UNCLASSIFIED

AD NUMBER

AD820147

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution authorized to U.S. Gov't.
agencies only; Administrative/Operational
Use; SEP 1967. Other requests shall be
referred to Commanding Officer and
Director, U.S. Naval Radiological Defense
Laboratory, San Francisco, CA 94135.

AUTHORITY

DNA ltr, 28 Feb 1980

THIS PAGE IS UNCLASSIFIED




USNADL-TR-67-88

- O BIAS IN FALLOUT DATA FROM NUCLEAR
- g SURFACE SHOT SMALL BOY
“-e An Evalustion of

J.N.Pascual

B VX e s 15, il

U.S. NAVAL RADIOLOGICAL
DEFENSE LABORATORY

SAN FRANCISCO - CALIFORNIA « 94135 o =:0

Sample Perturbation by Sieve Sizing -




“NUCLEAR TECHNOLOGY DIVISION
R. Cole, Head

F -

ADMINISTRATIVE INFORMATION

-sored by the Defense Atomic Support Agency under

——-NWER Program A-Tc, Subtask 10,052, —-——— —————~——

=" DDC AVAILABI...Y NOTICE

Each transmittal of this document outside the
" "agencies of the U. S. Government mist have prior
.approval of the Commanding Officer and Director,

f ’*U. S. Naval Radiological Defense Laboratory, San L

Francisco, California 94135.

B e e o e = O U

The work reported was part of a project apon-

P92 0000000 00000 e iEstad 0 0cRonstitetortotoscatiesdP e ettn st itsatiiedtsnnitonodsterteediteentnolditnatsrersnssnidtessyveesh

Evgene P. Ccoper
Technical Director

—_

R -

D T~

D.C.Chmpbell, CAPT USN

Commanding Officer and Director




+ 1

S e

ABSTRACT

Evaluation of sample bilas introduced by ihe mechenical sic . of
Small Boy fallout samples for 10 minutes revealed the following ip
to 20 % of the mass and 30 % of the gamma-ray activity can be lu.t from
the large-particle (>1400 p) fraction. The pan fraction (<44 p) cen

-gain in weight by as much as 79 %, and in aciivily by es wuch as b %. -

‘The gamma-ray spectra of the fractions were not noticeahbly altered by the
process. Examination of unbiased pan fractions (before mechanical
sieving) indicated bimodality of the muss-size distribution irn a seample
collected 9,200 feet from ground zero, but not in a sample collected at
13,300 feet.
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Problem

The discovery of friable, fritted particles in

SUMMARY

Small Boy debris

raised doubt atout the validity of results obtained after use of me-
chanical sieving for size separation.

Solution

The bias effect was evaluated by messurement of weights, gamma-ray
spectra and gamma-ray activities of size fractions that had been sepea-
rated by hand sieving, and by comparison of these results with similar
data obtained by mechanical sieve separation of reconstituted samples.
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INTRODUCTION

(B0

The development and testing of models for fallout formation and
distribution rely heavily on desta obtained from field tests. It is
therefore important to seek out and evaluate sources of sample pertur-
bation and data bias so that these sources, when found to be signifi-
cant, can be elimineted.

A potential source of significant bias was reported in the exami-
nation of debris from Shot Small Boy(1) of Operation Sunbeam (Nevada
Test Site). Small Boy was a low-yield shot fired from a wooden tower
not far above a surface of alluvial silt in a dry lake bed. Although
the particle size of the pre-shot silt was less than 44 microns, radio-
active fallout particles were observed with diameters larger than 2000
u.(2) As Fig. 1 shows, some of the large particles were smooth, glassy
and spheroidal, indicating their formation by the complete coalescence
of molten silt. Others were rough, friable and irregular masses of
sintered siit. These had apparently been formed elther by the aggzlomer-
ation of partially molten 8ilt or by scavenging of unmelted silt by a
molten droplet. It was questionasble whether the latter type of particle
could withstand the severe mechanical sleving the samples received, prior
to their receipt at NRDL, without significant abrasion.
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This report describes the evalustion of this effect. At the time
the evaluation was conducted, the samples were 20 months old.
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Fig. 1 Large Fallout Particles from Sample S2-PC-22 of Shot

g2-
Small Boy. The scale numliers are in centimeters. A piece of gunny

appears at the far right. Sphericel, spheroidal and fritted particles
are easily discernitle.
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EXPERIMENTAL

Two samples of local fellout were used for this study. Sample
S2-PC-22 was collected 9,200 feet from ground zero and sample 305-A0-1
was collected at a distance of 13,300 feet. Both had been received in
the original, unsieve’” condition.

The assembly used for size separation consisted of seven UY-inch di-
ameter Tyler Standard Screen Scale sieves together with cover and pan.
Screen openings ranred from 4L to 2800 microns. Dry sieving was used.
The first sieving was accomplished vy gentle hand sheking inside a plastic
gloved box. Each pan was shaken until it reached a constant weight
(about 10 min.). After the sieving, the sieves were disassembled, and
the contents of each sieve were transferred, with the aid of a funnel,
to a pre-weighed screw-capped bottle. No particles were found on the
280C-micron sieve, but all the other sieves had retsined particles. The
size fractions were weighed, and assayed for gamma-ray activity with a
well-crystal detector. Then gemma-ray spectra were obtained with a
Technical Measurements Corporation 400-channel analyzer set at 2.5 kev
per channel.

Samples of each pan fraction were mounted for particle-size counting
by microscopic examination. First, a drop of cedar o0il was placed at the
center of a gluss microscope slide. Then a fine spstula was used to
transfer a smell quantity of the dust onto the glass and the resulting
mixture gently spread over a l-inch square area of the slide with a flexi-
ble Teflen r °. Care was taken that no agglomeration of dust particles
occurred during the process. Counting was done through a 10X eye piece
and a U3X objective lens. The smallest scale sub-division of the
graticule under these conditions corresponded to 3.03 microns. The
slides were scanned up and down, starting from the left to the right or
vice verss until the whole square inch was completely scanned. 8,682
particles were measured for Sample S2-PC-22; 2,926 for Sample 305-A0-1.

The samples were next reconstiuted from the size fractions and re-
turned to a reassembled nest of clesned sieves. The nest was covered,
and mounted on a Ro-tap machine for mechanical shaking. Sample S2-PC-22
was shaken for 10 minutes and Sample 305-A0-1 was shaken for 30 minutes.
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Upon completion of the shaking operation, the nest was again disas-

sembled and the weighing and counting operations were repeated.

corrections were necessary.
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RESULTS AND DISCUSSION

R

Effect on Mass Distribution

Tables 1 and 2 compare the mass distributions before and after me-
chanical sieving for the two samples. 1In both instances losses occur
in the first two or three fractions. Tt is noteworthy that a greater
percentage of attrition was observed in the sample shaken for only 10
minutes then was observed in the sample shaken for 30 minutes. This may
indicate that aefter 10 minutes, further abrasion is negligible. In each
case a minimum loss is observed at the 175 to 350 micron fraction. This
might simply mean thst abrasion cf particles of this size was compensated
by addition of similarly sized particles formed by break-down in the
coarser fractions. The L4h to 83 micron fractions and the 88 to 175
micron fractions again show losses for each sample. Finally, the pan
fraction in each case shcws the expected gain. In each case a few per
cent of the totel mass was lost. It is not known whether this lcss is
due to particles caught in the mesh or to the formation of a dust which
was blown away. If the unreco.ered mass belonged to s single particle
size fraction it would have a pronounced effe-t on the gains indicated.
In spite of the qualitative similarity between the results, there is a
considerable lack of agreement in both the amount and per cent of net
gain for any given fraction.
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Effect on Activity Distribution

e

Tables 3 and 4 illustrate the effect of Ro-tapping on the distri-
bution of gross gamma-ray sctivity with particle size. Except for the
175 to 350 and the 350 to 700 micron fractions, there is general corres-
pondence between the gains of mass and activity in Sample S2-PC-22. On
the other hand, the changes in gross gamma-ray activity distribution for
sample 305-A0-1 correspond rather poorly with changes in the mass distri-
bution for that semple. Agsin the sample shaken for the shorter time
period shows the larger effect. Again also, the attribution of the de-
parture from mass balence to a single fraction wouid have & pronounced
effect.
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Effect on Mass Distribution for Sample S2-PC-22

TABLE 1

Weights (mg)

Size Range {pn) Hand Sieved Ro-tapped (10 min)  Gain Gain (%)

>1400 98.5 79.3 -19.2 -19.5
700-1400 177.8 177.7 -20.1 -1i.3
350700 386.5 391.0 4.5 1.2
175-350 51.7 56.6 4.9 9.5
88-175 99.1 84.3 -14.8 -ik.9
44.88 2h6.5 231.1 -15.4 - 6.2
o-LbL 32.2. 57.7 25.5 79.2

1,092.3 1,057.7 -34.6

TABLE 2
Effect on Mass Distribution for Sample 305-A0-1
Weights (mg)
Size Range (u) Hand Sieved Ro-tapped (30 min) Gain Gain (%)

>1h00 150.7 139.2 -11.5 -17.6
T00-1400 181.72 177.0 - 4.3 - 2.4
350-700 658.2 646.3 -11.9 - 1.8
175-350 194.9 1g4.9 0.0 0.0
88-175 159.2 158.2 - 1.0 - 0.6
5488 7L 137.7 - 9.7 - 6.6
O-bk 54,6 68.7 14.1 25.8

1,546.3 1,522.0 -2k, 3
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TABLE 3

Erfect on Activity Distribution for Sample S2-PC-22

Gamma-Ray Activity (10”cpm)

Size Range (p) Hand Sieved Ro-tapped Gain Gain (%) :
>1400 9.0k 5.6L -2.L0 -29.8 |
T06-1400 13.37 9.84 -3.53 -06.4 3
350-700 30.91 30.20 -0.71 - 2.3 .
175-350 3.78 3.59 -0.19 - 5.0 =

88-.75 1.00 0.91 -0.09 - 9.0

L4-88 0.54 0.48 -0.06 -11.1

0-hk 0.09 0.13 0.04 Ll
5T.73 50.79 6.9 T

TABLE L

Effect on Activity Distribution for Sample 305-40-1

Gamma-Ray Activity (105cpm)

Size Range (n) Hand Sieved Ro-tapped Gain Gain (%) i
>14L00 1.11 0.97 -0.1k -12.6
T00-1400 5.19 5.64 0.L4s 8.7
350-700 35.60 36.50 0.90 2.5
175-350 7.80 7.54 -0.26 - 3.3
88-175 2,95 2.97 0.01 C.3
4488 1.78 1.67 -0.11 - 6.2
0-U4Y 0.6h 0.84 0.20 31.3

55.08 55.13 1.0%
]
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Effect on Gamma-Ray Spectrs

It is well known that the smaller particles in fallout are richer
in the volatilely behaving activities, It was therefore reasoned that
the break-up of fritted particles might produce notable changes in the
relative content of volatilelyiehaving snd refractorily behaving ac-
tivities in the small-particle {ractions, Examination of the spectra
before and after mechanical sieving indicated that this effect, if
present, was too small to be observed.

Pen Fraction Analysis

Tables 5 and 6 1ist the numbers of particles found in different
size ranges for the examined portions of the two pen fractions of the
fallout samples. In each case the number of particles is extremely
large in the range below 0.343 microns and only a few per cent of this
number was found in the next larger fraction. This data gives the im-
pression that the pan fractions consist almost entirely of sub-micron
particles. However, if the frequency data is converted to weight data,
the values listed es Nd3 in the third column of each table are obtained,
and these give quite the opposite impression. Although this third column
lists simply the product of the number of particles with the cube of the
diameter, this quantity 1is approximstely equal to the weight of the
sample from the pan fraction in picograms. The last column in each
table gives the ratio of Nd3 to the size range Ad. This type of pre-
sentation tends to normalize the effect of bin width on bin population.

This column shows a definite peak at 8u for sample S2-PC-2Z2 but no
definite peaks for sample 305-A0-1.

Adulabitad el L

aroathst uak aashl

[FRESRAT I

N i
il bt teebit st st il

W1 g




TABLE 5

Particle Frequency-Size and Mass-Size Distributions
in the Pan Fraction of Sample S2-PC-22

Size Range Ad Number of Particles Nd5 Nd3/o4

(u) N (u3)e (u2)

0- 0.343 8,140 L1 120
0.343- 0.686 30hL by 120
0.68- 1.029 Th 47 137
1.029- 1.370 25 L3 126
1.370- 2.40 24 _ 160 155
2.4 - 377 =l B 720 526
3.77 - 5.83 12 "1, 300 T 631
5.83 - 7.55 ar 8,100 4,700
7.55 - 9.26 29 24, 000 1h 000
9.26 - 11.32 11 11,000 5, 000
11.32 - 17.15 10 28,700 L,210
17.15 - 20.58 3 17,400 5,070

®a 1is the midpoint diameter of the size range.
Nd3 is proportional to the volume and approximately equal to the weight
of the examined portion of the fraction in picograms.

TABLE 6

Particle Frequency-Size and Mass-Size Distributions
in the Pan Fraction of Sample 305-A0-1

Size Range &d Number of Particles Nd3 Nd3/aa
(n) N (u3)e (142)

O- 0.343 2,765 1L Ly
0.343- 0.6%6 73 10 29
0.68%6- 1.029 54 3k 99
1.029- 1.370 9 26 7
1.370- 2.L4o 6 4o 39
2.0 - 3.43 9 220 213
3.43 - 6.86 i SkLb 159
6.86 - 11.32 2 1,500 336
11.32 - 13.72 1 1,530 637
13.72 - 34.64 1 114,100 673
34,64 - 38.00 2 96, 000 28,600

83 45 the midpoint_ diameter of the size rang
Nd3 is prop org?onal tg the volume end apgroxgmetely egual to the weight
of the examined portion of the fraction in picograms.
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CONCLUSIONS AND RECOMMENDATIONS

The results of this study clearly indicate the cample bias that
can be introduced by mechanically shaking fallout samples. Only 10
minutes of shaking is sufficient to reduce the mass of large size
fractions by 20 4 and the gamma-ray activity of these fractions by 30 per
cent. Pan fractions (<hi p) can gain in weight by as much as 79 % &nd in
activity by as much as 4h 4. For predictions of fallout patterns in par-
ticular situations, perturbations of this magnitude are not serious in :
comparison with other uncertainties ir weteorclogical conditions and {
sample reproducibility. However, they are sufficient to mislegd invesii-
gators studying the partition of debris between local and worldwide fall-
out and the problem of dust loading. Therefore, mechanical shaking is
unsuitable for the acquisition of data which will be applicable to
studies of this type. '

The unbiased pan fraction data for the 13, 300-ft sample indicates a
gradual tailing off of mass with decreasing particle size. No evidence
of a second, small size peak in the mass-size distribution of this sample
was ohserved, The 9,200-ft sample, however, shows a definite peak at 8 y,
which may correspond to the original lake-bved materisl. This indicates
the possibility that such material wzs bvlown into the sample by the blast.

10




REFERENCES

E. C. Freiling, L. R. Bunney and F. K. Kawahara, "Operation Sun Beeam,
Shot Small Boy, Project 2.10., Physicochemical and Radiochemical

Analysis (U)" Defense Atomic Support Agency Report POR-2216, by U. S.
Naval Radiological Defense Laboratory, 28 October 196k (Classified).

G. R. Crocker, F. K. Kawahara and E. C. Freiling, "Radiochemical-
Data Correlations on Debris from Silicate Bursts," in Radicactive
Fallout from Nuclear Weapons Tests, U. S. Atomnic Energy Cowmission,
Division of Technical Information, CONF-765, November 1955, p. T2.

1l

ki

a







Chemistry-Health and Safety/Supplemental

INITIAL DISTRIBUTION

Copies
NAVY
2 Commander, Naval Ship Systems Command (SHIPS 2021)
1 Commander, Naval Ship Systems Command (SHIPS 03541)
1 Commander, Naval Ordnance Systems Command (ORD O3L)
1 Commander, Naval Fecllities Engineering Command
1 Chief of Naval Operations (Op-OT7T)
1 Chief of Naval Operations (Op-75)
1 Director, Naval Research Laboratory
1 Superintendent, Naval Postgraduate School, Monterey
ARMY
1 Chief of Research and Development (Atomic Office)
2 CO0, Army Chemical Research and Development Laboratory, Maryland
1 Commander, Nuclear Defense Laboratory
2 Civil Defense Unit, Army Library
1 Headquarters, Army Environmental Hygiene Agency
1 USACIXC Institute of Nuclear Studies
2 Office of Civil Defense, Washington
1 Office of Civil Defense, Director for Research
AIR FORCE
1 Assistant Chief of Staff, Intelligence (AFNIE)
1 Chief, Systems Engineering Group (SEPIR)
1 Director, USAF Project RAND
1 Director, Air University Library, Maxwell AFB
OTHER DOD ACTIVITIES
1 Director, Defense Atomic Support Agency
1 Director, Defense Atomic Support Agency (CDR V., W, Cane)
1 Commander, TC/DASA, Sandia Base (FCIG5, Library)
20 Defense Documentat ion Center

13

dand s

'
ol bbb,




N W FND N

bt 4 s
N

28

~AEC ACTIVITIES AND OTHERS

Atomic Energy Commission, Director for Research

AEC, Division of Biology and Medicine (R. Beadle)

AEC, New York Operations Office

General Atomic Division of General Dynamics, San Diego
(Dr. J. Norman)

Los Alamos Scientific Laboratory (Library)

Mound Laboratory

NASA, Lewis Research Center

NASA, Scientific and Technical Information Facility

Public Health Service, Washington

University of California Lawrence Radiation Laboratory,
Livermore (Dr. R. Heft; Dr. E. Fleming; Technical Library)

University of Celifornia Lawrence Radiation Laboratory,
Berkeley

University of California at Los Angeles (Longwill)

University of California (San Francisco Medical Center)

Division of Technical Information Extension, Oak Ridge

USNRDL

Technical Informaticn Division

DISTRIBUTION DATE: 18 September 1967

14

1 OO = 11190 e b e e
i




*3933 DOCCT 39 DPI0a[[0o »Tduws ® UF 300 Inq ‘0I9z punosd wol 3233

0026 P2I9ITT0 ITdWes © UT DOTINQTIISTP IZTE-SEF0 243 JO AITTUpoWTq Pa3sd

-Tpul (Sulaals TWOTURUOA 210391 ) SUOTIIVLZ ued paseIquUN JO UOTIBUTWRXT
-gsaooxd aqy £q pazaszTe ATQEsOIIOU JOU 3lda SUOTIVBIZ Y} JO gIwads fea
-womed oq]  ‘§en SV UITR 9V £Q £3TATION UT pUR ‘6L SU U g% £Q IyPTaa

4

ll

+1593 OOE“CT 39 Pa3oaTToo arduws ® UT 30U Inq ‘olsz punciB woxy 3833

0026 DPa39TT0 TdWeS ¥ UT UOFINQFIISTP ITTF-8e¥W 43 JO A3TTWpoRiq P23sd

-1pu] (BUTASTS TEITUWHOAM 3I0J3q) BUOTIORLY ued paseyquUn JO UOYIBUTWEXI
sss89004d a4y Aq patajTe ATQUINII0U J0U IIak SUOTIDRLT BYI JO wa3oads L1
-vmred Yyl ‘Pxh SV yorw ¥w £q £3TATI0E UT puv ‘§GL SO yYorm sv Aq YBTam

’
'

GO (g200)
R - ued ueo (0 4n>) U010V ued
' , °4l -uoj3aoeay (M OOMI<) 2To5%red
v _ s -33JeT Y3 WOXJ 3§0T @Q UED L3T4
-j3ou Avz-emmed Y3 JO 4L pue sswm ayl Jo %02
03 dn  :3uTwOTTOJ &Y} PRTISAI §InUTW QT 10

31311 I1 | setdwes noTTe; Log TTWUS JO BUTASTS TEITUBUISE

‘y ‘0 ‘Tenossd "1 | su3 £q psanpodsuy £8lq STduws jo uoljenTRAZ
Bujidwes ‘G QILIISSYIONN "8Jea 2
I8 ITOIITRd 'y NI $91qe) -d £2 L96T aung G2
$1a990  °f Tenoged *N L Aa ‘ONIZIS 3AIIS X€ MOLIVE
$3523 -4AINEd TIIWYS 40 NOLIVIXYIVAY NV X0€ TIVHS JOHS

suodeaa JeaTo0y g TIOVINS ¥VTIONM WOHd VIV LNOTIVI MO SYIK

30 88~ L9~ UL-TqHNSO

-TI93 2ap3owoIpRd T ‘2 ;RI0qU] ISUIRQ TVOTBOTOTPRY TeARH

———— (2aa0
@ELIISSYION ,-. uj ujes :aw (" n>) uoT3oRay wed
v oeul  -uot3onay (M 00oMT<) PToTIIwd
v+ -38X8T Y3 ©OLJ 3IFOT @q UBO L3374
-140% Asi-wmmed syj JO 40f puw SSER Yy JO %02
03 dy  :BUTROTIOJ U3 POTE3AIL §INTTR QT IO

9131l I | serdues qnoTTe) £og TTWR, JO BulAals Ted1Teqdad

‘N L ofTenased -1 | sy3 Aq psonpoajul seIq sTdres jJo voljenTealy
fuytdmes ¢ CILLISSVIONN ‘633X 2
9718 SToTITRd Y Ty g2aTqe3 *d €z Lo6T sunp g2
s11030 € Tendssd *N °r Aq ‘ONIZIS JATIS X4 NOLIVE
£3893 -YAIYAd TIINVS JO NOLIVNIVAS NV X0€ TIVAS IOHS

suodwan Teatony FOVIINS MVTIONN WOHd YIVE LNOTIV NI SYIQ
2no 68~ L9-UL-TQINSN
~T1%J @aaj3d%cTpRy I £107830Q9T $3Ua3a0 ToTBOTOTPEY TUAEN

.
<




.

UNCILASSIFIED

Secunty Classification

) DOCUMENT CONTROL DATA-R&D

(Security classilication of titlo body of absteact and indexi '
N ng annotntion munt be entered when
V. ORIGINATYING ACTIVITY (Corporate author) e opent 1 r,.."”.d)

28, NEPORT SECURITY CLASSIFICATION
E £y

U. S. Naval Radiological Defense Laboratory
San Francisco, Crlifornia 9hl135 26. GrROUP

J. REPORTY TITLE

BIAS IN FALLOUT DATA FROM NUCLEAR SURFACE SHOT SMALL BOY AN EVAiﬁATION OF SAMPLE
PERTURBATION BY SIEVE SIZING ‘ -

4. DESCRIPTIVE NOTES (Type of report and inclusive dates)

S. AUTHORI(S) (First name, middle initial, last name)

Juan N. Pascual

6. REPORY DAYTE 78, TOTAL NO,. OF PAGES 7b. NO. OF REFS

18 September 1967 23 2

6a, CONTRACT OR GRANT NO. 9a. ORIGINATOR’S REPORT NUMBERI(S)

b. PROJECT NO. USNRDL-TR-67-88

c. DASA, NWER Program A-7C, SU.bt&Sk lo .052. 9b. 31;’:.5:0:5"0“? NO(S) (Any o!{ur numbers thet may be asaligned

10. DISTRIBUTION STATEMENT .

Each transmittal of this document outside the agencies of the U. S. Government must
, have prior approval of the Commanding Officer and Director, U. S. Naval Radiological
Defense Laboratory, San Francisco, California gk135.

1t. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIV"TV
Defense Atomic Support Agency
Washington, D. C. 20545

13. ABSTRACT

Evaluation of sample bias introduced by the mechanical sieving of Small Boy
fallout samples for 10 minutes revealed the following: Up to 20% of the mass and
30% of the gamma-ray activity can be lost from the large-particle (>1L00 u) frac-
tion. The pan fraction (<4l g) can gain in weight by as much as 79%, and in acti-
vity by as much as 44%. The gamma-ray spectra of the fractions were not noticeably
altered by the process. Examination of unbiased pan fractions (before mechanical
sieving) indicated bimodality of the mass-size distribution in a sample collected
9,200 feet from ground zero, but not in a sample collected at 13,300 feet.

LASSIFIED

‘Security Classification

A/ 0101.807.AADI

DD VL1473 (PAcE D UNC




UNCLASSIFLED

Security Classification

KEY woRrRDS

LINK B

AOLEK

AN e

Fullout

Small boy
Particle size
Particle activity
Nuclear debris

wT

—T

Veovee 1473 (eack)

UNCLASSIFIED

Security Claasificstion

vt st st v 4ol

it bkl L

MRABE. B

B - T R

© | i bt st



