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TESTS OF NEUTRON CROSS SECTIONS

by

Carroll B. Mills

ABSTRACT

Analyses involving the interactionof neutrons with
matter over the energy range of O to 14 MeV require a
knowledge of differentialneutron cross sections as well
as the results of measurements showing the kinds and mag-
nitudes of these interactions. The study of integral ex-
perimental results on neutron multiplicationin a variety
of assemblies and of the effects of inserting a variety
of materials into these assembliespermits examinationof
cross sections for improved accuracy. These improvements
are qualitative and indicate areas of interest for supple-
mentary differentialmeasurements. Materials of interest
to power breeder reactor physics and for applicationto
high-temperature,gas-cooledreactors were tested for ac-
curacy by perturbationtheory methods. The values were
generally found to be approximatelycorrect.

.

.

I. INTRODUCTION

Neutron cross sections may be measured directly,

or they may be calculated from critical measure-

ments of material activation and reactivityvalue.

Because the intermediateenergy range of 10 to 105

eV is very difficult for quantitativeresonance

cross-sectiondeterminations,direct energy-depend-

ent measurementsof fission, capture, and inelastic

and elastic scatteringare supplementedby reactiv-

ity value studies. Analyses of these data permit

first- to second-ordercorrections to nuclear re-

sonance integrals and total cross sections in the

resolved (O 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. Perturbationtheory is the

analyticaltool for reactivity measurements.

Perturbationtheory has been described in de-

tail “byWeinberg and Wignerl and others. Recent

formulationsby Hansen2 give a simple picture of

the results of applying perturbationtheory methods

to experimentson fast (greater than 0.1 MeV) and

5resonance energy (1 to ID eV) neutrons. The major

portion of our results will be separated into ap-

pendixes because extensive calculationsare required

for a systematicapproach to cross-sectionevalua-

tion.

II. C~ONENTS OF INTEGRAL EVALUATIONS

A. Fission Spectrum

The neutron flux, fl,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 multiplicationdepends

upon the flux spectrum. According to Terrell,3 the

prompt neutron spectrum is well.representedby

N(E) = (kE/nT3)1/2exp(-E/T),

where T = 2/3 E and the average energy, E, is re-

lated to the average number, ;, of prompt neutrons

by

~ = 0.75 + 0.65(;+ 1)1/2 MeV.

1



The production of prompt neutron8 increaseswith

the energy, E, of the neutron causing fission

3.a+bE,

and the nuclear temperature1’also increases. These

constemts for the fissionableisotopes have been

given by Terrel.13and Bernard4 as shown in Table I.

TABLE I

CONSTANTS FOR FISSIONABLE ISOTOPES

a b Z.(!HQ—— *

2.47 0.149 1.36 0.02

2.35 0.160 1.30 0.005

2.313 o.15k I..- 0.016

2.94 0.12$1 1.3g 0.0135

2.19 0.1 1.19 0.01

The increase in= is about 0.025/MeV of incident

neutron energy.

The values of the delayed neutron fraction,

as computed from the neutron flux in several crit-

ical assembliesby using the prompt fission neutron

spectrum frcm these constants, are given in Table

II.

TABLE II

DELAYED NEU1’RONVAIIJEINTEZOLS OF Ak

Ak/dollar

Assembly Calculated Ebcperimenta12

2% Godiva O.omg o.oo2g

2% Godiva o.akcl 0.0065

239Pu Jezebel O .w1875 0.00191

235$3% TOPSY 0.00586 0.0062

235UZPR-111 0.C0538 0.00538
Assembly 12

235
U ZPR-111 0.0060 0.CQ538

Assembly 2g

B. Numerical Transport Codes

The discrete ordinate multigroup transport

code for neutrons in homogeneous, one-dimensional

media, as specializedby Carlson and Lathrop5 and

2

Sandmeier et al.6 to include anisotropic scattering,

was used for this study.

The possibility of introducingerrors by the

use of numerical matrix mesh sizes appropriateto

the specific applicationwas examined by a si.m~le

comparison of integral keff values. Table III com-

pares the results for 6 and 24 energy groups over

the range 0.1 <E < JO MeV. In addition, the effect

of neutron capture below 0.1 MeV was found by adding

3.2groups including O <E <0.lMeV (see the “18

group” column).

III. NEUTRON CROSS SECTIONS

Effective multiplicationconstant Valuesj keffj

were computed by using the appropriate fi8sion neu-

tron-energy spectrumwith multigroup-multitablecross

sections frcanthe Los Alamos Cross-SectionLibrary

file (IA!Z).*Most of the evaluated data in this

file were protided by the University of California

at Livermore and by the Atomic Energy Research Es-

tablh%!nent of Great Britain. Critical experiments
71 through 25 were provided byPaxton, and experi-

ments 26 through28 were prcnrldedby Davey of the

Argonne National Laboratory.8 Atomic densities of

component isotopes and redii are given in Appendix

A. The small.differences in integrelval.uesof

neutron prtiuction, keff~ in Table III were examined

in terms of (n,Y) capture and total neutron produc-

tion for the separate isotopes, as shown in Appendix

B. It appears that a comparison of these integral

values gives little insight into the causes of neu-

tron cross-sectionerrors. The energy-dependent

~itudes of cross sections of theseisotopesfKSII

the several sources, as illustratedin Appendix C,

show that the complex energy dependence cannot be

resolved by this simple procedure. We are forced

to use perturbationtheory.

IV. PERTURBATIONTREORY

Perturbation of the compositionor geometry of

a just-criticalreactor changes the neutron multi-

plication factor, k, and starts a change in the

*The Master Data Tape contains AWRE, LRL, and IASL
evaluated dska. Details on its contents sxe
available frcm Louis Rosen, Leona Stewart, and
Roger Iazarus, Los Alamos ScientificLaboratory.
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TABLE III

SUMMARY K-EFF TABLE FOR FAST ASSEMBLIES

m

U-233

GODIVA

JR41@o.375)

JEZEBEL

U-233,0Y

JEMINA(O.1625)

OY-007IN.TU

OY-1.8IN.TU

OY-3.5INeTu

TOPSY

OY, CH2 REFL

OY, CH2 REFL

OY, BE REFL

OY,BE REFL

OY, C REFL

OY,C REFL

OY,D20 REFL

OY,D20 REFL

OY,AL REFL

OY,NI REFL

OY,FE REFL

OY, W REFL

OY,TH RRFL

ZPR 111(1.2)

!ZPR111(29)

ZPR 111(48)

neutron population.

GROUPS

6

1.01063

0.gg484

0og8634

1.00453

1.01.I.99

0.99238

0.99394

0.99706

0.99709

0.99655

0.9792

0.9834

1.0140

1.0005

0.9987

0.9962

1.0053

0.9824

0.9997

1.0075

0.9805

1.0049

0.9934

0.9841

0.94L7

1.0619

24

1.OL-L51

0.991.22

0.g8548

1.00392

1.o1232

0.98926

0.99067

0.99423

0.99393

0.99071

0.9844

0.9831

1.0168

1.0172

0.9961

1.0033

l.ccxl.l

0.9792

0.9955

1.m49

0.9756

1.0027

0.9905

0 .9&2

0.9552

1.0159

18

1.01074

0.99529

0.98665

1.00480

1.oU32

0.98628

0.99430

0.99697

0.99520

0.99001

0.9839

0.g846

1.0143

1.0026

1.0151

0.9970

l.oo~

0.9925

0.9996

1.0083

0.9809

1.0047

0.9936

0.971.1

0.9323

1.0396

The rate of change of neutron

population is a 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

spectrumq(E,~~) from that in a just-criticalre-

actor of any size and composition. The probability

of a neutron causing a fission has been shown1 to

be proportionalto the adjoint flux; so that the

perturbationtheory consists of a calculation of

the product of the probability of an event Wx and

the ad~oint flux co+. The reactivityvalue 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-multigroupnumerical summations con-

sistent with the discrete-ordinatessolution of the

neutron transport equation is

~ F-A-T)AV
Ak V
‘= ;ncF”A AV ‘k

where

F.A= (XN
g Og

●w:) O(:Xg No&) ,

and

T= EX(21+l)(Nlgu:
lg

The terms are defined

-xc! N )N;g.
13’ fg’-g g’

as

AV is the volume element;

g ia the group number;

‘lg
&u is the total flux in group g;= Tfg g

#lg is the flux per unit lethargy in group-width

Au and Legendre expansion term 1;

v is the number of neutrona produced per fission
f

correspondingto fission cross section a in
g

group g;

N; is the adjoint flux in group g;

an,g,+g is the scatteringcross sections from group

g’ to g;
t
a is the total cross section;
g
n is the atomic density of fissionable atoms;

c is the value of the delayed neutrons times a

constant such that Ak/k has units of#/kg

(6kde1 = ~). The product v~VnF=

Z AV ZNog(n w;) is the total neutron multi-
Vg
pl.icationconstant of the assembLy.

sensitive fwnctions are clear from the form of

equation for Ak/k. First, if (as is the case

fissionableheavy isotopes) a << aa, be-
. g’-s

Two

the

for

cause ab = ua+Za the value of the volume
g’

gl+gs

integral for NW N+ determining neutron multiplica-

tion changes

Ak )A(Wf-af-ac -a;
—.
k

Wf

or Ak-(v-l- a)af - a is very sensitive to

the capture to fission ratio a = ac/af. Seccmd,

if (as is the case for light, noncapturing elements)

a >> ac, the integral &k/k is sensitive to the
s

3



change in scatteringcross section times flux from

group to group, and to terms higher thsn first-

order in the Legendre expansion of the scattering

cross section, that is, to the neutron current.

Experimentalmeasurements have been primarily

concernedwith the product ~~, the effective neu-

tron multiplicationconstant shown in Table III,

end only occasionallywith the adjoint flux de-

pendent measurements of reactivity Ak/k. Because

the latter adds a strongly energy-dependentin-

tegral function, these measurementsare important

as integral tests of the energy dependence of the

neutron cross sections of the elements.

Table IV protides a direct comparison of cen-

tral.reactivity values using Davey’s reaultsa com-

pared to experimentaldata end computed resul.taby

using the Los Alemos Cross-SectionData File (I&Z).

It is clear that two different flux spectra in ZPR-

111 assemblies 12 and 2g give no simple indication

of the error source. The large number of compo-

nents in these experiments (AppendixA) also makes

it extremely difficult to infer any improvements
8although Davey has had some success. Relatively

simple Los A1.smosexperimentswere examined in de-

tail by using IA!Zcross sections,the Los Alemos

tremport code (M!F-IV),5 and auxiliary codes,9

which provided weighting functions,reactivity,

and fission neutron spectra.

Central reactivityvalues of selected isotopes

(Orndo~are tabulated in Appendix D-1, -2, -3,

in a manner such that neutron flux spectra and

numerical matrix approximationeffects are ex-

hibited. These central values strongly reemphasize

scatteringeffects because of the very small.nmItztn

flux gradients in the center of symmetric (multip-

lying) assemblies. Although many neutron cross

sections are very accurate, there are surprising

lapses. First-order correctionsare attempted in

Table V.

TA.BLEIv

REACTIVITY REWRRED TO 239m

ABsembly ZPR-111

(v- l-a)uf

value (rob)

Reactivity
(central,IAZ,#/mol)

Material re-
activity (rob)

Expt Dave~

235U 1921 191.O

23%
- 78 - 81

23~h -- - 231

10B -J-399 -1.068

Ta -344 - 298

Nb -1.20-113

Mo - 83 - 82

u 29

Davey I&Z Davey L&Z

—— —.

341L 3081 3388 3082

43.51 26.50

Ka Z2121L !?!z%?! xa

2Q16 201Z lqly 21-W

- @ -104 - 93 - 78

- 287 -- - 229 -295

-3380 -17h4 -1315 -1710

- 372 - 386 - 323 - 415

-96-u7-u3 -78

- 47 - 74 - 68 - *

%?eferred to Davey’s values above inmillibarns

(Ref. 8).

Scattering effects may be exsminedby ccinpar-

ing experimentaldata with ccsnputedspatial dis-

tributions of material reactivity. These spatial

values of reactivity are sensitiveto neutron flux

gradients in space (currents)and energy. Appendix

E shows this comparison (also for LAZ cross sections

and DTF-IV trensport code) and strikinglydemon-

strates the general excellence of the listed neu-

tron cross sections. The nmst surprisingerrors

are those found in the frequently studied isotopes
lo
B, 23%, and 2’%u.

It should be possible to make first-ordercor-

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 inwhi.ch measurementsare available.
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That was attempted in Table V. Columns 1 through

h show the first-ordercorrection 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. Improvementswere made by the simple

procedure of changing neutron cross sectionsby a

singlefactor, but the correction factors made are

nonphysical,and are generally unacceptablylarge.

Supplementaryinformationis given in Appendix F,

which shows first the effects of a simple increase

of @ in each of several.cross sections for each

of several multiplying assemblies. The central re-

activity distributionin energy @p* is also shown

graphically for these experiments. Note that the

energy distributionof the weighting function is

@p*/Au, where qIis flux, (P*is adjoint flux, ~d

Au is the leth=gy width of the group. Neutron

group-averagedcross sectionsused in this study

may be found in part in Ref. 9, and all are avail-

able in LAZ.

v. SUMMARY

Perturbationtheory increases the sensitivity

of energy dependence of integrals involving neutron

cross sections in multiplying assembld.es.The sys-

tematic, comparativeevaluation of large blocks of

data permits some insight into the magnitude of er-

rors and the energy region where differentialcrosa-

section studies should be concentrated. Remarkably

good values are now available for neutron cross sec-

tions in the energy region above 0.017 l.feV,but

many errors remain for magnitudes within our abil-

ity to improve. A few examplesmaybe found in

Table V, where the original reactivity calculations

must be redone with scmetimes large and nonphysical

factors on one or more of the different kinds of

neutron interactionso that the experimentalvalues

might be approached. Current as.90ciatedwor~ulsing

the simple change in multip~cation constant ‘

suggests that the perturbationtheory approaches

are less successfid.once a particular area of in-

terest has been determined. However, extension of

this work into the very important resonance region

will.require that the relatively efficient pertur-

bation theory approach be used.
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APPENOIX A

REACTOR CRITICAL EQERIhlEllTDE8iZlIPTION

EXPT. CIIRE([SOT(3PE :NXE-24) / REFL. RADIUStCt4] REF.

U-233 233(.04678), 234(.000591, 235(.00001), 238(.00029) 5.9647 LA-3067

GODIVA 234(.00048), 235( .045C8), 238(.00245)

JEMIMA( .375) 234[ .00018), 235(.01814), 238(.02934)

JEZEBEL 239(.03752), 240(.001924)

JENIMA( .162) 234(.00007), 235(.00777), 238(.0397)
235(0000341~ 238(.04721)

OY-TU(.7 IN) 234(.00045), 235(.04511), 238(.00245)
235(.000346), 238(.047694)

OY-TU(l.7 IN) 234(.00045), 235(.04511), 238(.00245)
235(.000346), 238(.047694)

13Y-TU(3.5 IN) 234(.00045), 235(.04511), 238(.00245)

TOPSY

13Y-CH2

13Y-CH2

(3Y-020

OY-D20

OY-BE

OY-13E

OY-C

OY-C

13Y-AL

UY-FE

(lY-NI

OY-W

OY-TH

235(.000346), 238(.047694)

234(.00045), 235(.04511), 238(.00245)
235(.000346), 238(.047694)

235(.0430),238(.0031)
H(.0790),C(.0395)

235(.0450),238(.0031)
H(.0790),C[ .0395)

235(.04448), 238( .002@5)
C(.0667)t 0(.0333)

235(.04443),238( .00285)
0(.0667),0(.0333)

235( .04448),238( .00285)
tlE(.1229)

235(.04448),238( .00285)
BE(.1229)

235( .04496),238( .002891
C(.0837)

235( .04496), 238( .00289)
C(.0837)

235(.0439), 238(.00286)
AL( .05831

236(.04472),238( .00287)
FE(.0772)

23’5 (.04424),238(.00284 1

NI(.08561

235(.04508),238( .00289)
W(.05L261,NI (.01248)

23~( .04472),238( .00287)
232(.02980)

8.710

14.57

6.285

20.32
27.94

7.725
9.49

6.962
11.432

6.391
15.344

6.045
28.905

7.477
10.017

8.016
9.286

6.841
15.172

6.171
23.54

5.648
17.43

6.697
11.40

7.3ti2
12.46

6.424
26.74

7.846
14.48

7.39
12.47

7.251

12.331

6.89
11.97

7.80
12.40

HANSEN

HANSEN

rYsE8,?25

I{4NS[N

HA?4SEN

IIANSEN

llANSEN

H/INSE%

HANSEN

hAbJs[N

LA-3067

LA-3c&7

LA-3CA7

LA-3C67

LA-3L67

1.A-3L167

LA-3C67

LA-3967

LA-3C67

LA-3067



ZPR1ll-12 C(.02571. FE( .00780), 235(.00451). 238(.0170) 28.5 NSE19.259

ZPRII I-29

ZPRII 1-48

ISOT OPE

1 6G
1 12 G
1 24 G
1 18 G

26G
2 12 G
224G
218G

36G
3 12 G
324G
3 18 G

4 6G
4 12 G
4 24 G
4 18 G

106G
10 12 G
10 24 G
10 18 G

106G
10 12 G
10 24 G
10 18G

266G
26 12 G
26 24 G
26 18 5

266G
26 12 G
26 24 G
26 18G

276G
27 12 G
27 24 G
27 18 G

276G
27 12 G
27 24 G
27 18 G

276G
2712G
27 24 G
27186

FE(.00620)s 2351.000091)~ 236(.03998) 58.5

0(.01373), AL( .014511, FE( .02044)0 235(.002246) ANL
238(oO04949) 44.87
FE(.00620)t 235(.000091), 238(.039981 74.87

C(e020765)t NA(.00623)t AL( .00011), FE(.01256)t
NI( .001308), NO(.000206), 235(.000016)s 238(.007406)s
239(.001644)s 240(.000106), 241(.00001) 47.42
FE( .005649), N1(.000588), 235(.000084), 238(.03998) 77.42

APPKNOIX B

ABSORPTION ANO FISSION N8UTRONS IN FAST SPIXWRUMCR3?J!ICALASSEMBLIES

ABS 1 FISS 1 A8S 2 FISS 2 A8S 5 FISS 3 ETC. . . .

0.3933 1.0027 0.0029 O.dd?l 0.UOL)4 o.000&
r.39Q4 1.0031 0.0028 11.UU71J 0.00d4 0.0008
(1.39Q7 1.0037 0.0028 U.LI07U u.llod4 U.uooa
0.3934 1.0028 0.0029 U.od?i il.ool)* 0.00U8

fI.0035 0.0083 0.4228 ti.9978 il.UOb9 0.LI086
0.0035 0.0082 0.4234 0.9736 0.0047 0.0083
0.0034 0.0081 0.4253 d.9749 0.u046 0.0082
0.0035 0.0083 0.4234 d.7983 0.0047 o.oi186

0.0022 0.0048 0.3927 U.8467 1.I.U9970.L349
0.0022 0.0046 0.3945 U.8474 0.0991 0.1306
f1.00Z1 0.0046 0.3990 U.ssi?i o.d992 0.1228
0.0022 0.0u78 0.3937 0.847U O.1OU4 0.1349

0.3349 0.9736 0.0120 o.03i.17 o.uillJl 0.00!32
fl.3353 0.9728 0.0120 o.03d5 O.ooul 0.0002
0.3355 0.9732 0.0121 0.0305 O.llul.11 O.ulllli?
0.3352 0.’3739 0.0121 U.03d7 O.lllldl a.0002

0.0022 0.0050 0.3359 0.?464 u.oll153 U.0053
n.oo22 0.0049 0.3381 3.7479 il.U033 0.J052
“0.00Z2 0.0048 0.3400 0.7486 0.U033 0.0051
0.0022 0.0050 0.3338 0.74A4 U.003S 0.0053

0.0305 0.0589 0.4497 U.i8U9
0.0306 0.0590 0.4516 0.1746
0.0316 0.0600 0.4592 0.1721
0.0300 0.0574 0.4711 LJ.18L19

0.0 0.0 0.0020 0.0 0.377L 0.7506 0.1648 0.105b
0.0 0.0 0.0020 3.0 0.3857 0.7594 0.1675 0.1002
0.0 0.0 0.0019 L).u 0.3914 0.7624 0.1693 0.0983
0.0 0.0 0.0019 U.o 0.3741 0.7390 0.169U 0.1057

0.0016 0.0 0.0089 L1.il168
0.0016 0.0 0.0087 U.U163
O.oclls 0.0 0.0087 U.U161
0.0015 0.0 0.0084 U.0A57

0.0013 0.0 0.0035 0.0
0.0015 0.0 0.0039 0.0
0.0011 0.0 0.0038 0.0
0.0013 0.0 0.0033 0.0

0.3879 0.0685
O.383IJ 0.0640
u.38i9 0.0624
0.399U 0.0681

O.Oltlb 0.0 0.386LI 0.77iJ6
O.Oldb 0.0 0.407U 0.7978
0.U1U2 0.0 0.4132 0.7994
0.0105 0.0 0.30Q$3 0.7600

0.1009 0.0703
0.1057 0.0653
0-1080 0.0634
0.1047 0.0705

0.0018 0.0 0.0098 0.0185 0.4294 0.0853
0.0017 0.0 0.0093 0.0174 0.412A 0.0773
0.0016 0.0 0.0092 0.0170 0.4111 0.075
0.0017 0.0 0.0092 13.0i71 0.4391 0.084ti’

LA8AUVE

A8S*F1SS

U-233
u-233
U-233
U-Z33

U-235
U-235
U-235
u-235

JEMIMA
JEM1t4A
JEMIMA
JE MIHA

JEZEt3LL
JEZEBEL
JEZEBEL
JE 2E BEL

TOPS V
TOPSY
TOPSY
TOPSY

TOPSY
TOPSY
TOPSY
TOPSY

ZPRII112
2PRII112
2PRII112
ZPRII112

ZPRIIIIZ
ZPRII112
ZPRII112
ZPRII[iZ

ZPRTI129
ZPRIIIZ9
ZPRII129
2PRIIIZ9

ZPRIIIZ9
ZPRII129
ZPRiI129
ZPRII129

ZPRII129
ZPRII129
ZPRII129
ZPRIIIZ9
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A COMPARISON OF NEUTRON CROSS SECTIONS
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APPENDIX D-1

cSNl!RALREACTIVITY VALUES (+/Mom)

lSOTCPE NC. GROUPS EXPT. -— REACT IV ITY(CENTS/MOLE)
U233

100.58
142.43
155.46
123.95

53.00
63.65
67.25
55.03
70.

10.97
13.57
14054
11.33

-270.49
-273.78
-274.66
-270.98

-163.19
-153.68
-154071
-163.22

1.55
4940
4.23
1.66

27.68
30.72
31.64
28.25

ZPR29

2.92
3*14

.29
2.89

1.19
1.26

.55
1.16

.21

.34

.16

.20

Z PR48

.43

.87
-*88
-.19

.08

.21
-.16

.17

-.10
-.04
-.14

.13

.Jt LBL

H
H
H
H
H

o
0
0
0
0

T
T
T
T
T

H E3
H E3
H E3
H E3
H E3

L 16
L 16
L16
L16
L16

L 17
L17
L17
L 17
L 17

B E9
B E9
8 E9
B E9
BE

11 6G
12G

:: 24G
11 18G

EXPT.

12
12 1%
12 24G
12 18G

EXPT.

13
13 1::
13 24G
13 18G

EXPT.

21 6G
21 12G
21 24G
21 18G

EXPT.

2214 6G
2214 12G
2214 24G
2214 lBG

EXPT.

2215 6G
2215 L2G
2215 24G
2215 18G

EXPT.

2008 6G
2008 12G
2008 24G
2008 18G

EXPT.

35.10
46.05
50.46
37.72
47.8

12.41
39.24
45.36
34.07
62.8

48.30
65.98
72.47
55.18
67.6

3.33
4.71
3.67
3.20

15.47
21oO5
23.02
15.64
17.8

-11.01
-7.22
-5.90
-9.61
-5.3

1.27
1.81
1.69
1.21

20.69
28.70
31.58
21.60
24.0

1.69
3.29
3.68
1.73

-25.12
-24.84
-25.59
-24.67

1.67
4.07
4.73
1.83

.09

.34

.34

.06

-74.66 -389.17 -116.91
-75017 -394*51 -117073
-74.96 -398.27 -116.98
-75.71 -394.85 -119.30

-21.92
-23.!S4
-24.37
-23.45

-14.23
‘16.83
‘16.83
-15.66

-17.86
’21.64
-22.82
-24.76

-50.42 -212.36 -77.92
-47.30 -209.24 -72.87
-47o14 -210.36 -72.75
-50.52 -213.14 -78.94

-130.4

-13.98
-13.12
-13.32
-14.40

-9.81
-8.71
-7.90

-10.14

-11.00
-10.48
-10.54
-13.57

-.28 -10.83 -.67
2.05 -11.15 2.79
2.04 ‘11.46 2.97
-.27 -10.65 -.65

-.06
●3O
.32

-.07

.01

.21
●14
●O1

-.06
-.01
-.05
.11

4.81 17.14 6.17
5.94 17.33 8.12
6.23 17.25 8.91
4.87 17.64 6.43
7.3 15.5 9.2

●22
.50
.63
.21

●19
.39
.28
.19

.05

.11

.04

.24
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B 10 8051 6G -135.64 -39.74 -182.38 -66.06 -15.65 -10022 -12.89
810 8051 12G
B10 8051 24G
B 10 8051 18G
B1O EXPT.
B LRL 61 6G
B LRL 61 12G
B LRL 61 24G
B LRL 61 18G
B EXPT

C12UK 2006 6G
C12UK 2006 12G
C12UK 2006 24G
C12UK 2006 18G
c EXPT.
016LRL 8081 6G
016LRL 8081 12G
016LRL 8081 24G
016LRL 8081 18G
o EXPT.

016UK
016UK
016UK
016UK
o

NA23
NA23
NA23
NA23
NA

AL27
AL27
AL27
AL27
AL

MN55
MN55
MN55
MN55
MN

FE
FE
FE
FE
FE

NC
NI
NI
NI
NI

NB93
NB93
NR93
NB93
N8

Mo
MC
Mo
Mo
No

2037 6G
2037 12G
2037 24G
2037 18G

EXPT.

2182 6G
2182 12G
2182 24G
2182 18G

EXPT.

2035 6G
2035 12G
2035 24G
2035 18G

EXPT.

251
251 1::
251 24G
251 lBG

EXPT.

2036 6G
2036 12G
2036 24G
2036 18G

ExPT.

2046 6G
2046 12G
2046 24G
2046 18G

EXPT .

411 6G
411 12G
411 24G
411 18G

EXPT.

420 6G
420 12G
420 24G
420 18G

EXPT .

-142.16 -40.51 -188.51
-143.31 -40.87 -190.74
-135.85 -40.42 -186.20

-55.3 -251.
5.70
6.16
6.63
5.83

3.86
5.23
5.75
4.25

3.
6.25
5.91
4.69
6.50

5.80
5.53
4.28
6006

2.27
2.74
2.56
2.49

-.74
-.52
-.30
‘*69

9.09
15.35
17.80
25.83

-2.18
-2.66
-2.54
-2.10

-23.q8
-23.48
-22.69
-22o91

‘-62
.13
.92

-*47

-3.77
-3.26
-2.88
-3.65

-1.59 -43.13
-1.07 -43.96
-1.40 -46.05
-1.54 -42.65

-6.9

●69 -6.48
1.46 -6081
1.70 -7.28
.73 -6.18

2.4 -6-9

1034 -8.62
2.08 -7.97
2.04 -8.78
1.37 -8.46

-9.9

1.19 -10.65
2.01 -9.56
2.01 -9.99
1.22 -10.48

-9*9

-.05 -10.41
.28 -11.96
.12 -12.87

-.01 -9.98

-.78 -12.99
-.32 -14.27
-.11 -14.65
-.77 -12.86
0.5 -14.1

2.31 -20.32
4*OO -15.51
4.23 -16.10
5.43 6.07

-1.79 -19.B4
-1.71 -21.59
-1068 -22.17
-1.77 -19.60
-O*2 -21.5

-6.37 -54.07
-5.98 -54.70
-5.63 -54.56
-6.28 -53.24
-4.4 -48.0

-4.51 -57.27
-4.00 -59.44
-4.20 -60.15
-4.50 -56*88

-3.90’ -46.14
-3.33 -47.25
-3.33 -48.42
-3.86 -45.70

-44.0

-67.38 -17.15 -12.34 -15.90
-67.11 -17.60 -12.26 -16.73
-67.29 -16.62 -11*14 -17.72

-18.6 -13.0 -30.84

-3.28
-2.61
‘2.90
-3.24

-1202

.77
2.04
2.60

.89
2.4

1.62
2*8O
2.88
1073

1.4

1.40
2.68
2.83
1.51

1.4

-*34
.23
.14

-.24

-1.36
-.65
-.25

-1.36

-.25
-013
-.11
-.28

-3.7

.03
●21
.30
.02

0.41
.04
.24
.28
.03

.03

.23

.29

.02

-.05
.04
.07

-.06

-.11
-.02
.04

-.12
0.7 -0.076

2.24 -.06
4.59 -.00
5.02 -.08
7.39 -.44

-1.0

‘2.93 -.23
-2.81 -.20
-2.71 -.20
-2.94 -.24

-2.2

-9.25 -.49
-B.68 -.44
-8.10 -.38
-9.16 -.52

-7.3 -0.63

-8.16 -1.22
-7.52 -1.23
-7.66 -1.21
-8.22 -1.30

-7.5 -0.90

-6.64 -.69
-5.91 -.64
-5.80 -.60
-6.66 -.71

-.01 -.19
.13 -.16
.07 -.21

-.02 .06
-2.6 -6.0

.06 -.03

.17 -.00

.13 -804

.06 .06
0.245 -0.01

.06 -.06
●12 -.01
●O9 -.04
.06 .31

0.217

.06 -.07

.12 -.02

.09 -.04

.06 .00
0.217

.01 -.06
●10 -.05
.08 -.07
.01 .36

0.20 -0.046

-.02 -.08
.04 -.08
.04 -009

-.02 .10
0.014

.09 -.21
●06 --23

-.11 -.36
-.04 -.41

-.07 -.14
-.05 -.15
-.07 -.lB
-.08 .13

-0.204

-.21 -.29
-.17 -*3O
-.18 -.32
-.23 -.06

,0.86 -0.325

-.61 -.89
-*59 -.9B
-.56 -1.00
-.66 -*66

.0.90

-.30 -048
-.22 -.48
-.21 -.49
-.30 -.05

-3.5 -0.ez -0.54 -1.27
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TA181LRL8731 6G
TA181LRL8731 12G
TA181LRL8731 24G
TA181LRL8731 L8G

TA EXPTO

n 8740 6G
u 8740 12G
w 8740 24G
w 8740 18G
w EXPT.

TH232 2022 6G
TH232 2022 12G
TH232 2022 24G
TH232 2022 18G
TH EXPT.

U233LRL8921 6G
U233LRL8921 12G
U233LRL8921 24G
U233LRL8921 18G
U233 EXPT

U233UK 2202 6G
U233UK 2202 12G
U233UK 2202 24G
U233UK 2202 18G
U233 EXPT
U234 922 6G
U234 922 12G
U234 922 24G
U234 922 18G
U234 EXPT .

U235LRL923 6G
U235LRL923 12G
U235LRL923 24G
U235LRL923 18G
U235 EXPT.

ZR 2009 6G
ZR 2009 12G
ZR 2009 24G
ZR 2009 18G
ZR EXPT.

TA UK 2328 6G
TA UK 2328 12G
TA UK 2328 24G
TA UK 2328 18G
1A EXPT.

U235UK 2030 6G
U235UK 2030 12G
U235UK 2030 24G
u235UK 2030 18G
U235 EXPT.

U236 924 6G
U236 924 12G
U236 924 24G
U236 924 18G
U236 EXPT.

U238UK 2005 6G
U238UK 2005 12G
U238UK 2005 24G
U238UK 2005 18G
U238 EXPT.

-36.23
-35.85
-35.24
-36.28

15.64
19.82
21.94
15.92

-10.13
-9.24
-9.14
-9.81

976.26
977.67
977.88
976.28

890.86
892.39
892.56
891.21

955.
552.48
548.10
548.41
552.65

593.20
592.82
593.80
594.11

-3.77
-4.08
-4.04
-3.63

-27.12
-27.00
-26.83
-27.00

602.46
602.98
603.42
602.65

278.32
279.01
280.97
278.61

133.18
132.49
133.00
133.65

-14059 -107.84 -24.03
-13037 -110.33 -22.44
-13.83 -112.82 -22.91
-14.92 -109.07 -24.81

-100.5 -17.2

-1.98
.05
.57

-2.05
-4*O

-10041
-9.86

-10.02
-10.54
-1.4

-86.57 -5.71
-87.11 -3.26
-88.43 -2.41
-86.33 -5.86
-82.3 -10.8

-83.34 -18.25
-83.52 -17*44
-85.34 -17.46
-83.47 -18.56
-64.7 -7.6

254o14 1354.82 362.89
252.97 1357.17 361.71
254.83 1357.56 364.05
253.86 1355.31 367.25

13590 358.7

235.54 1240.17
234.92 1244.28
236.96 1245.26
235.39 1241.35

1359.
123s17 733.24
121.48 727.45
120.75 725o32
123.04 732.93

337.58
337.13
339.72
341.76

358.7

163.73
161.47
160.93
166.37

147.71 798.23 209.01
145.78 798.55 206.65
146.26 797o77 207.25
147.54 798.93 211.50
149.3 804. 208.4

-3.08 -35.11 -5.02
-2.85 -36oO2 -4.69
-2.90 -36o68 -4.69
-3.07 -34.78 -5.07

-35.6 -2.4

-14.22 ‘117.47 -24oOO
-13.47 ‘117.87 -23oO4
-13.80 -120.28 -23.26
-14055 -118.45 -24.75

-100.5 -17.2

152.68 819.29 216.17
151.87 820.69 215.42
152.88 820.61 216.76
152.58 819.99 218.98
14903 804. 208.4

52o71 300.63 68.07
52.85 298.11 68.15
53.02 297.18 68.67
52.54 300.28 69.03

18.92 106069 21.72
19000 104.87 21086
18.57 102.64 21.54
18.95 107.20 22.31

135. 24.3 114. 26.7

-4.37
-4.56
-4.75
-5.02

-4.6

-1.69
-1.78
-1.77
-4.20

-3.65
‘3.80
-3.91
-3.97

45.55
44.93
45.05
46.86
48.5

44.30
43.88
44.18
45.67
48.5

6.59
5.53
5.28
6.78

25.72
25.32
25.52
26.40

25.52

-.39
-.34
-.32
-.43

-4.36
-4.63
-4.76
-5.02

-2.66
-3.03
-2.99
-3.28

-2.87

-.77
-.86
-.89

-1.91

-2.12
-2.43
-2.47
-2.38

-1069

27.36
26.63
26.07
27.96
27.8

26.40
25.83
25.53
27.14
27.8

4.21
3.57
3.31
4.27

15.14
14.83
14.97
15.41

14.97

-.13
-.08
-.08
-.15

-0.05

-2.60
‘2.98
-2.96
-3.20

-4.6 -2.87

26oOO
25.68
25.79
26.88

25.52

● 93
● 72
.70
.55

-1060
-1.71
-1.75
-1.75

-10G4

15.53
15.12
14.96
16001

14.97

1009
.91
.81
.62

-*7O
-.92
-*95
-.78

-0.77

.

-3.51
-4.25
-4.54
-5.33

-1.51
-1.72
-1.81
-3.59

-2.87
-3.42
-3.64
-3.37

37.41
38.63
39.72
34.24

36.75
38.48
39094
33.81

3.75
2.61
2.37
3.19

21.76
22.84
23.91
19.30

24.1

-.24
-.23
-.24

.08

-3943
-4.15
-4.44
-5.04

21.60
22943
23.29
19.88

24.1

.07
-.11
-.15

-1.69

-1.45
-1o78
-1.87
-1.43

‘1.80
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U238LRL8926 6G 141091 22.60 100.48 27.21 -.90 -.18 -1.15
U238LRL8926 12G 143.76 23.26 98.65 27.92 -1010 -045 -1.43
U238LRL8926 24G 145.86 23.65 98.04 28071 -1.13 -.57 -1.56
U238LRL8926 18G 142.44 22s58 100.85 27.84 -1.06 ‘.28 -1.12
U238 EXPT. 135. 24.3 114. 26.7 -1.04 -0.77 -1.80
PU239LRL942
PU239LRL942 1::
PU239LRL942 24G
PU239LRL942 18G

Pu239 EXPT .

PU240LRL943 6G
PU240LRL943 12G
PU240LRL943 24G
PU240LRL943 18G

Pu240 EXPT.

PU239UK 2329 6G
PU239UK2329 12G
PU239UK 2329 24G
PU239UK 2329 18G

PU239 EXPT.

1139050 287.57 1592.54 405014
113601O 285.46 1592.34 402.76
1135.70 285.85 1591010 403035
1140s60 287.27 1592.83 410.34

285.2 1592. 402.6

643.29 136.96 868.57 173.75
633.42 134.53 858o92 170.21
632.82 132.68 854.87 168.38
643.12 136-44 866002 176.52

170. 1038o 386o

1119.90 282.14 1558.76 397.13
1117.80 280s59 1557s68 395.69
1118.00 281.22 1556s84 396.44
1119.90 281.44 1557.19 401o52

285.2 1592. 402.6

43*51
42.31
42.07
44.54

45.2

26.50
25.21
24.28
26.92

25.3

-1.19
-3.07
-3.12
-1.51

34.72
34.69
34.98
31.94

32.2

‘3.48
-6.35
-7.00
-6.51
5.87

32.87
32.06
31.87
29.79

32.2

4.61
3.26
2.94
3.97

5.87

51.32
55.98
58.23
47.69

46.30
50.24
52.52
42.19

z PR48
-1.88

-.87

-.34

-1.65
-3.77
-4.47
‘1.83

41.70
40.44
39.86
42.34

45.2

25.67
24.27
23.02
25.72

25.3

PU240UK 2201 6G
PU240UK 2201 12G
PU241JUK 2201 24G
PU240UK 2201 18G

PU240 EXPT.

730.05 161010 991.10 214.19
724.61 158.82 985.42 211.40
724.63 157.62 982.85 210.43
730.44 160.99 990.90 217.79

170. 1038. 386.

7.98
6.81
6.48
8.27

61.22
62.00
62.90
62.49

54.60
55.07
55.89
55.88

ZPR12
.78

.26

-.19

-18.90

-14.93

-010

●15

5*34
4.62
4.27
5.49

36.82
38.02
37.96
37.32

32.44
33.42
33.67
32.97

ZPR29
1.73

.70

.11

1193.10 311.00 1631.70 448076
1205.00 312.03 1643.35 451007
1209.30 314.78 1646.86 454.58
:195.00 31OO76 1633.66 453.74

PU24LUK 2040 6G
PU241UK 2040 12G
PU241UK 2040 24G
PU241UK 2040 18G

PU24L EXPT.

106905O 275m87 1487.97 397.78
1074050 273098 1493.85 396.04
1076.50 275.57 1494.80 397093
1069.50 275.60 1489.05 402.06

PU24LLRL944 6G
PU241LRL944 12G
PU241LRL944 24G
PU241LRL944 18G

PU241 EXPT.

APPENDIX D-2

ISOTOPE NC. GROUPS EXPT--- REACTIVITY(CENTS/MOLEl
U233 U235 JEZ8L TOPSY

130.38 26.98 -1.85 35.66
47.8 62.8 67.6

H 11 6G
H EXPT.

D 12 6G
D EXPT.

71.95 13.33 -14.27 16.95
70. 17.8 -5.3 24.0

r 13 6G
T EXPT.

21.52 2.22 -23.82 2.11

HE3 21 6G
HE3 EXPT.

-273.71 ‘77.92 -396.53 -117.28 -12.59 -14.73

‘1O.36 -11.05

-.00 -.09

.14 -.03

-8.90 -10.15
-13.0 ’30.84

-.06 -.35

L16 2214 6G
L 16 EXPT.

-161032 -49.89 -219.18 -79.15
-130.4

L17 2215 6G
L17 EXPT.

5.53 .23 -8.94 -.07

8 E9 2008 6G
BE EXPT .

34.30 5.16 18.67 6.38
7.3 15.5 9.2

810 8051 6G -138.02
B 10

-42.00 -189.01 -65.84 -12.77
EXPT. -55.3 -251. -18.6

B LRL 61 6G 18.37 -.77 -43.94 -2.33
8 EXPT

-.50
-6.9 -12.2 -3.7 -2.6 -6.0

13



C12UK 2006 6G
c EXPT.

016LRL 8081 6G

6089
3.

9.23

8.99

5.85

3.34

19052

4.21

-17021

17.16

9.83

-18.73

44.19

12.77

999.06

909.83
955.

586.71

616.98

6.35

-3.60

624.14

316.68

163.91
135.

175.17
135.

1169.80

.97 -5.04
2.4 -6. ~

1.68 -7.07
-9.9

1053 -9.23
-9.9

.40 -8.80

-.18 -10.83
0.5 -14.1

2.02 -19.84

-e83 -16.72
-0.2 -21.5

-5.26 -50.31
-4.4 -48.0

-2.54 -54.46

-2.14 -42.01
-44.0

-12.74 -104.06

1.08 -.01
2.4 0.41

●O4 -.08
0.245 -0.017

●O4 -.08
0.217

2.06 .06
1.4c1

016UK
o

NA23
NA

AL27
AL

t.!N55
MN

FE
FE

NI
NI

N1393
NB

no
Ma

EXPT.

2037 6G
EXPT.

2182 6G
EXPT.

2035 6G
EXPT.

251 6G
EXPT.

2036 6G
EXPT .

2046 6G
EXPT.

411 6G
EXPT.

420 6G

.04 -.09
0.217

1.84 ●o4
1.4

●OO -.09
0.20 -0.046

.21 -.07

-902 -.11
0.014

-.66 -.15
0.7 -0.076

1.63 -.34
-1.0

●OO -.41

-1082 -030
-2.2

-.08 -s18
-0.206

-.21 -.37
-0.86 -0.325

-7.84 -063
-7.3 -0.63

‘6,02 -1038 ‘m60
-7.5 -0.90 -0.90

-4.62 -086 -*31
-3.5 -0.62 -0.54
-21.64 -4.19 -2.51

-.93

-.56
-L027
-3.19

-1.70

-2.64

37.66

36.57

5.55

21.63
24.1

-.31

-3.13

21.87
24-1

.57

-1.02
-1080

-1.10
-1.80

36 ●D5
32.2

EXPT.
TAi81LRL8731 6G

1A EXPT.

w 8740 6G
w ExPT.

Tt+232 2022 6G
TH EXPT.

U233LRL8921 6G
U233 EXPT

U233UK 2202 6G
U233 EXPT

U234 922 6G
U234 ExPT.

U235LRL923 6G
U235 EXPT.

ZR 2009 6G
ZR ExPT.

1A UK 2328 6G
TA EXPT.

U235UK 2030 6G
U235 EXPT.

U236 924 6G
U236 ExPT.

U238UK 2005 6G
U238 EXPT.

U238LRL8926 6G
U238 ExPT.

PU239LRL942 6G
PU239 EXPT.

-100.5 -17.2 -4s 6

-1.98

-2.87

-.85.06 -84.74 -3.85
-4.0 -82.3 -10.8

-8.38 -80.69 -16.04
-1.4 -64.7 -7.6

-3.62 -1.99
-1.69

250.73 L356.68 361.55
1359. 358.7

49.77
48.5

28o51
27a8

231.70 1243.19 335.73
1359. 358.7

47.8?
48.5

27.44
27.8

123.94 720.86 164.10 4.51

147.23 799.97 209.50
149.3 804. 208.4

27.82
25.52

15.71
14.97

-1.68 -31.46 -3.43
-35.6 -2.4

-*53 -.15
-0.05

‘1201O -115.36 -21.46
-100.5 -17.2

-4m25
-4.6

-2.44
-2.87

151062 821.36 216039
14903 804. 208.4

28.66
25.52

16.27
14.97

56s15 297.96 70.18 1079 .95

21.87 106052 24m05
24.3 114. 26.7

‘1.16
-1.04

-.64
-0.77

24.82 99.12 28.31
24.3 114. 26.7

-*85
-1,04

-.32
-0.77

284.70 1587.66 404.14 49.07 27.72
285.2 1592. 402.6 45.2 25.3
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PU240LRL943 6G
PU240 ExPT.

PU239UK 2329 6G
PU239 EXPT.

PU240UK 2201 6G
PU240 EXPT.

PU241UK 2040 6G
Pu241 EXPT.

PU241LRL944 6G
PU241 EXPTe

up(LAz)

H -o.08a8

D -0.0161

T -0.0140

6
Li -1.068

7Li -0.0047

684.27 137.16 846olO 174041 4*O3
170.

-.26
1038o 386.

1151.70 279.69 1553.60 396o5O 47.43 26.92
285.2 1592. 402.6 45.2 25.3

773.92 163.77 976.44 216.41 12.60 5.79
170. 1038o 386.

1228.70 309.03 1637.73 446.32 62.78 36.80

1095010 275oll 1494.99 397.73 56.70 32.75

APPENDIX D-3

CENI!RALPERTURBATION CROSS SECTIONS IN ASSEWBLY 48

‘P
= TotalP2 Reactivity per Atom/;rpip~

q @ta) g LAz)

Ta(LRL) - o.k60

10B
-1.696 -Z.gk

c

O(LRL)

O(UK)

Na

Al

Mn

Fe

Ni

Nb

Mo

Zr

-0.0040 -0.cQ18

-0.0040 -0.0036

-0.0044

-o.0Q76 -0.0048

-0.0089

-0.0364 -0.0387

-0.0184 -0.022

-0.0321 -0.0161

-0.).015

-0.0494 -0.137

-0.0240

Ta(UK) - 0.450

w- 0.1834

23%
- 0.369

23%J(IRL)k.03

23%(UK)k.os

23kU
0.2401

23%(IJlL) 2.h23

235U(UK) 2.360

23%(UK) -0.1897

23$J(LRL)-0.1578

239PU(LRL)3.55

2%u(UK) 3.23

24%(IRL)Q709

2%U(UK) 0.298

.34
5*87

34.48
32e2

7e28
5-87

48.66

44.45

Up(ExPta)

-0.976

-0.976

2.62

2.62

-0.194

-0.194

3*W

3.50

0.640

0.640

%avey, ANL+320, p. 57. Proceedingsof the InternationalConferenceon FastCritical Experiments and
Their Analysis, October 10-13, 1966.

APPENDIK D-4

8UM4ARY K-EFFTABLE FOR FAST ASSEMBLIES

EXPT. GRCUPS

1 U-233

2 GODIVA

3 JEMIMA(O.375)

4 JSZESEL

5 U-233,0Y

6 ~(o.1625)

7 OY-O.7 IN.TU

1.01063

0.99484

0.98634

1.Cok53

1.0U99

0.99238

0.99394

24

1.o1151

0.991.22

0.98548

1.CK)392

1.01232

0.98926

0.99067

18

1.01074

0.99529

0.98665

1.(33480

1.01.232

0.98608

0.99430

15



8

9

10

U_

1.2

13

14

15

16

l-l

18

19

m

21

22

23

24

25

26

OY-1.8 IN.TU 0.99706 0.99423

OY-3.5 IN.TU o.997051 0.99393

TOPSY 0.99655 0.95X371

OY,CH2 REFL 0.9792 0.9844

OY,CH2 REFL 0.9834 0.9831

OY,Sx REFL 1.0140 1.0168

OY,%E REFL 1.CQ05 1.0172

OY,c REFL 0.9987 0.9961

OY,C REFL 0.9962 1.C033

OY,D20 REFL . 1.(X)53 1.00IJ.

0Y,D20 REFL 0.9824 0.9792

OY,AL REFL 0.9997 0.9955

OY,NI REFL 1.0075 1.0049

OY,FE RKFL 0.9805 0.9756

OY, w REFL 1.0049 1.0027

OY,TH RE2?L 0.9934 0.9905

ZPR 111(12) 0.9841 0.9802

ZPR 111(29) 0.9447 0.9552

!ZPR111(48) 1.0619 1.0159

APPENOIX E

REACTIVITY VALUSS AS A FUNCTION OF RADIUS

Coordinates of all figures are

Abscissa: Radius (cm). ordinate: Reactivity (j!/mOl).

0.99697

0.99520

~.ml

0.9839s

0.98J+6

1.0143

1.0026

1.0151

0.9970

1.0077

0.9925

0.9996

1.0083

0.9%3

1.0047

0.9936

0.9711

0.9323

1.0396

,.., ;.,..

T-1“~q~-r-[-1[1 i!,,, .[.;

Ii iill i;l

t:: i--k
02t--”++t-
‘-” [“: “[~t “’”;—----:---, ‘1{—.~. 1. -. — -- .-

00
1.111

7. 4 6 ., w

-t-H i 1 1 8 1 1
I I

.

.

.
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-a20 1

2 4 ● m
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APPENDIX F

GODIVA u‘s X 1.1,ALL GROWS

.

.

Act

H
o
r
IIEJ

L16
L17
HE
h~o
c
c
o
0
NA
AL
PIN
FE
NI
N~
t-lo

1A
h
TH
u~33
U?33
U?34

1A
U235
uZ3h
u~38
U238
PUZ39
Pu24~
PlJ?39
Pu240
Pu24}
Pu241

No Pert

50.462

23.0?4
3.679

-74.962
-47,135

2.040
6.233

-40.866

‘1.396
1.702
2.043
2.015

.119
-.110
4.228

-1.679
-5.627

‘4.201
-3.3?6

-13.833
.566

-10.019
?5&.838

.?36.966
1211,746
146.259

‘2.904

-13.798
15p.877
53.072
18.571
?3.653

2U5.ti52
132.61il
281.227
157.474
314. IH2
? !5.569

Uaf

50.462

?3. n74
3.67Q

-74.96?
-47. 135

2.040
A.233

-60.866
-103Q6
1 .7n2
.?.063
2.015

.119
-.110
4.??8

-1.67Q
-5.6?7
-68201
-3.326

-13.833
●566

-9.264
297.295
277.63?
141. i?13
172.670

-7.904
-13.7fJR
179. F?R9

61. lFi7
22.7?6
27.6R3

330.356
156.113
323.620
182.653
360.418
319.444

JEZEBEL

Act

H
1)
T
HE3
L16
L17
13F

B1O
c
c
(1
o
NA
AI-
MN
FE

NI
tNH
Mo

TA
w
TH

NO Pert

45.362

-%.9n2
-25.591

‘a V q

45. >43 45.362

-5.664 -5.9n2
‘25.5Qq ‘25.591

‘a ‘
55.%14

25.301
4.047

-74.468

-46.787
2.?44
6.441

-411. h49

-1.535
I .R72
,2. ?e5
2.?70

,141
-.09n

4.692
-1. R09
-5.757
-4.384
-3.524

-13.851
1*156

-10.194

?54.953
777. ?33
12n.98%

146.106
-1.095

-13.944

i53. oOQ
%3.70s

Ifl.623
26. ?93

>c!5. 792

133.102
?q\. ?R3
1=)7.767
715. Qb3
775.482

am’
4Q. Q31

-6.728
-?8. 152

‘398. .?66 -436.1?5 ‘3qfl.2h6 -6n0. ?23
-210.363 -?30. ?fi7 -21n .363 -? 11.555

-110459 -11.4<Q -11.459 -1?.607
17.24t3 2fl. R?n

-190.739 -? Of+. R??
-+6,048 -46. P48

‘7.285 -7. ?Q9

‘8.778 -~.17Q
-9.969 -lo.4f35

-12.865 -12.967
-14.651 -14. q17
‘16.097 -16. ?70
-2?. 174 -22.3Q7
-54.555 -57. Q5?
-60.153 -61.17?4
-48.416 -4 R.Q65

-11?.826 -llR.4n7
-RH.4?6 -91).641
-t35.343 -9.3.167

17.2b$l
-190.739

-66.048
-7.2R5

-8.778
-9.9RQ

‘12.865
-14.6%1
-i600q7
-22.]74

-549555
-60.153

‘48.416
-112.8?6

-R8*4?6

-7Q9337

15.398
-191.732

-cjfI.Ifi52
-R.n13
-90713

-10.489
-16.062
-15.863
-179544
-74.lHR
-56.62?
-65.314
-5?.72b

-11R*542
-950070
-9?.083

Expt
47.!300
17.800
-0.000
-0.000
-0.000
-00000
7.300

-s50300
2.400
2’.400

-0.000
-00000
-0.000

●500
-0.000
-0200

-4.400
-0.000
-0.noo
-0.000
-40000
-10400
-0.000
-0.000
-o.nno

149.300
-0.000
-o.ono

149.300
-0.000
?4.300
?4.300

?R5.200
170*oilo
?R5.200
170.nno

-o.non
-0.000

Expt

62.8no
-50300
-0.000
-o.noo
-0.ono
-o.nno
1505no

-zsl.nno
-6.9Q0
-6.9oO
-9.9on
-9.900
-0.000

-14.lon
-o.noo

-2105no
-480000
-o.noo

-44.000
100.500
-R2030n
-64C7no
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U233

U233
u~34
U235
2R
~A
U235
U236
U?38
U23R
Pu239
Pup4cl
P1J239
Pu240
Pu241
P(J2’41

H
II
T
hE3
L16

L17
ak
tilo
c
c
o
()
NA
AL
MN
FE
NI
NB
No
TA
w
TH
u233
U233
U234
U235
1P
1A
U235
U236
U238
U23R
PU239
PU2411
PU23Y

PU240
PU241
PU241

H
D
T
HE3
Lib

L17
OE
B1O
c
c

1357.589

124s.243
725.324
797.768
-36.678

-120.284
820C612
297.178
10?.648

98.037
1591.129

854.868
1556.809

98z.895
1646.815
1494,808

127n.Q59 1583.732
1158.41? 14590s87

674.nn6 8s?.947
73R.7~1 941 .8?7
-37.?97 -36.678

-12%.?f17 -120.284
763.4&3 963.661
273.4Q7 3S5.81FI

87.qq3 133.96s
83.7?9 1280~5?

]507.364 1837.537
79s.1/,1 100401?9

148r).Fnfl 17Q2.054
926.101 1161.6~7

1569.?~l 1891053R
14170C)>7 1730.2?3

1753.R24
1?42.239

7?1 .457
79?.446
-39.763

-i?7*408
R16.75n
?91.~30

96..7!43

91o’Q16

1587.602
R%O0607

1553.458
~79.069

1644.353
1490.745

1359.000
13590000

-06000
lln4.000
-35.600

-1000500
804.000

-0.000
114.000
114.000

15Q2.000

103R*OOO
1%92,000

1038.000
-00000
-0.000

50.462
23.024

3.679
-74.962
‘47.135

2el)40
6.233

-40.866

GODIVAU’S X 1.1 g 1-I.2

-i.3Q6
10702
2.043
2.o15

9119
-.110
4.2?8

-10679
-5.627
-4.201
-3.3?6

-13.833
.566

-10.019
Z54.M38
236.966
120.746
146.259

-2.904
-13.798
152.877

53.022
18.571
23.b53

285.852
132.6131
281.227
157.624
314.782
275.S69

50.460

23.049
3.679

-77 ●748
-41.899

2.040
6.64R

-41.708

-10396
1.701
2.003
1.960

●109
-.136
4.221

-1.696
-6.026
-4.212
-3.348

-14.(377
.44Q

-10.660
247.557
229.734
115.130
1410312

-2.954
-14.001”
14~.023

50.027
160905
22.027

278.205
126.583
274.121
151.136
308.241
26~074cI

50.462
23.024

3,679
‘74,962
-47*135

2.040
6.233

‘40.866
-le396

10702
2.043
2.015

9119
-*11O
&,228

-1.679
-5.627
-4e201
-3,326

-130833
●566

-9*244
274.439
255.2o2
135.622
159.182

-29904
‘13.798
165.727 ‘
61.013
g;::;;

309.290
150.831
303.857
177.168
336.236
296.111

50.627 47,800
22.959 17.800

3.386 -0.000
-75c200 -0.000
-47*301 -00000

1 ● 889 -0.000
5.991 70300

-419003 -559300
-10808

1.594
1.980
1 ●957
-0021
-0241
4.037

-10865
-5.827
-4.459
-30711

-14*37f3
,635

-10*441
254.804
236.812
120.753
145.877

-30151
-14*195
152.688

53?113
18,415
23.712

2$35.578
132.731
281.149
157.590
314.820
275.307

J-EZE2EL U’sx 1.1 g 1-12

45.362 45.350 45.362 41.758
-5.902 ‘b.bb4 -50902 -9.678

-250591 -250589 -250591 -P8.793
-398.P66 -417,1<b -398.266 -400.937

‘21oo363 ‘21504~1 -21o.363 -?11.883
-11.459 -110459 -110459 -12.786

li.24H 20.820 17.248 150021
-1900739 -lYb.5b9 -190.739 -192.021

-46.o48 -4b.04H -46.048 -so.788
-7.285 -{.289 -7.285 -8.237

2.4oO
2.400

-0,000
-00000
-00000

.500
-0.000

-0200
-4.400
-0.000
-0.000
-0.000
-4,000

-1s400
-00000
-0.000
-0,000
49.300

t
-0.000
-0.000

49.300
-0.000

24.300
24.300
285.200
1700000
z85.200
170,000
-0.000
-0.000

62.!300

-50300
-00000
-001)00
-00000

-0.000

15.500
-251.000

-6.900
-60900
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AL
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NB
MO
1A
w
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U.233
L1233
U23~
U235
ZR
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U235
U236
U238
U238
PU239
PU240
PU239
PU240
PU241
PU241

JEZEBEL

-8.776 -Y. il?9 -8.778 -9.567 -90900
-9.989 -100495 -9.9R9 -100755 -9*900

-12.H65 -12.95* ‘12.865 -14.134 -06000
-14,651 -1*.891 -140651 -15.960 -14.100

-16.097 -16014? ‘16.097 -18.932 -0.000

-22.17Q -22.3(J4 ‘22.174 -24.231 -210500
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-48.416 -48.553 ‘48.416 -52.845 -44.000

‘l12082b -114.336 ‘112.826 -lln.911 ‘1OOO5OII
-8E1.42b -89. 134 -88.426 -95.689 -82.300
‘85.343 -t!Yo5Y2 -79.33”7 -92.343 ‘64.700
l_15~.’i891306.724 1493.318 1353.665 1359.000
1245.241 ll~Q.86Q 137(J.7Q5 1241.744 13590000
125.324 685.5b0 829.868 721.2(J5 -0.000
797.76R 7b3. 127 888.127 792.155 804.000

-36.678 -31.092 -36.678 -39.797 -35.400
‘120s284 -121.481 -120.?f14 -127.591 ‘100.500
M2(J.612 18b. 757 909.M3H 816.439 d(J4.o(l(j

%97.]78 2?’5.5bh 354.970 291.204 -00000
1020648 9u.!jz.l 1.330914 96.o76 1140000

980037 Hb.z?l 12t.9!i7 91,109 114.000
1’391.129 l!J3/.4Y3 1“/53.821 1587.303 1592.000

U54.U68 811.875 9810758 850,186 1038ooOO
1S56.809 lb~J/01Z5 1713.608 1553.346 15920r)o0

982.U95 93”/.652 1118.470 978.895 10380000
lb4b.815 16010225 1?95.157 1642.663 -0.000
149404(J@ 144/olJ’34 lb370Zf16 14~0,60Y -(J.00(J
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Fig. F-1. Reactivity weighing function ~+(r = O)
in JEZEBEL.
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Fig.F-2. Reactivityweighingfunction#+(r . O)
in GODIVA.
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Fig.F-3. Reactivityweighingfunction@(r = O)
in ASSEKSLY48.
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