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ABSTRACT

The object of this study was to cbtain data relative to the close-
in ground level airtirneé and fall-out hazard assoccistod with esch de- .
tonation in Operation JATGLE. For this purpose samples of the aercsol
ané fall-cut were obtained from 46 stations located between 4000 feet
upwind and 50,000 feet dovrvind. Several types of instrursnts were
used in this study; filter samplers, cascade impactors, conifuges, par-
ticle separators, electrostatic precipitators, Brookhaven econtinuous
air monitors, Tracerladb continuous air monitors and fall-out trays.

' The ocovcentration of beta sctivity im tha cloud near ground zero

a few minutes after the shot was found to be approxirately 10-3 and
10-1 microcuries per cubic centimater for the surface and underground
shots respectively. The number medlin diaustars of the particles in
the surface and underground shots were 1.0 aad 1.5 micronn respectively
at stations 4000 ft. downwind, decreasing in both cazes toc less than
0.1 microns at 50,000 ft. Data were also obtained on the variation of
activity with partiole size, as well as the percentage of the number

cf particles which were radiocactive for both the aeroscl and the fall-
cut. In addition, a study of fractionation and its manifestaticns was

made,
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FOREWORD

This report has had classifieq material removed ‘n order to
make the information available on an wunclassified, open
publication basis, to any interested parties. This effort to
declassify this report has been accomplished specifically to
support the Department of Defens2 Nuclear Test Personnel Review
(NTPR} Program, The objective is to facilitate studies of the
low levels of radiation received by some individuals during the
atmospheric nuclear test program by making as much information
as possible available to all interested parties.

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

This report has been reproduced directly from available
copies of the original material. The locations from which
material has been deleted is generally obvicus by the spacings
and “holes* in the text. Thus the contexi of the material
deleted is identified to assist the reader in the determinition
of whether the deleted information is germane to his study.

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

The airbtorns particle studies reported horein were undertaken
by the Chemjcal Corpe tc answer questions which were ratsed regard-
ing the internal hazard aue to tho radiocactive particulata matter
asscoiated with the ~lnud and base surce produced by s surface and
underercund detonstion of an atomic weapon, It is believed that
the data develcped frem this study will assist in evaluating the
relative importance of the internal hazard which can result frem
such a detonation. ’
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CHAPTER 1

11 gBJECITVE

The primary objective of Project 2.5a was to conduct a study
of the airborne particulste matter resulting from a surface and under-
ground detonation of a nuclear weapon and to deterrine the following:

1, Concentration of radicactivity in the asrosol and its
variation with distance from ground zero. )

2. Variation of radiocactivity with particle-size.

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

4o Total particles which are radiocactivs as a function of
particle sisze.

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

An indirsct objective of the project was to cvaluate the field
performance of tha several instruments employed.

1,2 EHISTORICAL ' ;

Chemical Corps results froa SANDS'I‘OH:.‘? darived from ths cascad3
impsctor indicated a predominence of particulate matter in the range of
0.1 to O.4 micron diameter, with some material in the range 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 meagurcameatbs

I These and certain other terms used in this report are definod in
Appendix A. '

2 Bernard Siegel, Cdr H, L. Andrews, USPHS, and Raymond B, Murphy,
Particle Sisv of laterial in Cloud, Operation SANDSTONE, Task Group
706’ Pl'vjm R‘m, PI'OJ'“ 7.1-1‘7/88(00)-9. 30 June 1948.
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of the active particulates. Tracerlab results from SANDSTONE 3,
derived from filters, indicated that in the frequency vs. particle
8128 graph the mode nccurred betwesn 4 and 6 microns for particles in
the range of 2 to 10 mocron diameter. The limit of resolution of the
technique was approximately 1 micron, thus no observations were made
on particles less than one micron diamster.

Chemical Corps results from Opsration GREEWHOUSE 4 derived
from the cascade impactor indicated that cloud samples taken at 16,000~
25,000 feet had a modian size of approximately 0.3 nicron. The results
from the U. S. kaval Radiological Defense Laboratory derived from the
electrortatic precipitrtor on this same Operation indicated a madian

particle size of 0.1l5 aicronse

In June, 1950, the Joint Chiefs of Staff dirscted the test of an
underground and surface nuclear detonation. The Arwed Forces Special
Woapons Project requasted the Chemical Corps to submit proposals for
participation in the test. As a result, Project 2.5a was developed to
coaduct airborne particle studies on the aerosol resulting from these
bursts. Because of the large amount of ground contamination expectsed,
these tects provided an opportunity to determine whether there is a
correlation between particle size, isotopic content and decay rate,
and to evaluate the internal hazard associated with these types of deto~

nations,
1.3 AEROSOL SAMPLIIG

It may be safuly said that the sampling of particulate aerosols
"48 a field characterized by instrument design difficulties. And this
is particularly trus of sampling aerosols containing large particles;
a8 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 problea
of introducing the particles into the sampling apparatus without preju-
dice with r2spect to particle size. This i1s the problem of obtaining
isokinetic flow into the sampler. The second problem is to rerove the
particlss from the air, again, without selecting for or against differe
ont sized particles. This problem is usually aggravated by the desire
to remove tho particles in such a manner that they may subsejuently be
gubjected to size nm2asuremants or other typss of anslysis.

J FReport on Analysis Results and Conclusions Relating to Test Joe,
Decomber 1950, Departzent of the Alr Force Contracts with Tracerlab,
Ine., 130 High St., Boston, Mass.

4 OREENHOUSE 6.1 Raport., Unpudlished.
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At the tims of planning of this project there were a number of
eampling instruments in existancs, none of which satiafied the firgt
criteria, but which partially satisfied the second critoria in a nu—-
ber ¢f ways which were suitable to the types of measuraments desirod.
Por example, a filter sampler, in cormon usa in the Cheaieal Corpa,
would collect all particle sizos to ta encountarad srith tattor 4han
99.9 per cent efficisncy, and would be excollzat for the r2asurcuents
necessary to dstermine activity concentration data.

Due to the cost and lack of tirme adjudged to be necescary to
redesign all desired instruments for isokinetic flow, it was deersd
necessary either to reduce the number and type of sampling instruments,
or to use all instrumants as they were, even though sampling was not
isoikcinetic, A decision in favor of the latter course war made at an
early stage of plamming. The crux of this matter was the extent to
which non-isokinstic sampling would affect the data obtained by the
instruments. . Unfortunately, only & qualitative discussicn of this
point can be mad: at the pregent tims.

Andetuon5 , working with cement dust less than 50 microns in
diameter, reported dust concentrations of 150 to 180 per cent of the
trus concentrations in the samples taken at one-half of the atreanm
velocity and concentrations of 80 per cent of the trua valua for can-
ples taken at 140 per cent of stream velocity.

Figure 1.1 1llustrates isokinetic flow. The streamlines enter
the sampling tube without distortion. Aany other condition results in
deflection of the streamliras in the vicinity of the orifice, giving
samples which are either too low or too high, depending upon whethar
the ratio of sampling speed to wind speed is less than or greater than
one respectively. Figure 1.2 illustrates the sampling speed to wird
speed ratio of one-half. In this casze the sample will favor the largsr
particles. Figure 1.3 illustrates the sarpling spesd to wind spesd
ratio of tmo. In this case tho sample <rill favor the :-=allor particlos.

Table 1.1 indicates the deviatiozs of the samplers from ifsokinstic
flow, assuming the intake orifice is pointed into the wind. (Not the
case in actual use) The averagy wind speed at Noevada Test Site
was approximately 5 miles per hour, or 1.34 x 10* ca/ain. A value of
one for the ratio sampling spesdiwvind spevd, represents isokinetic flow.

.

T Evald Anderson, "On the Qualitative Determination of Industrial
Gas Dispersoid~.* Tr zan..._g)._umtio of the Azerican Inat. of Chonmical
Engineers, 34, 589. (193
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TARIR 1.1
Adr S>pling Spead Iata
T
‘ Volurs Fleir | Sarplirg Sinpling | Sowmlin~ Sy-oed
Ingtrumert Rata 4rca Speed Wind Spwed
e /rdn cn cn/min

Filter Samplar 3.4 x10% (100 [3.Q2 2102 | 2.54 x 1072

Cascade Impactor 1.25 x 104 | 10 1.2 103 | 8.95x 10:2

Comifugs at 6000 RFM | 2.2 x10? | 0.18[1.2 x10% | 8.95 x 10

Tracerlab Continuous

Adr Yonitor 74, x10% | 13.2 | 5.6 x10% | 4a8 x 102
Brockhaven Continuous , '

Adr lonitor 9.6 x10% | 10.4 |9.25 2102 | 690 x 10'3
Particle Separator 2.83 3104 | 52.8 | 5.38 x 102 | 4.02 x 10
Radiological Air -2

Saxpler 5.0 T10° | 0.6 | 7.94 x 10° | 5.94 x 10
Electrostatic Pre—- 4 a

cipitator 3.3 210 | 2 1.5 x10° | 132x10

. It must be roemphasizod that the valuvis givem 4in Table 1.l are
applicable enly for the cass of ths instrunt facing continuslly
1ato the wind 1.0. as & weathar cock. Actuilly the filtar samplors
wers mounted perpendicularly to the radii fron ths zero point so that
in general ocm the "hot® legs thay samplod trcadsids to the wind stresnme.
This and the presence of the ghoot =3tal bood (cee Fig. 2.1), terndad
to rake this insgtru—ent favor ths gmaller particlass. The cascade
i-pactors ware orisnted do'm tid axis of rodid fron the zero roint
and on the "hot"™ lecgs were non-i_okiiiriic te ipproxi-ately the dagree
indicated in Table 1l.l. 111 of tha othcr instru=onts ware oriented in
the vertical direction and thirsfurs :ore ciupling troadsids to th2
wind and in 8 cazmJur comparable to the filtar campler, except that thay
fawred the wvery largest particlos which had a Stoke's fall veloeity
greater than the horizontal wind <vlocity.

1.4 RADICACTIVITY !ZASURTENTS

‘“hile im any investigation of this nature all three kinds of
muclear radiation can te of intorest, the hacard causzod by the in-

-*-
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halation of fission products is predominantly dus to beta radintion.6
For this roason, as wsll agz the beavy counting load caused oy the
large nuober of sarples, only beta counting was performed in this
project. In order to rcport such quintities as concentration of
activity in the aerossl, it wos nocesrary to dotercine zbsolute beta
disintegration rates, a difficult goal. An uncertainty of ths order
of 20% can be expucied in ths rcported bete activity data. 7,8
Unless otharwies indicsted, corroctions for coincidence, sample
covering, eir path, s=d tube vindow wire applied to all counting data,
in 2ddition to the ucucl georsiry correction. No corrections for
8clf scattcring ond sclf &bsorption or bick scottering ware rade.

le5  ORGANTZATION

Pigure 1.4 shows the organization ecployced to prt‘) te this
Project, and Tehle 1.2 chows the assignront of stations personnal .

§ 573, for examlc, ioa Effocts of Ltorte Tz-vons, (U. 8. Gov.
Printing Offiec, Sipe 195J), Pe 257e

7 0. Friedlander and J. W. Kennedy, Introduction %o Rodiooheniptry,
(Ne= Yorks John ¥iley and 8ons, 1379), p.

8 L. R, Zusnalt, "Abcolute Bota Counting Using End-Iindo. Geigore

Musller Counter Tubesy MIDC -1346, (Oak Ridget Technical Informatisa

Division, 1947) p. 1
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CHAPTZR 2

IJSTRUCENTS
2.1 PILTER SAMPLER

Tae purpose of this instrument was to filter ths particulate mat-
ter from a known volume of the aerosol. By measuring the activity on
the filter papsr and volume of air filtered, the avarage concentration
of activity in the cloud could be estirated.

2.1.1 D..i‘g

The filter samplers used in the testa (see Pig. 2.1) con-
sisted of a motor drivun suction pump drawing air through a filter pa-
per sampling area of 100 om2.

2.1.2 Calibration

All filter samplers ware ocalibratod at the taost sits with
8 dry flow-rate meter. Por the surface shot the flox rates of several
sazmplers wers measured before snd aftor the dstonation. The results,
g¢iven in Table 2.1, show that for the quantity of material f{ltered thore
Tas no appreoiadle change in resistance cf the paper before and aftsr ths
test. It was therefore cousidered reasonable to assuzs that the flowe
rate remained constant during the sampling period.

The following code was used in describing the various fil-
ter samplers listed in Table 2.1. (Por location of the stations, soe
"‘.. 3.1 and 302.)

X Consisted of 1 shee% Chomical Corps No. 6 paper and
2 shests of No. 5 paper. This type was usad oam all
stations at distances greater than 4000 feset froa
sero. The sampler was located 7 feet above ground.

Xy Consisted of 1 cheet Cal C No. 6 paper, 2 sheets of
Cal C Nc. § paper backed up by § sheets of No. 8 pa-
per. The 8§ sheets of lio. 8 paper served to out dom
the flow of air approxi-ately to 1 oubie foot per
minute while the filter sampler was operating at full
(24 volts) battery voltage. This %type of sampler was
used om all stations up to end inoluding distances of
4000 feet from ground sero. the sampler was loocated

7 feet above ground.

~9-
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TABLR 2.1

Pi{ltor Samplor

Data

Flow Rate(cu.ft/nin)
Station | Location Bafore Aftor Purpoae of Agoncy
Number |and Type | Surface ! Surfaoce Sample Performingz
Paper Shot Shot Analyais
) § b ¢ 1.18 - activity,docay | NIH,TL
2 X1 1.36 damaged activity,decay | NIH,ACC
by blast
3 X1 1,32 - activity, NIH,LASL,ACC
: autorediograph
4 Xy §0.75 - activity NTH,TL
5 X 0.83 - activity NIH,ACC
8 ) ¢ 1.36 - sctivity NIE,ACC
7 X1 1.24 - sotivity NIH,TL
8 X 1.43 1.43 activity NIH,TL
9 4 1.28 - sotivity NIH,TL
10 X1 0.59 - activity uIH,TL
11 I 1.23 - actirvity NIH,ACC
12 Xy 1.38 - activity RIH,ACC
13 X 1.13 - activity NIH,ACC
14 b o} l.21 1.2C activity ¥IH,ACC
Gy 0.65 0.87 activity HId
L 4,28 4.00 radiochemistry | TL
151 4.08 3.75 radiochonistry | ACC
A 4.14 .76 radinohemistry | NIH
16 431 0.77 - sotivity NIB
A 4.28 - radiochemistry | NIH
L 4.14 - radiochemistry | TL
L 3.90 - radicohomistry | ACC
16 X1 0.90 - activity,dscay | MIH,7L
G1 0.886 - activity,docay | JIR
L 4.11 - radicohemistry ! T1,
L 4.29 - radicokandiatry | ACC
17 ) §Y 1.26 - activity A18,ACC
18 ) 6 1,32 - activity SIM,ACC
19 X 3.30 - activity RIR
G 3.30 - aotivity,decay | HIH
20 X 2,86 2.88 sotivity,decay | NIH,ACC
(¢ Jel2 3.16 lﬂt’."t’ 8
21 Q 3.30 - activity NIH
22 X 3.45 - astivity,decay | NIH,TL
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TABLE 2.1 (ocont'd)

Pilter Sampler Data

g . E a . Plow Rate (cu.ft/min
ne |l Fods Before After Agency
L g § o & | Surface Surface Purpose of Sample Performing
n= | Q4% Shot Shot Analysis
23 X 3.15 3.16 activity NIKR,TL
24 X 2,73 i activity NIH,TL
25 X 2,83 - activity,decay ETH,LASL,ACC
autoradiograph :
26 X 3.67 - activity,autoradiograph | NIH,LASL
27 X 3.43 3.49 activity,decay WIH,TL
28 Xeo - activity,autoradiograph | RKIH,LASL
29 X 3.3% - activity NIH,TL
M 3.09 - activity,purticle size | TL
30 X 2.26 - activity,autoradiogreph | NI3,LASL,ACC
M 3.90 - activity,partiocle size | TL
31 X 2.63 - activity NIH,TL
M 3.57 - asotivity,particle size |TL
32 X 5.5 - activity,decay
X 4.29 - activity,particle size | NIH,decay
33 X 3.20 - activity,sutcradiograph | NIH,LASL
| 34 X 3.00 - activity,decay NIH,LASL,ACC
, sutorediogreph
38 X 3.12 - sctivity,autoradiograph | NIH,LASL
36 X 3.51 - activity,autoradiograph | NIH,LASL
37 X 3.53 - activity,autorsdiograph | NIH,LASL
38 X 2.62 - activity,autoradiograph | NIH,LASL
39 X 3.12 - activity,autoradiograph | NIH,LASL
40 X 2.46 - activity,autoradiograph | NIH,LASL
41 X 3.0 - aotivity,sutoradiograph | NIH,LASL
42 b § 2.65 - activity,autoradiograph | NTH,LASL
43 X 2.38 - activity,autoradiograph | NIH,LASL
44 X 2.46 - activity,autoradiograph | NIH,LASL,ACC
46 X 3.37 - activity,asutoradiograph | NTH,LASL
46 X 3.00 - antivity,autoradiograph | NIH,LASL

eplus molecular filter adapter.
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¢ Same a8 X in all respects except that the fil-
ter sampler was located 2 feet above ground.

L.LI.A Cousisted of 4 sheets of Chemiocal Corps No. §
paper. This is an "open" paper and the pur-
pose is to obtain a large sample for radiccbem-
ioal analysis. The various lettars dasignate
the receiring agencios.

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

o Bquipment at stations of the surfece shot (1 through 46)
was transferred to the corresponding stations of the undorground shot
(101 through 146). The handling of ssmples and analytical work for
samples collected from the undsrground shot tests was the same as the
surface shot, except that time did not permit ths preparation of auto-
radiographs by the Los Alamos Scientific Laboratory,

Tho abbreviaticas of the receiving agencies are as fol-

lowss
ACC « Army Chemical Centsr
BI8 - National Instituts of Health _
" TL « Tracerlab, Inc., Boston, lassachusetts
LASL « Los Alamos Socientifio Laboratory

2.2 THE CASCADE IMPACTOR

To determine the sisze-distribution of any heterogeneous cloud,
o sise-grading sampling method is desirable. - It is also desirable to
subject the particles to & minimum amount of physical atrain as they
are collootodi The oascads inmpactor, first dsveloped and described in
detail by Yay*, is partiocularly suited to these requironents. It size-
grades particles in a mannsr suitable for analysis with light md/or
electron microscopos and also collects thes larger particles pressent
(these being the most likely to shatter) at low velocities. The pre-
dominate disadvantage of the irpactor is that it is not an absolute in-
struzent, 1.0., below a certain sise, depending on the geometry of the
last jet and the physioal properties of the particle involved, the
probability of collection decreases in a rather complex manner (but pre-
suzably monotonic with respect to particle sise).

IX. R. Uay, "The Cascade Impactor: An Instrument for Sampling Coarse
Aerosols®”, Journal of Soientific Instruments, 22 (Oot 1945) 187

- u‘-
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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
well as its own physical characteristices; thgs the instrument must be
decigned as a unit, cach stage being compatible with both the preced-
ing end the following ones. Since the impactor is to sample effi-
ciently an extended particle size range (0.2-100 microns), five stages
wore conridered necessary for suitable size-grading. The effective-
ness of each stage, snd the: sfore of the complete instrument will vary
with flow rate, Thus it is 1ecessary to maintain a suitable and ocon-
stant flow rate.

Although nerrover jets will impinge smaller particles efficient-
ly, ons might readily assume that the narrowest possible jot should be
used for the fifth stage; howecver, supersonic flow cannot be obtained
in a jet of this type. Thus, the flow rate cannot exceed a maximum
value, which occurs when sonic velocity is reached in the smallest jet.
In actual practice, this feature was used to control the flow rate in
the oascade impactor. If a narrower jet had been used, the flow rate
would lLave been reduced correspondingly, thereby reducing the sampling
volume,

2.2.1 Design .

A theory of impaction is necessarily based on the trajec-
tories of small particles in a moving fluid and extensive studies of
the factors effecting particle trajectories have been made by many in.
vestigators2,3,4, An approximate theory of impaction, by Baurmash® et
al, is quite flexible, allowing immediate comparison of the efficien-
cies of various jet widths and velocities. This relation may be der-
ived by considoring-a jet from which a fluid of density @ ., viscosity

Eiuy,Ibid

3Johnztono and Roborts, "Depozition of Aerosol Particles from Yoving
Gar Streamc”, Industrial and Engineering Chonistry, 32 (1940) 650

4Lcpple and Shopard, "Calculation of Particle Trajootories”, Indus-
trial and Enpineering Chemistry, 32

55@::;;;:, "Development of Continuous Jet Impactor Methods™, UCLA 13,
AECU- o
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W , slit velooity V, is flowing in an approximately ciroular path

of mean radius of curvature R, as shown in Pig. 2.2. It takes any
particls voughly a time equal to :

t = Kz%- | (2.1

to traverse the quarter-ociroles arec. In this time it will have
drifted radially outward a distance x equal to

x =zut | (2.2)

where u is the Stokes velooity

u- 2:6;:—- | (2.8) |

D is ;lxu 1artiole diameter and a is ths radial acoeleration and equal
to V2

If it is assumed that the oriterion for impaotion is
that the radial drift distance x is equal to half the jet width 4, then
it 1s possible to csloulate the minimum particle diameter Dnin, which
will be impacted. Substituting and solving for D results in

Dagp = 1 31:'(0‘! (2.4)

To cheok the nudity of this formh. the oxporimnhl
values obtained by May, Johnstone8, and Casella”? were ocompared with

E-o Repoi t, University of I11., High Velooity Impaotor for Sampling
Aerosols, 15 larch 1949, ’

C. P. Cassella & Co, Ltd., Casoade Impactor, Leaflet 72J, Regens
House, Fitsroy 8q. London W, I,
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IMPACTION SLIDE

Fige 2.2 Schermatic Drawing of the Idealiszed Flow From a Casoade
Impactor S1it. The slit length (into the paper) is
assumed to be much greater than the width w,
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those predicted by theory. The results were in excellent agreerent,

The impactor lescribed by Vosgltin and Hodge8 was found
to be the most sturdy impactor available and sfncs it waa designed so
that the jets could readily be interchanged it was decidod to meodify
tho Hodges modsl to fit roquirc-snts for sampling at Operation JANGLE.,
Aftor somes oconsideration it was decided to use ths lat, 2nd, and 4th
Jots of ths original Hodge impactor for the first, second, and third
jots of the new model and then to design two new jeta. The development
and performance of this modified Hodges-type impactor as well ll re-
finoments to eq. 2.4 have besn previously desoribed in detail?,

A further important modifioation in this instrument was
the inolusion of slides with electron misroscope spscimen screens set
in recesseslO, As a result, a slide assembly woll suited for field
use was developed.

2.2.2 Calibration

Critical flow rates of the cascade impactors used are
shown in Table 2.2, The oritical flow rates wers dstermined using &
proeviously calibrated Dry Test Meter and & vacuum gauze. To be rea-
sonably certain that oritical flow was attained, & vacuum of 18.0 in-
ches of meroury was required for critical flow.

Table 2,3 gives the oalculated sises of particles effi-
oiently removed for the modified instrument. Calibration of cascade
impactors for actual efficiency for various particle sizes was not
necessary for this work due to the hetsrogensous density of aerosols
expected. The samples were analyzed by direot methods, i,e., measur-
ing and counting of eaoch particle in a known representative area.

!Vbo;tlin & Hodge, Pha ol¥§¥ and roxioolosz of Uraniuam Compounds,
v°1. PI-I. Pe ‘83. AW,

93, D. Wiloox, Design and Development of & New Five Stage Impactor,
CRLIR 92, ACC,

19, p. wleox, A l_g Sampling r.om,u.. CRLIR 70, ACC, Md.

-17 £

P —E




Plg. 2.3

PROJICT 2.5a~1

JET NO. |

NO. 2

The Jets of the Cascade Impactor in “xploded Arrangement,
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Cascade Impactor Critical Flow Rates
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TABLB 2.2

] ]
$e et b ot
S% 5 [Plow Rate | Vacuum Between | |8 % 5 [Flow Rate | Vacuum Betweon
285 {(liters & Pump (inches| [S 8D |(1iters & Punmp (inches
g3 3 |per min. of Mercury) 28 8 |per nmin. of Mercury)
- o N ]
A 13.4 18.0 1 12,2 19.0
B 12.1 20.0 J 12.8 19.6
c 13.0 19,0 K 13.8 18.5
D 13.4 18.5 L 12.5 18.5
B 12,9 19.9 )| 12.6 19.5
) 4 12,5 19.5 N 13,1 18.5
G 13.4 18.0 0 1z.1 19.5
n 12,6 19.0 PT 12,2 20,0
TABLE 2.3
Casoade Impactar Jst Data(s)
Minimunm Particle Diameter
Jet | Jet Jet Velooity at | Impaoted (Dyin) miorons
No. [lLengzth Width Orifice e- 1 e- 2 e- 4 e s T8
1 {13.90m |5.30 ma |2.83x10%n/s00 {18.0 [11.0 | 7.4 | 6.2
2 14.35mm [1.,38 mm 1.05110300/300 4,2 2,84 11,98 | 1.58
3 [13.85zm |0.575m 2.sleogom/aeo 1.77 | 1.17 | 0.84 | 0.63
4 9,16mm |0.396mm 5.76:1040»5/:00 0.95 | 0.85]0.47 | 0.347
5 4,05em |0,290mm | 1,77x10 03/363 0.47 | 0,32 | 0,224 0.188

()p10w rate of 12.8 1/min
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2.3 CONIFUGE

¥

The purpose of the conifuge was to provide a size-graded sample
of the particulates in the aerosol.

2.3.1 Desisn

The conifuge consists of a conical head centrifugs form-
ed by an inner and outer cone, arranged co-axially and separated by
& nerrow annular spece throuzh which a steady stream of aerosol is
dravn by the self-pumping ection of the cones, which are driven by a
motor at hich rpm. The cloud sazple is introduced as a thin film in-
to the annular space through a small tube at the apexr of the imner cons.
Since the perticlsas are influenced by the tranaverse velocity of the
air stream and the centrifugal wvelocity of the rotating conmes, they fol-
low a trajectory based upon their mass and terminal velocity. The par-
ticles pass between the two cones and deposit as &« spectrum of particle
sizes on the surface of the outer cone which is made of polystyrene
plactic with two rows of six evenly spaced screws which carry eleotron
microscope screens.

The thin filament of sampled cloud passing across the
gap betwaen the ond of the sampling tube and the apex of the inner come
iz in unsteble ejuilibrium and is easily displaced by an inequality in.
the spacing of the two cones. The result is an uneven distribution of
the samples on the outer cone. Precise workmanship is therefore essen-
tial in the construotion of the centrifugal ohamber and in the align-
ment of tho whole apparatus. The design must also be robust enough for
this adjustiont to be retained after dismantling for cleaning and re-
asgombly. Good seals must be obtained around 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 simlilar reason, the housing packing must be kept well oiled to pre-
vent leakage through the bearings. To maintain the desigred sampling
rate, both the sampling inlet and exhaust jet must be sudbjected to the
same oxternal prossure. Figures 2.4 and 2.5 show photographs of the
ov..ifuge employed at Operation JAKGLE, '

Tho diesadvanteges of the present instrument are (1) low
flov rate cnd vertioal orientation which precludes approximating iso-
kinctio ceniiticns and (2) separction 1s dopendent upoa the density of
particulatos vuich 1s likely to be heterogeneous in the aerosol. Ac-
oording to Suwyerll, "The depositing efficienoy of the conifuge is 100

11y, ri Sawyer, Porton Teohnioal Paper, ¥o. 88, (Porton, U. K., 14 Des.
1948

- 20 4
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per oent under all conditions for all partioles which do not encounter
the wzlls of the sampling tube on entry or impact upon the inner oons.
Re-circulated particles would, if present, show no size separation and
form a heterogenoous background to the main deposit”.

2.3.,2 Calibration

Reoent laborstory testing of the conifuge has shown that
tho rote of sample flow is greater than wag first assumed. Plow cali-
bration data wzs obtained by filling a bottle full of ammonium chloride
tmoke and drawirg the smoke through a 1.17 om inside diameter glass
tubicy by the eclf-pu-ping action of the conifuge. The point of the
m0ks wag then timed as it flowed through 50 and 100 cm lengths of the
glass tubinz and into the oonifuge inlet tubing. The flow rates shown
in Teble 2.4 were obtained by the use of a "pipe soefficient” of 0.5
as suggested by VennardlZ for laminar flow (Re = 380). '

TABLE 2.4

Conifuge Flow Calibration

Corrected
RPM Flow Rate
(co/min)
8000 316
7000 265
: 6000 218
i ‘ 6000 173
! 4000 130
3000 90

rating the conifuge at 85000 rpm givea a sampling

rate of 173 ocjazn with about 3460 oo/min of excess air recycled. The

low sampling rate is a serious limitation. PFor good size separationm,

the saxpling rate must not exceed about five per cent of the total flow
" rate (total volume oirculating between the comes). The design of the

Chemical Corps oonifuge limited the speed to 8000 rpm when operating at

oxtcnded periods of timo (2-3 hours). PFor shorter operating times

(20-30 mnin.) the conifuge can be ocperated at 10,000 rpm. A oalibration

curvc of rpm vs voltuge wus used to obtain required speuds in the field.

! T¥;, X, Vennard, Elementary Fluid Mechanics, (2nd ed) New York: Wiley
‘ and Sons, 1947, 7, p. 163,
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Test runs were made on the conifuge using a steel outer
cons which had two slits covered by plastic slides along the slant
height of the cone., An aerosol ocontaining spherical glass particles
was generated into a sampling cbamber, Samples were taken with the
oconifuge, and the particle size distribution wms determined with a
microscopes. Table 2.5 gives data obtained at a speed of 5000 rpm, a
sanpling time of 6 minutcs, and an air flox of approximately 170 cc/min.

TABLE 2.5

Conifuge Partiole Size Calibration

Distance Partiole
From Top Size
Edge (miorons)
16 mm 12 -8
20 6 -4
24 4 2.5
28 2.6-1,8
32 1.8-1.1
36 1.4-0.8
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 und fall-out partioulate material into sise ranges dy
means of a vertically oriented sifting device.

2.4.1 Design
Each partiole separator consiated of:

1. Eleven bronze wire screen sieves which were to frac-
tionate particles into class intervals of 37-43, 44-52, 53-61, 62-.73,
74-88, 88-104, 108-124, 125-148, 149-178, 177-209 miorons.

2. A porous stainless stceel filter to retain particles
larger than 1 atoron,

: 3. A molecular filter to separate all the particles
whioh pass through the porous stainless steel disk,




TR

%i\éﬁ:b.o;.\::.;;‘- Pt
SENNNNACE:
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TO PUMP
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| —— MOLECULAR

POROUS STAINLESS

FILTER

Fig. 2.5

Cross-sectional Drawing of a Particle Separator

TABLE 2.6

Particle Separator Calibration

Station
Nurhor

8
9

i1

3
R

20
21
23
24
28
29
29

Flow Rate (ou.ft/min)
Before After After
Surface Shot | Surface Shot | Underground Shot
0.89 0.87 0.868
0.62 - 0.45
0.33 0,90 0.79
0.82 - 0.81
0.88 0.83 0.92
0.89 - 0.88
0.89 0.88% 1,00
0.93 - 0.94
.95 - 0.94
0.98 - 1.02
0.82 - 0.90
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4. A rotary typs vacuum pump and hoss connection to the
particle ssparator to draw the particles through the apparatus. Air
wks drawn through the pump at the rats of approximately 1 cubic foot
per minute.

The detailed design of the partiole soparater Ps? fiju 1a

'15. 2.5. -.)'-"' ™ N .
. ' . - P B

2.4.2 Calidration N

Table 2.8 indicates the flow rate through the variews £11-
ter samplers before and after each test. The results show that no appre-
ciable change in resistance occurred in the purtiole separators during
" the test and the rate of flow through the particle separator was constant.

2,56 ELECTROSTATIC PRECIPITATOR | ]

The purpose of the electrostatio precipitator was to sample the
partioulates. This instrument 1s not amenable to particle size determin-
ation unless miocroscope slides or soreens are incorporated into the sam-
pling oylinder. ‘

2.5.1 Doﬁisn

This instrument weighs about 50 pounds and oonsists of a
metal oylinder through which air is drawn st the rate of 32 liters per
minute at a speed of 25 cm/sec. An electrostatic potential of 300 volts
was applied betwsen an outsids collecting cylinder and an inside centrul
wire, The partioulate matter is precipitated upon the outside oylindri-
‘cal shell., A sobematioc diagram of the collecting cylinder is shown in
’15. 2.7.

2.6 CONTINUOUS AIR MONITORS

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

2,6.1 Brookhaven Air Monitor

A filter paper feed system traveling at 4 inches per hour q !
oombined with a vacuum pump (3.5 ou ft/min) was employed to oollect par- !
ticulates from the air. A strip of filter paper 3 inohes wide moves ‘
continuously at a predetermined rate over a rectangular sampling port.

(1 tn. x 1-3/4 1n.) The partioulate material in the aercsol was filtered
onto the paper whioh passes under s shielded sointillation counter where
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rus cm.——-{ '

Y'ALL 0.20 CM.
THICK

RASS ROD
0.30 CM. DIA.

— ACTIVE PREGIPITATE
OZPOSITS

2330

300 VOLTS

———

Pig. 2.7 Cross-seotional Drawing of the Eleotrostatio
Precipitator Cylinder.
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the activity was measured and a record made on an Esterline-Angus re-
corder. See Fipg, 2.8.

.a'ﬂ\_q L R
TN T, S et
bRt SRR g "-—'f,w. Bl
L. - e
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Fig. 2.8 Brookhaven Continuous Air Monitor,
Count Rate Meters Omitted.

The rate-meter and recorder were housed in a shack while
the air sampler and scintillation counter were situated in a four foot
shelf 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 possidble, Cello-
Phane sheet was feod from a roll onto the re-wind spool of the air sam-
pler between successive layors of filter paper to eliminate cross con-
tamination so that the filter paper could be recounted in the event of
rate-meter or recorder failure. Rubber foam mats were placed under the
olectroric equipment to reduce vibration. Electris power (110 volts,
60 cycle) wmas supplied by a generator driven by a 2-cylinder gasoline
ongine,

- 27;:
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The important feature of this instrument is that the
saxple is continuously collected op an area 1 in, x 1-3/4 in., the
activity measurement is made over a contaminated strip 1 inch in
width, and the radiation detector tube off-set approximately § inches
from the center of the sampling ports, which results in a 30
minute delay between sampliing and significant countinz. The total
time required for a one square inch (the size of the counter face)
of filter paper to travel the sampling port is 41.25 minutes. There-
fore an estimate of the activity in a cloud is based upon this per-
1od of sempling which ends approximately 52,5 minutes prior to count-
ing and recording. A detailed discussion of the calibration of this

dnstrument is given in the Appendix.

2.6.2 Tracerlab Air Monitor

This instrument also employs an air pumping system
(2.6 cu.ft/min) 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 suocessive layers of filter paper to prevent cross
contumination. A Tracerleb P-12 alpha scintillation probe and a lead
shislded Tracerlab TGC-1 Geizer-Muller tube were employed to detect
alpha, beta and gamma radiations. The output voltags from two linear
count-rate meters was recorded on a two point chart recorder manu-
factured by tho Brovn Instrumont Company. The entire unit was housed
in a metul cabinet and located in a shack with two air 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 detuctors were located directly 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 ocounting ooccurs simultaneously,
rno time lag occurs. Howover, 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 radis-
active docay. A detailed discussion of this and other problems of in-
strumont calibration may be found in Appendix C.

2,7 RADICLOGICAL AIR SAMPLER

Tho Radiologlienl Air Sampler (RAS) was a modification, for Opera-
tion JANGLE of the Portable Air Sampler (PAS) used previously by Test
Divicion, CRL and Tmsvuy Proving Ground, Utah, Its purpose was to pro=
vide an iotormittent type of sampler capable of collecting a radiocactive
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Tracerlab Continuous Air Monitors

as Installed, Showing the Two Air
Intake Pipes.

Piz. 2.10

and Filter Tape Transport Sys-

ten.

Top View of the Tracerlad Air

Monitor Showing the Counters

Fig. 2.9
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aorosol as a function of time. As the sampler contains its om 6 volt
DC power supply, the necessity of laying long power lines is avoided,
thus simplifying its imstallation in the field.

2.701 Desisn

The general layout of the components of the RAS are best
seen in Fig, 2.11. This instrument was surmounted by twelve plastic
"molecular™ filterld assembliss through which air was pumped success-
ively for ten minutes by wmeans of a rotary solenoid air valve controlled
by a oycling mechanism. The sampler was started five minutes prior .to
shot time by a siznal which closed a 24 volt DC latching relay. Each
filter in turn sampled the air for ten minutes and then the instrument
automatically turned itself off. The complete design details of the
RAS have been given previouslyl4. '

2.7.2 Calidbration
Calibrations of the instruments at the test site were
mades by using a molecular filter assembly in the line of flow. The flow

calibration data was obtained using a Dry Test Neter and is shown in
Table 2,7.

TABLE 2.7

Radiological Air Sampler Flow Calibration

RAS Flow Rate
Code Liters/Minute

A 0.380

B 0.386

c 0.445

D 0.445

B 0.440

) 4 0.440

H 0.445

I 0.460

X 0.440

Tsilox;ndor Goetz, "Wolecular Filters", Report of S
» osium III, Aero-
sols, Chemical Corps Technical Command, Erny Uﬁbiiccl EonﬁzFT.Ed.

4 April 1950,

14, p. Wiloox, ¥. R. Van Antwerp, C. S. Elder. A Radiological Air Sam-
*1" - A Modification of a Portable Air Sampler. CHL !uiorﬁ Hpt. 108
»

. 12 xpl‘ 52.

B

- 3q‘r
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Pig. 2.11 Radiological Air Sampler, Showing Filter
Heads, Rotary Air Valve, Pump, Timing
Mochanisn, and Battery.

2.8 PALL-OUT TRAYS

The purpose of the fall-out trays was to colleot samples of the

fall-out for particle size distribution, sctivity measurements and radio-
chemicsl analysis.

2.8.1 Doaiﬁn

Wooden trays 23x36x2 in., with an effsctive exposure area
of 21x34 in, were lined with thin sheets of polyethylene plastic approxi-
mately 0.001 in. thick. The trays were located on top of 7 feet high
towers and 8 feet high shacks and covered until approximately 12 hours

s
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hefore the test when all covers were removad., Several trays were lo-
cated on the ground wherever ghacks were not available or the NRDL
thermal precipitator occupied the top of the tower. After the test
the trays were covered, returned by truck to the rear area, and sev-
eral hot particles removed for microscogic analysis at the tost site
by personnel of the Army ledical Center 5, The remairder of the sam-
Ple was bagzed, crated, and reiurned by air to the ACC for particle

size analys=is and radiochemistry.

A possible disadvantage of the fall.out tray was the un-
certainty of the amount of material blown out of or into the tray.
Three trays were exposed to atmospheric conditioans in the test area for
several days and the amount of dust accumulated was too small to be
weighed on a torsion balance. OCn this basis it was reasonable to as-
sume that under normal conditions at the tést site, insiznificant a-
mounts of material were blown into the traydl Fizure 2.12 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 particls separator can
aleo be seen,

1BRoy D. Maxwell, Radiochomicel Studies of Large Particles, Project
2,5a,0peration JANGLE,Army Medical Graduate Schocl, Washingten,D.C.




CHAPTER 3

EXPERIMENTAL PROCEDURE

3.4  STATION LAYOUT

Cn the basgis of pre-shot meteorological data accumlated at the
tost site. 46 sampling s*ations were located for each shot as shom
in Pig. 3.1 and 3.2. The general layout for each shot was the same,
however minor changes in position were made to take advantage of

-differences in ground elevation. Equipment was secured to steel

towers which were bolted to concrete foundations (this considerable
overdesign of equipment was the result of the change froam Operation
WINDSTORM to JANGLE) within 4000 feet and wooden foundations bsyond
4000 feet of the zaro point, Sampling was done at 7 feet and 2 foet
above the ground. Figuras 2.11 and 3.3 illustrate ths appearance of
typical stations of this project.

3.2 DISTRIBUTION OF SAMPLING EQUIPMENT
The following items of sampling equipment were used
1. Filter sampler |
2, Cascade impactor
3. Conifuge
4o Particle separator

5. Electrostatic precipitator
6. Continuous air monitor

7. Portable air sampler

8. Fall-out tray
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Fige 3.3 Typical Sawmpling Statien
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Zero Can Be Seen.
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Table 3.1 shows the manner in which the equipment was dis-
tributed. This distribution was based on a prior study of the
weatiier, and the number of samplers availabls.

- 3.2.1 & Typical station

Tne following instruments represent a typical towar
installation; filte= sampler, cascads impactor, conifuge, and par-
ticle separator, One 24 volt battery rated for 35 ampere hours was
placed at each s=ction for each piece of equipment requiring a
2,~volt mowr, Bacn motor required 10 ampere hours. Oue hundred and
tez wvolt AC penerstors, rated at 3 KW were used at stations which
required continuous air manitors, slectrostatic precipitators or AC
mators.

3e2e% iTir~cring
R, . " - AP o

At shot time xinus 5 minuies & relay was closed by a
signal which sctivated the clock relay and turned on the power supply.

It is of interest to discuss triefly the clock vhich
controlled the sampling period of the instruments., Figure 3.6
gshors the 8 dar cloci: mechanism employed. It is of & type wiiich
cin be sct t5 open or clost 2 relay for any hour of & particular doy.
Since shot tims could noct be accurately forecast, the following modi-
fications wers madc to allow flexibility in the time of firing. Oms
ond of a rigid wire was fastened to the closing latch of & relay and
the other end was inserted in ths balance whesl of the mechanical
clock; the clock was then vound and set so that the micro switches
wore clossd and the relay was open. Whon the relxy 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 tims plus one hour and fifty-five minutes the
clock mechanian opened the micro switch and caused the relay to open,
disconnected the powor supply, and stopped the sampling apparatus.
Fgure 3.5 givus the details of these circuits.

The cascade impactor required a separate timing device
becauso it was necessary to sample for 1 minute when the cloud had .
arrivod at the station. See Fig. 3.6 A longer sampling period would
have provided erxcessive sz=ple vhich could not be analysed micro=
scopically for particle size distribution.
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d
The triggering device was a Beckman MX~7B radiation
dstection alarm that was 50 par cent discharged and modified so that
it would closs a micro switch after being exposed to 50 milliroentgens.
The alarm 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
ouly be discharged by the radiation from the cloud.

After the cloud radiation discharged the LX-78 and
closed the micro switch, the power relay was closed and supplied
power from the 24 wolt batisry. The left pols of the relay upon
closing ghunted the MY-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 improperly. The right pole of the
relay performed two functions upon closing; it commected 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 pole of the relay, and it also placed the clock
Solenoid coil across the battery. When this solsmoid was placed
across the battery it drove the plunger against the start button of
the mochanical stop clock ard 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 side of the battery and thus placed
the coil of the relay across the battery through the sweep hand and
threw the relay to the pocition 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 ampere fuse; the
fuse blew, and the battery ras removed from the circuit eliminating
the chance of the circuit recycling. :

3.3 COLLECTION AND SHIPMENT OF SAMPLES

3.3.1 ° Surfaca Shot

Sample collections stafted after 4 hours and were com-
pleted within 30 hours after detonation. Rapid collsction was
possible dus to the fact that all stations were lightly contaminated
with the exception of thoss stations in the north-north east sector.
Collections along these "legs" wore deferred for approximately 20
hours to permit the area to "cool off®. No pick-up team accumulated
more than & 1 roentrca for the test; the maximum allowable dose for
each test being 3 rooatpens.

The collection of samples was accomplighed by 8 groups;
each consisting of & group leader, assistant, and a radiological safety

a4 )
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moni tor; and each responsible for approximately 6 stations. In-
dividuals wore protective clothing furnished by the radiological
safety organization at the test site. This consisted of cotton-
Xhaki coveralls, whits skull cap, gloves, booties, respirator, and
masking tape to seal tha trouser-bootie opening. Personnel handlced
the sampling instruments with gloves. Filter sampler papers and
portable air samplers were placed in wooden boxes and returned to
the project office at the test site. The National Instituts of
Health (NIH) laboratory at the test site started activity measure-
ments on filter sampler papers approximately 12 hours after shot
time and completed measurements within approximately 48 hours.

Cascada impactors, conmifuges, and particle separatorsA
ware removed from the towers and the impactor slides and con:Ltuge '
liners were removed in a dust-free room.

A1l samples were shipped ir wooden boxes by military

. air to either the Army Chemical Center, d. or Tracerlab, Inc.,

Boston, Mass., 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 nscessitated by
the fact that many stations were heavily contaminated. As in the
surface shot, the heavieat contamination occurred im the north-north
east sector, and entry into this area was delayed about 4 days.

The procedurs of handling samples on this test was

similar to the surface shot. Activity measurements were started 12
hours after detonation.

3.4 TREATMENT OF SAMPLES AT ACC

Shipments received at the Army Chemical Center were opensd,
disagsembled, and distributed for analysis among the various groups
in the Chemical and Radiological Laboratories 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
size. Laboratory analysis started approximately 8 hours after the
Teceipt of sanples at the ACC.
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CHAPTER 4

DATA AND RESULTS

4.1 CONCENTRATION OF ACTIVITY IN THE AEROSOL

4.,1.1 Filter Sampler -

Approximately 46 filter samplers wers employed ian each
shot of Operation JANGLE 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 5 minutss
before to 115 minutes after shot time, and yielded basic data in the
form of filter papers upon which was depositsd a measurable amount of
radioactivity.

The average conscaantration of activity at each station
over the imterval HAO to H/115 minutes could be computed by dividing
‘the measured activity (correated for decay) by the volums of air sam-
pled in 115 minutes. However, in order to obtain the concentration
of activity in the cloud, it was necessary to know when and how long
the instrumsnt actually sampled the cloud, information not obtuinabls
from the filter sampler itself. It was originally planned to deter-
mine these quantities by an examination of aerial photographs and the
NBS gamma intensity data (Project 2.1a), but after careful study of
records from both these sources the conclusion was reached that this
determination would be possible for only five stations, all in the
Underground shot. The diffioulty arose in defining the "edge" of the
compliocated oloud structure either vigually, or in terms of the gan-
ma intensity. This was particularly true for times later than about
15 minutes after sither shot, and for directions other than dowmwind.
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 oloud,
then, it was first necessary to estimate when and how long each fil-
ter sampler sampled the cloud pruper. This has been done by assuming
& reasonable model of the cloud, based upon the deta obtained from
serial photographs, and calculating when this cloud arrived and de-
parted from each station. The elapsed time and length of sampling
time were then caloulated and ocompared with the figures used to cal-
culate the 115 minute coucentrations, resulting in factors which
could be applied to the latter to give ths concentration im the cleud
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proper. These factors were employsd in order to emphasize the effect
of thess calculations. It should be noted that the cloud model, be-

ocause of tha restrictive assumptions regarding ite size, was applied
only to the downwind stations.

The follcwing is a description of the clsud models

At zero time a cloud of diameter do is rapidly created.
This cloud drifts downwind in a straight line, the velocity of the
sentor of the cloud V being a constant 5 mph, or 440 feet per minute,
The subsequsnt cloud diamster d increases with time, and hence with
distance fror sround zero r esccording to the equation:

£

d e« dy £ 0.2(r)

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

r - d/2
t - —,;—L

end the arrival time of the rear edge of the cloud

tz: 54.%.

The length of time of sampling is
- |
tz- tl H -v

The elapsed tims botwuen zero time and the time at which this sampl -
ing took place has been chosen as

n/m
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The observed initial diameter of the oldud wast

Surface Shot = 880!
Underground Shot = 3750'

Table 4.1 presents the results of these calculations for the eppropri-

ate distances from ground zero., The factor fi in solumn & is the ratio
of the 115 minute sampling period to the sampling period determined on

the basis of the model:

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

H /,/tltz minutes. The product fifs, 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.l also

gives the arrival of the front and rear edges, respecstively, of the
cloud at the only stations where these could be observed from the aerial

photographs.

Tables 4.2 and 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 corrected is an arbitrary selection. The 115
minute concentrations have been plotted on a station layout in Figs.
4.] and 4.2, Prom these plots stations were selected at whioh the oon-
oentration of the activity in the cloud was calculated. The latter
concentrations 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 typs 6
filter paper initially by NIH at the Nevada Test Site within 100 hours
after each shot, using a Model PC-l proportional counter made by the
Nuclear Measurement Corporation. Second and third papers were radio-
autographed in many cases and found to be free from activity. In the
few cases where activity was observed, it was attributed to leakage
through the edges of the filter paper package since the filter paper 1s
99,97 per cent efficient for 0.3 mioron particles at a flow rate of 32
liters per minute through 100 square centimeters area.

<47 2
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mABL® 4.1

Calculation of Satpling Interval and Elapsed Time
' on the Basis of Cloud Model

t -t
r Y 2 t2 1 f tz £ £ ¢
(feot) (win) (min) | (min} 1 [ (min) 12
. t

2,000 | 3.3 5.8 | 2.5 4.3 |24 |11 x10?

3,000 | 5.5 8.2 | 2.7 6.7 |14 . 6.0 X 202

4,000 | 7.5 10.5 | 29 B9 8.9 {10 3.9 X102

6,000 | 11.9 15.3 | 3.4 B4 13.5 | 6.1 |23 X 102

8,000 | 16.3 20, | 3.8 BO 18¢1 | 4.2 {1.3 X 10°
11,000 | 22.8 27.3 | 45 25.0 | 2.9 [7.5 X 10}
14,000 | 29.2 3444 | 5.2 31.7 | 2.2 |4.8 X 10}
20,000 | 42.1 8.7 | 6.6 D7 45.4 | 1.4 [2.4 X200
30,000 | 63.7 72.5 | 8.8 68.0 | .86/1a x 10t

,000 No7. 120, {13, [8.8 [113.0 ] .45(3.9 .
ndercround

2,000 G 9.2# 8.3 3.9 | 3.0 [37 [5.2 Xx10°
3,000 | 2.3 1.4 9 P26 | 52 |19 [2.4X1

2.1+ 11.5 :

4,000 | 4ed 13.7 | 93 p2.4 | 7.8 {12 1.5 1102

4.1 13.7%
6,000 | 8.8 18.5 | 9.7 B1.8 | 12.8 | 6.5 (7.7 x 10t
8.5% 18.3%

8,000 |13.1 2.3 [10.2 1.3 | 17.5 | 4.4 [5.0 X 10}
11,000 | 19.6 30.5 |10.9 [0.5 | 24¢5 | 2.9 {3.0 X 10}
14,000 | 26,0 37.6 |111.6 {949 | 31.3 | 2.2 |2.2 X 102
20,000 | 3%.0 51,9 [12.9 |89 | 45.0 | 1.4 |1.2 X 101
30,000 [Y60.6 7547 {151 | 746 | 67.8 | .86645
So’m 1020 1230 2100 5.5 112.0 .107 2.6

* Valuos obzerved fyom asrial photographse




TABLE 4.2

Filter Sampler Concentration

PROJECT 2.Sa-~1

of Activity, Surface Shot

Activity Jolums Sampled | Average Concgd Conc,. of
» at H ¢ 60 |Between Zero of Activity | Factor [Activity
Station | minutes &nd H ¢ 115 mind over 115 min. in Cloud
‘ 2. A
’ X .6 3 £325 3 _
_m? 10 cm_ R
1 43X1 4o 1.0 X 10:2 1.1X102|1 X 10"
» | 8. 4.6 1.7X107 h.ax10°]| 2 x 1073
3 2.1 beh 4ol X 2077
4L 1.0 2.5 4 X 1077
5 7.8 X 1073 2.8 2.7 11072
@ | 19X102 4.6 4.2 X 107 -
7 3.3 4.2 79 X107 6.0 X102| 5 X 10
8 2.5 4e8 5.2 11077 [6.0X102] 3 X 10~
9 5.6 X 1072 4e3 1.3 x 1077
10 5.6 X 1071 2.0 2.7 X 1077
11 6.9 X 1074 4ol 1.6 X 10730
12 1.2 X 10-3r 4e? 2.7 X 10710 ,
13 3.8 3.9Y10 "
1 2.2 40 5.3 Y10~ [3.9X102| 2 X 10
15% 9.9 X 10~H 40 2.5 x10°7
: 16 9.1 X107 32 3.0 X 1077
| 18 4.9 X 10™ 4e5 11 x 1070
19 1.6 1.1 1.4 X 107
| 20 9.7 211102
‘ 21 1..3 1.0 39 § 1o-’:;
a 22 4o 11.7 4el X 10~
; 23 14 X101 |  10.6 1.4 X 1076 [1.31102] 2 x 1074
| 24, 47 9.3 53 X 107
| 25w 1.3 X 1073 3.6 1.4 X 1078
I 26 ‘01 (’1';.'.1 3.1, X 10-’7 -4
! be 1.6 x10°4 11.6 1.4 X100 |7.53101 | 1 X210
28 6.6 Y1073 1.0 6.0 X 10'_-%0 .
29 2.6 X 101 11.3 2.3 X107 |4.2 x10t| 1 x 1074
30 47 7.7 6.1 X 107
n* 6.6 X 10~ 8.9 7.4 X 10710
32 7.8 X107  12.0 645 X 10~10
33 11.9
34 3.6 10.2 3.5 X 10~7
‘ 35 4e5 10,6 4e3 X 2077
‘ 36 4e7 11.9 3.9 11077 |1ax10}| 4 X107
: 37 2.6 X 10™ 12.0 2.2 X 10~8
* -nstrussnt did not function properly.
- 49 2 o
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TABLE 4.2 (Contd)

L]

Activity Rroluma Sasmpled | Average Concg Conc. of
at H ¢+ 60 | Between Zero of Activity [Factor Activity
Station| minutes jand B ¢115min.| over 115 mind s in Cloud
Me cm” x 10 cm3 o
38 1.8 8.6 2.1 X 10:,,'7 D
39 4.1 10.6 3.8 X10°° B.9 1X10
40 1.3 8.3 1.6 X 10°7 :
a% | 2.2x1074 10.2 2.7 X 109
42 5.1 X 107} 9.0 5.7 11078
3 0 8. 0
m 4.7 X 1073 8.2 5.7 X 10730
45 3.2X10°3 1. 2.8 X 10710
46 2.8 X 10™ 10.2 2.8 X 10~8

* Instrument did not function properly.

TABLE 4.3
Filter Sampler Concentration of Activity, Underground Shot
Activity Volume Sampled|Average Conc,. , Conc, of
at § ¢ 60 | Between Zero &| of Activity |Factor Activity
Station |zdnutes He¢e 0 Mn |over 115 min, in Cloud
ne o X 106 5 Hea i
10 5.2 X 102
102 [3.6 x 102 4eb 7.7 X1075 5.2 X102 |4 X102
103 1 bedy
104 (5.5 X 107 2.5 2.1 X 10~/
105 |8.5 X 10™ 2,8 3.0 X 10~7
106 |4.0 4eb 8.6 X 10~7
107 |4e4 X 202 4e2 1.0X107% [2.4X102|21X102
108 4.6 X 103 48 9.51107% [2.4%x10%|2Xx102
109 2.9 X 10 43 6.6 X 109
120 |5.2 x 1071 2.0 2.5 X 1077
1M [1.2 X 102 4e0 2.9 x'1o'_'”5
112 |2.8 4ob 6 X 10
113 3.8 1.5 X 102
4 1a x102 23 2.86X1000 N.5X10% |4 X103

3
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TABLE 4.3 (Contd)

Activity |Volume Sampled | Average Conc. Conce of
at H ¢ 60 |Between Zero &| of Activity |Factor Activity
Station|minutes H ¢ 60 Min over 115 min. in Cloud
AL
3X_6 “5 4, 3
b0 o Low 10 @, em
15 [67X10,| 4.0 1.6 11072
16 |7.3X10 3.0 2.4 X 107
117 |2.2 %e2 53 X 1027
1218 1.2 bod 2.6 X 10 ¢
19 [1.2x103 | 1a 1.1 X 107 '
120 |4.5 X 10 9.7 4.7 X 10 7.7 x10* |4 X 1073
1 431102 | 1.0 3.9 X107
122 2.6 X107%| 1.7 2.2 X 107
123 |12 X104 | 10.6 1.0 X103 |50, x30°1|5 x 1072
12, |4.0X1 9.2 4e3 X 10:2
1256 29 X1 9.6 3.0 X 10 l
12 121 ;
177 |74 x103 | 11.6 6.4 X107 |3.0x10t |2x1072
128 [1.4X162| 1.0 1.3 X 10~ _
129 |8.8 X 107 11.3 7.8 X107 |2.2x10t |2X107%"
130 |7.5 x 108 7.6 9.8 X 107 :
1 8.9
132 [2.8 12.0 2.3 X 1077
133 11.8 . 1.2 x10t
134 |29 10d 2.8 X 10677
135 10.6
136 11.9 6.5
13'; 4eb 12.0 3.2 X 107
13 8.5
139 |1.0x10°| 10.6 9.9 X108 [2.0 3 x 1075
10 |9e2 9.2 1. X 1076
141 10a -
12 |24 9.0 2.4 X 10
13 |7.9 8.0 9.8 X 10~
144 |2.21200 | 82  [2.6X 107¢
145 |3.7 X 10™ 4 3.2 X 10~8
146 9.6 X10°3] 104 9.4 X 10710
127 |99 x10Y 1.0 ] 9.0 x 1078
4
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0 uc/co

10" uio/co

resy

Fi1ge 4ol ldnos of Equal Concentration of Activity, Surface Shot

Activity Corrected to R + 1 Hours, Sampling Time 115
¥inutes.




10-* HO/co

10%)16/06

1046 /66
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/i 7R b o~
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3ot

Fige 4¢2 Lines of Equai Concentration of Activity, Underground
Shot. Activity Corrected to H ¢ 1 Hours, Sampling
Time 115 Minutes.
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Al activities were corrected to a common time by means
of a decay curve obtained from a single station. Unfortunately approxi-
mately 40 per cent of the filter papers frcm both shots ware too active
to be counted by NIH; these were sent by military atroraft either to
Tracerlab or to ACC, where they were counted betwsen 120 and €00 hours
after the shot. At these two laboratories aotivity measurements were
corrected to & common time (ACC, H/A400 hours, Tracerlab, H/600 hours)
by msans of the decay curves from the individual filter samplers.

Extrapolation of activity data back to very early tices,
was aocomplished by use of the decay curves obtained by NIH! from cra-
ter and 1l{p samples. These are presented in Pig. 4.3. The experiment-
al data from which those ocurves were derived began at approximately
H/4 hours and continued to about Hf2000 hours. Extrapolations have
been made to E£0.l and H/A10,000 hours.

Wherever possible the desay slopes from these “master”
ourves were coupared with the decay slopes obtained at various tirme in-
tervals from several filter samplers and wvarious other equipment and
agreement was considered satisfaotcr- Exact agreexent is not achizved
because of fractionation (See Par. 4...3) which influences the decay
slope of samples taken at variour distences from ground sero. Tks> uss
of a single deoay curve for all the filter sampler data thus introduces
an error in the extrepolated aotivities.

4.,1.,2 Air Monitors

Three Brookhaven continucus air monitors (BCAM) and six
Tracerlab coatinuous air monitors (TCAM) were employed to measure the
radiocactivity of the aerosol for both shots of Operstion JANGLE. Ta-
ble 4.4 summarises their operation. It can be seen that a largs nume
ber of failures ocourred which were attridbuted either to failure of the
110 volt motor generator set2, or mechaniocal failures of the instruments
themselves. These latter difficulties were largely dus to ths delicats
nature of the monitors under the severe conditions of the Tsvada Tost
Site and the receipt of the TCAMs only a week prior to the surface shot.

For the surface shot, the BCAM at station 38 (30,000 ft.
NE and defiladed by a ridge from the gero point) furnishes an intarest-
ing record as shown in the "raw” data plotted in Fig. 4.4, Of particu-
lar interest is the oocurrence of a "pip" approximately 5 minutes after

iletter from NIH, dated 7 Pedruary 1952,
2the large quantities of fine dust at the Test Site tended to rapidly
foul the spark plugs.

.88 =
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TABLE 4.4

Air Monitor Operation for Surfaee and Underground Shots

iﬁ;:::n Instrument Operation
36 PCAL Defective rate meter prior to test
37 BCAY Motor generator failure
38 . BCANM Vacuum leak, qualitative data
29 TCAM Satisfactory
30 TCAM Shear pin failure, data obtained
31 TCAM Yotor generator failure
39 TCAM Satisfactory although off scale
40 TCAU Vechanical failure
41 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, replay datj
obtained
140 TCAM Satisfactory
141 TCAM

Satisfactory but low concentration
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tero time (0900 hours PST). This "pip" appears to be identifiable only
as external gamma radiation from an overhead cloud whose average speed
was about 20 mph3, Fig. 4.5 presents the same data ccnvertsd to micro-
curies per cubic centimeter by the methods described in Appendix B to-
gether with appropriate allowances to instrument time lag. The maxi um
at 1000 hours corresponds to a ground-level sloud speed of about 65 mph.
Unfortunately the exact flow rate through the instrument is in doubt

due to damage to the vacuum line right angle bend which could not be re-
paired prior to the zero hour so that the data of Fig. 4.5 must be re-
garded as approximate. It is interesting to note that the rate of ohange
of the ground-level cloud activity ooncentration appears to have been as
rapid as the BCAM was able to measure. It would thus appear that the
BCAM in its present form is not well suited to monitor suoh rapidly chang-
ing concentrations. , ¥ :

For the surface shot, ‘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 remained there for a number of hours, or as appears more liks-
ly, gamma radiation from looal fall-out contributed a significant count
rate to the instrument.

The TCAN at station 30 failed when a shear pin in the paper
drive mechanisms broke, causing the monitor to sample on one spot of fil-
ter paper. However, the beta activity concentrations were readily ob-
tained by graphical differentiations4 of the recorded counts per minute,
dividing by the volumetrio flow rate, and applying the efficiency factor
for a uniformly oontaminated tape as derived in Appendix C. This record
is presented in Fig. 4.7. The sharp changes of activity concentrations
in the ground-level cloud can be especially well seen here since no instru-
ment time lag or averaging error exists for these data.

. Due to a pre-shot estimate that the 20,000 o/m beta scale
was most desirable for a distant station, the TCAY at surface shot station
39 went off scale ( > 44x10-7 uc/cc) at about H/1.5 hours and remained
there until the record was retrieved by the pick-up orew on 20 November.
The count rate record obtained is shown in Fig. 4.8. Of especial interest

3 ground-level oloud could not have been sampled on the tape and register
as early as 0915, See paragraph 2.6,2 for time lag discussion.

$It may be noted that while & moving air monitor filter tape furnishes an
averaged concentration directly, the derivative of the record obtained
from a stationary tape givea instantaneous concentrations.

-59-‘



o

CONGENTRATION OF AGTIVITY (10 'MICROGURIES AC)

=)

0

-~

/

|

&

|
[
[
[

N

o

STATION

29

0800

100

1500
TINS PST (HOURS)

Pige 446 Concentration of Aciivity
Shot, TCAM Data

1700

1900

2100 2304

at Station 29, Surface




PROJECT 2.5a-1

&
=

b

C3..0CNTRATION OF ACTIITY (10° MiIcROCURIES/ C®)
—

STATION

°r He
TRIE AFTER SHOT (HOURS)

Pig. 4.7 Concentration of Activity at Station 30, Surface
Shot, TCAM Data.

- 61 4

I




JoUgS edvJang .om UOTITIS 3¥ MYOL WOIF Peuteiqo PIooey £3TATioy eATawrey 8°Y °3ni

(SYNOH) 3L
o ¥ +H S+M 2 +H |4 H %
\\"l".?l"l') —l
T |
/ ]
» 65 NOILVLS / | |
G _ -
Z ¢z £ 14 1g =t
i1 >
3 g / HER:
(3} - | _ a ‘
3 . \ | _ » ©
.2 R / ] 5
Y - 7 : ®« -
% / I ]
Q / “ | o
2 / i £
2 / \ |l z
/ | | -
g2 y 1 g1
3wos 1337)| / (3OS 1HOIY) |
CY0034 <.Gm.l.\ 0NOP3¥ VHJ V- | “
|
( 11
‘\ i
obe oL U oz




L

PROJECT 2.5a-1

2380 JiYaL “I0US punoalaspup ‘YT uot3Elg 9® £3TA1907 Jo uoTremusducy oy Iy

0 )0 00%0

1'Sd (SUNOH) INIL

002¢ 0042 - 0022 0002 0081 Oavw.
N\ ~ 1
N\ /
A
\ [
Y~ b

N AN /

A A \ 1
N \ \h i

ST NQIIVIS

(NIV 40 09 /8INNOOUOIN) * ALIAILOY

- 38



I

FROJECT 2.5a-1

18 the alpha count rate pip which occurred at about B2 hours. This
PipP ocourred after cessation of a shot time beta pip (see discussion
of BCAM 38) and prior to the hump due to the ground-level cloud.
8ince the beta record at this time shows nothing it is difficult to

oxplain this effect.

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 summing the activities measured
on all the sampling elements of the particle separator, correcting for
decdy, and dividing by the volume of air sampled in the 115 minute sampl-
ing time, These data, of course, represent the average concentration
in the air over the 115 minute sampling time. Concentration of activity
in the cloud was aomputed using the sampling time and elapsed time as
determined from the oloud model described in paragraph 4.1.1, for select-
od particle separators. These data are presented in Table 4.5.

The eleven screens, the metal disc, and the molecular fil.
ter of each particle separator were counted in a Ruclear Measurement
Corporation PC-1 proportionel counter. It was necessary to use two rings,
one plastic and one aluminum, to prevent excessive contamination, hold
the ecreen in place in the chamber, and yet insure suitable contact with
the piston. In counting the surface shot samples it was found that the
screens, metal disc, and molecular filters caused disturbances in the
counting chamber; namely, the oounting rate of any individual sample de-
creased with time. The surfeace shot samples had essentially no loose
particles so colloidal graphite was sprayed on each sample bsfore count-
ing. After this treatment, reproducible messurements were obtained. The
underground shot samples presented a more difficult problem since there
was a large deposii of loose granular particles on moct of the screens
except the molecular filters, These screens were covered on both the in-
fluent and effluent sides with sootch tape. In this way it was possible
to achieve reproducible results without seriously effecting the bete count-
ing rates.

Theco 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
activities encountered. Decay corrections were made to H/@OO. 400, and
1000 hours respectively by means of the individual decay curves for each
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TABLE 4.5
Particle Separator Conceatration of Activity
Activity [Volurs of Air Av;rage Conc. Conc, of ]
Corracted to| Sampled in |of Activity |[Factor  [|Activity
Station|H + 60 min., | 115 minutes [Over 115 min. £f Hn Cloud
(ue) ( cm3._£.106) M/ a3 2 y /cms_ N
Surfacy Shot
8 6.1 3.0 2.0 X 10:7" 6.0X10°]1 x10™°
9 131 21 5.3 X 10 -
14 10.2 2.8 3.6x10°¢ |3.9x11R|1x103
15 0.64 2.8 2.3 X 1077 0 -
20 46 29 1.5X10 2,1 X101 3 X110
21 2.4 3.0 8.1 X 1077 .
23 4.2 3.0 1.4 X106 [1.3 x10%|2x 107
2 1.6 3.2 4.9 X 1077
28 0.91 3.2 2.8 X 1077 . s
| 2 0.93 3.3 .8 Y2077 (4.8 X10*[1 X 1077
i
Indarground Shot __
: 108 [1.6 X 103 3.0 5.5 1105 [2.4X10%[1 X 10Y]
| 109 |4.2 X 102 1.5 2.7 X 1074 a
; 14 [2.7 x10° 2.7 1.0 X107 [1.5X10%|2X10
15 6.9 x 10t 2.7 2.5 X 1077 |
f 120 |3.3Xx103 3.1 1.2Y102 |7.7x104|9 x 10
: 121 (3.8 X107 2.9 1.3 X 1074 » -
! 123 |3.8 x 102 3.4 121 x103 [s.oxiot|6x10
.' 12, |4.4 X 202 3.2 1.4 X 1074 . -
‘ 128|442 X 102 3.2 1.3 X 1074
129 |29 x10? 3.5 8.6 Y1070 |2.2 x10t| 2 x 1073
130 2.9 X102 31  [9.7x1075
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sampling szreen. The NIH decay curves (Fig. 4.3) were used to corrset
all activities to earlier times.

4.1.4 Casceads Impactor

Concentration data was also obtained from seven cascade
irpactors in the surface shot and tea cascads impuctors in the under-
ground shot., As discussed in paragraph 2,.,2.1, these instruments con-
tained five slides und a molecular filter, By sumning the meesured act-
ivities on these ele..:nts, correcting for decay, and dividing by the
volura sarmpled, the concentration of activity was determined. Since
8018 of these insiru-ents saspled for only a minute, and were initiated
by a radiation alurzx upen arrival of the cloud, the concentrutions der-

"ived from these instrurents should represeat the concentration of act-

ivity in the cloud propsr. The balance of the cascade impactors sampled
for the usual 115 rninutes, and their concentrietion data should ropresent
the uverage concentration cver that interval. The data from sel.ted
Lrpectors of this latter group have been corrected by the methods des-.
crized in paragraph 4.1.1 to produce the concentration of activity in
the cloud, The entire dath are presented in Table 4.6,

The rcasurewsnts of activity on the cascade impactor
3lidss wore mads in a gas flow proportional counter (Nuclear Measure-

‘mants Nodel PC-1) in vairh the bruss piston forming the base of the

oounting charber wus milled out iIn such a manner that the surfuce of the
slide was flush with the surfnce of the piston. Calibration was accom-
piirhod with a UXIIB stundard mounted with the same geonatry as the sam-
pls geomotry. Xo corrections were made for abscrption or scattering.
The r2asuremants wore corplsted by about 5/200 hours and were corrected
to HA100 hours by msans of individual decay curves, Use was made of the
N1H decay curves (Fiz. 4.3) to connect back to HAl hours.

4.1.5 ﬁadiologicnl Air Sampler

‘ The Ruadiological Air Sampler whioh consisted basically
of tvolve emall filter se-plers sanmpling in succession, was designed to
preduce concuatraticn data as a function of tine., The decision to use
th.ce instrumunts wae made a short time prior to Operation Janzgle, and
was brnsed upon a derire to vvaluate the instruwnent. Although time did
not allow construstion of a device to afford protection of the filter
essc.:bly, 1t was pliznsd that the first filter assembly, vhich sampled
from H-5 minutes to 1if5 inutes, be used as a control for the balance of
the filter assemblics. The assumption vias made that the fall-out would
uniformly contaminate all the filter assomblies, and that the first
asastbly, which had censsd campling before the arrival of the oloud,
would contuin only full.cut activity. This activity would be subtracted
fron the activities on fuccaeding assermblies.

- 66 -
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TABLE 4.6

Cagcade Iapactor Concentration of Activity

- .
Activity at)Samplinzy | Voluwa rConcent':ation Conc. of Act
Station|{H e 60 min.|Interval | Saupled |of Activity |Factor | in Clopd
(uc) (mins) | (ex?) (nac/en3) £ | (uc/ed)
Surfaca Shot
13 |2.ax1023 | 1 1.3 X 104/2.1 1 1077 10 |2x10%
23 [19x103 ] 1 1.3 X 10%[1.5 x 1077 4.2 |6 x 1077
25 (2,1 X104 115 1.6 X 10%[1.3 X 10739
26 |1 X2072 | 115 1.5 X 10%/7.2 x 1
30 |2.9 11072 | 115 1.5 X 10[1.9 x 1078
35 |2.5X1072 | 115 1.6 X 1061.6 x 108
0 |6.0x1073 ] 115 1.5 X 105 4.1 X 107
Underground Shot
13 [17x103| 1 1.3 X 104/1.3 x 1077 12 |2 x107
14 7.5 X 103 1 1.2 X 104 6.2 x 10~7 12 |7 x10°6
115 3.5 X102 1 1.3 X 104{2.7 X 10
119 1.8 x 10™3 1 1.2 X 104{1.3 X 10~/
124 |1.8x103 | 115 1.5 X 10%/1.2 X 107
125 [1.1 x10°3 | 115 1.6 X 109/ 7.0 x 1020
126 [5.6 X 1074 | 115 1.5 X 206]3.7 X 10719
132 |8.0X10°5 | 115 1.5 X 104/ 5.3 x 10011
135 |3.8X107%| 115 1.6 X 202,74 x 10720
10 |2.3 x10°3 | 135 1.5 X 106/1.6 X 1072
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However, it was found that the activities on the various
filter assemblies varied widely; im many cases there was more activity
on the first filter sssembly than on succeading aesemblies. A par-
ticularly good example of this variability was afforded by the two RAS
at station 120, Both instruzsnts failsd to be initiated, end conse-
quently &1l 24 filter asscoblies ware subjected only to fallout. On
ons of these “nstruments the most active filter assembly was more than
three times as active as the least active filter assembly, and the
standard deviation, osrcentagewise, of the 24 from the mean activity
(c0mputed by summing.the activities and dividing by the number of fil-
ter assemblies) was found to be 25 per cent., Probably a reasonable
explanation for this effect is that the small filter assembly offers a
poor target, statistically, fcr lerge highly radioactive particles, or
that in the various stages of trensportation of the samples, these par-
ticles were lost, ' ‘

Since the variability in fall-out activity was sufficient-
ly large to mask the activity due to the sampled aerossl, it has not
been possible to determine the concentration of activity in the aerosel
with this instrument.

4.2 PARTICLE SIZE DISTRi3UTION

4.2,1 Cascade Inpactor

The glides of twalve cascade impactors in sach shot were
exarined by optical and elactron mieroscopic methods to determine the
size distribution of particles in the aerosol, A surmary of tho data
from each shot 1s presented in Tables 4.7 and 4,8, The meusuring and
computing methods by which these data were obtainad are described in the
following paragraphs. .

The particles on the first and second jets were counted
and weasurod by examining the projocted imags of 1000 _diameters from a
light mioroscops. The particles on the 3rd and 4th Jjets were examined
from projected images of 59,000 diametars. All measurcments wcre made
with transprrent rules with millimeter divisions, Particles which
mensured betwoen i4 and 15 pm were recorded as 15 mm, particles which
measurad between 15 and 16 ~m wsre recorded as 16 ctc, An attempt vas
made to measure tho squivalent diameter of each particle (i.e., the
diarsters of a circle of eroa vqual to the area of the particles). Since
most of the particles had a rather circular projection, little diffi-
culty was encountsred, 1In nost cases, the 2nd, 3rd, and 4th jet sanples
wore relatively homogcnoous and a particle count of 300-600 particles
appeared satisfactory. The lst and Sth jet semples wsre rather hetero-
gencous and particle counts of 400-1000 were rade. The area reprosented
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TABLE 4,7

Cascade Impactor Particls Sixze Distribution
Surface Shnt

wo | D% | 2D | o |Davg| Total [ Totel Total
(M) (m) () 9 | No. Surface Masa
. Cascada Impactor 13 e
Jet 1 [2.,02 |17.0 [ 41.5 | 2.97 [4.45]1.61x10° [ 7.73x10° [1.34x1C3
Jet 2 |0.67 | 11.4 51.8 |3,99 |2.19]1,18x10%] 1.47x106 | 3.17x107
Jet 3 |0.458) 1.39 4.0412.36 {0.72 | 1.72x105 | 1.83x10% | 5.87x10%
Jet 4 {0,335 2.94 8.18 | 2,98 {0.68 ; 9.40x105 | 1.17x105 | 4.76x105
Jet 5 )
Corp.Imp.{0.998 | 17.1 | 47.7 |3.28 [2.15] 5.45x105 | 1.02x107 | 1.87x108
cascade Impactor 14
Jet 1 [0.71 | 11.8 42.0 [3.39 |2.14 | 1.25x10% [ " .63x107 | 3.46x10%
Jet 2 |0.87 | 25.7 [101.3 |4.20 |2.82 [6.72x105 | 3.07x107 |4.22x108
Jet 3 |0.91 }16.0 66.0 |3.79 |2.27 | 2.30x105 | 4.11x106 | 4.58x108
Jet 4 |0.83 7.45 | 8.80 | 2.23 {2.72 | 4.39x10% | 6.48x105 | 5.11x105
Jet S ’
Comp.Imp.|0.75 | 16.6 | 75.5 |3.63 |2.42]2.2 x108 5.31x107j 1.86x1 9<
Cascade Impactor 15
Jet 1
Jet 2
Jet 3 Insuffinient Sample.
Jot 4
Jet 5
Comp.Imp.
Cascade Impactor 19 'a
Jot 1 [0.96 [17.9 69.5 |3.90 |2.84 | 1.50x10% [ 3.99x10F |[8.46x10
Jet 2 |1.,92 l22.9 84.2 |2.86 |4.10 | 7.49x10% | 5.08x106 |1.96x108
Jet 3
Jet 4 Insufficient Sample,
Jet S
Comp . Imp.,
Cascade Impactor 23 i
Jet 1 J0.19 9,90 | 59.50 [1.96 |1.e4 [4.56x106 | 3.71x107 s.zaxlog
Jot 2 |1.65 |39.0 | 42.0 |3.96 |8.35]3.24x10%* | 8.12x106 |3.27x10
Jet 3 [2.07 5.30 7.50 |1.88 |2.53 |1.40x108 | 1,90x105 ]|1.38x1 "
Jot 4 |1.13 3.69 8.18 [ 2.26 2,07 | 2.81x10% | 1.97x105 |1.52x10
Jet §
Comp.Imp.|0.606 | 7.66 | 31,6 |3.47 |1.93 |4.63x108 | 4.87x107 |v.352108
. =69 -



PROJECT 2.5a-1

TABLE 4.7 (oont'd)

NMD D2M¥D 0o a Davg Total Total Total
(u) () (s) d | No. Surface Mass
Cascade Impactor 24
Jot 1
Jet 2
Jet 3  Insufficient Sample.
Jot 4
Jet §
Comp.Imp.
Cascede Impactor 25 - ,
Jet 1 12.72 ]15.3 PBl.2 |2.50 |5.03 |2.09x10° |1.09x107 | 1.49x100 |
Jot 2 12.17 | s5.35 | .40 |2.05 |3.25 |2.11x10° |3.28x108 | 2.34x107
Jot 3 ' 97 | 3.44 | 6.78 |2.22 |1.44 |3.58x105 |1.38x108 | 6.87x108
Jot ¢ [1.15 | 2.31 | 3.8 [1.74 |1.29 |3.68x105 |9.e3x10% | 2.56x108
Jot 5 [0.4381 1.16 | 1.76 l2.01| .50 {8.45x10% {4.12x10° | 5.41x10%
Comp.Tup.[0.84 | 9.15 [20.7 |2.83 [1.65 |1.99x108 | 1.79x107 | 2,12x108
__Cascede Tmoactor 26
Jet 1 [6.25 [16.7 [25.6 1.91 | 7.30 |2.2 x10% | 2.19x10° | 5.01x107
Jet 2 ]1.03 5.25 [10.3 2.768 | 2.19 |4.13x105 | 3.54x108 | 3.24x107
Jot 3 495 2.19 | 2.03 |2,40| .776|9.24x105 | 1.10x206 | 2.84x108
Jet 4 5191 1.48 | 2.25 |1.98{ .66 {7.47x105 | 6.22x105} 1.10x108
Jet 5 .095 .778| 1.38 {2.97 | .182[1.88x106 [1.49x105| 1.05x105
Comp.Imp.| .302| 6.00 [19.4 [3.44 | .678[4.04x106 | 8.14x126 | 8.39x107
Cascade Impactor 30
Jet 1 .94 6.0 |18.7 [2.67]2.18 J1.29x100 | 1.29x107] 1.65x108
Jet 2 |1.41 3.83 | 6.2 2.13 | 2.29 [1.05x105 | 8.62x105 | 4.28x108
Jet 3 |1.01 1.87 | 2.32 |1.62]1.10 |4.59x105 | 8.21x105} 1.70x106
Jot 4 6431 1.27 | 1.82 |1.80| .798]3.34x105|3.00x105] 5.13ax105
Jot 5 0852 .262] .816 | 2.80| .095]4.80x105 | 1.10x10%| 4.00x20%
Corp.Imp.] .89 | 6.21 | 8.75 | 2.50|1.50 [2.67x198 | 1.56x107 | 8.05x107
- Cascade Incactor 32 ' :
Jot 1 |1.97 9.85 [21.0 | 2.64 | 3.61 |1.25x109 | 3.27x10°| 4.07x107
Jot 2 |1.70 | 3.72 | 5.15 |1.94 | 2.44 |4.67x10% | 4.052105] 1,93x10°
Jot 3 .62 3.47 | 9.05 | 2.66 | 1.02 |1.87x10% | 4,46x105] 2.47x106
Jot 4 .495| 1.07 | 1.57 |1.88] .66 |5.34x10% | 3.32x105| 4.57x10%
Jot 5 .216 .590| .967}2.11| .31 |1.57x106 | 2,21x105] 1.33x10%
Comp.Imp. .345] 5.41 [18.2 |3.18| .67 [2.47x108 | 4.98x106| 4.95x127
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TABLE 4.7 (cont'd)

R J———

- . . _ o
MmO | b | 10 | = [Dasz | Total | Totsl To 1
() (W (u) d No. Surfacs Youg
____Cascads Impactor 35 _ S
Jet 1 | 3.75 [11.5 18.4 2.11 | 5.32 {3.4652125 | 1.76x107 | 2.57<10%
Jet 2 | 2.08 | 5.85 9.20 | 2,14 | 3,23 [1.88x105 | 3,14x106 | 2.31<107
Jet 3 | 1.44 | 2.90 3.79 | 1.70 | 1.42 {2.51x105 | 9,43x105 [ 3,3+:1%6
Jot 4 .83 | 1.33 1.11 | 1.s4 ] .97 |4.82x105 | 5.91x105 | 9.37x105
Jet 5 098] .308 .45 | 1.96 | .072]1.14x107 | 1.72x105 | 6.4 410"
Comz.Imp4 .592[12.5 | 31.4 | 3.82{1.44 |2.42x106 | 2,43x107 {2.15-108
Cascade Impactor 40
Jet 1 | 1.52 |22.3 82.5 3.55] 3.70 [3.53x10% | 1.62x10% [4.91x107
Jet 2 | 1,94 | 3.72 5.10 | 1.75 | 2.60 |3.83x10% | 3.64x105 [1.75x106
Jet 3 | 1.47 | 2.67 3.18 | 1.79 | 1.21 {1.57x105 | 4.67x1G8 | 1.40x106
Jet 4 | 0.705] 1.56 2,47 | 1.95]0.944)2.52x105 | 3.31x105 6.80x10f
Jet 5 | 0.033] 0.255] 0.620] 2.98 | 0.058|8.82x196 | 1.00x105 | 3.05x10%
Zomp.Imod 0.030] 9.25 | 81.5 5.36 | 0.138]9.31x105 | 3.09x108 | 5.65-107
. TASLE 4.8
Cascade Impactor Particle Sizs Distrihution
Underground Shot
Cascade Impactor 113
Jet 1 0.91 ° 4.435 14.80 | 2.85]1.9 [6.04x10° | 4.11x108 |3.81x10/
Jot 2 1.28 7.9 18.9 | 2.58]2.51 |8.924x103 | 1.22x105 |1.57x106
Jot 3
Jet 4 Excessive Samplse,
Jet 5
Comp.Imp-
Cascado Impactor 114 S
Jet 1 | 1.68 [12.5 30.9 2.80 | 3.43 [1.94x10° [ 5.41x206 8.89x10g
Jot 2 {1.42 | 4.75 8.58 | 2.22 | 2.44 |1.40x10% | 1,50x10% 1.02:105
Jot 3 | 1,04 | 2.21 2.90 | 1.88 | 1.85 |3.80x10% | 1.68x10° 4.95x105
Jet 4 [ 0,74 | 4.37 7.55 | 2.57 | 1.76 |1.38x10% | 7.69x10% |4.34x10
Jet §
Comp.Imp{ 1.41 |12.3 | 31.5 | 2.99 | 3.15 |2.51x105 | 6.32x108 [1.02x108
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TABLE 4.8 (Cont'd)

NMD A7) %1 010] 6 Dayg | Total Total Total
Oa) (n) () 7 | () No. Surface Vass
Cascade Impactor 115 :
Jet 1 |3.30 | 27.2 | 73.0 | 2.61[5.98 |9.35x10° [1.24x105 | 4.38x10°
Jet 2 |1.72 | s8.0 1102.16] 3.90 | 4.61 2.3 x10% |2.55x105 | 1.78x107
Jot 3
Jet 4 Excessive Sample.
Jet 5
Comp.Imp,
) Cascade Impactor 119
Jet 1 |1.13 | 10.5 | 25.6 | 3.10]2.72 [1.67x10° |3.07x10% | 4.18x107
Jet 2 ll.oo 10.8 I 25.7 | 3.60 | 2.52 | 4.78x103 | 7.93x10% | 1,09x108
Jet 3
Joet 4 Excessive Sample,
Jot 5
Comnp.Imp,
_ Caecade Irmnactor 123
Jet 1 |0.46 5.70 | 18.0 | 3.35] 1.54 | 7.61x100 | 3.87x107 | 3.52x108 |
Jot 2 |3.35 | 8.35| 11.5 | 1.904.33 [1.20x10% | 3.37x165 | 3.44x108
Jet 3 }1.05 | 5.75 | 13.0 | 2,75 2.12 | 3.00x10% | 2.52x105 | 2.11x108
Jet 4 |o0.5 5.99 | 14.5 | 3.40|1.00 | 2.42x105 | 6.19x10% | 2.42x108
Jet 5 |0.88 | 1.77 | =2.53]1.61}1.151.03x107 [1.28x105 | 4.22x10%
Comp.Imp.] 0.473| 5.65| 20.4 | 3.47 | 1.28 | 8.00x106 |4,26x107 | 4.15x108
Cascade Impactor 124 :
Jet 1 [0.81 | 2,17 | 96 3.83] 2.53 [ 4.13x10% [1.01x10° [ 3.68x10°
Jot 2 11.23 | 8.,00) 19.5 | 2.67] 2.45] 3.9 x103 | 5.42x10% | 6.94x105
Jet 3 ‘
Jet 4 Excecsive Sample,
Jot 5
Comp,Impe.
i —_Cascade Impactor 125
Jet 1 I 1.95 5.90“I 9.90] 2.10] 2.80 [ 1.56x10% | 2.27x107 | 1.86x108
Jot 2 {0.68 | 5.50 | 11.80] 2.96| 1.76 | 3.73x10% | 2.32x105 | 1.79x106
Jet 3
Jet 4 Excessive Sample,
Jot §
Comg.Imp.
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TABLE 4.8 (Cont'd)

Wp {Dp2dw |wo o | Dayg | Total [ Total Total
() (1) (u) 3 (}L)o No, Surfuca Mass
. ._ . 1 _ _
Cascadns Impactor 126
Jet 1 .
Jet 2
Jet 3 Excessivs Sauple.
Jet 4
Jet 5
|Comp.Imo.
Cascade Impactor 130
Jet 1 |2.34 9.15 |16.20 | 2.31 ] 3.81 [2.23x10° | 6.14x100 [7.97x107
Jet 2 l1.46 4.30 | 6.75 | 2.19 | 2.41 |3.782105 | 3.44x106 |1.87x107
Jet 3 |1.48 4,35 | 6.80 | 2.16 | 2.41 |2.14x105 | 1.96x108 |1.15x107
Jet 4 |0.85 1.89 | 2.84 | 2.00]1.57 |3.32x105 |1.11x108 |3.15x107
Jot 5 |0.058 | 0.198] 9.328] 2.28 | 0.098{1.75x106 | 2.92x104 | 7.08x10%
. |comp.Imp.| 0.120 | 8.25 !20.7 3.67| 0.726]2.89x106 | 1,02x107 {1.10x108
Cascade Imoactor 132 .
Jet 1 | 2.5 10.5 [20.5 2.44] 4.10 |2.35x10% | 7.51x109 |9.57x100
Jot 2 |1.38 | 4.15| s.85 | 2.21] 2.33 |1.64x10% | 1.41x105 | 7.52x10°
Jot 3 11.55 | 2.41 | 3.01 | 1.62] 2.08 |3.05x10% | 1.68x105 | 5.44x105
Jot 4 |0.343 | 1.41 | 2.44 | 2.28] 0.476(1.30x105 | 7,03x10% 1.20x10°
Jet 5 | 0,18 0.304] 0.376] 1.63] 0.201{1.62x106 | 8.72x10% | 2.94x10%
Comp.Imp. 0.203 | 7.95 |29.3 3.25| 0.350|1.82x108 | 1.19x10% | 1,38x10%
Cascade Impactor 135
Jet 1 | 0.49 2.72 | 7.50 | 3.06] 1.42 |5.05x10° | 1.63x100 | 7.95x107
Jet 2 |0.70 4.20 [11.30 | 2.99 1.79 |2.93x10% | 1.71x105 | 1.26x10%
Jet 3 |1.12 2.55 | 4.65 | 1.96| 1.93 [3.44x10% | 1.78x105 | 8.06x10
Jot 4 |0.139 | 1.08 | 2.25 | 2.76 | 0.283]5.20x105 | 9.93x10% 1.35x10°
Jot 5 |0.053| 0.20 | 0.41 | 2.30| 0.086{2.12x108 | 5.80x10% 8.56x10°
Comp.Imp.| 0.104 | 2.39 |11.7 4.04| 0.339|3.37x106 | 2.34x106 | 1.15x107
Cascade Impactor 140
Jet 1 [1.26 7.55 [19.5 2.78] 2.54 |1.24x105 | 1.70x108 | 2.14x107
Jet 2 |0.81 3.72 | 8.40 | 2.7¢| 1.84 |5.34x104 | 3.10x105 | 1.87x108
Jet 3 | 0.73 1.75 | 2.17 | 2.22| 1.50 |1.04x105 | 3.00x105 8.84x10°
Jet 4 0,184 | 1.44| 3.17 | 3.10] 0.31 [4.02x1205 | 1.43x105 2.01:102
Jot 5 | 0.12 0.24 | 0.36 | 1.33] 0.14 |3.34x106 | 7.40x10% 2.15:101
[Comp.Imp.| 0,094 | 2.39 |11.7 4.04{ 0.339]3.37x106 | 2.34x105 | 1.15x10
r N
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by the count was measured and recorded. Also the total impaction area
was measured for each sanple with the light microscope using scatiered
lighto
A table of cata and calculations vwas made for each jet,
the completed table being similar in form to Table 4.9.
TARLE 4.9

Sansle Cascade Impactor Data and Calculation Sheet

Number |Per Cent n‘D{n Fer Cent [Cum, Per niDis Per Cent|{Cum, Per
by No. | by Cent by by Mass [Cent by
Surface Area Mass

Diameter
Microns

]

It +i11 be noticed that to obtain the percznt by surfuce and percent by
mass only the relative surface arsa and mass were computed,

Three sets of pointe representing cumulative per cent
less than stated size by nucber, by surfacs, and by mass, were plotted
on log-probability paper. Straight lines were drawn to represent the
sets of points by inspevction, using the following criteria:

A. The slope in best agrasment with all thres sets of
points was used for all three lines., (If the distribution is assuned
tc be log-normal then this procedure is indicated by theory5,5,7,

Shatoh & Thcate, "Statistical Descript1on of the Sire Propsrties of Non-
Uniform Particulate Substances™, J. Franklin Inst., 207, (1929), 369

67, Batch, "Deterainntion of Average Particle Size From the Screea Analy-
sis of Non-Uniform Tarticulatse Su“stances"®, dJe Franklin Inst., 215,
(1923), 27

c. E. Luppel, "Mist and Dust", Heatinz end Air Cond., 18, (1948)
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Also, this method gives a single averaze measura of the dezras of hc: o
gencity of the sample.)

B. The slops being already detsrmined, ths lines wsre
positioned to best fit ths points in the 10-90 per e¢e¢nt range.

C. Enown difficulties in analysis, such as measuriv;
the smallest particles, wers allowed sors consideration. The follo.ing
paransters were obtained frow the linws:

NMD » Nusber Median Dismeter = D(50%) froa
No. line. o

D°MD = Surface Median Diameter ¢ D(50X)
from surface line,

MD ; Mass Median Diameter = D(50%) from
mass line.

Georstrio Standard Deviation - 2!84-13%)

D5

%
Other values obtained ara:

Dgyg = Averego Dismater o :ini

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

There are many good arguments against the use of log-
probability plots-to represent sub-sarpples suck as those from the jets
of a cascade impactor8,9. However, the method is expedient and gives
paremeters that represent the sample to a reasonable eccuracy. . Thero
are several analytic methods of curve f£itting8,9, but they would be

8. Kottler, "The Distrioution of Particle Sizes", Parts I and II, J.
Franklin Inst., 250 (Oct 4 Nov, 1950), 339 and 419,

9F. Kottler, "The Goodness of Fit and Distributina of Partiole Sizes”,
Parts I and II, J. Franklin Inst., 251, (May and June 1951) 499 and
617,
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very difficult to use considering the larze nurbor of polnts invol::d
and the fact that parallel lines are to Lo drawn.

Having obtained sufficient informetion ahout the indi-
vidual jet samples, it was necessary to cotbinz the data from szch set
of 5 jets to obtain the size distributicn of the cloud, An arosa cor-
rection factor was obtained for each jet by dividinz the iImpaction erca
of tho jet by the arca counted. The number of particles in each size
grour (class interval) was multiplied by the arzs facter and ths result-
inz number represented ths totsl nurber of particles in eech clzxss in-
terval collected by the jet. An intagrated set of fifth class intorvuly
covering the entire size range studled (0.02-100 microns) had beern for-
mulated, and the individual jet data vwere fit to these class interwals
on a gub-size basis., The number falling in each clase interval was
found by adding the contributions from each jet; a table of data and cal-
oulations similar to those for the individual jets was made. Frcm the
data thus obtained, four cycle log-probebility plots for the entire cas-
cade impactor were constructed, frem which the parsmeters tabulated tab-
ulated in Table 4.7 and 4.8 were takean. Figz. 4,10 is an example of such
a graph. It should be noted that the parameters listed in the tables
permit reccnstruction of the stralght lines in eny desired plot.

4.2,2 Filter Sampler

The filter papers from the filter samplers at staticus
29,30 and 129,130 were analyzed by Tracerlab for particle size dicstribu-
tions, The results are reported !n Appendix E.

4.2.3 Fall-out Tray

Of the twenty fall-cut 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 sufficiect material to permit a sieve anelysis, while
four of the latter passed sufficlient material through the last (37 mi-
cron) sieve to permit further separation by meens of a Roller Analy:zar.
Fig. 4.1) shows the mass of the material collected on the trays plotted
egainst distance grom ground zero, while Figs. 4.12 through 4.15 shcw
the particle size distributions ebtained from the four stations that wers
put thrcugh the sieve analysis and Roller Analyzer.

The sieve analysis consisted of sifting the samples threugh
a column of U. S. astandard sieves shaken by a Rotap machine. This machine
was operated for 5 minutes on fractions greater than 1410 microas, and
for ten minutes on smaller size fractions, In the case of four stations
where more than grams of material wae found to pass the last screen,
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further frectionation was accenplished with ths Roller Analyzer. This
machine separated thz rerainin: sieve matarial into the site fraction:
0-4, 4-8, 8-16, and 16-37 micrerns and the frections wero weighed on

an analytical balance.

“he basic data obtained in this technique, then, is tho
walont associated with Lhs various particle size fractions, which may be
ter::d the weight dictribution of the fall-out sample. A specific grav-
ity of 2.7 was assumed for all particles, and from the welght distri-
bution the area distribution as well as the sizs distribution has be-:a
comzuted, It was alse assumed that all particles on a given sieve wora
of a size equel to the average pore size of that sieve and ths next
higher. AlY particles were treated as spheras in the calculations.

4.2.4 Pre-Shot Soil Analysis

The particle size distribution of the soil at the test
site wrs determined on six sanples taken at five foot depth intervals
from a location near the underground shot zerc point., These samples wor>
analyzed by the method described in par. 4.2.3; the data are prasent:d
in Figs. 4,16 and 4.17.

4.3 RADIOACTIVITY AS A FUNCTICON OF PARTICLE SIZE

e ———— - it

4.3.1 Cascacde Impactor

The activity in the aercsol as a function of particle size
was determined from the cas:ele impactors by measuring the activity on
each slide and plotting these data ag=inst the particle size imrpacted on
the slide.

The data ars tabulatod in Tables 4,10 and 4,11 for the sur-
faco and underground shots respectively. The activity on each slido,
corrected to HAl hours, is shosn in column 4, while the MD, the measure
of the size of particles on that slide, is shown in column 3. The latter
data ware taken from Tables 4.7 and 4.8, Coluna 7 shows *he erpacific
activity of the particles nn each slide as coumgutad by dividirg the act-
ivity on the slide by the masa of particles on that slide. The latter
wera obtained by multiplying the "total mass" on each jet in Tables 1.7
and 4.8 by 11'(’/6, where (’ » 2.7x10'123rams par subic micron.

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

- 83 =
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TABLB 4,10

Surface Shot Activity Weasurem2nts on the Cascads Impactor

Numbsr | Activity on|Percontags| Yass of |Specific
Station| Jet [Vadian Jet at of Total |Particles Activity
Mo. |No.|Diamater | H # 1 Hrs.| Cass Imp.| on Jet | pc_
| (micrens) (ue) Activity | (grams) | gram
13 (1 | 2.0 3.7 X107 13. {1.9 x107%| 1.9
13 |2 0.67 2.2 x 1073 80, S
3 |3 0.45 | 1.9 x 1074 7. 8.3 x 10~7] 2.3 x 10?
23 |1 | 09 | 7.5x107% 0. |7.4x107%) 1.0
23 |2 | 1.6 1.1 x 1073 De | 4.6 x 2074 2.4
23 |4 2.1 2.5 x 10™° 1. 2,1 x10°6]1.2 x10
25 |1 2.7 1.1 x 1074 51, (2. x 1074| 5.2 x 1072
25 |2 2.2 6.7 x 16~ 32. |33 x1079 2.1 .
25 |5 0.44 | 3.6 x 107 6. |76 x10°7] 4.7 x 10t
26 |1 643 2,7 x 1074 3. |7 x1079] 3.8
26 |2 | 1.0 bod x 10“3 4. 3.2 x1077) 1.4 x 102
2% |3 0.50 /3 x 10™ 4o 140 x 207 1.2 x 103
. 2% |4 | 0.52 7.0 x 10™4 6e  |1.6 x107° 4.5 x 102
, 2% (5 | 09 |[6.3x104 6e 1.5 x 1077 4.3 x 103
' 30 |1 | 094 | 7.0x10% 2, " |2.3 x 1074 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 48. 2.4 x 1078 5.7 x 102
‘ 30 |2 0.54 3.2 x 1073 . |7.3%10°7 2.2 x 103
30 |5 | 0.05 |19x1073 7¢ |5.6x2079| 3.4 x 105
35 1 3.6 1.6 x 10-3 6- 3-6 X 10'..4 .4.1}
35 |2 | 2a 5.5 x 1073 22, (3.3 x 1073} 1,7 x 102
35 |3 1.4 1.2 x 10 8¢ | 4.7 x 1075] 2.6 x 103
35 12 | o0.93 5.2 x 10~3 21. 1.3 x 10°%] 3.9 x 103
35- [5 | 039 | 7.0 x 1074 3. [9.1x10°8| 7.7 x 107
o |1 1.5 1.8 x 1074 3. |6 x 103 2.5
o |2 | 19 21 x 107 | 35, |25 x 1075 8.5 x 102
w0 |3 ]| 1. 1.8 x 1073 30, |19 x10°%| 9.1 x 10
o |4 ] oot |1.2%x10 2. [9.7 x10°7} 1.2 x 103
O |5 | 0.03 | 7,0x10% 12, [1.4 x1078] 1,6 x 104
' - 86 -
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' TABLE 4.11
|
Underground Shot Activity Measurements on the Cascada Impactor
| —— 7
' Number Activity on |Percentaga] Mass of Spacific
Station|Jet |Madien Jot at of Total |Particleg |[Activity
| No. |[No.|[Diameter | H $lirs Cas. Imp.] on Jet pc
, (microns) (me) Activity | (graus) grem
13 [1 | 091 [1.4x107% 8.  |5.4 x 1072 2.6
113 {2 | 1.3 5.4x107% | 32, [2.2 x1076 [2.4 x 10?
1u3 |3 3.5x 1074 | 20.
113 |4 3.5x107% | 20,
123 |5 344 x 1074 20.
14 13 | 17 99 x207% | 13. (l3x 1074 (749 |
14 {2 | 1.4 2.0 x1077 | 39, |l.4x2070 12,0 x 102
11 |3 1.0 1.5 x 10 1. 69 x 10~7 [ 2.1 x 102
12 |z | 0% [13x103 | 17. 6 x10°7 2.2 x 10
111‘ 5 8¢5 x 10~ 12,
i s (1033 [28x102 | m.  [6.2x108 4042207
i 15 |2 | 17 2.3 x 10 7. |2.5x107% 9.1
\ 1s |3 1.2 x 1074 3. |
.\ 115 |4 1.7 x 1074 5,
‘f ns |s 2.5 x 10™4 7.
| |1 | 1a 7.8 207 | 44 [59x10°5{13 <10
15 (2 | 1.0 2.8x .04 | 16, [1.5x1076 (1.8 x 102
: 19 |3 4e4 x 107 2.
:T 115 |4 2.2x107% | 12,
f 19 |5 7.0 x 1077 be _
124 |1 081 |1.7x 103-2 9. |5.2x10%33x 10}
12, |2 | 1.2 Jesx1074| 4. 9.3 x1077]8.7 x 102
124 |3 6e2 x 1074 | 34
124 4 1.9 x 10"'1’ 10.
124 |5 2.2 x 10~7 1.
|
| -87 =
{
_Iw--;" o - oA



PROJIT 2.5a-1

TARLE 4.11
Underground Shot Activity Yeasursments on the Cascade Impactor
(Contd)
Nuaber Activity on [Percentage| Mass of Specific
Madien Jet at of Total {Particles [Activity
Diamatsr | H £ 1 Hrs.| Cas. Imp.| on Jet uc_
(dcrons) (nc) Activity | (grams) gram
1 1.9 5.6 x 104 50, 2.6 x 10:2 2.1
2 | 0.8 |9.5x103 g. |2.5x107° ] 3.8 x1d
3 6.7 x 1077 6. ‘
4 3.2 x 104 29,
5 8.3 x 10™9 Te
1 3.1 x 1070 5.
2 3.2 x 1073 6.
3 7.7 x 1073 ide
4 7.2 x 10 A 130
5 3.5 x 10™4% 62.
1 2.5 1.9 x 1075 2. |1.3x 10‘_'2 1.4
2 1.4 1.3 x 1073 22, (1.1 x10 1.7 x 10}
5 | 018 |4.3x1075 54 |4.2x1078]1,0x103
1| 049 |9.5x107> 25, [11x10°5| 8.5 .
2 0.70 6.). x 2079 16, [1.8x107°| 3.4 x 10t
3 1.2 1.8 x 10~5 5. |11 x10°6| 1.6 x 10t
4] 04 |1.s5x1074 39« [19 x10~7 | 7.8 x 102
5 0.053 | 6.0 x 1079 15, [1.2x109 )| s.0x1
1 | 1226 |1,7x107% 7. [3.0x107% | 5.6
2 0.81 9.5 x 10~ be |26 x 10‘2 3.6 x 10t
3 0.73 1.4 x 1073 60e |1e2x20°6| 1.1 x 103
A 0.18 4.9 x 1074 2, |2.3x10 1.7 x 103
5 0.12 1.6 x 1074 7. |[3.0x108] 5.3 x 103

- 88 «
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4e3e2 Coni_ﬁxg_e_

By means of a radioautograph technique, it was possible
to determine tho activity in the aerosol as a function of particle
size (subjeot to the limitations of the conifuge). Unfortunately, of
all the conifuge cones employsd, only the on2 from stazion 133, lo-
catad 20,000 feet north of the underground zero point, exhibited what
could be considerad a good radioautozraph pettern. The majority were
not sufficiently active to produce a definite f£ilm darkening while
most of thoss that were sufficiently active produced irregular patterns,
indicating improper operation of the instrument. ‘

The technique consisted of placing the plastic conifuge
cons over a matching conical mandrel upon which was fitted.a fan-shaped
plece of DuPont dosimester film, type 552. After an exposure of approxi-
mately one month, the cones were removed and the film processed. This
radioautograph (Fig. 4.18) was scanned along several radii w' th an
Ansco optical densitometor (after standardizing on the clear £'ilm) 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
inner edge of the film., This plot was graphically iutegrated and nor-
malized to a fractional density and plotted versus r &s shown in Fig.
4.19. Assuning that the density of the film was proportional to the
radioactivity deposited upon the conifuge cors, 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. Ia addition, these data were plotted on loz probability paper as
shown {u Fig. 4.20.

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 Partiole Separator

Although a determination of the sactivity of the aerosol

as a function of particle size from the particle separator would have

been a relatively easy matter and, indeed, the necessary activity measure-
ments were made, no results are reported because the instrument falled to
separate pai-ticles satisfactorily sccording to their size.

Miocroscopic examination of the particls separator screens
revealed that the larger screens ocollected a oonsiderable amount of fine
( < 37 ;) airberne particlss while the large:r material ( > 37 m) be-
haved normally in passinz through the various meshsd soreens. This effect
can be seen by examination of Figs. 4.21 and 4.22, which are pho tomisro=
graphs of the first socreen of the particle ssparator at station 123, taxen
at different magnifications. Pigure 4.21 shows the large particles whioch
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DISTANCZ FRON INNER Z03X, r (0i1)

Fige 4419 Fractional Density and its Integral, Station 133, Under-
ground Shot, Conifuge Data,
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vwera stopped by the screen, while Fig. 4.22 shows the small particlszss
that also achered to the screen., For comparison purposes a paoto-’
micrograph of a clean screen has beon included in Fig. 4.23. 1t was
noted that the large mesh screcns wore densely covered, front and
rear, by a layor of the ordor of one to ten microns, whils the smaller
mesh screens wers almost entirely free of particulate matter. Act-
ivity measurements and microscopls exanination of the porous stainless
steol back-up filters indicated, however, that a considerable numder
of varticles passed all scrcens.

‘ Tho only plausible explanation of this ancmaly so far
advencad is that the air pessing throuzh tho screens builds up an elesc-
trostatic charge on the well insulated metal screens sufficient to
attract and remove from tha air stream those particles with suitable
charge and inertia values while permitting the neutral and oppositely
charged particles to pass tnrouigh the =creens until mechanically stopped
by the back-up filtsr.

In order to test this hypothesis, attempts were made in
this laboratory to measure electrostatic charge built up by the particlse
seperator screans while air passed through at the correct rate., A
chargs of the order of a volt was indicated by an oscilloscope after
several minutes of air flow., VYhile it is conceivable that in the drier
clivite at the Nevada Test Site a somowhat highar electrostatic poten-
tial nizht be attainad, it would appsar that the elactrostatic thesory
is untenable unloss the particulals mattsr in the JANGLE acrosols was
highly charyged,

4,3.4 Pall-out Tray

Activity mcasurements were made on the particle size
fractions obtained in the sieve enalysis (see par. 4.2.3) of one fall.
out tray from the surface shot and eight trays from the underground shot,
and from these data the activity of che fall-out as a function of par-
ticle size has been detnarmined. Figs. 4.24 throuzh 4.29 show in cumila-
tive fashion the percentage of activity associatad with each particle
size fraction, the datn from stations at the sare radial distance being
shovn ou the same graph., Table 4,12 shows the spocific activity, cor-
rected to HAl hour, of ths particle size fra.tions of four stations from
the urderground shot,

The activity measurements were made by imeans of a
Traccrlab SC-5a automatic sampls changer and associated equipment. Ali-
quots of each particle slze fraction were transferred to ths counting
planchets and coatsd with colludion to prevent loss in handling. A
Tracerlab TBC-1 Geizer tube having a window thickness of 2.48 mz/cm? was
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TABLE 4.12

Specific Activity Corracted to HfL, of Fall-out,
Underground Shot

—
Particle Size

Staj‘ion 103 | Station 107 | Station 114 |Station 120
(microns) |(10 uc/gn) | (107he/gm) | (10huc/gm) |(10%uc/gm)

2 51. 36. 28, 48.
6 30. 26. 19. 24
12 14. 19. 10. 19.
24 10. 12. 8.5 17.
34 75 8.7 8.6 1.
4L 16. lo. l2. 16,
48 17. 1G. 8.8 1.
53 24, 844 6.2 1.

68 12. 9.1 7.6 8.3

81 13. 762 7.8 5.7

96 1. 15. 1.0 6.5
115 26, 13. 13. 11,
137 42, 17. 2, 14.
163 bhre 23, 22, 16.
294 484 25. 32, 19.
230 48. 27. 34. 30.
274 e 115. 35. 32.
358 . 33. a. 3%.
w 4’0 32. 39. 22‘
5‘5 690 BO 46o 300
650 80. 640 wo BO
775 380 720 u- 52‘
1500 350, 18 x 1072 51, 5.
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employed, and the scaler was preset for a cunulative count of 4096 for
each sample., A Tracerlab R-1la simulated P2 source was used as a
refarence standard for asbsolute beta counting. Ran3ze curves in alum-
inum were run for the standard and several fall-out samples to deter-
mine correction factors for air path and window losses, Back scatier-
ing and possible collodion absorption corrections wsre not attempted.
All activity measurements were made between 1000 and 2000 hours aftsr
the shot and were corrected to H-1030 by means of individual decay
curvss obtained on each samples. The NIH decay curves described in

par. 4.1,1 ware used to corrsct all fractions from HA1900 hours to Ef1

hour, ‘ :

4.4 PERCENTAGE OF RADICACTIVE 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
msass 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 percentaga of radicactive particles could be de-
termined, The data are presented in Flzure 4.30,

The radioautographs were made after the particle size
measurements were completed since the emulsion on the slides would have
interfered with the electron microscope particle size analysis. Eastman
Kodak Company type NIB stripping film was cut to size and cemented over
the sample area of the slide. - Davelopment of the film was carried out
as recommended Yy Eastman Kodak Company. The radioautographs viare then
examined by means of a microscope to determine the numder of particles
with associated activity. The slides from station 123 were exposed from
H/1704 to H{2208 hours; station 130 slides from B/1704 to H{2016. Al-
though other slides wore exposed for an even groater length of time, too
few of the particles on each slide were sufficiently active to provide
reliable results. '

404.2 FQIIOOut Tray

The size fractions of the fall.out from stations 103 and
120 of the underground shot woere analyzed by a radioautograph technique
to determine the percentzge of radioactive particles. The data cre pre-
sented in Fig. 4.31. The size fractions were obtained from tho sieve
analysis described in par. 4,2.3, and the radioautograph technique is
deccribed helow, '
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After some axperir:cntation, & nuwmbar of proceuurss for
determining the percentages of radiocactive particles wera developadlO
for various size ranges., These waere as followra:r Mathed No. 1 approxi-
mately 150 to 850 microns. In this method, Kodak T:B Autoradiographic
Stripping Film was smployed to distinguish activa particlas. This
emulsion was stripped frem its callulose backirg, relaid emursion side
down on its backing and lightly fastenad to it with strips of taps.

The fructionnted sample was distributed over thu back side of ths erul-
sion by means of a spatula and the particles wzrs affixad by covering
with a Duco cement sclution (onw volure of cement to four of acotone).
After drying, the strip film was revorsed and rctaped to the support.
The £ilm was stored in e light-tight box for a three to four day ex-
posurv., The exposed film was developed with DuPent x-ray developer,
fixed, washsed, 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 stereoricroscope. Black arsas were observed above
each radioactive particle while the inactive ones did not effect the
enulsion. The intensity of blackening appeared somewhat variable and
occasional difficulty was experienced when only a small spot war evident
or when only a portior of the perticle appezred to be active or when

the emulsion appeared fogged or grey rather then intenss bleck. In
douttful cases the particle was considered to be radic:ctive. A number
of theese "doubtful” active particles were picksd up and were found in
every case to be radicactive when held in front of the windew of a G-M
tute counter. Thus the assumption that all "doubtful” particles were
active appears to be Justified., Considerable wrinklinz of the strip
film wag experienced but this does not interfere with the method. Be-
low approximate .y 150 microns the method becomes impractical dus to
difficulties in ascertaining the nature of mauny particles.

Method No. 2, apprcximately 16 to 150 microns, Kodak
NTB Nuclear Track plates softensd for 10 to 15 seconda in warm mater
(50 C) were utilized in this procedure. The sitze-fractionated parti-
cles were distributed over the moist plates in ths same manner 2s in
the first method and the plates with their adhering particles wure al-
lowed to dry and expose for two to three days in a light-tight box.
The plates were developed with careful agitation so as to avold displace-

ment of the imbedded particlas. Examination of the plate with a

sterecomicroecope revealed the radioactive particles ovsr their assoc-
iatod darkened area on the film, (See Fig. 4.32)

1oMnlco]m G. Gordon and Benjamin J. Intorre, "Soue Techniques Applic-

able to the Study of ABD Falg-out™, CRL Interim Report No. 137,
14 Mar 1952.
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As a check upon the agreement of the two methods, the
percentage of radioactive perticles in a 240 to 420 micron range sen-
ple vas determined. Results of 16,7 and 17.7 per cent were obtainnd
for the strip-film and the plate methods respectively.

Method Yo. 3, acvroximately 8 to 40 microne. Inasmuch
as the smaller particYes tendcd to apgglomerate, the sacond method wis
rocdified for the lowest particle size ranges so that the sample was
drepped into a swirling inch of hot water (509C) in a battery jar.

After suspension of the particles an NTB plate was submerged and after

aporoxirately 30 seconds removed, dried, expoccd for four or five days
and thern processed in the usual manner. Particle counting was most
easily acsomplished in the range of 8 to 40 microns by visually count-
ing the radiocactive particles in a given area with a light background
anc then photographing the same area with a dark background. The to-
tal number of particles could be converiently counted on the print,

4.5  STUDY OF FRACTIONATION

4.5.,1 Radiochemistry

The study of fractionation included radiochemical analy-
sis of many JANGLE sarmples obtained from warious types of instruments
which were loceted at a numnher of different statlons. Srf9, Zr9S,
Vo99, Aglll ) cdll6, pal40, cel4:, and Cel44, were determined on four
filter papers from the underzround shot, and Zr95 and ¥0%9 were det:r-
mined on a horizontal olntment plate from the surface shot., These
data are tabulated in Table 4.13 as counting rate ratios (at zero tirs)
with respect to Mo99 (an allegedly non-fractionating nuclide). Agl1l/
Bal40 and Agl11/Cdll5 ratios have also been tabulated because of thair
special interest.

In addition, the large quantities of fall-out collectzd
from the undsrground shot at Operation JANGLE provided a unique oppor-
tunity to perform radiochemical analyses upon size-graded particles.
sr89, zr95, Bal40, and Cel44 were determined on a number of differert
particle size fractions of fall-out collectecd at atat&gns 103,107,114,
and 120. These data are tabulated in Table 4.14, Mo”” was not deter-
mined because the decision to make the fall-out analysis was not made
until some weeks after the shot. The nuclide activity per unit mass of
- radioactive materisl was calculated by dividing the nuclide activity by
the mnss of active particles in each fraction. The latter was deter-
mined by applying the data of par. 4.3.3 to the measured mass of each
fraction. These data are tabulated in Table 4.15 and will be used in

the discussion in par. 6.5,

- 107



PROJECT Z,5a-1

The fisalon products sepurations wsre carried ou® vszsa-
tlially by the methods compiled by Coryell and Sugarmnnll as modiried
by J-11 Group, Los Alamos Scisntific Laboratory. Th« only important
modification was the deterrination of silver as lodate rathor than io-
dide., The fall-out samples were run in duplicate, ths othars in qusud-
ruplicate,

In order to provids a basis for comparison with othur
laboratories, radiochemical anslysss were perforined on an irrudiutoed
U235 sample for each of tha fisslon products listed above with tha ex-
coeption of CdllS and Cel4l, The sample consist=d of 14.8 milligraus
of enriched uranium foil irradiated to 9.3x10}3 fisalons in the Broo':-
haven pile, .

Filter paper samples were digested by treatment with fum-
ing nitric, perchloric, and hydrofluoric acids by the procedure des-
c-ibed by Spence and Bowmanl2, The M-5 ointmsnt was removed from the
aluminum plate with facial tissus and digested by the same procedure.
It was necessary to ropeat the digestion to effect complets solution.
The fall-out samples were fumsd successively with perchloric and hydro-
fluoric acids and taken up with hydrechloric actid,

Sarmples were mounted in a reproduclble goomsiry systexz
on 3-1/4x2-1/zx1/f6 inch aluminw: cards. In the caso of Mo, Cd, Ag,

Ba, and Sr the final precipitation was carried out by the glass chiimey
and Hirsch fumnel techniqus, which confinad the precipitats to & de-
fined area nn the filter paper. Ce and Zr precipitates wers tappod out
of the ignition crucibles into counter oras in the aluninun cards., Sam-
ples were covered with eithar 3.8 mg/cm? of cellophans or 0.45 mgz/cu?

of rubber hydrochloride. Cel4% was counted faco domm and hence through
217 mg/cm  of aluminua.

Each mounted sample was counted for decay with a thin mica
end-trindow G-M tube and conventional scaler unit until a satislaclory
curve was obtained or the activity became too 10w, whichsver occurrzd
first. The counting rates were measured to 0.95 errorsl3 of 2-5% for tho

g, D. Coryell and Y. Sugarman, Radiochomical Studies: The Fission Pro-
ducts, McCraw-Hill Book Co., New York, N. Y. 1951

———

12, W. Spence and M. G. Sowman, "Radiochemical Efficiency Results of
Operation SANDSTONE", SANDSTONE Report 10, Appandix A, Los Alamos Soi-
entific Laboratory, March 25, 1949

131.s., We are 95% certain that the statistical error in counting i8 no%
greater than the listed per cent.
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plate. Spreadsl? for repeated analyses on the size-graded fall..out
were within 5% for the Bal40 and Sr89 and fooh 10-20% for Cel44 =nd
Zr35, The spreads for the rilter paper and olnt=:nt plate work were
alco 10.20%4

The activity was rcad froa the c.oothed decay curve
at an arbitrary time and ocorrected teo zoro time., Four different G-¥
tubes, cross-cal{brated with ssiples of each fission product, were
used, and all dcta were corrocted to the sams tubs, Data were fur-
ther corrected to 1007 chemical yleld, first shalf and zero added
absorber., ¥o corrections for coincidence vere required nor were cor-
recticns made for self-absorption and self-scattering since time did
not permit preparation of correction curves, This error was insig-
nificant except in the case of some strontium samples where the chem-
ical yields were extrewmely high. The correction even here would be
less than 5%. The aluminum mounting cards provided saturation back-
scattoring. Corrections to zero added absorbar wers based on absorp-
tion curves in Coryell and SugarmanlS. Barium activities were cor-
rectod for growth of lanthanum activity as indicated by Finkle and
Sugarmanl6,

4,6.2 Activity of the Radloaotive Particles as Function
of Particls Size

In the study of fractionation it is of interest to deter-
mine the activity of the redioactive particlss as a function of their
size, surfuce area, and mass. The analysis of the siza-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 following procedure was employed:s The percent ac-
tivoe particle data (par. 4,4.2) in each fraction wers applied to the

TZEK;'spread was obtalned by dividing the difference bstween the ex-
tre.198 by the mean,

ISCuryall aud Sugargen, op. cit., Book 2
16,b14., pe 1123
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specific activity of that fraction (par. 4.3.4), giving the specific
activity of the active particles of the fractlon (assmning all par-
ticles in i1he fraction had the same weight), Makinz the further
assunption that all particles ip the fraction had the seme density and
shaps, the activity per unit active particle surface area, and the act-
ivity per active particle were calculated. A specific gravity of 2.7

was assumed, and all particles were assumed to bhe spherical 1n shape.

The size of particles in a given size fraction was taken to be the aver-
aze of the pore size of the sieve on which the partiecles were found and
the pore size of the sieve directly above.

4,5,3 Decaz Retos

It was axpected that fractionation would manifest itself
by a variation in deowy rate with particle size. To investizate this
oossibility, the activity mcasuremsnts on the size fractions of fall-
sut at stations 103,107,114, and 120 were continusd frcm about HA1000
“ours to approximately E£2000 hours. The resulting activities were
plotied as a function of time on log-log vaper and a straight line was
fitted to them by the method of least squares. The slopes of these
lines are presented in Table 4.16. The data for stution 120 is presented
in giaphical form in Figure 4.36.

- 116 -
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TABLE 4.16

Decay Slopes (Between HZ1000 and 2000 Hours) of Size
Gradsd Fall-out Samplss

Particle Decay Slopes
Diarater Station| Station tation | Station
(microns) 103 107 114 120
1500 -1.110 | 40,127 }| 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
358 ~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 «1.3%49 | -0,913 -1,253 -1.165
137 -~1.302 -0,687 -1.241 -1,211
, 115 «~1.331 =0,.856 -1.329 -1,228
? 96 -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
68 «1,337 | -0,843 -1.215 | -1,321
48 «1.436 | «1.170 | -=1.312 | -1.261
40 -1.343 =0.836 -1,394 -1,294
18 ~1,424 «0,738 -1.429 =1.331

*Tho decay slope is defined as n in the equation
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DISCUSSION
5,1 CONCENTRATION OF ACTIVIIY IN THE AEROSOL

Befors proceedin; to a discuusion of sor2 of the details of tho
activity concentration data, it is well to compars the data obltain.d
by the four typ=s of instrurznts which were erploycd. Such a com—
parison is made in Table 5.1, in which the ratios of the concontratioas
obtained from tha particle separator, cascade impactor, and con-
tinuous air monitor, to those obtained from the filter sampler havo
besn computed. The table illustrates, for one thing, the extremaly
largs variations that may be expectad in measuromsnts of this sort
mado with exiating saupling equiprant. It is apparent that the dats
obtained by the particle separator varied from ona taeunth to ten tir-:
that of the filter samplar. There 1s apparant disagreament butwecn
the cascado impactor and tha filter sarpler, th: formsr being gzall-:
than the latter by a factor of ths order of a several hundred. The
cacs: of this disagreezant is thought to be due to the fact that th:
cascade impactor, in obtaining a relativaly sc211 sample, is rore
susceptible to the loss of larga puticles, becaugse collaction of th»
particles is made na a glass slido, rather than on filter paper.
Comparison batwasn the continuows ajr ronitor and the filter suwpl:.
suffers from the lack of data from tne former, together with a con-
tradiction on two of the four records odtained, that is, sappavontly
tha cloud did not reach the station until after tha 115 min filtor
saupler samplinz period was over. One of the remaining two records
indicated the continuous air monitor data was ten timss, the other
one tenth as large than the filter sampler data, Probably the only
conclusion that can he reachad from this comparison is that ths
filter sampler concentration data is in systec:tic disagre=:at with
tho cascada impactor data, but is not in syste atic disagr2oignt with
ths particle separator or contimmous air monitsr data, althouzh
agre2cent in any particular case may be no bettar than plus or mimud
ons order of magnitude.

It is possible that the comparison of tho particle ssparator-
filter sampler data may shed sor:3 light upon th2 question of the effict
of non-isokinetic sampling upon the concentration data. It will bv
rememberad that the particle geparators wers orientod with the axis
of their sampling port in the vertical direction, while the filter
sanplers were oriented in the horisontal direction. Undar these
oonditions one would expect that the particle saparator, in collectinz
the largest particles

- 119 -
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TAELE 5.1

Conparison of Concentration of Activity Data

Particle Seggaﬁrl
Sampl

Czaacade Impacto

Continuous Air Mo itor3
Filter Sa:nplaﬁ

Stztion| FMlter Filter Sampl
Surface Shot
8 3.8
A VA 6.8
15 9.2 x 101
2. 2.5
23 1.0 1 1.1 x 107
24 9.7 x 10-
25. 9.5 x 103
26 24 x 1072
28 47 x 107
29 1.2 x 102 12 x 1072
30 3.2 x 102
35 3.6 x 102 ]
38 9.
20 2.6 x 10™2
Undexeround Shot
108 5.7 x 1072
109 440 2
114 3.5 x 10t 2.1 x 10"
115 105 106 b 4 10-2
19 1.2 x 1072
120 2.6 x 10t
11 3.4
123 1.0
124 3a 2.8 x 10~
125 ‘ 23 x 10
128 1.0 x 10
129 1.1 z 1071
130 1.1 x 1ot
132 2.2 x 1074
140 1.4 z 2073

1 Avirage concentrztion over 11

2 Stotion nwilcrs less then 25
czzpling pariod;
period.

3 Avercge concontr:tion over 115 rinutes

vae. tizs curwve,

- 120 -

5 minute sarpling poriod,
&nd 125, concentration over 1 minute

greater than 25 and 125, over 115 minute sampling
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would cause a systeratic decrease in ths particle saparator-filter
sampler concentration ratio with distance frow ground zero. Hor-
ever, ro such trend can be detected, and it is thouzht, tharefore,
that the effect due to non=-isokinetic sampling, at least in the caga
of concentration data, may be masked by the spread alrc+dy precsnt
in the data,

The qu2stion of ths accwracy of tha cloud modal dsseribed in
paragraph 4.1. 1s open to sora conjectvra, Cortainly the racoirds
of the continuou:z air wonitors indicate the cloud arrived latar and
stay:d much longer at the mest distant gtations than is irdicated
by the cloud model. At tka wvery close stations, the aze of the
cloud bscomes extrerely important becaus2 of the activiity decey
corrzction. At the stations of mediwa distanca therafors, the cloud
model can be expacted to give the best results. The concantration
of activity in the cloud prorar, baces on the cloud modal, has beea
plotted in Fig. 5.1 23 a function of diutanca frcen ground gero. The
data indicate the undarground shot prcducad an eazrocol 10 to 100
tir:s as ective as the surface shot.

5.2 PARTICLE SIZE DIS37IBUTION

As was indicat:d in Chaptor 4, essentially only one instruraat
was erployzd to obtein tha particle sizs distaibuticn of the s.rosol,
the cnscrda impactor, and thusi there can bte ro inter-instru-:ant coi
parison of results. A discussion of the particle siza distribution
of the cloud, thereforo tecorss & discussion of the cascada impactor
data. The most irmportant fact to be emphasised is that sanmpling uas
non- icokinatic in the sencs that the intake wvelocity was considarobly
less than the wind velocity, but that ths intake throat was pointed
toxard ground sero, and therefore, generally spaaking into the wind.
Under thess conditions the intake aerodynamics favor the large
particles. However, as was irdicated in p:ragraph 5.1, the impactor,
thouch undoubtedly reroving thase particles frou the airgtisan, must
hava shottered them, or else sudb:cquently lost thom, sinco no particlos
largor than about 40 microns wers observed in the ocxmination of the
slidas,

Horever, the terdincy tc.rard swaller particle sizes in the asro~
#0l with increasing distonca from ground zoro was dofinituly obcorwod
in both shota. Figse 5.2 snd 5.7 11lusirate this sitv-tion. It 1o
apparcnt that th) undorground shot initially poscsssed & digtribution
containing larger particles than tha surface shot, but that theso par-
ticles rapidly fell out, leaving at distences of 20,000 feet & dis-
tribution containing smller particles than tho surface shot. This
result may be explained by the fact that the undsrground shot cloud was

-121 -
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lower than the surface shot cloud, giving tha large particlss less
tix2 in which to be ca.risd by the wind out to ths more distant sta-
tions. By the tire both clouds reaached 50,0C0 £t, the NiD of their
dist.ibutions had reached a valus of less than 3.1 micron.

The material on the fall-out tray was collected vnder favor-
#bls ccnditions in the sersa that no appreciable wirnd sprang up be=-
twee s the tire of the shot and the racovery of the trays, conditions
undnr which vary little material could havo been reroved or added as
detciidned experimentally. The analysis of the material was carried
out according to standard proc:dure and aprarently no difficultias
vere encouatered. Nonetheless the resulting distributions (see Migs.
412 tiwough 4.15) indicated the fall-out had a very sma)l NMD, less
than cne micron, a distinct anoraly inasmch as the aerozol ND
appavently was about this size. In addition, the lines rppresenting
the size, area, and mass, distributions did not give a straight line
trend, For these reasons, no atteupt was made to fit straight lines
to the data, with the result that convenient parameters describing
the cigatribution wers laciking, making & corpariszon of distributions
difficnlte It can be noted, hcirever, that station 103, which is
sto'm in the photographs as being in the base surga from the undar-
grcuad shot, had a noticeably larger percintage of particles less
than 10 microns then the other four stations aralyzed, giving wrieght
to the idea that the baso surgs was cowposcd of small particleu.

5.3 RADIOACTIVITY AS A FUNCTICU OF PARTICLE SIZE

It was hoped that the cascade impactor would size grade part=
icles sufficiently so that activity measurements made on the five
slidess would give arn indication of the activity of the particles
in the aerosol as a function of particle size, However, thess datas,
which are contained in Tables 4.10 and 4.11, present such large
acatter as to make such a correlation impossidle. An example of
this is easily seen by consideratioun of the percantage of activity
on ths first slide. One would expect that the first slides on the
nearast impactors would contain a largs percentage of tho totd
activity of the impactor, while the first slidos on the farthor im-
pacters would contain less, since there would be fewer qfﬁ these very
highly active particles presont in the aerosol at the farther stations.
Even this effect, which should be very promounc:d, is not efident. &
partially satisfactory erplanation of this can ba made by the fact
that the cascads impactor, in its collection of particles, size
grades them only by virtue of widely overlapping efficiency curves,
snd that a wide spectrun of particle sizes msy be found on any one
slide, although the NMD of the distribution var'es from slide to slide,
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This, of course, does not affect the particle size analysis Ly vir-
tue of the way in which it is carried out, however, it might frug-
trate any work dependent upon size grading.

It 13 unfortunate that a larger nuaber of conifuges did not
give catisfactory data. Although all conifuge cones ware radioauto=-
graphed, only a few showed any darkening at all, and only one of

~ these showed a smooth distribution of film density. Tue others had

only splotches of activity, which probably indicated the prescnce of
turbvlence in tha cone volune. The fact that most conifuge cones
wire not sufficiently active to produce radicautographs can be
attributed to the =xa:l flow rate of the instruasnt.

The activity as a function of particle size data obtained from
the fall-out trays appoars to be satisfactory, except that a self-
absorption correction, criginally considered to be almost negligible,
appercntly 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, vhich indicates the relative activity of each particle
gize range, cz.. be applied to ths .ass distribution of the asrosol
ag dutsrmined fron ths cascade irpactor to yleld the distribution of
activity as a function of particle size of the 2srosol. The cssumption
rade is that, in any given p:rticle size range at any given gtation,
the spacific activity of the aerosol is the same as that of the fall-
out. If this is not the case, the implication is that there must be
sor3 selection on the basis of zctivity in detc.mining which particle
of a given size range 111l remiin in the aerosol or will fall out.

5¢4 P-RCENTAGE OF ACTI1VE PARTICLES

If the percentage of active particle data (paragraph 4.4) of
the cascade impector ard the fall-cut tray for the underground shot
&re combined, it appecars that tha percentage of active particles is
a norotonic function of particla size over the range of particle
sizea covered by the ti.o types of datas, i.e., from 161 to 103 microns.
In fact it 2ppenrrs that a strcight 1l4ine, with a slope of one, rep-
resciiing a linsar function, fits the data vell,

Since both tho cnscade impactor data and the fall-ocut tray de-
pended upon & radiowutogrephie wathod of differentiating the active
from the inactive particles, it was thought that the exposure time of
the rsdioeutograph vould affect the results. This vas not borne out
by recults of the casciude impactor, since a number of radioautographs
of different exposure tires shoved no apparent change in the pe&~
centage of active particles.

- 126 =
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5.5 STUDY OF FRACTICNATION

5.5.1 Radiochemistry

The data concerning tha nuclide activity per unit rass
of active material as a funciion of particle gizo, which is con-
tain=3 in Table 4,15, providad a mathod of invec uzgaié()na the sgchanim
whs, ity particles acquire activity. The dat2 for Sr®7 and ZR
has: baen plotted in Figs. 5¢4 ard 5.5. Reforring to Fig. 5.4, it
apr=o03 that a straight line with a slope of 1 may ba fittcd to the
data 1, whereas this is not possible with the data in Fig. 5.5.

Mc 7ing for some over-simplification, it appsars that the &
actlnty is a function of particls emrfac:e,l wherzas that for 29>
tends tc be more of a wvolums function. 5‘%\33 a plot similar
to ths Sr&9 plot, while Cels4 is similar to Zr?2., PFurther study
is being made of these data, particularly with dpect to the
question of whether the activity of zr95 and is conceatrated
in a shell rather than a volumz, Examiration of the decay chaing
of these four nuclides providez 2 plausible rea_..n why there should
be a difference in the mchinira for acquiring radioactivity. Ths
decay chains are as follows

krf9 2.0, 0% 15y &% |

K9 gt P amort, % short, 195 0.5, w98
X _1&1,Cs  _66a, Bal¥0 | |

Xel4__ s, Ca¥44 _grort Bal4 _ghort Lal4é gnort cel44

It way be seen that Bal40 and Sr89 both huve gaseous precursors that
have half-lives long in conparison with the lifetimes of the firaball,
Sinco gases such as krypton and xsnon are not significantly sudbjoct
to adsgorption abo liq aid_a ér tenperatures, it is loglcal to supro:ce
thet while the Zr chains passed tho rere gas stage early
enough to b# ads or'bed dur the particle groath procoss, no apnreci=
able amount of Kr8? an dpgayed befora tho particles had cea: ced
to grow, Hence the Sr and Ba activities wers oconfined to the
outarnost surfacos of the particles,

zﬁc. D, Coryell & N, Sugarman, op &it, ppe. 1996-2001,

-127.




5.5.2 Activity of the Radioactive Particles

In order to investigate the mechanism whereby part-
icles become radioactive, the data describod in paragraph 4.5.2
activity of the radicactive particles as a function of their size,
sarf7ce area, and mass were calculated. (The latter, it vill be
noted .ould bs the sum of all ths nuclide activities of the kind
discussed in the paragraph immediatsly above if a radiochemical
analysis could bs performad on all the nuclide species.)

One of the quasticns that arose in the study of the data
a3 the effect of s3lf absorption and self gcattsring upon the
p2asured activity of the different particle size fractions. The
foriir is susceptible to quantitative treatment if the range curve
for the activity is ¥mown, while the latter is as yst not well
understoods The complexity of the combinatioaz can sperhapa best be
£2on by examining the data of Nervik and Stovenson?, who have plotted
a gself-gcattering and self-ebsorption correction factor versus
sauple thicimess, with beta eneryy as a paramster, for NaCl and
Po(N03)2.

A sinple calculation can be mads to inrastigate the
ragnitude of the self-absorption. Assumings

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

- 91.%_92' (51)

whers w is the path length in milligrams/ca?, and T is the half
thickness of tha particle for the fission product radiation. The
latter +.as taken to ba 20 mg/ciz? in accordance with the data of

par:uraph 4e5.4.

5W. E. ¥orvik end P. C. Stavencon, "Self-Scattering and Self-Ab-
c:opticn of Betas by !‘oderatcly Thick Samples®. Nucleonics, X,
(1952), 19.
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(2) The particleg are cubical, so that th2 msan path
len;th travelled by a beta in escaping from the particls is

(5.2)

(w)
N e

wher: 8 is the side of tha cube.

(3) The density of the particles is 2.7 gram/cm
making the thickness factor of the particla matceial equal to 2.7 x
107 mg/cﬁ/nucron. The relative selr-ab”orption of a 1 micron
particle is:

602 x 052 2.7 x 10720 %8 x1 (53)

whi = that for a 1000 micron paft-icle is:

o 29 2:500:2.7:10 e 4e3

ﬂ

120 (5.4)

Thus the correcti factor for self-absorption for a 1000 micron par-
ticle is 120 tims_. 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 salf-
scattaring, but it is probable that it is negli giblo in oompariaon to
the corroction for self=-adsorgtion,

It has besn sugzestad that the nocessity for meking thes?
corractions could buv side - gtepped by crushing the large particles
before measuring their activity. This is presontly being carried out
on sors of the fractions that are still sufficiently active,

5e543 Decay Slopes
A study of the variation of decay alope with particle

sizo (paragraph 4.5.3) has yleldsd no information other than further
proof of fractionation,
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CHAPTER 6

SUILARY

It was expected that the considsrable quantities of dirt
thrc .n up by the Jangle explosions would trap & relatively large
prorortion of the fission products of the bomb, ereating highly
radicactive aerosols containing relatively large particles.

Tho concen iuon of beta activity in the aerosols was found
to be 10 and 107* microcuries per cubic centirater for the surface
ard underground shots respectively. Thess are based on filter
sanpler data taken from the nearest stations (2000 ft. to 4070 ft.)
on the domnwind leg, as modified by an estization of the arrival
and departure time of the cloud.

The number median diameters of the particles in the aerosols
wers 1.0 and 1.5 microns for tha surface and underground shots re-
spective-15, at stations 4000 ft. downwind, decreasing to less than
0.1 microns at 50,000 ft. for both shots. Thase figures were ob-—
tained from the cascade impactor. The particle size distribution
of the fall=out was also dstermined at a number of stations of the
undcerground shot,

No satisfactory data giving activity as a function of particle
size in the serosol were obtained due to unsatisfactory operation of
the instruments dasigned to sizs grade aerosol particlas during the
sanpling process. These data, however, wers deternined for the fall-
out at a nusher of stations on the underground shot. The percontage
of active particles in the surface shot aeroscl was determined to be
0.01 per cent for particlss approximately one micron in diamater.

For the underground shot fall-out, this percentage was found to be 20
per cent for particles approximately 100 microns in dia.ater.

Data of the various consequences or manifestations of fraction-
ation were made on size—yraded particles of fall-out froam the under—
gound shot, and study of these data have mads possible a number of
interesting conjectures regarding the mechanism whereby particles
become radicactive.
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APPENDIX A

DFFINITICY AMD ABERMVIATION OF TERMS

nv—— —————

Brockhaven Continuous Alr Mozitoer

Breohaven Naticnal laboratory

Chomiocal and Radiological Laboratori«s
the exponent in the deoay equations A = ct”

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

any variation in the fission product nuclide aburdanmcs,
vaually applied to the vaiiation as a function of parti-
cl> size

sctually "equal motion™, but is gensrally applicd to
psrticulate sampling that 1s carriod out so as not to

be sclective in any way

wolecular filter

National Institutes of Health

Naval Radiological Defense laboratory

Radiological Air Sampler

Tracerlab Contlinuous Afr VMonitor
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APPENDIX B

CALIERATION OF THE EICOEHAVEN CCITINUOUS AIR MOUIT(CR

The oounting efficicnoy of this instru-unt ray be obtained by pass~
fog a small roctangle of filter taps of width w and length s (s 4a equal
$o w for the Brookhaven air monitor), see Pig, B.l, inserted inta the
centsr line of an uncontaminated filter tapa, This sxall section of fil-
ter tape bears a unifoimly distributed kncin beta activity, G of the
same speclies as for which the calibration is desired, As the taps passes
under the counter in the x direction, e couat rate is recorded which may
be oconverted into a piot of observed counts per unit time versus dis-
tance, Swh a plot wijll have tha appearance of the graph showm in Fig,
Be2, and should be symmetrical about the origin, The maximua count rate
at x = 0, C;, 1is the count rate whsn the counter face 1s exactly coverad
wifcrnly contaminated filter tape Cu §s the finite su_-ation of the
rates obtained whea the center of the standardizing rectanzle 1s at x
position equal to O, 4, 425, 4§35, eto, and is ths

n=od

Cu z 04 + 2y (2.1)

Bapericelly 4t has bdeen found that with counters positioned olose to the
tape that Bq. B.1 can be reducaed to ‘

Cu .0, -0-201 ' (»202 : (Boz)
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The fraotion of the total countinz rate contributed by the seg=sat of

width w and length S poaitior: *tly in front of the tubo is
°
0 =0 = :
T T = (B.3)
u

She efficiency B of the segnent in this position may be defined as

‘°0 - c\lf: m (B.4)

The sctivity per standsrd segient (width w and length s) is given by

3 = av (3.5)

where & 3 activity per unit volume of oloud; ¥ g volu-s of air saupled
through the stanlard segzsnt, Prou Eq. B.4

Cu =xav ‘ {B.6)

This equatiom 1inits a to the average valus of the tire interval
during which the unit segaent of paper was oontaxminated, For the sske
of olerity the midpoint of thie tirs interval cen be taken as the tine
corresponding to the value a,

To obtain an unknown sotivity eoncentratica a frca the imstruimt
sount rate meter readings Cy, it was necessary to determine the inmstru-
mnt enstants B, ¢, and ¥V, B and f were deternined by the folloving
procedurss With the center of the window as a refersnce point, the stan-
dard activity paper was moved one and two inches om elither eide and he

P p—— ol 3 e
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FROJECT 2.5a~1
oounting rates observed, The sum of the counting rates in all such
positions gives the counting rats of a uniformly contaminated file

ter paper of infinite length, Froceeding in this manner the results
shotn in Table B,} were oltained, ‘

TABLE B,1

Efficiency Data for Brookhaven Monitor

Distance From Incremsntal

Centor of Counts Per |Efficienc
Window (per cent
0 501 28
£ 1 inch 35,5 1,61
£ 2 inch 2,38 0.11
« 1 inch 58,9 2.67
« 2 inch 2.0 0.09
Total 599,75 = 600

Theve results are plotted in Fig.B.3,  The activity of the one square

inch stzndard corresponded to 2,2 x 10° dis integrations per second,
Thus '

f'%-g%-’.as

E:-5.01x10% 3,28
2.2 = 105
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PROJECT 2,5a~1

Since the sampling port measured 1 inoh wide by 1,76 inches long, the
filter tape transport veloocity vas 4 inches/hour and the flow rate
through the sampling port was 3.5 cuble feet per minute, the value of
V was found to be:

V:l.BxlO’o-‘s

Ther:.fore, the ccuats per minuts on the instrumint oount rate mster
ray bo oconvertad to nicrocuries per cubic centiroter by the equation:

(('égg—; x 1.1 x 10712 (c/m) (B.8)
- 142 =




AFPENDIX C

CALIBRATION OF THE TR:CERIAB CONIINUOUS ATR MONITGR

Interesting two dircnsional counting geometry pritlems ococur
if s continucus air monitor ia canstructed with both circuler suc-
tion and counting areas (of radii R and r respectively) as is the
case for the Tracerlab continucus air monitor, (See Fig. C.l).

For simplicity in the follc.ing derivations, the steady-state
conditions of an aercsol of constant beta activity per unit volume,
s floving at a corstant volumetric tlsw rate, V depositing activity
gt & wniform rate, q (equal to aV/TrR® ) per unit aree on a filter
taps moving at a constant velocity, u hus been aszumed, It is alao
pcenvenient to ocanaider first a previcusly contaminated filter tape
being rerun through the monitor with the cocrdirste axes x,y and
x', y' as shown in Fig, C.l,

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

_2
2:3 R - y? (c.1)

with the restriction that
-RSy SR

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

As the contaminated tape with its ellipticel distribution of
sotivity passes undor the countor window, the counting efficiency of
each differential area is a function of x nd 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 filter tape and pussing it under the oounter in the x diveotion as
was dne to obtain the data shown in Fig. C.3, Inasmuch as the effi-
ciersy of the G-M counter should be symuetrical about its central axis,
the entire function can be represented by a solid of revolution, the

- 143 -
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Fige. C.l1 Schematic Crawing of the Tracerlab Continuous Air ionitor
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Fig. C.? Activity Concentration as & Function of Tape Position for

the Tracuxlab Continuous Air Monitor
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first quadrant of which is shown in Fig. C.4.
The differential count rate, & sumed up by the G-M tube of the
air monitor is the product of the activity comcentration and the cownte

ing efficiency for each clement of area of the x,y plane of the fil-
ter tape, Thus

t=C2 (c.2)

and can be represemted ty the colid sketched in the first gquadrant of
Fig. 0.5.

Ths count rate, A firally rec~rded on the air ncnitor recorder
is the volune between the surfuce :escribed by the function £ and the
x,y pleae in Figure C.5 cnd is approximmtely expressed by the definite
double integral

x /2 LF

‘.‘// 'ody.d‘(CQS)
| .0 0 :

or in the more convenicat cylindrical coordinates by

R T |
2
] A=z¢ // 'oeodo.de(CQ‘)
o] 0

It r-y t» noted that ths upper lirdt of futegration, R, for @ introe
duzos a rrall error due to the neglected volurvss in the x directim
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which should be trivial in the oase of the weil shielded Tracerlad air
-cnitof.

The functioa
- 2
ray bte arbitrarily selesocted to ropresent the colid of Fig, C.4., Substitu.

tica of this and Bq, C,] into Eq. C.4 after changing to cylindriosl coor-
dir..les by the Lubstitution _ :

,.'rﬂiﬂ°

reculte ia the reletiom
(c.8)

. R v . ’
Ly, a
Agt // .._,(zf .(3._2%5 /(1-?-1;’0) .de.a‘a'
o o . -

i» vnioh th¢ function, 1-k sin O can be recognised as the elliptiec ine
tegral of the second L:ind, B(%,0). Ae the upper linit of the first in-
tugral 18 W3, the co:.plete elliptio integral, E(k) can be obtained from
t'lus 1 far various valuos of k vhere k 18 equal to C/l.

Tquition C,6 thus booc 18

2 "
Asg %! ( " P{J' o 3(k) o de (c.7)

1 R, 8. Burington, Mrndbook eof I'atheratiocsl Tabdles (208 ed; Sandusky,
(:fo¢ Bapdboor Puvlirk:re, 18°S) p.203,
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and can be readily evalvaitsd by graphical intagraticn of a plot of the
tera within tho intagral sign vorsus ? notirz that k varles frca 0 to 1
in th» intarval e » 0 to R. In tor:s of alr ecucaatratica, Bg, C.7 to-
6c1u3

~7
B - £.77x20° ) (W(®R) | , (C.8)
S | S

Thus the deta activity ocacentratica of the sanpled aserosol is a sinple
multinle of the reccrdad counting rate when the filter tape is playced
back through the Traocerlad air uomiter. ‘

A somewhat more oc :plicatsd probleax oeccurs during the bulld-up of
activity upoa the f£iltor tapr, Thus in Fig, C.1 the ccordirats axes x,y
and x',y* ooinoido, Tho depciition of activity upca tio: taps ray bs
rveprosented by the shapy in Fiz. C.8, Boycad equ:l to R o th x
dirsction, the surface becc.-3s 1dentical to ths ellipiic sheet of Pig. C.2
but Athin the region

03 e!n

the activity concentratica ray de expressed by

z.%l gx‘xz /,z_,; (Co9)

which ray be transfcriad to cylindrical ocordinates by the sutititutims

xs foo: Ondy-_elino

- “’ - ~
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Fige Co8 hotivity Concuntration During Deposition as a Punotion of Trpe
Fouition for the Treoerlad Ccutinuous Air Monitor.

and Fq. Co’ boom"

g - (q)) Q1 £ keou Q) jl -kl nln{; (c.10)
)

Sudbctitution of £q, C,10, C.2 into Bq, C.4 2or the first and second quade
rants results in

{c.11)

As2 /f(.- Ff' . (3, j_al}),/(l AX cos 0) 1-x% a1a 3 48 ap
(3 0
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or ' (ca2)

R —

T R
s’ )
A n 2R ee B(k,9) do # x ﬁ.- 2 gin2 ® . coz3f Jdp
1 3
0 Lo ° i

As it can be easily soen that

i
1-x? 30?0 . 08 020 (c.13)
0
and also since A } A
B(k,0) ¢9 = 2 B(x,0) .43 (C.14)
o -]

Equation C.14 may be smplified to

AzZagR ' Bk .ap  (cas)
u .

which gives the counting rate for the moving tapa, It may be noted that

this is half of Bq. C7 so that the graphical integration need de pur—

forcd only once for both cases, By use of Kq. C.7 and C.15, the initi~d
and several replay resulte may be combined to investigate the radioactive de-

- 181 «




;

C S '
'
i
|
t
t
1

PROJEC? 2.5a-1

oay characteristics of the sercsol sampled by the Trscerladb air monitor,

An sxperimental detercination of the value of the constants in these
oqu-tioas was rade by nsans of the following procedure: A stsndard activi.
ty siaple was prepared bty placing an aliquot of a fissfon product zixture °
on a srall (5 x 6 r.a) cquare of filter tape from ths Tracerlab contiruous
air ronitor., This mixture wes selccted because of its beta range curve was
con-idored to approaxiszte that of the fission products resulting from the
surf: ce and w~dcrground dotoncticns, The standird square was oalibratad
for its cboolute bcta :ctivity wiile on a ¢ ne/ua cellophene additiomi
bach.osttorer inm order to duplicats the conditions ucder which the tupe
iteslf is counted, This w.s dore by ralsing the G-K cownter in its shield
to a higher position rad rounting the square und reference uctivity stand-
ards on cards positioned on the loser brucket, Runge curves for the
refercrce stendards a3 well as the calibrating square were determined onm
another ecounter with a chorter afir path and thinuer G-M tube window, These
dzta vere oavbined eftcr appropricte corrections for air path, aluminum
abrorber of the air rcaitor, and the tube windcs so that the cbsolute beta
activity of the filter pajur squ.re was deterrirsd by the average of two
Tracorlab shiulated P°2 and two I131 reference stindcrds which were stated
to b accurate to ten psr cent.

The strndardised :quire vas placed in a § x 5§ r1 squ=re hole (tacked
with a siniler 4 uu/caz Li.okecoiterer) in a movable rtrip of eir monitae
f1lter papor 1p such a 1u:uier that the center of the standard square ap-
pro i:ately cofnoicsd vith the central axis of the G-M oounter. Activity
rsesursrznts for this tquure vere rude by roving it alaug the center line
of the path followed by the taps, =topping at half centiuater intervals
begliuing 3 om before, 1.nd 8 om wfter departure of ths conter point of the
stcndard from the central axis of the differential counting efficiency
are given in Table C.) and are plotted im Pig, C.3. The slight asymmetry
of the curve is apparently due to & ove nillimeter error in positioning
the calibreting standard, PFor pwposer of oaipariscan, the Caussian ourve
t9ed to approxiiate this fusotion has been sk:tched in as a dotted )ine.

The fuiction 1 ‘
€8 o O'F( (c.16)

was sclocted to roprescnt the two divaneional efficiency of the Tracerlad
eir ) caltor G-L tube (Sce Fig. C.4). By urs of the srooth ourve of Fig.

Ce3 the oconstants tad of £q. C.5 were found to be 0,0915 and 0,308

recp,otively for Unit Co, 1, The integral of Fq. C.T was them evaluated

by t:bulation of the vnlues of the funition

e.-r o (i) (c.l")
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a3 a function of e and k as showm in Table C.2 and plottad in Fir, -
C.7. This curve wus graphically intezratad by the method of Mocre
bet.cen the limits zero and R with the result that

o LB . a4p w204 (c.18)

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

—(_‘i% Inttial - (32 % 10-1)@) (c.19)
and
'('E':TS)' Replay - (1% 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
moalitor,

In order to confirm the validity of the equations derived above
as woll as the accuracy of the emperical constants X and s the
calculated overall counting efficlency, € oy of a large circular (2.25
in. in diameter) filter standard was compared with the experimentally
deternmined efficlency of a comparable standard. The ovsarall counting
efficlency can be obtained by integration of the expression

R, ‘ |
¥ov o iz / f .- P2, L. (c.21)
¢ o

i Ya. D. Noore, Proceedings of the Soclety for the Advancemsnt of En-
: gineering Eaucation, gdlﬁrm oting, &8, 82, (1940},
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TABIE C,1
Tracerlad Alir Nonitor Rffiniency as a Funotion of Distance, x
Distence From Scale of | Cownts Per lDifferenticl Counting®
Center of Couwnter | Inctrurent Minute Efficiency

cm
0 100 37,500 » 0,0915
0.8 100 37,000 0.0908
1,0 100 | 31,000 0.,0757
1.8 100 21,150 0,0518
2.0 100 9,040 0,0221
2.0 20 9,800 0,0239
2.8 20 1,970 0.0048
8,0 20 600 0.00146
3.0 2 760 0.00183
3.5 : ' 350 0.00086

- 0,8 100 38,400 0,0863

- 1,0 100 29,800 0.078

- 1,8 100 18,600 0.0329

- 1,8 20 18,300 0.0446

- 2,0 20 9,300 0.0227

= 248 20 2,170 0.0088

- 3.0 20 700 0.0017

- 3.0 8 760 0.,0019

(»)
The absolute bctg rotivity of the § rm square stendard wae approxi-
~tely 4029 x 10° d/idn after correction.for absorbers, tubs window
1ad I‘f. 154
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TABLE C, 2

1
Tabulatic:x of ths Funotion (0' Pf o B (k)

P R Y R P s O

o |0 0 0 1,87 1 0 0

0.6 0,25 | 0.17¢ | 10 1,869 | 0,928 | 0,463 | 0,724
1.0 1,0 0.348 | 20.56 | 1.62 0,788 | 0,736 | 1,12
‘1.3 le44 | 0,417 | 2¢.8 | 1,80 0.642 | 0,771 | 1,16
1,44 | 2,07 | 0,8 30 1.468 | 0,630 | 0.76: | 1,12
1.6 2,26 | 0,521 | 81.4 | 1,467 | 0,600 | 0,750 { 1,0¢%
‘ 1,8 2.58 | 0,566 | 33.8 | 1,44 0,456 | 0,728 | 1,05

‘ 1.7 2,89 | 0,59 36,3 | 1,426 | 0,411 | 0,680 | 0,996

2.2 | 4.8¢ | 0.764 | 49.8 | 1.306 | 0.228 | 0.495 |o0.616
2.4 | 8.76 | 0.854 |86.6 | 1.23 | 0.170 | 0.408 | o0.502

’ 2.0 4.0 0,898 | 44 1,38 0.293 | 0,586 | 0,797
; 2,6 | 65,76 | 0,834 | 66,8 | 1,28 0.170 | 0,408 | 0.502
!

2.88 | 8.3 | 1.0 90 1.0 | 0,078 | 0.22¢ | 0.224

(o) .
Re 8, Burington, Handbook of Mathematic:l Tables (2nd editicny

} Sendusky, (hios HNandbook Publishers, 1M46) p. 263,
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which aay be derived by applyirg the same reasoning as used in Appen-
dix B, Integration of Eq. C.2] results in

€ov = o (1 -e"PR%) (c.22)

Substitution of the mu-srical walues forel , P » and B into thiis equa-
tion results in

€,y 2 0.033

for the caloulated counting efficlency of a unifcrmly contauin: ted stan-
dard 2,26 in, in diameter, For comparison, stendard activity papers were
preparod by spraying olroular discs 2,25 in. in diametur with radiocactive
dust end calibrating taem with a G-M countar of knom gecretry. The
oalibruted discs were placed under ths G-M tube of the air monitor and
the activity observed with the folloving resulto:

TABLE C,3

Efficiency Data for Trucerlad Alr Monitor for Ciroular
Unifor—ly Ccataminated Are~(u)

Activity d/min.
Standard | Corrected for Observed | Efficiency
Window, Air and c/min
Absorber

1 1.38 x 108 3.98 x 103 0,029
2 1.36 x 108 2,98 x 10* 0,022
3 4.3x 108 9.82 x 103 0,023
Aver,
0.025

(a) Data for Unit No. 1. Average valus for units
four and five were 0,024 and 0,032 respectively.
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The agreoment between thc values presented in Table C,3 and the cal-
culeted value is considered to be sufficiently close to confirm the
validity of the derived expressions and the oonstants employed, es-
pecielly ip view of the faot that completely uniform distribution of
the radfoaotive dust over the filter paper discs was difficult to
attnin by the method erployed. Due to the greatsr experimontal sim-
plicity, more direct approach, and the greater care exeroised in its
preparation and calibration, the small § x § ma square standard was

ue:'d as the besis for the aotivity concentrations reported in para-
greph 4,12, '
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APYENDIX D

EVAIVATICN OF INSTRUNEUTS

D.} INTRCOUCTION

The evaluation of tho hazard to personnel from an AED eloud can be
pade from studies cf data on activity and particle size of ths grnarated
aerosol, Such a study requires four types of inforuaticm, Thedse are:

(a) Properties of the ¢lcud expressed as activity and muss per
unit volume and time.

(b) Properties of fall-out expressed as activity and mass per unit
tine.

(¢) Particle size distritutions of (a) and (b) expressed as a funo-
ticn of time. ‘

(d) Rediochemistry of (a) and (b) above.

Since the collection of these data is a field operatica, laboratory ac-
ouracies should not be expected; even though laboretory equip. - nt be
employed,

A brief description has beeu prepared of each iten of saupling
equipient used for Operation JANGLE, It is intended to discusa the ad-
vantages and disadventages a3dsociated with each instrumcent insofar as
its ability to collect samples for the above data; this information
should aid (1) the design of improved sampling instrursmts, end (2)
the selection of instruments for use in future tests,

D.2 CONTINUGUS AIR MONITOR

In this instrwsnt the sercsol is drswn through e moving strip of
filtor material which removes particulate matter, Tho activity of the
collected particles is then measured by conventicnal alrha snd beta
cownters as tlre strip is moved through the courting chaubers,

Operation JAKGIE employed two continuous air monitors - Broo'haven
and Tracerlsb, The Tracerlad instrunent is a refinement of the Brook-
heven model in that it is more compact. The Tracerlab measures activity
at the same tize as sampling, However, this may or may not be an sdvan-
tage, #ince contemiration of coumting equipment is possidle. The Brook-
haven continuous air monitor messures activity shortly after oollection,
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Tte ccntinuous sir monitor furnishes a ccaplete record o (1) alpha,
and (2) beta plus gauma rediation for any desired period of time. This
valuable record is not produced withcut great difficulty since ths cao-
tinvcus air monitors are bulky, delicate, and couplex from the viewpoint
of field operationm, T.uy require a good AC poser supply and nust be pro-
tectcd from all .o-called bad veather conditions, The instruw.cnt weighs
about 500 pounds,

D.3 FILTER SAKPIER

The filter sesupler is enother cloud or aerosol se:ipling instrument
wh ch collects particulate zitter on filtor pcper, The collection is
rado by pulling cir through tre paper at from 1 to 6 ¢fm, The piper is
then emoved apd its activity dotermined by proper alpha and/ar beta
plus grrma counters,

The filter scupler ray operate from battery or AC power gensrator and

1s ruzged, light woipght (sbout 20 pouads), axd ciaple to operate, Date

on AED oloud uotivity collected v:ith this instrurent 1s difficult to in-

terpret for two princigal reasorcis (1) The vurlation of activity with
tii> cennot be cbtained execpt by auxiliary apperatus, (2) the prede-

terr S.0d flow rate is Lubjuot to errors due to olopglug of the collection
pep o The cxuot clog;ing offcct {s difficult to deterrine except by
vicuw:l opsretien of <the friiru .i:t vhich 1s {1:,088ible in fleld operstion,

D.4 INTIRMITTENT AIR SAMPLIR

The interuittent air sa:pler collscts the cloud and/or falleout .
pariiculate catter on ench of t.elve (12) filtores so arrarged that each
filter s exployed fur a presget time of operetion., The oollected serosol
partioles ray be couuted for alpha and beta plus gasma activities.

The reculting record will furnfsh data concerning the variaticn of
activity vith each ti:.3 interval exploynd, Clovging effects will nct be
cnccrntered for r:3t cnaes, since tho si.pling time intcrvale 1y be
kept rhort (eny 10 1inuios),

“hie {nstiv >nt 48 1i5ht voight and s op-reted from batteriea, The
un{t 0o plete vith t-itarfes vafghs ebout 25 psuadss Althoush the unit
18 r¢ prcs, 1t 18 not 1 .rcud 1 nd requires chicldieg from rain and dust,
The :rrrajw..at of the f4ltors (e such that thiy are wprotected frm
fall-out,

- 180 -
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DeS PARTICLE SEPARATQRR

The particles ssparstor ia designed to fractiounate particles frca
the AED clcud, The fracicpaticn is to be done at the time of saspling
end {s acccmplished by a serles nf wirc screen clothe with openings
of 37, 44, 53, 61, 73, 88, 106, 125, 148, 177, and 210 micrors. A
molecular dback up filter is employed for collsction of particles leas
tbhan 37 micrcaa,

In theory, each screen is oownted and the relstionship between
particle size and activity determinod, It has been shoim thet srall
partizles tend to stick to screen wires instead of being captured on
their proper sised ssreen,

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

D.& CONIFUCE

The conifuge samples oloud aerceol for particle size anslysis in
range of 0.3 to 10 microns at the rate of sbout 170 cc per minute as
sir is drawn between two conicel surfaces (rotating at §000 rpu)
which are separated approxinstely one-eighth inch apart, The parti-
culate matter is centrifuged out with respect to mess, A section of
the outeide plastic comicel surface is cut out and examined mioros-
copioslly for particle sise, Electron microscope screeuns srv located
on the plastie,

The conifuge {s quite rugged but produces excessive vibratica of
auxilisry equipment, It requires a power supply which may be either
gonerator or batteries, Tho instrument without power supply weighe
about 30 pounds and is well protected from elemsnts (weether) except
for dust protection,

Particle sise snalysis of conifuge samples obtaiped in the fleld
bas not been entirely successful even though the tieory is good.
Bince the swface area for collection of particles is large, the in-
strurant is cspable of lomg periods (1-2 hrs,) of operatica for most
fisld sampling duties,

There 1s no method for obtaining perticle size ve, Sime of
eollection data,

Isokinetie sampling 1s mot obtained,
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D.7 CASCADE DIPACTCR

The cascade impactor is a clcud or aeros~) sampling instrument;
oparated to obtain a sermple for particle site analysis in range of
0. to 20 ricrons. Ailr at the rate of 12,5 liiers per wicute is
dreva throush a series of five jets with decreacing crifice diaxoter,
The air stream from each jet ir;inges upm a gless plate xhich col-
leots the particulate r-tter, The first plste, which is opposite
the coarse stream, ocollccts *the largest particles while the last
plets collects the sc2llest particles, The i{nctirumcut velghs about
30 pouads iccluding thy vacuus puzp, but not L.clud*ng AC or X

pe...r supply,

The volurm of serple Lo larce but oan be maintained for dut a
rinute for must field :¢-=pling jobe, sinmce the collecting area is
cmell, It {8 diffioult to predctermine exact sempling Uires desired
and rcoote sotrol or alerm ccutrol is camplex,

The instrusat is fairly rugged, and 1s well p:utsoted from
ele-untes although dust protection is mot adeguate,

Them proper saipling tine is used, an ideal saiiple is obt.ined
end freotionation allo:s soue epproximation to be i<de of the re-
latic.iship betuaen posticle site end activity,

D.8 THFF/AL PRICIFITAT(R

The thereal precipitator {s »n serosol sarpling tnstrurcat
wheroby particles are yrecipitatod on a cold surface thrcugh their
reaction from e hot filareat, Partioles from 0,02 to 10 nicrons are
resolved as aerosol ts campled at the rate of approximtely 7 oc/min,

The tloreal precipitator has been wed in the ff{eld and lso-
kinetio sunpling ettespted, Tho irstrur:nt i{s bulky (waight 40 pourds)
delicate, coiplex, aud roquires a large IC pouer cupply, Hovever, a
gnod sample for purticle site analyeis can be ohtalned,

Fxcopt for dwat, andcquete reather protection {9 provided but no
atte ;t has beon k.de to provide p.rticle site ve, tine data,

De9 'IICTHOCTATIC (7 CTFIZATGR
The elsiotrootatie precipitstor is en instrunent which may be

used to colleot particles for p.rticle sise ené/or sctivity measure-

woats, Alr is drewn through a toetal cylinder botween whioch and en ine

eide clectrcde, there hue beuco rpplied an electrioal potential of seve

ersl thousund volte, The saupling rete can be veried according to

the dos'gn of the povur cupply,
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The preocipitatcr operates at high ocollecticn efficisncy, has
no olozging effecta, and cin be readily adapted for sownting, Hcu-
ever, no technique i{s available for obtalning sctivity va, tius data
with ths instrvaent,

Particle size an:lysis could be rade of thu cullectcd suwpls,
althoush no exact techniquas are ¥ncwn, There ia po fractionaticn

of purtioles nor any pariicle sizc vs, tina techalqu,

In general, the precipitator requires specialized auxiliary

-electroalc equipzent (pcrer supply) and a good AC source, There is

no inforrastion on its behavior under conditions of high humidity,
The uic of high voltages uakes it a dangerous plece of equipient es-

‘pecinlly so in wet clirates,

The p;'e fpitator canplete with high volinp power supply and
vacut oqui';‘ont weighs about 40 pounds,

D,]JO DIFFERENTIAL FALL-QUT CCLLECTGR

The differential fall-out ccllector is an inprave: ant of ths
fall-out tray in that fall-out variation with tire may be doterair:d,
The ues of slides for particle site anslysis makes this a desirable
instru.emt, The oollector is opirated by a meoh:uical clock which
rotates & disc beneath a slotted cover in euch rinnor as %o collc:®
fall-out on the dise,

The fostruat is light weight (5 pounds), fairly rugged, and
ocwplote exoept for minor design changes, There appesrs o be an
lmpropir sesl on the ocover which allows dust leakage, V¢ fufo:.:atica
is available on the protection afforded ageinst s wet, humid at.:08-

phere,
D.J1 CCLUSICNS AXD REICCMFRDATIONS

None of the sampling equipzant discussed hare io entirely satis-
factory, Although sors {nstruncats approach tho destrsd type, thore
18 & peed for sempling equip eunt to furnich the date listed in tue
iatroduction. In order to obtain sueh improved experinantel vasulte
with gront‘r. efficiency and thersfore econcay, the follousing considora=
tions should be incorporated into redesign of earpling equij-wat.

(1) Permit alphe and/or Leta plus gam-a activity pneasuressnts
of oloud and fall-out samples,

(2) Approach 100 per eent sample collection efficiency.

(3) Simple and acourate flow calibration.
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(4)
(8)
(6)
(1)
()
(9)
(10)
(1)

(12)

(13)

FACTECT 2., sa-d

Woll adepted for high counting grometry with a minima
of manipulation,

Yeep fleld installation offort at minfinum,

Operation $n wet, huzld s well as hot, dry, or cold cli=
1xtes not affected by dust,

Suitable for operation from stationary pground porition as

* o1l as noving vihiolo or eircraft,

Prapired for re-octe soatrol of starting en? stopping rech-
enlsns, /

Fower requiremsute suitable for AC or DC cirouits to be
opsratud by battery or g.rerator.

Keop scaple pick-up tics stort to allow rupid reccvery af
comples from hizhly redio-ctive flelds,

Allow quiock rerowvel of oquipr:nt from fleld, vehicle or
ciroraft,

Fordt 1 .plrce cat of sr—pling equipicat as a unite-
furnish with plug-in recefptacles for electrical as
+3]11 a8 air and vaoguua oconnectioans,

Fnduce the need of tools im sssenbly, saxple pick-up,

_end roll=-up operaticne,

(14)

(16)

Allow shipm-at vie truok, expraess, or airoraft wyith a
1inimum of p:oking,

21low decontarination by washing with hot water sud/or
steam,
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APIENDIX B

INTERI'! REPORT, ARIY CHFMICAL CORFS, CCFTRACT NO.
DA-18-203-C'{L-2532
with Trscorlib, Iro,, R.D. Epplo, Prolset Direstc:l

B.1 PREFACR

This Intarim Report contains the experiiental results of the work on
JANGLE, together with the interpretations that can be made at this ti:ro,
Bach of the three parts of the ropert are indeperdsnt wits, and have thers-
fore boen assenbled with this in mind, Bach section ococniists of & shoit
introduction that indicatos ths purpcae of the werk., This 1s folloved by
She experiiental results and a discvisicn of thy significrnce of ths rou-
sults,

It {s anticipated tr,it the fin-1 report will add to this report sv%-
ficloal infor atica to peruit a thorough evaluitica of ths resulti. It
w11l 11.0lude considurable detailed infor.ition about thr exruri :ntal
prooedures developed in this laboratory,

E.2 ACKNOYLEDGMENT

This report has been writton by the following mcabers of tha Trac:rlabd

staff,
Charles Sher.an Counting Program and Decay Curvos
! Jaxes Shearer . Partiole Site Dietributicn
i ‘ ‘ Rotort Epplo Radiocobe.lutry

i« This roborﬁ 1s reproduced here im its eatirety, and 1e editod ouly
with respeet to formal,
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PROJECT 2,58-1
Es3 CCTUNTING PROGRAM

The object of the oounting program was to measure the radicactivity
cortained on filter papers which sacpled the oloud under ocertain kmom
ociditicas of operation, and to Jeteruine the radicactivity as a fumotion
of ti s fter tiio-2oro., These two sspeots of the program are nocsssery
for tte ovaluaticn of the radiation hazard to personuel in the vicinity
of an atuxic explosion, Soluticn of the racistion hazard problem alzo
roquires Jnowledge of the distribution of sizes of the radicactive parti-
oles; thic part of the protlem is treated om Section R.4,

£.3.1 Filter Sarpler Activity

Table B.] and Table E,2 give the beta activity of each filter paper
received, These activities wore mecasured with a "wrap arcund” ocounter
set up vhich used a Traccrlab TGC-5A tube, Each peper was wrapped around
a cylindrical lead jig of such diameter that it just fit over the tube,
The 1.sd jig had an opcning of 452¢em vwhich faced the thin-walled (30
ng/%mz) portion of the tube, Thus the reraining part of the paper was
shielded frca the tube by the 1/8 inch thick wall of the lead jig, end
the activity of 43 cm? frcm the central part of each paper was weasured,
Fach [eper vas left in its plastic bag for counting to uvoid contaminating
the r.pparatus, The effoctive absorter thickrzuss along radii of this
ceylinirical rrremge 2nt 48 then ~pproxipatsly 20 ng/ca? of plastic plus
30 : /2 of gless, A c.aller crea was wrasured for scue of the most
active pipers,

In Tables %.1 and %.2 the tice of eech messurement is given inm hours
aftor tlLia-sero {n the second colum, The activity of each papsr (cpm)
corrected for baokground is given in the third columm, For purpose of
conparison it {s nececsary to correot each sctivity measurement to sone
standard tine after timo-tero, 600 hours after tize-tero has been used,
and czoh activity meesurement ocorrected to this time by use of the
meerured docay ourves (see Figures E,1-B.5), E.uch correctcd notivit
Lsonure: .nt hae bocn 1rultiplied by the arjropriate area factor (100/43)
(is tto factor in vost cnaes) giving the totsl beta sotivity of cach paper
at (00 Lours) these recults app-er {n the fourth eslum, This latter re-
sult v«s not celculetad for those cases whare the uctivity was oxtreisly
si:~11, Blenk spacos in the third colwm indicute that the observed ccunt-
ing ccto wvue lcrer thrn the bicY rcund rete,

Although the couniing set-up descrited alove has not deen thorcughly

calibratced, 1t {9 kroon that the disintegration rate is related to the
counting rate by the folloving approximute equatiocn:

dpm 3 18 (epn)e




PROJEICT 2.5a-1
TABLE E.}

Filter Sanpler Counting Data,

Surface Chot

Tire of Count CPM For “holas
Sarpls After T, cev Area at 500
Hours Hours
S-1X-1 » 215 5C13 3430
2 215 2.2
S . 215 2.9
S-4X-1 not receivad -
2 602 2.5
3 603 2.5
S-7X-1 266 297 266
s 268 -
3 266 2.8
S-8X-1 268 225 202
2 266 0.9
3 266 -
$-9X-1 not received :
2 604 0.8
3 405 5.7
S-10X-1 194 71.3 43
2 194 -
3 194 -
S«15X-1 191 147.3 91
2 191 -
3 191 : 0.5
8$-16X-1 196 165.86 95
2 196 -
3 196 -
8-21X-1 240 446,0 347
2 240 -
3 240 0.6

oThese numbers refer in each case to the first,
second and third fllter papers collected at

each station.
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PRGJECT 2.5a~1
TABLE R.1 (Cort'd)

- Time of Count CPM For “hele
Sarple After T, CFM Area at AQO0
Hours Hours
§-22X-1 216 527 362
2 216 0.2
3 21€ 0.8
S-23X-1 265 1284 1150
2. 255 0.9
i 3 265 3.7
.
o) §-24X-1 240 532 415
‘ 2 240 -
3 240 -
S-27X-1 218 1918 1310
2 218 0.2
3 218 9.4
£-29X-1 287 2022 2050
2 287 -
3 288 4.1
S-31X-1 244
2 245 -
3 263 0.8
TABLE B.2

Filter Serpler Ccunting Data, Uncderground Shot

—_ ———— —— .
- Sarple Tine of Count CPM  |CFM For “hole
il After T, Area at 600
! Hours Hours
U-101X-1
-2 |[not recuived
3
U-104X-1 190 41.7 38
2 190 2.2
| S 1. 190 5.9 | 5.1}
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PROJICT 2.5a-1
TARLE £.2 (Cent'd)

Tirs of Count CP¥ For whole
Samnle Ar'ter To CPY Area at 600
Hours Hours

U-107X-1 1940 3540 33,100

2 144 40.4 29

3 144 34.9 25
U-108X-1 1540 3C70 342,000

2 384 132 216

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

3 192 5,2 4.4
U-115Xx.1 165 6360 4940

2 165 10.4 8.2

3 165 17.1 13
U-116X-1

2 not received

3
U-121X-1 1940 3474 32,400

2 168 62.3 49

3 168 95 T3
U-122X.2 121 8.9 4.0

2 121 2.5

3 121 -
U123X-1 1940 8638 842,000

2 433 3893 650

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

Time of Count CPY For Vihole

Sarmple After T CrM Area at 600
Bours Hours
0-124X-1 1940 3205 29,800
2 193 50,1 43
3 193 174 150
0.127X-1 1240 4940 551,000
2 3€0 625 910
3 360 1970 2870
U-129X.1 1€40 €640 622,000

2 167 782 /08 -

3 167 1280 Q8

Since our counting arrcngeusnt has & nuch higher efficlency for beta
rays then garia rays the aotivities listed in Tables ®.1 and E.2 are es-
sentially the bots activities; it 1s estirated that 1/2-1% of this 1s
due to gamca activity,

In order to measurs the alpha sotivity of these gapert it is necessary
to obtain a very thir sanple (not more than 2-3 mg/cn®), This has boen
done by dissolving a i1l portion of one of the most active papers froa
each shot, snd eveporating the resulting solution on a platinum planchet
until the maximus allowable thickness has boen obtained, The beta and
alpha activities of these ssmiples will be messured and the alfha activity
of ecch of the other papers estizated by using this beta: alpha ratio
and the measured bata activities, HNuolear track plates will be used to
ransure the alpha activity since this has proven to be one of the most
reliable mthods of wcewing elpha activity. This wark is in progress
although rusulte are not cvailable yet, :

It can be secn from Tables E,) snd E,2 that the rajority of the ectivie
ty is present on the flist papor in the series of three papers, In the
cates of U-10:X cnd U-110X, ho.cver, the activity of the last paper in the
torfics ({f3) 16 cteut 16X of the eotivity of thy firet paper (§1), It
thould be uotod that t).se tvo nuta of p.p.re cw e from udjacent stations
on ora side of the staticn laycut, The three papers from each of thise two
tots wore rsdio.utograrhed for 17 daye beginning Pebrury 4, 1962, in an
etturpt to investigate further the nature of the redicactive particles
which they onntefned, Although the activity of thsse papere wae not great
enough to perait any definite rtatexants to be 1n2de froa this type of ine
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vestigaticn, it was fouud that tne number of spots om the rsdiozraphs of
the laat papers in each :=-ics aws lesa than 157 of the nunder of spots
on the radiographs of ths rirsti papers, Inis {u consistent with the
hypothesis that the particles on the last papouri of the series ars saall-
or than the particles on the firat papers,

E.3.2 Filter Sarcpler Activity Decay

Beta decay turves for tha designated papers were ottuined with the
ccunting arrangement descrited previoualy and appssr in Figurss E.1
throu h E.7, Decay messurc.ents were taken on the fiist paper in the
serins of three since this one had the msjority of the activity, Parer
U-122X was received and countsd, but did not contain enouzh activity for
decay rsasurements, In Figures E,1-E,7 counts per minute ia given on
dotted curve drawn through each set of experimental pointa reprecents a
decay which is inversely proportional to the time; it is fitted to the
data at €00 hours. This type of decay agrees with the Hunter snd Ballou
results for fission product decay for times bet.een sbout 100 and 900
hourz, and 1is seen to agree approximately with the datx hero, Foi times
groater tran about 900 hours, tho data is seer to drcay slightly faster tha
the dotted curve which is aleo in agreerent with the Hunter and Eallou
results, The data is given here up to about 1200 hours (60 days) after
tirs-zero; further data ie being taken and will be given in & futwe re-
port.

E.3.3 Discussion

The data of Tables R.l and E.2 when ocombined with the disgraas of the
station layout sho. the spatial distributiom of the sotivity with respect
to ground-sero, It is seen thet the majority of the activity acvera omly
two arxs of the four-anzed atation layout systen, snd thet in scue casss,
more activity was ocollected on tho distant papers than on the near onoes,
Figures E,1-E,7 give the activity as a function of time after tire-isro.
As we have seen, this deta agrees well with the Hunter and Ballou results
for fisslon prcduat decay for the range of times wnder econsidoratioa. It
would bo desirabdle for the purposas of evaluiting radiation hazards to
kmo.r the shape of the decay curve for a wider range of timy th-n has been
po:cible hore. The datn is boing externded to longer tinss in thoas c.ie”
where the activity is sufficient, Although messurements were togun as
soon as the papors ware received in this lsboratory, the earliosst data is
between 100 and 200 hours after time-zero, Since we have good agrounent
with the Hunter and Ballou results for the range of tirs over whioh the
messurersuts were made, it s rewsonable to assucie that our best apprcxi-
mation for earlier times {0 2lso the Hunter and Ballou results, Ove
qualification must be made; when induced activities are present in &p-
precilable amounte, the decay ourve will differ from that of Hunter and
Ballou results. Bvidence of such sctivity 1s seen in some of the figures
where the experizental ourve differs frem the dotted ourve at early tiues.
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Fe have prescnted data in this sectior whish vhen conbinzd v:ith other
no:n datu (such as amount of air sampled per filter piper, pocition with
respect to growmd-zero, prevailing atmospheric and wind conditions, eto.)
oan be used to svaluate ths radiation hazard to personnel in the vioinity
of an atomic explosion at various times after ths explosiom,

E.4 PARTICLE SIZE DISTKIBUTIQIS

%.4.1 Radicactiva Particles

These pa-ticles vcre found by first dispersing the filter pzper fil-
bers with a necdle in a lcyer of collodica on a gloss slide, end then
rad{o:utogruphing the slide, The developcd film was realigaed with the
81i¢s and e sexrdh n.de vader each "spot”, If the fleld of view was _
too orov.dcd, that cres of collodion was redispirsed and radiosutographed
agrin, Most of the prrtioles were found to be sphericel, but we found
more irregular sh:pes on JANGIE than on previouz testa. ¥hen a perticle
has tscn found, t1ts dias.ater is measured, and its epproxirate color and
shrpe are noted, The dismsters of all the pariicles found are then
clersod into groups suoh that all partiocles of gioup 4 have diavoters
D cuch that;

Dy ~ADZD <D{ + AD (®.1)
2 3

-

whire ths group width AD js 0,86 wiorcas,

If N¢ ie the nu.ber of particles in the ith group, then the total

pu.ter X 18 sinply: . ,
[ <
¥ = N = an
2. /an dD (2.2)

o
vhere we have n=de the assw.ptior-that the size distribution will epproach
a & zoth curve as ¥ becoies large,

The rotults for ¥4 vs Dy are shocn {n 2,0 for the rurface :hot, Sta-
tic.s 29, exd 30, «und rip. F.9 for the uvadorgicund shot Stations 129 and 130,

Tlore are cov.ral courous of error iu our @curc:int, First, the
rndio.utogr.ph v11] not glve a vicible rpot vh.n the pirticle 1s weskly
redioaciives This 5 -nrns thut as Lt pi.rticle diaieter becoras sraller, the
off{0odc icy of recovery dcere.sen, Soccud, the difficulty of secing a
pr.riialo incre-ses as the dirater drcreires, further lowering the offie
olruay of recovery., Fucthrr ore, 1t s not pousible to correct for these
offocts in a qQuuntitative v.y, since all the fectors {fuvolved are not coae
pletaly under our coatrol, It is our feeling, based on prst exporience,
that wo oan sluvuys reccvoer p.orticles of diamster DD 4 microns with 1008
officicicys In scme viccial orzes this limit ¢sn be decrensed,
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It should also be rmentined that the upper lirit of ths size distri-
buticn ourve is determined by the tots! number of particles which are
moasured, 1If 10,000 particles were wesured inctead of 1000, cne could exe
tend the distribtution curve to slightly larger dianeters,

We now Jefine the elge distribution fwmotion Py

Ps 1 ¢¥
N do (E.3)

P is the protatility of finding one partiole of the pojpulaiion of N
particles shouse Clareter ‘s preator than D and le+s than D 4D, S'nce
we believe that the efficiuncy of recovery for jarticles larger than 4
micring 18 1cupkly cantant, the slope (dP/dD) of our sise dis tributiom
curve will he ejirl to *ha 1lope of the trus silze distribution within
exporir.ntal errore. It will be convenicnt to define two new peremeters;

13 1 4dr
* 3 ? 3'5 (no‘)
n 3 4P/P D
e 2 (2.8)
- 176 -

I | S




St F.00XT 2.5a-1

x 1 M ’ T
R 1T
wo_.._._..,..ﬂ._.__-# I__-. NN UROU U SU—— SSupp - W TAT‘C-}L 29_.. ———— <20
' j x 8TAVICt 30

[} oG _::»- : - - B s el ot SRR S ~—l>—— -— - 20 8
- N o
g 8
- o | o
- CUL““-' -t ° I_.,_... S SRSV SV SIS U ~ {12 s
% 0o Ia a
a o © w
. ° <v .
8ac ——f-o Lo po ot — ——t 4 :
o i »° ] L A x| x Y]
W } ’ 10 e
g col°__ . g ‘

'"" BN ¢4__1 RS S - 7T ,
g W I * ° “‘

| | al®a l o o |
(o] 2 4 ¢ 8 10 2 I8 1] 8 20

PARTICLE DINIIETER (231C10.10)

Fig, E.8 Partiole Size Dictribtution of ‘Radic-ctive Particles on Pirst
Filter Pap+r of Filter Semplers at Stations 25 and 30, Sur-

face shot,
X = ]
¢ i
I U YN SR o, STATION 129
220 T 1 28
A ' X | STATION 134

200 — 15 +t -4 - 18 §

5 | o

: AL - x X F_ ' ) r ¥ , ...‘_- oA ‘ -

d\¢ 1 ; 3 " -
E p ' o T R -0 ‘
« . T - 3 |
‘no - Y ] ;_,.. L‘_..- - ;- - —J-r— ] I e L LT SESpe—— - 5 :
3 . 8 il ’ ‘
"« g \ '
co‘._ R S, .A__‘ P J N A T .,_.T_.“__.._ RPN VRO SR USSP 1 !
e :
. t—' e 0 S
—— o e 2%e L ® <~ & f
o 1——4—-‘ e e e 10

PARTICLE. DIAMETER (MIGROHE)

7ige 8.9 Pertiole 831za Distridution of "adioective Particles on First
Filter Paper of Fiiter Samplers st Stations 129 sai 130,
Under gruund Shot, 17

W—'——w | ——
__________’



PROQJECT 2.0a~1

TABIE B.3

PADIQACTIVE FARTICLE SIZE DISTRIBUTI (N PARAMETERS

Filter Paper b (nicrens) n . Rayge of Sizes of Most
T T - PartlcYes Found (in
micrens)
S-2%d 2.8 2,8 3-11
S-20M 3.8 1.6 3-9
U=1294 2.4 1.4 2-6
U= 150M 7.0 1.0 2-12
oy | Swrese 3 2 3-8
. Under ground 8 1.3 4-12

In general, the parameters b and n are funoctions of the diameter D;
two iLpecial cases are of irterest, homever:

(P)v const ® (00n8t) o"D/b (£.8)

(P)n comut = (ccast) DB (.7)

To deteraine b end o from the experiment, ve notice that % 1s given by
the negative of the slope of a plot of log P va D, and (-u) 1s the slope
of the plot of log P ve log D, Drewing the best strairht lines through
the experinental pointe givis us cur best estirates of n and b fn the
size range studied,

The experivcntal values of b nd n are repcorted in Teble E.3 whore
resulte obtained for two AF(AT Fapers are also shoum for oomparisw,

2442 "Czoss" Particles

At the suggoetion of Col, Robbians the psrticle group attenpted to find
the size distribution of all purtfoles collected on filters U-129X1 and
U-10771, not ju:t the rodiosctive perticles, Active pcrijons of theee
f1ltur papers were dlaprreed on gless slides ard all particles observed
wder the nioroscope were measursd for "diemetesr”, In this case the defie
mition of "diemoter”® {s (he longeet observable dimension, For compsriecn
purposes we also pre;mred "blenke®, “Filter pip<r blanks®™ were sinply
smears of the ocollodion vhich vae uced for disperssl purposes,

-1”-
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Tha result of this worl was that all threeo types of seaples contained
tho ssuwe nuxter of particles per unit area, end, as ors would exp'ct frem
this result, all thres had the saze size aczd oolor distributica, Our
coriclusion, then, is that we pecasured mostly laboratory dust, and that
the standards of oleanliuess necessary for this work ars much hizhar then
for rudicactive particle work,

This work was repeatsd on AFCAl .-filtef nunter U~13-B, whick wa3
10 ti:'ss aa radioactive per unit area as ACC filter U-129X1, Tk: result
was azain fowd to be regative,

In view of these divappointing results, tls only result that cen be
quoted is an uppa’ 1init to tne nwber of insctive particles presont per
yadicaotive particle, Frem ths work dons on AFXT filter U-13-B, one
can say that there are fewer than 10* ncnrsdicactive particles per radio-
active particle, where nonradicactive particles are defined ss being op-
tically detectable ( 1 ), and where radiosciive particles are defined
as baing optically detectable ana &s bhaving sufficlent activity to pro-
duce s spot an photographio filx. The work on ths ACC filters would give
highsr upper limits, dus to the fact that leas debris was collectad on

then, .

E.5 RADIOCFEMISTRY

Ee5.1 Introduction

The original purpose of this part of the program was to estadlish
the shape of the firsion yield curve by racdiocohemiosl analyses for those "
elerents ocourring st lgvenl ints of i1nfleetion of the curve, The
elexints chosen were No”®, Baldd, g,89 agl1l, call®, ane cal3€-137,

It wes originally oorsidersd that an uprurd displaceuent of the curve in'’
the neighborhood of Cd wus indicetive of the relesse of lerge nimbers ]
of neutrors, while horizoctal diaplacements of the slopes of the curve !
(such as that including Ag) eould be used to identigy the fissicnaWle
mterial, Although there ie no reagon to vse chemical anelysie to an-
swor this latter question sbout cur omm bombs, 1t hes always been rec-
ogoized that the successful applicaticn of thite tests to debris frou
forolq baabs would require trat t ese tests be applied to bom of

[«]

'
v

wn [iseionadble content,

A graduslly incressing uncertainty has arisea because of the frao-
tioration of activity asscoiated rith debris from explosions of atoale

weapons,

79

AN T Y 7]



PAWJECT 2,5a~1

An examination of the results pressnted in the tables that follow
will show that frectiomtian in JANGLE occurred to such an extent that
it is impossible to assooiate a counting ratio with a particular ghot
unless the origin of the sample is known, In addition to the saxples
suppiled from statTons set up sa part of thic contract, other sarjles
fraa Afr Force collections and an indeparlent cource have been analysed
and ars reported in these resuilts,

E.Z,2 Expirim:atal Dstails

The results that are incorporated here are comnting rates of stand-
ard veighing forzs of the elexants involved, corrected for decey by
extrcpolation backrard to the Yromn time-zero for eack sho%, Although
the decay surves sre not insluced in this interim report, they have
been carefully chacked and in all cases (except two esrly experimonts on
Sl‘89) have showu decay rates that correspond very olossly to those
recorded for each nuolide,

The coanting rates have also been corrected to tero-thiclness by
conparison against precipitate-thickness curves that were determinad as
part of the preparatiom far this omatract, It is hoped that the ccunte
ing-r:te ratios (e.g. the C4115 rgtio) nay be compared with the sese

1099

ratios mesured oa the products of an irradietion of normal Us0g by
therr *1 neutrons, Ila this vay, the results frem differcnt latoretortes
my be intercompared without tedious aud vulnersble attempts to re-
duce counting rates to disintegration rates,

E.5.3 Precision of Resalts

The ocounting of sarples was cortrolled by the standard statistical
procedures used in radicchemistry, As a rule, the precision of the re-
sults 1s estimeted to adout 5. In those cases where the counting rate
was very low, there will be included in pareathesis iz-edistely after
the ccunting rete, the nins-tesnths errcr ccaverted to gcrconta;o of the
ocounting rate, For exauple, the counting rate of Cdll1d fren senple
S-16-L is reccrded in Table E.4 n‘ 66(23%), This mians that the total
nustcr of counts per minute of Cd 15 (extrapolsted to time teroc und
corrccted to storo thicknoes of precipitute) is 66, and that this nu-ter
has c2e chance fo tem of V.ing in error by 20%,

Standard fsoture cre taven (from a stendard Bg210 source) on each
counter esch working day in this laloratory, Woreover, a careful ohsck
has besn kmpt of the backypround during the lsst five manthe, and a atift
of »s nuch as 8 opm would be cuuse for concern, This constanoy of tack-
grownd hes teen achfeved by placing 2-fnch bricks of lead under the umnu-
al secple otangere, thereby reducing to a suall fraction those effects that
ooze from other sources of radjorctivity that are hardlied in the taserest,
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In Tables E.4 ard B.5 are listed the extrapolaled counting rat;s fer
ths total sazple of each elemert aralyzed, Tests of the filters shcved
that theres was virtually no sotivity on the secord fiiter paper frc1 cach
station, However, both first and second papers were treated by the
standard dissolution procedures, :

The standard practice of laboratcries working on these elszents 1a
to record the ratio of the counting rate of each elan:nt to the Hog“’.
These are also includsd in Tadblss E.4 and E,5,

E.5¢4 Surface Shot (To is Nov. 191700)

The amcunt of activity collected at the four staticns listed balc.,
was quite smll;

Station Gross 3 Count on lov._z_f_.
8-13-1L 151 x 103 opa
S-14-1 63 x 1o§ cpa
S-15-L 6t X 103 era
8-16-L 165 x 10° opa

As a result, the counting rates of Cd and Cs wers so lor that tioy
have little significance,

E.5.5 Underground Shot (T, 1s Nov. 292000)

The distribution of aotivity from this shot followed a very unexyroted
pattern., A heavy surge must have gane from ground-zero in the directicm
toward Statim U-114, because the amount of aotivity collected there was
many times greater than that oollectad at eny of the other three etatiouns
included here, Except for thia station, gross B activity collected at
the other stations was comparcble in amownt to that ecllected on ths sur-
face shot, \ :

In addition to the four samples fram the ACC statione, sctivity was
analysed from a close-in Alr Feroe paper, The papsr was divided into
thrae parts and the different elements snalyzed; each one referred to
" M09 , It wae sssumed here that the distribution of aotivity due to each
nuolide would be independent of that part of the paper teken for ar:lysia.
It 1s nov thought (from other results) that this assuipticn is not al-

ways strictly true,

ne other source of asotivity colleoted {ndependently, was slso sna-
‘1ysed, tut the results of this analysis will be given in the firal report
because there 1s sowms uncertainty whether the saxple (a particle resendling
slag) eanteins dedris from the surfece on *be underground shot,
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In Tadle B.E are listed the results frcam the underground shot., These
are presented in the same gemsral pattern as those frua the surface shot,

E.5.6 Dizscussion snd Conclusions

The distinctive fect about these ratiocs is thelr variation. Although
the precision of the reasuremsnts is sometines low because the total
siount of activity was lcw, there were several carples where tle counting
levels nere higzh emough to rake the raxizum error less than 6%, In the
undirgreund shot, for exriple, the statistical errcrc on the camples frox
Statd na U-114-L and the Alr Force paper wore 1 ur 2%, The great variations
in the Ag/Mo and CdA%o ratics at these stations :wm% be cmsidored accurate
to uithin 8 or 4 ¥, These results confirm the earlier evidence for fructiona-
tion, a term that this l:boratory has until recently cansidered to be a
scapsgoat for di fficulties arising in tlie course of the analysis,

e the reality of fracticietion has been establishsd, the use of
redicchenical results to eatablish fission-yield curves is seen to be
highly vyulnerable, There is, hosever, one interesting ratio that ap-
pcers to be useful in lc:catifying a shot, This ratio is the “lllf
Cdl18 catio, and a turvey of a considersble anmcunt of data from former
clots shows a re.arkable cousiet_ncy in the valuss of this ratio, 1In the
case of JAGI%, we have the folloving Ag/Cd ratios;

Station
Surfaos Shot S-13-L
S-16-L )
The couating data or 3-14L and S-15-L 1s not suffioiently precise to
give a valid ratio,

Station

' O-114-1 -
Underground Shot U-118-L

Adr Forece -
P:per "
J213B .

"hen one considors the grest varfations in the Ar/Mo amd Cd/% ratios
ip Tables E.é cnd B,5, 1t waild at first eecm remsrkable that the Ag/Cd
ratics are as consistent ar they are, But this is seen to be plausidle
(though not et all noceszary), If one oonsiders the relative volatilities
of rd, Ag aud 0d oxides thit are formed by the end of the first scocnd in
an etmio explosion, In fuct, wiin we omsider the p.riocdic wvurieticn n
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the volatility of oxides of the elements, we are led t¢ make a hypotlesis
that will certainly be subjected to an extaustive trisl-ransly, that
fissicn-product ratios will be most consistent when they invelve pro-
oursors and final radioactive daughtora th:t havo similer volatiliting,
This is a ratter oruds hypothesis, and it will likely be conslderadly
refired, It ignores tte influence of variaticnes in tts half-lives of tis
precursors as well as several other relstivel ebstruse pointc of nuclenrr
physica, Certainly, the ocorstaurcy of the Ag/Cd ratios is consiotent with
this hypothesis, :

The solution to the protle: of fractiomatiam will require an inte-
grated effcrt by chenists, physicists, and nucloar physicists engaged in
this work. It is essentially an attenpt to treat rstiornally tho conbiun-
tion of events that cex give rise to such varistions in radiochsnical dis -
tribution as those fourd in the smmalysis of Jangle debris. The progrum
1s being initiated in this laboratory because we realize that it is a
problem of certral irportance in the anslysis of atomic babd debris and
the interpretetion of the results,
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