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DETERMINATION OF THE NUMBER OF FISSIONS IN TWO IRRADIATED SAMPLES OF U239

During the sscomd half of 194} and the first momths of 1945 several
sanples of U235 and Pu?3? were irradiated im the Hamford and Clistonm piles.
These semples have been studied with regard to the various products of the inteunse
meutron exposure, particularly ths capture preducts U256 and Pu.aho° Values of
the exposure (wvt), i.e¢. the time integral of the flux (nv wers givem by the
operators of the pilos'but thers was reason to doubt the accuracy.of these wvaluss.
Therefore it was decided to determine the mumber of fissioms which had occured
in twe of the uranium ssmples. This gives the exposure im terms of the fissiom
eross seatiom of US55, The procedure was ms follows.

& sample of uranium cemtaiming 200 mg of the 235 isotepe was exposed
to thermal neutrons ir the graphite columa of the "watsor boiler” at Los Alsmosg

the total sxposure was about 1.6 x 1915 neutrons/%mg in about 5 hours of irradiat-

iom, This sample will be referred te ms O(1l), The exposure was mounitored by s
foll of mormal uranium, referrod to as FN31, coxtaining 0,69 ug of u233, The
amounts of fissionable meterial in 0(1) and EN(31) were compared directly by
proparing deposits of known aliquots of 0(1) amd comparing their fission rates
with that due to EN(31) im a double chamber. From the total mumber of counts
im EN(3l) during the monitored rum, and this mass ratio, we obtaim directly the
total number of fissions in O(1)., Simultaneously with the momitored exposure
nnother'simpla of eariched urenium referred to as O(2) was irradiated im the
center of the waterboiler, It received about 100 times as much exposure as

0(1). Neither the exposure nor the mass of 0(2) was sccurately kmown. The use

f

ef this sample will be discussed below. —
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One sample from Climton, referred to as X, and ome from Hamford,
roferred to as C(1l), wers investigated. From kaowr aliquots of each of the
sanmlo; X, ¢(1), 0(1), 0{2) tarium was extracted. The gamma rays frem the barium,
with the lanthanum iw equilibrium with it woré courted by & G-l eounter, using
liguid cells for the ssmples. From these counting rates, ths mrliquots, the
okemionl yields, the proper correctiom feor decay ard the known mumber of fisgsjions
in O(1) the number of fissions in the other samples cam be calouleted. Similarly,
¢esiun was extracted from otiher dliquots amd the gamwe rays were cousted, Im
this ca;e no correction for decey was needsd, The activity of the cesium extracted
froﬁ 0(1) was too smell amd the determination had to be based om 0(2) waich im
turn was determimed by the other methods, Decay corrsctioms did mot emter the
comparisom of O(1) and 0(2) since these samples were irradixted at the same time.
Finally aliquots of all ssmples were coumnted without any chemical sepsrotiom. The
decay of the total gumma sctivity was folleowed om aliquot of 0(2) im order to
determine the proper correctioms., Amother aliquot was used to detsrmine the half
life of Balho with great sgcuracy. The result was 12,73 i:0.05 days. Ir determim~
ing the decay corrections for X and ¢(1) the records of the power output ef the
piles were used, The relative day-te-day values of these records are probebly
guite reliablse.

Having thue determined the mumber of fissions in the two samples X and
C(1) and knowimg the amounts of U227 conteined im them we oax calaulate the
fraction of the atoms that astually underwent fission. Usimg e conventiomal
fission cress section of 5.4 x 10°%2 42 we aleo calculated the meutron exposures.

By comparimg the fraction of atoma that urderwoat fissiom with the amouat of 6256

formed one gots the ratisa® op/frpy, AlL of the aumerical results are summarised

im tsble I. UNCLASS”‘ED §§§ l
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FISSION COULTING

The iomizatior chamber and assiciated smplifier used for the monitored

irradiution wero the same a&s thosse used im the memsurement of the fissioz cross

section of U255 by Deutsch and Limernberger (LA = 100), The semple O(i) vas plaged
in a platinum envelope back to back with ths foil EN(31). Beth samples had
approximately equal arsas (8 om?), The reutron flux was assumsd te be sufficiently
isotropic to mmke corrections due to absorptiom ia O(1) megligibis. The bias

curve showed a rise of omly 0.5 psrcent over s factor of six iwm disorimimator

bias. A cerrection of ome percent was therefore applied te the observed aumber

of counts, Viith this correction it was fouad that 1.45 x 107 fissions took place
in EN{31) during the irradiationm.,

Feur aliquots comtainimg betweeax ome and five micrograms of U235 were
taken from O(l) and evaporated to drymess om platiaum foils, tekimg oare to spread
the deposit over approximately the same area as EN(31). The samples were cénpared'
with EN{31) in a double fonization chmmber placed inm the graphite celumr of the
water beiler, Possible asymmetries in the chamber or the meutron flux were
elimineted from the result by imterchangimg the peaition ef the samples im the
chamber, It was found that 0().) comtaims (3.05 t’Oooh) x 10° times as much
figsile material as FN(31). Thus L.42 x 101 rigeions took place ix O(1) durimg
the mcmitored irradiationm.

The amouat of U235 im FN(31) - @ deposit of oxide of normal ursmium -
was determimed both by weighing the deposit and by alpha coumt as 0,69 i:0.02
mierogramo The amount contaised in O(1) was given by the chemistry division frem

whom it was obtmined as 200 ; L milligram. Thus the ratio of the mumber of fissiong

in the two semples should be (2,90 + 0.1) x 107 , in fair agreemont with the value

feurd by the fission coumt. Ths ﬁalue 11?& i‘crlttjj ratio wag a weighted
;EEE;I :EE E;E EI IE' | : EE' EESE **kxt,—aa-.;——-' _'
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aversge of the two, namely (3.02 + 0.04) x 107,
The amount of 0235 in sample X was determined by the same moethod. The
fission count indiocsted that it cortained (3.63 * 0.04) x 10° times ng much 68
Eﬁ(}l)o An indopemdent determination of this amoumt was made as follows., Sample
X wag one of four samples irradiated simultaneously in the Cliatenr pile. The
total amount of U220 im the four samples was given as 972 + 20 g by R. Dodsoa
who prepared the ssmples. The gammm ray sactivity of the four samples was inter-
compared with an air filled ionizetion chamber with a vacuum tuboe electromster,
using various thickmesses of lead obsorber., This should give the fractior of
the total number of fissioms which ocoured im our sgample X. A slight correctiom
was then applied for the difference im meutroa flux at the lecoations of the
several samples, as indionted by the Clintom group. It was found that aample X
contained 0.254 + 00001 of the total amount of yes5 irradiated, or 24,7 +5
milligram. This gives a ratio to EN{31) of (3.6 1 0.1) x 1050 in excellent

agreement with the value obtained by fission count.

PREPARATION OF SAMPLES

Ssmples 0(1), 0(2) and X consisted of uramium oxide ip platinum
envelopes., The envelepes wers unfolded ‘and the Uz05 dissolved in hot, 3N HNO5°
The platimum, with the fission products driven irto it by recoil, was dissolved
in aque regia, The soclution of urasium and pletimum were cembined before being
treated further imn the case of O(1) and 0(2) but were treated separately inm the
case of sample X. The solutions were made up to 1CO ce and spprepriate aliqucts

takon volumetrically. All vessels were tested for activity whem solutioms were

transferred and where possible, the volumetric aliquots were checked by their

gamna ray activity. It wea found to bs very importa:“iiﬁa solutioms

| C RELEASE— -
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sufficiently acid to keep some of the activity (probably the Ck = Zr chaim) frem
precipitating on the walle of the vessels, The platinum solutior of sample X
contained about 20 percent of the total sctivity but the fractiom of the total
barium activity and of the total cesium activity found in the platimum solutiom
were only 12 and 15 percent resspectively, The discrepancy may be due t;htho
different ranges of the various products or it may bs connscted with the diffusion
of gaseous members of ?hs shains. It was checked by repsating the entire proced-
ure for barium, described bslow, twice both for theé uranium amd the platimua
solutioms. Only mcderate radiatiom protectior was réquirod foxr the proceduroes
since the stromgest sample = X - ghowed a gamma ray intensity equivaleni to only
100 mg of radium, both radiations filtersd through 1/4" of lead. Sample W(L)
corsisted of uramium metal pressed into an aluminum cylimder. Mro. Charloes Rice
of the chemistry division dissolved this sample, includirg a thim layer of
alumrinum facing the uraniim, We used a sample oonbtaining 8 percent of this
solution, given to us By ¥r. Rice, No separate determimatioa of the wrarium by
fission court vas made on this sample. The entire sample W(1) oentaiﬁed 160.8

mg of U<I5, eccording to Mr. Rice.

CHFNICAL PROCEDURES

A. Barium

To appropriate sliquots of the various smmples was added a known amount
of barium chloride (about 103 mg) and about 10 mg of strontium &s chloride. The
bariumn chleoride was precipitated with 35 ml of concentrated HCL. The precipitats
wes centrifuged out, dissolved in about L ml of strontium chloride solutiom
comtaining about 10 mg of strontiwi, mmd repricipitated with conco HCl. This

procedure wag repeated five times, The final barium chloride preoipitate was
e B ———

e APPROVED _FOR _PUBLI C_RELEASE | :




———— APPROVED EQR PUBI| C RE| EASE

APPROVED FOR PUBLI C RELEASE

dissolved in 20 ml of water, About 10 mg of lanthanum was added ard then
precipitated with NHLOHo ‘The supernatant comtaining the barium was transferred
to another vessel, acidified, lanthanum added and precipitated wgaim, This
procedure wag repeated five times. To the fimal supermatant was added about L0
mg of lapthanum and emough 12N HCl to make the solutiom about 1IN im hydrozem ioms.
It was then diluted to about 80 ml. Thres volumetrio flasks (25 ml each) wers
£illed from this solutiom. The comtent of ome of these flasks was immediately
analyzed for bariwm. Aliquots were takem from the other two flasks for counting
samples. Whenever the areumt of barium in a counting smmple was grest enough,

it too was determired analytically at the end of the experiment. Barium.waé
determined by first precipitatinmg barium chromate, reducirg the dichromste iom
with lodids and then titrating the free iodins with thiosulphate, The yields

im the purifiocation procedure varied between 75 and 85 percent. The barium was
spparently very purse Balho as shown by ths pure sxpomential decay of %he material
extracted from O(1l) and the much older sample X, Also lanthanum extrscted from
both barium samples decayed a3 pure La%ho and represented the same fraction (83

percent) of the activity of the Ba - La equilibrium mixture.

B, Cesius
About 100 mg of cesium was added to apprepriste aliquots of the smmples.

In those caaes where there was platin&m present im the solutior;, i.s., 0(2) ard

tho platinum fractiem of X, cesium chloropliatinate precipitated immediately.

This precipitate vwas dissolved in hydroxylammine and put through a aumber of

group separations., Silver carrier was added and procipitated ss chloride, antimory

%5 sulphide, barium a8 carbonete end lamthanum as hydroxide. Each step was re-

peated until the precipitate showed me further astivity. The cesium which had
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remained {2 the supernatant was then precipitated as perchlorate. Im the case

of the uranium fraction of sample X and of sample W(1l) the ceslum carrier remaimr-
ed im the origimal aliquot solution and the above purification procedures were
cerried out with this solutiomn. The cesium perchleorate precipiiates were dried
orn sintered glass gooch crucibles at 1359C to cemstamt weight, After the firal
wolghing they were dissolved and gamma rays were counted im tﬁs menxer described
below. Then the perchlorate precipitatiom was repeatsd, weighing amd counting
the precipitates until theq specific activity was constant. Ths radiosctive purity
of the cesium was tested in ene smse by precipitating it as ohloroplatinate,
dissolving the precipitate and reprecipitating as perchlorate, The specific
activity remsained unchanged, The samples showed no observabls decay over periods
of the order of a month. Exeept that sample 0(2) showed ar iamitial decay im-
dicating a feoble aetivity of half-iife 10 te 30 days, which could not be sspars
ated from ocesium by our procedure. No memtion of short lived fisziomr cesium was
feund imr the literature but apparently the activity observed by us was also
found by the Chicago group and established to be cesium {A. Turkevitoh, private
ocomnunicstion).

The chemical yields of our progcedure were in the neighbourhcod of 50

percent.

GAMMA RAY COUNTING

The experimenmtal arrangemont used to measure the gamne ray activities
of the samples is shown in Fig. lo Two similar brasas-wall Trost counters were
used in these experiments. The countsrs were surrounded by 1/32" load oylinders
in order to exclude very soft gamma rays or hard beta rays simce such radiations

would be stromgly abserbed im the samples themselvas. This might have ¢

;-------------JHIN%JJEDhEEELJJJBL#L;JQELEASE
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dopendence of counting rate on thé amount of dissolved material, The samples
were oomtaimed, as solutions, im glass cells as shown im Fig. 1. Care was taken
to £ill the cells to a standard height (almost full) amd to mix the comtemts

) thoroughly before counting. The scidity of the solutioms was kept high te preveat
precipitation of active meterial on the wall, When the sélutionms were removed
from the cells the latter never showed any appreciable activity. Most samples
were counted on both coumtors and the results were perfectly consistent. The
ratie of the efficiemcies of the two counters was 1,066 and independent of
energy. The efficieacies flor coumting a l.2-Mev gamme ray im this arrangement
wers (2,08 4 0.1) x 103 and (2.22 0,1} x 10~7 respcctively, as feund with the
use of m standard sclutiom of Coéo, oealibrated by ceimciderce countimg methods,.
The absolute efficieomoy does mot enter these expsriments, however,

The counters were frequently checked with & radium "standerd® conaist-
ing of about 2 microgream of fadium and its decay products im solution im one of
the glass counting vessels. The day-to-day veriations of the counting rate due
to this standard inrdicated an imtrimeic random probable error of about ome percent
which could rot be reduced by prolonged counting, The source of this error is
obsours., Since most of the sigrificent counts were obtained with s statistical
error of less than one percemt, the averall probable error of a simngle count was
generally abeut 1.5 perssmt. This is consistent with the observed deviations of
repeated counts, decay curves stc, All counts were repeated as meny times as was
practical and the fimal errors im the gamma ray activities of individual samples
were always less tham 1l percent., The counting loss correctiom of the counters

and scale of &) used was dotermined by observimg the decay of a sample of Mn56

ond weasuring the deviation of the early poiats from the straight expomential
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eorrection never exceeded three percent for sny sigrificant samples, The coumt-
ing rates of most ceamples were imitially 3000 te 4000 e.p.m« except im thas cage
of cesium from 0(2) which gave only about 100 ¢.pom. The background count was

usually between 30 and LO cop.m.

CORRECTION FOR DECAY

Because of the long duratiom of the irradiation of ssmples X and W(1l)
it was nocessary to know the half life of Balb0 witn considerabls accuracy. The
sctivity of two samples was followed on the gamma ray counters, the deoay extend-
ing over factors of fourtesm aud forty respectively. The half life was dstermin-
ed by the method of least squarés. The two samples indicated values of 12.73
days and 12,77 days respectively. We adoptsd the wvalus 12075;t 0.0% days. This
velue was supported by the fact that two independent determimations of the barium
activity of sample X, separated by weeks gave the same result when'thid value of
the barium half life was used,

In correcting for the decay of the pile-irradiated samples, the deily
power dissipation of the piles durimg the irradistion was takem as & measure of
the neutroa intemsity. Taking 25 Mg the energy dissipated (in megawatt - days)

on & day v days beforo our experiment, the correction for barium decay is

FBI. 3 (Eutet/lao‘-{s)/émt

The summation sxtomda over the duration of the irradiatiom. X plots of M for

the two irrediations are shows in Figs. 2 and 3, The correction for decay in the
oagse of samples O{(1l) and 0(2) can be taken as extending simply frem the (legarithmie
meapn time 4 the exposure in the water boller, simoe the irradiation lasted only

s few hours and was very nearly comstant.

The decay of the umtreated samples of fissiom products folilows a much

L e el
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more ocoaplisated curve., It was observed on a seample of 0(2) for about 150 days.
Denroting by £{%) the relative activity t days after a short irradiatior, the

cerrection for the pile-irfadiated samples becomes
F‘r B (zutf(t)/tlﬂt

In Fig. L4 we show f(t) multiplied by t, im order to compress the scale.

RESULTS

The results of the entire expsriment, together with the steps leading
to them and the probable errors of each are summarized in the table of results.
One observation which may be of some interest and which is not shown in the table
ars the actual countimg rates per fission. We found for the long lived cesium
1,30 x 10"120017.‘° per fisslon. For the 12.75-day barium im equilibrium, we feund
8,0 x 1079 Q“RtOQPdlo per fission, where © is the time elapzsed sinoe the fissiom.
The ceunting rate dus to the combined gamma rays oan be remd directly from Fig. Lo
These values might be used for approximate determimmtions of the mumber of fissioms
if counters similar to ours are used with 1/32" lead shielding and are calibrated
with a standard source of 0060 to compare with the efficiency of 2,08 x 10"5 feor =
1,2 ¥ev gamma ray to which the above values refer.

The fraction of U235 comverted by radiative capture was determined by
Williams and Juster with a mass spectrograph and is reported in a companion report
(LA « 510)c It is shown in the starred items of our table of results for cemplete-
ness. The value of 0.186 for the ratio of the capbture and fission cross sectioms
is in good agreement with the value obtained by Williams and Yuster im a comparisen
of the production of U236 and the depletion of y235 in one of the irradiat;d )
semples. Im comparing this value with those previously obtained by comparing 9%

IA - 90
witk (d?‘+a;)¢£LA - go&) (CP 153) it must be remembered that our present
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refer to pile neutrons in which a smrll smount of fast fission ocours. The

value for thermal seutrons should therefore be somswhat higher, probably between

0,19 and 0.20. This 18 just about the average of the older determinations

mentioned,

]
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TABLE OF RESULIS

No. of fissions in EN{31) (145 + 0.015) x 107
Ratio of amoumts of U227 0(1) °17311(;31) , (305 4 0.04) x 107
Ne, of fissions in O(1) ' (Lols2 + 0,08) x 10]’2
Bamo count . 4306 + 1.2
‘Retio of no. of fissiocns 0(2); O(1) } Total & count hS5e6 + 1.
| Averege 45.0 + 0.8
Ratio of mo, of fissioms X 3 O(2) ¢s count (4o53 + 002) x 107
8030 goung (2609 + 0.1) x 107
Total y count (196 + 0.1) = 105
RAatio of no, of fissiom X : O(1) Cs couat (196 + 0.1) x 107
Averags (2.0 + 0.06) x 102
No. of fissioms in X ) - (8:9 4 0.3) x 107
Amount of U939 im X mg . U3 + 3
Fraction of U2 in X which underwent fission {140 + 0.07) x 10~3
Fraction of U225 1n X gomverted into y23C * (2,63 # 0.03) x 104
Retio of eapture to fission cross sectionsq ® ¢3 /¢ (0,188 4- 0,01
ixposure of X, assuming 0% = 5.40 x 10"2203120 Isleeutrcms/cm2 (2.59 + 0.13) x 10""8
Ratio of no. of fissioms W(1)/0(2) Cs count (2.4 1 0.2) x 10’"
88140 count (1,06 - 0.05) = 106
Total { count (1013 4 0.07) x 105
Ratio of mo, of fissions W(1)/0(1) T 6
Cs count (1,07 # 0,1) x 10
Average (2,08 ‘{:Oooh) x l@é
No. of fissioms in ®{1) (LoB 3 0025) x 1018
Amouat of US7D in w(l) mg ‘ 61 + 7
fraction of atems im W(1) which underwent fissiom (hli;g‘i 0.08) x 102:‘;_!
Fraction of U220 im W(1) converted into U230 « (2,16 + 0.0L) x 10~
Xs OF/0F 018l 3 0,015 |
kxposure of W(1) neutrons/cm‘?‘ {2.15 :';:" 0,15) x 10%?
o . average for X and W{l) | 8,186 + OQOOBI

Communication by Dudley Williams ﬁm:;"—*_;
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SUMMARY

The gamma-ray sctivity of two so.mples. irmdiat;sd in the Clinton and
Hanford piles and of the barium and ocesium cxtracted from them were compared
with the activities extrscted from a sample in which the number of fissions
was detormined by monitoring during the neutron exposure. The rssults obtained
show good inmternal oonsistenc& and indicate that (8,9 i+ 06.3) x 1017 ana (L4o8 + 0.25)
x 1018 fissions reapestively had occured im the two samples., These results are
eonparsd with mass spectrometer data abtained by Willisms and Yuster om the same

samples to find theratio of the capture and fissiom cross sesticns of U255°
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