0oNFREDEO L. 53
LA-UR--85-1729 RECFIVED BY OSTI JUNO 7 B35
DE8S 012729

Los Alamos Natioiial Laboratory Is aparatec by tre University of California for the United States Depariment of Energy under contract W-7405-ENG-36.

TITLE:  APPLICATION OF DETAILED FISSION-PRODUCT DECAY GAMMA SPECTRA
IN THE CALCULATION OF PHOTONEUTRON SPECTRA FROM D(Y,n) REACTIONS
IN PWR FUEL

AUTHOR(S): W. B, Wilson, J. E. Stewart, T. R. England, and R. T. Perry '

SUBMITTED TO:  The International Conference on Nuclear Data for Basic and

Applied Science, Santa Fe, NM, May 13-17, 1985.

DISCLAIMER

This report was prepared us an account of work sponsored by an agency of the United States
Guovernment. Neither the Unlied States Government ner any agency thercof, nor any of their
employces, makes sny werranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or uscfulness of any information, apparstus, product, or
procews disclosed, or ropresents that its use would not Infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise docs not necesssrily constitute or imply its endorsement, recom-
mendation or favoring by the United Stales Government or uny agency thereof. The views
and opinions of authors expressed herein do not necessarily ste'~ or reflect those of the
United States Governmenl or any agency thereof.

By acceptarze ol ihis article, the publisher recognizes that ine U.S Governmaent relains a nonexclusive, royaity-iree licanse to publish or reproduce
the published form of this contribution, or 1o allow others to do so, for U.S Qovernment purposes

The l.os Alamos National Latorsiory requests that the publisher iden.fy this srticle as worl perfurmed under the auspices of the U.S. Depar nent of Energy

[
Bloav of Vg

I';}"l}&, : l;. \ "'q .

Los Alamos National Laborato; y |
L@S A @[ﬁ@@ Los Alamos,New Mexico 87545

v e DISTRIRUTION OF THIS TCUMENT 1S UNLIMITED " 1
' P


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


APPLICATION OF DETAILED FISSION-PRODUCT DECAY GAMMA SPECTKA
IN THE CALCULATION OF PHOTONEUTRON SPECTRA FROM D(y,n)
REACTIONS IN PWR FUEL

W. B. WILSON, J. E. STEWART, AND T. R. ENGLAND

Los Alamos Natioumal Laboratory, Los Alamcs, N.M., U.S.A.
R. T. PERRY

Texas A & M University, College Station, Texas, U.S.A.

Abstract The magnitude, avecrage neutron energy, and spec-
trum of the photoneutron source in a PWR fuel is calculated
tor shutdown times to 100 y using CINDER radionuclide inven-
tory calculations, ENDF/B-V y line decay spectra, MCNP y
transport calculations, and PHONEX D(y,n) reaction physics
calculations.

INTRODUCTION

Phctoneutrons are produced in light water reactors by the inter-
action of energetic fission-product decay y's in (y,n) reactions
on deuterium naturally present in the water. Early calculations
of the magnitude and spectra of photoneutron sources in thermal
reactor fuels, summarized by Harris,! were limited primarily by
the lack of evaluated decay y spectra data for the radionuclides
gencrated in the tuel. With the 1974 release of the fission-pro-
duct data file of ENDF/B-IV,2 much of this data became available.
This file contained evaluated cross sections, direct and cumula-
tive fission yields, and a range of decay data including half-
lives, branchings, Q values, and decay spectra for a's, B's, Y's
and discrete clectrons. The evaluated fission-product decay y
spectra for 32 of the 58 fission products with y's exceeding the
D(y,n) 2.23-MeV threshold, were us-d by Stametelatos and England
in PHONEX® code calculations with c¢valuated D(y,n) cross-section
data to calculate temporal photoneutron source spectra.4 These
calculations used the y spectra, processed into 66 energy bins

with temporal radionuclide inventories calculated with CINDERg
for each of 10 yield sets of ENDF/B-IV to form aggregate y spec-
tra fer a variety of irradiation and shutdown scenarios. These
aggregale Yy source spectra were used to calculate photoneutron
spectra with PHONEX, which assumed that the y flux spectrum in
the deuterium-containing water was proportional to the y source
spectrum in the fuel. (Reference 4 also contains similar cal-
culated results for 2Be(y,n) photoneutron production.)
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CALCULATIONS WITH ENDF/B-V DATA

¥We have now improved upon this procedure using the more extensive
ENDF/B-V?2 fission-product data released in 1980. ENDF/B-V spec-
tra have been used with radionuclide inventories calculated with
CINDER and an ENDF/B-V based library for an actual PWR fuel,
MCNP® Monte Carlo y transport calculations of source y's in the
Zirc-4 clad U0, fuel rod and water lattice, and D(y,n) reaction

physics calculations with an improved PHONX84 version of the
PHONEX code.

ENDF/B-V Decay y Spectra Data

The fission-product data files include y decay spectra data for
247 nuclides, including 86 having y's with energies in excess of
2.23 MeV; the maximum Yy energy of the file is 6.99 MeV. A nomi-
nal 0.25-MeV grid of 20 y energies from 2.23 MeV to 7 MeV was de-
fined for use in photoneutron calculations. The decay y line
energies and intensities for all 86 nuclides, including only the
epi-threshold y's, were isolated in a unit decay Yy spectra file.

CINDER Radionuclide Inventory Calculations

CINDER inventory calculations were made for 2.56% initial enrich-
ment fuel discharged from H. B. Robinson-2 at 31.5 GWd/tU. Pre-
vious benchmark calculations of this fuel, using exposure-depend-
dent resonance self-shielded actinide cross sections and temcoral
4-group fluxes from companion EPRI-CELL calculations modeling a
cell of the 15 x 15 assemblies have been described in Ref. 7. The
livrary of ENDF/B-V data developed for the CINDER calculations
has been described in Ref. 7. From the CINDER results a file of
fuel irvertories was formed for the 86 fission products, giving
atom densities (atoms/cm3 fuel) at shutdown and 47 cooling times
ranging from 0.1 s to 100 y.

MCNP y Transport Calculations

The geometry of the PWR clad fuel rod and water lattice was
modeled for transport calculations as a cubic cell centered on
one axis about a clad fuel rod with pellet v.d. of 9.934 cm and
clad o.d. of 1.074 ¢m. FEach edge of the c¢ell measured 1.43 cm,
equal to the rod pitch, and all outs’de boundaries were reflect-
ing. Element atom densities for the fuel were taken f:rom the
CINDER-calculated discharge inventory, using 4;NB and ggPR tou
represent the light- 2nd heavy-mass fissiou products, respec-
tively. Clad element atom densities were taken from the EPRI-
CELL engineering data for Zirc-4. Water atom densities were
taken from an assumed 1 g/cm3 density, appropriate for discharged
fuel calculations but about 40% high for operating conditions.
Separate MCNP calculations were made for each y energy on the
p-id, ezch with 100 000 source y's started in the fuel from an
isotropic and homogeneous source description., The y track length
of each transported y was oinned by y energy group and material
with t(he largest statistical uncertainty in any ygroup {rack
length in water for any source energy found to be 6,.35%. The y
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energy-binned trzck lengths in water for each y source energy
were divided by the source strength (100 000 y's) to produce a
file of unit source Yy energy-binned track lengths in water.

PHONX84 Calculations

The original PHONEX® code uses input Yy energy-binned source spec-
tra (assumed proportional to flux, fluence, or track lengths) and
input photoelectric and photomagnetic cross sections to calculate
nhotoneutron spectra, using isotropic photomagnetic and sin?
photoelectric neutron angular distributions in the center-of-mass
system. The code includes energy and angle transformations to and
from each system; Yy track lengths are assumed uniformly distrib-
uted in energy within each y group. Howevar, the code has cum-
hersome I0 and provides no method of inputing target atom densi-
ties. A modified version PHONX84 was used with deuterium photo-
neutron cross section data of the earlier calculations? and the
light water deuterium atom density, taking deuterium at 150 ppm
tH, to calculate unit y water track liength photoneutron spectra
in 100-keV bins.

RESULTS

The files from each activity described above were retained for
the greatest flexibility of application. For these aggregate
photoneut ron calculations, the unit decay y line spectra file of
reduced ENDF/B-V data was first used (by interpolation) with the
file of unit source y energy-binued track lengihs in water re-
duced from MCNP results to produce a file of unit decay water
track lengths for each of the 86 fission products. This file
was, in turn, combined with the file of unit y water track length
photoneutron spectra produced from PHONX8& calculations, produc-
ing a file of unit decay photoncutron spectra for each of the 86
fission products. This file was then combined with nuclide decay
constants and the fissior product inventory file to calculate the
magnitude, shown in Figure 1, and spectra, shown in Figure 2, of
the photoneutron source in the fuel at each cooling tiwe. The
photoneutron source was found to be negligible (<1 n/s/em? fuel)
#t cooling times beyond a few thousand hours.

This photoneutron spectra calculation capability complements
the (a,n), spontancous fission, and B ,n delayed ncutron spectra
calculation capabilitics of the SOURCES code.®
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FIGURE 1 Photoneutron source magnitude and average neutron

energy of discharged 31.5 GWd/tU 2.56% H. B. Robinson-2 PWR
fuel.
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FIGURE 2 Photonecution spectra of discharged 31.h GWd/tU 2.56%
H. B. Robinson-2 PWR fuel.



