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INTRODUCTION

The purpose of this study is to investigate the eigenvalue sensitivity to new ^ U , hydrogen, and

oxygen cross section data sets1 by comparing RACER Monte Carlo2 calculations for several ther-

mal and intermediate spectrum critical experiments. The new ^ U library (Version 107)1 was de-
i

rived by L. Leal and H. Derrien by fitting differential experimental data for 2 3 U while

constraining the fit to match experimental capture and fission resonance integrals and Maxwellian

averaged thermal Kl (v fission minus absorption). The new hydrogen library (Version 45)1 con-

sists of the ENDF/B-VI release 3 data with a 332.0 mb 2200 m/s cross section which replaces the

value of 332.6 mb in the current library. The new oxygen library (Version 39) is based on a recent

evaluation of 16O by E. Caro1.

Nineteen Oak Ridge and Rocky Hats thermal solution benchmark critical assemblies3'4'5 that

span a range of hydrogen-to-23^ (H/U) concentrations (2052 to 27.1) and above-thermal neutron

leakage fractions (0.555 to 0.011) were analyzed. In addition, three intermediate spectrum critical

assemblies (UH3-UR, UH3-NI, and HISS-HUG)6'7 were studied.

DESCRIPTION of RACER

RACER is a three-dimensional, continuous-energy, neutron Monte Carlo code originally based on

the Oak Ridge National Laboratory (ORNL) O5R Monte Carlo code8. The ENDF cross sections

are processed with the NJOY system9, Doppler broadened to 293 K, and fitted onto 22,248 energy

mesh points between 20 MeV and 10"5 eV. The thermal model utilized for moderators is based on

an S(a,P) scattering representation which is continuous in both angle and momentum.
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DESCRIPTION of EXPERIMENTS

Specifications of the thermal critical assemblies were taken from References 3 through 5. The an-

alyzed critical assemblies consist of: six large Oak Ridge National Laboratory (ORNL) spheres

and cylinders containing uranyl nitrate solutions with high hydrogen-to-235U ratios (H/U), six

small ORNL spheres and cylinders containing uranyl fluoride solutions with low H/U ratios, and

seven small Rocky Flats cylinders containing uranyi nitrate solutions with low H/U ratios. All the

solution tank critical assemblies utilize a uranium enrichment of 93 weight percent 235U. The six

large ORNL critical assemblies have over 98% of fissions occurring in the thermal energy range

(<0.625 eV), whereas most of the ORNL L-series and Rocky Flats critical assemblies are less

thermal with as few as 55% of the fissions occurring in the thermal range.

The intermediate spectrum UH3-UR and UH3-NI critical assemblies consist of a 93 weight per-

cent 235U-hydride powder and polyethylene mixture with an eight inch reflector shell of natural

uranium or nickel, respectively. The HISS-HUG central experiment is modeled as an infinite ho-

mogeneous uranium-graphite-boron mixture. The UH3 and HISS-HUG assemblies have a harder

spectrum than the solution critical assemblies, with fissions occurring at fairly uniformly distrib-

uted energies from 10 eV to the MeV range. The three experiments are useful for testing the re-

solved and unresolved 235U resonance cross sections.

CALCULATIONS

All calculations were performed on the CRAY-C90 computer. The RACER Monte Carlo calcula-

tions were run in the fission iterated mode, with the first 2.5 million histories discarded to obtain a

converged source distribution. Subsequently, 25 million histories were analyzed in 500 batches of

50,000 neutrons per batch, which led to very small statistical uncertainties on the eigenvalue.

DISCUSSION of RESULTS

Table 1 shows a comparison of k ^ values computed using ENDF/B-VI release 3 cross sections as

the base case. The base case k ^ values have a residual increasing trend versus above thermal

leakage (ATL). Two additional sets of k ^ values are shown for calculations utilizing the new hy-
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1 0drogen version 45 and ^ O version 39 in conjunction with both the ENDF/B-VI.3 ^ U (Lubitz)

and Leal/Derrien ^ U version 1071 cross sections. The sets of kgff values for the nineteen solution

critical assemblies are tabulated versus above-thermal leakage fraction (ATL). The solution tank

critical assemblies are useful for determining reactivity sensitivity to changes in hydrogen, oxygen,

and ^ U cross sections versus spectrum indicators such as ATL.

The following observations are made concerning changes to the three cross section libraries. The

base case (ENDF/B-VI release 3) k ^ values have a small increasing trend versus ATL of ~0.0030

Ak. The 2200 m/s hydrogen capture cross section was decreased from 332.6 mb in ENDF/B-VI to

332.0 mb in version 45 which is a return to the value utilized in ENDF/B-V. The change causes an

increase of as much as 0.0010 Ak for the very thermal critical assemblies such as ORNL 23 which is

in the direction to reduce the trend versus ATL. The coefficients of the Pj scattering moment below
i

2.35 MeV in version 39 oxygen are more positive than in ENDF/B-VI which causes an increase in

both the forward scattering and fast leakage for the harder spectrum critical assemblies such as

ORNL L6. As a result, the k ^ value for ORNL L6 decreased by 0.0014 Ak which is also in the di-

rection to reduce the trend versus ATL. The 235U above-thermal a (capture/fission) decreased from

0.5167 in ENDF/B-VI.3 ^^(Lubi tz) 1 0 to 0.5089 in version 107135\5 (Leal/Derrien)1. Both values

agree well with the experimental value of 0.514(±0.016). Lastly, the 235U Maxwellian-averaged Kl

(v fission - absorption) are almost identical at 723.0 in ENDF/B-VI.3 235U to 722.9 inversion 107

23SU. Both values agree well with the experimental value of 722.7(±3.9).

The ENDF/B-VI release 3 U library by Lubitz10 in conjunction with the new version 45 hydro-

gen and the version 39 oxygen succeeds in reducing any observable trend of k ^ versus ATL and re-

sults in an average keff for the ensemble of critical assemblies close to unity (0.9998 ±0.0013). The

Lubitz U library was achieved by adjusting the 23^U capture, fission, and nubar cross section pa-

rameters in the ENDF/B-VI.l library up to 900 eV.

The Leal/Derrien version 107 235U library in conjunction with the new version 45 hydrogen and the

version 39 oxygen also succeeds in producing reactivity results (0.9993 ±0.0011 average k ^ with a

reduced observable trend) similar to the Lubitz ENDF/B-VI release 3 235U library. Leal/Derrien's

- 3 -



REPRODUCED AT GOVT EXPENSE # 5

library was produced over the resolved resonance range (<2250 eV) by fitting differential experi-

mental data for ^ U while constraining the fit to match integral experimental data. Calculations

with the use of the two ^ U libraries do not result in any discriminating difference in the reactiv-

ity trend versus ATL for the thermal solution critical assemblies.

Table 2 shows a comparison of k^g-values computed using ENDF/B-VI.3 and version 107 235U

cross sections for three intermediate spectrum critical assemblies versus above-thermal leakage

fraction. The ENDF/B-VI release 3 cross sections produce an average k^value of (1.0116

±0.0018). The version 107 ^ U cross sections produce an average k^ value of (1.0092 ±0.0031)

which is closer to unity. Both cases utilized the new version 39 oxygen. A small but discernible

improvement in kgg values is noted with the use of version 107 U cross section library for the

intermediate spectrum critical assemblies.
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Table 1 - k ^ 1 Values - THERMAL BENCHMARKS2

ENDF/B-VI(Rel. 3) with new H, 16O, an

Critical
Assembly

ORNL23

ORNL22

ORNL16

ORNL10

ORNL12

ORNL1

Average

ORNLL9

ORNLL8

ORNLL11

ORNLL5

ORNLL6

ORNLL7

Avenge

RF5<6)

RF6(7)

RF7(4)

RF3(8)

RF8(9)

RF 4(10)

RF9(1)

Average

TatalA?

Keff
ENDF/B-VI.3

0.9995(2)

0.9970(2)

0.9973(2)

0.9975(3)

0.9995(3)

0.9971(6)

0.9980(12)

1.0007(3)

1.0057(3)

0.9996(3)

1.0032(4)

1.0030(4)

0.9999(4)

1.0020(25)

0.9999(7)

1.0031(7)

0.9997(5)

1.0034(5)

0.9996(5)

0.9997(5)

0.9961(5)

1.0002(23)

1,0001(12)

Keff
ENDF/B-VL3a

NewHand1 6O

1.0002(2)

0.9977(2)

0.9981(2)

0.9985(3)

1.0000(3)

0.9973(3)

0.9986(13)

1.0008(3)

1.0054(3)

0.9998(3)

1.0023(4)

1.0019(5)

0.9990(4)

1.0015(24)

0.9994(4)

1.0027(4)

0.9986(5)

1.0022(9)

0.9985(5)

0.9985(7)

0.9946(5)

0,9992(26)

0,9998(12}

Keff
ENDF/B-VL3b

N e w H , 1 ^ , 2 3 ^

0.9995(2)

0.9979(3)

0.9986(3)

0.9983(3)

1.0002(3)

0.9970(3)

0.9986(12)

1.0010(3)

1.0049(3)

0.9992(3)

1.0008(5)

1.0001(5)

0.9996(4)

L0009(22)

0.9988(4)

1.0024(4)

0.9978(5)

1.0015(5)

0.9980(5)

0.9972(5)

0.9941(5)

0.9985(26)

0,9993(11)

ABOVE
THERMAL
LEAKAGE

.011

.021

.025

.054

.096

.143

.141

.196

.207

.436

.443

.555

.334

.342

.411

.413

.415

.437

.438

a. Includes O16V39(Caro), H-H2OV45(332.0mb)
b. Includes O16V39(Caro), H-H2OV45(332.0mb), U235V107(Leal/Derrien)

1. 95% (~2o) confidence interval xlO"4 in parentheses
2. Rocky Flats Benchmarks - numbering scheme - International Benchmark Book (CSEWG)
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Table 2 - k ^ Values - INTERMEDIATE BENCHMARKS
ENDF/B-VI(Rel. 3) with new 16O and Version 107 ^ U

Critical
Assembly

UH3-UR

UH3-NI

HISS-HUG

Average

ENDF/B-VL3
with New 16O

1.0108(6)

1.0118(4)

1.0122(1)

1.0116(18)

ENDF/B-VU
with New
1 6 O 2 3 5 U

1.0080(3)

1.0091(3)

1.0105(1)

1.0092(31)

ABOVE
THERMAL
LEAKAGE

.198

325

0.0
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