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Abstract

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 reactor

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 S.-Pz 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. The cross sections most worth further study were the

^Li(n,n'a)t, the ̂Nb(ri,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
Commission, nor any of their employees, nor any of
their contractors, subcontractors, or their employees,
makes any warranty, express or implied, or assumes any
legal liability or responsibility for the accuracy, com-
pleteness or usefulness of any information, apparatus,
product or process disclosed, or represents that its use
would not infringe privately owned rights. MAS"

Research sponsored by the U- S. Atomic Energy Commission under
contract with the Union Carbide Corporation.
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IHTRQDUCTION

The objectives of this study have been to identify cross-section

uncertainties which either cast doubt on the tritium breeding potential

of a blanket model or show significant uncertainties in the breeding

xdxio. The identification of such cross-section uncertainties will be

used to establish priorities with regard to nuclear needs for the

Controlled Thermonuclear Research Program.

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 OKNL, June 1971* (Fig* 1)* This

configuration uses liquid lithium of natural isotopic abundance for

breeding and graphite for neutron moderation. Leakage from the blanket

is about k^o of the source neutrons and the breeding ratio will be about

1.5.

Version 3 of EHDP/B * was used as the reference for cross-section .

data. The cross-section processing code XLACS was used, to process the

ENDF/B-3 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 Li, 'Li, and "Mb. These effects were evalu-

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

were made both individually and also in selected pairs which would leave

the total cross section of an isotope unchanged as indicated in Table 1. •

The amounts of the changes were suggested by inspection of the' evaluators'

reports of EHDF/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 XSDEtr using an
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Fig. 1. Configuration of the 31snket Model Used in this Study.
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Cross Section Data Changes Studied
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S.-P, approximation in\ cylindrical geometry. XSDKN also includes a

resonance self'Shielding calculation by the method of Nordheim which

was applied to the niobium capture cross section. A vacuum boundary

condition was taken as the righthand boundary. The fusion neutron

source was idealized as an isotropic source of ~l4 MeV neutrons distri-

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

model.

DISCUSSION OF CALCULATIONS

1. Effect of Varying the Lj(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 deV down to 0.5 MeV, about ±jf> down to 0.1 MeV, declining down to

±0.5$ at the lowest energies. The scattering cross section was changed,

to keep o"T unaltered.

Tables 2 and 3 show an almost symmetrical change in the tritium

breeding ratio produced by the high and low pattern. Tritium pro-
•7

ductions from the Li(n,n'a)t reaction are only slightly changed, as

expected, rising slightly with the low pattern and falling with the

high LI cross sections. The fractional change in the total is about

0.3$, reflecting the fact that there is a high degree of compensation

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*



Table 2. Effects of variations in the
elA(n,Cl)t cross sections

Reaction* Low
Pattern

Reference
Case*

High
Pattern

T6

T t
Fractional change in T
Total (n,2n)
Niobium absorptions
Total parasitic absorptions**
Neutron leakage
Graphite elastic scattering

0.9638
0.5174
1.4812-

-0.0034
0.2396
0.2046
0.2303
0.0444

38.0501

O.969I •
0.5172
1.4863

«...
0.2396
0.2OC0
0.2260
0.0440

17.7231

0.97^3
0.5170
1.^913

+0.0034
0.2396
0.1954
0.2213
0.0435

17.4038

Basis: one fusion neutron.

In all tables "reference case", refers to the benchmark
calculation of Ref. 2 with standard cross sections.

**
Relative to the value for the reference case.

Includes niobium absorptions.

Table 3 • Effects of variations in the 6Id(n,oc)t cross
sections: tritium breeding ratios in

6 Li by energy range

(MeV)
Range

• Low Pattern

Fractional*
T6 Change in

Ts

Reference
Case High Pattern

Fractional*
Change in

15-2
2 - 0.01

Below 0.01
Total TG

O.OO95
0.5406
0.4138
0.9639

-O.0952
-0.0238
+0.0222
-O.OO54.

0.0105
0.5538
0.4048
O.969I

0.0116
O.5666
0.3961
0.9743

+0.1019
+0.0231
-0.0215
+0.0054

Relative to the value for the reference case*



2. Effect of Varying»the 'Lip^n'opt Cross Section

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

6 6 ' •

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

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

to some extent -with 'Li and certainly with Li. The breeding ratio is
6

noticeably more sensitive to this cross section change than to Li

changes. A +20$ change produces & k.yjo increase in breeding ratio while

a S.Of> change leads to a reduction of k.9f>. (The scattering cross

section was changed correspondingly to keep the total cross section un-

changed. ) The breeding ratio changes decrease with distance fractionally

from the center. Table h shows that the (n.2n) reaction rate increases
7

as the Li cross section decreasesj the same is true for niobium absorptions,

parasitic absorptions, leakage and graphite elastic scattering. The most

important result is that the breeding rate is noticeably more sensitive

to this cross section change than to the Li changes. When uncompensated

changes are made in the 'Li(n,n',a)t cross section (k), the effects are

somewhat less with respect to breeding reactions, but somewhat greater

with respect to (n,2n), parasitic absorptions, leakage, and elastic

scattering. The regional distributions of Tg and T_ are almost the same.

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

The changes made were ±25$, with compensating changes in the iii-

elastic-to-continnum cross section.. The overall change in breeding was

±2.k%. The effect on breeding from Li is much less than when un-

compensated changes are made because the 'Li reaction in the latter case

is in direct competition with the (n,2n) reaction. When compensated
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Table h, Effects of variations in the
*I£(n,n'a)t cross sections

Reaction*
Cross Section

Seduced Reference
Case

Basis: one fusion neutron.

- ̂Relative to the value for the reference case.

Includes niobium absorptions.

Cross Section
Increased

T6
T7
T
Fractional change in T*
Total (n,2n)
Niobium absorptions
Total parasitic absorptions**
Neutron leakage
Graphite elastic scattering

0.9718
O.hhlh
1A132

-0.0V9I
0.2V?8
0*2001
0.2283
0.C472

I8.O787

O.969I
' 0.5172

1.4863
__ -

0.2392
0.2000
O.226O
0.0440

17.7231

0.960^
0.5342
1.5507

+0.0433
0.2320
O.199S
O.2238
0..0411

I7A002
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changes are made, the Li reaction is affected only by changes in

slowing down pattern. The Id reaction is affected slightly more than

in Ref. 7, increasing vith increase in the Hb(n,2n) reaction, while

7
the Li reaction behaves conversely.

h. Effect of Making Simultaneous Changes

Making all the changes in Li(n,a)t, fId(n,n>,a)t, and ^Nb(n,2n)

reactions simultaneously gives a result which can be computed very closely

by combining the changes already noted for each separate effect. The most

"optimistic" combination produces a fractional rise of 0.0703 in breeding,

while the "pessimistic" assumption leads to a decline of -O.O776.

5. Replacement of Graphite with Breeder Blanket Material

In Fig. 1 the graphite zone is seen to lie between radii of 264

and 2$k centimeters. As has been pointed out, the graphite blanket

effectively moderates fast neutrons enabling them to be captured by Li

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

7
causes a rise of about 0.02 in the Li tritium production rate but the

Li tritium reaction has fallen about 0.13 due mainly to increased

leakage. While the lithium blanket is inferior to graphite, it is still

very effective at damping the effects of the cross section changes,

much as the graphite does.

6. Secondary Neutron Distribution Results

The energy distributions of the secondary neutrons from Li(n,2n)a,

Li(n,n'a)d, ̂ Li(n,2n), 7lii(a,2n)a, and ̂ Li(n,n'a)t are described by

evaporation models in ENDF/B 3* The breeding ratio was generally

ii
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insensitive to ±50$ changes in the "nuclear temperature" e(E) except

for the fLL(n,n a)t reaction where the breeding ratio fell,2.5$ for low

G was raised. Most of the change in breeding occurred in the 'Li re-

action j Li breeding reactions were unaffected*

At the suggestion of Prof. Herbert Goldstein of Columbia, a case
•7

was run in which the secondary neutron from the lLi(n,n/a)t reaction

was suppressed, effectively making it an absorption reaction, to show
7

the importance of the secondary neutron to the 'Li reaction itself.

The result was a 15.1$ reduction in tritium production from the "lA(n,n'a)t

reaction.

CONCLUSIONS

(l) The status of sLi(n,a)t cross-section data appears adequate for

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

blankets considered here. (Calculations 1. 2, 3, 10, of Table 1.)

' (2) Uncertainties in the cross-section and secondary-neutron energy

distribution of the 7Li(n,n'a)t reaction correspond to breeding ratio un-, .;, .....

certainties of about 5$. A re-evaluation of the relevant data in the

energy range above 10 MeV is recommended, and additional measurements may

be necessary. (Calculations k, 5, 6, 11.)

' (3) The suppression of secondary neutrons in the (n,nfoc)t reaction

showed the importance of these to tritium productions in 7 Li as well as

6Li. (Calculation 7) .

(4) Uncertainties in the 93Nb(n,2n) and (n,n') reactions (calcu-

lations 8, 9, 12) .attach uncertainties of about yf> to the breeding ratio;

new experimental data- may reduce this uncertainty.
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(5) If all effects due to changes 10, 11, and 12 are combined as in jj

calculation. 13, the fractional uncertainty is over ±7#, a result which j

1
can be closely predicted by combining the individaal changes as though j

• I
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,

'"clearly showing the graphite reflector's importance.



Table 5. Effects of variations in the
aaJft>(n/2ji) cross section

grass Section B f Cross Section
Reaction* Reduced « ? " n p Increased

(-25*) CftS° (+25*)

Ts 0.9322 O.9691 1.0061
T7 O,50BO 0.5178 0.5163
T l,fe502 1.1*863 . 1,5224
Fractional change in $ t -0,0248 •»- +0,0243
Total (n,2n) . 0,1939 0.3398 O.SSifS
Niobium absorptions 1 0,1921 O.2DO0 0,2078
Total paras i t i c absorptions** 0,8179 0.2?6Q 0*83^0
Neutron leakage 0,0^33 O.Qlf4O 0,0446

elastic

Basis; one fusion neutron,
+
'Relative to the value for the reference case.
Includes niobium absorption*.
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