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ABSTRACT

This report discusses the impact of the change from the SAILOR cross-section library, based on the
ENDF/B-IV data, to the BUGLE-96 cross-section library, based on the ENDF/B-VI data, on the
neutron flux prediction in the H. B. Robinson-2 pressure vessel, in the surveillance capsule, and in
the cavity.

The fast flux (E > 1 MeV) from the transport calculations with the BUGLE-96 library is ~6% higher
in the surveillance capsule and at the PV inner wall, and ~25% higher in the reactor cavity than the
flux from the transport calculations with the SAILOR library. These changes result from the
combined effect of the changes in the cross sections, which cause significant increases in the
calculated fluxes, and much smaller decreases in the fast fluxes due to the changes in the fission
spectra. The increase in the calculated fast flux due to the changes in the cross sections only is ~9%
in the capsule and at the pressure vessel (PV) wall, and ~30% in the cavity. The changes in the
fission spectra lead to decreases in the order of ~3—4% in calculated fast fluxes.

The neutron flux, used to evaluate the surveillance capsules and to assess the PV embrittlement, is
often determined by techniques that combine measurements and calculations, such as scaling or
spectrum adjustment. Only the simplest method—the scaling—was investigated in this report. When
the measured reaction rates were used to scale the calculated fluxes, the differences between the
BUGLE-96 and SAILOR scaled fluxes were 9% in the capsule and at the PV inner wall, and 15%
in the cavity, with the BUGLE-96 values being higher. The scaling effectively reduced the
differences between the fluxes in the cavity from 30% to 15%; however, it unexpectedly increased
the differences in fluxes in the capsule from ~6% to 9%. The calculation with the SAILOR cross-
section library and ENDF/B-VI fission spectra resulted in the lowest calculated fast-flux values at
all locations considered. However, when scaled with measured reaction rates the scaled fluxes agreed
within 2% with the BUGLE-96 scaled fluxes. This agreement illustrates that while the changes in
fission spectra have only a minor impact on the calculated fast fluxes, they are important for the
comparison of the calculated and the measured reaction rates and, consequently, for the fast flux
determined by any technique that combines the calculations and the measurements. The transport
calculations with the ENDF/B-VI fission spectra, compared with the calculations with the
ENDEF/B-IV fission spectra, show improved consistency of the C/M ratios for the dosimeters
sensitive to different energy ranges, hence indicating that the calculated spectrum is in better
agreement with the actual neutron spectrum during the irradiation.

The changes in the fast-flux values from the transport calculations, due to the change from the
SAILOR to the BUGLE-96 library, which are reported in this paper, should be representative for
the PWRs similar to the HBR-2. When calculations are combined with measurements to produce the
fast-flux estimates, the changes in the fast flux due to the change of the cross-section library should
in general be smaller that the changes in the fluxes from the transport calculation alone. However,
the actual changes will be case-specific and will depend on the particular technique used to combine
the calculations and measurements.
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1. INTRODUCTION

Version VI of the U.S. Evaluated Nuclear Data File (ENDF/B-VI) was released in 1990 (Ref. 1).
Seventy-four of the 320 cross-section evaluations contained in the library were new for Version 6.
Following the initial release of ENDF/B-VI, revisions and some new evaluations were prepared and
released. Among the new evaluations in the ENDF/B-VI, which are of greatest interest to the reactor
pressure vessel (PV) surveillance community, are the evaluations of the iron cross sections. These
evaluations introduced cross sections for individual iron isotopes, reduced inelastic scattering cross
sections, and increased the forward-directed angular distributions of inelastically scattered neutrons.
These changes were expected to reduce the under predictions of neutron transmission through thick
layers of iron, which had been typical for the neutron transport calculations with pre-ENDF/B-VI
cross sections. Several format changes were also introduced in ENDF/B-VI. These changes were
thoroughly prepared; however, they necessitated changes in processing codes and resulted in
considerable delay between the release of ENDF/B-VI and the completion of the multigroup cross-
section libraries based on ENDF/B-VI data. The first broad-group library based on ENDF/B-VI and
- released for general distribution was BUGLE-93 (Ref. 2), released in February 1993. Subsequent
work led to the preparation of BUGLE-96 (based on ENDF/B-VI, Release 3, distributed in May
1995, [Ref. 3]). BUGLE-96 is expected to replace the SAILOR (Ref. 4) and BUGLE-80 (Ref. 5)
libraries for routine PV flux calculations. Therefore, it is of interest to assess the impact of the new
cross-section library on the calculated PV flux and on the evaluation of PV surveillance dosimeters.
This work presents the transport calculations of the PV multigroup neutron fluxes with SAILOR and
BUGLE-96 libraries. The calculated dosimeter reaction rates are compared with the measured ones
for the location of the in-vessel surveillance capsule dosimeters and for the dosimeters located
outside the PV in the reactor cavity. The calculations are performed for the H. B. Robinson-2
(HBR-2) power plant, which is a 2300-MW (thermal) pressurized light-water reactor designed by
Westinghouse. All HBR-2 plant data used in the analysis, including the power distribution and the
measured specific activities, were taken from Reference 6.

2. ANALYSIS

The transport calculations were performed using the DORT computer code (Ref. 7) and the flux
synthesis method.” The flux synthesis method, described in more detail in Reference 8, uses one-
and two-dimensional (1-D and 2-D) transport calculations to obtain an estimation of the neutron
fluxes in the three-dimensional (3-D) geometries. All transport calculations were performed as
fixed neutron source calculations. The P, expansion of the angular dependence of the scattering
cross sections, and a symmetric S; “directional quadrature set” (i.e., a set of discrete directions and
angular quadratures) were used for all transport calculations. The details of the modeling are
described in Reference 6 and will not be repeated here. Exactly the same calculational procedure, .
models, and code numerical parameters were used for all the calculations. The only input data varied
were the cross sections for the transport and the fission spectrum of the neutron source. This
procedure guarantees that all the differences observed are due to the changes in cross sections and

*DORT version 3.2, dated October 1, 1997, was used.
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the fission spectrum. The cross sections for the transport calculations were prepared with the GIP
code (Ref. 9) and were taken from the SAILOR and BUGLE-96 libraries.

3. RESULTS AND DISCUSSION

Reaction rates for the dosimeters in the surveillance capsule located in the downcomer region inside
the PV and at the cavity location were calculated. The comparison of reaction rates obtained with
multigroup neutron fluxes calculated with the BUGLE-96 and SAILOR cross-section libraries is
presented in Table 1. In the calculation with SAILOR, the same spectrum of the fixed neutron source
was used as in the calculation with the BUGLE-96 library, which used the fission spectrum half-way
between the 2°U and **Pu thermal neutron fission spectrum. ™ Therefore, all the differences in Table
1 are due to the change of cross sections for transport calculation from SAILOR (ENDF/B-IV) to
BUGLE-96 (ENDF/B-VI). In the surveillance capsule location, BUGLE-96 resulted in ~8% higher
reaction rates, while at the cavity location, the BUGLE-96 reaction rates were ~29% higher. The
reaction rate ratios for different dosimeters, sensitive to different energy ranges, are quite consistent,
which is reflected in the small standard deviations of the average reaction rate ratios of 3% in the
capsule and 5% in the cavity. The only deviation from the average behavior observed is for the
$Cu(n, @) reaction, which experiences a smaller increase than the other reactions due to the change
from SATLOR to BUGLE-96. The *Cu(#, ) reaction has the highest threshold, and ~90% of the
8Cu(n, @) reactions are due to the neutrons with energies above 6 MeV.

A comparison of the calculated and measured reaction rates for the calculations with the SAILOR
and BUGLE-96 libraries is given in Table 2. The average calculated-to-measured (C/M) ratio in the
capsule is 0.84 and 0.91 for the SAILOR and BUGLE-96, respectively, and the standard deviation
of the average is 0.04 for both libraries. In the cavity the average C/M is 0.72 and 0.92 for the
SAILOR and for the BUGLE-96 libraries, respectively, and the standard deviation of the average
is 0.06 for both libraries. The calculation with the BUGLE-96 library greatly improves the agreement
of the calculations with the measurements and circumvents the decrease of C/M ratios with
increasing thickness of steel penetrated, which is quite pronounced in the SAILOR results. The
average C/M values in the cavity are calculated without the *’Np dosimeter, because there are
unresolved concerns about the reliability of the *’Np measurement (see, for example, Reference 10).

The comparison of the calculated fast fluxes is given in Table 3. The fast flux (E > 1 MeV)
calculated with the BUGLE-96 library is 9% higher than the SAILOR fast flux in the capsule and
at the PV inner radius, 13 % higher in the PV, at one-quarter of the PV wall thickness from the inner
surface of the vessel, and 31% higher at the location of the dosimeters in the reactor cavity.

The effect of the change of the cross sections for transport calculations from the SAILOR
(ENDEF/B-1V) to the BUGLE-96 (ENDE/B-VI) are the following: (1) ~9% increase in the fast

“The fix-source energy spectrum input into the transport calculations was calculated as
0.5* x(U-235) + 0.5* x( Pu-239). The U-235 and Pu-239 thermal neutron fission spectra were
taken from BUGLE-96.




neutron flux and the threshold reaction rates of the typical surveillance dosimeters at the location of
the in-vessel capsule, and (2) ~30% increase in the fast flux and reaction rates in the cavity.

Before the ENDF/B-VI cross-section libraries became available, the transport calculations with the
SAILOR library were performed with the fission spectra from the ENDF/B-IV for the energy
spectrum of the fixed source. Therefore, in this study the calculations with the SAILOR library were
done also with the source fission spectrum from ENDF/B-IV. Again the average of the °U and *’Pu
fission spectra was used; however, the 2°U fission spectrum was taken from the SAILOR library and
the ?’Pu fission spectrum (which is not given in the SAILOR library) was taken from VITAMIN-C
library (Ref. 11) and collapsed into the 47 energy groups used in SAILOR. The VITAMIN-C library
is the fine-group library based on ENDF/B-IV data from which the SAILOR library was generated.

The results from the calculation that used SAILOR and the ENDEF/B-IV fission spectrum are
compared with results from the BUGLE-96 calculations in Tables 4—6. The comparison of the
calculated reaction rates, given in Table 4, shows that the BUGLE-96 calculations give slightly
higher reaction rates for most of the reactions at the capsule location. However, there is a significant
variation of the reaction-rate ratios with the reaction threshold, which is not present in Table 1. For
the lowest threshold reaction (i.e.,”’Np(n,f)) BUGLE-96 gives 6% higher reaction rates than
SAILOR with the ENDF/B-1IV fission spectrum. With increasing threshold (the reaction threshold
increases from the left to the right in Table 4), the ratio of reaction rates decreases and for “*Ti(n,p)
and ®Cu(n,x), the SAILOR calculation gives higher reaction rates. For the® Cu(n,«) reaction the
BUGLE-96 calculation gives an approximately 18% lower reaction rate. Due largely to the Cu(n,)
reaction, the average BUGLE-to-SAILOR reaction-rate ratio in the capsule is 0.98. The standard
deviation of the average is 0.09, which reflects the considerable scatter of the reaction rate ratios, and
is much higher than the corresponding value in Table 1, which is 0.03. In the cavity the situation is
similar to the one in the capsule, only that the trend is more pronounced. For the 2*’Np(n,f) reaction -
and the ®Cu(n, ) reaction, BUGLE-96 gives 25% higher and 10% lower reaction rates, respectively,
than SAILOR with the ENDF/B-IV fission spectrum. On the average the BUGLE-96 calculation
predicts 13% higher reaction rates in the cavity than the SAILOR calculation, and the standard
deviation of the average ratio is ~12%, again reflecting the considerable variation of reaction-rate
ratios with increasing thresholds of the reactions.

A comparison of the calculated and measured reaction rates, obtained with the SAILOR library and
the ENDF/B-1V fission spectra, is given in Table 5. The average C/M ratios are 0.94 in the capsule
and 0.84 in the cavity, while the values obtained with the SAILOR and ENDF/B-VI fission spectra
were 0.84 and 0.72, respectively. The use of the ENDF/B-IV fission spectrum with SAILOR gives
better C/M ratios; however, it also introduces the considerable systematic variation of C/M ratios
with reactions threshold. Larger variations of the C/M ratios are reflected in larger standard
deviations of the average C/M ratios, which are 0.10 in the capsule and 0.14 in the cavity, but the
corresponding values in Table 2 are 0.04 and 0.06, respectively.

A comparison of the fast fluxes is presented in Table 6. The two calculations with the SAILOR
library—the one with the ENDF/B-IV and the one with the ENDF/B-VI fission spectra—give only
slightly different fast fluxes. The differences are ~3-—4% and the calculation with ENDF/B-VI fission
spectra gives lower values. These differences are much smaller than the shift in the average C/M
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ratios, which change from 0.94 to 0.84 in the capsule and from 0.84 to 0.72 in the cavity (see Table
5) when the ENDF/B-IV fission spectrum is replaced with the ENDF/B-VI fission spectrum in the
calculation with the SAILOR library. The reason for this is that the greatest changes in spectrum
occur at the high-energy end (above 4 MeV), which does not contribute significantly to the flux
above 1 MeV because of the sharp decrease in the spectrum with increasing energy. However, the
neutrons in this energy range create practically all of the **Ti(n,p) and ® Cu(n,c) reactions and,
consequently, the calculated reactions rates of these dosimeters are strongly affected by the changes
in the spectrum in this energy range. The fast neutron flux calculated with the BUGLE-96 library
is higher than the flux obtained from the calculation with SAILOR with the ENDF/B-IV fission
spectrum by 6% in the capsule and at the PV inner wall, by 10% at one-quarter of the PV wall
thickness from the PV inner wall, and by 25% at the location of the dosimeters in the cavity.

- Detailed comparisons of the calculated multigroup neutron fluxes are presented in Figures 1-3. A
comparison of the spectra in the capsule and in the cavity, calculated with the BUGLE-96 and
SAILOR libraries and with the ENDF/B-VI fission spectrum, is shown in Figure 1. BUGLE-96
gives higher neutron fluxes at all energies except for a few energy groups. The particularly important
increases in group fluxes are observed above ~0.1 MeV. Figure 2 gives a similar comparison as in
Figure 1, except that the SAILOR calculation used the ENDF/B-IV fission spectrum. Again,
BUGLE-96 gives higher group fluxes over most of the energy range, except above ~4 MeV, where
the SAILOR fluxes are higher. Even though the curves shown in Figures 1 and 2 are similar below
~4 MeV, the change in the shape above 4 MeV is quite pronounced. This is further illustrated in
Figure 3, where the multigroup fluxes from the two SAILOR calculations are compared. The
calculation with the ENDF/B-1V fission spectrum gives drastically higher fluxes above ~4 MeV than

‘the calculation with the ENDF/B-VI fission spectrum. These differences can, of course, be traced
to the differences in the ENDF/B-IV and the ENDF/B-VI fission spectra. The spectra of thermal-
neutron-induced fissions of *°U, *’Pu, and the average of the U and the *Pu spectra are compared
in Figure 4. Clearly, there are much fewer neutrons in the BUGLE-96 fission spectra above ~4MeV
than in the SAILOR (and VITAMIN-C) spectra.

In most cases the determination of the PV neutron flux involves not only the calculations but also
the measurements. The measured reaction rates of the dosimeters can be combined with the
calculated multigroup fluxes in different ways (e.g., by neutron spectrum adjustment technique) to
produce the best estimates of the neutron flux at the location of metallurgical specimens in the
capsule and inside the PV wall. The simplest, yet often-used technique, is to scale the calculated fast
neutron flux with the measured reaction rates. This technique can be accomplished, for example, by
dividing the calculated fast flux with the average C/M reaction-rate ratio. Even though this simplistic
approach has its obvious shortcomings (see, for example, Reference 12), it will be used here to .
further assess the impact of the change from ENDF/B-IV to ENDF/B-VI cross sections and fission
spectra. The scaled fast fluxes, listed in Table 7, at the capsule and the cavity locations were obtained
by dividing the fast fluxes from transport calculations (given in parentheses) by the average C/M
values (from Table 5) at the capsule and cavity locations, respectively. The scaled flux at the PV
inner radius was obtained by dividing the scaled flux value in the capsule by the lead factor (given
in the last row in Table 7). The lead factor is the ratio of the calculated fast flux in the capsule and
the fast flux at the PV inner radius, at the location where the fast flux on the PV wall reaches its
maximal value; therefore, the same scale factor is used for the capsule and the PV inner-wall
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location. At the location of the cavity dosimeters the scaled fast flux was determined by dividing the
calculated flux with the average C/M value for the location of the cavity dosimeters.

Several observations can be made regarding the results in Table 7. The three calculations, namely,
the BUGLE-96, SAILOR with ENDF/B-VI fission spectrum, and SAILOR with the ENDF/B-IV
fission spectrum, predicted practically identical lead factors. This agreement indicates that all three
calculations predicted the same fast-flux attenuation from the capsule to the PV wall. The scaling
effectively removed the differences between the fast fluxes calculated with the BUGLE-96 library
and the fast fluxes calculated with the SAILOR library with the ENDF/B-VI fission spectrum. The
differences in scaled fast fluxes are only about 1-2%, while the differences in the calculated fluxes
were 9% in the capsule and at the PV wall, and 31% in the cavity.

For the calculation with the SAILOR and ENDF/B-IV fission spectrum, the scaling reduced the
differences to the BUGLE-96 results in the cavity from 25% to 15%. At the capsule and at the PV
inner wall the differences between the scaled fluxes are 9% and are higher than the differences
between the calculated fluxes, which are 6%. This surprising result, namely, that the scaled fluxes
differ more than the fluxes from the transport calculation, clearly demonstrates one of the
shortcomings of the scaling. The scaling does not take into account that the dosimeters are sensitive
to different ranges of neutron energies, and, consequently, each dosimeter should be used to adjust
the neutron spectrum only in the energy range to which it is sensitive. In the case when there is a
considerable variation of the C/M values for different dosimeters, the scaling may be hard to justify.
This situation is especially true if the trend is systematic, as was observed for the SAILOR
calculation with the ENDF/B-IV fission spectrum, where the C/M values showed systematic
increasing with increasing reaction threshold energy. The high C/M values for the two reactions with
the highest thresholds (i.e., “*Ti(n,p) and ®Cu(n,e) ), which are sensitive only to the small fraction
of neutrons with energies above 1 MeV, keep the average C/M value for the calculation with the
SAILOR and ENDEF/B-IV fission spectrum relatively high (see Table 5). Consequently, the scaling
produces smaller increases of the fast fluxes. The result is, that, while the calculation with SAILOR
and the ENDF/B-VI fission spectrum gave the lowest fast-flux values at all locations considered, the
lowest values of the scaled fast fluxes were those obtained from the SAILOR and ENDF/B-IV

fission spectrum.

Despite the shortcomings described above, the dosimetry measurements in most cases helped to
substantially reduce the differences in fast fluxes obtained from different calculations. The use of
more elaborate methods for combining the calculations and the measurements, such as the spectrum
adjustment technique, should produce better results and should circumvent the difficulties related
to the scaling method.

4. CONCLUSIONS

The change from the SAILOR library, based on the ENDF/B-IV data, to the BUGLE-96 library,
based on the ENDF/B-VI data has the following impact on the H. B. Robinson-2 PV flux prediction.




The calculated fast flux, obtained with the BUGLE-96 library is ~6 % higher in the surveillance
capsule and at the PV inner wall, and ~25% higher in the reactor cavity. These changes result from
the combined effect of the changes in the cross sections, which cause significant increases in the
calculated fluxes, and much smaller decreases in the fast fluxes due to the changes in the fission
spectra. The increase in the calculated fast flux due to changes in the cross sections only is ~9% in
the capsule and at the PV wall, and ~30% in the cavity. The changes in the fission spectra only lead
to minor decreases of the order of 3-4% in calculated fast fluxes.

Even though the changes in the fission spectra do not have a significant impact on the calculated fast
fluxes, they are important for the comparison of calculated and measured reaction rates and
consequently for fast-flux determination by techniques that combine measurements and calculations,
such as scaling or spectrum adjustment. The transport calculations with the ENDF/B-VI fission
spectra, compared with the calculations with ENDF/B-IV fission spectra, show improved
consistency of the C/M ratios for the dosimeters sensitive to different energy ranges, hence
indicating that the calculated spectrum is in better agreement with the actual neutron spectrum during
the irradiation. ' '

When thé measured reaction rates were used to scale the calculated fluxes, the differences between
the BUGLE-96 and SAILOR scaled fluxes were 9% in the capsule and at the PV inner wall, and
15% i the cavity, with BUGLE-96 values being higher.

The calculation with the SATLOR cross-section library and ENDF/B-VI fission spectra resulted in
the lowest calculated fast-flux values at all locations considered. However, when scaled with
measured reaction rates the scaled fluxes agreed within 1-2% with the BUGLE-96 scaled fluxes.

The changes in the fast-flux values, obtained from the transport calculations, due to the change from
the SAILOR to the BUGLE-96 library should be representative for reactors similar to HBR-2. When
calculations are combined with the measurements to produce the fast-flux estimates, the changes in
fast flux due to the change of the cross-section library should, in general, be smaller than the changes
in the calculated values alone. However, the actual changes will be case-specific and will depend on
the particular technique used to combine the calculations and measurements.
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Table 1 Ratios of the reaction rates calculated with BUGLE-96 (ENDF/B-VI) and SAILOR
(ENDF/B-IV). BUGLE-96 fission spectra were used in both calculations

N 23875 BN s‘pe | “T 80y
N | @p | mp) | (np) | (up) | (n2)

1370 370 %%Co S4Mn 46g 0Co | Average =0

Capsule

BUGLE-96/
SAILOR | 1.08 | 1.09 | 111 | 111 | 1.08 | 1.03 | 1.08+0.03

Cavity

BUGLE-96/

SAILOR 1.29 1.31 1.33 1.34 1.28 1.19 1.29+£0.05

Table 2 The calculated-to-measured (C/M) reaction rate ratios for the BUGLE-96 and
SAILOR libraries. BUGLE-96 fission spectra were used in both calculations

237Np 238U 58Ni 54F e 46Ti 63Cu

(n.f) () (n,p) (n.p) (n.p) (na
BCs BiCs %Co S*Mn 46g¢ %Co Ave.C/M +t o0

Capsule

BUGLE-96 0.92 089 | 0.96 0.93 0.85 0.93 091 £0.04

SAILOR 0.85 0.82 0.86 0.84 0.78 0.90 0.84 + 0.04
Cavity

, | 0.92 £ 0.06*

BUGLE-96 0.61 0.82 0.97 0.96 0.90 0.96 (0.87 £0.14)

, _ 0.72 + 0.06*

SAILOR 0.48 0.63 0.73 0.71 0.71 0.80 (0.68 £ 0.11)

* The average C/M ratios without the C/M for the Np-237 dosimeter. (Values in parentheses are
obtained with the C/M for the Np-237 dosimeter)




Table 3 Comparison of fast fluxes (E > 1 MeV) calculated with SAILOR and BUGLE-96

libraries. BUGLE-96 fission spectra were used in both calculations

$eoinev (Cm'zs-l)
BUGLE-96/
SAILOR BUGLE-96 SAILOR

Capsule 3.825 E+10 | 4.175 E+10 1.09
PVimner | 565 B410 | 3.042 B+10 1.09

radius
1/4 TPV 1.425 E+10 1.611 E+10 1.13

Cavity 5.969 E+8 7.793 E+8 1.31

Table 4 Ratios of the reaction rates calculated with BUGLE-96 (ENDF/B-VI) and SAILOR
(ENDF/B-IV). In the calculation with SAILOR, the ENDF/B-1V fission spectra ‘were used

237Np 238U SSNi 54F e 46Ti 63 Cu
1(;;J‘) (nf) | mp) | (np) | (np) | (&)
Cs | "ICs | *Co | *Mn | %Sc 0Co | Average £ 0
Capsule
BUGLE-96/
SAILOR 1.06 1.04 1.02 1.01 0.92 0.82. 0.98 +£ 0.09
Cavity
BUGLE-96/
SAILOR 1.25 1.23 1.19 1.19 1.04 0.90 1.13+0.14
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Table 5 The C/M ratios for the BUGLE-96 and SAILOR libraries

237Np 238U 53Ni 54F e 46Ti 63 Cu
(/) (n.f) (np) (n.p) (n.p) (n,2)
P'cs | PCs | *Co | ¥Mn | *Sc | ®Co | Ave.CM=o
Capsule
BUGLE-96 0.92 0.89 0.96 0.93 0.85 0.93 0.91 +0.04
-SAILOR and A
ENDF/B-VI 0.85 0.82 0.86 0.84 0.78 0.90 0.84 + 0.04
fission spectra :
SAILOR and
ENDF/B-IV 0.88 0.86 0.94 0.92 0.93 1.13 0.94 +£0.10
fission spectra
Cavity
0.92 £ 0.06*
BUGLE-96 0.61 0.82 0.97 0.96 0.90 0.96 (0.87 % 0.14)
SAILOR and
ENDF/B-VI | 048 | 063 | 073 | 071 | o071 | oso | &72%006
. (0.68+£0.11)
fission spectra
SAILOR and *
ENDF/B-1V 0.49 0.67 0.81 0.80 0.87 1.06 0.84x0.14
. (0.78 £ 0.19)
fission spectra

" The average C/M ratios without the C/M for the Np-237 dosimeter. (Values in parentheses are
obtained with the C/M for the Np-237 dosimeter) ‘
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Table 6 Comparison of the fast fluxes (E > 1 MeV) calculated with SAILOR and
BUGLE-96 libraries.

e rmev (cm’s™) Ratio
| SAILOR + ENDF/B-VI | BUGLE-96/
SAILOR + | SAILOR + Fiss. Spec.)/ (SAILOR +
ENDEF/B-1V | ENDF/B-VI SAILOR + ENDF/B-IV | ENDF/B-1V
Fiss. Spec. | Fiss. Spec | BUGLE-96 Fiss. Spec.) Fiss. Spec.)
Capsule | 3.943 E+10 | 3.852 E+10 | 4.175 E+10 0.97 1.06
PVinmer |, ¢75 E+10 | 2.792 E+10 | 3.042 E+10 0.97 1.06
radius
1/4 TPV | 1.468 E+10 | 1.425 E+10 | 1.611 E+10 0.97 1.10
Cavity 6.214 E+8 | 5969 E+8 | 7.793 E+8 0.96 1.25
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Table 7 Comparison of scaled fast fluxes and lead factors (LF)

o ivev (Cm-zs_l) Ratios
BUGLE-96/ | BUGLE-96/
SAILOR with | SAILOR SAILOR SAILOR
ENDF/B-IV with with with
Fiss. Spec. ENDF/B-VI | BUGLE-96 | ENDF/B-IV | ENDF/B-VI
Fiss. Spec. Fiss. Spec. Fiss. Spec.
Capsule 4.195E+10 | 4.554E+10 | 4.588 E+10 1.09 1.01
P (3.943E+10)" | (3.825 E+10) | (4.175E+10) (1.06) (1.09)
PV inner 3.055E+10 | 3.324E+10 | 3.343 E+10 1.09 1.01
radius (2.872 E+10) | (2.792 E+10) | (3.042 E+10) (1.06) (1.09)
Cavit 7.398 E+8 8.290 E+8 8.471 E+8 1.15 1.02
Y (6.214E+8) | (5.969 E+8) | (7.793 E+8) (1.25) (1.31)
LF* 1.373 1.370 1.372 1.00 1.00

" Lead factor (LF) is the ratio of the calculated fast flux at the capsule location to the maximum fast

flux at the PV inner wall. ;
" Fast-flux values in parentheses are from transport calculations.
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Figure 1 The ratios of the group fluxes, calculated with the BUGLE-96 and SAILOR
libraries, in the surveillance capsule and at the location of dosimeters in the cavity.
ENDE/B-VI fission spectra were used with both BUGLE-96 and SAILOR libraries.




BUGLE-96 / SAILOR with
ENDF/B-IV fission spactrum

Figure 2 The ratios of the group fluxes, calculated with the BUGLE-96 and SAILOR
libraries, in the surveillance capsule and at the location of dosimeters in the cavity.
The calculations with the SAILOR library utilized ENDF/B-IV fission spectra
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SAILOR with ENDF-IV /- .
SAILOR with ENDF/-VI fission spectrum .
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Figure 3 The ratios of group fluxes, calculated with the SAILOR library and the ENDF/B-IV
and ENDF/B-VI fission spectra, in the surveillance capsule and at the location of
dosimeters in the cavity
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Figure 4 The ratios of fission spectra (BUGLE-96/SAILOR) for the 2°U, 2’Pu, and the
average of the 25U and 2°Pu spectra, from the BUGLE-96 and SAILOR libraries
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