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DETFXM3XATION OF THE!NUMBER OF FISSIONS IN TKO IRRADIATED SA?d?LF$OF U255

During the semond half of 1~ and the first months of 1~~ several

samplIssof U23~ and PU239 were irradiated in the Hanford and Cli~ton piles.

These samples have been studied with regard to the various products of the intense

mm,atronexpoaureo particularly tha capture products U236 and Pua4’0. Valuoa of

the axposure (nvt)O ioe~ the time integral of the flux (nv wera givem by tns

.
operators of the pilo~ but there was remsom to doubt the accuracy.of these values~

Therefore it was decided to ddxmmine the number of fissioms which had occ”ured

in two of the uranium samples. This gives the exposure im terms of the fission

srosa seotioaa@f U235. The procedure was as follows.

A sample”of uramium oontai.~ing200 mg of the 235 isotape was exposed

to thermal neutrons in the graphito cohma of the ‘water boilert’at Los Ahmo68
I

the total exposure was about 3.6 x @3 aeutron8/om2 irnabout 5 hours of irradiat-

ion. This sample will be referred te aa 0(1). TIEemposure waE mo~itored bya

fotl of normal uraaium4 refeu-rodto as EN310 ocwitainiag0.69 ug of U235. The

amounts of fissionable material in 0(1) and F.N[~l]were coqm?ed directly by

preparing deposits of known aliquots of 0[1) and comparing their fission rates

with that due to EN(31)” in a double ohamber~ From the total xwabar of counts

irnlili(jl)during the,monitored run. and this mass ratios we obtain directly the

total number of’ fissions in O(2). Simultaneouslywith the monitored exposure

another”sample of enriched uranium refcmrod to as O(2) was irradiated in the

ecwter of the watarboiler. It reoeived about 100 times as much expowre as

0(1]. Neither the expcmuro nor the mass of O(2) was accurately known. The use

c+fthis sample will bo discussed below.

1I
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One sample from Cli~tonO referred to as X9 and OEM from Hanford.

referred to rnaC(l)$ were investigated. From kklownaliquots of each of’the

samples X, C(l), 0(1), 0{2] barium was extract~d. The gamma rnys from the barium,

with the lanthanum i~ equilibrium with it were touted by a G+ eouatero using

liquid CCIIS for the samples. From these counting rateea the hliquots9 the

ohemieal yields~ the proper correotioxi i’~r deoay and ‘thekaom number Qf fissions

in 0(1) the number of fissions in the other ~amples uen be oaloul=ted. Similarly,

ceaiurawas mkracted from other &liquots asidthe gmwm rays were cousked. IsA

%hi6 ease NO oarreo%~o~ for decay was needed. The aativity of the cesium extraoted

from 0(1) was too small and the ddmmd.nation had to be based OR O(2) vihichim

turn was determined by the other methods. Decay cwrections did not enter the

comparison of 0(1) and 0(2.]since these samples were irradiated at the same time.

Finally aiiquots of all samples were aomted without any chemical sepe.ro.tion.Tke

deoay of tho total gamma autivity was followed on ●liquot ~f O(2) in order to

tietorminethe proper corrections? Another aliquot WR8 used to determine the half

life of 13a40 with great aocuracy. The result was 12.73 +0.OJ days. 1% determin-

ing the decay corrections for X and c(1) the records of the power output sf the

piles were uxed. The relative day-iw-d~y values of’these reoords are probably

quite ri?llable.

Havimg thus determined the aumber of fissions in the two sarnpleuX and

C(l) and kaowi~g the amourntaof U235 oonte.iaedin the=we on calaulate the
.

fraution of the atoms that aotazallyumderweat fiscion. Usiag a oonventiomal

fimion cross smt.ion of 5.4 x 10°~ Gm2 we also onlculated the neutron exposures.

Byoompariwg the fractioq of atoms that u~dcwwomt fissiom with the amount of U2S6
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The iomizatioR chamber and asaioiated auplifier used for the monitored

irradiationworo the same as those used im tke XILCaSWtMItBnt of the SiESioa cro~e

section of U235 by Deutseh and Limemberger (LA - 100). The smp2e 0(1) wan pla~ed

in a platinum envelope back to back witiithe foil lIl?(31).Beth samples had

approxime.-telyequal araas (8 01S2). The neutron flux was assu~d te be sufficiently

imtropio te make corrections due to absorption ia 0(1) negligible. The bias

curve showed a rise of only 0.5 perceat over a faator of six im discriminator

bias. A correction of one pereent was theref%ra applied te the observed zuuabcr

d’ Uouats, Viiththis cormctioa it was found that 1045 x 107 fiseloas toek place

iu RN[31) during the irradiation.

Four aliquots coataimiag betweea oae and five m.iorogramsof U2~~ were

taken from O(1) and evaporated to dryaesa om platinum foils. ‘takingoare to spread

the deposit over approximately the same area as EN(51). The samples were compared”

with KN(31) in a double ionization ohamber placed ih the graphite column of tho

water boiler. Possible asymmetries in the chamber or the neutron flux wore

eliminated from the result by interchanging the position of the smnples ia the

ohamber. It was found that 0(1.) coataixs (3005 +- 0,.0/+) x 10~ times as much

fissile material aa EN(31)~ Thus 4,42 x 1011 fiseions took plaoe ix O(l) duriag

the mcnitored irradiation.

The amoumt ofu235 imF1(31) - a deposit of oxide of normal uramium -

was determined beth by weighing the deposit and by alpha coumt ae 0.69 + 0.02

ticrogram. The amount contaiued ia 0(1) wag given by the chemistry division fram

whom it wms obtaizaedas 200 + 4 milligram. Thus the ratio of the number bf fisoiow

itilh8 two BO.MPIOSshould be (2.90 +OJ) x 1050 infm agreement with the value
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average of the two. uamcly (3.02 f- 0.04) x l&O

The RmOtUlt of

fi~S$OElCOUnt indio~ted

EI!?(31)0 Artindependent

U;~35in sample Xwas determined by the same method. The

that it cosrtained(3.63 + 0.04) x 109 times as nnmh as

determination of this amount was made as follows. sample

x wa$ one of

total amount

who prepared

four aampltm irradiated simultaneouslyin the Clinton pile. The

of U235 in the fo~ samples was given as 972 +- 20 rag by R. Dodsom
.

the sample6. The gamma ray ●ctivity of the four samplea wa~ inter-

compar~d with aa air filled ionization chamber with a vacuum tube eleotrometer~

using various thiohesses of lead obsorbsr. This should give the fraction of

the total number

W&S then applied

6everal SamplesO

of fissions which ocoured ia our m.mple X. A slight correction

for the difference in neutron flux at the lcxxntloneof the

as indionted by the (llinto~group. Zt was found that sample X

contained 0.25& +_0.C)Olof the total amount of U235 irradiated or 247 ~5

milligram. This gives a ratio to EN{31) of (3.6+ 0.1) x 1050 in exeellent

agreement with the value obtained by fisGion count.

PRWARATION OF S.WPLFX

Sasnples0{1), 0(2) and X oonsisted of uramium oxide in platiwm

envelopes ‘i’he envelepes were unfoaded-and,theW308 dissolved ixihot. 314HN03.

The platimum. with the fission products driven into it by recoil. was dissolved

in aqua regiao The sohztioa of uraaium and platinum were oombincd before being

treated further is the case of O(1) and 0(2) but were troatod separately in the

cxaseof sample X. The solutions were made up to 1~ ce and appropriate aliquots

taken volumetrically. All veQsels were tested for activity when solutioms were

transferred and where possible, the volwmetrlc aliquots were checked by their
I

g*mwrnray aotivity. It wI~afound to be very imports
—
—.-@!@!@&z” -
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sufficientlyaoid to keep 80JW?of thu aotlvity (probably the C& - Zr ohaia) fre%a

precipitating on the walls of the vessels. The platinum solution of waple X

contained rnboyt20 peroent of the total activity but the fraotiom of the total

barium activity and

were only 12 and 15

different razges of

of the total ce~ium aotivity found in tho platimun solution

percent reepectivalyO The’discrepancy may be duo to-the

the varioum prodwte or it may be conceoted with the diffusion

of gaseoua members et the chains. It was chsolcedby repeating the entire prooed-

ure for bariums described belowO twico both for th~ uranium and the pht$nua

solutioas. Only mcderate radiation protection was required ~QXIthe procedures

since the stroage6t sample = X - Ehowed a g- ray intensity oquivalenL to cnly

100 mg of radium~ both radiations filtered through 1A” of lead. Sample W(L)

ooasigted of uranium metal pressed into an ahaminun cylinder. W. Charles Rice

of the chemistry division dissolved this sampleg iacluding a thin layer of

ahxainum facing the Uranius. We used a sample containing 8 percent of this

solution, given to us By Mr. RiceO No separate d~%ermiaatioa of the uraraiumby

fission count was made on this maple. The entire sample W(1) ooatained 160.8

mg of U2350 according to JWO Rice.

CHFMICAL PRCWXWRKS

!W?iumA.

To appropriate %liquots of the various samples was added a laxownamount

of barium chloride (about 102 mg) and about 10 mg of strontium as chloride. The

barium ohlorida was precipitated with 35 ml of concentrated HC~l. The prcoipitate

was centrifuged outn di~solveiiin about b ml of strontium chloride solutioa

coxtaini.ngabout 10 mg of strontium, mad repricipitmtcxlwith aonc. HC1. This ‘

procedure was repeated five times? The final barium chloride prooipitate was.— —. —.~

miil~-
-—-—— —-—
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diosolved in 20 ml of water!
.,

preci~itatedwith NH40H. The

to another vessel, acidified

+

.

391B-”=

About 10 mg of lanthanum was added and then

supernatxurbcontaining the barium wua tranaforred

lanthanum added and precipitated Rgaim. This

procodure was repeated five times. To the final supmmatant was added about LO

mg of la@ham.na and eiaough12N W1 to make the solution about lN in hydro~en ions.

I*was then diluted to about 80ml. ThrecJvolumetric flasks (25 ml @ach] were

i’illsdfrmn this solution. The comtont of one of these flasks was immediately

analyzad i’orbarium. Aliquots were taken from the other two flasks for counting

samples. Whenever the ammurt of barium in a couating ssmple was great enougha

it too was ddxmni~ed analytically at the end of the experiment. Barium waa

determined by first precipitating barium chromate. raducimg the diohrommte iom

with iodida and then titrating the free iodine with thioaulphate. The yields

in the purification procedure varied between 75 and 85 percent. The bqrium was

apparefi%lyvery pure Ba11$oas shown by the pum exponential deoay of \he material

extraoted from O(1) and the much oMer sample Xv AISO lanthanum extracted from

both barium samples deoayed aa pure La~4° and represented the eama fraction (88

percent) of the sctivity of the Ba - La equili,briummixture.

B. Cesium

About 100 mg of oesium was added to appropriate aliquch of the smples.

Ix those cams”where there wae platimm present in the solutions i.e.$ O(2) and

the platixx.nnfraotioa Qf X9 cemium ohloroplatinate precipitated immediately.

This precipitate VNASdissolved in hydroxylanmine and put through a number of

group sepmat%oxm. Silver carrier was added and precipitated as chloridee antimony

I

I peated until the precipitate ~howed me further aativity. The eesiun which had I
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remairnedix the supernatwxtwas then precipitated

of the uramium fraation of sample X and of munple

ed irnthe original nliquot solution and the above

as perchlorate. In the

W(l) the oesium carrier

purifioatim procedures

carried out with this solution. The oesium perohlorate prceip:Ltatoawere

OH sintered glarasgoooh cruoibles at 135% *9 aemtamt weight. kJ%er the

ease

remaia-

were

dried

fina~

weighing they were dissolved and gmsna rays were counted i~ the manner doaaribed

below. Then the perohlorwtw precipitation was repeated. weighimg amd counting

the precipitates until thq speoifio rnctivitywas oonstant. ‘.l!heradioactive purity

of the oesium was tested in bne ease by prseipitating it as ohloroplatinate~

dissolving the precipitate and reprocipitating as porchlorate. The speoifio

activity remained unchanged. The samples showed no observable deoay ovar periods

of the order of a momth. Except that sample O(2) showed a~ iwLtia3 deoay ilR-

dieating a feeble activity of half-=’life10 to ~ days, which could not be sepa~

atod fras oesium by our prooedureO W mextion of short lived fissiox cesium was

found ia the literature but apparently the aotivity observed by us was alao

found by the Chioago group and established to be ce~ium (A. Turkevitoho private

Oomunicat*on)o

The ohemi~al yields of our procedure wero in the raeighbourhoodGf 50

peroent.

QAMMA RAY COUNTIN13

The experimental

of the samples is shown in

used in these experiments.

arrangement used to measure the gamma ray activities

Fig. 1. Two similar brass-wall Trost counters were

The counters were surrounded by l/Zf’ load oylinders

in order to exclude very soft gamma rays or hard beta rays sinoe auoh radiation8

would be strongly absorbed in the mnplea themselves This.mi&W@VQ used a:md- --=.... :-=......-——.–.,,
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ciependsnoeof counting rate on the amount of dissolved material, The samples

were oontainedo ao solutions in glass cells as shown im Fig. 3. Care was taken

to fill the oells to a standard height (a@ost full) amd to nix the cemtedx

thoroughly before owntisag. The acidity of the solutiowa WRS kept high to prevemt

preoipitatioa of active ~terial on the wall. Whezathe sblutioms were removed

from the ce3,1sthe Wttar never showed any rnppreoiableaotivity. Most IsampleR

were counted

ratie of the

energy. The

were (2.08 ~

on both co~tcws and the results were perfeotly ~~i~s~ete~t. The

efficiencies of the two oounters was 1.066 and indopendont M

efficieaoies f’er counting ● 1.2-Mev gamma ray im this arrangement

0.1) x 10-5 and (2.E32+0.3) x 10-3 respoctively~ m feundtitk the

use of a standard solution of Co&O calibrated by cokcidemce ccwxtiag methodso

‘J!heabsolute effioienoy does not enter these experiments howevor.

The counters were frequently cheeked with a radium ‘~atandardnoonaist-

ing of about 2 microgram of radium and its deoay produats in ~o~ution i= one of

the glass counting vessels. The day-to-day variations of the couthg rate due

to this standard indicated an intrinsic

which could not be reduoed by prolonged

obsoure. Since most of tho sigzaifioant

random probable error of about one peroent

oountingQ The eourco of this error is

oounts were obtained with a statistical

error of less than one perclentOthe averall probable error of a siagle count waa

generally abmxb l.~ pereeak. This ia consistent with the observod deviations of

repeated oouats~ decay curves eta. All oouats were repeated as me.nytimes as was

practical and the final errors in the gammm ray activities of individual mmplee

were always lew3 than 1 peroemt. The oounting 10ES correction of tho oountors

and scale of & ueed wrnadotermiaed by observing the deoay of a sample of Na56

and measurhg the dcwiatio~lof the early points from the straight exponential

deoay. The result indioatod a “dead-time” of about 3 x 10-L seaonds and the

ailRkEEs#a =
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correction never exoeeded

ing rate8 of moat mmples

of cesium frem O(2) which

usually between 30 and LO

CORRECTION FOR DECAY

-m=

three percent for any sigmificnnt suiplos~ The aoumt-

Werc!initially ~0 to /+000ecp.~d SJ@ept ia the Oase

gave only about 100 e.p.in. The background oount was

Cop.m.

Beoause of the long duration of the irradiation of samples Xand W(l)

it was nooessary to know the half life of Ea4° with considerable aocuraoy. The

aotivity of two samples wag followed on the gamma ray cwsrteruo tne deoay ●xtend-

ing over faotors of

ed by the method of

days and 12.77.days

value was supported

fourteen and forty respectively. The half life was determ.in-

leas% squiar6s0 The two samples iadioated values or M?.73

re8pec%iveXy. We adoptcgdthe value 12.75 + 0.Q3 days. This

by the fact

activity of sample X, separated

the barium half life was uned.

In oorrwting for the

that two

by weeks

decay of

independent determinations of the barium

gave the mm result when this’value of

the pile-irradiated sa]aples,the daily

power dissipation of the piles during the irradiation was taken as a measmre of

the neutroa intensity. Taking as ~ the energy dissipated (in megawatt - days)

OR a day t dayB beforo our experiment the

The suamation extomda over #o duration of

correction for barium doeay is

the irradiation. X plots of M for

the two irradiations are shown in Figs. 2 &nd 30 The eorreotion for deeayin the

ease of sample8 0(1) and O(2) caa be taken as extending simply l%m the (logarithmic

mean time 6f the exposure ~n the water bol~ero siaoe the irrndiut$on lasted only

a few hours and was very nearly constant.

The deoay of the untreated samples of fis8ion produot~ follows ● xnuoh

mlmEik&ia8” ---’
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uore ooqikated curve. It was observed oa~ smsple of 0(2) far about 150 dayu~

Dekaotimgby f($) the relative aoti,vttyt days after a short irradiation, the

oorreotiom for the pile-irradiated samples beoakaes

In Fig. k we show f(t) multiplied by %0 im ordor to ccxnprossthe seale~

.RESULTS

The results of

to them and the probable

the entire experimezrt~together with ‘thesteps leading

errors of eaoh are summarized in the table of resultsO

One observation which my be of some interest and whioh is not shown in the table

are the actual couding rates per fiss$on. DO found for tho long lived ceeium

1.30 x 10-1200p@, per fission. For the 32.75-day barimim oquilibrium$ we feund

8.0 X 10°9 &xtOI@dRO

The oeunti.ng rate CM

Thsse values might be

per fission, where t is the time elapsed sikaoethe fissiem~

to the combined gammarays aan be reud direatly from Fig. &

used fer approximate deteraha.tiens of the number of fisa&oms

if counters similarto ours are used with l/’2° lead shielding and are calibrated

with a 8tandard souroe of Co66 to oompare with the efficiency of 2008 x 10”3 fer a

102 Uev gamma ray to whioh the above values refer.

The fraction of U235 co~yerted by radiative oapture was determined by

Williams and%ater with a mass spectrograph and is reported in a compmion report

[LA - 510). It ifIshown in the starred items of our table of resqlts for oemplete-

ness. The value of 0.186 for

is in good agreement with the

ef the production of ?J236and

the ratio of the capture and fiasiom cross seotioms

value obtained by WilliamfJand Yuster in a oomparisea

the depletion of U23~ in oae of the irradiated -

samples. In comparing this value with those previously obtainod by compariag ~f
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refer to pile neutron6 in whioh a sru~llamount of fast fission ocours. The

value for thermal neutrons should therefore be somewhat higher~ probably between

0.19 and 0.20. This ia just about the average of the older determinations

mentioned.
..———- —..—.. .——- —____
~-~.,,+

;
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TABLE OF RESULTS——

No. ef fi6mionf3in EN(31)

R8.tAoOf lll!lOUnt~Of U235 O(~) o~~31)

I’@.of fissions in o(1)

[

dJ-@ count

Ratio of no. of fissions 0(2); O(l) Tota~& count

Av@r@ge

-Ratio of no. of fissions X : O(2) Cs count

,1

S&@ C30ul!lt

Total J count

.~t%O Of 11OoOf fif38iOn X : 0(1$ Cs Couat

Average

No. of’fiasaoas inx

.A3710uatOi’U235iltx U&,’

Fraction of U235 in X which undcmvent’fis6&,om

WWtiOn Of 11235in x o_~nvert~di~to u236*

Ratio Of oap%ure to fissioa.oraaa eections~ 8 ~]Q

.Ratioof no. of fi6sion6 W(l)/0(2) Cs Ooullti

(2063 ~ 0003) X 10~

I
TOtal[aount

Ratio of no. of fiSSi0n6 w(l)/CI(~)
Cs Coumt

( Average

No. of fi.ssions inW{l)

.Araoumt ofu2~5 illw(l] mg

Frabtion of atom in W(l) which uadcwweat fission

lW.CtbB Of U235 iRW(l) converted into u236 *

Hxpoaure ofW(l) aoutrbns/o#

(1006 & 0005) x 10~

(1.13 & 0.07) x 106

[1008 ~ooo4) x @

IiEG”=

I
-...—-.—
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SUMMARY

gamma-ray activity of tnvosmmples irradiated in the Clinton and

and of the barium and oesium extrauted from them wore compared

with the activities extracted from a sample in which the number of fissions

was determined by monitoring during the neutron exposureO The results obtained

show good internal consistency and idi,oate that (8,$1~0.3) x M)17 and (4.i3~0.2~)

x ~0~8 fissions reapeGtively had oocured im the two samples. These results are

eomparsd with mass spsotrometer data obtained byllilliams and Yu-storOIRthe same

samples to find tkeratio of the capture and fissiom Qross seotims of lJ2~~0
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