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JEZEBEL AND GODIVA

by

R. B. Kidman

ABSTRACT

.

Various code options and input data are tested in
the calculation of the fast reactor benchmarks, JEZEBEL

238U
;d2%D1vA”

Their effects on the eigenvalue and
U central fission rate ratio are documented in

this report. Although the results can be used to im-
prove past or future calculations, it appears that no
reasonable choice of data or options can bring the cal-
culated central fission ratio into agreement with the
experimental value.

I.

vide

INTRODUCTION

Nuclear data, nuclear data processing codes, and reactor physics codes pro-

almost endless opportunities to vary the input and calculation of any par-

ticular problem. Hence there is no single final calculational result for any

reactor-physics problem.

In this brief report, the results of varying only a few options are pre-
1

sented for the critical benchmarks JEZEBEL and GODIVA. The resulting range

of parametric values indicate whether or not the tested option is important for

JEZEBEL or GODIVA. Some of the results can be used to correct past or future

calculations of JEZEBEL and GODIVA for the various tested effects.

II. DATA, CODES, AND RESULTS

The parameters studied while varying the tested options are the multipli-
..,. ..-.

cation factor (K or eigenvalue) and the central ’55U to ‘3’U fission rate ratio

(R). The computed parameters for all the tested

perimental values in Tables I, II, III, and IV.

variations are compared to ex-

The calculated average central

1
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fission cross sections for 238U and 235
U are also presented in Tables V, VI,

VII, and VIII, which helps one understand the behavior of R.

Two basic cross-section sources2 were used in this study, ENDF/B-IV and

preliminary ENDF/B-V. The MINX3 code was used to generate 50-group and 240-

group libraries from ENDF/B-IV, while the NJOY4 code was used to generate 50-

group and 185-group libraries from preliminary ENDF/B-V data. (The preliminary

ENDF/B-V data did not include
234

U, so NJOY was used to process the ENDF/B-IV
n-t
L.3+

u

used

with

data into the NJOY libraries.)

Several different fission sources were tried. The old 50-group chi vectors

with JEZEBEL and GODIVA were generated from a simple fission spectrum shape

nuclear temperatures of 1.41 and 1.35 MeV, respectively. More appropriate

composition-dependent fission sources were obtained by weighting constituent

;s~~tupech~ .Zectorswith the isotope’s density and volume average cross section

‘:-onprofi.’ction.The individual isotope chi vectors for the various

n so rces and group structures are obtained from the MINX and NJOY

‘t ->..,.:fi%ve. The volume averaged cross sections for neutron produc-

.) ;+ . LaKen ‘t-onthfl 50-group, S48p3 0NETRAN5 runs that used the old chi

?hb ftirJEZEBEL we have composition<ependent fission source vectors

‘~~~!;~ar,d24G-group structures, based on ENDF/B-IV (LIB-IV) and in

,~ dnd .185-groupstructures based on preliminary ENDF/B-V (PRE-V).

.’& . Tr CGdIVA %-eregenerated in a similar fashion. All of the chi

.. .nu gcc~p structures are displayed in Appendix A.

Ali of the results presented in this report were generated with the ONETRAN

code setup according to the JEZEBEL and GODIVA specifications of Ref. 1. ONETRAN

is coded to accept cross sections in several different formats. It can accept

cross sections directly from MINX or NJOY, in which case calculations can pxoceed

at any Legendre order but only with infinitely dilute cross sections. On the

other hand, ONETRAN can accept cross sections from the diffusion theory code

lDX,
6
in which case, depending on the lDX options, calculations proceed with

self-shielded and flux-iterated cross sections but only within the transport

cross-section approximation (P1,2)“

Some of the specific entries or omissions in the table labels have the

following meanings.

FF=iterate - an iteration between f-factors and compositionwas performed to
obtain effective self-shielded cross sections.

6
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FF=l - f-factors were set to 1.0 to induce the use of infinitely dilute cross
sections via lDX.

Sige=5 - five iterations between the elastic removal cross section and flux

were performed.

Sige=O - the input elastic removal cross sections were used.

‘i
- an ith Legendre order anisotropic scattering calculation was made. If PI
is missing, a P. calculation with the transport cross section was made.

‘i -
an ith angular quadrature order calculation was performed.

Comp. Chi - a composition-dependentfission source appropriate to the data
source and group structure was used. If there is no reference to chi,
then the appropriate old chi was used.

N-group - the N-group structure was used. If there is no reference to the
group structure, the the 50-group structure was used.

Full inelastic (elastic) - a 50 x 50 matrix was used to describe inelastic
(elastic) downscatter. All of the ONETRAN runs utilizing the MINX or
NJOY cross sections directly used full inelastic and elastic down-
scattering matrices.

All of the rows and columns in each table are numbered to facilitate com-

parisons. For example, in Table 1, if we let E(i,j) represent the eigenvalue

in the ith row and jth column, then E(6,11) would be 1.00761.

III. PARTICULAR EFFECTS

A. ENDF/B-IV Cross Sections vs Preliminary ENDF/B-V Cross Sections

The effect of different cross-section sets can be obtained by compar-

ing results from calculations that differ only in their cross-section input.

For example, if one forms the following differences in Tables I through IV,

E(i+6,j) - E(i,j) for i = 1, ....

it becomes obvious that for JEZEBEL, the

increase K by ~0.00870 and increase R by

6andj=l, .... 53 11, 12 ,

preliminary ENDF/B-V cross sections

‘W.00801. For CODIVA, the preliminary

ENDF/B-V cross sections decrease K by %0.01726 and increase R by %0.00367. Fur-

thermore, these differences are not very sensitive to the angular quadrature,

Legendre order, self-shielding treatment, or elastic removal treatment.

.,---,.,



B. Fission Source

The effects of using various fission sources are determined by taking

the following differences in Tables I through IV,

E(i,5) - E(i,4) fori=l, .... 12 .

With respect to using the old chi (see Appendix A), the effect of using a

composition-dependentchi depends on which cross section source is used to gen-

erate the composition-dependentchi. If PRE-V is used, a composition-dependent

chi for JEZEBEL will decrease K by%O.00019 and increase R by ~0.01420, while

a composition-dependentchi for GODIVA will decrease K by %0.00162 and increase

R by%O.01141. If LIB-IV is used, a composition-dependent chi for JEZEBEL will

decrease K by%O.00042 and increase R by%O.00366, while a compostion-dependent

chi for GODIVA will decrease K by~O.00066 and decrease R by ~0.00982.

The fission source affects R much more than K, probably because of the

threshold nature of the
238

U fission cross section. The R and K effects are

larger for GODIVA than for JEZEBEL because
238

U is a constituent of GODIVA’s

composition.

The above differences do not change significantly with angular quadrature

of four and larger.

co Cross Sections and Fission Source

It may be more meaningful to compare the results of using cross sections

and composition chi as determined from PRE-V with similar results from LIB-IV.

The differences,

E(i+6,5) - E(i,5)

give us that comparison.

%0.00893 and an increase

for i = 1, .... 6

Totally PRE-V for

in R of~O.02587.

s

JEZEBEL yields an

Totally PRE-V for

decrease in K of %0.01822 and an increase in R of~O.02490.

Do Group Structure

With respect to the 50-group results, the effects of the

increase in K

GODIVA yields

185-group and

group structures are determined from the following differences,

E(6,6) - E(6,5) and E(12,7) - E(12,5) .

For JEZEBEL, the 185-group structure lowers K by %0.00008 and lowers R

of

a

240-

by

‘W.00087 while

W.OO41O. For

12

the 240-group structure lowers K by W.00035 and lowers R by

GODIVA, the 185-group structure lowers K by ‘W.OO1O4 and lowers

.

.



R by ‘UI.00169while the 240-group structure lowers K by %0.00109 and lowers R

by%O.00934.

E. Number of Downscatterin~ Terms

The computer code lDX is often used to generate effective resonance-shielded

cross sections. It is common practice to limit the data input by limiting the

number of inelastic downscattering terms to less than the number of groups. The

effect of such a data reduction was tested on JEZEBEL by comparing results from

a run that included all downscatter groups with a run that limited the number

of downscatter groups to 10,

E(10,14) - E(10,11) .

Limiting the number of inelastic-downscatter terms to 10 decreases K by

%0.00002 and decreases R by ~0.00076.

F. Elastic Scattering Matrix

Normally in lDX, elastic scattering is treated

moval term. The effect of providing a full elastic

on JEZEBEL,

R by

G.

E(10,15) - E(10,14) .

with only one elastic re-

scattering matrix was tested

Providing a full elastic scattering matrix does not affect K and decreases

only %0.00001.

Elastic Removal Iteration

The elastic removal cross section can by highly sensitive to the intragroup

flux shape. An option in lDX allows one to use an iterative procedure between

flux shape and elastic removal cross section, otherwise the input elastic re-

moval cross section is used. This option was tested,

E(i,13) - E(i,ll) fori=l, ...,6 , +

and for JEZEBEL, iterating does not affect K and increases R by only %0.0C)CI09.

For GODIVA, iterating decreases K by%O.00012 and increases R by%O.00002.

H. Self-Shielding

The effect of using self-shielded cross sections vs using infinitely dilute

cross sections is measured by the differences,

E(f,13) - E(i,12) fori=l, .... 6 .



Self-shielding for JEZEBEL increases by.~)0.00010and decreases R by ‘W.00017

while for GODIVA it increases K hy ~0.00013 and decreases R by @.00031. Quad-

rature order has little effect on these differences.

. ....,

I.. Angular Quadrature and,Legendre Order.., .,, ., ... .. ,,

Several series of,sf and Pf.ca$culationshave.been made to test the ap-

proach to SmPm. In general, the approach to Sm or Pm is relatively unaffected

by group structure, fission source, cross-section library, angular quadrature,

or Legendre order. The tables show that S48 and P3 calculations are well into

the relatively unchanging part of the asymptotic approach to Sm and Pm.

The tables allow one to convert practically any SiPi calculation to an

S48P3 result, which is also very close to an SmPmresult. However, the monotonic

and smooth behavior of the S
i
results allows one to use plots or numerical ex-

trapolations to reasonably estimate the S
48
- Sm difference. We have estimated

this eigenvalue difference for JEZEBEL and GODIVA to be ‘W.00009.

---4 4r -4...!.. .Ad

J. Example ,“ . .-- .

Suppose one had made, for JEZEBEL, a transport-corrected shelf-shielded S16

26-group transport theory calculation based on a 42-group library with 10 inelas-

tic downscatter terms, generated from ENDF/B-IV. If the ,uncorrectedeigenvalue

was 0.99734, it might be brought up to date in the following fashion.

0.99734 uncorrected eigenvalue

+ 0.00002 10 downscatter + full inelastic matrix [E(10,14) - E(10,11)]

- 0.00035 42-group +.240-group [E(12,7) - E(12,5)]

- 0.00337 transport corrected + P3 [E(10,4)

- 0.00088
’16 + ’48

[E(12,7) - E(10,7)]

- 0.00009
’48

+ S@ (see Sec. I above)

+ 0.00870 ENDF/B-IV+V [E(6,4) - E(12,4)]

1.00137 corrected eigenvalue

.:,: ,.:.

- E(10,12)]

.

.
APPENDIX A

1 5, c. .. .), -r ,,,..

GROUP STRUCTURES AND FISSION

The following tables show the group structure

group, 185-group and 240-group structures.

14

SOURCES

and fission sources for 50-
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TABLE A-IV

RELATIVE NEUTRON PRODUCTION RATES

.

Isotope

~

235U

238U

239PU

240PU

241PU

Used to
Produce

REFERENCES

1.

2.

3.

4.

5.

6.

JEZEBEL
LIB-IV LIB-IV PRE-V
Old Chi LIB-IV Chi

25.949

17.757

24.971

LIB-IV
Chi
(Table
A-1)

25.938

17.733

24.967

LIB-IV
Chi
(Table
A-3)

GODIVA
LIB-IV LIB-IV

Old Chi Old Chi LIB-IV Chi

17.050 16.989

21.971 21.957

4.078 4.036

26.193

17.647

23.646

PRE-V LIB-IV LIB-IV
Chi Chi Chi
(Tables (Table (Table
A-19A-2) A-1) A-3)

Pre-V
Old Chi

17.096

21.586

4.055

PRE-V
Chi
(Tables
A-l,A-2)

H. Alter, R. B. Kidman, R. LaBauve, R. Protsik, and B. A. Zolatar, “EITDF-202
Cross Section Evaluation Working Group Benchmark Specifications,” Brookhaven
National Laboratory report BNL-19302 (1974).

D. Garber, Ed., “Data Formats and Procedures for the ENDF Neutron Cross Sec-
tion Library,” Brookhaven National Laboratory report BNL-50274 (1976).

C. R. Veisbin, P. D. Soran, R. E. MacFarlane, D. R. Harris, R. J. LaBauve,
J. S. Hendricks, J. F. White, and R. B. Kidman, “MINX, A Multigroup Inter-
pretation of ~uclear ~-Sections from ENDF/B,” Los Alamos ~cientific ~abor-
atory report LA-6486-MS (1976).

R. E. MacFarlane and R. M. Boicourt, “NJOY: A Neutron and Photon Cross-
Section Processing System,” Trans. Am. Nucl. Sot. ~, 720 (1975).

T. R. Hill, ‘“ONETRAN:A Discrete Ordinates Finite Element Code for the
Solution of the One-Dimensional Multigroup Transport Equation,” Los Alamos
Scientific Laboratory report LA-5990-MS (June 1975).

R. W. Hardie and W. W. Little, “lDX, A One-Dimensional Diffusion Code for
Generating Effective Nuclear Cross Sections, Battelle Northwest Laboratory
report BNWL=9S4 (March 1969).
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