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ABSTRACT
Version 6 of the U.S. Evaluated Nuclear Data File
(ENDF/B-VI) was released in early 1990 and is cur-
rently undergoing phase II testing. In Phase II test-
ing, the evaluated data are approximately processed and
used in an integral manner to predict the solution of pre-
viously specified benchmark experiments. Results are
presented for the initial testing of several light elements
and structural materials which are important for shield-
ing applications. These initial tests indicate that the
relatively subtle changes made to the iron data and the
major modernization of the boron-11 data in Version 6
both represent significant and positive advancement in
the quality of the evaluated data files.

INTRODUCTION
Version 6 of the U.S. Evaluated Nuclear Data

File (ENDF/B-VI) was released for open distribution
in 1990 after an extensive measurement and evalu-
ation effort spanning nearly 10 years. The multi-
laboratory project was coordinated by the Cross Sec-
tion Evaluation Working Group (CSEWG), which is
operated through the National Nuclear Data Center at
Brookhaven National Laboratory. In the initial release,
74 of the 320 evaluations contained in the library are
new for Version 6.1 Most of the new evaluations repre-
sent relatively important nuclides throughout the mass
range and many of them include substantial changes
to the cross section data. Additional new evaluations
are expected to be included in subsequent releases, or
"Mods," for ENDF/B-VI.

As with past versions of ENDF, CSEWG conducted
a thorough program of checking and reviewing the data
contained in each of the evaluations. This Phase I test-
ing program was completed prior to the release of Ver-
sion 6. CSEWG also coordinates a Phase II testing
program, which includes the testing of the evaluations
against an extensive set of approved integral bench-
marks. For convenience, this Phase II testing effort
is organized into three subcommittees focused on nu-
clidcs of interest to: (1) fast reactor analysis, (2) ther-
mal reactor analysis, and (3) general shielding analysis.
This paper presents the initial results of the Phase II
testing for shielding data contained in ENDF/B-VI. Re-
sults are presented for a few of the CSEWG benchmarks

which have been analyzed thus far, and also for addi-
tional shielding experiments which provide important
input for assessing the overall quality of ENDF/B-VI
data.

CSEWG SHIELDING BENCHMARKS
Over the past 25 years, the three data-testing sub-

committees of CSEWG have collected and approved a
set of benchmark problems3 for the integral testing of
basic nuclear data. The CSEWG benchmarks are gen-
erally characterized as having simple geometries, well-
characterized sources and material compositions, and
high sensitivities to the nuclear data of interest. The
current set of CSEWG shielding benchmarks include:

Broomstick experiments for iron, oxygen,
nitrogen, sodium, and stainless steel.
FFTF radial shield mockup experiment.
LLNL pulsed sphere experiments.
ORNL benchmark experiment for
iron/stainless steel.
ORNL benchmark experiment for sodium.
Secondary gamma-ray production benchmark
for thermal reactors.
Secondary gamma-ray production benchmark
for fast reactors.
ORNL fusion stainless steel/borated
polyethylene experiment.
ORNL fusion iron duct experiment.

SDT1-5:

SDT9:
SDT10:
SDT11:

SDT12:
SB2:

SB3:

SB5:

SB6:

Although the set of shielding benchmarks is relatively
small compared to the thermal reactor and fast reactor
sets, many of the important nuclides are included in
these tests.

Previous versions of ENDF were fortunate to have
included substantial Phase II testing prior to formal re-
lease. In the case of Version 6, several factors caused
only minimal integral testing to be completed before the
initial release in early 1990. Although lack of funding
for this activity is the clear "root cause," there are other
factors which have exacerbated the problem. These im-
pediments to Phase II data testing are described briefly
in order to place in perspective the extended schedule
and disjunct nature for the data testing results.



With the release of Version 5 in the early 1980's,
funding for the applications side of CSEWG was greatly
reduced. As a result, although several excellent shield-
ing experiments have been conducted in the past decade
which could be useful for basic data testing, the sup-
port for packaging and approving these experiments as
CSEWG benchmarks did not exist. Hence, the list of
approved benchmarks remain relatively small and of
limited scope. Also, without explicit funding, it is dif-
ficult to justify the effort needed to analyze even this
small set of benchmark problems.

Perhaps the most significant roadblock is that sev-
eral important changes were made to the basic data for-
mats for Version 6. Although these changes provide
for improvements in the evaluations, they require corre-
sponding changes to many of the data processing codes.
Most of the CSEWG shielding benchmarks require pro-
cessed data, e.g. multigroup data, but budget priorities
over the past several years has permitted only marginal
maintenance of data processing capabilities. Now, even
the modest imposition of modifying these marginally
maintained codes to incorporate the new format changes
has proven to be a critical hurdle. The NJOY process-
ing code system3 has been kept current, but its develop-
ers must also contend with tight budgets and must try
to manage the varied demands currently converging on
them from the entire national cross section community.

As a consequence of these factors, although
ENDF/B-VI was initially released more than two years
ago, we are just now beginning to see the availability of
processed data and integral data testing results.

RESULTS
The SDT1-5 benchmarks are a test of the total cross

sections for the indicated materials. Of the five "broom-
stick" experiments, all except SDT5, (stainless steel)
have been analyzed by ORNL. The results for the iron
broomstick benchmark (SDT1) are shown in Fig. 1 for „
two different lengths of iron specimens. The results for
Version 5 and Version 6 data are nearly identical ex-
cept between 2 and 3 MeV where the Version 6 results
are slightly lower. Since the total cross section above
2 MeV is supposed to be the same for both EN'DF/B
versions, these results suggest a possible problem in pro-
cessing the Version 6 isotopic evaluations for iron. This
discrepancy is being investigated.

The results for the oxygen broomstick benchmark
arc shown in Fig. 2. The Version 6 results are slightly
better than Version 5 results in some regions and worse
in others; however, nagging discrepancies with the mea-
sured spectrum still exist. Other experiments involv-
ing oxygen samples are being investigated to determine
whether problems in the SDT2 experimental data may
be the cause of the continued discrepancies.

Results for the SDT3 (nitrogen) and SDT4 (sodium)
are shown in Figs. 3 and 4. Comparisons between the
Version 6 calculations and the measured data are gener-
ally good. It appears that a slight char _,e in the energy
resolution of the NE-213 neutron spectrometer, which is
used to appropriately broaden the calculated flux, could
further improve the agreement.

As mentioned above, SDT5 (stainless steel) has not
yet been analyzed. Because Version 6 includes isotopic
evaluations rather than "natural" evaluations for multi-
isotope elements, 15 different isotopic evaluations would
have to be processed and combined to generate the
stainless steel mixtures. This particular benchmark will
be analyzed at a later time as funds permit.

ADDITIONAL DATA TESTING
EXPERIENCE

Since the set of CSEWG shielding benchmarks is
quite limited, we must also draw on other experience as
available. Advantage is taken of many quality efforts
conducted for specific national and international pro-
grams, even though the experiments and analyses have
not been officially proposed and approved as CSEWG
benchmarks. Examples of two of these efforts are de-
scribed below.

The U.S. Nuclear Regulatory Commission has coor-
dinated a broad effort to validate the calculational pro-
cedures for predicting fluence levels within reactor pres-
sure vessels. The effort has resulted in several bench-
marks pertaining to pressure vessel dosimetry. The im-
pact of changes to iron cross sections in Version 6 have
been assessed for some of these benchmarks.4 An es-
pecially useful result was obtained from dosimetry data
taken from the reactor cavity region of Arkansas Nuclear
One Unit-1 (ANO-1). The geometry of the experiment
is shown in Fig. 5, indicating the location of the dosime-
try data. The original analysis of ANO-1 was performed
using two-dimensional methods contained in the sophis-
ticated LEPRICON code system and used ENDF/B-IV
data for iron.5

The impact of more recent iron evaluations was
assessed in Ref. 4 using one-dimensional calcula-
tions scaled to the original 2-D analysis, The results
are shown in Table 1, which compares calculated-to-
experiment ratios (C/E) for dosimeter data from the
ANO-1 benchmark. The Version 5 iron data is essen-
tially the same as Version 4 and yields consistently low
C/Es. However, the projected results for Version 6 iron
data predicts a significant and consistent improvement
in the agreement with measured dosimeter data. This
result, when substantiated with a more detailed analy-
sis, should help to dramatically improve the uncertain-
ties associated with the calculation of pressure vessel
fluenccs.

Additional data testing experience has been gained
in a program sponsored by the U.S. Department of En-
ergy and Japan's Power Reactor and Nuclear Fuel De-
velopment Corporation. Several experiments have been
performed as part of this on-going U.S./Japan collabo-
ration in support of the Advanced Liquid-Metal-Cooled
Reactor (ALMR) program.* The first of these experi-
ments, which studied neutron transmission through a
large assortment of thick shields containing stainless
stre), boron carbide, and graphite, has been partially
reanalyzed using Version 6 data for iron and boron-11.
Figure G gives a diagram of the specific experimental
arrangement (Configuration II.D) used to test the iron
and boron data.



1E-1

4 6 8

Energy (MeV)

Figure 1. Comparison of Measured and Calculated Uncollided Flux
for Iron Broomstick Benchmark.
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Figure 2. Comparison of Measured and Calculated Uncollided Flux
for Oxygen Broomstick Benchmark.
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Figure 3. Comparison of Measured and Calculated Uncollided Flux
for Nitrogen Broomstick Benchmark.
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Figure 4. Comparison of Measured and Calculated Uncollided Flux

for Sodium Broomstick Benchmark.



Figure 5. Octal Section at the Midplane of the
Arkansas Nuclear One Unit 1 Reactor.

Table 1. Projected C/E Values for Dosimeter
Reaction Rates in Reactor Cavity
of Arkansas Nuclear One Unit 1

Reaction

s?Cu(n,alpha)
54Fe(n,p)
58Ni(n,p)
wNp(n,f)

Ver. 5 Fe Data

0.85
0.82
0.81
0.86

C/E
Ver. 6 Fe Data"

1.06
1.11
1.08
1.06

"Projected 2-D results based on scaled 1-D calculations.
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Figure 6. Plan View of Configuration II.D from the JASPER Radial
Shield Attenuation Experiment.



Several one-dimensional calculations were per-
formed for Configuration II.D using various ENDF/B
versions of iron and boron-11 data and different energy
group structures. The transmitted spectra computed
using 46 energy groups are compared in Fig. 7. In order
to relate the results to the experimental data, the spec-
tra were integrated above 0.0865 MeV and compared
to an integration of the measured spectrum, which was
obtained using a combination of NE-213 and hydrogen
sphere spectrometers. Full 2-dimensional calculations
were performed for two specific data sets in order to pro-
vide for absolute comparisons with the measured data.
The remaining 1-D computed integrals were then scaled
by the corresponding 2-D results. The projected 2-D
C/E values for the various iron and boron data sets are
summarized in Table 2.

It is apparent from Table 2 that the results for iron
reflect similar findings as described above, i.e. the Ver-
sion G iron data always improves the agreement of calcu-
lations with the measured neutron transmission. Also,
the newer boron data improves the agreement even fur-
ther. Hence, the relatively subtle changes made to the
iron evaluation and the substantial changes made to
the boron-11 evaluation combine to bring the calculated
predictions from a level that was disappointingly inad-
equate to a level that is within experimental error.

CONCLUSION
In conclusion, it is clear that the new Version 6 eval-

uations in ENDF will have a discernible, and generally
positive impact on shielding analyses. Changes to the
iron data appear to significantly reduce long-standing
discrepancies in deep penetration problems. Changes to
other shielding and structural materials also show good
promise. Although much more data testing is needed
to fully assess the adequacy of ENDF/B-VI, the initial
results summarized here are quite encouraging.
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Figure 7. Comparison of Calculated 1-D Energy Spectra Transmitted
Through Configuration II.D of the JASPER Radial Shield
Attenuation Experiment.



Table 2. Comparisons of Calculated and Measured
Neutron Fluxes (E > 0.865 MeV) Behind JASPER

Radial Shield Experiment Configuration II.D

Fe/Q-11 Data Sets

51-Group Results
Ver. 4 Fe and Ver. 4 B-ll

61-Group Results
Ver. 5 Fe and Ver. 5 B-ll
pre-Ver. 6 Fe and Ver. 5 B-ll
pre-Ver. 6 Fe and Ver. 6 B-ll

46-Group Results
Ver. 5 Fe and Ver. 5 B-ll
pre-Ver. 6 Fe and Ver. 5 B-ll
Ver. 6 Fe and Ver. 5 B-ll
Ver. 6 Fe and Ver. 6 B-ll

1-D Flux"

9.55

10.48
10.66
12.34

8.47
10.25
10.16
12.54

Estimated
2-D Flux

11.88

16.83C

17.10c

19.8

13.60c

16.45'
16.30'
20.12'

C/E»

0.53

0.75
0.76
0.88

0.61
0.73
0.73
0.90

"Units are n/cm3'S'kW.

'integral of measured flux is 22.4 n/cni'-skW.
'Scaled by ratio of 2-D to 1-D fluxes for 61-group case using the
pre-Ver. 6 Fe and Ver. 6 B-ll cross sections. The 2-D integral flux
is 19.8 n/cm2skW.
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