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1 ABSTRACT

. Quantitative measurements were made of the radicactivity of indiwidual
] 1 fallout particles from a nuclear detonation at the Eniwetok Proving Grounds.
> These measurements were possible since individual particles which represén-
. ted approximately 1010 or more fisgions vere obtained. Although several
types of particles were observed, the data were generally resolved as being

.. -
‘. I
B e

. derived from two major particle classes depending upen whether the coral F_:

’ had undergone an cbvious physical alteration such as melting. .';-».
Y

A nuzder of 1 iv:ld ggicla ware radiochemically analyzed for the i:

nuclides Ho99, B& azd Np239, The data cbtained, together <5

, with gamma spectral and decay rsasurcuents, irdicate that fractionation of
A . radionuﬁ%i.del was preainent in the falleut particles. Measured R values
) for Bal rC9 based on 4099 were over an order of mignitule lever im
the altered particlel than in the mere normal-appearing or unaltered par-
ticles. The fissisns/gram values of altered particles dveraged 100 tiues
1 that of unsltered particles. Gomma decay curves of the two classas of
particles taken from I+50 to Kt+10,000 hr showed marked dissimilarities.

r' ‘."..".. 3 ..."'.-_'r. '( T‘J

In adlition te the estsblished feasibility of the imilvidusl rarticle

peasurcnents it is postulatad that the radicactive cerpesitien of fallout v

&t any poiat =2y be dateruined by the relative nuzbers of the two major

j clasges of particles ebserved. ~
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The Problenm

With few exceptions all studies to define the radiochemical composi-
tien of fallout have beea conducted with total falleut collsctienms, 1.e.,
with falleut collections each ef vhich was conmposed of many individual
particles. The gemaral application of such data to hazard definitien amd
predictien and to such problems as falleut formation theory, rediological
dscontaminstien, fractionation of rsdicmctive nuclides, etc. has been
restricted by & lack of knowledge concerning the nuclide compesition of
individual fallout particles.

The purpose of the present work was to detemine the feasibilily of
individual particle analysis, Feasibility was defined as the ability to
Quantitatively asseas individual particle radicactivity. It was estizated
that individusl particles containing reddcactivity from apprexizately 1010
flssions would de rsguired for guch ssgesezant. It wes further intemded
that if, indesd, such analynses were feasible, sufficient data weuld de
ebtained te establish smounts of several ruclides asd to search for &iffer-
ences (1.e., fractiozntion) in radiomuclids composition betwosn individual
particies. *

Fixdings

Messurerents were mods of the redioaciivity of sppreximately 1000
fallout particles from a wmuclear dotenatioa of Oparetien RELIE3. FPeasi-
bility of individual marticle annlysis mrthinds was established by ralio-
chendieal enalysis. Differezces ia radignstive cerprsitien wore cbserved
betvwoen mernel-appasring corel parvicles ecd paréicles which kzd urdergens
sbrisus physical altorediscn such as melting.
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MEN

The radiechemical coxpesitiens of falleut {ra- several nuclear weapems
Xasts have been studied im wany iavestigatioms.t-T With fev exceptions all
such studies were cenducted with large fallout collectiens, i.e., with fall-
eut collactiens each of thich was corpesed 2f many individual particles.
Although faliout particles have been cxanined en an individual basis,

very fog_innsusatim of their radiechemical compesitiams have been re-
ported.S-11 Xervever, the rodieactivity data ebtained im these particle
studies were of a relative mature.

The ceasiderable amount ef rediechemical werk em totel mixtures amd
ths werk em imdividual particles has been useful te defins falleud harerds
and te dsvelep thoerics fer predictien ef such hazards. Howover, i% may
be siated without elclboraiiem 4t the gemeral epplicatien of such data te
Razard definitien azd predicticn, and to such predlems as falleut fermatiesn
theory, roliolegical decontzmizatien and fractieastien ef radicactive muc-
1i¢as, h2s booa resiricted by 8 lack of knowledge coacersing the uuclide
ccopositien of izaividual rarticles. The aceuisities of euch kusvwledge
by rofiechemical annlysis of simgle fallsut purticles is o logical exton-
sica of Loih rast and preoent ctuliss en gross simplea of rodieactive fall-

eud. Such a=alyses have ths sdvantoge ef startirg vith sisples cystiemus frewm

vhich thooratical deduckiens =3y be dorived for sore cerplex sysieus.

Sinca 13t%ls graatisctive inferantica vas syailable concerning levels
of rediszetivity or of grocific muclides sscaciatsd with single yarticlas
of fallont tha priuavy-purpese of the proscnt vork was s explers ths feas-
ib11dty of such exxliyzos. For ike purpccas. of this invesiizatien femni-
bility was &afized &8 the £Hility $0 qusuiitatively acsess ivdividual per-
$icle redicaciivity. IS wvas crkimated thod iedividuald particles centairing
ralieacsivity frea oppraxireiely 1020 fisslers wuld be rsquived for cuch
aszesonsat. I% vas fuorther fnten?ed thol, 1f, inlccd, such eaonlyses wire
fezsiblo, sufflelent énta would be obtzined to eotablisch amounts of severel
suclides ond 3o ceazch for differcncos (i.e., fractiematica), in redionwelide
cexpasition betnca indtvidusl particles. . . -

Moastrorants wore cawrisd eut en pariicles frza a nuclsar dstonatien
o Oparatisa T=Es.18  Izdividrsl particles ware exenized o dateruiue
Rotal rodlezcdivity axd $o estixmbe the nuaber of fisslca ovents &g&ﬂimx
to_gzeh roliczestvity. Arnlyses wors nade of the 8r%9, 1099, Bl gaa
rp239 contec? ozl of the waight of sepnrate particles. Cums ray spactre
sud rotss of dscay of particles were c¢blaimed.
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PROCEDURES - < -->*

his Sectien considers three tepics. These are counting instrumenta-
tin,cnibnthucuw MR T . N

- . « - sy . - .
. 2 LR A L0 S SR L IR TLEA Y

Descriptien of Cmuai Tnstrasextation AT e e

Several types eof ceunting instriments were und in thuo cxporinnta s
Brief ulcripum of these instruments are givea bdelew. j- B

- LRy At e
L e MRS VT

Gmmneounm

)} "

¢ - The grmnm mn m (torul the "RC") ecuhtn of & cylimri-
cal nll-type EaI(Tl) crysial, 1-3/k iu. in diam. by 2 1d. leng, ceupled’ &'~ .
tal@anum:tphototubovhichhtmheommdtoapnmm1d .

. t amd scaling circuit. The usit is capable-ef high count rates.  Linear re- *: R

' spease up t0 1,600,000 crm is ebtained with high-purity, fass decaying ~ - LV

; calibratien stanlards. She ceunting efficiency ef the system imcreases = - - . v

. with dcerouhs mrgy ofthmmmer assay (uupt utnrylo' e $

| emrgles). - o : a8 i
J msh-'prum gosns 1oniuun- ehubor W e e L : - w;".':'- 2
. TG, e s E1IRFaNR |
The high-pressure gazm ienization chmbcr (tcmea the "o:c") :lo | ?} %
, sinilar in design exd eperatiom 4o tho charber described by Jenes snd . EH S CALy
: Overuan.ld 7his irstruzont previies & mear 4-pi sseay gomatry by msams - - Yl
« of a 1-3/4 in. &icn. by 8-1/2 im. lexg, thirble which extonis imto & cym- 2
S érical stecol cheuber. The chenbar coxtains argon gas at 60O psig sad & - - .

[ cellecting clectrole consisting ef a wire mech grid-surreunding ths: thnblo.
- ' Tha chasber is cemnscted extorrnelly to verisble resistors amd to o vibrate -
4 ! ing rced electrazmeior. All dsta procured on this iustrument vere mormalized’
relative to & 100 g radiua steadord rooponse of 560 x 10-9 ya ef icaizatien
currende Althcugh {he ccunticg officlency of thi imstrunext is lew, I8 h
wseful for the asscy of o wilds reage of radiwti.ﬂty (for exexple, the - -
lzstrozant 13 sonaitive to 0.02 to 100D pc of Cot0)., The counting efficiendy

of this iwatrurent is & mncticn of ga;z.m rty eurgy ud :lnercuu vith h- :3\;1}&

cnuiss (,mzza omrgy. Taaw i . e E‘-’ f
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Prepertiom) beta couxters
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The scaling portiens of these counters are of conventional mature.
Detechers consist of sexi-cylimdrical lesgitudisal chambers cemtaining l-ml
Yungsten wires. 7The ceunter gas is 90 % argesm swd 10 § carbon disxide by
The gas flevs ceatimususly abeve a 1 mg/ca?
$0114 ceuating samples ars cemtained im filter paper discs msunted en

brass plauchats which are imdexsd to a repreducible pesitien im aluminum
| holders. lLiquid ssmples axe ceunted after placement em thia
stretched over holes in aluminum capds. .

Sixgle-channel gamms pulse height ia;nlncr

aluninizad Mylar wia- .

Piassic filme -

PR

3 Calibratisns

TN

Naacarozents

Aeene T
7

\

detaxiznticns,
ninaticng are deseribed belew.

Trea pricory types of caalyiical dvteminatiens were carrisd eut.
These wire rudieactiivily roasuroxnents, rediechualcol sfnalyses and weight
The spocific determinations and the rexgors fer the deter-

Adlanctivity mansurenents
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ha unit censists of & 1-1/2 x 1-im. Nal detecter, limsar ampli-
fler, snalyzer, step scamaer, amd digital recorder. The smii crystal -
eupleyed with the analyzer is useful fer scamaisg the lew mgy pertien of
the fissiea preduct spectrum fer phetepeaks. frem ¥pe3dd amd e, -

’

i Prier %o receint of the falleut samples & muwfar of prelimiwary experi-
mauks were mede using eariched wraniua (93.2 4 U235) sacples irredisted im

8 hi:%2 mautron flux for parieds less tham 30 nim. $he purpese ef these

1 axparirsits was e ifuvestigats the sccuracy axl repreducibility eof ixdivi-
duel measurerexts which vore cemteuplated, estehlish & precelure fer rani-
pulaticag ef tho falleut savpoles, dofize minimum accepieble nctivity lsvels,
intzr-ealibrate csunting lustruxemts, and previds "sexrmal” decay curves: .
for ralieactive mixturcs produced by thermal meutrea fissien of 0235,

¥23% of tho activity dsterminstions corsislal ef weoasurewent of - -
o= rodistiea with eltkor (or Loth) ths GICTar 4hs Wl.: The veluss eb-
taiz2d €2 (hose Instroculs wore ncefl fip pifi oy KS0dy pUopIses, t9 establish
raiea of Cxz2ey 2xd ta ceiTire the gamuin activities of different particles by
: calerlniien of {urse activity ratics. Tacoe ratics were: (&) wsll cagntl
per miznte por williszoure (U0 cnz/wa); vell cowis por nimuby par 10
sicas (EC crw/10%t); aed milliszperes per

104 fissiens (a/10%). fe-
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Both the mumerator amd the dememimator values ef the ratie WC cpm/ma.
were obtained with imstruments vhese detectien officlencies varied with -
gurma enexgy. As msted above, the efficienmcy of the well ceunter decreased g !
with increasing gama saergy, vhereas the efficiemcy ef the ionizatiea .. .-
chamber imcreased with imcreasing gamma emergy. Consequently, the raties.
WC cpu/ma for simgle particles (at a given 4ime) reflect differemces im .. -
‘he rediounclide cempesitiens ef the particles. Thus, the WC cpm/ma raties i
ebtained o the sone time for 4wo perticies may be ceuprred te investigade- - . T
gress diffarences iam redienuclide ceumpositiens of the twe particles. Im - R
additien, the WC cru/me ratios of & large mumber ef sazples Mave the advam-. i
tage of beiug ensily measured vitheut recourse te fissien determimstieuns.

5 — o ———— g - 5

s aah Wi s an at i mal

Cezputatiens of the rasies WC cpm/lo,*f and iu/lo"f were carried eut i
for the fellowing reasons. In the exaninstiom of radieactive falleut it AN
18 cenmor practice te present amalytical results im temms of fissien events -
which the sawple redicactivity (er sample radiomuclide coxposition) repre- ... . ’
sents, that is, the mumber of fissiea eveais which result im the sample ... . '

LL pui

-

radienctivity (or sample raiionuclide compesition). The value fer mumber "
of fission events is dotermimed by rsdiechemical amalysis fer Mo59 as ds- 3 ‘
scribed later im this report. Using fissiens (i.e., 1047%) as the denomin- -

pany ExleibCd

; ; aters 1a the raties has tke edvestage of previding a single cenparises base’ e
j ¢ which, im itsclf, 1s uot Qoponlent tpen time ef axalysis ani which does met -

*  change vith %ins. Morcover, each rasie roflecis radiemuclide ccrpesitiea. ©omeT
! As such, it is pe3sible t5 ceupare either the WC cpm ror fissien or ma per . ) .
i fizolom rodics of a muzber ef particles te distirguish differences in ratie~ . \

i wuclilde cerpositiens of the particles. Ia aldditica, the retics may be used . i
i 4 cexpube total fiscions fer particles vhich have xet Lioea sthjected %o . - - :
' rgdlechondical axglysis tut Lave besm aszayed em the wall ceuntor asd feai- )
; sation chacber. - . SR S . e . -
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Other raiicactivity measurencats were carried eut with tbe single
. chaazel pulse hoinhd emalyzer sad with the bsta counter. The sualyzer wes. .
) used 49 roosure 2099 and Bp239 (as deceribed belew) axd also to ebtaim -
' gorcen spoctra which vore eploysd ia the inmterpratatica ef etivwr masure--
corts. Sha hoba ccapisr wss used im tho assay eof imdivilual separated . -
7 ; fissien prelucts.. - . R A T . .o
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Beldiechzrdcal antlyses
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A nacbor ef irdivituel particles were dissolved and radiechomd- .
cally sralyzod to investisnte Aifforeness in radieuvclide cemposition
botuoen 4he pordiclcs. S22 pariicles woxe plocsd in a owdll volwzstric flask :
usier a lev-pswer bizcculor micwnscopd.. The scuple was thon dissolved by | )

=Y

T vait Y10t Shanicns® 43 widely used o3 o conveniead cenpuiaticnal bise .
&% thls laboratsry for radicetenicnl exd radicactivity BOUSUTCRIORES 24222 ., i
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umlicaun of varieus mcml. lut ot tla lom niorhl (u( activity)
of a single particle dissolved im a fev dveps of 5K HCl. The remaiming .. -
selids usually cemsisted of amall black particles which appeared %o de .. .
carbongcesus and which were dreught iate selution by tho uuitin qt m
ummpnr'rafncloumm.u...‘ e Al ey -;

- Redfechemical measuresents ef 5199, uo99, 3.1&0.1‘1!;0 and m239

mc curried out. EKach of these specific.auclides wvas nlectol. m. :

s n.tuﬁal ue or more ot the tonwhs critorh:~ RN S € v
-_'( -

m nuclido vu emia.crea. a roferncc luclilc or. nnendo

of particular interest frea previous werk (e.g., amd

Aenai i o

17467 @

53

Y.

The auclide was kuowa %o di-proportimu (1...

in i%s distridution in falleut.

For example, 8

,gu.-u

. found te mcﬁionto uvmly btt\nn umplu fm th sane

Ce

4.

ST .- datomtion.3a

!hn half-lifc, (ecw nchm nl. iutnmut rospouo f.ctcu
of the xnuclide were well kmewm. It was -Jdesired that the
auclide decay to & stable daughter and that the aunclide
censtitute the sdle or xajer radiexuclide of the chu:t
present at $ime of separatien. .

The muclide ceatributes 1 % or more to the total fissiew
praduch beta disintegration rate at some time during the
arbitrary time peried of 1 te 28 days post-dotenation.

of & lizglo sclution of the Qiscolved c&'.ple were used.
low activity sacples it was nacesss

the entire sexple solutien.
of the sipzle-cheanol pules helght oanlyzer. The laticr
besed on anolysis of tha photepsak area of &avghter TcOOR

However, with

to czploy a gequential axalysis ef
Sez2z K a20lyses wire carried cut by use

tachns.qnc is
Yhes sgree-

—y

" @. Well established and reasorably rapid ra.iochemial pr.cduru tt"‘

vere avallable for the nuclide. ]

. ﬁsﬂzbigo.al radiochenical precedures ve*n uwsed in the anslyses 43
of 5289, Balt0-1a140, ¢xd, in seme caszes, 1699.23 Hermally aliguots o

’f

T TS e >
el s

L2334 M
s

i

want botween 13 two mathsds ves usually within 30 § when carried out en i (A
the saze sasplas. Similar phetepeak erea aundlyses wexrs used to determine : f
ausunts of Ep?

The rodfechomical results ware calculaded im terms of Ep239
preduct-to-fisnien (p/f) Taties or R valuas. %52 formar veluss wexe cale
culatad Airectly frem tha mushers of atoms ef tha ixduced cetivity Lp=37,
azd $ue $oial fizsicas as calculated frea the ruder of atons of K for
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each sazpls.. Ths R values fer Balt0 apa 8189 vare defined 1m the pnnl T
warnor by the ratie ef atens ef the puclide to the atems ef the reference /
enclida, 1399, as evserved in the sarple divided by ke sems ratie for . -
thernal nausyen fissien of U372, PFren this dofinitiem it is apparsnd ihat
R values from falleut carples indicats the comoimsd offects of fractieastiom
snd variatiens in fiosiom yield. Altheugh lower than thermal fissiea ylelds
for S esl Bal%0 wero expseted for fast mouiroa fissien,26,27,28 ke davi-
eilea vas ceroidercd to be mad groater iham 20 4. Fer M the deviatiem -
w23 probably less end thorefere all fissien calculabtiers vers based ea m . .
fkarral figsion yleld for Me9) ef 6.1 $. These saze ceaslderatious to-
goetior with expsrimextal uvmeortsinties gemerally lead to ovsorved R values
of 1.0 + 0.5, which arv cexsidered "zorxmal” withia these limibs.

3

Vaiphd Moasursmonts

5310c%2d particles ware valghed. Neost ef thece messurements were
carricd o) ¢a an Ainowerth mierstalance. Thy &ata ebirined wero used te
cemzulo the valuos for the muder ef rissicas por usit walyht ef falleat
persicles. Stch velusa ware cerpared to similar valuss cbtaiwed with grees
colleckions of fallous waderials. e e
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A total of 300 pacticles were received frem the labersatery abeard the
manned ship, YAG-4O, vhich vas pesitiened te receive falleut frem the
event.* The particles wers sbisimed frem greased trays expesed sequemti-
ally during falleut by a special collecter arramgemsat. These treys had -
beer exanined under a micresccpe on the YAG-EO aad rendemly selected
particles remeved with irsdividual needles. A smll smount of grease had
beon placed en the meedle befers the particls was remeved; this imsured -
adhesion of the particle. Prier te-use, exch msells was meunted im a cerk,
alleving the msedle and particle 4o bs izvertad ia a small glass vial fer
shipment to USKRDL. After receipt at USKRLL, esch particle was measured
on the GIC and WC at approximately H+72 hr; the most active saxples assayed
appreximataly 105 cpm ia the WC. Thirteen of the mere active particles
ware selected fer analyses.- Mcst of these were disselved; a few were re-
tained intact for gauma spectral measurenents salk &ecxy deteraimatiens.

Aditienal particles were chtainsd frem ¢twe gress falleut seamples
returned to USITDL by Preject 2.63. These seanlss comsisted of falleut
cellected in & 12vz0 tray om How Islamd (dseigemied OCC-ECH-F-67) and a
WA sazplai# rezoves from tis &eck of a platfera ea the dargs Y¥iB-29,
which hal beea sncherod in the lageen. :

L e s <y uge p Ea e n it
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The large tray wzs exnssed to fallout fer ths peried Eil/h te H¥ll
hr. Aftsr return €9 UYL, 21 porticles were raaoved at rezfem with &
small spatula and placsd on gless slides for micrescepic ebhsarvatien, and
were lator tremsferved {o irdividudl glass fales. Toz tray vas assayed
for radicactivity in & lew goomotry scintillatica ceuator37s3l bafers the
particles ware rexored. Afisr the pariicles ware recoved, ttay were spresd
over the swrface of 8 similor tray exl were £y5zy3d ia the sene coundsr.
Folloving this, cach particle was svhjectel te cuclysis. -

Particlos wore retsved freuw the WHIX saznie dbefare sxd after slevisg -
of th2 eniire sirple. Eighteca inﬂividua:l pirticles were renived bafore

¥ Datallcd coseriptions .of tha ship positieas during the everi are
incluZed da the weport of Project 2.63.29 oo ]
% A nca-scheiuled sexple.

L :i’?‘.ﬁ"x?‘mhm)ﬁ)ﬁﬂ}\ﬁ?j"&3’5-’1\)-’*)?&"!‘4«1’&"\)',‘ o T T S e N N G 124 LD 5 A2 2 WAL 10 e TR TS S NS IR TSI Y AN 5% 1% 2



O SOOI LA LAY .ﬂ!3\'}‘.’;\?36‘!3:':3}313-}K%lﬂlh\ik‘_ﬁ&&i&\ﬁlﬂdiﬂI:ﬁ.\:&lﬂ-Z\..‘niblL‘.LK..'&'Q&".':;&K!‘KQ&&TL&Z‘LIS.‘EZ&&Z\MElﬁzi“fi

M R N
¥ S s Rt h@éiﬁém&mwmw e R D S DR s P R T M S SRR S R st AR

‘

e e ——— = —

”

- Y

“e C THRT AT

l!ovhg’ These were desigmated IS5W threugh 182, otthu.,ﬁn(!‘ﬁuf i
1T7) vere asalyzed radiechemically. The remaining sixteen particles were

ganma countcd and wveighed. The eatire sample was thea sieved, aad each . :
‘size fraction weighed, msasured im the GIC, and placed in separade dishes. .
Under a micrescope imdividual particles were sceeped from large auwbers

of particles en each dish. Each particle wvas held under the micrescepe,

. 4yped, ard placed in a separate vial for asssy im the WC. Almest 650

i particles were assaysd. After this, a nunber of particles typed amd

. desiguated WI (see belev) frem the 500 to 1000-n sieve fractica were com-

bined and treated as ene sample. The sane procedure vas fellewed with &

aumder of particles typed YIS and a munber typed WS.
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Selectien of Tndividual Particles .~~~ 7 - LY
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In all cases selections of individual ;po.rticho from’ hrac groupl o
particles were made im a randem mamner except for the 18 particles frem’
the WIIM sample & dascribed earlier. Upon micrescope exanimatien a nunbor
of ebservers agrecd that the fellewisg colors and ohpu \nu ucerl'bo tho
partichs (u‘b‘oremthg sysbols used are listed): -
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Coeler . mE'_' -

Yellew X Spberical -8 T T

White - Flaky - P T
L. Croy -G Irregular -X . . .. __
o Celorless -C  Angular -A UL ot

RS Pl i

Sers particles vh:lch were cmﬂmtiﬂly 1ight In eohr vere obnml; this”
lesger intensity was notod by sdditiean ef the letter "L” to the coler uug-
ustor. bMore detailed descriptiers eof prtich clazsification pm: R
have beea reported elscuhere .3
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d s I% vas gamerally szreed that the spharical axd fleky p-.mczc- rep--"
] . resenicd on obvious physical altereticn Sf the merzal-appesriag (usuhr
) or irroguler) coral yaoridicles. In soms imstances, Ik was difficult te
type individual pm*&iclos Yy colar. Rewover, particles which had obvimly
! bean prysicelly altered im sems manpor vere usunlly easily distiaguished:. -
0] .} As a consequcnce, the iaforusiiea cbtained in this investigatien is com-
Y : ¢ gidemed €0 hive bzea fordved froa twe goneral clazsas of particles - altered
b and uaaliorcd. The eliored wore éofized ms particles possessing spherical
@, ' sbapos (prosunedbly melicd) or particles which were flaky; unaltered yperti-
clas vare defiacd as irrezular or ssgulsr particles. Afdaus has staged™® - '

PR L

¥ ihis group ef 18 particles wes not selectsl at raniom. Attemptc were "
x2do 9 secuwrs aciiva sphsrical particles; Lewaver, a a:!xturc ot
sphorical ard irveguler pariicles wore chtained.

#  (.B. AMlzns, USERDL, perscnal cesmunication.
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4t almest all particles of beth claszes have actually undergens seme
chewical alteration and has presented data3? vhich imdicates that aitered
Particles as hexre defined are simply mormal corsl particles vhich bave
been heated up te and adbeve melting and beiling temperatures.

o The .enly exceptien te the gemsral classificatiens adepted above vere
& fav particles typed as yellow irregular (YI) but which were easily receg-

i :1:3& as pertieus of brokem spheres. Thess were, tharafare, altered par-

; icles. . . - e, .
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The majority of the analytical data obtained are presented in three '
tables and cne figure. One table includen all connting and radiochemical
data for all irdividual particles studied. The figure shows the activities
of a large number of particles selected at ranionmt from the WHIM sample.
Additioual data for the WHIM sample are given:- in the second and third
tables. Data describing decay and gamma spectra are presented later im
this report in the sectien vhere the counting and radiochemical results
are discussed. This method of presentation was adopted since the primary
purpese of the decay and spectral dsta was to aid im 4he interpreiatioa
of the counting and rsdiechemical results. . © o

v, T e mest

In the listings ef data, Terticles are described on the basis of
, coler ard shape. A picterial representation of several particle types
- is provided im Fig. 1.

Radiochemical and Ceunting Data for Individual Particles

[ Table 1 imcludes data for icles which were selected for individual

. analysis. Measurements of Bal®) and 8r%9 content are expreszed as R values.

i Hell counter and GIC sssays are given at times of measurement im waits of

counts per minute (CPH) and millisxperes of jonizatien curremt (ma), res~

| - pectively. Limits of reliadbility are indicatsd by the number of siganificant
ik figures and are discussed later in the report.

Physical and Ceunting Data for the WHIM Sample

VYT R

Table 2 presents weight ard activity values for the WHIM sample. The

calculebiens for totel fissions wers based on empirical ¢IC wvalues for s
ra/fission versus .time observed g; a gross sample of fallout collected at D
,  HOW irlard enl avalyzed at NRDL. s
# Cousting Data fer Individual Pariicles Selected From - :“ ﬁ
+ha Wain Sanple . o
’ A
; Data for a nunber of particles from the WHIM sample are preseated o
1‘, in Table 1. Additionel particles ware selected from three size fractions bR
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TABLE 2
Weight, Activity, and Fission Values for the Sized rractiou ¥Yrom the WHIN
Sample :
Size Veiggt‘ GIC Assay mlim
Range Grams DPercent. valus®  Percent Specific gn
(n) of Total (105 ma) of Total Activity® (1013) (101
: {10-5 ma/em)

1000 37.70 u41.8 1.08 ‘15.8 0.0286 2. 0.56
500-1000 41.91 46.h 3.1% . 6.0 0.0T49  60. 1.h
250" m hog? 505 1-35 1908 00272 260 an
100- 250 3.51 3.9 0.734 0.7 °  0.209. 1%, 0

50- 100 0.80 0.9 0.155 2.3 0.19% 3.0 3.8
50 1.33 1.5 0.371 5.4 0.269 ‘ 2 . 512
Total ~ 90.27 - 6.83 0.0757 1L 15

PEY

a. ah B+262 hr.

and were measured -in the gamma well counter. A tetal of 639 particles
were removed from the three indicated size ranges. Of this total, 211
particles were uncertain &s to ‘description and therefore were mot typed.
The activities of the remaining 428 particles are given in Table 3.and
are shewn in Fig. 2. Since decay corrections were small over the periods
of measurement, the activities may be considered to be that at B+382 he.
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TABLE 3

fou

»

Activity at E+382 Hr of WHIM Sample Particles From Sized Fractiens

Size Rauge Particle Number of  Tetal WC Activity .
(n) Type Particles (100 cpm) .

500-1000 ] 11 k.5

LYs 10 : 10.8

i N ws s n . 10& N s

[ - WD 57 T3 -
S ’ GI 21 e loa
a 250-5«) . . YS . B h 1509
R 1ys . 1 6.25
3 ¥ . 2h 3.63
W1 156 7.29

GI i2 . 0.0913

100-250 !s 17 " 3.&
1y8 ) LY . 0.450
ws 9 : o611 . .
Wi 33. 0.277 th
GI 2 0.0019%
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" DISCUSSION

Data have been presented for radiocchemical analyses of a number of
individual fallout particles. Analys:s of these particles were possible
hg:cavime they contained radionuclides from approximately 1010 fissions (or
more). - -

Some discussion of particle types hms been presented earlier. It was - .-
stated that the coral particles could be grouped into two broad categories
or classes - altered and unaltered, depending upon whether the physical
appearance of the coral particles reserbled a spherical or flaky (altexed)
shape or an angular or irregular (unaltered) shape. Division ef the par-
ticles into two such broad classes was convenient in that it permitted the
data to be inspected for gross differences. However, it should be realized
that such divisions are not sharply bounded since differences exist batween
particles in a single class. Some differences were observed at this inves-
. tigation. Others are implied in Williamson?s33 data, which indicates that )
! v the yellow spherical particles were slightly more radicactive and more .
N ¢ dense than the white spheres. These latter indications were in qualitative
0 agreement with the count data of this investigation (see Table 3 and Fig.

o -

PO A ¥
2 R
LA LR RS, A 2N
PN W DAV LRI 55 LIRS AR

S e v, -t

=

2) and with chemical spot tests which were made for fron and which con-
sistently indicated greater amounts of iron in the yellow samples than im
the v {te. .

Y rmeme— o — 8~

It is possible that 2dditiconal types of particles existed and were
not cbserved in all samples. For exarple, the YAG-40 personnel estimated
that 13 % of the particles from the greased trays were of a delicate flaky
or aggregated composition as cppss=d to the spherical end irregular par-
. ticles. Flaky perticles were not observed in the WHIM and OCC samples,

E : vexy possidly due to the sampling metheds which in some cases included
ol sieving. Uncertainties of this nature, the physical appearance of the

B particles, and inspecticn of the data led to the concept of two broad
classes of fallout particles.

-

e
|

Iy In order to investigate the data for differences in radieactive cen-
o . position three assumptions were made as follows:

ety
PITXIN

1. Particles may be classified inte two categories, physically

altered or physically unaltered;
=1 ; 2. Particle radionuclide compesition depends only om particle R
] i category. Thus, although the -mbers and size ranges of the
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two categories of particles may vary vith time and point
of collection, particles of the same. category have similar
* _ radioactive compositions.
3. Practionation of the reference nuclide 14099, is small com-
pared to the observed differences between particle categories.

. In view of these assumptions an inspection of the data in Table 1

» immediately reveals differences in the radioactive composition of the two
classes of particles observed. These differences are shown in Fig. 3
(a,B,C) 32: Table k. The figures show the time-dependent activity ratios
WC cpn/1G%¢, ma/10%f, and WC cpm/me as & function of time of measurements
for both altered and unaltered samples and also show, for comparison,
similar data obtained in calibratior runs with enriched U235 in which the
¥p239 contribution was low. Deviations of the values from the latter .
curve indicate the combined effects of fractionation, fission yleld vari-
ations, and induced activities. The relative positions of the points
clearly show the differences in the time-dependent activity ratios for the
two types of particles. The mean valusr for these ratios at the -various
timea of-measurement are given in Table 4 along with average values for -
time-Indgpendent gquantities vhich were also derived from the individual
particle data in Table 1. The number of determinations and standard devi-

. ations of the mean values are also given in Table h.

! "me-dita of Table M show that the value of fissions/gram vas much .
. larger inm the altered particles than in the unmaltered particles. The R
valES data.indicates that the alteved particles were markedly de{leted
- Bal® -I.a_'l_-‘*o, whereas the unaltered particles were enriched in Ba 4014140,
Depletion .of S occurred im altered particles and, possibly, in unaltered
particles.’ The R values are shown graphically in Fig. % (A and B) in vhich
the nunbers of atoms of each nuclide are plotted versus the number of M99
atons fourd in the saz%osample. The straight lines represent estimated
fission ylelds for Bal%0 and Sr89. Product-to-fission (p/f) ratios for
Hp239 d4d not exhibit as wide -a variation between particle class as either
of the fission prcuucts studied. The p/f ratios obtained from individual
particles were comparsble %o standard cloud sample valuesd but, on the
- . average, were higher in samples of unaltered composition.

I Other measurements were made on three separate groups of particles
from ths WHIM sample, which conlirm the noted differences beiween altered
and unaltered particles. The first group all consisted of WI (i.e., un-
altered) particles; the szcond and third groups consisted of ¥S and all
» WS (i.e.,2ltered particles), respectively. The data ovtained is showm in
Table 1. Once again, & greater number of fissions were associated with
. altered particles and the R values show a marked depletion of Bal -La.ll*o
and Sr39 in the altered particles.
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Mean Values for Several Quantities, for Altered and Unaltered Particles .

|

: - : i

» ) . ‘i
f

14 ‘;’:—ll. B’;I;n*hf f.'g :

Quantity Time Altered Unaltered . f
(B+hr)  Fo. of- No. of i
Samples Value Samples __ Value =
- £1ap/galx10t) - 6 3.8 +3.3 9 0.090 + 0.12 : t‘-
t  Bal%O.R value - 5 0.090 ¥ 0.068 8 2.1 ¥1l.2 cob oS
; ~R value - 7 0.018 ¥ 0.010 10 0.65 ¥ 0.17 i )
;  WC cpm/107f T b 0.3% ¥0.06 b 0.53 ¥ 0.19 o
| 105 3 0.35 ¥ 0.08 T 11 Fouk : ;
239 1 0.05% 1 0.12!‘ by 3%
532 2 0.013 | 0.02! ; ‘
ra/10*#(x20"17) TL 5 30 +5 b 59  +2h :
105 3 2 %7 T 109 -3 l
239 1 3.k 1 20 i
1481 2 1.7 1 5.1 '
WC, cpm/ma(x101¥) T 5 11 +1 b 9.3 +2.0
_ 105 i 1% ¥3 13 8.6 ¥ 1.5% i
; 239 10 16 ¥2 6 8.2 ¥13
{ .

a. Does wol include ore value, 20.5 x 10i% for sample F150.

The above data establish differences according to particle class. Al-
though additional data would be required for quantitative assessment of
these differences it was possible to study some of their effects by observa- :
tion of gross decay rates, gamma ray spectra, fission per gram values, and . N

; R values. .
!
! ; Dacay measurements . ] i ;
#

i Gross decay measurements were carried out in the gamma well counter ! o
for two altered samples (No. 6 and Ho. 128) anl two unaltered samples (No. 1 : /{'
_acd Ho. 96). The curves for samples Ko. 1 and No. 6 are shown in Fig. 5A. b {,ij
The promounced change in decay rates after 1000 hr for the altered samples as i .‘f":
compared to the unaltered samples was verified by counts taken on a nurber of ol -{‘
ivdividual particles at H+4CO and H+7100 hr. The meea ratio of the late count P
divided by the early count for 37 samples of the eltered category was 0.015% Licx

0.008, or approximately twice the corresponding ratio of 0.0085 + 0.0042 found 3
for 65 unaltered samples. These values are in good agreement with decay curve :’f
velues Trom Fig. 5A, which give 0.015 and 0.0076 respectively for the altered t-f
(0. 6) and unzltered (Yio. 1) sauples. The differences in decay rates arp R
egain shown in Pig. 5B, whera the decay curves are plotted in terms of 10 Py
! fissions. Plots of the type shown in Fig. 5B, should coircide for samples F\}.
¢ with equivalent radioactive compositions. ) - ol
l ;
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} . Gamme, ray spectra
In addition to rates of .decay, the effects of éirferencel in

l nuclide composition are shown by comparison of gamma.spectrs of sltered W

' and unaltered particles taken at various times after detonstiom. These _-U
spectra are shown in Fig. 6. Although differences are readily cbserved, {f

f the complex pulse height distribducions are not easily resolved without ok
- extensive radiochemical dai;a.J% For example, in Fig. 6 the 0.1-Mev photons g

from Np239 are considersbly more abundant in particle No. 6 tham in Ro. l. A

The result is a more rapid decay at early times for particle Xo. 6 as %

shown earlier in Fig. 5A. The rensons for differencez in decay rates ut "f

_sbout H+2000 hr, however, are not readily apparent on the basis of the
observed gamma spectra shovm in Fig. 6.

Additional differences are showm by comparison of the total fis-
sion values for the samples in Fig. 6 (Particles Ho. 151, 152, 170 and 177)
with the gamma spectra sbove O.3-Mev. These spectra clearly indicate &
relatively higher abundance of photons above this energy ia particless of
uraltered composition. This is in good agreement with measured R values
for the 140 rass chain which were over an order of megnitude higher im ’ Y
the unaltered than in the altered particles. . 164

Fissions per gram of fallont e .

Table 4 reports mean fissions per gram of fallout for those
samples which were weighed and analyzed for total fissiome. Usiasg the
activity ratios (WC cpm/10kf, wa/10%f) given in Table b it-was possitle
to compute the total fissions for & nurber of samples which had been
weighed and counted but not analyzed for total fissions. Tae resulis of
: such calculations are given in Table 5, vhich also includes all sarples

which were analyzed for toial fissions except for the corbined sample WI.%
Tha particles have been grouped gecording to class ard the calculations’
made on the badis of sctivity ratios for each class as given in Table k.
Average values were uged for thoss samples which had bdeor measured im both -
the WC and GIC. The mean values for fiscions/gram as given in Table 5 )
differ by approximataly a factor of 1C0. This aifference when corpared
with the dots given earlier in Table 2 irdicates that a very aigmificant
fraction of the total activity in the WHIZ! semple was frcm perticles of
the altered category. The latter cbservetion is Ia sgreeccent with the
irndividual WHEIM eamplings presented in Teble 3 and Fig. 2 vhich ghow that W
spproxirately 80 4 of the well couniver activity at Er382 h was from the
alterzd seuples and an even higher percentage of the total fissions. .

-

o
(]

-~

AL

#he fission/grem value for this semple, 0.39 x 10’*, yielisd a deviatioa
from the meen of approxiuately seven tiras the probsble error of the mesan

and was not usad in the computations. .
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TABLE 5
Fissions/Gram Values for Altered and Unaltered Particles

o

[ AR SV

-
7

.
L Comn 'S &

Sk
[3 M
(PN B P

Source Iab. No. Fissions x .'I.Oh : ) .
Per gram

YAG-40 2 ‘ 1.2 o '
oce 152 - 1.0
163 0.51
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{500-1000 p) WS 8.2
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oce 148 €.039
149 0.027
150 0.022
151 0.045
153 0.0010
155 c.082
} ‘ 156 t.5zh
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165 C.026
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Fissiens/Gran Values for Altered and Unaltered _I'_’ariziclei" P

- .
i

8 | .. Source .. 1ab. Ne. . . Fissiens x 104 Ny
- : mre‘n - fog. -
- Unsltered (Comt'd) .- .- . . -

o e s
)

o N
A

166 . 0.0033
167 0.031
0.019

WHIN : 6w - - . . oM
. . (prior to sieving) 169 . . 0.0071 . ..
P Jxoe s - 0.033
' 173 . . . 0015 N
ML 0.00& . - .
0.0031
180 0.0026
‘ 18 0.0066
. MEAX  0.033 + 0.035
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R values

With respect to fractionation of radionuclides it has long been
accepted that the mass 89 and mass 140 chains which exist for long time .
periods as ncble gases, halogens and alkali metals* would condense late
and therefore disproportionate with respect to less volatilx:elements....iz.
On the basis of long-lived gaseous precursors it would be predicted that
the altered or melted particles would exhibit low R values for both chains,
vith the 8§ smallex of the two. This was verified Ly the mean R walues
given in Table %, which were 0.050 and 0.018 for the 140 and 89 chains,
respectively. The corresponding values for the unaltered particles of 2.1
and 0.65 indicate that this latter class of particles may be important as
a scavenger of these muclides. . ’

It is also of Interest to compare R values cbtained in this st
with values o ned on gross fallout samples. The latter data gave Bal
R values and Sr°’ R values of 0.10 and 0,04 respectively** in the lagoom
camples. The low R values for the gross sample from the lagoon area are
sinilar to R values obtained with altered particles and suggests a lagoon’
fallout composed primarily of altered particles. This suggestion is sup-
ported by the WHIM sample fission/gram data (described above).

¥ Tall0 1s Torzed by the decay of the radicelements Xel¥O (16-gec half-
1ife) and Csl¥0 (66-sec half-lire); SrbI is fogg:d by the decay of the
redioelements (3.16-min half-life) and Ro°9 (15.4-min halr-life).
*% P.D. LeRiviere, USERDL, personal comunication.
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a0 VALIDITY OF THE DATA _ . ... .. -

I

The data presented in this report are of three distinct types. .
These are weight determinations; activity measurements (in terms of in-
strument response, e.g., milliamps, counts); and radiochemical determima-
tions for total fissions and R values, .

The weight determinations were carried out with an accuracy and
precision of approximately plus or minus 5 micrograms. Thus, the mJority )
of the veight determinations were made to better than + 1 %.

With faw exceptions all determinations of activity by gamm. well
counting (W) were carried out with a statistical precision of + 3 % or
better. The ionization chamber measurements (GIC) ware made with a pre-
cision dependent upon the total actiyity. For samples resding greater
than 109 ma the precision was better than + 5 % and decressed from this

- value to apprcmimatelx + 20 % for aa.mples vnich gave readinga of 2x back-

ground (17 x 10-11 ma).

Experience with large numbers of samples has shown that the precision

of the various radiochemical methcds used in this study varied from + 10
to + 15 $. Since measurements of total activity were usually made vIth

a far greater precision than the radiochemical analyses,-the erxors in

the computations of the various activity ratios in terms of fissions were
alxost entirely depandent om the errors in radiochemical analysis. The
accuracy of the radiochemical determinations wers generally estimated as
correct to + 25 % but may have been as lov as + 50 9 for samples of J.mr

activity.

However, it is an unfortunate circumsta.nce of experiments of this
type that & large number of variables, many uncontrolled or unknown, exist
which could introduce errors greater than those present in the methods of
aralysis. It is also generally true that little is knowa concerning the
wmaganitude of such errors. Among errors of this kind may be listed the

followings
1. Alleration of sample by collector, in transit, or in sampling

Frocess.
2. Xon-random or biased selection.,

3. Assumptions concerning reference standards.
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‘ Camcerning the third poiat it is custemary to base calculatiens for tstal LT
fissiens on the measured number of atoms ef the reference puclide, Ne99. ;’-ff}‘e}’\
) Altheugh cemparisens made om the basis of tbe latier quantity alens are a%;--?’n
: valid it is appsreat that estimates for total fissions or fractienation X *-{‘-
. . bexavier of additiomal isctopes aras actually based om the distridution of A ™
. +he reference nnclids throughout the fellout sample. . [
; ; hENTY
} Although it was nck possidble on the basis of the available data to -3:\:
sssess the mageitude of errors 1 and 2 {t wvas possidle-to test the com— . IENRE,
sistency of imdividual particle data with data from peasurenents on gross &'{ﬁ{
suxples of fallout. The latter samples ave less subject to the above ¥ *
errors than sre individual particle samplings, are vell-lefined, and are i}_e_,
. smalyzed with ressonsbly vell-defined precision emd accuracy.2923 £
. p 355
3 K Comparison calculations were carried out with data obtained from T
' ‘particles from the OCC collector, How-P-67. The data for these particles \aﬁ
i 3 Bave been given i Toble 1. Fellewing their selection from the OCC tray NP
. E .the particles wers spread over & nev tray aad were counted as & growp in "*b:”*n
§ ; X & low geomatry scintillatiem ceunter. Since the origisal tray had beea ‘?='~:“~}'\"1
¥ g' : - previcusly assayel in the same counter end its total fissien content de- P
L [ %armined,30 it was possible to calculate the total fissioms fer the grow A
2 . % of single particies as follevs: '
3 ; 1. fTotal fissiens, erigisal tray (0cC How-P-67) = 1.78 x 106 epm
: 3 at K + 100 = 4.3 x 1019 fissicns.
F ] A 2. Activity, particles 143 o 168 = 6.02 x 103 crm at H+ 120 =
F g - i A T.16 x 103 ¢pn ot H + 100, .
A i 3: Total fissions, particles 148 to 168 = (4.3 x 2014)(7.16 x 203/
S it " 1,78 x 106) = 1.7 x 1012,
3 '
3 A : The value ebtaized, 1.7 x 1012 figsions, compares fevorably with the total,
A 4 ‘ : 1.5 x 1012 fissiens, derived by sumaing the number of fissioas per particle
1 r as &eterminsd by direct radiechemical measurexent or by calculation using
- y £ the WO and CIC mctivity ratios givem earlier in Teble 4. A sumzary of
; fission valuss for each particle leading to the 1.4 x 1012 figure is given
: . ia Tavle 6.
- %
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TABLE 6

Summary of Individually Measured or Computed Fissions for Particles

from OCC Tray How-F-67

———

O SO CE O Oh ARSI OBNT ROPLAIMN YA SR WYL ARG L iyl {\,‘J\‘x‘;&&}&}}'xj.‘s\'ﬁ.}.},ﬁ
L}

A S A S 3y W5 S N T
S :

Particle Fissions Computed. Fissions Computed Fissions Measured
Number on basis of on basis of Heasured ox Average
WC Measurements GIC Messurements by Mo99  Computed
and activity ratio and Activity Ratio Analysis Total !
(1010 Fissions) E_
148 . 6.4, 6. P
1k9 1.55 1.68 1.6 NS
150 1.9 1.9 R
151. 3.7 3.7 o
152 22. -22.
153 .0328 : 033 ﬁ
15h 0192 . 019
155 2.6 2.6 :\_
157 3.3% b.50- ~ 3.9 N
158 0.0311 0.031 Q
159 . 5. 5. 3
160 - . 0.6% 0.6% 5y
161 0.189 0.220 0.20 L
162. " 0.8'[ __0.87 X
163 : 17. - it. b
165 0.190 0.110 . 0.11 A
166 0.0857 0.0917 0.089 o
167 0.436 0.567 0.51 o
168 0.188 0.239 0.21 5r~
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© Since the reported analyses were carried out on particles from a‘~.
single detonation, a primary conclusion 1s that the amalysis of indtvia
dual particles created by certain types of detonations is entirely feas-

. ible. This feasibility was established since individual particles which
represented approximately 1087 or more fissions were cbtained. Thus it
was possible to make quantitative xn.asuremnts of the radioa.ctivity of . .
such pa.rticlea. ) . R

Physical imspection of the fillout particles revealed saveral types .-
of particlen, each of which usually could be classified into ohe of two -
general divasions. The firs* particle class was made up of spheirical or
flaky particles. Thsse we.. .csignated aliered particles indsmuch as they
represented an obvious physical alteration of normal coral particles. The.
second class consisted of argular or irregular particles and were desig- .
, nated unaltered particles. Tie rost significant differences in the two -

! classes were found to be in the amount and pature of the radiocactivity -
associated with the particles. Based on the assurptions of (a) a radio-
. - nuclide composition dependsnt only on particle class and not time or

: point of collection and (b) mo serious disproportiozation of the refer- -
ence nuclide, Mo99, by particle class it was found that the two particle.”.
3 categories differed ia several -respects among vhich were the followinmg:

e ]
»

ERAD I

.

~)'o_
£
LRSI PRI IT\ AR LT AR

TXAY

, f .. 1. On the basis of simple arithmstic means the altered particles
E i . Wwere approximately 100 times higher in terms of f£issions per
)] 3 gram of total mass were the unaltered.
] \ 2. The R values for Eal50 and 5:8) were over an order of magnitude.

it lover in the altered particles than in the unaltered particles.

3. Inspection of Bal%0 R values and comparison of total fission

. k. values with gamma spectra above 0.4 Mev, indicated a relatively

) higher abundance of photons above this energy in particles of
unnltered composition.

4. In a sample collected near the site of detoration & very high
percentage of the totsl fissions were due to particles of the
altered category.

5. Decay rates for tlealtered and upaltered particles differed
markedly at times 1less than H+100 and grester than H+1000 hours.
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Some discussion and possible explanations for the observed asta has - =5

. been given earlier.' As a result, it is suggested that fallout data obtained 3
. on gress particulate samples collected at various distances from the site ‘

. of detonation, where possible, should be examined on the assuption of - -~
sample compositions consisting of varying percentages of altered sud im~

2
53
il

T,
v

344
(22 583 2%

il

altered fallout particles as defined in this report.®* That is; the data =
should be inspected to determine if fractionation effects, differences in A
gammx energy flux per fissions, etc. may be atiributed to the relative . BRA
mmbers of altered and unaltered particles. Presentations of single par- A
ticle data in temms of fissions/gram, R values, rates of decay, gamms R
‘spectra and activity ratios should aid in the interpretation of gross

| sample values. The individual particle information may also be of value
I in fallg}{xt model derivrtions and predictions and in particle formationm
; theory. .

Further individual particle analyses should place greater emphasis on
the collection and preservation of undisturbed samples and more rapid and .
improved methods of measurement. For particles of sufficient activity i%
was found that radionuclide differences were readlly detected by measure-
ment in two instruments with different gamma ray efficiencies. The gamma
ionization chamber in conjunction with the well scintillation counter
" : served satisfacterily in this respect except for the rather low sensitivity
: of the ionizatiom chamber. With the exception of the gamma ray spectro-
meter measurements for total fissions the radiochemical separations wverxe
too slow for large numbers of saxples. Either more rapid methods of
separation and counting are required or partial separations followed by
intensive gamma ray spectrometer measurements.

Approved by: ’;:_;;,
' f : . é R. Jm_;.ﬂ.fab ;i
: E. R\ TOMPKIIS : o

Ay
P Rt e

- ol ' Head, Chemical Technology Divisiom
For the Scieatific Director '

o Bt

]
R
fherateile

E}

]

e

*Prelim‘nary calculations carried out by P. ILaRiviere, USHRDL, and the
authers indicate that R values for gross ssmples are calculable from
single particle radiochemical data and knowledge concerning the relative
nuzbers of altered and unaltered particles.
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NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR
OTHER DATA ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION
WITH A DEFINITELY RELATED GOVERNMENT PROCUREMENT OPERATION,
THE U, S. GOVERNMENT THEREBY INCURS NO RESPONSIBILITY, NOR ANY
OBLIGATION WHATSOEVER; AND THE FACT THAT THE GOVERNMENT MAY
HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE SAID
DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY(
IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER
OR ANY OTHER PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR
PERMISSION TO MANUFACTURE, USE OR SELL ANY PATENTED INVENTION
THAT MAY IN ANY WAY BE RELATED THERETO.
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