7 4.3 7.2
10 - 11 13.0 23.1 15.0 24.2 9.9 6.9 7.9
11 - 12 10,2 15.4 11.9 26,2 12.1 13.9 10.3
156 -~ 16 11.7 21,5 16,2 27.2 10.4 7.4 5.6

22 9.6 17,0 12,3 28.0 17.4 10.7 5.0

The contents of clay and silt are much less than are normal in most

inhabited reglons of the world,

The changes in distribution of the

various fractions again reflect the vertical heterogeneity of the

site.
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TABLE 2.3

Size Fractions of Wbole Material at Varlous Depthe
JANGLE Surface Shot Site

Diameter in Millimeters
Pepth Less than 2 2 to 6 6 and Tp
Porcent Percent Percent
0 - 54 61 15 24
5« 11¥ 48 23 29
11" - 2t 78 10 g 12
2t - 4t 49 20 31
4! 66 15 19
61 80 9 11
8t 83 7 10
10t 84 8 8
12t 7 11 12
15 65 16 19
201 76 15 9
251 79 12 9
30t 73 19 8
6
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TABLE 2.4

Size Fractlions of Fine Berth (less than 2-mm diameter) at Varlous Depikao

JANGLE Surface Shot Site

— g
Size Class and Diameter of Particles (in =n,) o
Very Very {
Depth coarse| Coarse| Medium Fine fine S11t,
sand sand, gand,, sand, sand 0.05 | Glsay,
-1 1-0.5 10.5-0,25 | 0.25-0.,1 | 0,1-0,05] 0,002 {<0,002
~
Percent |Percent|Perceant | Percent Percent [Percen’ Percent
0 Lot 5' 3.8 4.6 6.7 3508 25;9 17.7 5.5
6 - 11" B.4 10,0 11.9 36.0 14.6 10.4 8.2
11 .- 24" 3.1 6.6 9.5 38,1 22,0 2.7 9.0
24 - 48" 9.3 | 18,9 | 14.2 | 30.1 12,6 | 12,0 | 7.9 .
4! 7.6 | 13.7 14.6 27.4 11.8 4.8 | 9.9
6! 6.3 13.1 14.4 29.2 11.7 18,7 9.5
8t 5.0 12.6 15.2 34.0 14.8 11,9 6.5
10! 7.1 13.4 14.4 31l.6 14.2 12,5 6.8
12t 4.7 11.0 15,8 35,6 2.9 13.8 6.2
15' 905 14&6 14.3 30o5 12..9 1297 5eb
20! B.4 2.1 11.7 31l.1 12,7 14,7 9.3
256¢ 69 12,3 11,8 29,1 16.2 15,5 8.2
30! 5.2 11.2 12,7 30.3 17,6 14,6 8.5
——d
7
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2.1.,3 Particle Size Distribution BUSTZR Tower Shot Site

For purposes of comparison, data are presented for two
samples from the BUSTEZR tower shot site.

TABLE 2,5

Size Fractions of Whole Material at Two Depths
BUSTER Tower Shot Site

Denth Diameter in Millimeters

less than 2 2 %06 6 and Up
Ianches Percent Percent Percens
0-6 73 16 1
6 - 18 64 24 12

TABIE 2.6

Size Fractions of Fine Earth (less then 2-mm dlameter) at Two Depths

BUSTZER Towser Skboit Site

:6-18

Size Clame end Diemeter of Perticles (in rm,)

Yory Very
Tepth coarse| Coarse| Medium Fine fine Silt,

aand sand, | sand, sand, gand 0.05- |Clay,

z-1 1-0.5 |0.5-0.26 | 0,25-0.1]0,1-0.05} 0,002 [<0,002
Inches Percent |Percent |Percent | Percent | Percent|Percent|Percent
0 -6 10.0 10,9 6.6 17.5 22.b6 26.5 6.0

17.0 19,7 11.0 19.8 14.1 11.6 6.8

s 8 g s
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2.1.4 Alr RElutriatlon Lata

The particle-size dlstritution data on the less than 2-mm
soll material presented in Sectlons 2,1.1 to 2.1.3 were obtalined by
ultimate disperalon in water by use of dispersing agents and use of
agltation. 8ince the s0il materials at the sites are dry and are
blown into the air without liquid dispersion, 1t was thought desirable
to know the degree of dispersion in air as tho materiels exist at time
of the exploalon., By means of the Boller Alr Flutriator ths data shown
in Teble 2.7 were odtelned. For comparison the ultimate disperalon

‘e are glven for the same samples in the last column,

TARLE 2,7

Comparison of Disperslon in Air and in liquid of Samples
from Various Depths at Three Sites

JANGLE and BUSTER

Size Fractlona by Adr Elutriation Katerial
Size 0 - &0 microns
Sample! Depth Fraction by complsete
Site | Diameter Percent ! Cumiletive ~ dlsperslon in
Microne Found Percent liquid.
0 - 6" 0-10 14.6 14,6
10-20 2.8 17.4
Tower 20-40 17.0 4.4 32.5
6 - 18" 0-10 11,7 11,7
10-20 2.1 13.8
20-40 5.3 18.1 18.4
0 - 1t 0-10 16.0 16.0
10-20 1.9 17.9
Under- 20-40 5.0 - 22,9 22,3
ground
21 - 22! 0-10 3.3 9.3
10-20 2.9 12.2
20-40 5.9 18,1 16.7
0 - &% 0-10 11.3 11.3
10-20 1.6 12.9
Sar 20-40 7.0 19,9 23.2
face 6 - 114 c-10 14.4 14.4
10-20 1.0 15.4
20-40 3.7 19.1 19.1
11 - 24" 0-10 18.6 18.6
10-20 1.7 20.3
20~20 5.0 26.3 21.7

<
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While an exact comparigon of particle slzes is nat possible from
the data obtained, it is scen that essentially all of the particles be-
low 50 microns in diameter are unaggregated., This gives an explanation
for the very dusty nature of the sites in apite of the fact that they
are composed of relatively coarse textured materials. In most areas of
the country the flne fractions of the soll are aggregated to a consid-
erable extent.

2.2 CHAMICAL DATA ON PRE-~THST SAMPLES

Chemical data were obtalned on selected samples from JAFGLE under-
ground anl suarface shot sltes, Totel analyses by a fusion procedure
vere made on these solected samples from each slite, Calcium carbonate,
p3, and soluble salts were determined on all semples. Adélitional de~
terminatlion can be made 1f needed.

2.2.)1 [Totel Analygee of Selected Scmples

The chemical composition of materlals in the immediate
blagt area and in the neutron cloud 1s laportent in determlaing “he
induced radicactivity in the fall-ocut material, Since ‘he fizer frace
tlons of the soll is carrled furither then the coarse, 14 was Ceciied
vo anelyze the coarse fine fractions separately, These exal; zes
are glven 1n Tatle 2.8.

The outstanding difference beiween the underground and
surfaca cnot sltes is In the higher conient of celcium in the latier.
The godlum and potassium content of the coarse fraction of samples
from the surface shot is much lower then the corresponding material
from the underground slte., Sodium and potassium contents of the fine
sarth fraction from <he two slies are escentially the came. The
large ignlition losses on mamples from the surfece shot site reflect
loss of carbon dloxlde from calclum carbonete, low values for iron,
Si0p etc. result from dilution by the large amount of calclum carbon-
ate,

10
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2.3 AMOUNT AND CHARACTERISTICS OF FALL-OUT

Although the fall-out materials are quite radicaciive, some deter—
minatlons have besn made., More detailed exeminations will be made as
time and radiation levels permlit. Znough determinations have been made
to indicate the possible hazard of the fall-out materlal to agriculiur-
al and residentlal ereas necr the slte of an explosion of the under-
ground type.

2.3.,1 Fall-out From Surface Sho*

Between the time of placing of the tubs and cloths ond the
time of the shot, some tube wers 3toclen, Tals meds sone predetermined
stationg missing for thie shct and limited the number of collections
for the underground test, Tabdle 2,10 glves the welghts of fall-out

torial,

TA3LE 2.10

Surface Shot Fall-out Material

location Receptacle | Grams/eq £t | Pounds/acre | Tons/:q mi
1M B Tub 0.430 41.3 13.2
1/2 M B Tub 0.366 35,1 11.2
/2 M ¥ Tub 3.06 294, 94.0
1ML ¥ Tab 1.80 173, 55.3
1M XK Cloth 0.016 - -
2M ¥ Tab 5.14 494. 158.0
2W X Cloth 0.022 - -
AW ¥ Tub 0.923 88.6 28.4
44X Cloth 0.530 - -
6 ML ¥ Cloth 0.258 - -

{ 10 M4 ¥ Cloth 0.004 - -

13
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As mentloned previouely the raln that fell subsequent to the test
greatly interfered with sample collectlons, Amounts found can only be
rogarded as minimal values. It 18 nct known how such sample matsrial
wvas lost 1n run off from the cloths nor how uwuch radloactivity wae
dissolved in the water decanted.

2.3.2 Fall-out from Underground Shot

Conditions were more favoradle for collectlon of fall-oat
matorlal from the underground test, There waps no precipitatlon ex~
cept for the 8-mile northeast station where a amall amount was col-
lected on the ol) cloth., The data are given 1n Tadle 2.11,

TABIR 2.11

Underground Shot Fall-out Material

14

location Receptacle Grams/sq ft i Pounds/acre | Tons/sq M
1M 3 Tub 0.0 | 0.3 0.1
1/2 ML B Tub 0,579 5.6 | 17.8
1/2 1 ¥ Tub 1.15 11044 35.3
1MLV Tub 0.19 18.2 6.8
2Mi v Cloth None Yone Hone
1/2 M4 ¥ Tud 37.50 3601. 1182,
1M ¥ Tub 23.52 2259. 723,
2 Ml N Cloth 2.88 277, 88,5
4M1 X Oloth 0.015 1.4 0.5
4 1 NR Cloth 2,04 196, 62,7
8 M4 EB Oloth 0.24 23.0 | 7.4

R N
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The fall-out pattern fits well wilh the obssrved slight shift of
the cloud to the wes! and then the movement to the east of north. 'The
largest amount of material collected was the 37.5 grams per square foot
at one~half mile norik of zers, The very low value found at fourr miles
nori seews open to question in view of the relatively large quantity
found at four mliles northoast. It ssems probable that this sample may
have been partially lost by wind actilon. It ia doubtful thet tha sus-
pended cloth 1s a satisfactory means of collecting fall-out under con-
ditione of the test.

2.3,3 Pparticle Size Distriduiion of Fall-sul

A dry-gleve analysln was made of the four largual ramples
of fall-out materlel fron the underground t%est. 7The results are shown

in Table 3,12.

TABLE 2.12

Particle Size Distributlon of Fall-out Materlal from
Your Stetlons ~ JANGLE Underground Shod

[ -
Size Class and Diameter of Particles (in mm)
Digtance Very Very

From coarse| Coarse| Mediunm Fines fine S1lt &
Zero sand sand sand sand sand Clay
-1 1-0,5 [0,50,25 {0,25-0,1]0.)-~0,05 | <0.,06
Porcent | Percant! Percent | Percent{ Percent | Percent

1/2 Wi N 5 &4 26 6 1L 8

1ML K 0 3 25 51 11 12

2NL YN 0 0 1 44 45 10

4 ML XNH 0 0 0 38 60 2

The fall-out material ia rather nicely sized according to distance
from the sero polnt. 4 more precise evaluation of tha particle size
distribution of thess materials will be made when they can be more
easily handled. This will be done by suspension in water., The clay
fraction less than 3 mlcrons 1n ‘lameter will alaso be determined.

18
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2.3.4 BRadloactivity of Fall-out Material from Underground Shot

Recause most of the radiocactivity in the fall-out mater-
ial was concentrated in fused coatings on occaslonal mineral gralns 1t
wan considered necessary to bave samples of adout 0.1 gram or larger
in order for thew to be representative, Three samplos each were
weighed from the fall-cut from one-half mile north and from four miles
northesst on 12 December 1961, At this time the activity was so great
that these samples could only be counted wilth equipment avalladle
through 276 :27cm3 aluminunm filters. Under these conditions samples
ranging from 0.0985 gram to 0.3599 gram gave counts per gram rungling
from 20.3 to 21,7 for the fall-out from one-half mile north and from
2.4 to 24,4 for material from four wmiles northeast, Under counditloas
of the measurements beita radiailon of 0.6 Mev or less would bYe lost,

In order to count the samples with no filter and with a
range of filters, the counting geometry shown 1ln Figure 2.1 was used.
In this asseadly a Ba D+ E standard (NBS 500 disintegrations per sec~
ond) gave a corrected rate of 0,58 counis per second, Thls setup was
used to obtaln the half-1ife data shown in Figures 2.2.

On 21 February 1952 samples from four miles northeast and
from ons-half mile north were counted in a hemlspherical, 27T gm-imairy,
proportloned flov counter. The data in dls'nlegratlons per second per
cren of material correcied for decay to D428 days are glven In Tadle
2,13 along with data obtalned by use of the setup shown In Flgure 2.1.

TABLE 2.13

Radioactivity of Fall-out Material

Sample End Window Counter Proportional Counter
1/2 mils north 320,000 d/s/g 423,000 d/e/g
4 miles northeast L 432,000 d/e/¢g 530,000 d/s/g

Disintegrations on the order of 4.3 x 105 corresponds to 11 curies per
ton of fall-out materlel, The radicactivity of the fall-out material
from four miles northeast was found to be five percent soluble in water
in 18 hours, A4 solution of rare sarth ealts in 1 N HCl dlasolved 26
percent of the activity under similar conditions.

18
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PROJECT 2,8
2.3.5 Uptake of Radloaciivity by Plants

- Fall-out material from four miles northeast was mixed with
Evesboro sandy-lcam soll from Prince Georges County, Maryland and with
Cheaster loam from Montgomery County, Maryland for studies on the uptake
of radloactivity by barley plants. Fall-ouil materlal was mixed with
2700 grams of soll in a pot of 6 inches dlameter on 3 Januury 1952,
The barley plants were harvested on 28 January followlng germination
and growtk in a light chanber., The plants were ashed and counted in 2
proporilonal counter on 21 February 1952, The data are shown in Table
2.14.

TABLE 2.14

Uptake of Activity by Barley Seedlings from Fall~-out Material
Jour Miles Noriheast - JANGLE Underground Shot

Grams Fall- Dry Weight (1) Adgh Disintegrations(2)
Soil out per Pot of Plants Weight | per sec/gm ash
Gransg Grams
Xvesboro 7.5 2.22 0.25 7780
Evesboro 0.75 2.47 0.29 1180
Chester 7.5 3.78 0.44 270
Chester 0.75 3.82 0.46 45

(1) Barley planted 3 January 1952, harvested 28 January 1952, Weight
of soil 2700 grams. Pot diameter, 6 inches.

(2) Counted in Buclear Measurements Corporation proportional counter
21 Fobruary 1952. Corrected to 1 Fedbruary 1952,

The characteristics of the plant ash indicate that the activity
is 2lmost wholly dune to strontium 89 with a half-1life of about 50 days.
Mass absorptlon of the plant ash 1s given in Tadle 2.15.

This table also gives some half-life measurements on the plant
azh, These latter data are plotted in Figure 2.3.

19
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TABLE 2.16

Plant Ash from Evesboro Soil with 0.75 gram Fall-out Material
*Mass Absorption (counted through 2.8 cx® end window tube)

Aluminum
Filter (mg/cm®) cps

0.0 20,95
13.0 19.10
27.5 17.55
38,3 16.13
77.8 12.13
87.3 10.92

131, 7.94

170. 5,48 |

219. | 3.59

276. 2,04

369, _ 0.80

*Estimated maximum approximately l.l-l.4 Mev.

TABLE 2,16

Half-11fe Measurementg on Plant Ash
Days - Cp®

0 (2/1/82) 45,50

7 . 41,32
14 36,74
18 36.13
24 32,66
42 25,18

Estimated half-life 46-566 days.

20




PROJECT 2,8

~— HALF LIFE -

i

50

b e ——

1 VHA -
) ‘ THA
e o
. ! SN <
Al el
- \_ JS S VU T Ty Y
T
iR et
un it T 3
1 ~ B "
RN
R -
b : f -
J 1 B O
=TT TS
[ t RN i _
R O R O ¢ B L -
_%‘ -
. -
TR ER e
e JhEERr:

SANOJ3S ¥3d SUNNOD

DAYs

Fig. 2.3 Half-life Measurements on Plant Ash

21



PROJECT 2,8

The activity of the ash of the plants represents a sizeable per-
centage of the total activity edded to the s0il when ons considers the
short duratlion of the experiment. The followlng tabulation shows the
data as calculated from the activliiy of the ash and that of the added

material.
TABLE 2,17
Uptake of Activity from Fall~out Materisl by Barley Seedlings
-
Soil and Fall-out Material Added Percent of Activity
taken up by Planss
Evesboro ~ 7.5 granms 0.10
Rvegboro ~ 0.75 gran 0,17
Chester = 7.6 graxs . 0,006

The big difference between upteke of the activity from the two
different soils indicates the dependence of uptake of strontium on
the level of exchangeable calcium in the soil. The Bvesboro soll ie
very low in thig element while the Chester is a good fertile agri-
cultural soll with relatively high calcium status, Treatment of fall-
out areas with moderate to heavy applications of high calcium lime~
stone might be an effective method of reducing plent uptake of radio-
active strontium from acid soils. On calcarecus soils little upiake
would be expected. A great deal of research will be required to ee-
tablisgh the effectiveness of such a treatment and the hazards due to
plant uptake and subsequent ingestion of the plants by animals or
people,
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