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Alpha-n and Spontaneous Fission Sources and Sprrtra from

hdivichml Plutonium Isotopes in PuF4 and R@

ILT. Perry and W. B. Wilson
Los Alamos Nationrtl Laboratory

Los AhltUOS, NM 87545

Introduction

I%Nonium+onttiining compounds vary widely in isotopic content.UIKJasa
result, the do,scos flmction of isotopic content nhio vtu-icscou:;idcmbly,
Dotcnnination of the dose from neutrons, dccuy and cilp~rc gammas from

plutonium in the form of compounds. thus requires ihut the spontuncous
fission (SF) UIILIalplm-n (u,n) source ad spectra from wwh individual
isotope be known.

To f’ucilitutc dose calculations from plutt~niun],.wm~iniilg compounds, wc
huvc adculuted the spontuucwusfission and (C@ suurces ml spcctru for

I g of c:mh of the plutonium isotopm in the fore] of either PuF4 or PU02,
As ““ Am is olkm n componm in o mix[um of plutonium iw}[(}pic

“’lAIII mixd with PuF,I mL’wllpoulds, the Smlrcc lllld Spwllll fkl)ln 1 g of “

I’u[)l Ims N,so lwcn dcttrmim’d Using tlkw rcwl[s, tlhc ncu[ruu StMIImW.
UIIL.I slMx’U41 IIuiy bc Mcrlllilwd 1’w ;IIIy NUIIIplC wllqmitiofl,

Mcthotls



Results

The IICUM.Wsource strength from Spunltumous fission d (U,n nmclitms
1

for I g of euch isotope arc given in Tubk 1. The alphastkm 4’Am m

il!i!illnl(d to slow down in cilhcr PIIF4 or Pu~I. ‘k sourcefor ‘“”l% is
I“romsponttineousiission done as this isotope dcmys only by betn cmissiom

711ccombinedSF nnd (Gn) spectrufor WWIIisolo~, in dw fom~ Pu(.)zor
PuF4. is given in Tables 2 and 3. IIK first 22 energy groups~~~~iti to

thoseof theMAlXS7 @ groupneutrtmtrunqwrtcrosssectionIikary,2
Ilw bruad find gruup con~ins w few neutnms us to be insigniknt, 13uch
spwtrti is normalized to the total source strcnglh for 1 g 01’u particultw
isotope, The spc.ctrafor “’Am arc thoseproducedfrom alpha Pruticlcs

Awing down in cithorPu02 or PuF4. Ilw spcam tbr ‘4+% urc tk
qmntnncousfksion ~tm akmco

IIIC ahsolutc soumcand qwctm for uny comhinutionof isoqms niuy hc
~ WI 3, This SUuwc,ziplwlill.LuldUobtuhiwl usingthe twtiultsin Tubhx 1, -,

couplednoutmn-gumnutIihrury inpul into fl WuuhporlwA:, [IM, would

provide u method of’ determining dosu from !wmph:s of Pu02 or IW”4,



Table 1
Alpha-n and Spontaneous Fission Neutron Sourw Strength

for Onc Gram of Metal for I%#nium Isotopes in the Norm of
PuC)2 or PuFAand Am in Pu02 or PuF4

Spommous PUOJ PUU2 PuF~ PIIU4
Fisdlon dpbn UMUISaum alpha-n lord SoUrc.c

Itwqw neuWns/gm ncuuaadum nculronslm nwmcmticm ncum”lgm

338PU 2.687E+03 1,412E+04 1,671 E+04 2.175E+06 2.178E+06
“’qt’u 2,181 E-02 4,013C+01 4.015E+01 5,6S3E+03 s,fJ53E+03
7qlu 1,026E+03 1,481E+W l,174E+03 2,0U1E+04 2,194E+(M

4,939E-02 1,3S7E+O0 1#406E+oo 1,704E+02 1,70GE+(M? ,
“h 1.717E+03 2,150E+O0 I,719E+03 2c69dE+02 1.9Q7E+03
‘% 6,(318E=02 (lio@OE+oo G.G18E-02 0,000E+OO (I,618E-02
‘44PU 1,900E+03 7,631 E.03 1,900E+03 7,628E.01 1,00 !E+03
i“AIII I,182E+O0 2,817E+03 2.818E+03 4,331 IZ+05 4,331 E+05 ,



I’abk 2
Neutron Spectra Normalized to Total Source Strength for

Plutonium Isotopes in the Form of PU02 and 24’Anl in 1%02

(hup
7
“’AIII Ill

llppr I%rmw 2%0., J%UL)2 %U02 24’1’UQJ 2U,,U”, ~“ho: “’[’q
Ikwkhrry,

. . in PI@
rwutnlmi nmlwmh

MrV
nelwonti rmur(mti nmtrom mwlrowi MtUrws mtmlrrm~

w ww m Ww pr group P @w I=E rmlp per group per f?rorlp w mfw

I AIOOIJ+OI 5.453t3*ol Sozflon.(klI,702E+OI” !J,961M4 3,119E+OI 7,9W$IM4 I,R091!IOI 3A061?,.02

6M5wlrl Q,529R+02 7,4(nl?411 1,0671?+02_ 1.7NI?412 I#0211+02 !$.RIW03 I ,SOWAN I.lml%o?
3,679m4M) (LX3W03 lli6113+ol 2.U27W4K! 5,551M.01 :!.737E+02 I !37W-(n :4,!1211tho2 I . I I191?+OJ
m~ll{+()() 5,~331~+4)” 1.2971i+Ol 2.9s21hW 4,5Ig~.ol 4. I I(W!402 1,62X{.(I2 4.”KMlh(n
I ,3S3W-MI

Yc21!n!’l(r2
2,302Et03 6,332WKI 2,125Ed12 2mmol 3,11W-02 1,275[{-02 7,76711412 3,(1931?+02

lt,2101!-ol 9.679F%02 2.3241M4K) 1,2501?+02 9,52W02 1,927Ei4)2 7.9301!4)3 2,NllE+02 I ,377WN
5,0(K)&0I 4,~84~+()~ ~,~m~~l 6.II[J5WII 3,,]~o~.(3~ 1.076W02 4,446[!.03 I .W!f!.w SAJ!l”ll!tul

.3,02s11411 I.4131h02 2,12YIWI 3,4171!+OI IL4911!-03 s,s~oi%ol 2,2trd4.03 htlolllh-ol I W1l.i+(}l
1,R,3m.clI 5.9941MI 7,3311?.02 1.67N%01 3,.349E4)3 2,7291N01 I ,Immm 3,3,1W.01 4.1(-1111+(10

-1,11011.01 2s75(lrwl 2,9s 1P..O2 8,1 14E+O0 l,537t!m I ,329H+OI 5.47911.04 I ,(lmf{.lol I,673HI(H)
b,”/:141i w I ,Nsli+o I I,2S’IMW Hw61il(lo tim77wM4

4,0WMU Kwllw)
6!3WM0 2,ti:t41,i04

5,,MM[?.(13 1,Usulwn 2,WW.04

‘I,H2711+W) ‘/,21 sli[11
3,0$3 W’[KI I ,2571{-04 3,7J41:I(M)1!1171!.[11

7,47W-W! ?4,113W*4UI7AI!I1{.(n Il,lll?,l!.olI ,IWMW4 I !4711WKI 5 Q7MI!4)5 I ,77slkNi I,4641;4)1
1,s(1?1!(P I ,3541!+(M) I . I9(11.!.(}.!—. .-.= 4. IHW’.OI MM!.(M..— 6,HHSKOI 2,1rhl&)5 IL41WJI 7,1 UM.iw
V,ll%l;0) 6,4h21i411 !J,7,1’)I14MI.Wsl!uI .1,19’/[14)s 3,2021!.01” I .,WM 0s ~,i)~$l!,ol ,I,dhhli. (11
5,s3[)1:.(1’1 2,1WINI 2,S(III;.04 N,7541i,W 1,4I MI!.(M I J’wl;.ol 5.WJI;.M 1.75W4}I 1,5s51:.(1?
1 lIQI; .01 I M131J.01 I ‘U) IIL04 4,4$11{.0? 7,20 NIII.(1(1 7.WIW! 301 )l~dwl N~,lfo!w?—- . . . . . .— 7 WI 1:!07
~,~~~11,,()~ ‘/.4 lfd!(l~ (Mxw!d)5 Lwli.(u l(i7tW.dlfi ).7 14t!m? 4,.f37iGb>I ,S201’MM ,,,- .,”u .:!:..!!!--- -....’..L- .— - . ... . . .. ... . ... .. ..- . --.., . ...”. .

-1 .4;!51! 0.1 :(,~li!li.(w ,3,4UM$W I11451!.(L! I,!! ’nllb(l(i I ,~6M)~{02 I 7,’/tmi’,m/ i!,,,wl! k! ;!,IJM! (1,!
v,Wl!4u 2,4)9,I 1;.02 2,6241”{.03 tl,’lfflll{.{~! I ,Wlld)(i I ,4461{.(}2 !LVMIH17 1.7W11!.W I ,(17[11’M13

-;.(N 7,02(4!4!1 6,7~~l\d)f1 7.YWW)I 3,7121{.07 3,6741!.03 I ,57(M;.07 4,WIW 4,4 %71;.04

I 41’”/l!d)4 I I ,5’/:41!.03 l,$i(ll~,.(wl 4Ql)ll{dt4 N,W21{.OM IL,Y21JW ?,(i~?l{d)ll I,olw.[),! I Jlfvl(.(hl



‘l’able 3
Neutron Spectra Nmnalizcd to Total Sourcc24~trengthfor

P1utonium Isotopes in the Form of PuF4 and Am in PuFg

Citmlp
Upper EIwrgy ?’tip”~, 2’”WIP4 %IF4 “l’ul:d
lhmdary, *W ncukranfi naulrons ncwons

hlev pcr group pm group par group pa ~up

I J3am’ol 5.4s3S%-01 5.260E4M 1.702EK11 9!96 lrim-
6,06sr*oo Z90mt(n 2,5 WIL03 1,Wmtm $,42WW
3,ii7w%o(b I umkos 2.737TW2 1.2511W03 4,743rh4K)

I,3s3E+(m-il103E+OS “lJi53Ew3 7SMNE+03 6,3S4WOI
U,2101?-012,W61?+OS 7AYUW2 2.R551N4H 2.7731WII
W(x)li.(rl 1.721E+05 ~,76jD&2 I.46413+03 i,07fJlwol
M.)2!WOI M,17W+04 I ,t..:l~+.()” “~,.~~1~()” 4,49m+lN)

1,B3(N34)I M42W-04 I 9,74W+OI 3,7N2WJ2 2.(HKiliWO
I,llorl-nl I, 32m+n4 4,1 Ilrrj+ol I ,s!)81{+[)7, l),4WWnl
()!7%IIL07 5.I yy+(x! I,625H+OI (),3WH+OI 4,44(W.01- .+
4! ORSE”02 2. I sm+m 7.(J26WW 2,7WIJ+OI ] ~,164~~

...- - ... .... ...-

q ~l~p,(}i I,(i7IIii(jo5,03IPm 2,,WWW IJW5E=02.......“.,-.. ..-...
5,5:!(IL(IJ o,~.w!lol 2,4,1Ilwl !I,llwliwl 7,7.10110.4-
,1,5191;.01 :1,’!:!’/1!,101 1,19:11!.01 4.N441{-(11 ,I,7J71!.(13

~j)ul:4 ‘%1”, %uli, 111 I’UF,l

ncwrons nculrmrs ncuhus neutrons
~r Uroup pm grmq par woup kw grow

s.lmtol 7996E4)4 l,wll+ol 1A(I6E(12
I#02fN(r2 5,111!JW3 I.50313W! Ilslm(ll
3,7%4r3ta2 1,37MN)2 3,ri28r:+m I, fdol;+m

4,13M!+oi! [,2’/51;.02 3,7’IOCA12 Ii IS91MS

2,Mlslw2 7.W6M3 2,3fisl;+02 5,1127[i+04

I ,M@U4.)? 4446W)3 I ,3?60+02 3,416R+’4M

(i,23713+Ol 2,2w.o:4 tJctil(Mwl 1.6.13U+04
3.0441;+(11 I m1271L03 :Ll%ltw I (LNIW{+(N

I ,4761;+o\ 5,47WL04 I ,(129RI 01 7,!644[!$03
7,wnll+M 2.6341{.04 7.H2111!+(MI I,o?fl!+.m

mm 1,~<7~.(~1 fl.3(MEl(12:!,73SH4(I(1——
I ,6 IWIWIJ 5,!)7~l ~.(JiJ I ,77 W44KI I ,H54114W
‘/,~(y/1~.(}1 2,W41WS 11.41:11;”01 “1.wll!t(ll
?,,UWIII.01 1,%!71!.05 l,wq!.ol ~,~~?fi+ol

I.!lrJ.111()) ,, .,$ v) 11{oh Ilvw{(ll I AJm4H_

7,W61LO? :LOI?, I{(N1 H,l):wi w (I,(lw’,to(l

l)LW;LAIMltlf


