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ANALYSTS OF A BENCH-MARK CALCULATION OF TRITIUM BREEDING IN A

FUSION REACTOR BLANKET: THE UNITED STATES CONTRIBUTION
D. Steiﬁer

INTRODUCTION

A fusion reactor operating on the deuterium-tritium fuel-cycle will
require a tritium-breeding blanket; Tritium production in the blanket
will be accomplished through interactions between the fusion neutrons and
the isotopes of lithium, that is via the 6Li(n,oct) and the 7Li(n,n'on;)
reactions. The tritium breeding performance of conceptual blanket models
has been calculated by a-number of groups.(l) However, since these
calculations have generally been based on different cross sectionvsets,
it has been difficult to compare results obtained by different éroups.
At the Neutronics Session of the International Working Sessions on Fusion

(2) (

Reactor Technology held at Oak Ridge National Laboratory, June 1971)

it was agreed to undertake a bench-mark calculation of tritium breeding

(3) (

using version 3 of ENDF/B ENDF/B-3) as the reference for cross section
data. The purpose of this communication is to describe the bench-mark
problem and to discuss the results submitted by the United States

%
participants.

THE BENCH-MARK PROBLEM
The configuration of the blanket model specified in the bench-mark
problem is shown in Fig., 1. The blanket geometry was taken as one-

dimensional cylindrical geometry. The fusion-neutron source was idealized

*
Dr. Stephen Blow of the Harwell Laboratory, England, is analyzing the
results submitted by the Furopean participants. An analysis of the
combined furopean and United States results will be issued subsequently.



as an isotropic source of 1lhk-MeV neutrons distributed uniformally in space
throughout the "plasma'" region of the blanket model. The specified
nuclide number densities for each material of tﬁe blanket are given in
Table 1.

The ENDF/B-3 material identification numbers for the nuclides of
interest are given in Table 2. It was specified that the nuclear data
given in ENDF/B-3 be processed into a broad-group energy structure con-
sisting of one-hundredbgroups with the top ninety-nine groups in the

(h)

GAM-TI energy gfoup—structure and one thermal group. Inlpreparing
these cross sections fhe effect of resonance self-shielding would be

neglected. It was agreed that either discrete ordinates or Monte Carlo
transport codes be used in the calculation. A P _Sh gpproximation was

3

recommended for those employing a discrete ordinates transport code.

RESTITTS NOF CALCULATION

The participants in the bench-mark calculation are listed in Table 3.
Table 4 specifies (1) the processing code used at each laboratory, (2) the
flux weighting employed to obtain group-averaged éross sections in the
data processing calculation and (3) the assumption made regarding the
thermal group cross sections.

The bench-mark calculations are summarized in Table 5 which gives the
system breeding in lithium-6 and lithium-7 normalized to one source neutron.
In all cases the calculations were performed with a vacuum boundary con-
dition at the right—hand boundary. Note that higher-order angular-
quadrature discrete ordinates calculations were performed in addition to
the Sh calculations.

Table 6 compares the P3—Sh calculations of breeding by region.

Tables 7, 8, and‘9 give the neutron balance and the tritium breeding by

region for each of the P3—Sh calculations; the BNL, LASL, and ORNL



calculations, respectively. Table 10 compares the LASL discrete ordinates

calculations (Sh’ Sg, and S

12) by region. Tables 11 and 12 compare by

region the ORNL discrete ordinates calculations (Sh’ 88, 812, and 516)

with the ORNL Monte Carlo calculation; Table 11 summarizes the results

for the

Li(n,n'at) reaction and Table 12 summarizes the results for the

Li(n,at) reaction.

DISCUSSION OF RESULTS

The results presented in Tables 5 through 12 can be summarized as

follows:

1.

The Discrete Ordinates P3:§h ﬁesults. The BNL .system value

for breeding in lithium-7 is v 1% greater than the LASL system
value; the ORNL system value for breeding in lithium-7 is v 2%
greater than the LASL system value. The differences observed
among the region values for breeding in lithium-7 do not exhibit
a consistent trend, that is, the BNL and ORNL region values are
not consistently higher than the LASL region values. The ORNL
system value for breeding in lithium-6 is Vv 5% higher than both
the BNL and the LASL system.values. The ORNL region vaglues for
breeding in lithium-6 are consistently higher than both the BNL
and the LASL region values.

Higher Order Discrete Ordinates Results. The agreement between

the LASL and the ORNL results for breeding in lithium-7 improves
considerably as one moves from the Sh results to the S8 and 812
results. The results for breeding in lithium-6 are relatively

insensitive to the order of the angular quadrature. The dif-

ferences between the ORNL 812 and 816 results are insignificant.
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3. The ORNL Discrete Ordinates and Monte Carlo Calculations. All

the ORNL calculations were performed with the same set of
muitigroup cross sections. Thus, the ORNL discrete ordinates
and Monte Carlo results can be compared on the basis of identical
input cross sections. Each of the discrete ordinates system
vélues for breeding in lithium—6 is in good agreement with the
Monte Carlo system value. The largest discrepancy among the
region values for breeding in lithium-6 occurs in the Sh region-4
value which is v 3% higher than the Monte Carlo region-4 value.
The Sh system value for breeding in lithium-T7 differs from the
Monte Carlo system value by only Vv 1%, however, the 5), region-l
valuc is ~ T% higher than the Monte Uarlo region=l value.
The 88 results for breeding in lithium-T7 are in good agreement
with the Monte Carlo results in all regions but region-4 where
the 88 result ;s N 4% higher than the Monte Carlo result. The v
812 resuits are in good agreement With.the Mont.e Carlo results.

In order to identify the sources of the discrepancies among the
P3_Sh result;, phe input multigroup cross sections and the details of

the calculations were analyzed. These analyses are discussed below.

Multigroup Cross Section Sets
An examination of the multigroup cross section sets revealed dif-
ferences in (1) the elastic scattering matrices of all the nuclides,
(2) the resonance capture cross sections of niobium, and (3) the thermal
group absorption cross section of all the nuclides.
The nature and magnitude of the differences observed in the elastic
scattering matrices are illustrated in the first three columns of Table 13.

This table compares the lithium-7 within-group scattering cross sections+

+Note that only the P~O components, that is, the isotropic components of
the Legendre expansion of the scattering matrices, are being compared.



for the top five energy groups and for energy group 60 which is typical
of the energy range in which neutron scattering with lithium-7 is isotropic
in the center-of-mass system. The first column of Table 13 gives the LASL
values for the within-group scattéring cross section (in barns) while
columns two and three give the BNL and ORNL values relative to the LASL
values., It is noted that, wbile the elastic transfer elements exhibited
differences which ranged from " 1% to 7%, the total elastic scattering
cross sections varied by less than ~ 0.05%. The nature of the differences
illustrated for lithium-7 in Table 13 was also observed in the other
nuclides, however, the magnitude of these differences was-smallest in the
case of the niobium elastic transfer matrices.
As specified in Table 4, the BNL and ORNL multigroup cross sections
were based on a 1/E flux weighting while the LASL values were based on a
constant flux weighting. To examine the effect of the flux weighting
assumption, the ENDF/B data for lithium-7 was reprogessed at BNL and ORNL
using a constant flux weighting. These results appear in columns four
and five of Table 13, again, relative to the LASL values. The following
observations are made on the basis of the preceding results:
1. The differences in the elastic scattering matrices were a result
of differences in the flux weighting function in the case of the
LASL and ORNL results. Moreover, using the same flux weighting
funection, ETOG at LASL and SUPERTOG at ORNL yieid identical
results for the elastic scattering matrices.
2. The cufrent version of ETOG at BNL appears to contain an error
in the calculation of £he elastic scattering matrices. This
apparent error was observed in all energy groups from 1 through

59.



The magnitude of the differences observed in the niobium resonance
capture cross séctions is demonstrated in Table 1L4. This table compares
the BNL and ORNL values relative to the LASL values for energy groups 60
through 70; the LASL values (in barns) are given in column one of the
table. It is noted that v 90% of the parasitic absorptions in the system
are associated with capture in niobium and that v 40% of the niobium -
capture events occur in the energy range defined by groups 60 through TO.

‘From Table 1Lk it is seen that the ORNL niobium resongnce capture
cross sections are consistently lower thaﬂ both the BNL and LASL values;
in some groups the discrepancy is as much as a factor of three. These
discrepancies were identified as arising from differences between the ETOG
(BNL and LASL versions) and SUPERTOG (ORNL version) calculations of the
resolved resonance contribution to the niobium capture cross section.

(10,11)

Further .examinations substantiated the SUPERTOG results, that is,

the lower values of the niobium resonance capture cross sections. In passing,

(10,11) that a more recent version of ETOG (at Westinghouse)

it is noted
appears to yield results in close agreement with the SUPERTOG results.

The BNL and ORNL thermal group absorption cross sections were approx-
imately a.factor of two greater than the LASL values. This difference
arises from the difference in the assumed Maxwellian temperature (see
Table 4); that is, the Maxwellian temperature correction, (llYOK/3OOK)l/2,
is approximately two. About 7% of the system absorptions (including the

Li(n,at) reaction) occur in the thermal group and Vv 96% of these occur
in regions 8 and 10, lithium-bearing regions; v 4% of the thermal absorp-
tions occur in the graphite, region 9. There is essentially no thermal group

leakage from regions 8 and 10, and, therefore, all thermal sources within

and into these regions appear as absorptions. The relative thermal



absorptioné in region 8 (and in region 10) depend on the relative
macroscopic absorption cross sections of the nuclides in the region. The
relative macroscoﬁic absorption'cross sections obtain the same value
independent of the assumed Maxwellian temperature. Therefore, the
difference in the thermal group cross sections has a very small effect

on the tritium breeding calculations.* I emphasize that this observation
is peculiar to the bench-mark blanket model. Tritium breeding in other

blanket models could be quite sensitive to the choice of the thermal group

absorption cross section.

Calculational Details

An examination of the details of the discrete ordinates calculations
revealed differences in (1) the negative-flux correction algorithm, (2) the
number of intervals taken in the plasma region (region 1), (3) the number
of intervals taken in the vacuum region (region 2), and (4) the angular
quadrature sets. These differences are summarized in Table 15 and 16 and
are discussed below.

In regions with coarse mesh spacing the discrete-ordinates-difference
approximations can lead to negative values of the angular flux under
certain conditions. This difficulty can be eliminated by going to a finer
mesh spacing. When negative fluxes are generated, the codes implement
corrective measures designated "negati%e—flux correction algorithms."
Different correction algorithms can yield different values of the "corrected"
flux. Thus, the discrete ordinates calculations might exhibit discrepancies
arising from differences in (1) the mesh éize in the plasma and vacuum

regions and (2) the negative-flux correction algorithm.

. :
The effect is estimated to be less than 0.2% in the 6Li(n,at) reaction
and arises from differences in thermal absorptions in the graphite region.



The presence of sources within a region can prevent negative flux
generation even when a coarse mesh spacing is used in that region. This
situation obtains in the plasms region, and therefore, the differences
in the number of intervals taken in the plasma regiqn did not affect the
calculated results. The vacuum region does not contain sources, and the
mesh spacing in this region did affect the results. To determine the
magnitude of this effect, the ORNL Sh calculation was repeated with five
intervals in the vacuum region (that is, with the same mesh spacing as the
BNL calculation) and with ten intervals in the vacuum region. These
changgs did not alter the values for breeding in lithium-6, but did alter
the values for breeding in lithium-T7. Thé results are summarized in
Tables 17 and 18. Table 17 compares the original ORNL calculation, the
altered ORNL calculations and the BNL calculation. Note that the ORNL
results for five intervals and ten intervals are identical. . The effect
of increasiné the number of intervals in the vacuum region is noticeable
but small in magnitude; the largest change, v 1%, occurred in region k4.
Note that the ORNL results move in the direction ot the BNL results with
this change in mesh size. Table 18.compares the top-energy-group fluxes,
that is, energy-group-one fluxes, in the first five intervals of the
blanket; the ORNL fluxes for the one interval and five interval cases are
given relative to the BNL fluxes. Thus,'wifh the same mesh size in the
vacuum region the BNL and ORNL calculations yield top-energy-group fluxes
whiéh are essentially the samé. This result is consistent with the
observation that the BNL and ORNL values for the top-energ&—group elastic
scattering transfer terms are essentially the séme (see Table 13).

On the basis 6f the calculational comparisons presented in Tables 17
and 18 and the cross section comparisons presented in Tables 13 and 1k,
‘the following conclusiohs are drawn regarding the d15crepancies between

the BNL and ORNL tritium breeding calculations:



1. The discrepancies in the lithium-T7 results are due to differences
in both the mesh size tgken in the vacuum region and the elastic
scattering matrices.

2. The disérepancies in the lithium-6 results are due primarily to
the‘differences in the niobium resonance capture cross sections.

The LASL and ORNL discrete ordinates calculations (Sh’ 88, and S_,.)

12
differed in both the angular quadrature sets and the negative-flux
correction algorithms. 1In order to examine the effects of these differences
two altered Sh calculations were performed at ORNL. In the first altered
calculation the LASL Sh angular quadrature set was substituted for the
ORNL set. In the second altered calculation the LASL angular quadrature
set was used and a negative-flux correction algorithm which approaches
the LASL algorithm was substituted for the step function approximation.
The results for breeding in lithium-6 were not néticeably affectea by
these changes, however; the lithium-7 results were affected. Table i9
summarizes the lithium-T7 results for the 6riginal ORNL calculaﬁion,.the
two altered ORNL calculations, andvthe LASL calculation. Note that with
the LASL angular quadrature set and the altered negativé—flux correction
algorithm the ORNL results approach fhe LASL results. On the basis of
the calculational comparisons presented in Table 19 and the cross section
comparisons presented in Tables 13 and 14 the following concluéions are
drawn regarding the‘discrepancies between the LASL and ORNL Sh.tritium
breeding results: |
1. The differences in the lithium-7 results are due primarily to

differences in the angular quadrature sets and in the negative-

flux correction algorithms. The differences in the elastic

transfer matrices appear to have a minor effect on the

lithium~7 results.
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2. The discrepancies in the lithium-6 results are due primarily

to the differences in the niobium resonance capture .cross
sections.

It was noted earlier that the LASL and ORNL discrete ordinates cal-
culations improved in agreement as the order of the angular- quadrature
increased. Although this trend was not analyzed in detail, it is
reasonable to assume that the improved agreement is due Lo a decrease in
the sensitivity of the calculations as one moves from Sh to higher order
angular quadrature,'that is, as the order of the angular quadrature
increases the calculated results become less sensitive to the differences

in the angular quadrature sets and the negative-tlux .correc¢tien algorithms,

CONCLUDING REMARKS

A bench;mark calculation of tritium breeding in a fusion reactor
blanket model was pértormed using ENDy/B-3 aé fhe relerence fUF-UrUbS
section data. The ENDF/B-3 data was processed into mﬁltigroup sets using
the EIOG code (at BNL and LASL) and‘tl"le SUPERTOG code (at ORNL). Calcula-
tions were performed using the discretg ordinates codes ANiSN (at BNL and
ORNL) and DIF-IV (at LASL) and the Monte Carlo code I;/IORSE (at ORNL).

Analysis of the calculatiohs identified deficiencies in the processing
codes and differences in éalculaﬁionélvdetails thch resulted in disérepancies
among the calculated reéults. Correction of-these‘déficiencies and a more
precise specification of calculational detailé will lead'tq improved
agreement in future fusion bench-mark problems. The followinglobservations

are made regarding future calculations.,
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1. For the assumed blanket geometry, the Sh approximation gives
a system tritium breeding value which is within v~ 0.5% of the
Monte Carlo system value. Thus, thé Sh approximatioﬁ is
adequate for survey calculations on éystem tritium breeding.

2. An S12 approximation is recohmendéd in fhose caées where
accurate spatial information is desired.

3. More attention should be given to the choice of mesh spacing.
The effect of mesh spacing in the vacuum region was discussed
in this paper. However, additional mesh spacing problems‘are
most likely present in the bench;mark model, for example, the
meshlspacing in the lithium regions'ﬂear the graphite may be too
coarse. |

4. TFuture bench-mark calculations should involve magnet shield

models as well as breeding blanket models.
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Fig. 1. Configuration of the Bench-Mark Blanket Model
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Table 1. Nuclide Number Densities for the Materials

of the Bench-Mark Blanket Model

Materia1 Code
Letter Constituent Number Density

A Isotropic flux source
of neutrons

- G W - o - m ) e S = S n T v G e P m = = S e = P S AR e R S A e e e - S e e S S B e . S . - -

B Vacuum

.y 24

C Niobium 0.05556 x 10" '/cc
. 24

. Niobium - 0.002334 x 107 "/cc

D Lithium-6 0.003234 x 10%%/cc

' Lithium-7 0.04038 x 102%/cc
24

E Carbon 0.0804 x 10”7 '/cc
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Table 2. The ENDF/B-3 Material Identification Numbers

for the Nuclides of Interest

Nuclide : Identification Number
6Li 1115
7Li 1116
3yp R B Y
120 .. . 1165

Table 3. Participants in Bench-Mark Calculation

Participant . Affiliation

A. L. Aronson Brookhaven National
' Laboratory (BNL)

D..J. Dudziak® ' Los Alamos Scientific
D. W. Muir? Laboratory (LASL)
D. Steiner Qak Ridge National

Laboratory (ORNL)

Sperformed the transport calculations.

bPerformed the dala processing calculations.



Table 4. Informazion on Processing Codes and Thermal Group Cross Sections

Flux Weighting Assumption
. Used to Obtain Regarding
Laboratory Processing Code Group-Averaged Thermal Group
Cross Sections Cross Sections
BNL E‘I'OG5 1/E Maxwellian =t
300 X
LASL ETOG5 Constant Maxwellian. at
1170 K
ORNL SUPERTOG6 1/E Maxwellian at

300 K

LT



Table 5. Summary o Bench-Mark Calculations

Laboratcry Cgi23§:t§:n Code Us=4 Breeding in 7Lia Breeding in 6Lia Total Breedinga
BNL 3§§f§§§§s Po-5), ANISN' 0.512 0.383 1.395
LASL gi;;;:t:s oSy, prr-1v0 0.507 0.888 1.395
LASL g;zl;:z:s P,-Sg DTF-IV 0.522 0.801 1.413
LASL gi;)::t:s PyS), DTF-IV 0.529 0.892 1.421
ORNL oserete Ps, ANTSN ~ 0.518 0.933 1.451
ORNL 8;2‘_’::;2:5 P-Sg ANISN 0.522 " 0.93k 1.456 -
ORNL gi:ﬁ:’t‘:s P.-S, ANISN 0.527 " 0.932 1.459
ORNL. B;Z;flztzs P.S. ANISN 0.526 ' 0.932 : 1.L58
Mon:eb Q
ORNL e MORSE” 0.523 + 0.C03 0.§32 + 0.003 1.455 + 0.004

8T

8Calculated on tae basis of cne source neutron.

b
The Monte Carlo calculationt employed the sare mult_group cross section sets &s were used in the Discrete
Ordinates Calculations.



Table 6. Comparison of P _Sh Discrete Ordinates Calculations by Region

3

7Li(n, n'at) Li(n, ot)
Resion BNL LASL ORNL BNL LASL ORNL
3
L 0.0815 0.823 0.0806 0.0471 0.0466 0.0L80
>
6 0.2796 0.2680 0.2812 0.2845 0.2790 0.2912
T . 0.1064 0.1070 " 0.1098 0.22k4k 0.2230 0.236k
8 0.043h 0.0L88 0.0458 0.2691 0.2770 0.29k4k
9 | .
10 0.0008 0.0011 0.0009 0.0578 0.0627 0.0634
Totals 0.5117 0.5072 0.5183 0.8829 0.8883 0.933k4

61




Table 7. HNeutron 3alaince and Tritium Breeding Summary

for the BNL P3_Sh Discrete Ordinates Calculation

(en) R TiGae Culee) Tl vt Systen fewsron

3 0.0582 0.0296
I | 0.0289 © 0.0129 0.0615 0.04T1 0.1286
5 0.0395" 0.0302 |
6 0.0793 ¢.0818 , 0.2796 0.2845 0.5641
7 0.02k40 C.073L 0.106L 0.22L4 0;3308
8 0.0086 2.0753 0.0L3L 6.2691 0.3125
9 2.0012

10 0.0001 0.0017 0.0C08 2.0578 0.0586

1.3946. o.03§5

. Totals 0.2386 0.3161 0.5117 3.8829

0c



Table 8. Neutron Balance and Tritium Breeding Summary

for the LASL P_-S

L Discrete Ordinates Calculation

3
gon s RS e Sy Tl Tt Systen feusron
3 0.0611 0.c278
b C.02¢5 0.c123 0.0823 0.0466 0.1289
5 C.03¢3 p.cé81 |
6 C.OTEY 0.G762 0.2680 0.2790 0.5&76
T G.02L3 0.C697 '0.1070 0.2230 0.3300
8 ¢.01C1 0.C752 0.0488 0.2770 6.3258
9 0.Cl12
10 ¢.00C2 0.C020 0.0011 0.0627 0.0638
Totals c.2415 0.3025 6.5072 0.8883 1.3955 0.0487

e



Table 9. Neutron Balance and Tritium Breeding Summary

for th= ORNL P3—S',4 Discrete Ordinates Calculation

mem) e Tueaen Smten TR fmee syt fesren
3 0.0575 0.0258
4 0.0287 0.0114 0.0806 0.0480 0.1286
5 0.0394 o.oéS?
6 0.0802 0.0670 0.2812 : 0.2912 0.5724
7 . 0.0249 0.058k . 0.1098 0.236k 0.3462
8 0.0091 0.0607 0.0258 ' 0.294k - 0.3k02
9 0.0125

10 ' 0.0001 0.0016 0.0009 C.063k 0.0643
Totals 0.2395 0.2631 ‘ 0.5183 €.9334 1.4517 0.0433

cc
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Table 10. Comparison of LASL Discrete Ordinates Calculations by Region

7Li(5,n!at) ' 6Li(n,at)
Region 3 5 ®3 - Sg P3 - % P3 =5y Py - Sg P3 =50
3 .
oy  0.0823 0.0173 0.0755 0.0466 0.0458  0.0b5)
5
6 0.2680 0.2800 0.2870 0.2790 0.2780 0.2770
7 0.2070 0.1160 0.1180 0.2230 0.2250 0.2260
8  0.0488 0.0480 0.0476 0.2770 0.2800 - 0.2810
9 .
10 0.0011 0.0009 0.0008 ' 0.0627 0.0624 0.0624
Tctals 0.5072 0.5222 0.5289 0.8883 0.8912 0.8918

£e



Table 11. Comparisor. of CRNL Discrete Ordinates and Monte Carlo

Li(n,n'at) Reacticn

Calculatiors by Region: The
Li(n,n'at)
Region P3 -5 P3 - S8 P -5 .Pg - Sl6 Monte Carlo
3
L 0.0806 0.0780 0.C762 0.0763 .0752 + 0.0009
>
6 0.2812 0.2813 0.2857 0.2853 .2847 + 0.0023
7 0.1098 0.11h49 0.1168 C.1165 .1153 + 0.0017
8 0.0458 0.0467 0.0k72’ C.0hkT1 .0k72 + 0.0011
9
10 0.0009 0.C003 0.0008 ¢.0008 .0009 i_d.0001
Totals 0.5183 0.5222 0.5267 0.5265 5233 + 0.0032




Table 12.

Comparison of ORNL Discrete Ordinates and Monte Carlo

‘ 6
Calculations by Region: The Li(n,ot) Reaction

Region P3 - Sh P3 -5 P3 - 812 P3 - Sl6 Monte Carlo
3 .
4 0.0480 0.0476 0.0471 0.0L472 .0L6T + 0.000k
5
6 0.2912 0.2895 0.2883 0.288k4 .2880 + 0.0013
T 0.2364 0.2371 0.2370 0.2369 .2369 + 0.0010
8 0.29k44 0.2957 0.2960 0.2959 .2946 + 0.0020
. .

10 0.063k 0.0639 o.oéh@ 0.0640 .0655 + 0.0012
Totals 0.933k4 0.9338 0.932k 0.9324 .9317 + 0.0028

Q2



Table 13. The BNL anc ORHWL Lithium-7 Within Group Scattering

Cross SectZons Rela-ive to the LASL Values

Laboratory LASL BNL ORNL BNL ORNL
(%) {ETOG) (ETOG? (SUPERTOG) (ETOG) (SUPERTOG)
(*x) (Conszant) (1/E) (1/E) (Constant) (Constant)

mne;gﬁeiroup (In Baras) (Relative)? (Relative)? (Relativé)a (Relétive)a

1 0.5001 0.9871 0.9882 0.9989 1.000

2 0.518L 0.9333 0.9881 0.9440 1.000

3 0.534h 0.9451 0.9882 0.9560 1.000

l 0.5443 0.9561 0.9883 0.9671 1.000

5 0.5527 0.96€2 0.9883 0.97Th 1.000

€0 ‘ 0.2861 0.9615 0.9615 1.000 1.000

%
Processing code.

*%
Flux weigkting for group averzging.

8The ratio of the BNL or ORYL value to tke LASL value.

9¢
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Table 14. The BNL and ORNL Niobium Resonance Capture

Cross Sections Relative to the LASL Values

Laboratory LASL - BNL _ ORNL
Energy Group (In Barns) (Relative)® (Relative)®

Index

60 - 0.5055 1.00L45 0.9775

61 2.7184 0.9905 0.3721

62 1.9879 0.985k . 0.3315

63 3.0367 '~ 0.9988 : 0.360k4

6L 1.3695 1.01Lk9 0.6520

65 2.4594 1.0056 0.7185

66 16435 0.9881 0.819k

67 2.4654 0.973k : 0.7985

68 3.3268 0.9841 0.8815

69 1.8162 0.91k5 n.8875

70 2.3787 ' 0.9241 0.8507

aThe ratio of the BNL or ORNL value to the LASL value.



Table 15. Summary of Differences in the Discrete Ordinates Calculations

Negative-Flux Number of Number of Anguiara
Laboratory Correction Intervals Intervals Quadrature
Algnrithm in Plasma in Vacuum Sets

BNL Step FF“Utfon Ten Five Same as ORNL
Approximation

LASL zimz{eizt One One Different

from ORNL
ORNL Step Function One One

Approximation

&mable 16 compares the 5), angular quadrature sets,

L&)
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Table 16.

29

Comparison of the Sh Angular

a
Quadrature Sets .

BNL and ORNL Set LASL Set
Cosine Weight Cosine Weight
- 0.h71kok 0.0 0.426582 0.0
- 0.333333 0.166667 0.301639 0.166667
0.333333 0.166667 0.301639 0.166667
- 0.942808 0.0 0.953k22 0.0
- 0.881917 0.166667 0.904k4k49 0.16666T
- 0.333333 0.166667 0.301639 0.166667
0.333333 0.166667 0.301639 0.166667
0.881917 0.166667 0.90k4Lk9 0.166667

asets for cylindrical geometry.



Table 17. The Effect of Differences in the Number of Intervals

Taken in the Vacuum Region: Tritium Breeding invLithium—Y

7Li(n,n'oct)

ORNL ORNL ORNL BNL.

. One Interval Five Intervals Ten Intervals Five Intervals
Region In Vacuum In Vacuum In Vacuum In Vacuum

3

L 0.0806 0.0813 0.0813 0.0815

>

€ 0.2812 0.n7809 . 0.2809 0.2796

T 0.1098 0.1088 0.1088 0.106k4

8 0.0L458 0.0453 0.0k453 -010h3h

9

10 0.0009 0.0008 ' 0.0008 0.0008

Totals 0.5183 0.5171 0.5171 ' 0.5117
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Table 18. 'The Effect of Differences in the Number of Intervals

Taken in the Vacuum Region: The ORNL Top-Energy-Group

Fluxes Relative to the BNL Values

ORNL
One Interval
In Vacuum

ORNL
Five Intervals
In Vacuum

Blanket
Interval Index

a
Relative Flux

a
Relative Flux

0.9373
0.9395
0.9405
0.9365
0.9326

0.9994
0.9995
0.9996
0.9997
0.9998

aThe ratio

of the ORNL value to the BNL value.
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Table 19. Effects of Differences in the Angular Quadrature Sets
and
the Negative-Flux Correction Algorithms:

éh Results for Breeding in Lithium-T7

T

'Li{n,n'af)
- ORNT, H"-.ORNL o ORNL - :
No Changes LASL, A.Q.5.2 LASL—KTﬁls.a b - LASL

Region . Altered N.F.C.A.

3

in 0.0806 0.0856 10.0822. 0.0823

5

6 0.2812 0.2671 0.2685 0.2680

7 0.1098 0.1030 0.1071 0.1070.

3 V. 0k 0.0466 0.0L88 0,0488

9

10 0.0009 0.0011 0.0011 0.0011
Totals 0.5103 - U.5Usk 0.5077 0.5072

aAngular Quadrature Set (4.Q.S.)

bNegative—Flux Correction Algorithm (N.F.C.A.)





