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Caleulations of o Fast Pission Planket for VI Pasion icactors
with Two Evaluated bata Libraries®

R. C. Haight and J. D. lLee
lawrence Livermore Laboratory

Abstracr

A conceptual fusion-fission hybrid reactor blanket of Wermer and Lee has
. been dnvestigated with two evaluated data libraries, tne INDI'/i~11f ard the
Lavrence Livamore Laboratory Evaluated Nuclear Data Library (GiibL). Zipni-
ficant Jdiffurences are found for tritium breeding, 2?°Pu breecin; , and vnergy
production through fission of uranium in the blanket. These diti{crerces are
due primarily to differences in the 14-MeV neutron-induced emissicn cpectra
as evaluated in the two libraries.

Introduction

In a preceeding paper,® one of us examined various neutronic aspects of
one typre ¢f conceptual fusion-fission hybrid reactor blanket. The resuits in-
dicatec¢ that a fast spectrum blanket has a number of attractive features, the
rajor ones being that unenriched uranium could be efficiently used as a fuel
ani that tritium breeding from lithium would be sufficient to replace tre tri-
tium burned in the D-T fusion reaction. TIlrese results were all derived from
a detailed neutronics analysis which was based on an evaluated neutron data
set.?

Because of the favorable potential for this conzept as a pover L cducer,
it was decided to verify the neutronics analysis using a different evaluated
neutron data set.? If the results had turned out the same, this paper cculd
nave been a footnote in the preceeding work. But the results were guite
different. Tritium breeding according to calculations with this second _i-
brary would be practically inadequate to make up for that burned in fusicn.
The energy multiplication by fission in the blanket would be 26% lowar, and
there would be a cecrease in the 2°°Pu breeding. These surprising cdifferences
required further investigations and comparisons of the contents of the wwc
evaluated data sets.

Tvaluated nuclear data are based, for the most part, on experimental nu-
clear data when they exist and upon systematics or nuclear mcdel codes when
experimental data are inadequate or entirely absent. The two data sets used
in these calculations were evaluated to a large extent from the same experi-
mental data and as a result the ‘evaluations are quite similar in many respects.
For examrpls, the often measured 2?°U(n,f) cross sectioa is evaluated almost
identically in the two sets. Only rather small differences can be found in
most of the evaluated total, fission, and capture cross sections for the ma-
terials in the present problem. Similarly, only small differences exist in
V (the average number of neutrons emitted in fission) for 233U anc 23%uy.

The differerces which do exist appear in quantities which have notl had
many experimental investigations. An example is the neutron aaission spcctrim

“Work performed under the auspices of the U. S. Atamic Energy Carmission.



following interactic.. of 14-MeV ..cutrons with a rivcleus. Lxccent for g re=
cent studies of Kammerdiener,® few measurements had Loon made of Ui, et ity
and evaluations of it relied on neutron evaporation models or Lyslosta: .o,

Yot, these emission spectra appear to be especially relevant for the lanior-
fissior hybrid and in fact account for most of the differences in tho cuelicu-

lated parameters.

Calculation

A conceptual hybrid reactor model of Wermer® and Lee! was irvestig.-sc
by means of Monte Carlo calculations. To illuminate various aspects, tic
spherical system was divided into 15 zones as indicated in Fig. 1. Zonew 27,
4, 6, 8, 10, 12, 14, and 18 are only 0.001 an thick each and were Inc_udzd
joe) :wvestlgate the neutmn spectra. The materials and densitlez are liuted
in Table I, Wnere more than one element is present in a zone, an romsgenized
rixture is assumed.

Two data libraries were used. The INDF/B-III iiirary® and the Lawrence
Livermore Laboratory (LLL) Evaluated Nuclear Data me:‘y (aadl)? m_m pro-

H

as

cessed into 176 \rmup-avemged data by the LLL jrocessing caa: CLYa, % A Lial
flx weiphting spectrum was used for each group.

Calculations of the .xybrid SYSTaS wWoie porformed wiia e oG M.i' 7
wiich dees an analogue Monte Carlo calculation. ‘The source ol il=ii ) neeiuns

sas assured to be uniformly distributed within the 320 un radi Lranplic

33,020 fusion neutrons were studied for each calculaticon. ¢ cude Coine
px.*e- the nwtrer and spectrum of neutrons entering designeted zoncs, the nure-
ber of each tvpe of reaction within a zone, and the probubility that the
rezaction was initiated by & neutron of a particular energy.

Results

The calculated results are given in Taeble II. For tritium bre
caiculavion withh the ENDF/B-III yields tritium breeding wiich is on
of 20% less than given by the calculation which used the IDL. 7The
result would imply, assuming 100% recovery, a bare ejualilty b atvieer, Teiviae
burned and tha* prcduced. On the other hand, the latter result Is ¢ Cu....O:""
ably adequate breeding factor. (It should be noted that in this o ek, Wil
the so-called "standard CTR blanket" design,® the "Li(n,n't) reacticn contri-
butes little to tritiwn breeding.)

4 greater disparity occurs in the number of fissi cms where the DD/ S-I0T
result is 26% lower than the calculation with EDL, Tris result varies only
slightly for the different zones which contain L._‘a.'h.\...... Most of the flssions
in this des:.gn occur in the abundant 22®y isotope which has & threshol~ for
fission of about 1.5 MeV. It is in this isotope where the largest ciiference
occurs in the two calculations.

23

23%9p, {g bred by the usual sequence of reactions *?°U(n,y)3%%U = 231 -
23%0n,  Thus, the number of neutron captures on B0 glves the pluteniuvs
breeding Tactor. Tor this gquantity, the two calculationd give :\;UL.-'-..; dilfer-
ing on'y by 7% with the ENDL result again being the larger.

Figures 2-6 give conparlsons of the calculation for the guantities of
interest as a function of the neutrun energy which initietes the various
reactions. Representative zones have been chosen for iiiustraticn.. These
plotrted results are proportional to the particular reaction crcss section
welghted by the neutron flux spectrum in the ..o..t.. Figures 7 "‘d 3 clue
spectra of neutrons entering zores 6 and 0. :cept for a fa
e" TWo spectra are equ.al tc the AT"u:.\' sp‘_c’n.:n at .o

being midway through the fissile material and the
chormmantly lithium-filled zone. 1In all these :
re sulcs and the ENDL . ults differ in magnitude o
in shape.

these la
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’l“.c ratler large differences in the results calculated with toa P 1IT

ENDL appear to be due to differences in the ncutron emiscion Lisoira

by 1b-MeV neutrons. After the first interacticn of 1k-MeY reutsons

.;,‘.n aransun, the emission spectrum ic that of Fip. 9. Gl neotes

: dove 2 MeV are more probable according to the: Q. U. . acnegvi=

:2u- INA/i=i71. A very similar result holds for the n.-.l.«_v .ud'zf.w

slon Lpectrun fean the sum of the structural materiuls, niol

("hu ahiusion spectrun o! iron has been disruuies ut

®). Tie differences in the evaluations for 1ith
diraction but smuch smaller,

. dirferences work on the 2449y fisgion probL.bility. Fecall

Tha a fission cross section has a threshcid at 1.5 lMeV anove which

it vrizes vo about 0,55 barns., Near 5.3 MeV, the thresrold for (n,n'i) iz

teached atd the total figsion oross section rises to about 1 barn.  lear 1:.B

FeV, the oross section rises again to about 1.4 barms. Thus, the imore encr—
e¢Tio The neutron emission spectrum (i.e. that in ZNDL) the rore l.ruy e
220 newtrons will induce fission. Tre total number of 230U fissicns

2ater in the cal)gulation with the 2L data. Similar consideratvions
oy " .

2 fission of ?

fons fLi(n,t) and P?M(n,y), the cross sections In e MeV
m._reasirug. ReuTIoN energy. inus, the number o leze
‘;r‘e by the number of neutrons belcw the fusicn socurce
ang Tore flSSlonS per fusion reutron in the Culc‘.ald ion
more neutrens in the system per fusion. The caloulation
rive. mare tritiws and ?Y°Pu breeding. Ve rote hat ':*eac-
not ve:y _npor'ca.nt because the absorptich by lithiw

at these low enargies.

In conclusion we have found that the lu-Me! neutren-induced endszion
specTre data are crucial to the calculation of a fusion-fission hyt.id reaczor.
Aele * fer many materials have recently Cecome available and could te
v;. vations. “ma’ily, we note that the emission spec-..‘. Jind es-

Tests in pulsed sphere experiments where the spheres are o

b 2an paths in radii., Cf the naterials under corelzeraticn

; n®»1% and isotopes of uranium ard lithiu:!® rove Zeern
Irvestigated at 1% MeV, The emission spectra above Z eV, for the LIT
SEheres are \_c.-cx.-atcd” quite well with e:...hez‘ the D?/"—L:I L the INDL. Tre
oreves of Iron? or of the uranium isotopes’? on the other hand are

et setter with INDL than with EDF/EB-III for enission energies aicve 2 MeV.
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Table I - Material Composition

Zones Density (gm/am?) Matmyial  Atom Fractior.
1 107 D+1 (a)
2.7 13.3 236 £.710

2335y 0.603
i 0.227
SLi 0.610
Fe 0.073
Ni 0.0i7
Nb 0.0860
8-15, 17, 18 1.07 "Li 3.73C
814 0.062
Te 0.083
Ni 0.020
Nb 0.055
16 2.0 C 1.0
19 5.82 H 0.475
B 0.003
c 0.243
Fe 0.26G

(2) Since the ENDF/B-III library does not contain tritiun as
a material, pure deuterium was assumed in Zone 1.
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Table = ReacLions by Zone per fusion

Hewwclion Zone LNDE LINDL LeRls
i /iiatidg

Tritiwn Breeding

L (n,t) 3 0.044 0.053 0.B3
5 - 0.039 D.0u7 [.e%

7 0.051 0.064 0.80

9 0.159 0.205 0.78

11 0,132 0,172 0,77
13 U.219 6.273 0.80

15 0.216 0.254 0.85
17 ¢.079 0.093 0.85
Total 0.9u 1.16 0.81
7Lin.antt) Total 0.06 0.07 0.8
Total Tritium Breeding  1.09 1.23 0.81
233py; 3reeding
2384(n,y) 3 0.675 0.705 0.96
5 0.503 0.628 0.96
7 0.847 0.9uy4 0.90
Total 2,13 2.28 0.93
Fission

238 fission 3 0.278 0.372 0.75
0.171 6.239 0.72
7 0.153 0.228 0.67
Total 0.850 0.84 0.72
ISy Fission 3 0.039 0. 044 0.88
5 0.034 0.038 0.89

7 0.0u4 ©.052 0.85

Toral 0.12 0.13 0.87

Total fission 0.72 0.97 0.74



Figur< laptions

6.
7.
8.

Zoning of the fast fission blanket.

6Li(n,t) reactions versus neutron energy ~ zone 5.
EI..i(n,t) reacticns versus neutron energy - zone 11.
238U fissions versus neutron energy - zone 5.
235\5 fissions versus neutron energy - zone 5.
238U captures versus neutron energy ~ zone 5.

Spectrum of m;_utmns entering zone 6.

Spectrum of neutrons entering zone 10.

Spectrur: of neutrons after one interaction of a 14-MeY neutron

with natural wranium.
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