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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
and DIVA. Their effects on the eigenvalue and U
to 2 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. INTRODUCTION

Nuclear data, nuclear data processing codes, and reactor physics codes pro-
vide 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-
sented for the critical benchmarks1 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,

ITI. DATA, CODES, AND RESULTS
The parameters studied while varying the tested options are the multipli-

cation factor (K or eigenvalue) and the central 238U to 235

U fission rate ratio
(R). The computed parameters for all the tested variations are compared to ex-

perimental values in Tables I, II, III, and IV. The calculated average central



TABLE I
JEZEBEL EIGENVALUES

Cross Sections from MINX or NJOY Cross Sections Through 1DX, 50-Gp, 0ld Chi
50~Cp Only 1 Elastic Removal Term
Comp Only 10 Downscatter Groups _Full Inelastic
Comp Chi Fr= Full
5 5 01d ChiP 5 ghi %85-Gp 5 240—Gg, Comp c:i > iterate FP=1 FP=iterate Elastic
0 1 2 3 3 3 3 2 1 0 Sige=5 Sige=0 Sige=5

1) (2) (3) (4) (5) (6) (€] (8) (9) (10) ay 12) (13) (14) (15)
Based on Preliminary ENDF/B-V
1 82 1.13783 1.06017 1,05458 1,05446 1.05458
2 84 1.10477 1.01120 1.01748 1.01738 1.01720 1.02070 1.02059 1.02070
3 58 1.09624 1.00164 1.00786 1.00772 1.00754 1.01120 1.01110 1.01121
4 516 1.09381 0.99904 1.00513 1.00503 1.00484 1.00850 1.00839 1.00850
5 832 1.09314 0.99832 1.00438 1.00428 1.00409 1.00775 1.00765 1.00775
6 S48 1.09301 0.99818 1.00424 1.00414 1.00395 1.00387 1.00761 1.00751 1.00761
Based on ENDF/B-IV
7 82 1.12906 1.05132 1.04572 1.04560
8 54 1.09609 1.00245 1.00873 1.00864 1.00821 1.00785 1.01196 1.01184
9 s8 1.08759 0.99292 0.99915 0.99901 0.99859 0.99823 1.00250 1.00239
10 816 1.08517 0.99033 0.99643 0.99632 0.99590 0.99555 0.99980 0.99969 0.99982 0.99982
11 832 1.08450 0,98962 0.99568 0.99558 0.99516 0.99481 0.99905 0.99895

12 s, 1.08437 0.98948 0.99554 0.99544 0.99502 0.99467 0.99476 0.098872 1.08332 0.99891 0.99880




TABLE II
GODIVA EIGENVALUES

Cross Sections from MINX or NJOY

Cross Sections Through 1DX 50-Gp, 01d Chi

50-Gp Only 1 Elastic Removal Term
Comp Only 10 Downscatter Groups -Full Inelastic
Comp Chi Fr= Full
5 s Ol 5 ot pep o 240-Gp, Comp i > iterate  FFwl FP=iterate Elastic
(1] 1 2 3 3 3 3 2 1 0 Sige=5 Sige=0 Sige=5
1) (2) 3 (4) ) (6) @) (8) ) (10) ﬁ%— (12) (13) (14) (15)

Based on Preliminary ENDF/B-V
1 5, 1.13005 1.03579 1.02888 1,02887 1.02900
2 5, 1,10630 0.99307 0.99897 0.99894 0.99732 1,00242 1.00241 1,00253
3 sa 1.10124 0.98688 0,99241 0,99234 0,99072 0.99586 0.99585 0.99598
4 516 1.09980 0.98522 0,99058 0.99053 0.98891 0.99399 0.99399 0.99411
5 832 1,09940 0.98476 0,99007 0,99003 0,98841 0.99348 0.99347 0.99360
6 s,08 1,09933 0,98466 0.98997 0,98993 0.98831 0,98727 0.99338 0,99337 0.99350
Based on ENDF/B-IY
7 82 1,14885 1,05355 1.04627 1.04637
8 s“ 1,12486 1.01033 1,01634 1.01631 1,01563 1,01453 1,01949 1.01960
9 Sg 1,11974 1,00406 1,00969 1,00963 1,00896 1,00787 1.01285 1.01296
10 56 1.11829 1,00238 1.00784 1,00780 1.00713 1,00604 1,01096 1.01107
11 832 1,11788 1,00191 1.00733 1.00729 1,00663 1,00554 1.01044 1,01055

1,00723 1.00653 1.00544 1.00548 1.0012 1,11524 1.01034 1.01045

12 848 1,11780 1.00182

1.00719




TABLE III

28 28
F F
JEZEBEL =35 5
F
Cross Sections from MINX or NJOY Cross Sections Through 1DX, 50-Gp, 01d Chi
50-Gp Only 1 Elastic Removal Term
Comp Only 10 Downscatter Groups Full Inelastic
Comp Chi Fr= Full
0ld Chi Chi - 185-Gp 240-Gp, Comp Chi - Elastic
7 3 ] P P P B P, ? 7 iterate FF=1 FP=iterate ———==

0 1 2 3 3 3 3 2 1 0 Sige=5 Sige=0 Sige=s
) (€3] (3) (4) ) (6 M 8 (9) 10) Zﬁ)_ (12 3) (14) 15)

Based on Preliminary ENDF/B-V

1 S2 0.92931 0.92534 0.91919 0.91926 0.91909
2 s, 0.93594 0.92435 0.92954 0.92947 0.94360 0.92743 0.92750 0.92733
3 sg 0.93755 0.92269 0.93113 0.93027 0.94445 0.92954 0.92961 0.92945
4 8, 0.93800 0.92228 0.93182 0.93052 0.94471 0.93009 0.93016 0.93000
5 S,, 0.93813 0.92221 0.93205 0.93062 0.94482 0.93024 0.93032 0.93015
6 548 0.93815 0.92220 0.93210 0.93065 0.94485 0.94572 0.93027 0.93035 0.93018
Based on ENDF/B-IV

7 82 0.92156 0.91737 0.91077 0.91099

8 s, 0.92826 0.91624 0.92154 0.92147 0.91781 0.91368 0.91911 0.91934

9 85 0.92990 0.91452 0.92313 0.92226 0.91860 0.91450 0.92125 0.92148

10 816 0.93035 0.91409 0.92383 ?.92250 0.91884 0.91474 0.92181 0.92204 0.92105 0.92104
11 832 0.93048 0.91401 0.92406 0.92261 0.91895 0.91486 0.92196 0.92219

12 s,, 0.93050 0.91401 0.92412 0.92264 0.91898 0.91488 0.91638 0.90613 0.92293 0.92199 0.92222
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TABLE IV

F28 28

F25 A 25

o]

GODIVA

o]

Cross Sections from MINX or NJOY

Cross Sections Through 1DX, 50-Gp, 0ld Chi

50-Gp Only 1 Elastic Removal Term
Comp Only 10 Downscatter Groups _PFull Inelastic
Coump Chi FP= Full
5 . 01d ChiP . ghi %SS-Gp . 240—6;, Comggcgi 5 {terate FF=1 FP=iterate Elagtic
0 1 2 3 3 3 3 2 1 0 Sige=5 Sige=0 Sige=5
(1) (2) 3) (4) (5) (6) @) (8) 9) (10) (11) (12) (13) 4) (15)
Based on Preliminary ENDF/B-V
1 s, 1.06012 1.05682 1.04484 1.04513 1,04482
2 s, 1.06689 1.,05145 1.05777 1.05787 1.06923 1.05404 1.05434 1.05403
3 S8 1.06822 1.04791 1.05742 1.05685 1.06825 1.05601 1.05630 1.05599
4 S16 1.06859 1.04713 1.05767 1.05670 1.06811 1.05649 1.05679 1.05648
5 832 1.06870 1.04701 1.05782 1.05674 1.06815 1.05663 1.05693 1.05662
6 s(‘8 1.06872 1.04700. 1.05786 1.05677 1.06818 1.06649 1.05667 1.05696 1.05665
Based o F \']
1 s, 1.05796 1.05371 1.04106 1.04150
2 S, 1.06458 1.04782 1.05423 1.05432 1.04451 1.03513 1.05016 1.05060
3 88 1.06589 1.04416 1.05379 1.05321 1.04340 1.03404 1.05210 1.05253
4 816 1.06625 1.04336 1.05402 1.05304. 1.04322 1.03387 1,05258 1.05301
5 S 2 1.06636 1.04322 1.05416 1.05308 1.04326 1.03391 1.05272 1.05315
6 S,, 1.06638 1.04321 1,05421 1.05310 1.04328 1.03394 1.03505 1.02398 1.04753 1,05275 1.05318
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fission cross sections for 238U and 235U 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-I1V, 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 234U, so NJOY was used to process the ENDF/B-1V
234U data into the NJOY libraries.)

Several different fission sources were tried. The old 50-group chi vectors
used with JEZEBEL and GODIVA were generated from a simple fission spectrum shape
with nuclear temperatures of 1.41 and 1.35 MeV, respectively. More appropriate
composition-dependent fission sources were obtained by weighting constituent
"actupe chi vectors with the isotope's density and volume average cross section

- rcon proa-ction. The Individual isotope chi vectors for the various

‘0 s0.rces and group Structures are obtained from the MINX and NJOY
« el ghove, The volume averaged cross sections for neutron produc-
48P3 ONETRAN5 runs that used the old chi
Thus fcr JEZEBEL we have composition-dependent fission source vectors
~gronur and 24C~group structures, based‘on ENDF/B-IV (LIB~IV) and in
- «b and 185-group structures based on preliminary ENDF/B-V (PRE-V).

2 i# . rakea “rom the 50-group, S

6 - 2r GUPIVA vere generated in a similar fashion. All of the chi

‘¢« end group structures are displayed in Appendix A.

Al: 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 proceed
at any Legendre order but only with infinitely dilute cross sections. On the
other hand, ONETRAN can accept cross sections from tﬁe diffusion theory code
1DX,6 in which case, dependiﬁg on the 1DX options, calculations proceed with
self-shielded and flux-iterated cross sections but only within the tramsport

172"
Some of the specific entries or omissione in the table labels have the

cross-section approximation (P

following meanings.

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




TABLE V

JEZEBEL O 2"238
Crposs Sections from MINX or NJOY Cross Sections Through 1DX, 50-Gp, 01d Chi
50-Gp_ Only 1 Elastic Removal Term
Comp Only 10 Downscstter Groups _Full Inelastic
Comp Chi ' PP Full
5 . 014 Ch:lP . ghi %BS-Gp 5 240—G§, Comp Cgi 5 fterate FF=1 FR=iterate Elastic
0 1 2 3 3 3 3 2 1 0 Sige=5 Sige=0 Sige=5
ay (2) Q3) (O ¢)) (6) ) (8) (€)] (10) (11) (12) (13) (14) (5)
Based on Preliminary ENDF/B-V .
1 s, 0.24224 0.24135 0.23960 0.23962 0.23960
2 84 0.24394 0.24115 0.24249 0.24247 0.24561 0.24171 0.24173 0.24171
3 sg 0.24436 0.24075 0.24292 0.24270 0.24585 0.24226 0.24227 0.24226
4 S16 0.24447 0.24064 0.24311 0.24277 0.24592 0.24240 0.24242 0.24240
5 532 0.24450 0.24063 0.24317 0.24280 0.24595 0.24244 0.24246 0.24244
6 548 0.24451 0,24062 0.24318 0.24280 0.24596 0.24608 0.264245 -0.24246 0.24245
Based on ENDF/B-1V
7 s, 0.24384 0.24288 0.24101 0.24107
8 84 0.24555 0.24263 0.24400 0.24398 0.24302 0.24173 0.24314 0.24320
9 88 0.24597 0.24221 0,24444 0.24421 0.243264 0.24196 0.24370 0.24376
10 S.¢ 0.24609 0.24210 0.264462 0.24428 0,.24331 0.24203 0.24384 0.24390 0.24385 0.24384
11 532 0.26612 0,26209 0.24468 0.24430 0.24334 0.24206 0.24388 0.2439%
12 S, 0.24613 0.24208 0.24470 0.24431 0.24334 0.24206 0.24245 0.23981 0.24391  0.24389 0,24395




TABLE VI

GODIVA & 2'238
Cross Sections from MINX or NJOY Cross Sections Through 1DX, 50~Gp, 01d Chi
50~-Gp - Only 1 Elastic Removal Term
Conp Only 10 Downscatter Groups _Full Inelastic
Comp Chi Fr= Full
01d Chi Chi 185-Gp 240-Gp, Comp Chi iterate FR=1 FP=iterate Elastic
PO Pl P2 P3 23 P3 P3 P P P

2 1 0 Sige=5 Sige=0 Sige=5
@) (2) 3) (4) (5) _ (6) ) (8) 9 (10) (1) (12) (13) (14) 1s)
Based on Preliminary ENDF/B-V

0.21042 0.20987 0.20745 0.20749 0.20748

1 S

2 S 0.21175 0.20887 0.21012 0.21014 0.21217 ) 0.20926 0.20930 0,20929
3 s8 0.21201 0.20819 0.21007 0.20996 0.21200 0.20965 0.20969 0.20968
4 816 0.21208 0.20804 0.21012 0.20993 0.21198 0.20975 0.20979 0.20978
5 S 2 0.21210 0.20802 0.21016 0.20994 0.21199 0.20978 0.20982 0.20981
6 848 0.21211 0.20802 0.21016 0.20994 0.21199 0.21157 0.20978 0.20982 0.20982
Based on ENDF/B-IV

7 S2 0.21354 0.21280 0.21019 0.21030

8 sk 0.21485 0.21168 0.21295 0.21297 0.21100 0.20893 0.21199 0.21209

9 S8 0.21511 0.21098 0.21289 0.21277 0.21080 0.20873 0.21237 0.21248

10 816 0.21518 0.21082 0.21294 0.21274 0.21077 0.20870 0.21247 0.21258

11 832 0.21520 0.21029 0.21297 0.21275 0.21078 0.20871 0.2125Q¢ 0.21260

12 868 0.21521 0.2%079 0.21298 D.21275 0.21078 0.20872 0.20894 0.20675 0.21123 0.21250 0.21261




TABLE VII

JEZEBEL O 1f1-235

Cross Sections from MINX or NJOY

Cross Sections Through 1DX, 50-Gp, 0ld Chi

50-Gp Only 1 Elastic Removal Term
Comp Only 10 Downscatter Groups Full Inelastic
Comp chi FP= Full
0ld Chi Chi 185-G 240-Gp,
3 ? P P P v, | F pcom G 3 iterate __ FF=1 FP-iterate Eiastic
0 1 2 3 3 3 3 2 1 0 Sige=5 Sige=0 Sige=5
(¢3) (2) 3 (4) (&) 6) (D) (8) &) (10) (11) 12) 13) 14) (15)
Based on Preliminary ENDF/B-V ’
1 5, 1.23541 1.23614 1,23538 1.23537 1.23551
2 Sk 1.23524 1.23643 1.23636 1.23635 1.23362 1.23519 1.23518 1.23531
3 s8 1.23522 1.23657 1.23646 1.23645. 1.23371 1.23516 1.23515 1.23529
4 s16 1.23521 1.23660 1.23648 1.23647 1.23373 1.23516 1.23515 1.23528
5 S35 1.23521 1.23661 1.23648 1.23647 1.23373 1.23516 1.23515 1.23528
6 548 1.23521 1.23661 1.23648 1.23647 1.23373 1.23318 1.23516 1.23515 1.23528
Based on ENDF/B-IV
7 s2 1.25398 1.25476 1.25413 1.25413
8 Sb 1.25367 1.25505 1.25487 1.25487 1.25487 1,25385 1.25376 1.25376
9 s8 1.25361 1.25521 1.25493 1.25494 1.25495 1.25393 1.25369 1.25369
10 816 1.25%60 1.25525 1.25496 1.25496 1.25497 1.25395 1.25368 1.25367 1.25473 1,25472
11 832 1.25360 1.25526 1.25494 1.25496 1.25497 1.25395 1.25367 1.25367
1.25494 1.25496 1.25497 1.25395 1.25393 1.25426 1.25252 1.25367 1.25367

12 5,4 1.25359 1.25526




0T

Cross Sections from MINX or RJOY

TABLE VIII

copva o U233

Cross Sections Through 1DX, 50-Gp, Old Chi

- 50-Gp Only 1 Elastic Removal Term
Comp Only 10 Downscatter Groups _Full Inelastic
Comp Chi Fr= Full
5 5 01d chiP . ghi %BS—Gp 5 240—0;, Comp C;i 5 iterate FP=1 FPeiterate Elastic
0 1 2 3 3 3 3 2 1 0 Sige=5 Sige=0 Sige=5
(1) (2) 3). (4) (5) (6) [¢) 8) (9) (10) (11) (12) (13) (14) (15)

Based on Preliminary ENDF/B-V
1 s, 1.23281 1.23348 1.23322 1.23311 1.23343
2 s, 1.23273 1.23385 1.23380 1.23380 1.23253 1.23312 1.23300 1.23333
3 sg 1.23274 1.23399 1.23394 1.23392 1.23266 1.23313 1,23301 1.23333
4 516 1.23274 1.23403 1.23397 1.23395 1.23269 1.23313 1.23301 1.23333
5 849 1.23273 1.23403 1.23307 1.23396 1.23269 1.23313 1.23301 1.23333
6 Sgg 1.23273 1.23403 1.23397 1.,23396 1.23269 1.23215 1.23313 1,23301% 1.23333
Based on ENDF/B-IV
7 5, 1.25369 1.25437 1.25403 1,25415
8 S, 1.25351 1.25480 1.25466 1.25465 1.25472 1,25366 1.25379 1.25392
9 8g 1.25349 1.25499 1.25479 1.25479 1.25486 1.25381 1.25377 1.25389
10 516 1.25349 1.25503 1.25482 1.25482 1.25489 1.25384 1.25376 1.25388
11 84, 1.25349 1.25504 1.25482 1.25482 1.25489 1.25384 1.25376 1.25388

1.25504 1.25482 °1.25482 1.25489 1.25384 1,25383 1.25406 1.25246 1.25376 1.25388

12 S48 1.25349




FF=1 - f-factors were set to 1.0 to induce the use of infinitely dilute cross
sections via 1DX.

Sige=5 - five iteratlons between the elastic removal cross section and flux
were performed.

Sige=0 - the input elastic removal cross sections were used.

Pi - an ith Legendre order anisotropic scattering calculation was made. If P
1s missing, a PO calculation with the transport cross section was made.

Si - an ith angular quadrature order calculation was performed.

Comp. Chi ~ a composition-dependent fission 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 I, if we let E(i,j) represent the eigenvalue

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

I1I. PARTICULAR EFFECTS
A. ENDF/B-1IV 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 1V,
E(1+6,j) - E(1,3) for i=1, .c., 6 and § =1, ..., 5, 11, 12 s

it becomes obvious that for JEZEBEL, the preiiminary ENDF/B-V cross sections
increase K by “0.00870 and increase R by “0.00801. For GODIVA, the preliminary
ENDF/B-V cross sections decrease K by n0.01726 and increase R by ~0.00367. Fur-
thermore, these differences are not very sensitive to the angular quadrature,

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

11



B. Fission Source

The effects of using various fission sources are determined by taking
the following differences in Tables I through IV,

E(1,5) - E(1,4) for 1 =1, ..., 12

With respect to using the old chi (see Appendix A), the effect of using a
composition-~dependent chi depends on which cross section source is used to gen-
erate the composition-dependent chi. If PRE~V is used, a composition-dependent
chi for JEZEBEL will decrease K by “0.00019 and increase R by v0.01420, while
a composition-dependent chi for GODIVA will decrease K by v0.00162 and increase
R by ~0.01141. 1If LIB-IV is used, a composition-dependent chi for JEZEBEIL will
decrease K by v0.00042 and increase R by ~0.00366, while a compostion-dependent
chi for GODIVA will decrease K by v0.00066 and decrease R by “0.00982.

The fission source affects R much more than K, probably because of the
threshold nature of the 238U fission cross section. The R and K effects are
larger for GODIVA than for JEZEBEL because 238U is a constituent of GODIVA's
composition.

The above differences do not change significantly with angular quadratures

of four and larger.

cC. 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(1+6,5) - E(1,5) for i =1, ..., 6 ,
give us that comparison. Totally PRE-V for JEZEBEL yields an increase in K of
"0.00893 and an increase in R of “0.02587. Totally PRE-V for GODIVA yields a
decrease in K of "0.01822 and an increase in R of "0.02490.

D. Group Structure

With respect to the 50-group results, the effects of the 185-group and 240-
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 by
"0.00087 while the 240-group structure lowers K by “0.00035 and lowers R by
"0.00410. For GODIVA, the 185-group structure lowers K by "0.00104 and lowers

12




R by “0.00169 while the 240-group structure lowers K by n0.00109 and lowers R
by Vv0.00934.

E. Number of Downscattering Terms

The computer code 1DX 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
n0.00002 and decreases R by a0.00076.

F, Elastic Scattering Matrix

Normally in 1DX, elastic scattering is treated with only one elastic re-
moval term. The effect of providing a full elastic scattering matrix was tested
on JEZEBEL,

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

Providing a full elastic scattering matrix does not affect K and decreases
R by only ~0.00001.

G. Elastic Removal Iteration

The elastic removal cross section can by highly sensitive to the intragroup
flux shape. An option in 1DX allows one to use an 1iterative procedure between
flux shape and elastic removal cross section, otherwise the input elastic re—~
moval cross section is used. This option was tested,

E(1,13) - E(1,11) fori=1, ..., 6 s
and for JEZEBEL, iterating does not affect K and increases R by only ~0.00009.
For GODIVA, iterating decreases K by ~0.00012 and increases R by ~0.00002.

H. Self-Shielding

The effect of using self-shielded cross sections vs using infinitely dilute
cross sections is measured by the differences,
E(1,13) - E(1,12) fori=1, ..., 6
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Self-shielding for JEZEBEL increases K by. ~“0.00010 and decreases R by "0.00017
while for GODIVA it increases K by “0,00013 and decreases R by ~0.00031. Quad-

rature order has little effect on these differences.

I.. Angular Quadrature and Legendre Order. , . .., -s «v. - .,

Several series of,Si and P, calculations have been made to test the ap-—

i
proach to S P _. In general, the approach to S or P_ is relatively unaffected

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

or Legendre order. The tables show that 848 and P.3 calculations are well into
the relatively unchanging part of the asymptotic approach to S, and P.

The tables allow one to convert practically any SiPi calculation to an
348P3 result, which is also very close to an S P result. However, the monotonic
and smooth behavior of the Si results allows one to use plots or numerical ex-

trapolations to reasonably estimate the S S, difference. We have estimated

48
this eigenvalue difference for JEZEBEL and GODIVA to be ™0.00009.

N P A T Y

J. Example . . o

Suppose one had made, for JEZEBEL, a transport-corrected shelf-shielded 816
26-group transport theory calculation based on a 42-group library with 10 inelas-
tic downscatter terms, generated from ENDF/B-IV. If the uncorrected eigenvalue
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) - E(10,12)]

- 0.00088 Sl6 + 848 [E(12,7) - E(10,7)]
- 0.00009 848 >
+ 0.00870 ENDF/B-IV + V [E(6,4) - E(12,4)]

1.00137 corrected eigenvalue

S, (see Sec. I above)

APPENDIX A

) o0 <. . A e

GROUP STRUCTURES AND FISSION SOURCES

The following tables show the group structure and fission sources for 50—~

group, 185-group and 240-group structures.
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ENERGY
(EV)

2.30P0E 07
1,R20uAES 27
0, P6531E¢06
3. 67AT9E+ Vs
2,23130E+0b
1,39335E+46
8,20850E+08
8,97871E+2%
3,87742E+d8
5,01974E¢ 08
2,35178E+40%
1, R3156E¢09
1.,42642E098
1,11A98E+08
8,6517AE+Bu
o, 7379SEe i
5,24752E¢04
4, MB6TTE+QG
3,18278E¢0a
2,47875E+04
1,93045E+D0
1,503a4E+00
1,17P88€¢04
9,11882E¢0%
T,10173E¢93
$.53084E+aS
4,30743EDS
3,354603E¢0%
2,61259€+03
2,034608E4u%
1,584461E00%
1,23419E¢83
9.6111TE¢0)?
7,48518E+02
5,82947€+02
4,53999E4+0?
3,53875EU?
2,75368E+02
1,67017E+B2
1,21301E¢02
b,14421E+01
3,72665E+41
2,26033€441
1,37096E+01
B,31529E+40
S5, MA3YALeIN
3,A5992E+00
1,85539E¢ 00
1,12535E+0n
6,8256NE~41
1,030023E-02%

S2«GP STRUCTIRF ANN FISSTON SOURCE VECTORY

" TABLE A-I

JF2FHEL

ALn TIReTY PRE=V

cHY CHI Chnl
2.,065ANEeyY  2,58877Ee0S 11,5158ty
3,23930Eey2 3.1A9TuEeN? 2,77561k-08?
1,2184SEed!  1,2PS5A0F=R] 1,22652F ~u1
2,19381E=01 2,29895F-01 2,208801t~u1
?.22307€Ee01 2,22594Fem)  2,29115¢-01
1.72823%E001  1,.720%9E«N1  1,71025t =91
110173Eap1  1,10%8FeR] 1 ,Ab504E=Y]
J,6036A8002 3,02177Fef2 R,41969E~82
2,6558REed? 2.66927E=M2 ?,54n52E-02
1,9263PEep2 1,.93716FeM2 1,8013Rt=D2
1,301UNE=2 1,380A4F=R2 1,28%364L«y?
9,849APEauY 9,867t 7EeM3 9,A7162L=0}
6,91600EedY 6,95827E«A3 6,38844Eey3
4,Au9%A0FE~AY U,B87911F=?3 4,4eB83Lwy3
3, 3A500Fedd  3,4P0n9FeA3 3,11435Ee93
2,35500FE=uY 2,3696BFen3 2,1%637E=03
1,6300PE=0% 1,6840BF="3 1,48986t-0%
141310048  1,13832F=08 1,P2794¢=93
7.820u0Ewns  7,86861Fe?a 7,R8492t =04
5,4PPREwQY  5,0322uFePy 4, B87927L=g4
3.7208R¢Ee04 5,7408af-04 3,35825t~94
2,57RQRPE~34  2,38196F«0u 2,31834Ee34a
1.7700AEeRd 1,778%0F=-A4 1,58889E=0lU
1,22P00E=pl 1,22422F«04 1,M9245E~p4
8,400PUBE«DS 8,42a¥1F=05 7,%0988L=0%
5,ANBBAE~BS 5,.79599F05 5,1618AE=0S
U,BuPARE=RS 3, 986A2F=95 3,854767E~0S
2,70P0RE=iS 2,74162E«NS 2,43810t=8%
1,90P00E=Q% 1.88517C=AS 1,67549E~9S
1,30008£=05 1,29614F=0A5 1,15138E=02%
9,7uRABE-ub B8,91u75Fefb 7,91212E~06
6.M0PBRE~R6 ©,125h2F=06 5,83705t=06
4,00030E=36 4,21081F=P6 3,7362UEeys
3,70B0BE~e 2,89443E=Ny  2,56TUBE=RG
2,20R0RE=06 ,78982F«A6 1,70434E<06
1,00000E=86 1,36749Eefs 1,21245E=06
1,00800Eegs 9,39921FeA7 B8,33193E=97
1,00000E=06 1,290006E«%6 9,66057E<y?
a, $.14938Ee7 4,562640¢<-37
n, 2,43248FaN7 2, 18475¢=97
A, 1,14908Ea07 §,01768E=07
A, 5,42781F=P8 4,80616L-08
a, 2,5639UF <08 ?,26852E~uA
A, 1,21112E=08 1,M6921t=08
o, 9, 72096E=N9  S,Bu721L~u9
", 2,7724BF«A9 2,38155E~49
) 1.276%2F=79 1,10918£-09
a, 6,329R7Ee1l S5,14721¢ =17
L 2,848%2Ee1y 2,808227F=10
a, 2.54978Fald  2,1192AE =10

(NEUTRONS/F TSSION)

GODIVA

olD LTgeiv PRELeV

CH1 €l CHI
$49R2MAFeNS 1 AU TE«US |,29195EeR}
2:7500AFeN2 2,6uS54bked? 2,45720F=0Q
1012174Fe@) 1,1004)Ewd1  §,13213F=01
285204k 2,03R804ted1  2,1231¢F=0}
2:28516E01  2,20929ew81 2,28328F«0)
10777766@) 1 ,79P24Ewdl |, 76456F=01
§+15178E«@1 1,1635AEwdl |,126P6E-01
3,793M0EaR2 3, ASR16EeB2 3,68230EeN2
2.8033FeB2 2, RIATAECN2 2,T1262t02
2.v38ARE=A2 2,30585E92 1,96926EeN2
1edB4UBE=B2 1, UBAYUSEwDB2 1,41297E=R2
1480168« 1,PS629Ewi2 |, U1085Fe02
7¢353M0Ew®3 7 ,USB50EUY  /,12012Fwn3
S+168A0E=A3 5,23523E«B3  5,81003EeR3
3.605M3FeRs 3,68758Ee0Y 3, 4AG6T7EeR}
2050900F«3 2,54612E«BY 2,4A995F-03
1.701P0E=03 1,76TulE=BY |,660843E-03
1020670 1,22436E+¥83 1,142706E-R3
8.3420aE=00 8,404G5E=00 7,85861E00
Se76003EeMy  5,B4492E-04 5,40119EeBy
3e970MABEeRy U, M3IPRE=BE  3,71075FeRy
247UQMAF=Ry  2,77897E«Pd 2,5487vEeRy
1:890AYEwRG  1,9132PEe@d |, 75027Feny
12300008 eRy 1, 317BREwBd | ,20184Eey
8,970 E=05 9,Pe989EeBS B8,2%226F«0S
421P0ABEBS 6,2UN1TE«BS 5,66626E«05
Ge2P0ARFw2Y 4,29231EedS 3,89871F<05
2.9P00BF=2% 2,95193E+085 2,67164E=0%
2.0POPALeRS 2,0M2983E~AS 1 ,83463F0Y
1e4PANAFedS 1,390563EwlS 1,29992E«AS
9. 00Q0APE«D6 9,50435E~Bb 8,65293EeMe
64 27PRUF =86 6,59%9AE=06 5,98305EeRe
GeUBAPNFeBE 4, S34)TEwU6 4,08207E«Bp
3.00000¥FePo 3,11673Ewds 2,8M399FuMe
2.00000FE=P6 2,14233Ewdb  1,92618E=Rp
1.270RAF @0 1,472%3E~ue6 1,32323F=hy
1:00VNUFwRb 1 ,71212E2¥b 9,09969C=R?
1,0A0MQKePb 1,17379keB6 |,.06%367F=06
1.008P3FwPb S5,54U05E@7 4, 97419FeRY
B 2.61935E°87 2,34858Een7y
Ye 1,23733E#07 1,1PB91F=R7
Ve S, AUUBIE=NB 5,23632E«0p
Qe 2,76R92Ew8A 2, UT263EwRB
de 1,30417E«B8 1,16773F=0P8
B 6,1604REed?  5,51316E09
0 2,910Q01Eed9 2,59023EwR9
de 1,37059k«d9  1,21¢S53Fe@9
e 6,49313k el S5, 071UnFetp
de 3,06714E01® 2,58867¢e1d
B 2,7uS6Teeil 2,19997Ee)4
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ENERGY
LEV)

2, A3ANAELAY
1.,8082SE+4U7
1,68872L 447
1,5683t1E¢27
1,091n3E+0T
{1 USUYOEs AT
1,81997E+37
1.384n8Ee4?
1.3498hE* 47
1,3169%E+47
1,28443E+0Y
1,13315E+9?
{,ABABAE+ATY
A, H2497E+36
T,78R31E+84
6,87289E+dh
6,M6NIIESA
§5,35261E+08
4,72367E¢06
8,16R62E008
3.67879E+36K
3,24653E+46
2,8650USE+04
2,5284REs0e
2,23130E+086
1,96912E+436
t.7877Ug+6
1,55355¢c+46
10353355006
1.,19433E+0%
1,053Q9FE 04
9,3014SE+0%
8,20853E+95
T.2439AF+08
6,39279E+4S
S, 64161E+05
4,97871¢+0S%
4,39%69E+08
3, 87742g+08
3.,42181F+38
3,01974E+08
2,66491E+3S
2,351 78E+28
2,M7S43E+ 1S
1,83156E£+08
1,6163%E42%
1,U2642E4 2%
1,258B81E+4%
1,11090E+05
9, MA366E+ 34
8,65170E+J4
7,63539E¢34
6,7379%E+44
S,94h22E+34
S,P4752E+¢94
4,63092E¢ 04
4,88677E+4y
3,63686E¢¥4
3.18278E+04
2. BAAT9EDL
2,UT87SE+B4
2,18749E+Q4

TABLE A-II

1ETH

WINTH

w08
2128
LY
488
825
.225
825
@25
PP
LY
2125
1125
2125
1125

125
1125
£125
<125
L 125
2125

125
1125
125
2125
125
125
125
»125
2125
1125
125
125
»125
2125
=125

125
125
» 125
p125
2125
7125
.125

125
T125

125
1125
T125
1?5
.125
125
125
125
2125
2125
4125
125
1128

125
125
125
125
2125

JE7EREL
PRFaV
(41}

R,27140E=27
6,92Ue2E=06
T 7211 1E=gh
1.3RAT1E=DS
'.““‘E‘E'"q
1.3¢385¢g-05
1. 76R7UE=S
?17758.5'“5
2.9R60TE=NS
3.68317F=35
3.72%1€EeQd
o _B824%1F=p4
2,°3129Fap}
4,48193%E-0%
8,72316Eep?
1,301837Een3?
1,93621E-g2
?.671P7Een2
3.“5"2°E-0?
4,2874%¢c=02
4, 87904fap?
5,801825Eep2
S.79181E=R2
5.99009%e?
6.,91999c-22
S.°“|15E-ﬂ?
8 . 66A93F=p2
5.32942g=0n2
4,93754Fen?
".51317E-HZ
4,77294g=p?
3,63886E=02
3,22183EwD2
2,8262UFen?
2,86539c 02
2,11720g-n2
1,80P99c=02
1,57849€«02
1,35897€=92
1,16955c-93?
9,7572bE03
A,2558AF~33
6,96686F-0%
5.369555-a1
04,9203}
U, 14%2RF=n3
3,47329¢-03
2.9DHTISE~RY
?.‘327”E.u5
2,M3612c=2%
1.6991dFapn?
1,41521€=013
1,17736€~013
9,791 7fwpd
8,1374Mg=n4d
h,76122EwaH
5.61599F =04
4,5634ugwny
3.87182Fe04
3.21340F0Q4
2.66667Ew04
2,2120PFwdd

185«GP STRUCTURE AND FISSION SNURCF VECTNAS

RORTVA
PRE=V
CHI

6,9%115Fe07
9, 778%2F="p
6,u454d12F=Mp
1.1h184F =2Y
8,75252r «Np
1,1488F=29
1 uB723Feny
1.91619F =25
2.uSN19F 25
3,1P9R6F =15
3. 165R9F a0y
B,uluouroﬂu
1.93922F23
3,91750F=23
7.29083F.03
1,16317F =02
1.75086F«02
2.0U311Fan?
5,191A5F=mp
3,9%628F w02
4,615 7Fem2
$.179A7F A2
§5.9934ABFe7?
9. B4204F w2
5,9”760A4Ee2
5.B86U36FeA2
S.66860F a2
5,377R3F=n2
5,22061F =2
4,6P107FeR2
4,20 1R6Fan?
5.7R979Fen2
3,38099Fen2
2,97813Fen2
2,61101Fan?
2.2RURVFwR?2
1,.97755Fen
1,70446Fen2
1,46197F=02
1.25087F=02
1,26540Fe02
9,2%602F«N3
7,65300F-03
6.475%35F=n3
5,49164Fen}
§,610AAF=A3
3. 868UF=03
3,25152F«73
2,72T19F«03
2,2R271F=A}
1,90P4u6F-23
1.5R511F="3
1.31665F=23
1,09323F 23
9,37414F-ﬂa
7.52982F=04g
6,20643Feny
S,188A3F«qy
4,29623E-024
3.56213F0y
2,953108F=0y
2,44793Fe0y




JEZFReL

ENEDGY LETH PafaVv

(Fv) winTH Coul
1,95PuSEM YA ,125 1,8356R5wpl
1.72362E404 L 125 1,52265€-00
1,50344E¢88 135 1,26203p-04
1,32678E+02 p 125 1,96Ya1E=pd
1,17088E+00 125 B8,68607E=0S
1,3338E400 12§ 7,20279E-8S5
9,11882E¢8% 125 S,072ubEees
B,Au731E433 123 4,95285£-09
7,181 74E+8Y 12§ 4,10582E=-09
6,26T727E+0% ,125 3,4pdaveens
S.830g4Eed% 125 2,8221Rg-05
4,RBA95E+BY 129 2,3397RE=0S
4,3874%8+493 12§ 1,93947E-85
3,RJ129E¢0% L1295 1,6nBUPE=RS
3,35d63E44% 125 1,33303£.0S
2,960uSE+0Y o125 1,185%07€w0S
2,612%9E+0% P 125 9.16079E=26
2,30560E¢3% 129 7,804nTEwnb
2,034sRELAY 125 ,P9S26Fen6
1,79560E¢43 125 5,21A57E=0b
1,86401E+0% 125 4,326p1Eepb
1,39842E403 123 3,58611Eenb
1,23017E+03 125 2,9727%E=06
1,80900E+0% 1285 2,46U3PEeQb
9,6111TEeR2 125 2,84282€-06
8,a8182E402 125 1,b9%42¢-06
T,48518E482 125 1,40379E-06
6,60%568E¢32 #1125 1.16369E=0b
S,8294Y€+32 L1268 9,bubeSEvR?Y
$,1U4UuyQc+ 3 P 128 7.9967RE«Q?
4,53990E402 135 6,62911E-07
4,00653E402 125 8,49535E.97
3,535785€+432 1?5 4,85551fwn?
3,1202%€+82 125 3,77641E-07
2,75365¢€+02 125 3,13087Fw0Q7
2,43008E+02 125 2,%59518Ee-07
2,10054E422 12§ 2,15137Ee07
1,89255£432 125 1,78345Fep7
1,67017E402 125 1,478ubE=p?
1,47392E402 125  1,22563E=-07
1,32273E¢02 125 1,Pienlcen?
1,14789E¢ > ,125 8,42282¢-08
1,81301E900 (125 6,98245F-0R
8,93978E404 ’125 S,78808¢c008
7,88933E481 125 4,Y9857¢-pA
6,96231E+81 123 3,97Ratce-0A
6,14U21E401 125 3.2077hFeph
5,42225€+01 125 2,7i38hEeun
4, 78512E+01 (125 2.26619r-08
4,22285€+01  .125 1,87A78E<p8
3,72665E421 125 1,557Tu9E-0A
3,28A76E441 125 1,29117cead
2,90232E421 125 1,M)A38E=38
2,56129E+81 125 BA.B7112Fe09
2,26083E+401 125 T7,.3526PE=29
1,99U73E¢21  ,125 6,A9489¢=09
§,76R85E401 125 8,052Q1¢=n9
1,55350E401 125 4,18567F.99
1,37096E401  ,12% 3,86602gen9
1,20987E421 (125 2,87218E=09
1,A677BE+D .125 2,30087F=29
9,42246E49d 125 1,97335E=09
8,31%929€480 125 1,63%80c=09
T,33R22E¢08 125 1,3550RE.g9
6, UTSOKE+ YN p125 1,12309¢<p9
S, 715@1€+28 125 9,31837¢«y0@
$.A43uREevd 125 7,¥2832f.40

roOn(va
PRp ey
cil

2.02899F =Ry

1,6B1hu4F=%4
1.39367F =0y
1,15696F e84
9.57¢97Fa5
7,93413Fe0s
6,57213FeS
5,44592E«07S
4,51267F =05
3,739%UENS
3.49853F«A5
2,56755E0a5
2.127%8F <25
1.76301F=05
1,46093F=05
1,21063E<7S
1,00322F«M5
8. 513R6F-06
6.,BROUSF s
95,7791 Fefp
4,73149E%6
3,92116F=0R6
3,20966F N
2.69323F0¢
2,23205F=Rs
1.8U9A9E=Np
1,5%319FaRp
1.27972F-ﬂb
1.85320F=0¢
8,72922€07
T.23511F=27
5,998h2¢F-27
U,97¢S1E=NT
4,11998Fan7
3,010!°F¢ﬂ7
2.83054E=N7?
2,30621Ea0?
1.90477E=07
1.61203FQ7
1,33624E=R7
1.12763FeQ7?
9.18140Eet8
1,61069Fw0N8
6.37878F«08
S.22961F08
4,335a5F.78
3.59341Fe8
2.97874F =08
2,46915F«08
2,84619E=28
1,69669F<0A
1,165R6F =18
9,66“U°F 1.1
8,211%9F«09
6, bUPATE =29
§5,5P%11¢F =09
4,563hBF=29
3,78314F-09
3,.13624Fa19
2,59977F=09
2,15521Fen9
1.7R6U1E=09
1,4B0%6Fen9
1,22713F=%9
1.217%¢F =29
B.u25%2F=1ty
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Ge

138
131
132
133
134
13§
136
137
138
139
148
144
142
143
144
1as
1486
147
148
149
158
151
152
153
154
138
156
187
158
159
168
161
162
163
164
165%
166
167
168
169
170
171
172
173
174
175
176
177
178
179
188
184
182
103
184
188

ENERGY
(Fv)

4,_,4S08SE+ON
3,92786E¢00
3,46633E+30
3,05932E+0R
2,09958E¢28
2,38237E¢4N
2,31603E¢230
2,251 130
2.,17213¢¢0n
2,M94)8E+00
2,01791E+4D
1,95562E000
1,85530E¢0n
1,72628E¢40
1,59493EepN
1,8374RE¢00
1,348Q98F+00
1,30788¢+80
1,16638E¢00
1,12%538E+40
1,890808C004
1,072 1 YE+0R
1,M6231E40D
{.052508¢00
1,0027%¢2¢000
1,81370E400
9,84222E-01
9, 50653¢-01
8,76425E=01
7.82079¢=01
6,8256PE=31
6,25060E=Q1
S.31570¢«3¢
S,03235E=91
£,17016E=01
6,13904E=01
3,57665E=01
Y,200628E=01
3,01120E=01
2,90737E-01
2,73S1RE=01
2,51028E-81
2.27690E=01
1,80029E=3y
1,45721E%41
1,11568E=01
0,19683E=02
S,69224E-02
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TABLE A-1V

RELATIVE NEUTRON PRODUCTION RATES

JEZEBEL GODIVA
LIB-IV LIB-IV PRE-V LIB-IV LIB-1IV Pre-V
Isotope 01d Chi LIB-IV Chi 0ld Chi 0ld Chi LIB-IV Chi 0ld Chi
734
v 17.050  16.989 17.096
2
33y 21.971  21.957 21.586
238
U 4.078 4.036 4.055
239, 25.949 25,938 26.193
2405, 17.757  17.733 17.647
241y, 24,971 24.967 23.646
Used to LIB-1IV LIB=-TV PRE-V LIB-IV LIB-1IV PRE-V
Produce Chi Chi Chi Chi Chi Chi
(Table (Table (Tables (Table (Table (Tables
A-1) A-3) A-1,A-2) A-1) A-3) A-1,A-2)
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