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CROSS-SECTION SENSITIVITY OF TRITIUM BREEDING
IN FUSION REACTOR BLANKETS*
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The objective of the present study is the identification of cross-

section uncertainties which might produce uncertainties of the order

of several percent in the tritium breeding ratio in fusion reactox

blankets.

The model chosen was the bench-mark configuration. specified

at the Neutronics Session of the International Working Sessions on

Fusion Reactor Technology.

Using ENDF/B version 3 cross sections and

an %-P3 transport calculation, calculations of the effects of sub-

stantial cross section changes were performed both individually and in.

selected pairs which would leave the total cross section of an isotope

unchanged.

TLi(n,n’a)t, the 93Nb(n’,2n) and (n,n’) reactions.

NOTICE

This report was prepared as an account of work
sponsored by the United States Government. Neither
the United States nor the United States Atomic Energy
Comunission, nor any of their employees, nor any of
their contractors, suhccnt.ractcn‘s or (heu- employees,
makes any warranty, tied any
legal liability or responsltumy for the accuracy com-
pleteness or usefu.lness of any information, apparatus,
product or p or that its use
would not infringe privately owned nghls

The cross sections most worth furtker study were the
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*Research sponsored by the U. S. ‘Atomic Energy Commission under
contract with the Union Carbide Corporation.
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INTRODUCTION

The objectives of this study have been to identirfy crossfsection
uncertainties which either cast doubt on the tritium breeding potential
of a blanket model or show significant uncertainties in the breeding

;éio. The identification of such cross-section uncertalinties will be

used to establish priorities with regard to nuclear needs for the

Controlled Thermonuclear Research Progrem.

The blanket model adopted is the bench-mark configuration specified ‘
at the Neutronics session of the International Working Sessions on '
Fusion Reactor Technology held at ORNL, June 1971.1 (Fig. 1). This
configuration uses liquid lithium of natural isotopic- abundance for
breeding and graphite for neutron moderation. Ieakage from the blanket
1s about 4% of the source neutrons and the breeding ratio will be about
1.5.

Version 3 of I?.'L*IDF/BE"5 was used as the reference for cross-section
data. The cross-section processing code XLACS" was used. to process the
ENDF/B-5 data into a broad group energy structure consisting of 99 fast groups. |
and one thermal group. - In this paper we examine the effects of uncertainties

in the cross sections of 6]‘..1 s 7Li , and 95Nb. These effects were evalu-

ated by making substantial changes in the reference data sets. Changes

were made both individually and also in selected peirs whieh would leave
the total cross section of an isotope unchanged as indicatéd in Teble 1. . | i
The emounts of the .changes were suggested by inspection of the evaluators' . =~ |
reports of ENDF/B data together with the reports of the original measure-

ments when necessary. Techniques used for making the changes are '
described elsewhere.” The neutronics calculations were carried out .

with the discrete ordinates transport theory code XSDRN6 using an ’



. '. Distances . . 200.5 _ 204 . :
" fnem O 150 0 203.5 ‘ S . 264 294 300 -
' I TR : 94 % L1 | LML IR AR
“Origin——y |Plasma [Vacuum Nb _ . Nb . . ¢
: o 6% Nb ‘ . 6xNb 6XNb |
, R - 20em -20cm . 20 em . A
. Zone Number _ 1 [ 2 T3 . & s > O D A - :
.Regicl‘l ' b - ‘. - » . b4 . o . ° ’ . [} ) . [ °
Magber L. 2003 4 s D6 17 e s w0 o
" Materfal: . A B ¢ D . ¢ . D . E 0 .
"umber Of b ) - . ‘;'.. ° ' . . o .. ° . .
Intervals « 1 e .1 7 « 3 s 6 - + 3 . 30 « 18 .+ 3 .
Pep. zone o ] .’ K . . ’ . g . ' . . . .
fonsk™ss . 10 150 .05 - 3 .05 . 60 BRI TR
Comment : The interva'ls in each zone are of equa] step length Thern are 62 intervals all together.
. Fig. l. Conﬁguratwn of the Blnnket Model Used in this Study v

N
(=]




Cross Section Date Changes Studied

TABLE T

Calculati '
o 0% Nuclide . Data Chenged Amount of Change
1 ®1i o(n,x)t + (5-203) 2s
A function o3 enexrzy
2 €11 Nuclear temperature for 504,
(n,2n)a reaction .
3 7 Nuclear temperasure for +50%
(n,n’a)d reaction
L 71i o(n,n’a)t +20%
5 71i Noclear temperature {(0) 504
' for (n,n’a)t reaction
6 71i Nuclear temperature for +50%
: (n,2n) reaction .
7 715 Secondary neutrons from ———
71i(n,n’q)t suppressed
8 #31 o(n,2n) £25%
9 23No o(n,n’) £25%
10 ®ii . o(n,a)t; o chenged to + (0.5-15%) as
: - keep 0y, conistant _function of energy
1 714 o(n,n’a)t; o, changed to 208
‘keep Op constant :
12 93D o(n,2n); inelastic-to- 254
continuum changed to keep
Oq constant
13 Ii and Cross ‘sections changed to |
i produce "meximum" and "minimum"
breeding ratios } :
4 c Substitution of breeder blanket

for graphite reflector
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SLL'P3 approximation in} cylindrical geometry. ~ XSDRN also includes &
resonance seli‘-shieldiﬁg calculation by the method of Nordﬁeim which
was applied to the niobium capture cross s;action. A vacuum boundary
Aition was taken as the righthand boundary. The fusion neutron

source was idealized as an isotropic source of ~14 MeV neutrons distri-

buted uniformly in space throughout the "plasma" region of the blanket
model.

DISCUSSION OF CALCULATIONS

1. Effect of Varying the 6Li(n,a)t Cross Section

This cross section was varied in high and low patterns suggested
in the ENDF/B documentation. These patterns were about *(10-15%) from

20 eV dowvn to 0.5 MeV, about 5% down to 0.1 MeV, declining down to

+0.5% at the lowest energies. The scattering cross section was changed.

to keep Op unaltered.

.Tables 2 and 3 show an almost symuetrical change in the tritium
breeding ratio produced by the high and lo;r pattern. Tritium pro-
ductions from the 7I.j.(n,n’a)t reaction are only slightly changed, as
expected, rising slightly with the low pattern and falling with the
high 61.:‘. cross sections. The fractional change in the total is about
0.3%, reflecting the fact that there is a high degree of cdmpensation
resulting from slowing down. That is, as Table 3 shows, neutrons which
are not absorbed at' high energies in lithium are absorbed at lower
energies and conversely. This process is assisted by the graphite of

region 9.
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Table 2. Eflects of variations in the
€1i(n,a)t cross sections

Low - Reference High

Reaction* Pattern Case® Pattern
Ts - "0.9638" 0.9891 - 0.97:3
T,. . 0.5174 0.5172 0.5170
by 4 1.4812. 1.1863 1.k913
Fractional change in T -0.003L - +0.0034%
Total (n,2n) . 0.2396 0.2396 0.2396
Niobium absorptions 0.2046 0.2000 0.195%
Total parasitic absorptions¥* 0.2308 0.2260 0.2215
Neutron leskage 0. 04l 0.0440 0.0%35

Graphite elastic scattering 18.0501 17.7231 17.4038

W*
Basis: one fusion neutron.

*In all tables "reference case” refers to the benchmark
ctleulation of Ref. 2 with ‘standaxd cross sections.
+

Pelative to the value for the reference case. :
Includes niobium absorptions.

Table 3. Effects of variations in the ®1i(n,a)t cross
: sections: tritium breedirg ratios in
8Li by energy range

Low Pattern , - Reference High Pattern
‘Energy Range - ' ' ;
. (MeV) Fractional¥ Fractional¥*
Ts Change in Te Ts - Change in
Ts ’ T
15 -2 0.0095  —0.0952 0.0105 0.0116  +0.1019
2 ~-0.01  0.5506 -0.0238 0.5538 0.5666  +0.0231
Below 0.01 0.4138  +0.0222 0.k0u8 - 0.3961 -=0.0215
Total Te 0.9639  =0.005L- . 0.9691 0.9743 = +0.005k

*Relative to the valus for the reference case.
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2. Effect of Yarying.the !1i(n,n’a)t Cross Section

In this configuration, the production of tritium from 7Li is helf

-

as large as that from 6Li.‘ Unlike the 6Li(n,a)t reaction, neutrons are

not consumed in this reaction but are available for further reactions,

6Li. The breeding ratio is

6

noi;ieeably more sensitive to this cross section change than to 'Li

to some extent with '1i and certainly with

changes. A +20% change produces a 4.3% increase in breeding ratio while

& -20% change leads to a reduction of 4.9%. (The scattering cross

section was changed correspondingly to keep the total eross section un-
changed.) The treeding ratio changes decrease with distance fractiocnally
from the center. Tabie 4 shows that the (n,2n) reaction rate increases

as the 7I.i cross section decreases; the same is true for niobium ebsorptions,
parasitic absorptions, leakege and graphite elastic scattering. | The most
important result is tkat the brecding rate is noticeably more sensitive

61.1 changes. When uncompensated:

to this cross section change than to the
cha.nges‘ are made in the 7I.ii.(n,n’ ,0)t cross section (k), the effects are
somewhat less with respect to breeding reactions; but somewhat greater
with respect to (n,2n), pa.rasitic absorptions, leskage, and elastic

scattering. The regional distributions of '1‘6 and '1‘7 are almost the same.

3. Effect of Varying the Niobium (n,2n) Cross Section

The cha.ngés made were +25%, with ccmpensating changes in the in-
elastic-to-continnum cross section.. The -'-:overall change in breeding was
+2.4%. The effect on breeding from 71.1 is much less than when un-
compensated changes are made beceuse the 7L:i. reaction in the latter case

is in direct competition with the (n,2n) reaction. When compensated

B 4



*  ‘Tablelh. Effects of variations in the
71i(n,n’0)t cross sections

Cross Section Cross Section

Reference

Reaction¥* Reduced Case Increased

‘ (~20%) ) (+207)

Ts , 0.9718 - 0.9601 0.955%
Ty 0.khah © 0.5172 . 0.58k2
T 1.k132 1.4863 1.5507
. Fractional cha.nge in 1‘1' ' -0.0491 . = +0.0435
Total (n,2n) 4 0.2478 0.23592 0.2520
Niobiwn absorptions 0.2001 - 0.2000 0.199%
Total parasitic absorptions** 0.2283 0.2260 - ~ 0.2238
Neutron leakage . 0.04T2 0.0440 . 0.0511
"Graphite elastic scattering 18.0787 17.7231 17.4002

*Bas:.s. one fusion neutron.
'rRelatiVe to the value for the reference case.

Includ.es nicbium absorpt:.ons. o o '
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changes are made, the 7L1 reaction is affected only byrcha.nges in

" slowing down pattern. rl‘:he 6Li reaction is affected slightly more than .
in Ref. 7, increasing with increase in the S2Nb(n,2n) reaction, while
the 7Li reaction beha.veé conversely.

L4, Effect of Msking Simultaneous Changes

Meking all the changes in 6Ia‘.(n,a)t, TI.:’.(n,nl,a)t, and 95Nb(n,2n)
reactions simultaneously gives a result ﬁhich can be computed very closely
by combining the changes eiready noted for each separate effect. The most
"optimistic" combination produces a fractional rise of 0.0705 in breeding,
while the "pessimistic” assumption leads to a decline of —0.U7T6.

5. Replacemer.i of Graphite with Breeder Blanket Materiai

In Fig. 1 the graphite zone is seen to lie between radii of 264
and 294 centimeters. As has been pointed out, the graphite blanket
effectively moderates fast neutrons enabling them to be captured bty 6L1
and lower energies. The breeder blanket material, a mixture of lithium
and niobium structure, is not as good a moderator as graphite because
of its lower scattering cross section. Use of it in place of graphite
causes a rise of sbout 0.02 in the ?Li tritium production rate but the
6Ia'. tritium reaction has fallen about 0.15 due mainly to increased
leskage. While the lithium blanket is inferior to graphite, it is still
very effective at damping the effects of the cross section changes,
nuch as the graphite does.

6. Secondary Neutron Distribution Results

The energy distributions of the secondary neutrons from 6I.i.(n,2n)a,
6Li.(n,n'ot)d., 7I.:i.(n,a‘n), 7I.‘i.(z:l,a‘n)cu, and 7I.i.(n,n'oz)t are described by

evaporation models in ENDF/B 5. The breeding ratio was generalily

T T VO
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insensitive to +50% changes in the "nuclear temperature" o(E) except
for the '1i (n,n a)t rcaction where the breeding ratio fell 2.5% for low
6 was raised. Most of the change in breeding occurred in the 7Id. re-

action; 6Li breeding reactions were unaffected.

At the suggestion of Prof. Herbert Go]dst;in of Coli.z!n'bi.a.‘,8 & case
was run in which the secondary neutron from the 7Li(n,n’a)t reaction
was suppressed, effectj.vely making it an apsorption reaction, to show
the importance of the secondary neutron to the 11 reaction itself.
The result was a 15.4% reduction in tritium production frem the 71.1 (n,n’a)t'

reaction.

CONCLUSLONS |

(1) The status of ®Li(n,x)t cross-section data appeurs adequate for

tritium breeding calculations of about 1% accuracy for the class of

blankets consi(/iered here. (Caleulations 1. 2, 3, 10, of Table 1.)

. (é) Uncef]rtainties in the cross-section and secondary-neutron energy
distribution of the “Li(n,n’a)t reaction correspond to breeding ratio un- ,.;._.
certainties of gbout 5%. A re-evaluation of the relevaunt data in the
energy range above 10 MeV is recommeﬁded, and add.itiona:l‘. measurements may
be necessary. (Calculations 4, 5, 6, 11.) _ .

"(3) The suppression of secondary neutrons in the (n,n’a:)t reaction
showed the importance of these to tritium productions in 7Ii as well as
SLi. (Caleulation 7) , B )

(4) Uncertainties in the ®3Nb(n,2n) and (n,n’) reactions (calecu-
lations 8, 9, 12) attach uncertainties of about 3% to the breeding ratio;

new experimental data:  may reduce this uncertainty. _ ]
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(5) _If all effecfs due to changes 10, 11, and 12 are combined as in

»

| calculation 13, the fractional uncertainty is over 7%, a result whick
can be closely predicted by combining the individual changes as though
_ they acted independently. '
(6) Calculation 14, in which the graphite reflector was replaced
by breeder material, showed a drop of over 7% in the breeding ratio s

‘“e¢learly showing the graphite reflector's importance.
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Ta‘ble 5. Effeqts of variations in the

Lo N‘b(n,an) cross section

—— e v
‘ Crass Eectlon Cross Section
Reagtien¥* Reduaed Reé‘:::npa Inereased
R = (+25%)
— PPt oy

b 0.5180 0.5172 10,5163
7 1.ks02 1.#865 ... 31.,522h
Fractional change in P7 - ~0,0242 +0,0243
Total (n,2n) . 0e193%9 0.2392 0,2548
Nioulun absorptions ¢ 0.1921 0,2000 0,2078
Tatal parasitic shsorptiong¥# 0.2179 0.2260 0.2340
. Neutron, leskage 0.0433 0.0440 0,0L46
Graphite elastic leattor.ng 7. 1831 17. 7833 ¢ 1B,2650

Bas;s. ene fusion neutron.

"'Relative to the valua for the refevence case.

Includea niob:.um gbsaqrptiong.
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