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A MEASUREMENTOF THE AVERAGEFISSIONCROSSSECTIONSOF PU240AND PU241

IN THE FAST REACTORNEUTRONSPECTRUM.

The reportto followdescribesan experimentdone to find the

240
averagefissioncrosssectionof Pu for the fast neutronspectrumof

the fast reactor. The cross sectionwas inferredfrom a comparisonof

240
the fissioncountingratesfrom foilsof known Pu enrichmentswith

the ratesfrom standardfoilscontainingonly PU239. Incidentalto the

PU240fissioncrosssectionmeasurementthe experimentalsoyieldeda

measurementof the averagefissioncrosssection

I. The ComparisonChamber

In orderto measurefissionratesfrom

had undergonea minimumof energydegradation,a

was designedta be insertedall the way into the

Thus,when the chsmberwas in place the foilsto

1 3/41!frcm the edge of the activematerial.

neutronfluxeswhich

doublefissionchamber

5-W reactorport.

be countedtire about

The cylindricalchamberenclosurewas machinedfrom Catalin

rod to have an insidediameterof u,/3.6tt.Two l/2f1x 3/4’1collecting

electrodeswere paintedon the insidesurfacewith Aquadag. slots

milleddownthe sidesof the chamberaccommodateda silver-platedbrass
*

septum,whichwas solderedto a cap designedto seat into the end of

the chamber. Foilsto be countedwere mountedone on each side of the

septum,facingthe collectingelectrodes.The entirechamberfitted
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into the end of a lengthof 7/8” steelpipe equippedwith a cap which

screwedon the end of the pipe and compressedneoprenegasketto form

a vacuum-tightsystem. Sealsat the otherend of the pipe,whichpro-

trudedfrom the edgeof the reactorshielding,broughtwiresfromthe

collectingelectrodesout totwopreamplifiers.The chamberwas oper-

atedwith 200 voltspotentialand at a pressureof one atmosphereof

argonu When wed with model!XXlamplifiersthe chamberyieldeddis-

criminatorbias curveswith a rate of rise of around

rise amountedto about~% for the entire“flattlpart

II. Weighingof Foils

Two foils,designatedas A and B~

enrichmentswere comparedwith two standard

O.l#v; the total

of the curve.

2hocontainingdifferentPu

pu239foils,S and Se bS

spectrographicanalyses(by atomicpercentages)for the foilsfollow:

RI A (LA561) B (-995) S, s (LA 561)

238 - 0006

239 92-76 5801 99.97

24o 6e86 34.0 0.03

241 0.38 6e8

242 - 1.0

Weighingof foilswas done in twoways: 1. Alphacountings

and, 20

taining

Thermalfissioncounting.

1. The ratioof <-particlecountingrate

severalM-active Pu isotepesto thatfrom a

E’!iglm-==

fromfoil x con-

‘purewPu239foil I

—
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NO(X)X(L8)+ N1(x)A(49)+ N2(x)A(4-10)+ Nq(x)A(h-12)

N1(S)X(&9)

where: No(x)= no. PU238atomsin foilx

Nl(x)= w ~239 . M ~ ,,

N2(x)= ti
~21+0 . “ . ,,

N4(x)= ‘t p@.@ ft n n n

N1(S)= w ~239 n “ std.foil Se

For foil A referredto standardfoil S this gives:

N1(S) < (S) j , N2(A) A(4-1O)+ NO(A) x(48)’

,- I‘~m, I-“W ~“m,

/
& (s)I A(4-1O) NO(A)

I

A(L8)I ~1)
=—
*(A) :+ o*07h

●

mm ‘qIj “ m,

neglectingthe very slight~-activity of PU241. For foil B, referred

to standardfoil S,
*

/
Nl(s) -<(S) I A(48) A(4-1O) IA(&-12)’

*
+ 00585— + oe@17—~ <+ o.oolo3~

A(I.L9) X(49)/
(2).

Alphacountingwas done in a largedoublechamberdesignedby

L. Rosen. As a checkon the symmotryof the countingapparatusthe

ratios%(S)/<(A) and o((s)/uC(B)were takenat severalpointsalong

the flatportionof the bias curves, Theseratioswere foundto be

constantwithincountingerrorsover abouteightypercent@f the *-

particlebias curves. The finalvalueof eachratiois the averageof

5
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the valuesfoundat approximatelytwentydifferentbias settings.

Althoughthe mass spectrographicanalysisof foil A (LA 561)

did not revealthe presenceof PU238,a pulseheightanalysisof its 0(-

particlespectrumdid show that <-particlesfrom PU238contributeda

fair amountto the totalcount. With the helpof a planimetricinte-

grationof the %-particlespectrum,a valueof 0.032was foundfor the

last term in Eq. 1.

counting

N1(S)
=

~

2. ThermalFissionCounting.

The ratiosTh(S)/Th(A)and Th(s)/Th(B)of the thermalfission

ratesare relatedto the PU239contentof the foilsby
/

Th(s)
I

\
at~h-lo) uth(4-11)

— 1 * o.074—
Th(A) \

+0.odll —
~ th(bg) I~th(hg) /

(3).

for foilsA ad S ad ,

(4).

for foilsB and s.

The thermalfissionand subsequentfast fissioncounting

ratioswere againdeterminedas an averagetakenat a numberof dif-

ferentbias settings. A furthercheckon thesymmetryof the counting

apparatuswas providedby

their

ences

associatedscalers~

in the ratioswhich

interchangingthe modelSOO amplifiersand

Thisinterchangeproducedobserveddiffer-

were smallin comparisonwith the counting

6
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errors~ Countingat a givenbias settingwas done simultaneouslyfor

both sidesof the chamberin orderto eliminatethe effectsof small

timevariationsin the reactorlevel.

It is necessarytochoosevaluesfor ~thfOr 1%238,fi239,

and PIA2h2in Eqs. 3 and 4. Of thesea vslueof 15 b is knownfor PU238

and less thanSO b is indicatedfor l’u240(- 995). n tk q~r

limitof ~0 b is chosen,the contributionof the Pu240term is still

small,and so it togetherwith the PU238and PU242termsis neglected.

A valueOf a th(b-ll)= 1350 b = 1085 u th(~9)is taken (w 995)*

The valuesof N1(S)/N1(A) andN1(s)/N1(B)are criticallyde-

pendenton the decayconstantsin Eqs. 1 and 2, and althoughsomespread

24° ~.ljfe, moststillexistsin the reportedmeasurementof the I%

of thesehavebeen around6500y. In the tablewhich followsseveral

valuesof T1/2 (4-10)have been selectedto indicatetheirinfluenceon

the self-consistencyof the countingdata. In eachcase the values

T~2 (&9)= 24.2x 103 y (LAMS995) and T~2 (48)= 8906y (Am hho~)

2h2were used. The term in Eq. 2 due to Pu

relativelylow abundanceand its predicted

N@)~Nl(A)

T~2 (4-10) ~-ctg Th fission

6000y. 1.145* ●0018 1.123 * .0017
6250 y. 1.133 * ●0018 n

. 6500 y. 1.123● .0018 U

was neglectedin view of its

slow decay ((H)CF-3211).

Nl(s)/Nl(B)

<-ctg Th fission

5.02* .00% 4.88 ● .00~
4.89 ● .00% 11

L*77 b .0055 W

The validityof assuminga negligibleeffectfrom o th(k-lo)

is supportedby the fact that any increasein Nl(S)/Nl(A)Or Nl(s)/NI(B)

7
~..
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as foundby thermelfissioncountingmuld destroythe agreementwith

thosevalueswhichwere determinedby alpha-counting.

The half-lifefigurearri~edat from weighingfoil B is prob-

ablythe more reliableone sincethe relativecontributionfrom Pu240

was higherthanit was in foilA.

III. Fast NeutronCrossSections

From the ratiosF(S)/F(A)andF(s)/F(B),found

countingin the fast neutronflux,one gets the relation

=(4-10)- 1 ‘F(A) N~(S)
\

I
7?(4-11)

%49) z
@j”~ -l-oeoo41— I349) ,

for foilsA and S, and

/
%4-10) 1

I
F(B)Nl(s)-~Oeool

air=iiziE~“iqEj -\
0.017

for foilsB

sectionfor

countingis

0(48)

by fission

34-11)

m—-- 0“u7 d49)
\

34-12)
I

W9) ,

and s, where the 61s referto the averagefissioncross

the reactorfast neutrons. Weighingby thermalfission

takento givethe more reliablevaluefor N1(S)/N1(A).The

two equationsaboveyield

G(4-1O) 1 ‘
\

I
%4-n)—-

ti49)
0094x 1.126-1 -.0041 _

a, I
6(49) /

/
1

I
0.282x4.88 -1 -0.u7 6(4-U)

‘m )
\ wri

/

8
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wherecontributions

neglected. Solving

from PU238and PU242fast neutronfissionhave been

thesefor a&lO)/6(49) and ~k-11)~~49) gives

7J(4-13)/wJ9)

3(4-lo)/a49)

The indicated

= 1.62 ● 0.26

= 0.32 ● 0.052

limits of errorarisefrom the r.m.s. counting

errorsonly and are thereforeprobablyoptimistic.Duringthe course

of fissioncountingit was foundthat interchangingthe tm foils in

the chambercauseddifferencesin the ratioswhichwere somewhatout-

sidethe countingerrors. An arithmeticmeanwas takenas the proper

valueof the ratio;if the observeddifferencearises,say,from a

deficiencyof countingsolidangleon one sidsof the chamber,thenthe

averageratiowill &fer from the trueratioby an amountwhich is of

the orderof the squareof the fractionaldeficiency.

The ~alueof 34-10)/a49) reportedhere is in fair agreement

with a measurementof ($-14) 6(h-10)/($-l-@%k9) = 0.4 ● 0.1 made

by D. sndJ. Eallby the

Monthly%port, January,

methodof reactor%iangercoeffieients~(P.Divo

1949).

, /’\k7’ ,,
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