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Development of ENDF/B-V-based ANSL-V cross-section libraries

to support design work on the proposed Advanced Neutron Source (ANS)

Reactor is discussed in a companion paper. The purpose of this paper

is to present thermal benchmark data testing results for the BAPL-I,

TRX-1, and ZEEP-1 lattices, using selected processed cross-sections

from the ANSL-V 99-group library.

Benchmark data testing of the TRX-1 and BAPL-1 lattices using

ENDF/B-IV and -V cross sections has been done by a number of

organizations^ and summarized in a paper by Hardy (Paper #16, Ref. 2).

The ORNL ANSL-V benchmark calculations were done using the SCALE^

sequence: AJAX-CSASN-XSDRNPM-XSDRNPM. The first XSDRNPM calculation was

a discrete ordinates calculation (S8.P3) to cell weight cross sections.

In the second XSDRNPM case, the cell-weighted cross sections and the

"B-3" option with a "height" which corresponded to the total buckling of

each lattice were used to calculate benchmark performance parameters.

Benchmark testing of ENDF/B-V data for 14 criticals, including the

three benchmarks of interest in this study, and six exponentials has been

reported by D. S. Craig.3 The ORNL EPRI-CELL (E-C) code,5'6'7 which
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employs ENDF/B-V processed cross-sections, was also used to analyze the

three benchmarks. ANSL-V results are compared in Table 1 with measure-

ments, results reported by Craig, and E-C calculations. In comparing

data in the table, the following is noted:

1. BAPL-1 Results

In Reference 6, it is shown that a difference of 1.00%

in the ratio of U-238 captures to U-2'35 fissions (CR) will

correspond to a difference of about 0.33% in k-eff for the

BAPL-1 and TRX-1 lattices. This result appears to hold quite

well for the present BAPL-1 differences between the ANSL-V and

CRAIG results. The ANSL-V value of CR is 1.59% higher than

Craig's value and the ANSL-V k-eff is 0.52% low relative to the

CRAIG result. Note that 0.33 times 1.59 is 0.525; thus the

lower k-eff is consistent with the higher value of CR.

Both differences can likely be explained ar. a result of

higher ANSL-V U-238 epithermal capture relative to corresponding

data used in the CRAIG calculation. The lower value of k-eff

calculated by ANSL-V relative to Craig's value is largely due to

a lower value of k-inf in the infinite lattice calulation since

the LCFs (the leakage correction factors) are in excellent

agreement.

2. TRX-1 Results

When allowance is made for differences in leakage, the

correlation between CR and k-eff (the one-third rule.
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see Section 1, above) also works fairly well in explaining

the ANSL-V and CRAIG differences for TRX-1. In the

case of TRX-1, we expect that a difference of 1.00% in

CR will be consistent with -0.33% in k-eff. Since the

ANSL-V "LCF" is 0.17% higher, the net effect of these

two factors gives -0.16% which is in good agreement with

the actual difference of -0.22% for the ANSL-V k-eff

relative to Craig.

3. ZEEP-1 Results

We were able to demonstrate that the one-third rule also

works quite well for the ZEEP-1 lattice by increasing the

U-238 capture cross-section by a constant 2.0% in the

energy range 1.86 to 275 eV and then comparing k-eff

and reaction rate ratios with the unmodified case. The

resulting changes in k-eff and CR did satisfy the rule.

However, the one-third rule did not explain all of the

ANSL-V/CRAIG k-eff difference, even when differences in

leakage were included. About 0.16% delta-k is apparently

from sources other than leakage or U-238 capture.

The ANSL-V value of k-eff is 0.45% low relative to the

CRAIG value for the ZEEP-1 lattice. About 0.30% of this

is from the difference in k-inf and 0.15% from the difference

in "LCF". The reaction rate ratios, DELTA28 and

RCR are in good agreement. The DELTA28 values are in



agreement with the experimental value; the RCR values

are 1.7 and 2.1 percent high relative to the experiment

for CRAIG and ANSL-V, respectively.

Conclusions resulting from the benchmark analysis are as follows:

1. The ANSL-V values of CR are 1.00, 1.59, and 0.45 percent

higher than CRAIG for TRX-1, BAPL-1, and ZEEP-1,

respectively. Values of k-eff are 0.22, 0.52, and 0.45

percent lower for TRX-1, BAPL-1, and ZEEP-1, respectively.

These differences are likely a result of higher U-238

capture by CSASN-XSDRNPM relative to the CRAIG calculation.

2. Further examination of the ANSL-V/CRAIG differences is

beyond the scope of the present study but should certainly

be considered since the differences are large enough

to be of moderate concern.
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Table 1. TRX-1, BAPL-1, and ZEEP-1 Benchmark Lattice Results

BAPL-1 Measured8 Calculated (ENDF/B-V)

k-eff

DELTA28b

CRb

LCFC

NFLd

TRX-1

k-eff

DELTA28b

CRb

LCFC

NFLd

1.

0.

1

0

0

0000

078

e

.0000

.0946

.797

E-C

1.0018

0.0745

0.8074

0.8752

0.1248

0.9954

0.0969

0.7996

0.8451

0.1549

CRAIG

1.0040

0.0761

0.804

0.8734

0.1266

0.9958

0.0989

0.799

0.8417

0.1583

ANSL-V

0.9988

0.0754

0.8168

0.8737

0.1263

0.9936

0.0985

0.8070

0.8431

0.1569

ZEEP-1

k-eff

DELTA28b

CRb

RCRb

LCFC

NFLd

1

0

1

.0000

.0675

f

.260

1.

0.

0.

1.

0.

0.

0015

0629

8338

2749

8128

1872

1

0

0

1

0

0

.0036

.0682

.8378

.281

.8101

.1899

0

0

0

1

0

0

.9991

.0681

.8416

.2867

.8089

.1911



Table 1 (continued)

FOOTNOTES:

a. See Ref. 3 for the uncertainties in the experimental values.

b. Reaction rate ratio definitions:

DELTA28 - U-238 fissions/U-235 fissions

CR - U-238 captures/U-235 fissions

RCR - U-238 captures/U-235 fissions (in the cell)/

same ratio in a Maxwellian at the temperature

of the moderator. (The calculated CR in a

Maxwellian spectrum at 20 C is 0.6541)

c. LCF is the "leakage correction factor" which is defined

as k-eff/k-inf.

d. NFL is the "net fractional leakage" and is defined as

(k-inf - k-eff)/k-inf. NFL is also numerically equal

to (1 - LCF).

e. Not reported.

f. Not reported (see RCR in footnote b).
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