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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, JE%EEEL
and_GODIVA. Their effects on the eigenvalue and
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 walues 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, CODRS, AND RESULTS
The parameters studied while varying the tested options are the multipli-

2380 to 2350 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 valuee in Tables I, II, III, and IV. The calculated average central



JEZEBEL EIGENVALUES

Cross Sections from MINX or NJOY

TABLE 1

Cross Sections Throug 10X, 50-Gp, Gld Chi
y 1 Elestic erm

Only 10 Dovnscatter Greups _Full Inelastic

Comp chi e Full
old Glip . :‘11 11,85'01’ ——M—-———-—P 2‘°'GP c:‘ = _dterate TP=) YPeqrerste El88tlc
LA i1 2 3 3 3 3 2 1 0 Sigen’ 1 Eiges3
@ £2) 3) %) _ £5) (6) (D) (8) 9) 10} (11) 12) (13) (14) Qs)
Based on Preliminary nor/B-v
1 s, 1.13783 1.06017 1.05458 1.05446 1.05458
2 s, 1.10477 1.01120 1.01748 1.01738 1.01720 1,02070 1.02059 1.02070
3 sy 1.09624 1.00164 1.00786 1.00772 1.00754 1.01120 1.01110 1.01121
4 861.09381 0.99904 1.00513 1.00503 1.00484 1.00850 1.00839 1.00850
5 8,y 1.09314 0.99832 1.00438 1.00428 1.00409 1.00775 1.00765 1.00775
6 5.4 1.09301 0.99818 1.00424 1.00414 1.00395 1.00387 1.00761 1.00751 1.00761
Based on ENDF/B-IV
7 8, 1.12906 1.05132 1.04572 1.04560
8 s, 1.09609 1.002:5 1.00873 1.00864 1.00821 1.00785 1.01i96 1.01184
9 8, 1.08759 0.99292 0.99915 0.99901 0.99859 0.99823 1.00250 1.00239
10 816 1-08517 0.9903) 0.99643 0.99632 0.99590 0.99555 0.99980 0.99969 0.99982 0.99982
11 s,, 1.08450 0.98962 0.99568 0.99558 0.99516 0.99481 0.99905 0.99895
12 5,, 1.08437 0.98948 0.99554 0.99502 0.99467 0.99476 0.098872 1.03332 0.99891 0.99880

0.99544



TABLE II
GODIVA EIGENVALUES

Cross Sections from MINX or NJOY

Cross Sections Through 1DX, 50-Gp, 01d Chi
30-6p Only 1 Elastic Removal Ters
Comp Only 10 Downscstter Groups _Full Inelastic
Comp Chi iy Tuli
01d Chi Cht 185-Gp 240-Cp, Comp Chi ttarate rre1 Prettexate ElSStic
Fo B 2 P3 Py Py Py P 2! Po "ﬁgr-)__'_§ Sige=D Sige=5
(¢)) ) ) 4) (O (6) (O O] 9 Qo) a E}::"@T‘ Y€1) R ¢
Based on Prsliminary ENDF/B-V
1 5, 1,13005 1,03579 1.02888 1,02887 1.02900
2 8, 1.10630 0.99307 0.99897 0.99894 0.99732 1.00242 1.00241 1.00253
3 s, 1,1012% 0,98688 0,99241 9.99234 0,99072 0.99586 0.99585 0.99598
4 8, 1.09980 0,98522 0.99058 0.99053 2.98891 0.99399 0.99399 0,99411
5 8,, 1.0990 0.98476 0.99007 0,99003 0,98841 0.99348 0.99347 0.99260
6 8.4 1.09933 0,98466 0.98997 0.98993 0.98831 0.98727 0.99338 0.99337 0.99350
3ased on KMDF/B-TV
7 8, 1.14885 1,05355 1.04627 1.04637
8 8, 1.12486 1.01033 1,0163 1.01631 1.015(3 1,01453 1.01949 1.01960
9 8, 1.11974 1.00406 1,00969 1.00963 1.00896 1.00787 1,01285 1.01296
10 8, 1.11829 1,00238 1.00784 1,00780 1.00713 1,00604 1.01096 1.01107
1 8,, 1.11788 1,00191 1.00733 1.00729 1,00653 1.00554 1.01044 1,01055
12 8,4 1,11780 1,00182 1.00723 1,00712 1.00653 1.00544 1.00548 1,0012 1.11526é  1.01034 1.01045



TABLE I11I

2\ [
225 }c / \,25 /z

JEZEBEL

Cross Sections from MINX or NJOY

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

S0-Gp Only 1 Elastic Removal Term
Comp Only 10 Downscatter Groups _Full Inelastic
Comp Chi — Full
7 7 o-ld—Chr:lP T ghi : :;Ss-cp 7 240—-6;, Comp c:i 7 iterate FF=] FP=iterate Llastic
0 1 2 3 k| k| k| 2 1 0 Sige=5 Sige=0 Sige=5
[€)) ) 6] () (5 (6) (©) (8) ) (10) ab— _(1_2)__3?1_?;_ @G
1 s, 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 56 0.93800 0.92228 0.93182 0.93052 0.94471 0.93009 ©.93016" 0.93000
5 84 0.93813 0.92221 0.93205 0.93062 0.94482 0.93024 0.93032 0.93015
6 5.5 0.93815 0.92220 0.93210 0.93065 0.94485 0.94572 0.93027 0.93035 0.93018
Bassd on ENDF/B-IV
7 8, 0.92156 0.91737 0.81077 0.91099
8 8, 0.92826 0.91624 0.92154 0.92147 0.91781 G.91368 0.91911 0.91934
9 8g 0.92990 0.91452 0.92313 0.92226 ©.91860 0.91450 0.92125 0.92148
10 8,4, 0.93035 0.91409 0.92383 0.92250 0.91884 0.91474 0.92181 0.92204 0.92105 0.92104
1 8,4, 0.93048 0.91401 0.92406 0.92261 0.91895 0.91486 0.92196 0.92219
12 5.4 0.93050 0.91401 0.92412 0.92264 0.91898 0.91488 0.91638 0.90613 0.92293 0.92199 0.92222



TABLE 1V

GODIVA

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 _TFull Inelastic
Comp Chi r- Full
2101d Ch:I.P P ghi ll’BS-Gp P 240—‘;;' coicgi P _Aterate FPe=). Fi=iterate Elastic
0 1 2 3 3 3 3 2 '1‘ 0 ;;1_‘_—5;_-__ Sige=) Sige=5
1) 2) (3) (%) (6)] (6) ) %) {53 (10) 11) (12) 13) as asy
Based on Preliminery FNDF/B-V
1 8, 1.06012 1.05682 . 1.04484 1.04513 1.04482
2 8, 1.06689 1.05145 1.05777 1.05787 1.06923 1.05404 1.054}4 1.05403
3 S8 1.06822 1.0479). 1.05742 1.05685 1.06825 1.05601 1.05630 1.05599
4 86 1.06859 1.04713 1.05767 1.05670 1.06811 1.05649 1.05679 1.05648
5 S35 1.06870 1.04701 1.95782 1.05674 1.06815 1.05663 1.05693 1.05662
6 Ses 1.06872 1.04700. 1.05786 1.05677 1.06818 1.06649 1.05667 1.05696 1.05665
Based on EIOF/R-IV
18, 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 Sg 1.06569 1.04416 1.05379 1.05321 1.04340 1.03404 1.05210 1.05253
4 816 1.06625 1.04336 1.05402 1.053C5% 1.04322 1.03387 1.05258 1.05301
5 832 1.06636 1.04322 1.05416 1.05308 1.04326 1.03391 1.05272 1.05315
6 5.8 1.06638 1.04321 1.05621 1.05310 1.04328 1.03394 1.03505 1.02398 1.04753 1.05275 1.05318



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.

“wo basic cross-section sources2 were used in this study, ENDF/B-1V 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, so NJOY was used to process the ENDF/B-IV
234U data into the NJOY libraries.)

Siuveral 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 flssion sources were obtained by weighting constituent
isotope chi vectors with the isotope's density and volume average cross section
for neutron production. The individual isotope chi vectors for the various
cross—-section sources and groub structures are obtained from the MINX and NJOY
runs mentioned above. The volume averaged cross sections for neutron produc-
tion were taken from the 50-group, 548P3 ONETRAN5 runs that used the old chi
vectors. Thus for JEZEBEL we have composition-dependent fission source vectors
in the 50-group and 240-group structures, based on ENDF/B-IV (LIB-IV) and in
the 50-group and 185-group structures based on preliminary ENDF/B-V (PRE-V).

Chi vectors for GODIVA were generated in a similar fashion. All of the chi
vectors and group structures are displayed in Appendix A.

All of the results presented in this report were generated with the ONETRAN
cbde 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 calculatiouns 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, depending on the 1DX 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

folliowing meanings.

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



TABLE V

JEZEBEL 0 ‘;'238

Cross Sections from MINX or NJOY

Cross Sections Through 10X, 50-Gp, 01d Cht

50-Gp Only 1 Elastic Removal Ters
Comp Only 10 Downscatter Groups PFull Inelsstic
Comp Chi PP Full

> . 01d CMF . ghi ;85-61: - zt.o—c%, Cochi - Sterate — Freiterate Elmstic

0 1 2 3 3 3 3 2 1 0 Sige=5 Sige=0 Sige=5

1) (2) 3) (OR (5) (6) (1) (8) K¢)) (10) .@# (12) 13) (14) a3
Based on Preliminary ENDF/B-V
1 s, 0.24224 0.24135 0.23960 0.23952 0.23960
2§, 0.24394 0.24115 0.24249 0.24247 0.24561 0.24171 0.24173 0.24171
3 S, 0.24436 0.24075 0.24292 0.24270 0.24585 0.246226 0.24227 0.24226
4 s16 0.24447 0.24064 0.24311 0.24277 0.24592 0.24240 0,24242 0.24240
5 8§ 2 0.24650 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 ‘0.24256 0.24245
Based on ENDF/B-IV
7 s, 0.24384 0.24288 0.24101 0.24107
8 5, 0.24555 0.24263 0.24400 0.24398 0.24302 0.24173 0,24314 0.24320
9 S8 0.24597 0.24221 0.244446 0.24423 0,24324 0.24196 0.24370 0.24376
10 516 0.24609 0.24210 0.24462 0.244628 0.24331 0.24203 0.24384 0.24390 0.24385 0.24384
11 532 0.24612 0.24209 0.24468 0.24430 0.24334 0.24206 0.24388 0.24394
12 sba 0.24612 0.24208 0.24470 0.24431 0.24334 0.24206 0.24245 0.23981 0.24391 0.24389

2N

0.24395



TABLE VI

‘GODIVA & lfj -238

Cross Ssctions from MINX or NJOY Cross Sections Through 1DX, 50-Gp, Old Chi
50-Gp__ _Only 1 Flastic Removal Term
Comp Only 10 Downscatter Groups _Pull Inelastic
Comp Chi — Pull

. 5 OL“_CMP 5 ghi :85" Gp 5 Z‘O'G;’ 63!%1 P iterste FP=iterate tic

0 1 2 3 3 3 3 2 1 0 Sige=5 51 =0 —sige=3

Q) ) 3) [O) () 6) ()] (8) 9 10) ) Qaz > ay z—r‘—[:u
Based on Preliminary EWDF/B-V
1 £, 0.21052 0.20987 0.20745 0.20749 0.20748
2 s, 0.21175 0.20887 0.21012 0.21014 0.21217 0.20926 0.20230 0,20929
3 s, 0.21201 0.2081% 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
S 332 0.21210 0.20802 0.21016 0.2099% 0.21199 0.20978 0.20982 0.20981
6 S“ 0.21211 0.20802 0.21015 0.2099% 0.21199 0.21157 0.20978 0.20982 0.20982
Masad ou KMDF/B-IV
7 8, 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 s, 0.21511 0.21098 0.21289 0.21277 0.21080 0.20373 0.21237 0.21248
10 516 0.21518 0.21082 0.21294 0.21274 0.21077 0.20870 0.21247 0.21258
n Say 0.21520 0.2}02% 0.21297 0.21275 0.21078 0.20871 0.2125Q 0.21260
12 8“ 0.21521 0.2307$ 0.21298 0.21275 0.21078 0.20872 0.2089% 0.20673 0.21123 0.21250 0.21261



TABLE VI1

sezesen & V2%
Cross Sections from MINX or NJOY Cross Sections Through 1DX, 50-Gp, 01d Chi
- Only I Plastic Removal Torm — -
Comp Only 10 Dovnscatter Groups _Full Inelsstic
Comp Chi . - ral1
01d Chg Chi 185-¢ 240-Gp, 1
¥ P = P P P ? f, Cag% B _iterate ¥r=1 _ __ FP=iterate Elastic
0 1 2 3 3 3 3 2 1 0 Sige~5 Sige=i, Sige=5
(¢9) 2) 3 (OX 5) (6 D 8) (4] a9y Ay (12) 13 m_)__’is
Based on Preliainary ENDF/B-V
1 5, 1.23541 1.23614 1.23538 ..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 1i.23645. 1.23371 1.23516 1.23515 1.23529
4 556 1.23521 1.23660 1.23/648 1.23647 1.23373 1.23516 1.23515 1.23528
5 S, 1.23521 1.23661 1.23648 1.23647 1.23373 1.23516 1.23515 1.23528
6 S, 1.23521 1.23561 1.23648 1.23647 1.23373 1.23318 1.23516 1.23515 1.23528
on F/B-IV
7 82 1,25398 1.25476 1.25413 1.25413
8 5, 1.25367 1.25505 1.25487 1.25487 1.25487 1.25385 1.25376 1.25376
9 S5 1.25361 1.25521 1.25493 1.25496 1.25495 1.25393 1.25369 1.25369
10 516 1.25360 . 25525 1.2549% 1.25496 1.25497 1.25395 1.25368 1.25367 1.25473 1,25472
11 8,4, 1.25360 1.25526 1.25494 1.25496 1.25h97 1.25395 1.25367 1.25367
12 5,4 1.25359 1.25526 1.25494 1.25496 1.25497 1.25395 1.253393 1.25426 1.25252 1.25367 1.25367



01

TABLE VIII
coptva g § 23
Croas Sections from MINX or NJOY Cross 8 Mmtw
Only 1 Filasiic Removal Term
Comp Only 10 Downscatter Croups _PFull Inelastic
Comp chi — Tuil
T_"To_u_a!?'__i—— g“ %”'GP l,—24—':""E%'—Mhl,—i-——l,— iterate =1 Freiterate Elsstic
0 1 2 3 3 3 3 2 1 0 “Sigee’ Sige=0 s1
(¢)) 2 (3 (O) (5) (6) (€)) £8) 9) (10) 71‘51 Qaz i3 _‘@T—‘g@—'
Based on Preliminary ENDF/B-Y
1 8, 1.23281 1.23348 1.23322  1.23311 1,23343
2 5, 1.23273 1.23385 1.23380 1.23380 1.23253 1.23312 1.23300 1.23333
3 8, 1.23274 1.23399 1.23394 1.23392 1.23266 1.23313 1.23301 1.23333
4 8, 1.23276 1.23403 1.23397 1.23395 1.23269 1.23313 1,23301 1.23333
5 8,y 1.23273 1.23403 1.23377 1.2339% 1.23269 1.23313 1.23301 1,23333
6 8. 1.23273 1.23403 1.23397 1.23396 1.23269 1.23215 1.23313 1.23301 1,23333
Dased op ENDF/R-TV
7 8, 1.25%69 1.25437 1.25403 1.25415
8 8, 1.25351 1.25480 1.25466 1.25465 1.25472 1.25366 1.25379 1.25392
9 8, 1.25349 1.25499 1.25479 1.25479 1.25486 1.25381 1.25377 1.25389
10 5, 1.25349 1.25503 1.25482 1.25482 1.25489 1.25384 1.25376 1.25388
11 85, 1.25349 1.25504 1.25482 1.25482 1.25489 1.25384 1.25376 1.25388
12 8,5 1.25349 1.25504 1.25482 °1.25482 1.25489 1.25384 1.25383 1.25406 1.25246 1.25376 1.25388



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

SigemS - five iterations between the elastic removal cross section and flux
were performed.

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

Pi - an 1th Legendre order anisotropic scattering calculation was made. If P
is missing, a P0 calculation with the transport cross section was made.

S, - an ith angular quadrature order calculation was performed.

i

Comp. Chi -~ a composition-dependent fission scurce 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 18 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,]) represent the eigenvalue
in the ith row and jth column, then E(6,11) would be 1.00761.

ITI. 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 exszmple, if one forms the following differences in Tables I through IV,

E(i+6,i) - E(1,]) fori =1, ..., 6 and =1, ..., 5, 11, 12 ,

it becomes obvious that for JEZEBEL, the preliminary ENDF/B-V cross sections
increase K by “0.00870 and increase R by ).00801. For GODIVA, the preliminary
ENDF/B-V cross sections decrease K by ~0.01726 and increase R by n0.00367. 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) for 41 =1, ..., 12 .

With respect to using the old chl (seec 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 1is used, a composition-dependent
chl for JEZEBEL will decrease K by v0.00019 and increase R by “0.01420, while
a composition~dependent chi for GODIVA will decrease K by ~0.00162 and increase
R by ~0.01141. 1If LIB-IV is used, a composition-dependent chi for JEZEBEL will
decrease K by ~0.00042 and increase R by v0.00366, while a compostion~dependent
chi for GODIVA will decrease K by ~0.00066 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(4,5) fori1 =1, ..., 8 ,
give us that comparison. Totally PRE-V for JEZEREL 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 n0.00008 and lowers R by
n0.00087 while the 240-group structure lowers K by “0.00035 and lowers R by
),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 A0.00109 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 1s common practice to limit the data input by limiting the
number of 1nelastic downscattering terms to less than the number of groups. The
effect of such a data reduction was tested on JEZEBEL by comparing results from
& 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 scattcring matrix was tested

on JEZEBEL,
E(10,15) - E(10,14} .
Providing a full elastic scatteriﬁg 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(4,11) for i =1, ..., 6 ,
and for JEZEBEL, iterating does not affect K and increases R by only n0.00009.
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(4,12) 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 "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 Si and Pi calculations have been made to test the ap-

proach to S In general, the approach to S_ or P_ 1s relatively unaffected

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

or Legendre order. The tables show that S&B and P3 calculations are well into

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

The tables allow one to convert practically any SiP1 calculation to an

348P3 result, which is also very close to an S P, result. However, the monotonic
and smooth behavior of the Si
trapolations to reasonably estimate the 368- S, difference. We have estimated

this eigenvalue difference for JEZEBEL and GODIVA to be “0.00009.

results allows one to use plots or numerical ex-

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)1
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 516 > 548 [E(12,7) - E(10,7)]
0.00009 548 >
0.00870 ENDF/B-IV -+ V [E(6,4) - E(12,4)]
1.00137 corrected eigenvalue

S, (see Sec. I above)

+

APPENDIX A

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



- s «
W= R OB NGNS e l'

ENEAGY
(Ev)

LRI LLIXY )]
1 RINURELAY
0, NeS31Eedn
3,0TAT9E ¢ o0
2,25130E04%
1,353358¢0b
A 20050E 08
S, 97871E+08
3, 077426498
3,01978Eeuy
2,35170E0 00
1,FY156E009
1,020428049
1,1 100AEeUS
0,65170¢0¢00
0, 73705E0da
S, 28732¢Ce 80
8, 006776000
3,18270Lk¢d0
2,87075¢E¢08
1, 93RuSEeds
1,90340E¢0a
1,17088E¢ 08
0, 11082800y
T.10174E¢0)
S,93000E 0}
8, 3070%E¢08
3, 354036000
2,61259E¢08
2,853000004Y
1,50081E00Y
1,23410E¢4)
S, 0111 704>
7,885 18008
9,82947E¢42
4,53999E¢3)
3,.53%975¢Ce42
2,75308E0 82
1.0701 76002
1,01301E¢a2
6, 104218001
3,72605€0 4
2,26M33E0 81
1,37090E0 41
8,31529Ee4n
9, RG3aALI IR
3,05982E¢ 40
1,85539E 40
1,1253%€E¢00
6,8256nE-4)
1, RIREBE»IY

iten
wity

b
%9
1
."
5.1
%
52
Xs)
¥4
X4)
29
.?’
29
S
x3)
«?3
«?8
«?5
«25
S
S
3
X4
%4
2%
S
23
25
23
23
S
X4l
23
.5
5
3
.zs
%92
%
30
L)
39
L)
%0
«59
84
«Sd
.s'
il
11.13

L
ent

2 005PREYS
3.,23930Fe002
1,2183%E0p!
2.10381¢Ee0!
2,223 700!
1., 72%2%¢=01
I EIRATTT )
A AT T2Y T
2,68500Ey?
l.°etl't'0?
t,38100¢an?
9, B8A9AREenY
6,9 60ukEey)
4, Rg9%00¢=a3
Y, \a500cenl
2.33%500cey?
'."."E..‘
1.,13100Eey}
7.020pPgens
[ TLILITY 1]
3. 92000004
2.97PpRE 8
1.77000¢=00
1,02000Fegd
8,89000¢c-09
5.MR000E -3
‘o.'...t..‘
2.:|0|lz-ls

1,00000E-06
1,00080c00
1,P0000E=06

TABLE A-1
KdeGF STRULTUIF ANN FIQSTON SOURCE VECTORY (NLUTRONS/F 1SS]ONY

JE2EuFL
{ IRty

~—ful

2,507 7N
3. 1NOTuF N
1,20584F el
2.29895F =1
2,225%Fan)
1, 7208%¢ N
1,1086F%;
3.02177F a0
2. 660PTF N2
1,08710Fem
1, 3R900F aR2
9,06717Fe")
0,95027F03
A4 8T911FeP}
3.4PpR0F 4N}
2,30060FaN)
1.64408Fa")
1.138%2F03
7,86001F%
S, 83224F Py
1,79090F o R4
2,501040 ale
1.778%30F=04
1,22402F N8
8,42471FenS
5., 79599F S
3.084A2F8S
2,741 620N
1.00317CeRS
1,298 14F RS
0,90107S5Fefe
o, 12502F ey
4, 21681F e
2,8% a3y
1,38992F 0
1.3670%F Ry
9,399217.07
1.3%0eEany
$.149%8E47
2,43208F.07
1,18908F 07
$5.32781F=Ng
2,56394F08
1,21112€=08
5, 12096F N9
¢, 17240 =79
1,276%2E09
0, 229ATF=1U
2,848%20=14
2,58078Fa1y

Pikfev
fnt

1,5150R¢ =43
2.,71541Le92
1,22002¢ =
2,200U1t -0
2,291 15¢ o1
1,71025¢L =91
1,MoSduE=91t
Y, 81990¢ 02
2. 94082002
1,90138] <2
1.,20%00Ly?
LLIATYIRT'))
o, 30834t w0
8,8080% 9}
3,11035¢ey8
2,1%437e=9)
1,88006¢ <y
1,02704L03
7,08492¢ 04
4, 0792704
3,3%03%; =08
2. 310)ut =00
1,%5800% eys
1,09245F=p0
7.90000¢L 95
Sc1610AL =38
S, 94787 apS
2,43R810) <08
1,07540L «¢%
1,13138E=0%
T.91212E=00
S5.8374St =00
A 152 1T LIXTTY
2.,50780E w00
1,7e8430=40
1,2124SE 0
P, 33193E=07
9, 00057€-07
84,5024 =97
P.1%a75; =07
1P 7681 ~97
4,80b16L=00
2, 20052E =90
1,76021=0A
S.MuTeIL=0®
2,30155¢€u9
1,109 AE=09
S, 14721t =10
2,%8227¢~10
2,1192A =10

pNOIvA

oLo
1]}

1+9A2RAF N}
FLRATLELEY F
10121 T0F =B
2105204EeR)
202051 0Fel]
1077776F 0
121517889
3.79309E=R¢
200 339FaN2
IO LLE T R4
lodbulyr=02
1euU)60FeP2
Te353RUEeR3
Se160M0E~P)
3e00SARFeR}
2,SC9REFe R}
1o704PBEePY
1e206R0EsR
[ IS LT LLIXT I}
L YR AT LI ILLT]
3.97uRaEeRy
2 73800F 0y
1:099PYERY
1o JARRAF Ry
Sr9RRRJERS
6o 1 PUNBERS
8920INREPS
FIX LI LE LEE 1Y
22 00URAEAY
1.4R0NAE RS
LY LT 2. T
s dPRROF =08
S UINPAF 8
L Y-LT LTI 1Y
24 0PPMYES AL
140P2RAF By
IRy LI LET T
1e0RUNUFePe
IRy LT L1211
[ 1)

e

Qe

Qe

"

'

de

de

de

Je

B

tTuelv
[4.)

1,849y 76}
2,6uSubtey?
1,10001Ee01
2,A5R94t e
2,24929¢t 01
1,790266 01
1,16380¢8e4)
ALY LT H
2,R3A10E002
2,P0S85E=D2
1,8004% 02
1,P563% w02
T 88A58E 9y
5.23523¢E+0%
Y,05750EepY
2,%90012E«0%
1,707TatE"0Y
1,22036E~4)
6,de88% =08
5,84002¢08
S, PLIB0E=YE
2, 7700700
1, 9102RE08
1,31700¢k 00
9,80909%C 0%
6,280 TES
8,29231E0%
2,95103€05
2.,P293Ee0S
1,39563L 00
9,50495C20
6,59%0Aknus
8,834 7Eep0
3,11673¢k=00
2,14233En00
1,07253E w0
t,01212€=06
1,1 71370¢8 80
5,5440SEe0?
2,61915C0?
1,23733€=47
S.FudBIE~LA
2,76P02E A
1,001 7TE-08
6, 1604AE )
2,91881E=09
1,374%%key®
6,493 3teln
3. PoT10EeP
2,74567¢ce1P

PREev
AL

1,2919560)
2,4872ufFePQ
1,13213F R
2,12314f =00y
2,2R328fF =0}
1,764%6F <My
1.120PnFefy
3.08230F el
2,71262t 002
1,96924EeM2
1,49297€aR2
1,01085f 02
1,12012F R}
5, 01uRiEeP}
3, uf00 7t}
2,4R095F-03
1,60003k03
1.18270E«R]
7,08061Eefs
S, e0119FePu
3. 71875F ety
2,500 0t ey
1, 7507F Py
1.,20)04fe0d
§,2%226¢ 0%
5.,06020E005
31,0007 1Fe05
2,6710u4keny
1.,8%a0380%
1.,2%992F< S
83,0829k 00
S.98305EeRp
1, 00207E=0p
2. 00300Faly
1.92010€00
1,32323F ey
9,09969F 7
1,09307F=0¢
8,97419FeP?
2,380°QEeR]
1.1P851F by
$.2%632F e}
2,47263F =08
1.,16773F =P8
$,51316«09
2,59423EeP9
1,29053F« Py
5.,0718uf10
2,508670e 14
2,19997€«10

15



16

|ﬂ
WS e »

LT v

- - e
Y —

-
& W

- ¢ o o
PN N - Y

wyvinN VNNV Y
-8 ODNTSE NG

-
& v v

-
w

sl o
LN N

[ N -]
WA -

e e
L

sELe e
Do -

ASAAAARAIAN ANN
DO NE SISO~

*e>
LA

TABLE A-II

JEZFReL

ENLROGY 1ETH Pafav

{FV) win?v4 tut
2,70040Ee? [ AAR A 2)luige2?
1,80A25E607 125 4 ,924p2Fe0b
1,688 e 0S4 T, 72111E=ph
1,56R11€6d7 0% 1, BANT1E=]S
1,491n3EeDT 325 ) Mul21genS
1, USU99Ee AT 225 1, 3¢3B5FeaS
1,41997€¢ 37 025 1, TeRT4EenS
1.38un8¢Ee0? LAY 2,71S5BREeAS
1YL CYYX YY) P A25  2,90607FEenS
316506047 (ndy 3,683)2F35
1,284p3EeAT 125 3, 92%1Eeau
1,18815E047 (175 9, 82U31E-44
1,PIAUAESLY 125 2,23P29Fe4t
A, B2097E406  ,12% 4,4019%5.2%
TLIBRQ1ECRR 129 A R2316Eeq?
6,8720%E¢d6 125 1,3A157Een?
€, MOSJ1ECLS 125 1,91621F9?
$,3%201E006 12y ?,671P7gen2
$,72% TEs UG L1235  3,45029F <92
8,10R626486 125 4,29748E=n2
S,07870E005 125 4, 87904Fe(1?
3,24653E¢06 125 5,81825¢002
2,805056004 125 S,79181Een2
2,52MuAEeB6 125 5,99PW0Fen?
2,21130E¢06 175 6,0190964)2
1,9691260d8 125 S,%118¢en2
1,73774E+04 p125 3,6600%.52
1,53355E¢d0 125 5,32902¢e02
1,35339E¢06 125 4,937%ugep?
1,1948%E086 125 4,51%17F=n?
1,A5309Ee06 125 4, Br2e4ge@?
9,38148E48% (135 3,b638B6Ewg2
8,20850E44S 125 S.22188g-02
T,2430RE288 125 2,8262UEen?
©,39270E40§ 125 2,45839(ep?
S.bdtetEedsS 125 2,13722g«p2
4, 97871608 (125 1,84P99¢ep?
4,39%69E488 126 1,57869% .02
3.87702E4088 L1295 1,35A97Eep?
JLH2181E438 L1729 1,14955¢.9?
3.01974Ee@8 175 9,7572hg=p}
2,606U01E+28 .125 8,2558A¢a.p)
2,35178€38 125 6,%686¢-0%
2,07543E¢08 125 S, A695S¢eant
1,83156E¢08 125 4, 92A34g<p}
1.61638E¢38 125 4, 14V2Rg=n}
1,82602E¢2% (1725 3,47329¢en}
1425RB1E¢48 175 2,9BA75g-p%
1.01P9RE+DS 125 2, 8377Ppen)
9, RA3pHE 04 .175 @2,73612¢e0%
8,651 70E4d8 125 1,b69914¢en}
71,63%509€¢24 +12% 1,01521ceu}
6,7379%E480 iP5 1,17734Ee03
S,94622E438 (129 9,79010¢epd
$,24752E+49a 125 B, 13TudEend
8,63M03E0da 125 6,76122F«pd
4,08677C04s (12% S5,8159% .04
B, 63686E00a 125 4, be3adEepn
J.182708E40a (125 3,87182F.pn
2,04R79% 30 p125  3.21340gep0
2,47875E4004 125 2,66007E-04
2,1878%€E+08 125 2,2)12eMFepd

18302 STIUCTURE AND FISSINN SNUBLF VErMTNas

rOrpva
PRt =y
£l

fLAV 15 en?
9, 17R%2F < p
b, UNU12F s
1.10144Fa?y
8,79527 o0l
1.149915F e
L ,aR733F ey
l'.Q|b|°F-)‘J
2. USH9F 25
3, 1A9RpF s
J.INSRQF alVy
B,ulyqGaFery
1.9%3922F=0}
3,91752Fe"y
1,29 F e}
1,16317Fane
1. 750€gF aitp
2. 4481 1Fan2
3,19189Fany
3, 9l608Fan2
4,015 7Fep
b.179A7F N
$.9934A8Fe?
S, R420U4F N2
$5,92604F =2
9.86u%6F =02
S.bbRUGF 2
5,37 PA3F R
Qs 22A81F 2
4, 6P107F02
U, 2R IAF el
B, 7R9¥QFunp
3,38099Fe 22
2,97813Fen2
2,51 701Fan
2.2RuppF o2
1.37785Fen?
1,7%4mbF 2
J,ub197Fn
1.25087F«0
1,26540Fe0p
9.2%02Femy
’.quOQF-ﬂi
6,475%5Fen}
9, 4% auFan}
4, pl16AAFanl
J.8hygudF -0}
3,25182F«1}
2, 77219 e}
2, 2R271Fe03
1,90qu6F-n8
1.58S11f 3
1.316A5Fe2}
1,19325Fa23
9.2%u14F =Ny
1.52902F=Mu
0,2“603?.“0
S.18AA3F=Ay
4,29 230y
3.56213¢F=04
2,95318F ey
2.48793Fany



$%8 2y
Fv)
1.,93Rru8E2 00
1,73302E¢00
1,99%4d0E+ 82
1,32678E+00
1,17P88Ee RN
1,A333MEe 00
9, 11A82E+ Y
8,04731¢40%
T.18174E¢%
¢, 26727640
S,93034€E¢2%
4 NB09SEBY
4,3070u%8e Y
I, NO129E¢DY
Y,3%403E¢0Y
2,96PuSEeDY
2,61259600Y
2,30560E ¢33
2,034nAE QY
1,7956RE¢ 4
1,984e1E00Y
1,39RG2E+¢Y
1,236 10E 03
1,00000F+0%
L G1117E002
8,88102E+9
7,08518E+32
6,02%568E¢02
$,8294TE+QD
L ST IR
4,83990F ¢y
4,006538482
3,8357%¢C¢42
3, 12029649
2,75%e8L082
2,u3008E002
2,166%0¢+02
1,8902552+32
1,67037¢02
1,47392E¢a2
1,32073E+22
1,14789F+0)p
1,03301E+40p
8,9397AE+ 21
7,88933F¢01
6,96231E+01
G, 1AUR1Ee
$,42225€+0)
4, 7852601
4,2220%E+01
1,7d6068E+0y
3,28A78€E¢4
2,90232¢E+ 0
2.5612%E 0
2.,206033E+¥y
1,994 73E+0y
1,76A3SE«QY
1,35350E R
1,37096E¢09
1,2098%E00)
1,P6778E¢ 91
9, 42246E0Q0
0,31%20E+30
T.33R22E000
6, 47S9KE+ U0
S.715a1€6+2n
$.043u8Ee 00

~

1ETH
LR AR

» 128
S128
,195
, 125
P25
128
#1258
129
129
125
#1258
, 129
,128
P129
125
L1725
S195
128
P 125
,128
p123
,125
s128
125
o135
19§
2125
$128
128
P 135
#125
125
» 128
s 129
£125
128
#1258
,129
P 125
P129
P 125
2128
P12
P 125
125
£ 125
125
. 128
.1?5
P 125
p129
125
,12%
,125
£125

125
125
125
175
2125
125
»125
$125
£125
<128

JE7ERe
PifeV
[&XR

1,8354PE=00
1,52205¢04
1,76203F=04
1,00% ¢4
A, 686UTE0RS
7.20279¢«05%
§,9724u6€=98
4,945205¢€<2%
$,10502€-09%
3,4nunTeens
2,8221REe0S
2,3397PF« 9%
1,939 7€2S
1., 6080PE«pS
1,3330%¢2S
1,18%87¢-0%
$,16070Fepb
7.50407r-00
6,09%26F000
S, 21ASTE=p06
4,326p1F=06
3,58611Ee06
2,97279%F<a6
2,4643PFepb
2,04202€-00
1,b0%42F-00
1,0P379E=06
1,16369 =06
8, 64645c-07
7.900670€e?
6,029 127
8,4953Sg.p?
unSSSS‘E'H'
3,77641F=27
3. 13P87E=0d?
2,5051AF=Q?
2.15137¢07
1,70%45¢2?
1.478406E=07
1.22563c07
1. P1eutEenn?
8,82282E+00
6,98245Ec=00
S, 7888 .08
q,99857F=0A
3,970p1¢epN
3,007 71AFe00
2.73386E00A
2.066192e08
’l"a,af.aa
1.55749¢=08
1,290117¢e08
1.,07°38E028
8,.8371128-09
7.3526ME=00
6,P0UB9E0?
SQQS?G’E.GQ
a,18%672=09
1. 860u02¢09
2.07218¢09
2.00B872p0
1,97315¢€«09
1,61%806 09
1,3550AE=y"
1,12309E Y
.u".',f.'.
7.,¥2032€00

rirtva

JRi ey
o
2.07809F ey
[,.ﬂlﬁﬂ'o‘"
1.393%A1Fefy
l,]%d‘b'.'d

"9,5T007F-25

7,93113Fe05
6.57213)Fe05
S,UUS2F QS
4,51287Fa2y
3,73914F<NS
3. 4988 3FanS
2,56755E 05
2,12788Fe08
1.76301Fafs
l,“hﬂ"fi“s
1,21¢A3E05
1,80322Feny
8,313%¢F00
6,8R045Fafy
5, 709%7F ey
Q,731Q9FeRp
3,32116FePs
3,249h6F oMo
2.89393FePp
2,2320%F =0y
1.0U9A0FsNy
1,53319Fefp
l.l’ﬂ?ifcﬂo
1.05320Fa0p
8,729223F=07
71,2351 1Fa07
5,996A2F <07
4,97051F=07
4,11900F.07
3, ulunoFan7?
2,8%094EeRY
2,3Ued1Fan7
1,94077¢a07
1.61203F=PTY
1,3362uE=n?
1.1°7763Fet?
9.18140E08
7,61849Fen8
6,308Y8Fen8
$,22941Fef8
4,33505F 08
1,59341F=08
2,97874F <08
2,0h915Feng
2,70619E«28
1,69669F=0n
1.4P6U9F 08
1,16586F =08
9,66U89F 09
8,311%9F =09
6,680ATF 09
§5,57511Fang
4,50348Fe29
3,780 0Fen0
3,1302¢Fen9
3,5'9'7?-09
2,15521FeM9
1,.78641F=09
"“09‘6'0"9
1.22713Fe29
1.217%Fe29
B.,u25%2F=19

17



18

(] ]

139
11
132
113
13a
13%
136
137
138
13e
142
141
142
143
184
148
14e
147
148
149
150
151
152
153
154
158
156
157
158
15¢
169
161
1602
163
164
163
166
167
168
169
178
i
172
173
174
175
176
1”n
178
179
189
18}
182
183
184
188

ENEFLY
(Fv)

4, 0890900
3.8278nEs 00
J,u663%C¢20
3. 0SONQEIN
2,69950E000
2,38237E44N
2,.31691L2¢80
2,2%113E+ 40
2, 172338000
2,W9048Ee0N
2. 01791Eei
1,935062E¢02
1,85539E¢+dn
1, 720082440
1,594 SE200
1,4574RC¢00
1,844908C¢00
1,3470%L480
1,10638E+00
1,12938E¢ 48
1,0080020010
1,072176+00
1,062318¢08
1,05250Ee¢000
1,00273¢2e00
1,81378E¢00
9,8422200)
9,53683¢249
8, 7042565
T.0207%E0
6,825 0k~
6,2506REel
5.31570E<
S,03235E-0
4,170 16Eed)
4,13990E=01
3,97605%¢E=01
1,20628€=01
3,01120€01
2,99737¢-01
2,T351NEeD
2,51028¢E-21
2,27690E=01
1,80820E=01
1,45721€E=d)
1,1158E~01
8,19683E002
§,69220E=92
4, 27551E=02
3,00116E-00
2,00931E~82
1,2394E+092
$,32872¢-0%
2,27608E0%
7.0021%E=92
2,52900¢E~00
1,83000E-08

1ETH
niNTH
#1258
125
P178
125
+12%
,028
.28
836
N
L0937
N LT
,0a2
872
~079
L004
- 009
108
P10
,0%0
024
L 024
'Ll
L IN9
N L1
, 028
930
2839
114
p136
, 888
p162
, @55
p108
P67
p106
P 109
1Y)
 OV5
,072
L0715
008
L1
s 230
p267
L1
. 308
334
pan
»303
P873
1,022
1,007
1.100
3.0

JE?FAEL
PifeV
Cut

0,80000¢-)0
8. 3014V 1@
U, 3080730
LY LILTSYL
‘o'i“‘["“
8., 840a%2e11
§,67057Ee11
o, 79% 7011
0, 897810
o,32008F«11
6,60715Ea11
6,39330¢ge11
1,00350¢c01 M
9,79917Ee11
$,849587 031
8,328A8¢c012
9, 32700ce11
9,11734pm)
2,%193Sg0 4
1,59001¢e1
1056.0.5'11
5,%50808p032
S,.85488r012
§,00219¢642
1,67231€e11
1,87348E=11
1, A1816p0)1
4,09205¢=11
4,937G=11
4,82130Fe1
2,60112E=1
4,10087ge11
1.,10202E=11
S, Jeljageyt
1,01685¢«42
1,980 %Fe1
1,21177E=11
8,978 7wy 2
3, % u8anE=y2
S,9982%¢x12
5. 0764912
6,310%6E«12
1.00%0g=11
8,74808Fe2
‘.",'BE"?
S M5761E=12
S, 57288E.12
l.iSfS?E'l?
1,21913¢0)2
8,15464F213
4,05997c0)3
1., 0a4329g1Y
4,87837¢Fe10
3,%4812¢«1%
2,.14%04ge15
2.,32702¢e-18

fONIVA
ant.v
cHl
6,95%00uF=1a
5,78505F =19
4,76287C«10
3,94690F«1R
$,26113F=10
6,81909F a1
6.18713Ee1
T.42709Fa1y
7,2P199Fe1
6.89929Fa1
7,30906Fe11
6,97279Fe 1
1,39808F=10
1,87276E=10
1,07810F=10
8,41308Fe12
1,02047F<10
9,962%0Ee1)
2.7%60bFe1
1,076%6F=11
1,048202Ea11
5.350AFe12
§,27555Fe«12
5,226A%Fe12
1.775A3 =1}
1.77791F=1}
1,99640E«11
4,04825Fe1}
5,40utuE=11
S,356P2Ee11
2,874sdFe1]
4,458%9E=1}
1.17888Fal}
3.05345Fe )
3,6%P07Fe13
2,12U8Fe1}
1,25104Fe1)
$.756%1Fe12
2.6UN%6Fe?’
$.638%7Fe12
S.18316F=12
6,200 1Eel
1.12992F=11
8.81710Fe12
6,69%77Fa12
U, 78AASE=12
3.17904Ee12
},B6415Ee12
9,769%4Fe13
3,82418Fe13
o,29176Fe1u
7.267886<15
1,41300E=10
2,97077¢<19
3,3170%F=22
.0'2‘.7[-2‘



[
CPNT AR N~ I'

TABLE A-1T1

248G STRUCTURE AND

FISSION SOURCF VECTORS

JE2EREL

ENERGY LETN Ligely

(EV) wip7TH (421!
1,997a8Ee87 01T T7,4020PE=07
L, v0U0nSEeDdY 925 1,457a%Ee0b
1. 91950E¢07 025 1,9738UEeQ0
1,R6825E¢07 L0285 2,65070Fe00
1,82212E+07 025 3,%378PEeps
§.77713E6007 L0825 4,84353E~806
1,73328€+27 025 6,1170UE=0b
1.09M40EeJT 828  T7,9%936Ee0b
1,64872E¢0Y p82% 1,02000€05
1,62801E037 . 22% 1,31815%¢°0%
1,56831E487 925 1,87831¢«08
1,52959240Y 825 2,12221F«0S
1,409183E407 225 2,669%66005
1,48499E+9Y .83y 3,3261ME=0S
1,41907E+07 D25 4, )RUROEw0Y
1,184036+27 825 S,00185E=05
1,34986E407 225 6,223022-09
1,31053E¢37 ,p25 7,87717€.09
1,284Q3E¢97 ,eps 9, 1710108
1,25232€+07 025 1,10399E.04
1,2214ME+Q? P28 1,33155Fe04
1, 191256407 ,925 1,%73S1E=04
1,1618%E+2Y ,a?s 1,86%74renl
1,13318E007 025 2,19627¢34
1,13517E407 025 2,97%a8r-00
1,A7788E427  ,025 3,P2808cenu
1,05127E+2Y  .025 3,49MQUE-84
1,82532€+BY 925 4,M3060E=pu
1,n20BPEYG? 025 4, ba3)8Ee-04
9,7S31PEeE @25 B,32P12€-04
9,51229€¢38  ,PB>5 6,069%1€=04
9,27T4uEw28 825 6,M0004E-pa
9. RuB3TEF2E 0225 T7,823pNEe0d
B8, RUSTERS 029 8,700g2ge04
8,63708E+86 028 9.87%01¢.04
8,39457E+%¢ 025 1,104a3f~0%
8,18731E+38 , 0825 1,230u6E00)
7,905 18FE+0¢ 025 1,3e0RP¢0Y
7,788a1E¢06 025 1,5116088%
7,.59872E¢88 325 1,06077E-83
T, UDB18E%98  ,02F 1,8317uEen}
Y, 22527E+36 028 2,006u9cep}
?.04688E+2 025 2,10R05Fa0)
6,8728%E+00 L0825 2,1840AFepY
6,70320E+06  ,an8  8,39192E=8U
6,64ToMECRe QP8 B, 63383F=@u
6,59230E+d8  ,bas  B,886R0F=04
6,53770€+8s P 025 2,80082E«n3
6,37620F+08 ,ezs 3,0M2202E2)
6,21888E+008 025 3,25158E-0Y
6,06531E+06 825 3,08%12€en)
S,91555E+26 025 3,73384Eea}d
S.7695REeU6 0850 A, 22873F~03
8,UB8 122 ,850 9,28134E=03
5,2204b6E4R6 2450  1,A3608Ew02
4,96588E+0s L9825 S5,60046Ew03
a,80329€+06 025 5,087 14EeD)
4, 72367C000 025 b,160b%E=A3
Q,6BT04E+B6  ,025 b,84116E=0)
Q,49329E+06  ,02%2 1,37198Fe02
Q274186006 L0808 1,402068092
a,PeSTRECR8  ,2%2 1,%09186F-02

GOPIVaA
Lig=~Tv
)

3,97918FAT
7,86383E-07
1,26200F«M%
1,U7823F«Rs
2.99003F =P
2,68514Fe0p
3,374e3Fe0b
4,720%8E=00
o.aaoomr-wo
8.84%12F=%
l 23099F-05
1, 5!1|u¢-as
l.t°u|uf-ﬂs
2,34187F =05
2 ohBaIFeRS
) 1£3321 010
4,15002E+05
.12032£-ﬂ5
0,269028e0%
7,o!a||r.ns
$,23348E05
1, lillaEuﬂu
1, Py2981Fend
1 S82A5Fstky
1,07430EeRs
2,20888F.00
2,5080 1804
3.320723Feu
0.353305-00
PGOSQSF-WU
5,34297E0y
o,aOuvsr.au
5,923%7¢8.04
7,83271Fa04
" »02639F 04
", 98770F 04
1,10796F«03
1,230485F-M
l 317305F 03
1 510!2!-”3
l 6718%F <}
l,ulo1oe-a3
2,21119Fen3
1 18882F My
7 32617F =04
1,!?9006-’0
2,39278Fe73
2,s°u;9r-ns
2,87 70BEDS
3,028%2F.08
3 25835Fe0}
7,2%674fFen}
a 2U321F.R}
o 2"6?6!‘-“5
9,05482Fe013
$,33%0P7Fe03
5 s7810FeN)
s 8B7Y7F=03
1,26170¢«P2
1,37305E«M2
1,4B150Fe02



20

99
100
101
19
183
184
10§
186
107
108
19¢
118
11
112
113
114
115
1te
117
118
119
120
121
122
123
124
125
126
127
128
129

JezeAael

ENERGY 1 ETH L1BelY

(EV) wiDTH ewl
J.86741E008 0% 1,80201Fep2
3,6707%49¢  ,263 1,709 7Eep2
J,49938E+40¢ 090 1,88051Fep?
3,320716408 025 9.12:288ep)
3,23de53E006 825 0,92071EepY
3,16637C406 0225 1,MPOAEep?
3,MB819E000 L0425 1,P28826e02
B, AL194Eede -, 098 2,10089Fen?
2,06SQ5E+06  ,0%2 2,1684UF=02
2,7253260068 0% 2,21273E~32
2,592u0E0R6 058 2,251842E-02
2,06597€¢08 017 7,58%34ge023
2,4251%€¢06 017 7,87241pe03
2,30521E486 A8  3,8u158E.0}
2,36525€+08 L an8  3,00171¢=p3
2,34S70E026 L, 017 7,86811Ew03
2,32686E088 017 7,637uBE-p)
2,26800E406 017 7,60826Ee03
2,2313PE008 0% 2,3104PEep2
2,12248E4¢6 L0900 2,31179(-02
2,01897E+36 L 02% 1,!15VPuUEep2
1,969126486  ,72% 1,15093g002
1,92050E¢88 0?25 1,14%)4zen?
1,87308E+06 L, 029 1,1uduPEsg?
1,8208uEea8 @%@ 2,2669%¢e02
1.73274E+08 0% 2,0374)Eep2
1,05299€408 225 1,!10567€-02
1,6121064096 ,035 1,00599¢.p2
1,572376+038 025 1,08%3fep2
1,55155E6+08 825 1,P7402F=02
1,49509E+28 898 2,11%84¢e02
1,42274E¢28  ,290 2,003ubE<22
1,35338E006  ,@%¢ 2,M@353k-42
1.237356+408 ,0%0 1,96P85E-02
1,22456E008 . B25 9,52969¢-p}
1,19033€+06 025 9,)7026E003
1,16084E428 2SO0 1,82831F=p2
1,130u3€406 292 1,%6050E-02
1,05399g+4B8  ,2%0 1,899 4c-n2
1,A2259E008 225 6,25200Feu}
9,7783uE408 @17 S5.321%2¢e03
9,6164UBE4R8 . 2M8  2,h5727Een)
9,53692E40% 258 1,36049Emn2
,27180E40% 090 1,%020%F.p2
8,6293AF¢08 .0%0 1,43789¢sp2
8,22A5RE429 052 1,Y735AF=02
T.RB817Ee0s  ana 1, 31 @2AE=02
T,4273bE¢088 LB82 1,24020Fep2
T.A6S12E40% .58 1,18753E~02
€,72055E+48 . ASQ  1,12842¢.02
6,39279E+98 |\ pS3 1,PT1B1E-D2
6,00121E¢2%  ,0%8 1,01%}Re~02
S.70443Ee DY #9880 9,6162RFep3
$.,50232E48% P25 4,83259.p3
S.3064TEe0S 025 4,48%4NEeQ}
S.23397€¢88 825 U, 36P0SEen)
5.10470E0d8 428 4, 23R71E-03
$,97871E+a29  ,2%4 B,127077ep}
8,73580640¢ %2 7,68239 .03
4,53092E408 P80 7,22876p-03
4,20521€009 050 6,00ueRE.p}
4,P7622640% 050 b,005%7cen}
3,87742€48% 050 6,09%539pe03
3,6881PE4498 450 S,60307Ee0}
3,5384uEees  ,p%d %,30081Fep%
S.33751E¢88 50 4,99%u%gend
S.17456€+2% 925 2,38tB6Ee0)

GONIva
LIRelyV
[ad!

1,59004fF 2
1,693%2Fen?2
1,79069F«02
9,29803E.03
9.517%:Feny
9,720l3¢ka0s
¥,925%8F.03
2,240n8EuD?
2,107a%Fe0p
2,165086Fe02
2,21372F=02
T,uR2A2F<03
7,07709r.03
3. 197%1Fe0}
3,76087F=03
7,59017Fen3
T.37319Fe0y
T.6U303F03
2,30019Fen2
2,31039Fea2
‘FISO?EFGWB
1,19545Fenp
1.15344F 02
1,15081Fef2
£, 20921F-0
2,26680Fe72
1.122%6Fe0¢
1,114%6€Fe02
1,1758%9F 02
1.09549F<n2
2,15960F 202
2,11313Fn2
2,362%0Fan?
2.aA773E=72
9,82397F73
9,67T621Fany
1.88974Fen?
1,82743E22
1,763460Fe02
B,57525Fe0y
S.637U4Feny
2,77470Femy
1.6%337Fa02
1,567%9Fan
1.572R6F e 2
1.43701Fanp
1,37212F 02
1.30943F=np
1.2471%7F 02
1.18p72Fe2
l.l?"olll'.ﬂz
1.37T025Fan2
l,B'ahsF.ﬂl
U, A7P8T7Fan}
4,73865E-03
4,.6M916Fen3
4,4R212F <R}
8,393n5Fa0}
8.114%uFea3
7,656‘3'.9]
7,216@6!‘-!3
6,799¢8Fen]
6,uRBuyFnn}
6’32905[-9}
5,05911F.03
S,31619Een}
2.53517Eeny



G

132
131
132
133
1%
138
13¢
137
138
139
140
141
j42
143
144
148
146
147
148
'YL
159
151
192
15}
154
15%
15¢
197
158
199
160
161
162
163
164
168
1606
187
168
169
172
171
172
173
174
173
17
177
178
179
180
181
182
3183
184
188
186
187
188
189
190
191
192
193
1%
198
19

ENERGY
(Ev)

I I TSYIXY-L
3,B1974E+28
2,9U8 |AE+DS
2,87240E008
2,83154€E04%
2,73237E¢08
2,599 1E+08
2.47238€¢028
2,35170€¢28
2,2370RE+08
2,12797c+08
2,082419¢E¢08
1,92547E+28
1,03190E+29
1,74224E08
1,69922¢+08
1,69727€+08
1,61638E008
1,97644E+0S
1,49958E+08
1,42042E008
1.35686E0UY
1,2906AE+48
1,227736+08
1,16786E+08
1,11090E¢@8
9,80300E¢00
0,85170€6+04
T,03508E¢04
6,73798¢+0a
6, 25109E+0a
S.V4622E+04
S,65622E¢04
8,24752E+ 04
4,b3002E4048
4,08677€E¢04
J,60058E¢04
3, 51752¢k¢0¢4
3,43A67E¢ 08
3,18278E+ 04
2,80A79E¢0u

2,60584E+00

2,U787%E¢ B¢
€,41755E+24
2,35786E+ 34
2.,107U%E+ Dy
2,13348E+00
1,93PuSEe By
1,72362€E+00
1,50%04E+B0
1,32678€+04
1,17a888E¢04
1,03330E¢@4a
9,11882E4DY
8,04731E+03
T.10174E+2Y
0,26727E+23
S.53084E¢023
S, haus1EeRS
0,82827E+&3
4,30743E+D3
4,097)8E¢0%
3,70744E003
3,35403E¢03
3,.03930¢403
2,8634%E+03
2,TUGSUENY

1LEYH

NIDTH

11
L 029
, 025
, 025
, 925
» 480
L0809
£ 080
, 980
,0%0
,9%0
, @50
, %2

s
i

125
re2s

» 075
;125
.75
L850
-025
, 025
.81
, 823
A100
2125
125§
#125
#2125
, 125
2125
2135
125
p125
2178
<102
F102
;098
, 089
100
,100
100
;858
, 002
<892

VEZEREL
LigelV
4}

2,30611E-23
2,23121€6-0%
2,10232¢-09%
2.,00342E0%
2,02600200%
3,85958¢00%
3,81402ze03
3,38255E03
3,10U54ED3
2,95938¢.23
2,3004uEe0}
2,%8513¢-0"%
2,41005¢=03
2,08%0%¢c.03
1,M7870E=03
1,03802¢€003
9,924
9.6328uge04
1,0320%0%
1,70%56€+0Y
1,90411¢w0d
1,46016¢=03
1.30507c0%
1,20042€03
1,20236¢0%
2,605780¢ce0)
2,02211Fe0}
1,866408Fe03
1.,% 9% 1rep}
8,0300Fapu
4,58981Fep4
o,84%83¢-04
6,22881E#04
8,92196g034
7.%6885E=p4
6,23148UE=gY
1,11157E=p4
1,871 Yeepd
2,98615E-0p4
4,29716E=04
2,22106E=04
1,349%06€904
6,%8282€-05
6,15055¢09%
l.!:aoag.na
S,302unE=0%
1,93061¢e04
2,04606F=08
1,69950¢e00
1,81089Ee04
1,17106E=04
9,71856F=05
8,3uUutF=nS
6,69190F25
5.95109%c-08
4,6049%¢-08
3,81976€+028
2,88111F=05%
!.!!!‘75"5
9.92%83¢000
9.204%10cenb
1,8u739¢85
ln“a‘n!"s
1.,22103¢-p8
6,3180% <00
4,19209¢=00
4, 89406r00

GOnIvVa
LIReTV
CH]

2,45605Fens
2,37905F«03
2.3P4150eN}
2,2¥1%1Fe03
2,16000Fe03
8,11034Fe0}
l,OSQZSF-us
3.,61888Fa03
1’1’9‘0!003
3,1017sFe03
2,95676F=03
2,763087403
2.58282Fen}
2,4125h8F03
1,14SA3Fe03
1,10717Fe73
1,86073Fan)
1,33348FeR)
1,90279F <03
1.03122¢a3
1,70799F4R3
1,59265€Ca0s
1,4M073Fen3
1,38379F03
1,2P903F.03
2’050‘7F-al
2,30080F03
l,'Q)’SE.ﬂ}
1,660%4Fen3
8.63101Feny
5,25360Feny
4,80uRbEePy
5.69007F Ny
9_,(,0007?-(!4
$,03004Feny
6,6R212F =0y
1,15199Fe0y
J.21175F=0y
4,022%2Fe0y
2.39002Fe2q
1,052"r.nu
6,86715Fe0S
6,81740F 05
1,00022F024
S,705%4F .05
2,001 72Feny
2,2”2’9F.ﬂ“
1,82918Fe0u
1,51882Ee04
1,26046Fe0d
1,80611Fe0y
8,08005¢.05
7,20293F 805
$.9750%Eany
8,95784F0S
.,]'2‘.!-“5
3,776."..;
2,19271E.05
1,00899Fa0s
9,9153%EFele
1.773% Eeps
1,82707E.05
1,31809Fe05
4,518%0F.08
S,0542260p

21



22

G

197
198
199
208
201
20
nes
hd I
ves
206
207
208
209
210
213
e
13
214
215
216
17
e18
219
229
22}
222
2¢)3
224
225
226
227
228
22¢
230
23.
P31
2338
L]
23S
236
237
238
23e
2up

Jezeael

ENERGY 1 ETH LIgelv
(EV) a1D7H £l
2,01290E403 Q90 4,35529ce00
2,u8317E¢8Y  ,17P0 7,79R23Ee0b
2,2u8a7E00N L1008 6,7881%Ce86
2,03060E00% 180 S5,77201Fe0¢
1,84106E+0% PIAD 4,9p%  uEepb
1,06386E403 390 2,21800F00
1,58401E¢8%  a%a 2,05076¢e00
1,50733E+0) 100 3,4822%<pb
1,36389F0% 100 3,16%08E-00
1,25010€+2% 250 6.12502E-06
9.61117E¢02 2% 4, 210800t
7,48518E+88 250 2,M0803eapb
S,82947E+02 250 1,%0952£<06
4,53990£4p2 . 2%0 1,)0749E=06
3,53579€+02 258 9,399197.07
2,73365E032 290 6,06R38E007
2,14050%02 299 4, 4un2ege0?
1,67017E002 2850 3,051832007
1,39071E02 L% 2,P9TGuE]7
1,P1301E42 298 1.4416uE=07
7.,08933E401 290 9,%pAuPEepd
6, 104218001 240 o6,81MP01E=08
4,785120401 298 4, bePa% 0l
3,72668E¢8) 250 1,21087E=00
2,92232E401 290 2,2109%¢.0A
2,26033E+ 0 290 1,%519%6Eep?
1,760356001 258 1,Aud3AF=pA
1,37000E¢01 250 Y,17792¢en9
1,P6T7AESDY 250 U,93332Eep9
8,31529¢+80 290 3,30P62€=D9
6,0759SE+PR 250 2,330314ce09
S.Pu3uBEedn 290 1,60162E-09
3,92Y88E¢00  ,2%2 1,10M7RE.Q9
3,29902E+09 . 258 7,%6552E#10
2,38237E000 250 $,19971¢.yM
1,85530E+02 250 3,5137PE-30
1,0UU9BE+DA 240 2,8%617€e)P
1,12535E¢20 ,250 1,6AM10¢e1D
8,76428E81 098 2,68R8SEe1]
B,33681E=81  ,2R0 N,9213RE=1!
6,8250PEe21 088 3,15326Fe1!
6,25062E=61 162 4, 82P75Ee)]
9,31570E=01 280 S5,4804%gm)1
U,13994EeB) 10.6%1 1,20043E=10
1,M0000E=08

GORIVA
LIB=TV
[Reb!

I;OO9IOEOG°
8,3800ufeN0
1,22047CeRs
6,21601Cehb
S,3%091F0¢
2.380%3Ee80
2,216A2F N
3,00U09E<0y
3,41305EePs
$,59599Fems
4,53418Fe0
3.11673Ee0s
2,14233Fenb
1,47253¢Fens
1.91212E«00
6,95657Fe 07
4,70137¢607
3,2R6897.07
2,25009F N7
1,552u0Fe87
‘,Obb‘b'-'7
7.3%322FN8
5,8UUN9F«N8
5,ubun2FeRs
2, JADARE-D
1,6%6%07.08
1.12462Fe08
7,12940E-%9
S, 312%3uF 09
J.65112Fen9
2.509%8r 09
1.774e 7009
1.18535F =09
B,l4678Fe1
5,59920F«18
3.84827F«10
d.0UUABFe1D
1,81 86F=10
€.886A2Fa1
9. 610Fe1)
3,39593Fat1
9.1911%Fe11
$.92182Fw1]
1.29697E«10




TABLE A-1V

RELATIVE NEUTRON PRODUCTION RATES

JEZEBEL GODIVA
LIB-1IV LIB=-1IV PRE-V LIB~1V LIB-1IV Pre-V
Isotope 01d Chi LIB-IV Chi 014 Chi 0l1d Chi LIB~-IV Chi 01d Chi
234
U 17.050 16.989 17.096
2
3By 21.971  21.957 21.586
2
38U 4,078 4,036 4,055
239Pu 25.949 25,938 26,193
“*Tpu 17.757 17.733 17.647
241y, 24.971 24,967 23.646
Used to LIB-1IV LIB-IV PRE-V LIB=-1IV 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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