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Alpha-n and Spontancous Fission Sources and Spectra from
Individual Plutonium Isotopes in PuF, and PuQ,

R.T. Perry and W. B. Wilson
Los Alamos National Laboratory
Los Alamos, NM 87545

Introduction

Plutonium-containing compounds vary widely in isotopic content, and as a
result, the dose as function of isotopic content also varics considerably,
Determination of the dose from neutrons, decay and capture gammas from
plutonium in the form of compounds. thus requires that the spontancous
fission (SF) and alplia-n (o.n) source and spectra from cach individual
isotope be known.

To facilitate dose calculations from plutonium-containing compounds, we
have calculated the spontaneous fission and (o,n) sources and spectru for
I g ot cach of the plutonium Nwmpce in the form of cither PuF, or Put),,
As “Y' At is often a component in a mixture of plumnmm isotopic

compounds, the source and spectra from 1 g of ™' Am mixed with PuF, ar

10, has also been determined. Using these vesults, the neutron source
and spectra iy be determined for any smuple conpusition,

Mecthods

The neutron sources and spectra were cnleulated using the SOU IRCES! code
andl library. The code is under development. ‘The code determines (3 .n)
delayed, spontancous fission and (o,n) neutron sources and spectrn due to
the decay of a radionnelides in homogencous media. Spontancous fission
spectn are caleulated with evaluated half life, SEF branching. and v data
using Watt spectrum purtineters [or 43 actinides. The (.n) spectra are
calculated with a library of nuclide decay alpha spectra, evaloated (a,n)
cruss sections and product nuclide level brauching: tractions, wd functional
O stopping cross sections using an assumed isotropic neutron angular
distribution it the center-ol-nass systent,



Resulls

The neutron source strength from spontaneous fission and (a, n) reactions
for | g of each isotope arc given in Table 1. The alphas from ' Am are
assumed to slow down in cither Pul’y or PuOa. The source for ***Pu is
from spontaneous fission alone as this isotope decays only by beta emission,

The combined SF and (a,n) spectra for cach isotope, in the form PuO, or

PuF,, is given in Tables 2 and 3. The first 22 energy groups wrrcspo.ld to
those of the MATXS769 group neutron transport cross section library.?
The broad final group contains so few neutrons as to be insignificant, Buch
spectra is uornialized w lhe total source strength for 1 g of a particular
isotope. The spectra for ' Am arc those produced from alpha particles

slowing down in either PuQ), or PuF;. The spectra for py are the
spontancous fission spectra alone.

Conclusion

The absolute source and spectra for any combination of isotopes may be
obtained using the results in Tables 1, 2. aud 3. This source, specira, and u
coupled neutron-gamima library iuput into n ttnnsport cocle, then, would

provide n method of determining dose from samples of PuQ), or Puldy,
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able 1

Alpha-n and Spentaneous Fission Neutron Source Strength
for Onc Gram of Metal for Plummum Isotopes in the Form of
PuO, or PuF, and *'Am in PuQ, or PuF,

Spontancous | puO, "0, Pul?, Puli,
Fisslon alphan wotal sourco alpha-n total source
Isotope neulrons/gm neutrons/gm neutrons/gm neutrons/gm neutrons/gn)
™hu 2.687E+03 | 1.412E+04 | 1.671E+04 ] 2.175E+06 | 2.178E+08
Py 2. 181E-02 | 4,013C+01 ] 4.015C+01] 5.653E+03 ] 5.653C+03
Pu 1,026E+03 | 1.481E+02] 1.174E+03 | 2.091E+04 | 2.194E+04
ATpy, 4.939E-02 | 1 357E+00 ] 1.406E+00| 1.704E+02 | 1.706E+02
gy 1.717E+03 | 2.150E+00] 1.719E+03] 2.696E+02 | 1.987E+03
pu 6.618E-02 | 0.000E+00| G.618E-02 | 0.000E+00} 6.618E-02
“Hpy 1.900E+03 | 7.531E-03 | 1.900E+03| 7.628E.01 | 1.001E+03
A 1.182E+00] 2.817E+03] 2.818E+03] 4. 831E+06| 4.331FE+05 |



Table 2

Neutron Spectra Normalized to Total Source Strength for
Plutonium Isotopes in the Form of PuO; and **'Am in I'u0,

Graup M aw w
Upper Bnergy] 2®pu0, | 1m0, | **Puo, Mpuo, | o, | Mo, | Y10, in 10y
Boundary, neutrons neutrons newtrons QMULFONSK nNAUICONS aeutrong nowrons neulrons

MeV pecgroup | pergroup | por group growp | pergroup | pergroup | pergrowp | per group

{1000k 1 543313401 | 5.260E-04 1. 7028401 | 9.961L-04 J 119401 1 7.9965-04 1LROOILLO1 | 3,4060:-02
60650400 | 9.520R+02 | 7.400F.01 1.0672+02 § 1.733R-02 1.8028+02 | S.RIOEE.UQ §.50E<02 | 1. WE+0?
JO6TEHN | 6.533IE+03 | 1.661 B+0l | 2.R27TH+02 §.581K.01 LTAIE+OQ2 | 1.3731:-02 342006402 | 118911408
2231 H4+00 S2330:4U03 | 1.207034010 | 2985213402 | 4.519B-01 4.11612402 I.G'Z_?._[i-(ll 4770615402 1 9. 219154002
1S3B+00 | 2.302E+03 | 6.3326+00 | 2.125E+02 | 23K36-00 | 3130302 | [2750:02 | 3.7670+02 | 36930402
8,21000.01 9.679E+02 | 2.324B+00) | 1.250E+02 | 9.520E.02 192TE+02 | 7.9361:-03 LAGIE02 | 1, 3171+02
5000801 4084402 | 8.2701.01 6405401 | 3.3208-02 I.076w 4.4461.03 I..@Hﬂ:‘_ 505876+ 01
30251801 1. 40300402 | 2.129B-1 JAITH+O1 | 8.4910-03 3.530E+01 i’ZHSH-(B 680811401 | 22RO
1.830K.01 $.994R+01 | 7.30.02 1.673E+01 | A.349E.03 2,729:+0M | 1.1271.01 JASIRAO] | 4 10100
1.11015.01 Q.JSGFHOI 29511102 81140400 1 | S37B.U13 | AXEAO1 | S.47913.(4 16208401 __l_._673HOUJ
6.73414 02 12850400 | 12570802 38960500 1 6.778E-04 639200400 | 2.63411 04 S X270 ] 7. 3180-O01
408811012 SORM 00 | S.MGER-03 LRS00 1 2 HE(4 ASIEL00 ] RS TE-O4 J7X040 0 | A
2478102 TR0 | 24BN | RRYILAN 1. W04 145200400 | S O7RIL08 1.7760«00 1 1.40415-(1
1503 (12 LASALS00 | 119600408 | 4. 18884 G,6081-05 | 6. 8BHSE-01 2.8 ME-08 ROl 4 UNE-0
9. 181 03 64020101 $.7391-04 1988001 JAONLOS 3. 2620801 134208 J98514.01 Sl 02
A.5008:-04 28691301 2.850114-(M B.7540000 1 AIRE.08 14409001 S971.06 17588101 1588002
1 1I°H_-_‘_!J_ ) G301 | Y014-(Md 4. 45014-(1) 7. 20IR1 UMy 7. W02 301 1406 R Q38107 79RO

L T eend | eoS0r03 | 2380100 1 867Nl 00 | LTVE0d | 12106 | 4837100 ) 4TIt
1.ALA.00 LE1.00 3.40314:08 ). 14810 1.8 781 (0 1 K002 YR GLLY o 02000 MR IR
90601404 2.09211.02 2,02413.0% H.IRML-04 1. 44d14-(l 1. Ad6il.o0 5.400614.07 1. 72000202 1.0700:-01
36705 7.02001-0% | 6,79311.06 2. 20088.03 17820307 Yoo 1 S2004-07 1 45040000 ] & 4570 (M
) AR LM . 87401411 1S L0 | 4 90180 B AUM8.0R 8. 821104 165508 1OV 1 OO0
1.8500.08 B 41804 8. 180807 ‘gil ‘11404 A48 11-08 4,34 31¢-04 1.71345-08 5._.&“5.('4 5. 380508




Table 3

Ncutron Spectra Normalized to Total Source Strength for
Plutonium Isotopes in the Form of PuF, and **'Am in PuF,
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