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TESTS OF NEUTRON CROSS SECTIONS

by

Carroll B. Mills

ABSTRACT

Analyses involving the interaction of neutrons with
matter over the energy range of O to 1l MeV require a
knowledge of differential neutron cross sections as well
as the results of measurements showing the kinds and meg-

nitudes of these interactions.

The study of integral ex-

perimental results on neutron multiplication in a veriety
of assemblies and of the effects of inserting a variety
of materials into these assemblies permits examination of

cross sections for improved accuracy.

These improvements

are qualitative and indicate areas of interest for supple-

mentary differential measurements.

Materials of interest

to power breeder reactor physics and for application to
high-temperature, gas-cooled reactors were tested for ac-

curacy by perturbation theory methods.

The values were

generally found to be approximately correct.

I, INTRODUCTION

Neutron cross sections may be measured directly,
or they may be calculated from critical measure-
ments of material activation and reactivity value.
Because the intermediate energy renge of 10 to 105
eV is very difficult for quantitative resonance
cross-section determinations, direct energy-depend-
ent measurements of fission, capture, and inelastic
and elastic scattering are supplemented by reactiv-
ity value studies. Analyses of these data permit
first- to second-order corrections to nuclear re-
sonance integrals and total cross sections in the
resolved (0 to 100 eV) and unresolved (0.1 to 100
keV) energy regions, and above. Nuclear resonance
states above 10 keV become strongly overlapping,
and hence are smooth. Perturbation theory is the
analytical tool for reactivity measurements.

Perturbation theory has been described in de-
tail by Weinberg and Wignerl and others. Recent
formulations by Hansen2 give a gimple picture of
the results of applying perturbation theory methods

to experiments on fast (greater than 0.1 MeV) and

resonance energy (1 to 107 eV) neutrons. The major
portion of our results will be separated into ap-
pendixes because extensive calculations are required
for a systematic approach to cross-section evalua-
tion.

ITI. COMPONENTS OF INTEGRAL EVALUATIONS
A. Fission Spectrum
The neutron flux, $, is the integral of the

prompt fission spectrum weighted by scattering, and
prompt fission spectrum and the value of the delayed
neutrons in terms of neutron multiplication depends
upon the flux spectrum. According to Terrell,3 the

prompt neutron spectrum is well represented by
1/2
N(E) = (be/m)Y? exp(-5/1),

where T = 2/3 E and the average energy, E, is re-
lated to the average number, G, of prompt neutrons

by

1/2

E = 0.75 + 0.65(V + 1) MeV.



The production of prompt neutrons increases with
the energy, E, of the neutron causing fission

;=a+bE,

and the nuclear temperature T a&lso increases., These
constants for the fissionable isotopes have been

given by Terre]_13 and Berna.rdh as shown in Table I,

TABLE I
CONSTANTS FOR FISSIONABLE ISOTOPES

Isotope a b T(MeV) aT/dE
233y 2.47 0,149  1.36 0.02
23% 2.35 0.160  1.30 0.005
238, 2.313  0.15% 1.9 0.016
239py 2.94 0.129  1.39 0.0135
2405 2.19 0.1 0.01

1.19

The increase in E is about 0.025/MeV of incident
neutron energy.

The values of the delayed neutron fraction,
as computed fram the neutron flux in several crit-
ical assemblies by using the prompt fission neutron
spectrum from these constants, are given in Table
II.

TABLE II
DELAYED NEUTRON VAIUE IN TERMS OF Ak

Ak/dollar
Assembly Calculated Experi.mentail2

233y godiva 0.0029 0.0029
23% Godiva 0.0060 0.0065
239py Jezebel 0.001875 0.00191
235238y popsy 0.00586 0.0062
233y zpR-1II 0.00538 0.00538
Asgsenbly 12
2

350 ZPR-III 0.0060 0,00538
Assembly 29

Be Numerical Trangport Codes

The discrete ordinate multigroup transport

code for neutrons in homogeneous, one-dimensional

5

media, as specialized by Carlson and Lathrop” and

Sandmeier et &1.6
was used for this study,
The possibility of introducing errors by the

to include anisotropic scattering,

use of numerical matrix mesh sizes appropriate to
the specific application was examined by & simple
comparison of integral keff values, Table III com-
pares the results for 6 and 2L energy groups over
the range 0.1 < E < 10 MeV, In addition, the effect
of neutron capture below 0.1 MeV was found by adding
12 groups including 0 < E < 0,1 MeV (see the "18
group" column).

III, NEUTRON CROSS SECTIONS

Effective multiplication constant values, ke 1
were computed by using the appropriate fission neu-
tron-energy spectrum with multigroup-multitable cross
sections from the Los Alamos Cross-Section Library
file (LAZ).* Most of the evaluated data in this
file were provided by the University of California
at Livermore and by the Atomic Energy Research Es-
tablishment of Great Britain, Critical experiments
1 through 25 were provided by Pa.xton,7 and experi-
ments 26 through 28 were provided by Davey of the
Argonne National I-a-‘::ora.tory.8 Atomic densities of
component isotopes and radii are given in Appendix
A, The small differences in integral values of
neutron production, ke £27 in Table III were examined
in terms of (n,y) capture and total neutron produc-
tion for the separate isotopes, &s shown in Appendix
B, It appears that a comparison of these integral
values gives little insight into the causes of neu-
tron cross-section errors. The energy-dependent
magnitudes of cross sections of these isotopes from
the several sources, a&s illugtrated in Appendix C,
show that the complex energy dependence cannot be
resolved by this simple procedure. We are forced

to use perturbation theory.

IV. PERTURBATION THEORY _
Perturbation of the composition or geometry of

a just-critical reactor changes the neutron multi-

plication factor, k, and starts a change in the

*The Magter Data Tape contains AWRE, LRL, and LASL
evaluated deta, Details on its contents are
available from Louis Rosen, leona Stewart, and
Roger Lazarus, Los Alamos Scientific Laboratory.



TABLE III
SUMMARY K-EFF TABLE FOR FAST ASSEMBLIES

GROUPS
EXPT 6 2L 18
1 U-233 1.,01063 1.01151 1,01074
2 GODIVA 0.9948k  0.99122 0.99529
3 JEMIMA(0.375) 0.98634  0.98548 0.98665
i JEZEBEL 1.00453 1.,00392 1,00480
5 U-233,0Y 1.01199 1.01232 1.01232
6 JEMINA(0.1625) 0.99238 0.98926 0.98608
7 0Y-0,7 IN,TU 0.9939%  0.99067 0.99%30
8  0Y-1.8 IN.TU 0.99706 0,99423 0,99697
9 0Y-3.5 IN,TU 0.99709 0.99393 0.99520
10 TOPSY 0.99655 0.99071 0.99001
11  0Y,CH2 REFL 0.9792 0.9844  0,9839
12 0Y,CH2 REFL 0.9834 0.9831 0.9846
13  OY,BE REFL 1,0140 1.0168 1,0143
14  OY,BE REFL 1,0005 1.0172 1.0026
15 0Y,C REFL 0.9987 0.9961 1,0151
16 0Y,C REFL 0.9962 1,0033 0.9970
17 0Y,D20 REFL 1.0053 1.,0011  1.0077
18 0Y,D20 REFL 0.9824 0.9792 0.,9925
19 OY,AL REFL 0.9997  0.9955 0.9996
20  OY,NI REFL 1.0075 1,0049 1,0083
21 OY,FE REFL 0.9805 0.9756 0.9809
22 0Y, W REFL 1.0049 1.0027  1.0047
23  0Y,TH REFL 0.9934 0.9905 0.9936
24 zZPR III(12) 0.9841  0.9802 0.9711
25 ZPR III(29) 0.9L47 0.9552 0.,9323
26 ZPR III(L48) 1.0619 1.0159 1,0396

neutron population., The rate of change of neutron
population is & measure of the reactivity of the
material introduced, and is a function of the neu-
tron cross section of this material, Perturbation
theory deals with very small changes in neutron
spectrum ¢(E,£(&) from that in a just-critical re-
actor of any size and composition. The probability
of a neutron causing a fission has been shcwnl to
be proportional to the adjoint flux; so that the
perturbation theory consists of a calculation of
the product of the probability of an event o, and
the adjoint flux o' . The reactivity value Ak/k is
expressed in units of the delayed neutron fraction
in the assembly (see Table II for the experimental
values used), The integral form expressed in the
multitable-multigroup numerical summations2 con-

sistent with the discrete-ordinates solution of the
neutron transport equation is
I FeA-T) AV

N A
k 5: ncFeA AV ’

where

£
oA = *\ug . X +
F (;: Yog g) (é: g Vop)

and

t +
= 21+1)(N - N .
T z,;:( £ (N, o Z 94gg g Vg

The terms are defined as

AV is the volume element;

g 1is the group number;

th = cplgAug is the total flux in group g;

¢lg is the flux per unit lethargy in group-width
Au and Legendre expansion term £;

v is the number of neutrons produced per fission
corresponding to fission cross section 02 in
group g;

N; is the adjoint flux in group g;

Un,g'*g is the scattering cross sections from group
g' tog;

&Z ig the total cross section;

n is the atomic density of fissionable atoms;

c is the value of the delayed neutrons times a
constent such that Ak/k has units of ¢ /kg

(6kdel = 100¢). The product %AVnF =

TAEIN (n vof) is the total neutron multi-
v g %% &

plication constant of the assembly.

Two sensitive functions are clear from the form of
the equation for Ak/k. First, if (as is the case
for fissionable heavy isotopes) O << 0,, be-

cause ut =0+ E' o , the value of the volume
g

a g'—g
integral for N e N+ determining neutron multiplica-

tion changes

Mk Mvo,-os-0,) .
k Vo, ~

or Ak~ (v-1- a)uf ~ @ is very sensitive to
the capture to fission ratio & = uc/uf. Second,
if (as is the case for light, noncapturing elements)
gg >> 0o, the integral Ak/k is sensitive to the



change in scattering cross section times flux from
group to group, and to terms higher than first-
order in the legendre expansion of the scattering
cross section, that is, to the neutron current,
Experimental measurements have been primarily
concerned with the product %hF, the effective neu-

tron multiplication constant shown in Table III,
and only occasionally with the adjoint flux de-
pendent measurements of reactivity Ak/k. Because
the latter adds a strongly energy-dependent in-
tegral function, these measurements are important
as integral tests of the energy dependence of the
neutron cross sections of the elements.,

Table IV provides a direct comparison of cen-
tral reactivity values using Davey's result38 com-
pared to experimental date and computed results by
using the Los Alamos Cross-Section Data File (LAZ).
It is clear that two different flux spectra in ZPR-
IIT assemblies 12 and 29 give no simple indication
of the error source, The large number of compo-
nents in these experiments (Appendix A) 8lso mekes
it extremely difficult to infer any improvements
although I)a.vey8 has had some success. Relatively
simple Los Alamos experiments were examined in de-
tail by using LAZ cross sections, the Los Alamos
transport code (D’.‘IJF-IV),5 and auxiliary codes,9
which provided weighting functions, reactivity,
and fission neutron spectra,

Central reactivity values of selected igotopes
(©Orndoft™®) are tabulated in Appendix D-1, -2, -3,
in a manner such that neutron flux spectra and
numerical matrix approximation effects are ex-
hibited, These central values strongly deemphasize
scattering effects because of the very small neutrem
flux gradients in the center of symmetric (multi-
plying) assemblies. Although many neutron cross
sections are very accurate, there are surprising
lapses, First-order corrections are attempted in
Table V,

TABLE TV
REACTIVITY REFERRED TO Pu

Assembly ZPR-III 12 29

(v-1- a)uf Davey LAZ Davey LAZ
value (mb) 3411 3081 3388 3082
Reactivity
(central,LAZ,#/mol) 43,51 26.50
Material re-
activity (mb)

Expt Davey LAZ® Expt Davey IAzZ®

2%y 1921 1910 2016 2012 1895 2112
238; _ 78 - 8 - 8 -104 - 93 - 78
2%,

- 231 . 287 -—- =229 - 295
10, =1399 -1068 -1380 -174% 21315 -1710
Ta - 344 -298 . 372 -38 -323 - L15

M -120 -13 - 96 -117 -13 - 78
Mo - 83 - 8 <« 47 - T4 - 68 - 29

8Referred to Davey's values above in millibarns
(Ref. 8) .

Scattering effects may be examined by compar-
ing experimental data with computed spatial dis-
tributions of material reactivity. These spatial
values of reactivity are sensitive to neutron flux
gradients in space (currents) and energy. Appendix
E shows this comparison (also for LAZ cross sections
and DTF-IV transport code) and strikingly demon-
strates the general excellence of the listed neu-
tron cross sections., The most surprising errors
are those found in the frequently studied isotopes
g 238 gng 240p,,

It should be possible to make first-order cor-
rections to the neutron cross sections by evaluating
the effects of smell and arbitrary changes in cross-
section magnitude as weighted by the several neutron
flux spectra in which measurements are available,



Factor on

Capt/Fiss/g-g'/n,on

Isotope

1, 1. 0.77

1. 1. .898
.78 l. l.
2, 1. 1.01
.6 1, 1,
95 1.05 1,
1, 1,023 1,
6 1, 1.
l. .987 l.
85 1.2 1,
1, 1, 1,
1. 1. 1,
.56 1,13 1,
1, 1,022 1,
1, 1,07 1,

l.

l.

l.
l.
l.
l.

BERAERSC 2 EREEE" "

TA LRL

TABLE V

CONSTANT TRIAL FACTOR ON CROSS SECTIONS

JEZEBEL GODIVA o ZPR-IIT ASS. 48
Orig Calc Expt Orig Calc Expt Orig Calc Expt
hg,362 45,184 62,800 50,462 49,346 47,800 -1,350 -1,350 -0,000
-5,902 -3.986 -5.300 23,024 17.392 17.800 -+533 -.408 -0,000
-25,591 -25.490 -0,000 3.679 3.598 -0,000 =305 =305 -0.,000
-398,270 -396,703 -0,000 -7k ,962 -73.30k4 -0,000 -22,981 -22,979 -0,000
-210,360 -209.537 -0,000 -47.,135 -46,093 -0,000 -9,912 -9,911 -0,000
-11,459 -11,414 ~0,000 2,040 1,995 -0,000 -.1h9 -,149 -0,000
17,248 15,436 15.500 6.233 7.120 T«300 =075 =127 -0,000
-190,740  -249,972  -251,000 -40,866  -53.979  =55.300 -16,478  -21,909  -30.8k0
-46,048 -45,867 -0,000 -1,396 -1.365 -6,900 -.368 -.368 -6,000
-7.285 -6,871 -6,900 1,702 1.576 2,400 -.125 -.118 -.017
-8,778 -8, 74k -9,900 2,043 1,998 -0,000 -.105 -+105 -0,000
-9.989 -9.,949 -9.900 2,01k 1.970 -0,000 -.112 -.112 -0,000
-12,865 -12.815 ~0,000 119 2116 -0,000 -.127 -.127 -.0k46
-1k ,651 -14,072 -1k,100 ~+110 -0k »500 -.149 -o1h2 ~0,000
-16,097 -16,034 -0,000 4,228 4,135 -0,000 - 461 - 461 -0,000
-22,17h4 -20,638 -21,500 -1,679 -1.450 - +200 - o227 -.198 - .20k
-5k4,555 47,570 -48,000 =5.626 -4,288 -h 400 -,419 =377 -+325
-60,153 -59,917 -0.000 -4,201 -4,108 -0.,000 -1.,120 -1,120 -0,000
-48,416 43,847 -4k 000 -3.326 -3,055 -0,000 -,610 -.576 -1,270
-112,830  -100,067 100,500 -13.833  -10.577 -0,000 -4 .695 -3.763 -0.000
-88,426 -112,k93 -82,300 «566 -k,790 -k ,000 =2,027 -3.508 -0,000
-85.343 -62,113 -6k4,700 -10,019 -4 ,676 -1,400 -3,836 -2,432 -0,000
1357.600  1352.261  1359,000 254,840 249,200 -0,000 41,549 k1,546 -0,000
1245,200 1306,286 1359,000 236,970 243,782 -0,000 41,736 Lk ,023 -0 ,000
725.320 722,478 ~0,000 120,750 118.07k4 -0,000 L,276 4,276 -0,000
797,770 815,250 8oL ,000 146,260 146,643 149,300 25.369 26,072 24,100
-36.678 -34,128 -35.600 -2,904 -2.441 ~0,000 -.316 -.279 -0,000
-120,280 -119,812 -100,500 -13.798 -13.hk92 -0,000 -k 602 -k 602 -0,000
820,610 805.793 804,000 152,880 147,4ko0 149,300 2k 646 2k 272 24,100
207,180 296,011 -0,000 53,022 51.849 -0,000 «596 «596 -0,000
102,650 147,212 114,000 18,571 24,611 2k ,300 -1,696 -1,099 -1,800
98.037 97.653 nhoooo 230653 230129 21&-300 -l-h58 -1-1*58 'lo&o
1591,100 1584,884 1592,000 285,850 279.528 285,200 37.430 37.426 32,200
854,870 1032,705 1038,000 132,680 163,269 170,000 -3.977 2,817 5.870
1556,800  1585.892  1592.000 281,230 281,166  285.200 34,075 34,882 32,200
982,890 1054 ,648 1038.000 157.620 165.879 170,000 5.Thk 6.462 5.870
1646,800 1640,351 -0,000 314,780 307.818 -0,000 60,718 60,713 -0 ,000
1494 ,800 1488,942 -0,000 275,570 269,473 -0,000 5k 922 54,917 -0,000




That was attempted in Table V, Columns 1 through
4 show the first-order correction factor used on
absorption (n,y capture + n,f fission), fission,
down scattering (total), and the (n,2n) reaction.
The effects upon central reactivity are shown in
this table., Improvements were made by the simple
procedure of changing neutron cross sections by a
single factor, but the correction factors made are
nonphysical, and are generally unacceptably large,
Supplementary information is given in Appendix F,
which shows first the effects of a simple increase
of 10% in each of several cross sections for each
of several multiplying assemblies, The central re-
activity distribution in energy gp* is also shown
graphically for these experiments, Note that the
energy distribution of the weighting function is
wp*/bu, where @ is flux, ¥ is adjoint flux, and
Au is the lethargy width of the group.
group-averaged cross sections used in this study
may be found in part in Ref, 9, and all are avail-
able in LAZ,

Neutron

V. SUMMARY

Perturbation theory increases the sensitivity
of energy dependence of integrals involving neutron
cross sections in multiplying assemblies. The sys-
tematic, comparative evaluation of large blocks of
date permits some insight into the magnitude of er-
rors and the energy region where differential cross-
section studies should be concentrated, Remarkably
good values are now available for neutron cross sec-
tions in the energy region above 0,017 MeV, but
many errors remain for megnitudes within our abile
ity to improve, A few examples may be found in
Table V, where the original reactivity calculations
must be redone with sometimes large and nonphysical
factors on one or more of the different kinds of
neutron interaction so that the experimental values
might be approached, Current associated work using
the simple change in multiplication conm;e.nts"]‘1
suggests that the perturbation theory approaches
are less successful once & particular area of in-
terest has been determined,
this work into the very important resonance region
will require that the relatively efficient pertur-
bation theory approach be used.

However, extension of
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APPENDIX A
REACTOR CRITICAL EXPERIMENT DESCRIPTION

EXPT, CORE(ISOTOPE:NXE-24) / REFL. RADIUS(CM) REF.
U=-233 233(.04678), 234(.00059), 235(.00001), 238(.00029) 5.9647 LA=2067
GODIVA 234(.00048), 235(.045C8), 238(.00245) 8.710 HANS EN
JEMIMA(.375) 234(.00018), 235(.01814), 238(.02934) 14.57 HANSEN
JEZEBEL 239(.03752), 240(.001924) 6.285 NSE8 525
JEMIMA(,.162) 234(.00007), 235(.00777), 238(.0397) 20,32 HANSEN
235(.00034), 238(.04721) 27.94
OY-TU(.7 IN) 234(.00045), 235(.04511), 238(.00245) T.725 HANS EN
235(.000346), 238(.047694) 9.49
0Y=TU(1l.7 IN) 234(.00045), 235(.04511), 238(.00245) 6,962 HHANSEN
235(,000346), 238(.047694) 11.432
GY-TU(3.,5 IN) 234(.00045), 235(.04511), 238(.00245) 6.391 HANSEN
235(.000346), 238(.047694) 15.344
TOPSY 234(.00045), 235(.04511), 238(,00245) 6.045 HANSEN
235(.000346), 238(.047694) 28.905
0Y=-CH2 235(.0430),238(.0031) T.477 HANSEN
H(.0790),C(.0395) 10.017
0Y=-CH2 235(.,0450),238(.0031) 8,016 HANS EN
H(.0790),C(.0395) 9.286
gy-D20 235(.04448), 238(.00285) 6.841 LA=3067
C(.0667)y, 0(.0333) 15.172
gy-D20 235(.04443),238(.00285) 6.171 LA=3CE7
D(.0667),0(.0333) 23.5¢4
gY-8E 235(.04448),238(.,00285) 5.648
BE(.1229) 17.43
0Y-BE 235(.04448),238(,00285) 6.697 LA=3Ch7
BE(.1229) 11.40
oY=-C 235(.,04496),238(,00289) 7.382 LA=3(67
c(.0837) 12.46
oy-C 235(.,04496), 238(.00289) 6.424 LA=30LAT
C(.0837) 26.74
gY-AL 235(.,0439), 238(.00286) T.846 LA=3067
AL(.0583) 14.48
Uy-FE 235(.04472),238(.00237) T.39 LA=-3C67
FE(.QT772) 12.47
aY=NI 235(.04424),238(.00284) T.251 LA=3067
NI(.0856) 12.331
gY=-W 235(.04508),238(.00289) 6.89 LA=3067
W(.05126)yNI(.01248) 11.97
gY-TH 235(.04472),238(.00287) 7.80 LA=3067

232(.02980) 12,40



ZPRITI-12

ZPRITI-29

ZPRILI-48

ISOTOPE

WWwWww NN —— s e

P2 -2 - -

6 G

12 6
24 6
18 G

6 G

12 6
24 6
18 6

6 G

24 6
18 5

186

18 6

C(.0257), FE(.00780)y 235(.00451), 238(.0170) 28.5 NSE19,259

FE(.00620), 235(.0000911, 238(,03998) 58.5

0(.01373), AL(.0l451), FE(.02044), 235(.002246) ANL

238(.004949) 44.87

FE(.00620)y 235(.000091), 238(.03998) 74.87

C(.020765)y NA(.00623)y AL(.00011), FE(.01256), LABAUVE

N[(.001308), MO(.000206), 235(.000016), 238(.007406),

239(.001644), 240(.000106), 241(.00001) 47.42

FE(.005649), NI(.000588), 235(.000084), 238(,03998) 77.42

AFPENDIX B

ABSORPTION AND FISSION NEUTRONS IN FAST SPECTRUM CRITICAL ASSEMBLIES
ABS I F1SS 1 ABS 2 F1SS 2 ABS 35 FISS 3 ETCe eee ABSeF1SS
0.3933 1,0027 0.0029 D.4u7L J.0004 0.0008 uU-233
0.3944 1,0031 0.,0028 U.UuT4 0.0004 0.0008 u=233$
0.3947 1,0037 0.,0028 0V.007T4 O0.00u4 0.U00 u-233
0.3934 1,0028 0.0029 d.uJy71 3.00u« 0.0008 U-233
n.0035 0.0083 0.,4228 V.9978 U.0069 0.0086 U-235
0.0035 0.0082 0.4234% 00,9735 0.0047 0.0083 u-235
0.0034 0.,0081 0.,4253 0.9743 0.0046 0.0082 u-235
N0.0035 0,0083 O0.4234 J.,7983 0.0047 D.0U086 U-235
0.,0022 0.0048 043927 0.8467 U.0997 0.1349 JEMI MA
0.,0022 0,0046 D.3945 0.8474 0.0991 0.1306 JEMT MA
N.0021 0.0046 0.3990 0.8521 0.uU992 0.1228 JEMI MA
0.0022 0,0078 043937 0D.847u 0.1004 0.1349 JEMI MA
0.3349 0.,9736 0.0120 0.0307 O0.00ul 0.0002 JEZEBE L
N.3353 0.9728 0.0120 0.03y5 0.00ul 0.0002 JEZEBEL
0.3355 0.9732 0.0121 0.0305 0.0Uul O.0UU2 JEZEBEL
0.,3352 0.9739 0.0121 U.03J47 0.000l 3.0002 JEZEBEL
60,0022 0.,0050 0.3359 0.7464 U.0033 0.0053 TOPS Y
n.,0022 0.0049 0.3381 0.7479 0.U0033 0.0052 TOPS Y
‘0.0022 0.0048 0.3400 0O.T7486 0.0033 0.0051 TOPSY
0,0022 0.,0050 0.3338 0O.7414 U0.0033 0.0053 TOPS Y
0.0305 0.0589 0.4497 U.1849 TOPS Y
D0.0306 0.0530 0.4516 0.1746 TOPSY
0.0316 0.0600 0.4592 0.1721 TOPS Y
0.0300 0.0574 D.4711 U.1809 TOPS Y
0.0 0.0 0.0020 0.0 0.3771 0.75%6 O0.1648 0.105 ZPRIII12
0.0 0.0 0.0020 3.0 0.3857 0.7594 0.1675 0.1032 ZPRI1IIL2
0.0 0.0 0.0019 u.0 0.3914 0.7624 0.1693 0.0983 ZPRIII2
0.0 0.0 0.0019 u.0 0.3741 0.7390 0.1690 D.1057 ZPRIII12
0.0016 0.0 0.0089 U.0168 UV.3879 0.0685 ZPRIIIZ2
0.0016 0.0 0.0087 U.UL63 O0.383u 0.0640 ZPRIII 12
0.0015 0.0 0.0087 0.0161 U.3813 0.0624 2PRIII12
0.0015 0.0 0.0084 0.0157 D0.39% 0.0681 ZPRIII12
0.0013 0.0 0.0035 0.0 0.0186 0.0 0.3860 0.77U6 ZPRIII29
0.0015 0.0 0.0039 0.0 0.014d6 0.0 0.4070 0.7978 ZPRIII29
0.001% 0.0 0.0038 3.0 0.0102 0.0 O0.4132 0.79% ZPRIII29
0.0013 0.0 0.0033 0.0 0.01405 0.0 0.38449 0.7600 ZPRIIIZ29
0.1009 0.0703 ZPRIII 29
0.1057 0.0653 ZPRI1I29
0.1080 0.0634 ZPRIII29
0.1047 0.0705 ZPRIII29
0.0018 0.0 0.0098 0.0185 0.4294 0.0853 ZPRIII29
0.0017 0.0 0.0093 0.0174 D0.4121 0.0773 ZPRIII 29
0.0016 0.0 0.0092 0.0170 D0O.4111 0.075 ZPRIII29
0.0017 0.0 0.0092 3.0171 0.4331 0.0848 ZPRIII29
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APPENDIX C

A COMPARISON OF NEUTRON CROSS SECTIONS

averaged neutron cross sections from Livermore (LRL), AWRE (Aldermaston), and
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LI7
LI7
LI7
LI7

8 E9
8 E9
8 E9
8 E9
8E

11 66
11 126
11 246
11 186
EXPT.
12 66
12 126
12 246
12 186G
EXPT.
13 66
13 126
13 246
13 186
EXPT.
21 6G
21 126
21 246
21 186G
EXPTe
2214 66
2214 126
2214 246
2214 186
EXPT.
2215 66
2215 126
2215 246
2215 186
EXPT.
2008 66
2008 126
2008 246
2008 186
EXPTe

o, (BARNS)

241p,

— LAZARUS (MDT)
— DAVEY (REF. )

CENTRAL REACTIVITY VALUES (¢/MOLE)

LETHARGY
c-7

APPENDIX D-1

EXPTe=—— REACTIVITY(CENTS/MOLE)
U233 U235 JEZBL TOPSY
100.58 35.10 12.41 48430
142.43 46405 39.24 65.98
155.46 50.46 45.36 T2.47
123,95 37.72 34.07 55.18
47.8 62.8 67«6
53,00 15,47 -11.01 20.69
63.65 21.05 -7.22 28.70
67.25 23.02 =-5.90 31.58
55.03 15.64 =9,461 21.60
70. 17.8 -5.3 24.0
10.97 l.69 =25.12 l.67
13.57 3.29 =24.84 407
l4e54 3.68 =-25.59 473
11.33 le73 -264.67 l.83
=270649 =T4466 =389.17 -116.91
=2T73.78 =T75.17 =394.51 -117.73
=2T4466 =T4496 -398.27 -116.98
=270498 =T75471 -394485 -119.30
=163419 =50e42 =212436 =-77.92
-153,.68 -4T7.30 -209.24 -T72.87
=154.71 <=4T7e.l4 =-210.36 =T72.75
=163422 =50452 -213.14 -78.94
-130.4
1l.55 —e28 -10.83 =67
4440 2.05 =-11l.15 2.79
423 2.04 -1lle46 2.97
l.66 -e27 =10465 -.65
27.68 4.81 17.14 6.17
30.72 594 17.33 8.12
31.64 6423 17.25 8491
28425 4.87 17.64 6e43
T.3 15.5 9.2

ZPR12

3.33
4e71
3.67
3.20

1l.27
l.81
1.69
l.21

«09
«34
«34
«06

-21.92
-23.54
=24.37
=23.45

-13.98
-13012
=13.32
=14.40

-« 06
«30
«32

-e07

022
50
63
21

ZPR29

2492
3.14

.29
2.89

l.19
1l.26

55
l.16

21
o34
.16
«20

-14,23
-16.83
-16.83
=15.66

-9.81
-8071
=T.90
-10.14

01
21
olé
01

l9
39
28
19

ZPR48

%3
.87
-.88
-.19

«08
21
-el6
17

-e10
-«04
-l 4

13

=17.86
=21 .64
-22.82
=24.76

-11030
-10048
-10.54
=13.57

-.06
-s01
=05

oll

«05
oll
04
24



810
810
810
810
810
LRL
LRL
LRL
LRL

®mmmE

Cl2uK
Cl2uKk
Cl2uk
Cl2uUK
c
016LRL
0l6LRL
0l6LRL
O1l6LRL
0

016UK
016UK
016UK
016UK
0

NA23
NA23
NA23
NA23
NA

AL27
AL27
AL27
AL27
AL

MNS5
MN55
MNS S
MN55
MN

8051 66
8051 126
8051 246G
8051 186G
EXPT.
61 66
61 126
61 246
61 186
EXPT

2006 66
2006 126
2006 240G
2006 186G
EXPT,
8081 66
8081 126
8081 246
8081 186G
EXPTe

2037 66
2037 126
2037 246
2037 186

EXPT.

2182 66
2182 126
2182 246
2182 186
EXPT,

2035 66
2035 126
2035 246G
2035 186
EXPT,

251 6G
251 126
251 246
251 186
EXPT.

2036 66
2036 126
2036 246
2036 186G

EXPT,

2046 66
2046 126
2046 246G
2046 186G
EXPT.

411 66
411 126
411 246
411 186

EXPT.

420 66
420 126
420 246
420 186

EXPTe

-135.64
=1l42.16
-143.31
-135.85

570
6.16
6463
5083

3.86
5623
5«75
4.25

6425
591
4¢ 69
6450

580
5653
4028
6406

2027
2. 74
2.56
2449

- T4
-e52
-e30
-e69

9.09
15.35
17.80
25.83

-2.18
-2.66
=254
-2.10

=23.98
-23.48
-22.69
-22.91

-e62
.13
«92

-e &7

=3,77
=3.26
-2.88
=3,65

=-39.,74
-40.51
-‘0087
-40.42
=55.3
-1.59
-1007
=1.40
-1.54
=649

69
le46
1.70

73

2.4
l.34
2.08
2404
1.37

l.19
2.01
2,01
1.22

=.05
28
12
-.01

-e78
-e32
-.11
-e17
0.5

2431
4.00
4.23
5.43

-1l.79
-l.71
-1.68
=177
-0.2

-6.37
-5.98
-5.63
-6.28
-4.4

-4.51
-4.00
-4420
-4,50

-3,.,90

-3.33
-3,33
-3,86

-182.38
-188.51
=-190.74
-186.20
-251.
-43.13
=43.96
=46.05
-42.65

-6448
-6081
-7.28
-6418
=69

=-8462
-7.97
-8.78
-8446
=-9.9

-10.65
-9.56
-9,.99

-10.48
-9.9

-10.41
=-11.96
-12.87

-9.98

=-12.99
-14.27
-14.65
-12.86
=14.1

-20e32
=-15.51
-16010

6407

-19.84
-21.59
-22.17
-19.60
=-21.5

=54.,07
=54.70
=54.56
=53.24
=48.0

-57.27
~58.44
-60.15
-564.88

-46014
=47.25
-48.42
=45,.70
-44.0

-66006
-67038
-67.11
-67.29

-3.28
=261
=290
-3.24
=-12.2

o177
2.04
2460

.89

2.4
le62
2.80
2.88
l.73

le4

1.40
2.68
2.83
1.51
l.4

-e34
23
ol4

-e24

-1.36
-e65
-e25

-1.36

0.7

2424
4459
502
T7.39
-1.0

=-2493
-2.81
=2.71
=-2.94
-2.2
-9.25
-B8468
-8.10
-9.16
-7.3

-8.16
-7.52
=-7.66
-8.22
-7.5

-6.64
-5.91
-5.80
=-6.66
=3.5

=15.65
-17.15
=17.60
=16.62
-18.6
-e25
-.13
-ell
-e28
=-3.7

«03
21
30
02
0. 41
.04
24
.28
.03

«03
«23
29
«02

-.05
«04
«07

-e06

-.11
-e02
«04
-el2
=0.076

-e 06
-.00
-.08
—eb4

-e23
-e20
’.20
=24

-e49
—eb4
-¢38
=.52
=0e63

=l.22
-l.23
-1.21
-1.30
-0.90

-e69
-e 64
-.60
-o71
-0.62

-10.22
-12.34%
=-12.26
-ll.14
-13.0
-.01
el3
«07
-e02
=246

06
ol7
.13
«06
0.245
«06
ol2
«09
«06
0.217

06
ol2
«09
«06
0.217

«01
«10
«08
«01
0. 20

-e02
«04
«04

-e02

0.014

«09
06
-ell
-e04

-.07
-.05
-e07
-.08

-.21
-el7
-.18
-e23
-0.86

-e61
-e59
-.56
-eb6
=0. 90

-.30
-e22
-.21
-+30
=0. 54

=12.89
-15.90
=16.73
=17.72
-30. 84
-el9
-el6
-e21
«06
=600

-.03
-400
-e04

«06

-0.01

-«06
-e01
-e04

J1

-.07
-e02
-e04

«00

=06
-005
-e07

=0.046

-+08
-+08
-«09

10

=21
=23
-e36
—e4l

-elé
-el5
-.l8
el3
=0.204
-e29
=30
-e32
=06
-0.325

-«89
-e98
-1.00
-1

- e48
-e48
=49
=405
-1.27

11



TA181LRLBT731 66
TA181LRLB731 126
TA181LRLBT31 246G

TA181LRLB731 186
TA EXPTe
W 8740 66
W 8740 126
W 8740 246
W 8740 186
W EXPTe
TH232 2022 66
TH232 2022 126
TH232 2022 246
TH232 2022 186
TH EXPT.

U233LRLB921 66
U233LRLB921 126
U233LRLB921 246

U233LRLB921 186
U233 EXPT
U233UK 2202 66
U233UK 2202 126
U233UK 2202 246
U233UK 2202 186
U233 EXPT
U234 922 6G
U234 922 126
U234 922 246
U234 922 186
U234 EXPT.
U235LRL923 66
U235LRL923 126
U235LRL923 246
U23S5LRL923 186
u23s EXPT.
ZR 2009 66
IR 2009 126
IR 2009 246
IR 2009 186
IR EXPTe
TA UK 2328 66
TA UK 2328 126
TA UK 2328 246
TA UK 2328 186
TA EXPT.
U235UK 2030 66
U235UK 2030 126G
U235UK 2030 246
U235UK 2030 186
U235 EXPTe
U236 924 66
U236 924 126
U236 924 246
U236 924 186G
U236 EXPT.
U238UK 2005 66
U238UK 2005 126
U238UK 2005 246
U238UK 2005 186
U238 EXPTe

-36.23
-35.85
=35,24
-36,.28

15.64
19.82
21.94
15.92

-10.13
-9.24
-9.14
-9081

976426
977.67
977.88
976.28

890486
892439
892456
891421
955,
552.48
548410
548441
552465

593.20
592.82
593,80
594.11

=-3.77
-4.08
-4.04
-3.63

=27.12
=27.00
-264.83
=27.00

602446
602.98
603.42
602465

278432
279.01
280.97
278461

133.18
132449
133.00
133.65
135.

-14.59 -107.84
=13.37 -110.33
-13,.83 -112.82
=14.92 -109.07

=100.5
-1.98 =86.57
«05 =-87.11
«57 =-88.43
=2.05 -86433
=40 -82.3
-10.41 =-83.34
-9086 -83052
-10.32 =-85.34
-10.54 -83.47
-l.4 -64.7
254414 1354.82
252.97 1357.17
254483 1357456
253.86 1355.31
1359.
235.54 1240.17
234.92 1244.28
236496 1245426
235.39 1241.35
1359.
123.17 733.24
121448 727.45
120,75 725.32
123.04 732.93
147.71 798.23
145,78 798.55
146,26 7T97.77
147.54 798.93
149.3 804%.
-3,08 =35.11
=2.85 =36.,02
=290 =-36.68
-3,07 -34.78
=35.6
-14.22 -117.47
=13.47 -117.87
-13.,80 -120.28
=14455 ~-118.45
=100.5
152.68 819.29
151.87 820469
152.88 820.61
152,58 819.99
149.3 804,
52,71 300.63
52.85 298.11
53.02 297.18
5254 300.28
18.92 106469
19,00 104.87
18.57 102.64
18.95 107.20
2403 11l4.

-24.03
=22.44
-22.91
-24.81
=17.2

=5.T71
=3.26
-2.‘01
-5.86
-10.8

-18.25
=17.44
=17.46
-18.56
=-T.6

362.89
361.71
364.05
367.25
358.7

337.58
337.13
339.72
341.76
35847
163.73
léle47
160493
166437

209,01
206465
207.25
211.50
208+ 4

=5.02
-4469
-4469
-5.07
=24

-24.00
-23.04
=23.26
=24475
=-17.2

216617
215.42
216476
218.98
208+ 4

68.07
68015
68467
69.03

21.72
21486
21.54
22.31
2607

-4.37
=4456
=4.75
-5.02
-4.6

-1.69
-1.78
=l.77
=44.20

-3.65
-3,.80
=-3.,91
-3.97

45455
44093
45.05
46.86
48.5

44430
43.88
44.18
45.67
4845
6459
5653
5.28
6.78

25472
25432
25452
26440
25452

-¢39
-e34
-e32
-e43

=4e36
=44,63
-4.76
-5.02
=4e 6

26400
25.68
2579
26.88
25452

93
o712
«70
55

=1le60
=l.71
-1.75
=1l.75
-l.C4

=2.66
-3.,03
=299
-3,.28
-2.87

-eT7
-«86
-89
=191

=2.12
=243
=247
-2.38
-1le69

2T.36
26463
26407
2796
27.8

26040
25.83
25.53
2T.14
27.8
4621
3.57
3.31
4427

15.14
14.83
14,97
15.41
14.97

-el3
-.08
-.08
-el5
=005

-2.60
=298
=296
-3.20
-2.87

15.53
15.12
14.96
16.01
14.97

1.09
91
.81
62

=70
-e92
-e95
-e78
=0e77

-3.51
~4 25
=454
=533

-1.51
=1l.72
-1.81
=3.59

-2 .87
=3 .42
=3.64
-3.37

37.41
38463
39.72
34424

36475
38 .48
39.94
33.81

3.75
2.61
2437
3.19

21 .76
22 .84
23.91
19.30
241

-e24
-e23
—-e24

«08

=3.43
-4.15
~4ohk
=504

21.60
22 443
23429
19.88
24.1

07
-ell
-el5

=1.69

-1l.45
-1.78
-1.87
=143
-1.80




U238LRLB926 66
U238LRLB926 126G
U238LRL8B926 246

U238LRLB926 186
U238 EXPT.
PU239LRL942 66
PU239LRL942 126G
PU239LRL942 246
PU239LRL942 186
PU239 EXPT,
PU240LRL943 66
PU240LRL943 126
PU240LRL943 246
PU240LRL943 186
PU240 EXPTe.
PU239UK 2329 66
PU239UK2329 126

PU239UK 2329 246

PU239UK 2329 186
PU239 EXPT.
PU240UK 2201 66
PU240UK 2201 126G
PU24JUK 2201 246
PU240UK 2201 186
PU240 EXPT.
PU241UK 2040 66
PU241UK 2040 126G
PU241UK 2040 24G
PU241UK 2040 186
PU241 EXPT.
PU241LRL944 66
PU241LRLY944 126
PU241LRL944 246G
PU241LRL944 186G
PU241 EXPTe
[SOTOPE NC. GROUPS
H 11 6G
H EXPT.
0 12 66
0 EXPT,.
T 13 6G
T EXPT.
HE3 21 66
HE3 EXPT.
LI6 2214 66
LI6 EXPT.
LI7 2215 66
LI7 EXPT.
8E9 2008 6G
Bt EXPT.
B10 8051 66
810 EXPT.
B LRL 61 66
8 EXPT

141.91 22.60 100.48 27.21 -e90
143.76 23,26 98465 2792 -l.10
145.86 23.65 98.0‘ 28.71 -1.13
142,44 22,58 100485 27.84 -1l.06
135. 24,3 114, 26.7 -1l.04
1139,50 28757 1592.54 405.14 43.51
1136410 285.46 1592.34 402.76 42.31
1135.70 285.85 1591410 403.35 42.07
114060 287.27 1592.83 410.34 44454
285.2 1592. 402.6 4502
643029 136496 86857 173.75 =1l.65
633.42 134.53 858.92 170.21 =3.77
632.82 132.68 854,87 168.38 =4.47
643412 136.44 866402 176452 -1.83
170. 1038, 386.
1119.90 282.14 1558.76 397,13 41.70
1117.80 280459 1557.68 395.69 40.44
111800 28l.22 1556.84 396.44 39.86
1119.90 281.44 1557.19 401.52 42.34
28542 1592. 40246 45.2
73005 16110 991.10 214.19 T.98
724461 158482 985.42 211.40 6.81
724463 157.62 982.85 210.43 6048
T730e44 160499 990.90 217.79 8.27
170. 1038. 386.
1193.10 311.00 1631.70 448476 6le22
1205.00 312.03 1643435 451.07 62,00
120930 314478 1646486 454458 62.90
1195.00 310476 1633466 453.74 62.49
1069450 275.87 1487.97 397.78 54460
107450 273.98 1493.85 396.04 55.07
1076.50 27557 1494.80 397.93 55.89
106950 275.60 1489.05 402,06 55.88
APPENDIX D-2
EXPTe=== REACTIVITY(CENTS/MOLE)

U233 U235 JEZSBL TOPSY IPR12
130.38 26498 -1.85 35.66 .78
478 62.8 6746

T1.95 13433 -14.27 16.95 26
70. 17.8 -5.3 2400
21.52 2422 =23,.82 2.11 -.19
=273.71 =77.92 -396453 -117.28 -18.99
=161e32 =-49.89 -219.18 =-79.15 =-14.93
-130.4
553 «23 -8.94 -e07 -e10
34.30 5S¢16 18467 6.38 l5
Te3 15.5 9.2
=138.02 =42.00 -189,01 =65.84 =12,77
-55.3 -251. -18.6
18.37 -e17 -43.94 =2.33 -e50
=649 -12,2 -3.7

-e18 -l.15
—e45 =l.43
-e57 -1.56
—e28 -l.12
-0077 -1.80
26450 34.72
25.21 34 .69
26428 34 .98
26492 31.94
253 32.2
-l.19 =3.48
-3.07 ~6e35
-3.12 =7 .00
-l.51 =6.51
5.87
25467 32.87
24.27 32.06
23,02 31.87
25.72 29 .79
25.3 32.2
534 4e61
%e62 3.26
4627 2494
5449 3.97
587
36,82 51.32
38.02 55 .98
37.96 58.23
37.32 4T «69
32.44 46.30
33.42 5024
33.67 52 .52
32,97 42.19
IPR29 ZPR4B
1.73 -1.88
.70 -.87
ell =34
-12.59 =14.73
-10.,36 -11.05
-.00 =09
ol4 =03
-8.90 =-10.15
-13.0 -30.84
-+ 06 -.35
=246 -6e0
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Cl2UK 2006 66
c EXPTe
O16LRL 8081 66
0 EXPTe
016UK 2037 66
0 EXPTa
NA23 2182 66
NA EXPTe
AL27 2035 66
AL EXPTe.
MNS 5 251 66
MN EXPT.
FE 2036 66
FE EXPT.
NI 2046 66
NI EXPT.
NB93 411 66
N8 EXPT.
MO 420 6G
MO EXPT,
TA181LRLBT731 &G
TA EXPT,
W 8740 66
W EXPT,
TH232 2022 66
TH EXPTe.
U233LRLB921 66
U233 EXPT
U233UK 2202 66
U233 EXPT
U234 922 66
U234 EXPT.
U235LRL923 6G
U235 EXPT.
ZR 2009 66
IR EXPT.
TA UK 2328 66
TA EXPT.
U235UK 2030 66
U235 EXPT.
U236 924 6G
U236 EXPT.
U238UK 2005 66
U238 EXPT,

U238LRLB926 66

U238

EXPT,

PU239LRL942 66

PU239

1h

EXPT.

6.89
3.
9.23

8099

4021

-17.21

17.16

9.83

-18.73

44019

12.77

999, 06

909.83

955.

586.71

616498

6435

-3.60

624414

316.68

163.91

135,

175.17
135,

1169.80

97 =5.04
2¢4 =649

l.68 -7.07
-909

1.53 -9.23
=-9.9

e 40 -8480
-«18 -10.83
0.5 -14.1

2.02 -19.84

-e83 -16.72
=0.2 =21.5

-5.26 -50.31
=444 =4R,0

-2.54% =-54.46

=2s14 =-42.01
=44.0

=12.74 -104.06
=100.5

«06 -84.74
-‘0.0 -82.3

-8038 -80.69
=-1l.4 -64.7

250473 1356,.68
1359,

231.70 1243.19
1359,

123.94 720.86
147.23 799.97
149.3 804.

-1.68 -31.46
=-35.6

=12.10 -115.36
=100.5

151,62 82l.36
149.3 804.

56415 297.96
21487 106452
24.3 114,

24.82 99,12
24.3 1l4.

284,70 1587.66
28542 1592.

1.08
2.4

2406
1.4

1.84
l.4

21
-eb66
0.7

le.63
-1.0

-1l.82
=-262

-7.84
-7.3

=602
-7. 5

=4e62
=3.5

=2l.64
=17.2

-3.85
-10.8

-1600‘0
-7.6

361.55
358.7

335.73
358.7

164.10
209.50
208. 4

=-3+43
=24

=21l.46
=172

216439
20844

70.18
24405
2647

28.31
267

404,14
402.6

-¢30
-e63
-0.63

-l.38
-0.90

-«86
-0 62

=4.19
-506

-1.98

=3.62

49.77

4845

47.87
4845

9.84
27.82
25452
-e53
-4.25
-6.6

28.66
25452

le79
-l.1l6
-100‘

-85
-1004

49.07
4542

«04
0e245

«04
0,217

« 04
0.217

«00
0. 20

=e02
0.014

«00

-.08

-e21

=06 86

-e60
=06 90

-e31
-0. 5‘0
=2.51
-2.87
-«85
=1.99
-1l.69

28451
27.8

2T o b4
27.8

4e51
15.71
14.97

-el5
-0.05

-2.44
-2.87

16427
14,97

95
—eb4
-0. 77

-e32
-00 7

27472
253

-.08
-0.017

-.08

=09

=09

=0.046

-ell

-4l

-el8"°

-0 02 04

-.37
=-0.325

-e93
-e56

-1l.27
-3.19

=l.70

=264

37.66

36457

555

21463

24,1

-e31

-3.13

21 .87

24.1

57

=-1.02

-1.80

-l.10
=1l.80

36 .05
32,2



PU240LRL943 66
PU240 EXPT.

PU239UK 2329 66
PU239 EXPT.

PU240QUK 2201 66
PU240 EXPTe

PU241UK 2040 66
PU241 EXPTe

PU241LRL944 66
PU241 EXPTe.

0, (14Z)

-0,0161
-0.01k0

H o

Li -1.068
i -0,0047
B -1.696

c -0.,00L0
-0,00L0
-0,0044
Na -0,0076
Al -0.0089
Mn -0.0364
Fe -0,0184
Ni -0,0321
Nb -0,1015
Mo -0.0Lgk
Zr -0,02Lk0

-0,0888

6864427 137,16 B46.10 174441 4403 —e26
170. 1038. 386.
115170 279.69 1553.60 396,50 47.43 26492
285.,2 1592. 402.6 4542 2543
7736492 163477 976444 216041 12,60 5479
170. 1038. 386.
1228470 309.03 1637473 446,32 62.78 36.80
1095410 275411 1494.99 397.73 56.70 32.75
APPENDIX D-3

CENTRAL PERTURBATION CROSS SECTIONS IN ASSEMBLY L48

-*-
o, = Total P, Reactivity per Atom/f 9,9,

up(mxpta)

-2.9%

-0,0018
-0,0036

-0,0048
-0.0387
-0.022

-0,0161

-0.137

up(LAZ)

Ta(LRL) - 0,460
Ta(UK) - 0.450
] - 0.1834

23%m - 0.369
233y(zRL)

233y(ux)

23hU 0.2L01

23%y(1RL) 2.423
23y(uk) 2.360
238y(yK) -0.1897
238(1aL)-0.1578
23%pu( LRL)3.55
23%u(uk) 3.23
2405, (18L) @ 709

240p, (uK) 0.298

4,03
4,05

o34
5.87

34 .48
32,2

T.28
5. 87

48 +66

44445

up(Expta)

-0.976
-0.976

2.62
2,62
-0,194
-0.194
3.50
3.50
0,640
0.640

aDa.vey, ANL-7320, p. 57. Proceedings of the International Conference on Fast Critical Experiments and

Their Analysis, October 10-

13, 1966,

APPENDIX D-k

SUMMARY K-EFF TABLE FOR FAST ASSEMBLIES

EXPT GROUPS

~N O\ W NN

U=233

GODIVA
JEMIMA(0.375)
JEZEBEL
U-233,0Y
JEMIMA(0.1625)
0Y-0,7 IN,TU

—6

1,01063
0.99L8%
0,98634
1.00453
1.01199
0.99238
0.99394

2k
1.01151
0.99122
0.98548
1.00392
1.01232
0.98926
0.99067

18
1.0107h4
0.99529
0,98665
1.00480
1.01232
0.98608
0.99430

15




REREREBY®

0oY-1,8 IN,TU
0!'3.5 IN.TU

TOPSY
0Y,CH2 REFL
0Y,CH2 REFL
0Y,BE REFL
0Y,BE REFL
0Y,C REFL
0Y,C REFL

0Y,D20 REFL -

0Y,D20 REFL
OY,AL REFL
OY,NI REFL
OY,FE REFL
0Y, W REFL
0Y,TH REFL
ZPR ITI(12)
ZPR III(29)
ZPR III(k8)

0.99706
0.99709
0.99655
0.9792
0,983k
1,01k0
1.0005
0.9987
0.9962
1.0053
0.9824
0.9997
1,0075
0.9805
1.,0049
0.993k
0.98L1
0.94L47
1.0619

APPENDIX E

0.99423
0.99393
0.,99071
0.98L4
0.9831
1.0168
1.0172
0.9961
1.0033
1,0011
0.9792
0.9955
1,0049
0.9756
1.0027
0,9905
0.9802
0.9552
1.0159

REACTIVITY VALUES AS A FUNCTION OF RADIUS

Abscissa:
ST
Tl T
oA = i-“ L
{
REERNERELY
oL
==
b Bl
o kIl
o L1
2 ) o 4
T L= B
. e il
, i S
aal— I | ® s L
A=
?_
| 1

16

Coordinates of all figures are
Radius (cm).

0.99697
0,99520
0.99001

0.9839. " -

0.9846
1,0143
1,0026
1.0151
0.9970
1.0077
0,9925
0,9996
1.0083
0.9809
1.,00L47
0,9936
0,9711
0.9323
1.,0396

|

==

T T

I

T
e
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Ordinate: Reactivity ($/mol).
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Act

D
HE3

L17

Act

HE3

No Pert

50.462
23,024
3,679
=T44967
=67,135
2e 040
6+233
=40,866
=1.396
1.702
24063
2018
.119
o110
4,228
=1.679
-5,627
-4.201
-13,.833
«566
-10.019
?54.838
236,966
120.766
146,259
=2.904
-13,798
152.877
53.072
18,571
23.653
285 852
132.6H1
281,227
157.624
314,782
?15,569

Ng Pert

45,362
-5,902
=25.591
-398.266
-?210,363
=11.459
17,248
=190,.,739
-4h,048
-7.28%
-8.778
=Q,989
-12.865
=14,651
=16.097
=22.,174
=54,55%
=60,153
=48,416
=112.426
-BB, 476
-85,343

APPENDIX F
GODIVA o's x 1.1, ALL GROUPS

Og W
50.458 5N0e.462
23.049 ?3.0?4

3,A79 3.679

-87,913 *T764+.967
=52,197 =47,135

2e04N 2040

6eh4R 6233

45,171 -60.866
=1,37h =1.3096

1,77 1e7n2

2.0n3 2.043

1.9/ 2e018

JAn7 «119

-.142 -.110

4,184 4.728
=1.719 =1679
=6,nA1 =5,627
4,440 -4.201
3,447 =3.376

=15.72n1 =13.,833

QO?Q '566

=11,,72 =9.244
?237.747 297.29%
219,727 277.63?
112,196 14l .12R
134,24 172,670
3,008 2904
-15,0?3 =13,798
141,671 179+.2R9
49,473 6lelry
16,719 22.726
21,303 27e6R3
269,991 330,356
122.005 156113
266,297 323,620
148,21> 182.653
299,447 360,418
?59,.33%% 319.444
JEZEBEL

Jg Vog
45,347 45,362
=& ARG -5,9n2

=25.8a9 =2§5,59)
-‘36.‘1q -39ﬂ.266
«?30,2n7 =210.363
=11,4%9 =114459
20,RPN0 17.24R
=208,R2? =190.739
46,048 =46,048
-7.?Q9 =T .2R5
9,179 =Re77R
-10.605 -Q.gﬂq
=12.947 =12.8a4%
=14,913 =14,65]
=16.270 =16.007
22,387 =22.174
57,957 =54+55%
61,0246 =60,153
=4R ., GRS =4R.416
=11R,407 =112.87¢
=90 ,k41 =RR.476
-93.1ﬁ, '70.337

Oyt
556514
25301

440647

=T740468
=46,787

2244

60441

YA YA
=14535
1.RT2

2285

2.270

o141
=,N90
44AR32

'10309
-5.757
-40384
=3.524
-‘30351
1156
=10s194
7544953
237.233
120.98%
146,106
=3.09%
-13,944
153.00°
53.708%
18.623
24793
285,792
133.102
?a1,2K3
187.767
15,963
?7%.682

Uggv
69.031
-0e728

=?R.152
-400.223
-?1‘.555
12607
15,398
=-191.732
«650,652
-Re013
-9,1313
10489
=l4e062
-15,R63
=)17e544
«?4,188
566627
=654314
=R2.726
=118e542
«95.070
«Q”7.,083

Expt
4T.R00
17.800
-0,000
=0s000
«0.000
=0e000

T.300

-55.300

2400

24400
=0.000
-0s000
=0,000

«500
=0.000
=e200
4,400
-0.000
=0.000
=0e000
44000
=lesn0
=06000
-0.000
0000
149,300
-0.000
=0,000
1494300
«0.000
24300
26+300
2R5,200
170.000
285,200
170,000
«0.,000
=0,000

Expt
62.R00
=5¢300
=«0.000
=0.000
-0.000
=0.000
15,500

=251.000
«6.900
=6.900
-9.900
«9.900
=0.000
-“0100
=0.000
-210500
=484000
=0.000
-64.000
100500
-82.300
64700

27



28

U233
U233
U234
U235
iR

TA
u23s
U236
u238
U238
PU239
PU240
PU239
PU240
PU241
PU241

HE3
LI6
L17
8E

B10

1357.549
1245,.243
725,324
797.768
-36,678
-120.284
R20,612
297,178
102,648
984037
1591,129
854.868
1556,809
987,495
1646.815
1494,808

50,462
23.024
3.679
«T74.962
«4T7.135
2.140
6.233
=40.866
-1 .306
le702
2.0643
2.0‘5
«119
=110
44228
=14679
-50627
=4,201
-3.3?6
=13.833
«566
=-10.019
254,838
2364966
120.746
146,259
-20904
-13.798
152.877
53.022
18.571
23.653
285.852
132,681
281.227
157.624
3144782
275,569

45.362
=5.902
=25591
=3GH8,266
~210.363
=11.4%9
17.248
=190.739
-‘60048
-70285

1270.959 1583.732
1168,412 1459.587
6T4.nR6 B852.947
T738. 791 9414827
=37,79? =36,678
=125,207 =120.2R4
763,43 963,661
273.497 355,818
87,9183 133965
83,737 1284252
1507,344 1837,537
79%.741 10040129
148,880 1792,084
926.101 11414697
1569.7721 1891538
1412,923 1730.273

13153824
17424239
721.457
792446
«39.,763
=177.408
R16,758
7914930
964243
9l.916
1587.602
RGNe607
1553,458
979.069
1444353
14904745

GODIVA o's x 1.1 g 1l=-12

SU.460 50462
23.049 23024
3.679 3.679
=77.T48 =T744962
=41,899 =4T74135
2,040 20040
6.648 6+233
=41.708 =40+866

'1.396 '10396
le701 1702
2.003 24043
1.960 24015

«109 119

=136 =110
4,221 4e228
=1.696 =1e679
-6,026 -50627
'“0212 "0201
=3,348 =3e326
=14.,077 =13.833
0449 «566
=10.660 =9.244
2474557 2744439
229.734 255.202
115,130 135622
141,312 159.182
=2.954 =2e904
=14,001 =13.798
148,023 165727
50.027 614013
16.905% 22.7T15
224027 270617
278,205 309.290
126,583 1504831
2744121 303887
1514136 177.168
308,241 3364236
268.T4n 2964111

50627
2249%9
3.386
75200
47301
1.889
5991
41003
~1e808
1594
1980
1957
=021
-e24]
4e037
-1e865
54827
b o b9
<3.711
14378
«635
=10e441
254804
236.812
120753
145.877
=3.151
=14]195
"152.688
5364113
18415
23.712
285578
132.731
281e149
157590
314820
275307

JEZEBEL o's x 1.1 g 1-12

45.350 454362
=5.604 =5.902
=25.589 =25,591
417136 =3984266
=21545]1 =210.363
=11.499 =11.459
20820 17.248
'190.559 -1900739
460048 =464048
"0259 '7.285

41.758
-9.678
-280793
"00.937
'2110883
-12.786
15021
=192.021
-504788
=8.237

1359000
1359.,000
0000
804000
-35.600
-1000500
804.000
«0.000
114.000
114000
1562,000
1038000
1592,000
1038000
=0.000
«0,000

47.800
17.800
-0.000
~0.000
'00000
=0.000
70300
-55.300
2.400
2.400
=0.000
'00000
=0.000
500
=0.000
=200
-60‘00
-0.000
=0.000
=0.000
=4.000
'10400
=0.000
'00000
'00000
149.300
=0.000
=0.000
149,300
=0.000
26.300
24.300
285.200
170,000
285,200
170.000
=0.000
=0.000

624800
54300
=0«000
=0.000
=0000
=0.000
15500
=251.000
=60900
«6.900



0 -8,778 -Y.129 -8.778 -9.567 =9.900

0 ~9.989 =10e6Y5 -9.989 =10.755% -9e900
NA =12.H65 =12.95¢ =12,865 =14,134 =0.000
AL =-144651 =1l4eH9] =14,64%]1 -15.960 =14.100
MN =16,097 <=1l6.147 =16.097 =18.932 =0.000
FE '22.]7“ =22¢304 =22.174 '2’00231 =21.500
NI =54,555 =5Te828 =54,585 =564698 =48.000
NB '60.153 '600213 -60.153 -65.36‘0 '0.000
MO ~48e416 =4H953 =4B,416 =52.B45 =44.000
TA =1124826 =114.336 =112.826 =11Re911 —-100.500
W ~884426 =89,134 =88,426 =95.689 =82.300
™ =856343 =8Ye592 =794337 =92343 =64.700
U233 1357.4%89 13064724 1493,318 1353.665 1359,000
U233 12494243 11944889 1370.795% 1241.744 1359.000
U234 729.326¢ 685,560 829,868 721.205 =0,000
u23s 797.768 763,127 B888.127 792.155 804,000
ZR -36.678 -3’.092 -360678 -39.797 -35.600
TA =120.,284 =121.481 =120.7R4 =127.591 =100.500
U235 H20e612 7864797 909.838 R16.439 8044000
U236 2974178 275.5506 3%44970 29142064 =0.000
U238 102.648 FUeH23 133946 96076 114.000
ue3s S84.037 86,271 127.947 91109 114.000
PU239 19914129 1537.693 17534821 15874303 1592.000
PU240 HS54.,H68 BlleB7H 9814758 RS50.186 10384000
PU239% 15564809 190/7.125 1713.6u8 1553.346 1592.000
PUR240 PH2.89% 937.692 1118.470 978,895 1038.000
pU24] 1646,81% 16016225 1795.167 1642.663 =0.000
PU241 1694, 808 1447156 16374206 14904609 =0s 000
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Fig. F-1, Reactivity weighing function ¢¢+(r = 0) Fig. F-2., Reactivity weighing function ¢¢+(r = 0)
in JEZEBEL. in GODIVA.
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