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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 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.

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

238U to 235U fission rate ratio

cation factor (K or eigenvalue) and the central
(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 MIRX or NJOY Cross Sections Through 1DX, 50-Gp, 01d Chi
50-Gp Only 1 Elastic Removal Ternm
Comp Only 10 Downscatter Groups _Full Inelastic
Comp Chi FP= Full
5 5 0ld ChiP 5 l(,.!hi %BS—Gp 5 260—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) (0)) (8) 9) (10) (1) (12) (13) (14) (15)
Based on Preliminary ENDF/B-V
1 S2 1.13783 1.06017 1,05458 1.05446 1.05458
2 4 1.10477 1.01120 1.01748 1.01738 1.01720 1.02070 1.02059 1.02070
3 88 1.09624 1.00164 1.00786 1.00772 1.00754 1.01120 1.01110 1.01121
4 816 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
6 348 1.09301 0.99818 1.00424 1.00414 1.00395 1.00387 1.00761 1.00751 1.00761
Based on ENDF/B-IV
7 S2 1.12906 1.05132 1.04572 1.04560
8 sb 1.09609 1.00245 1.00873 1.00864 1.00821 1.00785 1.01196 1.01184
9 Sg 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, 0l1d Chi

50-Gp Only 1 Elastic Removal Term
Comp Only 10 Downscatter Groups -Full Inelastic
Comp Chi .y Full
3 5 01d Chil’ 5 1(;‘hi ;.85-Gp 5 240—61;, Comp C;i 5 iterate FFal FP=iterate Elastic
0 1 2 3 3 3 3 2 1 0 Sige=5 Sige=0 Sige=5
1) (2) 3) L) ) (6) @) (8) (9) (10) ﬁ%— 12 13 (14) (15)
Based on Preliminary ENDF/B-V
1 8, 1.13005 1.03579 1.02888 1.02887 1.02900
2 S, 1.10630 0.99307 0.99897 0.99894 0.99732 1.00242 1.00241 1,00253
3 Sg 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 84y 1.09940 0.98476 0,99007 0,99003 0,98841 0.99348 0.99347 0.99360
6 5,8 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
10 516 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
12 5,, 1.11780 1,00182 1.00723 1.00653 1.00544 1.00548 1.0012 1.11524 1,01034 1.01045

48
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TABLE III

28 28
JEZEBEL 53; =
F c F
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 Fr= Full
01d Chi Chi - 185-Gp 240-Gp, Comp Chi - Elastic
P 7 F 7 P P P P, P 7 iterate FF=1 FP=iterate ===

0 1 2 3 3 3 3 2 1 0 Sige=5 Sige=0 Sige=5
€)) (2) (3 (4 () (6 0] (8 (9) a0 Zﬁ)_ (a2 13 (14) (15)

Based on Preliminary ENDF/B-V

1 s, 0.92931 0.92534 0.91919 0.91926 0.91909
2 5, 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
4 816 0.93800 0.92228 0.93182 0.93052 0.94471 0.93009 0.93016 0.93000
5 849 0.93813 0.92221 0.93205 0.93062 0.94482 0.93024 0.93032 0.93015
6 S48 0.93815 0.92220 0.93210 0.93065 0.94485 0.94572 0.93027 0.93035 0.93018

Based on ENDF/B-IV

7 S2 0.92156 0.91737 0.91077 0.91099
8 Sb 0.92826 0.91624 0.92154 0.92147 0.91781 0.91368 0.91911 0.91934
9 Sg 0.92990 0.91452 0.92313 0.92226 0.91860 0.91450 0.92125 0.92148
10 816 0.93035 0.91409 0.92383 9.92250 0.91884 0.91474 0.92181 0.92204 0.92105 0.92104
1 83, 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




TABLE IV
28 28

l?25 A 25

L |

GODIVA

L]

Cross Sections from MINX or NJOY

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

50-Gp Only 1 Elastic Removal Term
Comp Only 10 Dowmscatter Groups _Full Inelastic
Coup Chi FP= Full
5 5 01d ChiP 5 ghi %BS-Gp . 240—Gg, Comggcgi 5 {terate FF=1 FPeiterate 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) (14) (15)
Based on Preliminary ENDF/B~V
1 s2 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 88 1.06822 1.04791 1.05742 1.05685 1.06825 1.05601 1.05630 1.05599
4 516 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 5.8 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 8§, 1.06458 1.04782 1.05423 1.05432 1.04451 1,03513 1.05016 1.05060
3 s, 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 8§ 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-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 234U, 8o NJOY was used to process the ENDF/B-IV
234U data into the NJOY libraries.)

Several different fisslion 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
iactupe chi vectors with the isotope's density and volume average cross section

~.rcon proia-ction, The individual isotope chi vectors for the various

‘n 0. rces and group structures are obtained from the MINX and NJOY
ot el ghove. The volume averaged cross sections for neutron produc-
48P3 ONETRAN5 runs that used the old chi
Thus for JEZEBEL we have composition-dependent fission source vectors
~grony and 24C-group structures, based on ENDF/B-IV (LIB-1V) and in

2 i+ . raked “rom the 50-group, S

- 0 and 185-group structures based on preliminary ENDF/B-V (PRE-V).
s -~ GLUPIVA vere generated in a similar fashion. All of the chi

‘¢ efid guoup 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 transport

172
Some of the specific entries or omissions 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
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 : Fr= Full
5 . 01d ChiP - ghi %BS—Gp 5 240—6;, Comp Cgi 5 iterate FF=1 FE=iterate Elastic
0 1 2 3 3 3 3 2 1 0 Sige=5 Sige=0 Sige=5

a) (2) Q3) 4) (5 (6) @ (8) ) (10) (11) a2 (13) (14) (15)
Based on Preliminary ENDF/B-V :
1 0.24224 0.24135 0.23960 0,23962 0.23960
2 0.24394 0.24115 0.24249 0,24247 0.24561 0.24171 0.24173 0.24171
3 54 0.24436 0.24075 0.24292 0.24270 0.24585 0.24226 0.24227 0.24226
4 516 0.24447 0.24064 0.24311 0.24277 0.24592 0.24240 0.24242 0.24240
5 832 0.24450 0.24063 0,24317 0.24280 0.24595 0.24244 0,24246 0.24244
6 348 0.24451 0.24062 0.24318 0.24280 0.24596 0.24608 0.24245 -0.24246 0.24245
Based on ENDF/B-IV
7 8, 0.24384 0.24288 0.24101 0,24107
8 s4 0.24555 0.24263 0.24400 0.24398 0.24302 0.24173 0.24314 0.24320
9 38 0.24597 0.24221 0,24444 0.24421 0.24326 0.24196 0.24370 0.24376
10 516 0.24609 0.24210 0.24462 0.24428 0.24331 0.24203 0.24384 0.24390 0.24385 0.24384
1 832 0.264612 0.24209 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

coprva g U238

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 - Full
. 5 01d ChiP S ghi %85'69 5 240—6;, Coup C;i 3 iterate FP=1 FFP=iterate Elastic
0 1 2 3 3 3 3 2 1 0 Sige=5 Sige=0 Sige=5
(¢9) (2) (3) (4) (5) (6) ) (8) (€)) (10) 'ﬁ%— (12) (13) (14) (135)

Based on Preliminary ENDF/B-V
1 0.21042 0.20987 0.20745 0.20749 0.20748
2 0.21175 0.20887 0.21012 0.21014 0.21217 0.20926 0.20930 0,20929
3 8 0.21201 0.20819 0.21007 0.20996 0.21200 0.20965 0.20969 0.20968
4 516 0.21208 0.20804 0.21012 0.20993 0.21198 0.20975 0.20979 0.20978
5 S49 0.21210 0.20802 0.21016 0.2099% 0.21199 0.20978 0.20982 0.20981
6 5,8 0.21211 0.20802 0.21016 0.2099 0.21199 0.21157 0.20978 0.20982 0.20982
Based on ENDF/B-IV
7 s, 0.21354 0.21280 0.21019 0.21030
8 s, 0.21485 0.21168 0.21295 0.21297 0.21100 0.20893 0.21199 0.21209
9 Sg 0.21511 0.21098 0.21289 0.21277 0.21080 0.20873 0.21237 0.21248
10 S;¢ 0.21518 0.21082 0.21294 0.21274 0.21077 0.20870 0.21247 0.21258
11 849 0.21520 0.21029 0.21297 0.21275 0.21078 0.20871 0.2125Q 0.21260

0.21298 0.21275 0.21078 0.20872 0.20894 0.20675 0.21123 0.21250 0.21261

12 868 0.21521 0.2%079




TABLE VII

JEZEBEL G (fx-zas

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 — Full
01d Chi hi 85-G;
P P P P g % 3-Gp P 240—6;, Comp C:i P iterate FP=1 FP=iterate Elastic
0 1 2 3 3 3 3 2 1 0 Sige=5 Sige=0 Sige=5S
(¢9) (2) 3 (4) (5) (6) ) (8) 9 (10) a1) (12) 3) asH (15)
Based on Preliminary ENDF/B-V ’
1 S2 1.23541 1.23614 1.23538 1.23537 1.23551
2 S, 1,23524 1.23643 1.23636 1.23635 1.23362 1.23519 1.23518 1.23531
3 s, 1.23522 1.23657 1.23646 1.23645. 1.23371 1.23516 1.23515 1.23529
4 S,, 1.23521 1.23660 1.23648 1.23647 1.23373 1.23516 1.23515 1.23528
5 8 2 1.23521 1.23661 1.23648 1.23647 1.23373 1.23516 1.23515 1.23528
6 848 1.23521 1.23661 1.23648 1.23647 1.23373 1.23318 1.23516 1.23515 1.23528
Based on ENDF/B-IV
S2 1.25398 1.25476 1.25413 1.25413
s4 1.25367 1.25505 1.25487 1.25487 1.25487 1.25385 1.25376 1.25376
88 1.25361 1.25521 1.25493 1.25494 1.25495 1.25393 1.25369 1.25369
10 816 1.2530 1.25%25 1.25494 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
12 1.25359 1.25526 1.25494 1.25496 1.25497 1.25395 1.25393 1.25426 1.25252 1.25367 1.25367

S48
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TABLE VIII

coprva § U233

Cross Sections from MINX or RJOY

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 5 01d ChiP 5 ghi %BS—Gp 5 240—6;, Comp. cgi . iterate FP=1 FP=iterate Elastic
0 1 2 3 3 3 3 2 1 0 Sige=5 Sige=0 _Sige=5
(€9) (2) ). (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 85, 1.23273 1.23403 1.23397 1.23396 1.23269 1.23313 1.23301 1.23333
6 S48 1.23273 1.23403 1.23397 1.23396 1.23269 1.23215 1.23313 1.23301 1.23333
Based on ENDF/B-IV
7 8, 1.25369 1.25437 1.25403 1.25415
8 s, 1.25351 1.25480 1.25k66 1.25465 1.25472 1.25366 1.25379 1.25392
9 8y 1.25349 1.25499 1.25479 1,25479 1.25486 1.25381 1,.25377 1.25389
10 316 1.25349 1.25503 1.25482 1.25482 1.25489 1.25384 1.25376 1.25388
11 83, 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 iterations 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
is missing, a P0 calculation with the transport cross section was made.

Si -~ an ith angular quadrature order calculation was performed.

i

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(1i,3j) represent the eigenvalue

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

III. 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, 1f one forms the following differences in Tables I through 1V,
E(1+6,i) - E(1,3) for i=1, ..., 6 and =1, ..., 5, 11, 12 ’

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 A0.01726 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.

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) for1i =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 v0.00019 and increase R by v0.01420, while
a composition-dependent chi for GODIVA will decrease K by v0.00162 and increase
R by v0.01141. 1If LIB-IV is used, a composition-dependent chi for JEZEBEL will
decrease K by n0.00042 and increase R by v0.00366, 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.

C. 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
"v0.00893 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 n,0.00109 and lowers R
by "0.00934.

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 ,0.00076.

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 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(1,13) - E(4i,11) fori=1, ..., 6 ,
and for JEZEBEL, iterating does not affect K and increases R by only n0.00009.
For GODIVA, iterating decreases K by v0.00012 and increases R by ~A0.00002.

H. Self-Shielding

The effect of using self-shielded cross sections vs using infinitely dilute
cross sections 1s measured by the differences,
E(1,13) - E(1,12) for i =1, ..., 6

13



Self-shielding for JEZEBEL increases K by. “0.00010 and decreases R by "0.00017
while for GODIVA it increases K by V0.00013 and decreases R by ~0.00031. Quad-

rature order has little effect on these differences.

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

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

i
proach to S_P_. 1In 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 S and P, calculations are well into

48 3
the relatively unchanging part of the asymptotic approach to S and P.

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

P
i1
S48P3 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.

W et PR T AN SR -

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 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 s, S,  [E(12,7) - E(10,7)]
- 0.00009 S48 >
+ 0.00870 ENDF/B-IV =+ V [E(6,4) - E(12,4)]

1.00137 corrected eigenvalue

S, (see Sec. I above)

APPENDIX A

(N} ot <. e . 2 4

GROUP STRUCTURES AND FISSION SOURCES

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

group, 185-group and 240-group structures.

14
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ENERGY
T

2.34P0RE 00T
1,020uRES2T
6,06531E¢006
3.67AT9E¢Ys
2,23130E+ 4%
1,39335E¢06
8,20A50E+ 08
4,97871€42%
3.ATT42E+a8
3,01974E 08
2.35178E+0%
1,A3156E+08
1,42642E+98
1,11090E+0S
8,0S170E*PY
6,7379SE¢ 4
5.,24752€+04
4, RBOTTECBY
3, 18278E+ua
2,47875E+04
1.93%45E+04
1,59344E+Ds
1,17088E¢04
9,11882E+0%
T.10173E+03
$,53084c+03
4,30743E+0%
3.35003E¢03
2,61259c+08
2.P3060E+4S
1,58461E40%
1,234 19E*83
9,61117€+02
7.48518E¢a@2
5,82947€¢42
4,53999E432
3,9387%5E442
2,75368E¢02
1,67017E+22
1,91301E+02
6,14a21E+91
3,72665E¢41
2,26U33E¢01
1,37A96E+01
8,31529E+940
S,Pa34REe 00
3,05902E4+ 00
1,85539E¢00
1,12535E+00
6,82560E=21
1,04002Ew028

Q4GP STRUCTHRF ANN FIQSTIIN SOURCE VECYORS

1ETH
WIDTH

b9
«%53
«5d
Nl
«5A
%9
52
«?5
«?9
25
23
«25
29
25
25
«?3
«?S
«?5
«25
«?5
«25
25
«25
T4
29
«?S
25
25
29
29
5
«25
23
«?5
«25
.23
«25
1)
«89
-1
.48
51
«%59¢
50
.50
.54
«5¢
«59
58
11.13

" TABLE A-I

JFZFHEL

ALR 1 IRely PRfEeV

CHT CHI chnt
2. h65PRAEeUl 2,58877Ee0NS 1.S5150RFeys
3.23930Een2 3.18974Ee%2 2,77561Lep?
1., 21445Eep! 1.20500Fef] 1,22692¢ =41
2.,10381Eep1 2,29895F=01 2,28801teu!
2.22367Ewd1  2,.22594FeMy  2,29115teB!
1.72%2%c01  1,728%9EeN] 1, ,71625t=01
110173E=01  1,1Pe88Fe?] 1,A504Eed!
J,60360Ee02 3.62177FeP2 3,41969E=02
2.,6858MEeY? 2.66927Eef2 2?,%4052(e02
1.9263PEey2 1,93716FeM?2 1,8013Rtep2
1.381unEed? 1,380MaFeM2 1,28364t=0?
9,809APEenY  9,86717F«M3 9,.A7162L=03
6,91600Eed3 6,.95827E«A3 6,3804d4Eey}
G,A49P0E=A3 4. 8791 Fe?3 4, U6883Ley3
3.3A507Een3 3,.uPen9FeAl 3,11435Eeu3
2.35500E=0Y 2,36960FeN3 2,15637Ee93
1,634dBEe0Y 1,.0840N8Fe3 1,48986te03
1,13167CepS  1,13832FeR3 1,02794te03
7.82Pu0eend  7,86861F=%a T, PB492Lw04
1.40P3MEedy  S5,03224FePy  4,07927Leg4
3.72P00Fend  5,74084E«Rd  3,358d5E-94
2,57700Eegt  2,58196FeAu  2,31834Eeda
1.77200Eepd 1,77830F=04 1,568689Ee0d
1,22000Eepd  1,22422F=0d 1,A9245E=04
8,4PPVBE=RS 8,42071Fe25 7,%0988L=05
S, A0000PEenS 5.79599FeA5 5,1618At«05
4,PuBRRE=DS 3.986A2FenS 1,854767t=05
2,70P0%EeuS 2,.74162EeN5 2,43810t=8%
1.90700Eep% 1,88517Ce05 | ,67549E9%
1,30808EepS 1,29614Fen5 1,15138E«05
9.AuRBBE=vb B,.91U75Fefb 7,91212t=06
6,NPPBAE=DL b, 12542F=Ab 5,08370Stedb
4,02P00Fepb 4,21081FePb6 3,7362UE=Ub
3,M000RERY6 2,89u43EeNs 2,56T74BEenb
2,00PBAEep6 1,78952E«A6 1,764ldE=6
1,00800F=06 1,36749E=R6 1,21245ke6
1.9080REege  9,39921FeA7 B8,33193e-07
1,00000E=06 1,29000Fe% 9,66057Ced?
a, $.14938E207 4,56240ted7
A 2,43248Fe7 2,18475¢=07
A 1,14995Fe?7 1,01768Led?
A, 5,42781Fef8 4,806l6LeQ8
a, 2.5639UF =08 2,26852E~6A
A, 1.21112F«78  1,M6921t =08
0, 5.72006E«19 S,P4721Led9
n, 2,7724RF=A9 2.308155E49
. 1.276%2E=79 1 ,1091BL=09
LR 6,9298TE=1U S,14721t=10
A, 2,848%2€e14  2,408227Fe10
a, 2.54978Fely  2,11928ke1)

(NLUTRONSZF ISSTION)Y

GODIVA
oL LTselV PRL eV
cH1 cHl CHI
1.9R2nAFeAs 1, RU91TE~BS | ,2919%Een3
24754ANE A2 2,6454bEed2 2,45720Fe0Q
1612174F=@] 1,10A41EeB] 1,13213Fed)
Re¥S2AUFeR] 2,M3R0utedl 2,12310F=n1
2.20516EeM)  2,2u929ted! 2,28328Fe0)
1¢77776F=@1 1,79024Eed]l 1,76456Fe81

1¢15178E=0
3.79300EeP2
Re8A539FeB?
2.U38AEeN
1e46UUPE=Q2
1e04168E=R?
7.3530¢EeR}
S.160MpE=P3
3e605ABFeny
2.50900Fe}
14741P2E=A3
1:20600E=P$
8.3400QFEBY
Se760MDE=PY
3«9T70MRE=RY
Qe TUBMRFePy
1.8900VE=0Y
1637000F =0y
8.9P20AE =05
6e170ABE=3S
4420000Fe?S
2.970MRF=2%
24070MAELAS
1.4PPAAF @S
9.300PQE=P6
640700 UF=R6
4.0000NFeBs
3.0007UFeRb
2:0A0MIEePb
1:27020F w80
1.0RUNUFeRs
100A0MNAReMb
1.908PUF=Pb
Be

Ve

Qe

Qe

Qe

1]

e

De

Ve

Je

Qe

1,16350Eed
3,838 16EeB2
2, A3ATAEwW2
2,P6585E=d2
!.“slaQE-DZ
1.,75629E=02
T.USASAEYY
5,23523E=03
3,65758E<03
2,54612F=03
1.76741E=03
1,22416E=d3
8,40445E=04
5,84492ee04
4,n318E008
2.77897E=04
1,91427C=040
!.3]75!{-0“
9,Mp989E=0S
6,24MTE=QS
4,29231€E=05
2,95193E+05
2.7293E=05
1,39563Ew65
9,59485E=06
6,59%98E=#b
4,5341TE=i06
3.11673E=06
2,14233keu6
1,947253Eeue
1,21212E=%6
1,17379e=06
5,54495E=DB7
2.61935Ee¥7
1,73733ce07
S.AuuBlIE=DA
2,76%92E =00
1,341 7TE=D8
6,1604AEwBS
2,9101E=49
1.378%9¢eu9
6,49313¢e10
3., PeT14Ee1
2.74567e=10

1.126P6F=01
3.68230E«02
2.71262te02
1.,96926EeN2
1.41297Eem2
1.01085E«02
1.,12012feR}
5,81803E=n3
3.4806T7E-0}
2,40995F=03
1,66843Een3
1,14270E=R3
7,85861E=04
5,40119E«04
3. T1075F 2y
2,5087vEeRy
1.75027E=0y
1,20184E=ny
9.292?66-05
5.66626E=05
3,897 1FeS
2,67164E=nY
1,63463£+0%
1.295992E«05
8,65293teMp
5.943A5C=Np
4,98207E=80
2.8M399Feng
1.92618€=Pp
1,32323F=Pp
9,09969E«#7
1.65367F=06
4,.97419Feny
2.3u85pEen7
1.17891Fe?
5.,23632E=R8
2.47263E=08
1.16773FE=08
5.51316Fen9
2459062 3E=09
1.,21053Fe09
5.6714ufFetrp
2,58867¢e1v
2,19997E«10
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- Ia
L LT NT VSN °

P N
OB N N E s —

PRV NV RV NV N VR VIV VR VI VI VI VL VI, V]
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st BEEW
NPV EWN-GO

ViJgtun
N

COARARANNY
—nO®NO WV & W

*
~

ENERGY
LEV)

2,A30NAE+AY
1,86R825E+07
1,68872L+47
1,56A31E+27
1,491n3E+a¢
1,45499E+ 7
1,41997E+47
1,384ASE+4?
1,3498hE+4A?
1,3169%E447
1,208403E+0Y
1,13315E+47
1,MBNQYAE+4T
8,82U9TE+06
7,.78831E485
6,87289E+4d4
6,A6531E+UA
S.35261E+06
4,7236TE+06
4, 16862E406
3,67879E+064
3, 24653E+4p
2,8650SE+04
2,S284RE+ Ve
2,23130E+06
1,96912E+26
1,787 74E+Re
1,55395E+46
1.35338¢+06
1,19433E+0%
1,75399F 04
9.3%J4145E+3%
8,20850E+4S
7,24398E+0%
6,39279E+48
S, 6U161E¢US
4,97871E+0%
4,39%69E+08
3,87742E+0AS
3,42181E43%
3,01974E+28
2,66491E¢2%
2.35178E+28
2,87543E+ 48
1,83156E+08
1.6163%E+2%
1, U42642E+ Y
1,25081E+49%
1.,11P29ME+Q28
9,83366E¢34
8,65170E+d4
7.63529E+424
6,73795E+ 44
5,94622€+34
S,2UT752E+94
4,63792E+04
4,0867TE+UY
3,62686E+94
3,18278E+024
2.82879E+04
2,47875E+44
2,18749E+Q4

TABLE A-II

1ETH

WINTH

LBA8
128
.852
LT
.825
325
.85
.a25
P A25
.25
2125
2125
4125
.125

125
:1?5

125
T125
» 125
2125

125
1125
2125
125
<125
£125
125
125
£125
125
<125
2125

125
7125
£125
,125
<125
125
,125
,125
125
<125
p125
<125
125
£ 125
«125
.15
125
.125
.125
125
$125
125
4125
125
<125

125
125
p125
P 125
125

JE7EREL
PRFeV
(41}

R, 27140827
6,92Ue?2E=00
T.T2111E=@6
1,.386T71E=05
1. MUI21E=0S
1,3¢385¢+2%
1. 7T6R7lE=NS
2.P7SBRE=NS
2.9060TE=S
3,68%12F«25
3.Y2%1E-04
9, 824%1Eeid
2.73129% 0}
U, 48193%E=0%
8,A2316E-03
1.30137E-02
1.9%621E=@°
?.671pTE=n2
3,4SP29E-02
4,2074SE~-02
4,8799Ug=n2
5.8182Sgep?
S.79181E=n2
5.99009E=1?
6.91999F«32
S.9118E=n2
8, 66M9%Fe0?
5.32942g-02
4,937SUg=n?
4,51%1 7502
4, A720UED2
3,63886E-02
3,22183E+02
2,82624E=0?
ZQ‘OS‘QE'.?
2.13720g-n2
1.,840809c«02
1,57849€-02
1.,35397€+42
‘.‘QQSQE'O?
9.75726E=03
8,2555AE=03
6.96686E-ﬂ‘
5.96°S§E-a!
4.920%UEeg}
U4, 14%2RE=013
‘.“,SZQE.MS
2.9P67S5E=%
?.'3?,mE.us
2.,73612Ee0%
1.699%14Fen3
1.41521E«0n3
1,17736€-03
9,79 1NE=nl
8,1374%E=n4
b,76122E=04
5.861599E=04
4,b634uEwp4
3.,87182¢«04
3,.21340E-04
2.,6666TE«04
2,21200PEe04

185«G° STRUCTURE AND FISSINN SNURCF VECTNHS

rONLVA
PRE=V
CHL

6.93115F A7
B.77852F ey
6,u5412F="p
1.1h1084F ey
8.75252T «0p
1, 14688F eS8
‘,Q“”SF.QS
1.91619F =15
2.45019F 25
3.1M9R6F 5
J.165AQF 0y
8,.41490F ey
1.93922F=3
3,91750Fen3
T.290183Fe0}
1,16317F =02
1.75086Fen2
C.UU311Fe
3,191A5F"
3,9%28F=n2
4,615¥7Fen?
5. 179ATFeR?
§5.95934ABFe™?
5,8U42A4F«¥2
5,97604Ee7?
9.86u36F=M2
S.66860F e
5,3T7A3F =72
5.42061F«n2
4,6P77R7FeM
4.2 IRbFe?
3.7R979Fen2
3,38099Fe02
2’978|3F002
2,61701F=n2
2.28URVFen?
1,937755FeA2
1,704h6F 02
1,U6197F«02
1.29¢S7F 02
1,26540F <02
9.2%6M2F=P3
7,65390Fen3
6,4T5%5F=A3
S’QQlﬁuF.ﬁl
,616APF=A3
3.868UdF=73
J.25152F=73
2.72719F=73
2,2R271F=023
1,90 606F-23
1.58511Fe"3
1.31665Fe23
1,119323F =23
9.27414F =24
7.52962F =04
6,206u43F=04
S.180A3Fe0y
4,29623k«04
3.56213F=04
2.95310F =7y
2,4U793F=04




110
111
112
113
114
118§
116
117
118
119
120
124
122
123
124
125
126
127
128
129

JEZFReL

ENEIGY 1ETH PafFaV

(Fv)y winTH col
1,95P48E+84 L1255 1,83560€-04
1,72362E404 , 125 1,52265€-04
1,50344E+488 155 1,26293ge0d
1,32678E+408 125 1,94TutE-04
1,17088E+R4 L1225 B,68687E=05
1,A3330E408 12§ 7,20279E-05
9,11882E40% 125 S8,07246E-0S
8,04733E483  ,123 4,9%52085£-09
T,ABLTUE+8Y 12§ 4,18582€-0S
6,26727E488 125 3,404n7E-RS
5.83Mg4E43% 125 2,8221REe-aS
4,R8095E48% L1295 2,3397REe3S
4,31074%8+493 12§ 1,9397E-85
S,R0129E+0% 125 1, 6nBuPE-RS
3.35463E44% L1285 1,33303FepS
2,96045E+BY 125 1,10507E-05
2,61259E+0% 125 9,16079E-06
2,3056AF+3% L1129 7.850unTE-n6
2,0346RE+A% 125 6,29526E-06
1,7986RE443 125 5,21A57E=06
1,58461E+0% 125 4,326p1E=06
1,39842E403% 123 3,58611E«nb
1,2301PE+Q3 125 2,%727%E-0¢
1,00009£00% 108 2,46430E=00
9,611176492 125 2,04282€-06
8,48182E402 L1275 1,bo%u2g-0b
T,4BS1BE+D2 12§ 1,40379E-06
6,60%568E402 125 1,16369E-06
S,829uYE+0? P 125 9,8u6eSEen7
$,14U4QE+ 32 p125 T7.99678Een7
4,83999E432 135 6,62911E-07
4,20653E402  ,129 $,49535€-07
3,53578€+42 125 4,35551E-a7
3,12029E+82 125 3,77641E-07
2,75365€+02 ,125 3,13087ce0n7
2,43008E+32 p125 2,50518€-07
2,144808402 125 2,15137E-07
1,89255E+492 p125 1,7834Sg-07
1,67172¢02 125 1,478406E-07
1,47302E402 125 1,22563E-07
1,32073E+402 125 1,%16n3Een?
1,14789E+062 125 B8,42282¢-08
1,01301E+00 1725 6,96245FepR
8,93978E+31 125 S,78Ba%g-08
7,88933£481  ,125 A4,¥9857FenA
6,96231E+481 L1723 3,97821E-00
6,14421E¢01 125 3.20776Fep8
5,42225€+01 125 2,7i38hE-uA
4,78512E481 125 2,R6619r-08
4,22285E+01 125 1,87A78E-08
3,72665E¢2 p125 1,55749€-08
3,28876E¢41 125 1,29117geab
2,90232E+01 p125 1. PMYA3ARE-08
2,56129€401 2129 B,B87112E«09
2,26283E+09 p125 T7,35260FeR9
1,99473E+4081 .125 6,P9489¢-09
1,76A35E401  ,125 S,.05201¢-R9
1,55350E401 . 125 4,185672«09
1,370964E+01 129 3, 86002E-09
1,20987E401 125 2,87218g-09
1.,A6778E+01 .125 2,300%87E-29
9,42246E+9d 125 1,97335€-09
8,31%29E+080 125 1,63%87¢c-09
T,33R22E408 125 1,3559RE-¢9
6,47598E¢90 135 1,12309E-09
$,71501E+38  ,125 9,31837¢-10@
$.AU3UBE+d 125 T7,72832€-17

rON VA
PRiey
oy

2.02899F =94

1.6810UF=%
1.39367F=y
1,15496F «®y
9.57497F=25
7,93113Fe05
6.57213F=A5
5.44592E75
0951267F.ﬂ$
3,739%4E-NS
3.496853F=A5
2,56755E A5
2.12788F«025
1.76301F=05
1,46093F«n5
1,21063F«05
1,0R322F =%
8,.313%6FeR6
OEBHQ“SF.nb
5, 77937F<Pp
8,7314%E«Rp
5,92116F=0Rp
3.20966F=Rp
2.69323F=p
2,23205F=Ap
1.8U9R9E=Mp
1,53319FeMp
1.27872FM6
1.05320F«0p
8,72922E-77
7.23511F=07
5,998h2f.07
¢,9T051F=n7
4,11999re07
3.,414R9F =07
2,83254E-NT7
2,30021E.07
1.94477E-07
1.61203Fen7
1,33624EeY
1.12763FeQ7
9.18148E-08
T,61069F w08
6.37878F =08
S5.22961Fen8
4,33505F.78
3.59321Fen8
2.97874F=08
2,Ur915F=08
2,04679E=28
1,69669F=0A
1.4P649F =08
1.165R6F=8
9,664U49F«n9
B,211%9Fe09
b, 6UENTE =09
§$,57511F =019
4.563hBF =29
3,708314F=09
3,13624F=09
2,59917F=029
2,15521Fen0
1.7R641Fen9
1,480%Fe09
1,22713F=%9
1.217%¢F 29
B8.u425%2Fe1y
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18

Ge

130
134
132
133
134
135
136
137
138
139
140
14y
142
1643
144
148
1486
147
148
149
158
154
152
153
154
155
156
157
158
159
168
161
162
163
164
168
166
167
168
169
179
171
172
173
174
175
176
177
178
179
189
181
182
183
184
188

ENERGY
(Fv)

4,45088E¢2N
3,92786E4049
3,46633E+30
3,05902E+00
2,09958E+00
2,3823T7E¢dN
2.,31693E¢+00
2,25113E+ 40
2,17213E+00
2,894y8E+00
2,017Q1E+UR
1,95568E¢00
1,85539E+00
1,7T2028E¢+d0
1,59493E¢0N
1,457aRE+D
1,40498E+80
1,30788¢400
1,16638E¢30
1,12538E+um
1,80808C¢00
1,8721YEe00
1,06231€400
1,05250E400
1,08273¢2+800
1.,01370E¢00
9,84222E.01
9,.5065%¢001
8,76425E~01
7,82079¢€-01
6,8256PE"31
6,25760F-01
S,.31579¢+31
$,03235E~01
4,17A16E=01
4,13994E-01
3.5766%E~0}
3.806285001
3,01120E-01
2,90737E-01
2.73S1RE=0}
2,51A28E«0
2.27690E=01
1,80829E«0}
1,45721E~31
1,11568E+01
..196l3£-92
s.oozza:-aa
4,27551E-02
3.96116E~02
Q,0U921E~02
1,23964E+02
6,32072E~0%
2,27690E~0%
7.60219E«04
2,52900E04
1,00000E-08

1ETH
LADAL,)

L]

125
128
»125
T128
f128
f028
~028
» 836
w13
2837
.842
"9a2
rer2
+ 879
1990
<809

109
114
"ase
, 824
, 824
" a9
+ 809
<809
T028
1
» 035
13
s114
136
»088
;162
855
;180
2 8n7
'15.
2109
‘63
S ays
for2
"85
'0’8
a1
r2%6
2 1n8
rane
"336
famy
"5n3
he13

17022
17097
1,100
3.231

JEZEREL
PFeV
(4201

6,40006E10
8. 3g143gs1@
4,39807c010
3. AuN1AE1N
3. 01%65E10
9.06010!-11
8,6705%Ee1
6,799 7Fe 11
6,%59781Ee11
6,32006Fe11
6,60718Eeq1
6,39320Ee11
1,00359E+10
9, 7991 7011
9,84956F11
8,32808ce42
9,32706E~11
9,11734gey1
2,.81M35€e11
1.50001¢Ee11
1,80806E+11
5.50895¢re32
5,.850682012
5,89219Ee12
1,67231E+11
1,67348E-11
1, A7616Eey1
q4,802p5¢r041
4,9375¢.11
4,92138¢e11
2,08332Ee11
4,19087ge11
1.14202E%11
3,36414Ew1Y
1,91655F«12
1.90948F~11
1.21177Ee
5.9978 712
3,%a84PEey2
S.90823¢F.12
8, 87669€E2
6,318%6Eey2
1,89940Fey
8,%4808E«12
6,78738Eey2
8, W5761E12
S.57288Ee12
1,65752E«12
1, 219138092
8,154pdrey}
4,85997E«13
‘...379[.‘!
4,87837€-14
S,% 812618
2,14824ge15
3.‘27!![‘15

RONTIVA
PREeV
CHl

\

-

6,950nuE-19
5,78595C«19
4,76287E-10
3,94690F-10
$,26113F<10
6,019R89Fety
6.18713Ee1}
7,827A9F« 1}
7,2%199Fe1
6.89829F-11
7,37996Fe1}
8,97279Fe1y
1,09898F«10
1,B87276E=10
1,B78%0FE-10
8,4d1308Fe12
1,02047E10
9,9823%0Ee11
2,7%6A6Fe11
1,602U2Ew11
§,2755%Fe12
S’Z?OHSF-lz
1.77583Ee11
1,77791Fe 1}
1,996%0E11
4,34525Fe1
5,4P4V4Ee 1
5,35eM2Ee1}
2,8T4sdF=11
4,45839Ee1
1.178%8Fe1y
3.65345Fe1
3,63087Fe13
2,12498Ee1
1,25164F el
S,756%1Fet2
2,64096F12
S,638%7F=12
S.18316F«12
6,20001E=12
1,129%2Fe1
B, 8171UFet2
6,6987TFe1
4,780A5FEet?
J,179N4E-12
1,0641SEe12
5,76974Fe1}
3,02a18¢e13
0,29176Fe14
T,26768Fe15
1,413h4Ee1p
2,97377E19
3,31785Fe28
8,12%47Ee2}




-l h e S e e e s 'G)
OB NPV EVWUNCS OPECAE N ~— -

VNN
-0

[ TN, Y]
=

PR RV R NV VI VR TR
SVl M OO

i
~> A

ENERGY
(EV)

1,99708E+07
1,9640%3E+27
1,91554E+Q7
1,86828E+07
1,82212E+07
1.,77713E+07
1,7332%€+07
1,69M46E+Q?
1,64872€+407
1,62821E¢07
1,56831E409
1,52959¢+07
1,U9183E+07
1,U4SU99E+DY

“1,41907E+07

1,38493¢c+07
1,34986E+07
1.31653E+27
1,28403E+07
1,25232E+07
1,22140E+07
1,1912%E+07
1.,16183E+07
1,1331%c+027
1, 10517E¢9Y
1,AT788E+07
1,0512YE+0Y
1.02532€E+07Y
1,73000E+QY
9,7531mE+ 28
9,51229€£+38
9.,2TTuuE+28
9,Au837E+28
8,82497E+0¢
8,62708E+06
8,394STE+Re
8,18731E+36
7,98516E¢Q6
7,78801E+36
T7.59%72Ec+08
T.,40818E+08
7,22527E+36
7.8U688E+0¢
6, BT7289E+06
6,72320E+06
6,6LUT6RE+De
6,59238E+8
6,53770E+06
6,37628E+0¢
6,2188%E+ 48
6,06531£406
S.,9155SE+D¢
$.7695RE446
S,4B8812E+7
5,2204bE+ B
4,9658SE+06
4,8432%E+06
4,72367E4+00
4,6072UE+Bs
4,09329E+06
4,2T418E+Ds
4, B68TRECQS

TABLE A-III

2u0eGP STRUCTURE AND

1LETH

WIDTH

L0177
.825
, 925
p 825
, 025
,azs
025
, 028
1025
;825
,035
,825
, 025
028
, 025
"85
1T
, 829
" 025
025
,02%
,nzs

"a25
, 025
,025
.28
025
,025
»925
, 825
" 925
» 825
P28
;825
,B2%
ra2s
, 025
, 825

» 825
, 8258

,0%0

FISSION SBURCE VECTORS

JEZEBEL
LIg=lV
ent

T.48282€-07
‘.“S"ﬂ'[.ob
1,97%84Eegb
2,65078Ee06
3,53080c w86
4,0835%F086
6,11TOUE=0Q6
7.969%6E-006
1,82800F @S
1,31815¢0%
1,867831g-85
2,12221F«05
2,668%6E+05
3.32610E=3S
4, 12409E~0%
S, 08148E«05
6,223%627+3%
T.8771 708
9,17103¢«2%
1,10399¢ep4
1,32155¢ep4
1,57351E04
1,86374gepd
2,19627¢+04
2.%7%08Fep4
35.,P2e%a8Ee-04
3,89004F-04
4,03068Eend
4,basiAEeal
S,320126004
6,069%1¢cegd
6,8060uE-BY
7.803DPEepd
8,79U32Eena
9,807301€c004
1,10403E~2%
1,23946F«0)
1,366R07%€-03
1,51160¢003
1,06677€E~0}
1,83174E-03
2,98649E03
2.,19P08F=03}
2,3809AFEep3
8,39192Ee34
8,63363E-04
8,.8856RAFe0Y
2,80MP82E-pY
3,P2202€-0Y
1,25150E03
3,3892Een3
3,7330uEeD3
8,22873E-03
9,28134Eep}
1,73698E-02
S, 50046Eep?
5.88014rep3
6,16065E=03
6,44116E-03
1,37196Ee02
1,48206E092
1,%09165-02

GON1IvaA
LiBeTV
___tH1

3,07918E07
1 86383F.07
1,051.0?.“6
1,782 =06
2.0M043E-0¢
2,88514¢=06
3,874a3F=R6
n 720%8E-M6

.10600F-ﬂb
8.04512E=%6
1 B38%9F 05
1, ;Saaar.ns
1 69414f =35
2,14137¢-05
i 68881 1F NS
3 35373EeNS
4,156A2E-05
5 12832E<05
b 269M2E NS
1,93518F-as
9,23348E-05
1 11112EePy
1, 3?971£.ua
1 S8285F =04
1,.70165-na
e, 20898FMy
z 58881204
3.82053Feny
3.3P695E .0y
4,235338F =04
4,66393F 04
S 34297E Py
., a°a?sr-nu
6 92337E.-74
7 83271F«0y
e 82639F =0y
° 9077204
1 18706F«A3
1,234a5F.03
‘ 37048 .83
1 p531612€.03
‘ 671‘5’oﬂ]
1 o%ofssuul
2, 21119F 03
7,100325«00
7,32637Fu84
1’ P 92990E %y
z 319078F 0Py
2 $9419F .M}
2 8ATABE.AY
3,028%0F 03
3 2582570}
7,23614F 03
8.2“3?1F~03
9,29626F 03
5,05482F«03
s 330ATFemy
S eMB1PE«RY
5 88777F. 03
1,261708e02
1,373a5E¢02
1.48350F.72

19




20

1089
110
111
112
113
114
115
116
117
118
119
120
1214
122
123
124
125
126
127
128
129

ENERGY  LETH

(EV) #IDTH
3,86741E¢d8  0%0
3,67879E+B6 . 250
3,49938E+06  ,0%0
5,32871E+88 025
3,20653E486 025
3,16637E¢U56 085
3,08819E4+00 . 025
3,P1104E40h ,0%0
2,86505E+06 , 050
2,72532E488  _@%0
2,592uPE+06 ,050
2,U659TE+Bs 017
2.,42513E+06 L0017
2,38521E+86 ,008
2,3652%E+08 ,aua
2,34870E4236 017
2,32686E+08 L0017
2,26888E486  _B17
2,23130E+08 ,eso
2,12248E486  ,0%0
2,01897E+436 025
1,96912€+406 L0825
1,92050E+06 025
1.87308E+06 825
1,82684E488  ,0%0
1.,73774E+Ds 082
1,635299€+04 .925
1,61218E+26 025
1.,S7237E+08 02§
1,53355€408 825
1,49569E428  ,090
1,02274E426  ,0@%0
1,35338E+08 050
1,28735E+Q86 050
1,22456E+86  ,825
1,19433E+08 0825
1,16084E408 L350
1,12803E+406 . 2%0
1,M$399E+486 . 0%0
1,M3259E+08 025
9,77834E+08 @17
9,61648E408 008
9,53692£40% 050
9,0718AE+0% %0
8,62935E¢+0% . 0%0
8,22852E42% 052
T.80817E+08 LT
T,U2736E448 |, ¢%2
7,R6512E085 4SO
6,722SSE+08 ' as@
6,39279E+08 058
6,08101E42%  ,0%0
S,78U4%E+RY 080
S,52232E435 025
5,36647E498 025
5,23397E405 825
S,1047aE+0% s 428
4,97871E40%  ,0%2
4,73589€+0% 050
4,50492E+08 , 280
4,28521E+99 050
4,A7622E40% 050
3,87742€408 @50
3,68832£448 , 0580
3,52844E+¢8 050
3,33733E488 %0
3,17456E+0% .025

JEZEREL
LIgelV
(43

1,00201Fe02
1,70947EwR2
1,880851Eep2
9,.72128c+pn3
9,920811cep?
1,M100REe?
1,02882Eep2
2.,10669F-02
2,160044g=2
2,212713¢ee92
2,25142€E-02
7.58934Ee03
7.%57241r-0%
3,84158E~-03
5,80191€-03
7,86811€-0%
7.63700[-0!
’.69'365.'!
2,31040E=02
2,31139E-02
‘Q‘S‘,QE.OZ
1,15093cep2
1,14714cep2
1,1424PE=p2
2,26693F-02
2,23743%-02
1,108547cep2
1,09599F+02
1,08% Een2
1. MT462E=02
2,11%84Ee02
2,063006Ew02
2,%0853F<p2
1,9508%¢-02
9,82969%€en3
9,.37636Ee03
1,82831E=02
1,90450F02
1,0990uren2
8,85290E«9%
5,32182E-03
2,66727¢en3
1.54B49E=02
1,5029%¢+02
1.037895052
1,37358c-02
1.31028¢-02
1,2u820E«12
1,18753¢+02
‘.128HZE-BE
1,M7101E-02
l.'lSl!E-g?
9.,61628F«p3
4,81259c-03
Q,U88¢40E=DY
4,36785€-01%
4,23871¢c-03
8,12P07E-03
7.66239€-0%
7.223760-0%
6,80490Feal
6,405%7E~=D3
6,%2539F =33
5,66307E-03
S.32881Fe0}
4,99%4ME=y}
2.38106¢-0%

GONIVA
LIBelV
CHI

1,59084F=0n2
i, OQS‘ZF.ﬂZ
i, 790695-02
9 298RJEeN3
’ S17%6F 03
9,726l3E-03
9 92558F =03
2 24068E=02
Z 10745F=02
2 16506F =02
2 21322F =02
7 QR2A2F=03
1 4TIN9F 0]
3,197315-93
3,76A87F=N3
7, »99017F=03
7 37319€EeA3
7 6U4383E03
2 }JP019Fen2
2 31039F=R2
1 15822F 2
1 15545Fen2
1 1S344F 02
‘ 1SOR1Fed?
2 2R921Fen2
2 26680F«22
l 12286Fen2
l 11436E=72
1,1usxvr.n2
1,09569F«02
2,1596us-u2
2 11313Fem2

p06230F=02
2 BAT13FE=22
9,82397E-73
9 67621Feny
‘ 889YUFeM2
1,82743E-P2
1 7634BE=A2
8 57%525F=03
S.83744E=RS
2 TT490F =0}
1. o!s?rr.uz
1,56789F.A2
1,suzaor.m2
1.43701Fe2
1,37212¢.02
1.30943Fen?
1.247%7Fen2
1.1B672EeR2
1.127h4F B2
1,37425F=R2
1,01465F=02
4,ATU87F=03
u 73865E-A3
a 6791 6F=n3
l,aﬂzlzr.ns
8,5931n5FN3
8,11474Eeay
7,65643F=03
7,218A6F=03
6,79948F«23
6,0%040F <03
6,32048E-A3
5,65931Fen3
5,316%9€03
2,551 7€03



Gp

130
131
132
133
134
135
136
137
138
139
140
14}
142
143
144
148
146
147
148
149
150
1514
152
153
194
1598
156
187
158
199
160
164
162
163
164
165
166
167
168
169
170
171
172
173
174
178
176
177
178
179
180
181
182
183
184
188
186
187
188
189
199
194
192
193
194
198
196

ENERGY LLETH

(EV) WIDTH
3,09618E+09 ;025
3,81974E+28 , 028
2,94%18E+0% L0225
2,8T246E+08 » 025
2,080154E+0Y »025
2,73237E+08 ,aqo
2,59911E40% %0
2,4723%E+08 , 0580
2,351 78E+28 050
2,2370ME+08 . 0%0
2,12797E+0% 50
2,020190E488 050
1,92547E+0% ,0%0
1,83156€4+04 , 090
1,T4224E+08 29§
1,69922E+0% P D25
1,65727€+08 085
1,61638E+08 , 025
1.87644E+88 080
1,U9986E+28 , 080
1,42042E+08% » 059
1.,35684E+08 ,0%0
1,29868E+08 , 0980
1,22773E+08 LT
1.16786E+0% » 980
1,11090E4098 12§
9,88360E+00 p 129
8,65178E+04 P 128
T.6380%C+34 ’195
6,7379%€+04 L0975
6,25109€+04 ,0%0
3,94622E404  , 0380
8,65622E+34 P 915
S,24752E+04 .125§
4,630892E¢+04 , 125
4,88677E+024 P 125
3,60656E+04 , 029
3,51752€E+04 , 825
3,43A67E4RG  ,B75
3,18278E+04 P 125
2,82879E+84 ,A75
2,60584E+ 24 ,058
2,U7878E+04 . 025
2,41755E424 225
2,357806E¢04¢ .ars
2,18749%E+dg , 025
2,13348E+Bu p1P0
1.,93A4SE+BY P 125
1.,728362E+80 .125
1,5034UE+0BY p129
1,32678BE+84 P 125
1,17288E+84 , 125
1,03330E+84 p125
9,11882E+0%  ,135
8,MUT33E+DY p125
T.1817dE*QDY p125
6,26727E+83  ,12%
S.53284€+03 172
5,00451E403 103
4,%2827e+03  ,0%0
4,38743E+03 ,0%0
4,89738E+Q23 _100
3,7074aE+83 100
3,35463E+0) ,100
3,05%395+03 , 958
2,86349E+0% , 082
€, 7465UE+DY .0%0

JETEREL
LIgelV
CHI

2,30611FE-03
2,23321E-03
2,162372E~-03
2,093u2Eep3
2,82636E+0%
3,85958EF«023
3,61402¢€03
3.38255E03
3.16“505-03
2.95918Fe0}
2,700u4uE-Y
2,98513¢e0%
2,41885¢8+03
2,8%%0%ce3)
1,07870¢03
1.,93842¢€003
9,9928RE0Y
9.6828uE-p4
1.,832689E+03
1,78956E-03%
1,%0411Fe03
1,48010¢-03
1,20062c003
‘.!ﬂl’b[.ﬂs
2,657pP0E-03
2,22211€003
1.86648ce03
1,%49 103
8,¥34vuEenu
a4,08951Fe04
4,%0%83¢e04
6,22981Ee04
8,97196FE=04
T.36885c=04
6, 214%4Eepy
1,11137E-04
1,8711% =04
2.98615g-04
q4,29716E=04
2.,22106E-04
1,349%6E=04
6,38202€+05
6,15055€«9%
1,71404Ee0d
8,30240c0%
1,938612-04
2.,84606FE04
1,69958¢-04
1.‘15095000
1.17106E-04
9,31856F+08%
8,86441E=05
6,69108E+-85
5,56109€0"%
4,6849%¢<35
3,01976E~-28%
!os.‘l‘[.'s
2,22237€~0S
9,20%3REenb
1,64739¢c+05
1,4183P¢ce038
1,221D038+08
6,31889 96
4,19289E=30
4,69436Ee00

GOPIVA
LIBelV
CHI

a 4SeMSFeny
2 3790S5F=n3
2.30415C03
z,zslsar-ﬂs
2,16048E-03
4,11634F<03
3,85625F=n3
3. 610808F=03
l 379%9F.A3
s 16176503
2 9%5676Fe03
a 76348F .03
2 S8282F Ny
2,41268Fe03
1,14583F A3

1,18717€-03 °

1, abvflr ay
1, as;aer.us

962?95-03
1 OSl?ZE-WS
1,70799F.03
1 §9265%Ee0%
1, aﬂafle-as
1,38379Fe03
1, EHOASF-HS
2 852%7EeA3
2 JR488TNY
1,99395F-03
1,660‘05-“3
B.063181F<04
5,25360F04
§,884RbEY
b,69R0TF o014
?,.644ATE=RY
a 03URUE-NY
6 96212?-@0
1, 195?2F-$a
1 15199F«n4
5 21115F-0a4
4,622%2F A4
2 390M2F e Ay
1,45213F«04
b 86715F =08
6,8174BF NS
‘ 8““22!.““
5 70534F eAS
Z.aﬂarzt-mu
2 20219F N4
1 82910F =%y
t $1882Ee0u
1 260U6F =0y
1 p4611Ferty
8 » HOBOSERS
1 27293F-05S
S QTS0SEL N5

4,95784F .05
ﬂ 11236Fen5
2 778A9F =08
2 39271F-05
1 268%9E«N5
9 91S31%EPp
1.773%1E-05
1,82707E-05
1 31 489F 05
o.sﬂsosr a6
4,514%8¢-06
5,85422¢FeM¢

21



22

G»

197
198
199
202
201
202
203
neu
4es
206
207
208
209
210
211
212
213
214
218
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
23;
23
233
234
235
236
2%
238
239
24e

ENERGY 1 ETH
(Ev)y WIDTH
2,61259E+8%  ,0%0
2,u8817€+03  ,108
2,2u8067E402% 100
2,A3468E4B% 180
1,84106E+483 100
1,66586E40%  ,2%0
1,58461E403  ,0%0
1,50733E+03 170
1,36389E+0% 100
1,23410E+03 ,aso
9,61117E¢82  ,2%0
T, 48518E¢8p 250
5,82947E+02 250
4,5399%+02 , 280
S.5357%€492  ,2S¢
2.75365E+02 ,zsa
2,14450E+02 290
1,67017E482  ,29%0
1,30073£¢02 250
1,01301E+02  , 398
7,88933E4081  ,2%0
6,18421E+81 282
4,78512¢g+31  ,2%0
3.72668E401 ,zsn
2,93232E+01 ,ESB
2,26@33E001 240
1,760356¢91 299
1.37090E+01 ’zsa
1.76770E401 250
8,31529€+00 ,zsa
6,47S9SE+RA 250
5.M4348E+00 230
3,92786E420  .2%2
3,05902E+488 253
2,38237E+08 259
1,85539E+040 .250
1,44498E¢00 249
1,12535€¢00 250
B,7642%E~B1  ,2%9
8,35681E-Q1  ,20m0
6,8256BE=21 @88
6,25W62E-01 162
5,31570E-021 . 258
4,13994E-01 10,631
1,M0000E-0Y

JEZEBEL
L18e]V
cHY

4,3%529Ee@6b
T.7902%Ece06
6,30819E«06
5.’7!91['06
4, 9p%uUEeab
2,21808Ee006
2,058%6E=06
3,6822%¢-006
3,10968E~06
6,12502€906
4,218807Fe86
2.80443Fe006
1,98982E+06
1.367195-06
9,19919707
6,46P8E~Q7
4,44P26Fe07
3.85183r-07
2,M9754E=3?
‘o““““i'ﬂ’
9,908uPE-08
6,8171E=08
4,58049€-28
3,21687c~00
2,2109%c+0A
1,51986F«08
1,744308F=08
T.12792€=n9
4,93332¢-09
3.30A62EeN9
2.,33834Fep9
1.681625-09
1,18M7RE=p9
7.,56552€«10
S.!Q’?lg-gﬂ
3,51370E=yP
2.4561 7«10
1,6RA10Fey10
2.680.5[.“
8,92138Fe41
3,15326Eeq1
4,82015gpey}
S, 48R48Emy1
1,20443Ew10

GONIVA
LIBelvV
CHT

8,68948Eep
8,38804E=Nb
7 p228A7E=R6
b 21601E«R¢
S,3%001F<Np
z 38913E=8p
2,21682F=A6
3,96«99[-n9
3,0130SE=R6
8,59599Fens
a »33418ED0
3 11693Fe06
2,142%3F=Rp
1,nvasse-ao
1,01212E=86
6,95657ER7
o P 78117Een7
3 2R629Fen7
z 25869F«n7
v ,55202Fe07
1 B6696F=QA7
1 331322F-08
5,348A9F«ns
s.aoauzr-ua
2,3R080E=N8
1, oSotar.ua
1" 12442F=08
7,72940E-9
s 31214F 09
3.651125-a9
2.509%8Fen9
1.72067E=09
1,18535F«09
B8,14678F<10
5,599908F<10
3.8UB27Fe10
2.644R8F-10
1,81708E=10
2.886A2Fe11
9.6%6F0F=11
5,3959%3F«11
5.19113F .1
5 90182F-1
1.296915-19




TABLE A-1V

RELATIVE NEUTRON PRODUCTION RATES

JEZEBEL GODIVA
LIB-1IV LIB-1IV PRE-V LIB-1V LIB-1V Pre—V
Isotope 0l1d Cchi LIB-IV Chi 0l1d Chi 01d Chi LIB-IV Chi 0l1ld Chi
2
34y 17.050  16.989 17.096
2
33y 21.971  21.957 21.586
238
U 4.078 4.036 4,055
2395, 25.949  25.938 26.193
24oPu 17.757 17.733 17.647
2
41py 26,971  24.967 23,646
Used to LIB-IV LIB-IV PRE-V LIB-IV LIB-IV 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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