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Zunnmmenfasoung

In diesom Bericht wird eine Ubersicht fiber die Materialion und Datentypen
gogoben, die im Juni 1970 auf dem Karloruhor File fir mikrookopische ause
gevortote Xerndaten KEDAK vorhanden waren. Aucvertungen und Verbeosorungen
von Karndaten einzolnor Materiellen, die nach VerSifentlichung von KFK 120
(1966} durchgefiinrt und bishor noch nicht andorwoitiz dokumentiort worden
oind, vorden hier im Deteil bonchricben,

Apstraoct

In this report a survey is given about matoriels and datn types availsble
on the Korlsruhe evalinted nueleer dete file KEDAX in June 1970. Eva-
luations and revieiona of nuelear data for individuel meterisls which have
been corried out after publication of KFK 120 (1966) und have not yot
been docunented othervise wre hers described in deteil.
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Introduction

A ourvoy about the present ntatus of the Karlaruha Eveluatod Nuclear Data
File KEDAX is given in Tabls 1. It cantsinu a complate 1iut ol the matoriuls
and deta types available on KEDAK,

Tha physical data content of the file io documentod in nnn reforoncon

{1 2.7 (eoncaraing it vaund in #, resp, 1,0, Yo, e, ¢, o,
By, or, o, 1, wo, 2%y, 23y, 2°9Pu) / 3.7 (conaorning "%, 2'ry,

B2py), 1707 (1) ana [757 (el

This report doos not guporycda ony of the publieations montianed Lefore
but only parts of them, It gives tho until now lacking information about
the fellowing KEDAK-2nta:
1) the resolved and statistical rasonance parmmetern of 21AL
2} the elastic scattaring wigulor distributior of N ond AL
3) changes in the cepture aruss sections of 2o,
to the eveluation of Yifteh et al. /73 7

Pu compared

Y} the insertion of additionel energy points in comparison
vith the onergy acale tabulated is reference /72 7

5) changes in the data for 239Pu compared to the cvnluation
of Sehriat /71 7.

Deteils ebout selected data previously iptovporated sn the KEDAX-File

1. Resolved and statistical resonsucs parsmeters_of 2/AL (Feb. 67)

The British eveluation of Al nsutron erosg cection by Kinz;f h-] which
was taken over on the KEDAK file did ot contnin resolved and statisticel
resonance paramctors., These were added in the I»llowing way. The para-
weters of { energy Er. neutron helf widsh rn.

neutron orbital angular momentum 1 and recopance spin J) vare completely

Zuz Pruck eingeraicht am 2,2.1971
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token ovor from the rocommendations of referonce /78 7 and from Hivdon
/797 us tabulaved in referenca /76 7. At thut time no copture widthn
detorminations vere aveiloble excopt for the lowest rasonanze at 5.9 keY.
For this remonence Rohrer et al, /7107, from transmivsion and activation
menouremonts, obtained o i /I 3 12b, 9 = 88b and T ¥ 12 oV, frem whioh

P, % 1,6 oV in0 derived, Dy lnck of betier informution wo chose P_ & 1,6 eV
for all 2".I\J. Taponances irrecpective of 1 and J¢ The full oot of rosolved
revonance parametors for Ty, 10 given in Table 5,

8tatiotical remonanco parameters, for hewave noutrons only, wore derived
in tha following way, Al hau a ground atete opin g- » thuo for 1m0 two
resonance serisu JaR and Jn3 ave possible. From five Ju3 ravonancon o
orude estimate of the average spacing of J=3 resonancon wan obteined firot,
Lo 5‘1_3 = (942 kaV, Only two rasosancos are aspigned J=2 whioh wuo
conaideved inouffioient for un estimate of 5‘7_2. Hero with the above
valua, the well known Jedspendence of D,

Dge3

Bonol oHIH)/20?

L3
where ¢ is the so called spin ewuloll parameter, &and for o=3 taken from
Hibdon /79_7 we obtained BJ'-Z = 35.6 keV, A8 average roduced neutron
width of J=3 renonences l'l(,"}:a = 15.5 eV was celculated which, together
with By g0 gives o strength function 5y . ’(".‘f” = 2,20

§ Ue3
Ag usuelly the function wan i i of J, thin
-k " )

gave 6y, = By.q = 2.2410% and vith By, l'x(1 }_2 =,8.0 €V, For the de-
ternination of the levol density parameter a = - G, with G = totel
single nucloon level density &t the Fermi level of the nucleus, the
formuln obtained by Hewton /~ 11 7 has been weed

&= 0,056 (3, + Jy+ 0 223 /v 7

where IH. 3, = effoctive eingle particle anguler mementa for neutrous ani
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nrotons at the Formi level, The velues of 3; nod 3: (T!; = 1.033; 3: = 2,5)
were tuken from Cumeron /712 7, Tie roaulting valuc of u i 2,69/MeV.
The full act of otatintical s-vove rogonance poramcteru io given in

‘fabla 6,

2, Llastle geattoring anqulor distributions of 4 and AL

For alw ble scettering angulor dictributions for N and Al, oxclusively tho
boat curveu throuph the available oxparimontal dnta os compilecd and givon
in roforonce /713_7 vore used, Tho enorgy rangy covarod gosn from 100 ko
to 15,83 HoV for I, and from 10 KoV to 14,3 MoV for AL, Delow 100 koV

for Hy anad bolov 10 koV for Al tho oleotla ocattoring i entumed to procoed
inotropioally in tho ecntor-ofemaao oyatems Tablo 7 documentd the onorgion
aovared, tha numbor of cagular aiotributlons wnd the banic referoncon in
dotmil,

One ndditional comment is neoded, For Al tho moosuroments of Fowlor end
Johnson /~1h_7 entail tho sum of differential elastic and inelastic
scnttoring cross cections, The mopsured croso sectionn were roduced to
pure elastic scattering cross sections with the assumption of isotropic
inolastic ocabtering angular distributions and oubtraction of unlllur from
the moasured differentinl total scatiering crons cectiono at all angles,
0,¢ valueo vere token from the evalustion work of King {747« A1 other
measurements for Al and aloo for N do not contain inelesiic ocattering
contributions,

£ 240,

3. Chenges in the capture cross soctions o

Only after the evaluatioa of Yiftah et al, [3_7 concerning the neutron

aate of the higher Pu isotopes the comprehensive ueel ligear accelerator
work on a'hoPu totol and partiel regonance cross pechionn becume available
£733.7. Thio showed in particular that the s=vave cepture vidth (32 meV)
and the smvave ctrength function (1,37+107) s ascunod by Yiftah ot ol /737
in their calenlations of <o >(E) for 2405, o the basia of previous much
loss comprekt sive measurements were too bigh acd hed o ba repleced by

the lover values T © 24,2 meV end B, ™ 1.05-'0”‘. With theoe vnl::n and

& (probably somowhat too low) peweve strength function 51 8 1,5+107 the cope
* vg cross sections of 2'CPu vare recaleulated in the range of predominont
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s and p VRva capture mbove 1 keV and extrapclated to higher energies
o a8 to join smoothly the curve of Yiftah at al, /73 7 at svout 800
ke¥. Tho changes in ar entuil, for I kopt oconstant, qp:nupoonaing

changoe in 9, and o0 The chenged o,y 0, and 0, . data for “'-Pu tetvaen
1 ond 800 xeV are incorporated in the KEDAK file replacing <he data

of Yiftah et al, /737,

hy Addition of enorgy paints in the mlready exiusting £y, scale

for_stme KEDAKemsterials

The chenges to be desoribad hera era due to the chomen method for the
onlculation of the inelastic noattering metrices in tho region of
disorote levelo (uee ref, /°7_7) vhich uaes the inelestio exoitation
cross gections contained in KEDAK, The convention for thie datn type,
nemed "SGIZ", on KEDAK is the following one (Comments to table 1i

see x(b)):

An excitotion cross section valus of zero is only stored at 107> eV
and et the highest energy for vhich the cross section is still equal
t0 zero, We shall briefly cell it here EH. This is valid for the
inelnotie excitation cross section of sach lovel of a material. For
the excitation eross saction of a fixed level the energy EH has =
value below or squal to the threshold energy of the inelastic exciw
tation level considered. In the first cese the condition of linear
interpolation betwoen neighbouring energy points on KEDAX is mot ful-
filled if the inelactic axcitation cross section value belonging to
the next energy points above E‘.ﬂ is unequel to zeroc, because a cTOES
section value § 0 will then be obteined by interpolstion at the
excitaticn energy and this is not correet from the physical point of
visv. Therefore, in thst case, the energy valus of the corrssponding
axcitation level hed to be inserted as energy point ooming next after
Ege

The mentioned dafect had to be correctad on KEDAK for the following
matorislss Cr, Fe, Ni, Mo, Pu239, Pu2bo, Pugh1, Puch2, U235, U238,
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5. Revision of puclesr data for 23y (B, Hinkelnann)

Recant precision measuremonts for muclear dste of 23%Pu end the importance
of these data for reactor physice celculationa have led to a revision of
the KEDAK.date for thio isotope and partly to a re-evaluntion, Primary
changen have bensn made for the following KEDAK deta types in tho energy
rangs givant

Opt 1 keV « 10 MoV
at 100 eV « 30 keV

k] 3 MoV = 10 HeV

The energy ranges in vhich changes for the other crono mcation types wera
caused by thepe primary changes ure quoted in Teble 8, The total oroas
ooction has been aagumed uschanged in the whale enorgy renge. The moaning
of the cross sestion typs names used in Table 8 is given in ruferonce /76 7.
Computer listings of the presont cross section data for 239Pu on KEDAK
aro given in the Appondix, They supersede tho crocs saction tubles for

this isctope in reference /72 7,
8} Rewovaluation of the fission cruss sootion

In the energy range from 1 eV to 10 ke¥ the finsion cross section values
ovalusted by James and Patrick /"3h_7 bave been accapted, Below 10 keV
thee are averages over intervals of 1 ke¥.

The evaluation of Jemes and Patrick takes into account almost sll of the more
recent dsta information, Corrections have been applied to the fission croun
seotion dute for doviations of the '°B(n,a) cress section from the V//T lav
assuned in the experinents if '’B hed been used in spectrum measuremants.

In order to combine ratio messurements with ebsolute mensurements of the
fission crose section for “7Pu Jamos ond Patrick huve carried out a lesst
aquares fit to selected data of the 2Py ant 23% fission cross sections
and their vatio. For their amalysis belov 10 keV they have chosen the

239?\1 fission erous seotion messurewonts by the following muthors (the
messured date and the cor i are given in [3’1_7)1

1) Bollipger et al.«: 1P to about 30 zeV;
Jemes and Patrick have remormalized tho dets to e valus of Th2.ib
at thermal energy mud have corrscted thew for the reviosd 1°B(n,a)
arofs seotion,
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2) Shunk st el.! Pstrel underground nuclear sxplosion, in the eaergy
range from 20 eV to 30 ke¥,

3) James in the chergy ranze 5 oV to 25 kaV.
4) Patrick up to 30 keV,

5) Furthermore ratic surensats of the 9Py to 239y fission oroes
sactlon by Gilboy and Knoll; James and Patrick have used thair re~
vised veluss.

6) 23y tisaion orose sectioms by Michsudon efter corrsction for the
7) 23% flasion crons sections by de Baussure) revised 1"B(n.u) oross saction

The msssured date of Dubrovine and Ghigln [36_7 Lave not bsen included

in the evaluation of Jemes and Petrick becsuse of the large expsrimental
srror (108},

Jemes and Patrick give an average arror of 5,3% for their mean values over
the chosen ensrgy intervals,

Fig, 1 shows up o 20 keV the selected eaxperimantal data ss well as the
tisoion eroza mection dats recommended by James mnd Patrick, For come=
parison we have alao plotted the results of moat racent @ wneasuraments

by Owin et ul, /737 7 in the ezaray range rrom 1 keV to 30 keV and o peratio
measurementa by Lehto /736 7 in the epergy range from 0,24 to 2k keV,
whick heve become aveileble in the meantime, In the lstter case the
abeolute fission oross section values plotted in Figs 1 hove besn obtained
frou the ratio values by ueing the 22y fissior orous eecticns recommended
on KEDAK /"1, 2.7, The lurgeet deviatious of the Lehto date from the
reccmnended curve of Jemes and Patrick are to be found in the intervala
1«2 keVi 2 keV = 3 ka¥} 7 = 8 keV, Espeoially in the first interval

the Lehto messurements give much highar results {40¥) than the averages

of James and Patrick. The o =date of Owin et al, vhov the sume tendency
in this enorgy reoge but the deviations are pot 8o large, 'Ta values
plotted in Fig, 1 ag Gvin dota arv avarsges of the "uetal foil"™ and
“fission chamber” mensursmwrts, For thederlvation of the fission crown
saction values Cvin et al. have sssuwnad the same energy dependence of

the ‘oﬂ(n,u) oross section 04 used by James and Patrick, Thus these two
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most recomt nessurements give sap indication that the average fission ercsa
sectlon valuen of James and Patrick are 00 lav in the energy rangs from
1 keV to 3 keV,
In the energy ranga from 10 keV up to 2 MeV only most roosnt precision
mossuremonto for the ratio of the 2-’Pu and 23y figsisn cross castion
hnve been taken into conslderation. This in justified by the many improve=
monts in experimental techniques in the last years, Except those of
Rasterov and Omiroriln /“41 7 thooe moasuromentn are ebsolute ratio measure=
ments churacterized by
1} the ude of very thin trrgeta homogenaous in thickness und inotopic
gompouition propared by apecial tochnlques e.gs eroctro-opraying [39.7
or vacuum evaporstion /40 7, This is of importance in particular for
o good disorimination of fiseion fragment pulses and aepulses,
2) the deletion of the fisoion events of tho investigated and reference
materiala in coincidence
3} B narrow energy resolution
W) very detniled investigations of correctionn which should be applied to
the exparimental results end of their sigzs,
In the energy range considerad the following mcanurement series have been
aelected:
Hssterov, Smizenking 1967 /741 7
anergy range: 300 keV = 2,5 MoV
1) ratio messurement of ,r(239m) normalized to
experimental results using the "glass method",
2) ratio messurements of vr(ug}’u) and ur(235u) vith
fest neutrons with the glaas method using an

Zgasurement:

referance value the crous section Tatio for u
Maxwellian spectrum at 2C°C
uncertainty of :

the fission ratint  2.7%
neutron dourpe: 12(p,n)ile? with ven ds Gresff accelerator
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1 1 wathod:

B

astection of fissicn fragments; monosnergetic

fisaion detectort

Guplot
Corractions applised

neutrons, energy determinstion frem the angle (p,n)

1) backwto-back double iouization chamber filled
with Ax(93%), C0,(T8)

2) gluss plates

239y with 3,48 2Vpus 1 mg/on® thiox

anpular anlsotropy of fission

to the "glaas rathod™ isotopiasl Impurity

data)

Kippeler, Pristschinger; 1969 /"2 7

energy range:
measurement t
uncertainty of
the fisaion yatiot
neutron sourcet

exparizantal methad:

fission detector:
sample:

Corrections for:

Posnits; 1869 /743 7
energy range:

5 keV » 1 Ma¥
absclute ratic mensuremant of v'(239m) o 0‘(23511)

2 = 3% except below 10 keV

T1i(p,n)7Be using the Karlsruho 3 HeV pulsed van de
Graaff accalerator

dotection of fission fragments; neutron snergy
determination by TUF~method, energy spreads 20w35keV
ebove 200 kev, below 200 keV 108 of the neutron
energy,

gea acintillation counters filled with argon {asymmetry
in the neutron flux and in the eluctronic exszined)
96432 239Pu. 3.5% 2“0}’\\5 Pueacetate deposited by
electro=spraying on metal foils

‘background

finite foil and backing thicknsss

electronic correations

semple mass and isotopic ccuposition

130 = 3h0O ke
‘ratio of v, (239Pu) and u’("\”u)

unc.‘rtlinty of
the fission ratios

2w3%



beutron Bource:
experimantal method)

fioslon detector:

samples
correotions for!
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Tu(p.n)Tno with 3 MoV pulsed van de Graafl
detection of fimsion fraguonts; cnergy determination
by TOF=mothod

double chember gas soimtiliation counter fllled with
argon and nitrogen {(153)

99,958 *¥pu

totol aboorption of both fisslon fragments
sgutteriog in the sasplo backings and the flaosion
counter

¥nite, Hodgkinson, Wallj 1965 _/"bh_7

emergy rangel

meagurenent t
uncertainty of
the ratioy
neutron source:

1 methodt

mecsurements at the energy points Lo, 6T, 127, 312,
415, 505 keV
absolute ratio messurement of ot(zaph) mnd uf(235u)

2.2%

7Li(p.n)7na using the Aldermaston 3 MeY van de Graafi
accelerator

detection of fission frogemonts; neutron energy de~

termination from the angle (p,n), enargy spread:

at lower epergies 10%, at higher epergies 5% of tie
neutron epergy, caused by target thickress and gao=
metrical arrangement

fission 1

aarpleac

corrections for:

‘back % double ionization chouber filled with

krypton + €0_(10%)}
239.2 2

69.9958 ““"Puy 0.0123 ¢ 0.003 °7 'Pu;

foil thickness 0.5 and O,1 mg/eE”

lcas of fission frsgments due to foil chinknuu;

neutron flux and epergy variation across the fissile

foilineutron scettering in the fission counters and the

2h Opy,

neutron source
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Mhitw, Warnorj 1966 /457

anergy rangat at energlas of 1.0, 2,25, 5.4, 14,1 Me¥V

measurazent: abscluta ratic measurament of a’(eagl’u) and qf(EBEU)

uncertainty of

tho ratiot 2%

noutron souraei {p,n), D(d,n}, T(d,n} with 3 MeV van de Oranff Alder~
maston

Tie other characteriatics of the experiment ars the 6ame a8 in the memoure-
ment of ¥hita et al. dasribed aboves

The experimental data polnta of the sbove measuraments have been fitted by
a smooth ourve using the computer subroutine SMIPFTH _/."46_7. For the das=
eription of such m mmooth curve it determines s aplinefunction of degree 3
such that

1{x) = 8+ by (mex; ) + °:i(x";‘)2 + ﬂi(:'-xi)a 11,2y 000,0=1
Y LXE Xy
end that
X,

n n
J Ut JPax bwin
X

and
1 £lx; )=y

—_—t i) g

121 { Py Js

{x;4 ¥y) wre the detw poims with weights py imi,n

In general the same wveighting hes been adopted in ths above procedure for
the selected differant da ta sioce they have mlmost the same accursay,
Only the date poirt at 40 keV measured by Whits et al. hai baen assigned
lems weight in comparison with the PLL 3 and Xk
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in that range boocause it doce not ssem ryelieble baing belov all other g
valueo in thio region, Furthermore we have given lese welght 1o tho datn
measured by Neatercv and Bmirenmkin at energy polntm around 900 keV im order
to reproduce the aip in dp 0t 095 MeV oboerved independently by twa groupa
of experi iotst Khppoler, Pf1 nd snd Peenltn, “he Poenita

experiment han unfortunately too few exporimsntol dute points in thio
energy reglon fur drawing o gonclusion ¢ancernlng tha exaet position of the
dip, Kippeler and Pfletsschingar have repeated tholr momgurement twiae in
thio energy reglon to confirm thair resulvs, Furthermore beanuss of the
TOF~method the enargy sprecd in this experiment is swaller than can be
oxpooted from the noeutron enevgy determlnation in the meaguromanto of
Nesteruv and Smirenkin, Thersfore the pogition and depti of the dip ag
inferrad from the measurement of Kippeler and Pfletschlingsr oeemed us to
be mast reliable, The | 1 results of and Smirenkin, too,
show thio dip but it is shifted to higher onorey &t about 1.1 MeV,

Fige 2 shows the aelectod experimental dota end the ratio curve obtained
by the fit, The error hara are plotted together with the oxperimentnl
regults with the exception of some data pointc of Hesteroy and Smiremkin
vhich heve been omitted in order to avoid confusion, All of them have

a quoted uncerteinty of 2.7%.

The fizsion croms section values for 239Py yere obteined by using vhe
KeDAk=values for o (*3%).

In the emergy range sbove @ MeV up to 10 MeV the following measurements have
been teken into accountt
1) Hansen, MoGuire, Buith /747 7, LA
2) Nesterov, Smirenkin [b|_7
3) White, Warner /745 7
The last two meosurements huve alresdy been described. Haasen, HcGuire, Smith
have recemtly correctud the oxperimeutal results obtained by Smith, Herkel,
Nobles /487 for inscattering effscts, They had performed two anrics of
ratio memsurements

1) qr(239;.“)/qr(235") in the epergy range 0.51 HeV tr T.17 MeV

eatimated error dn ag(*pu)r 7%
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2) 6,(%¥Pu)fo,{%%) in the enerey range 2,0 HV %o 20 Hev
x-lnzc of rhn quoted abaolute ervor in v (239%)1 5.6% = 8,8%

rgy region have basn emoothed ocut

The scattering data points ip this
by a curve using the same proosdurs s in the lovuyr energy range, The
input dats, hovever, have not been the ratio values but the abrolute
fipsion cross sectlon valuss for 239Pu. A single fit over the vhole
energy rangsd in any osge would not have been possible sinos the Li=dats
have only later becoms available to us, Furthermoro becsuse of tbis
date ret relative to u!(aaeu) anyhov, opne duss not obteln mn indspendence
of o (“”U) whioh iy the maln remton for & ratio fit, Iho sbeclute
nulnn croaa section values for 239RA have been calouleted by usiny the
Teviped Li~values for ar(235U) and elf(23 U} as reference croms swotion
values, aince the KEDAKwdsta for these cross sections correspond to the
old LA-reguits.

In Fige 3 the experimetal date pointe in that range cs well as the
evaluated curve are given, In +he ranga from 1,2 MaV to 2 MeV the evaluated
gg=curve haa been Juined smeothl: to the curve corresponding to the evas
lusted ratio curve in this xange. ‘fhe ~rror bars plotted for the Nesterove
end Wnite~dats ware obt. el by means of the error in the ratio velues snd of
the uncertainty in 0,{**%) as quoted vy Hansen, HcGuire, Bumitn JUT_7

added in quadreture.

Tue estinsted acourssy of the yoarmunded o -yaluss for “Ppy is teluteved
balov:
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Aﬂt .
Energy ranga {=-— /7% ] | Commants
oL

1= 10 ke¥ [£5.3 average error ao quoted by Jauss nnd Patriek /"3k 7

10 = 100 koY }+7 ungertainty essentiolly dus to the daviations
~ betveen tho Whitew and Kiippeloredotw in thio remge
100 = 000 kay [ the largest part of the uncerteinty is due to the
235y
exror in o{ v) / 1_7

0800 xe¥ = +10 malnly due to the unoartalnty in a‘.(‘:zﬁu) ond,
1,5 Me¥ -6

concarning the positive error, also to the uncure
tainty of the exmct positlon of the aip in ag in
thin renge. 1f oma rolies for thio complotaly on
the Kiypelor monsurements, that meann o shifting
of the oross sectlon values of Nesterov, Smirenkin
40 lowor energles ("t("‘ MoV) + ’1‘(0‘95 Ma¥))
the error could ba reduced to +T%,

15~ 2KV 7 due ta the error in a, (“°U) and the ceviations
‘petveen the Poenitz and Nestarov resulia
2 = 10 Me¥V |£7 the error corresponds to the uncerteinty of the
LA-rosults

For comparison with other evalustions for g,(**pu) snd with most recent ex-
perimental resultd the Figa, 4 = 7 are glven Lero. There wre ohown:

1) in Fig, b the prasently and previously / 1,2 7 on KEDAK recommended

ggrourve for 230y

2) in Fig, 5 tho presently on KEDh. rocomiendad g -curve for 239py, the
90 meurve evalustad by Davey 7497 and the o geourve evalunizd by Oreene,
Luoiug, Craven /750 7 for the revised END?/B=file

3) in Figs 6 the evelunted curve for the ratfo o (*Prul/o (1) vith the
results of e most recent ratio messurement of Soeilhec et al, /7517
whigh could no more besn considered here, In this mescuremept the datas
polnts vare norualized st 0.61 Ma¥ 12 u velue of vr(239Pu)/nf(235U) =
1,354 teken from KEDAK /"2 7, fhey have therefors boen renomalized to
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the nev valun of 1.37Th before ropresentation in thio figure, With the
axceptinn of the recults measured at both ends of the energy region
govered the experimental deto do mgres within their error burs with
the evaluated ourve.

b) in Fig, 7 the presontly on KEDAK recommonded agmcurve for 2%y gna
the experimental results of u moat recent evaolute mensurument for
u;..(asgPu) by Bzabo, Leroy et al. /7527 which oould yo more boon tken
into agcount heros Most of tho dota points ara within their nooignod
error burs in good agresment with the recommended nurves

A rovioion of the amvaluss on KEDAX hen bocoms naceupary broauso marg
recent csmeasurements in the keV-range hava given much higher results thun
tha KAPL=values [53. sh, 55_7 which hed been in common use previouniy.
Among the most recent memsuremants the cemeasurements by Owin et als /737 7
of Onk Ridgc sesmad to us most reliable.

In comparison with othor a-mensurements the Guin valuss have & small uncers
tainty, on the avercge about 125 below 20 keV. Furthermora Gwin et als
have used an approved detector, a large liguid scintillatar, for detection
of prompt gamma rays resulting elther Irom fission or from neutron captures
For the Zeteotion of “he fission events two different techniques have

heon employedi

1) An ionizetion chamber containing >39Pu ves used,

2) Metal foils of 23%pu vere used end the fission evem:s detacted by the

aifference in the pulse-height distribution for the prompt wrays from
fiscion and capture (the cepture pulse-height distribution does not
axtend beyond an wpper limit given by the binding ewergy of the neutron
in the ooupound nusleus 2 }

The latter vechnique hae been epplisd in order to cbtain a=ve’ues in the
higher enargy range. Thene have bean vith daiffersnt
sample thickneoties,

The Rensaclaer Flectron Ilinear Ascelerator was used as pulsed neulron
source. aemeasursment® have been oarried out in two enorgy rengea
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0,02 = hb aV ond 7 oV = 35 koV

tho "ionization chomber” measurements in particular up to 3 keV, the
"metal foil" menouramonts inm the whele enorgy ranea,
The ioctople composition of Pu was 59% 23%Pu and 0,65 2*pu.
Normalizations
ionizntion chamber data: low onurgy run normalization at 0,025 aV and
0.3 oV to a=values of 0,350 and
0466 roopoctivaly
high anorgy run  normolizuvion to the lov onorgy
ionigation ahambar data in thiz
range
matal foil datal ncrmalized to the "ionization charbor” datn of the
high cnargy meaouramont

Tho e-valuos presontly rocommendod on KEDAK are arithmotic mean valuos of
tho icnization choober and watal foil data averaged by Gwin ct al, over
intorvals of 0.1 keV below 1 keV, of 1 koV below 10 koV end of § koV bolow
20 ke¥, The prasently and previously _.{'1, 2_7 on KEDAX recomrsnded a-data
sor #3pu ara plotted in Fig. 8.

Fige 9 gives the conporison between the u~results of Guin et ady /737 7

ond most recant oencagurenchta by

Schosberg, Sowerby et als [“56_7,
Belyaw, Ignat'ev, Sukhoruchkin et el /75T 7

and Czirr, Iindsey /7R 7

The plotie. sw~valucs are aversges over apeygy intervaly which in geporsl
correspand to tha intervals ckasen by Gwin et als If this is not the
ca88 the energy limits of the range are given in Fig, 9 together with
the corresponding oxperimental. value.

The largest discrepascies Latween the Schomberg snd Gwin menourcments
are to be found in the energy ranges 0,8 « 3 keV ard 15 = 30 kaV where
the deviations from the Gwin results exceed 20% in spite of a consistent
permalization of both date sets. The large deviaticna in the energy range
0,8 to 3 keV aro not so surprising cince the Schomberg measurerents hava
the maximm background errsr in this racge, Except the first energy
interval (0.1 ~ 0,2 kaV) and the onorgv range above 10 ke” ti.o Schomberg
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resulta ars in the whole energy rauge lower than the Gwin values. It is

A that the af ies in a are mainly due to errors in momsuring
the capture aross section becsune the eversge fimsion orvse ssstions of
Bohomberg et al. ngrea well itk thede of Gwin et al. In the energy range
L keV= T Xe¥ where pravicusly lovge 48 ias had bean
batween preliminwry Ouin measurcranté and preliminary Bebomberg detm the
agreement hao now become muah better, Ineluding the mutual uncertaintiea
the two mansurements now gompletely overlsp in this reglen,
e Belyaev snd Czirr messuremants donfirm the Guvin resulta, The deviatione

amount in general to mo more than 108,

n_of U(E) in the MeVerasgs

Since the evaluation of U(E) for 3395y by J.Js Schmidt aew very accurste
mewsurements have besn pesrformed in an energy range whiere previcusly no
experinental infarmation at a1l had existed, This concerns in particular
the axperiment of Boleilhac et al, /587 which covers the enargy range
from 144 t0 1448 MeV and the experiment of Cond§ et al. /759 7 carried
out at several energy pointe in the energy range from 4 to 15 MoV,

&) Revi
&l Revisio

In both experiments the mean number of prompt neutrons per fiseion in 239?1:
ion

bas been memsured relstive to tbe neutron yield for spontaneous fi
of 252". A large liquid scintillator has been vsed au neutron degector,

The maxirum ux.orteinty of the Tyl‘g-vuun amounts to 1% in the Boleilhao
experiment (0,5% paximum error due to corrections ineceuracy, atstistioal
error 0.4 - 0.5%). Ibn the Cond§ mezsurenent the uncertminty varias bstween

2 and 3%, The experimental results of both mepsurements are in good sgree-
ment with each other. In comperison with the th(}:)—curvr previously
recommended on KEDAK the Soleilhec dsta sgres to within about 0.5% with

those valuss below 4 MeV, Above 4 MeV deviations of about 1 to h% incremaing
vith increasing energy are to bs found, For thin camparison the experimental
rePults have bSaen renormalized to the standard value used for the previocus
KEDAK data

% (#0r) w 3,764
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and o value of

7,(%3%u) {

how beon edded ag gontribution of the delsyed neutrons, The above

reforenco valuo reccnmended o bout value in reforence /™1 7 hes aluo

0,006 below 10 MaV 7617

0,013  above 10 MeV [Bu_;’

been soocpted as standnrd vnlue in deriving a curvo U(E) 2bove U MoV,
Recontly & velua of Gw(”"’cn = 3,765 ¢ 0,012 has boon recommonded
by the TAEA /“78 7 as bont valuo for the fission neutron yiuld from
spontencous fisoion of 252{:{' including delayed nautrond, bdut it han not
vaen ndoptad here aiming anly av an evaluntion of § inm the HeV-range

oines belov 1 MeV nev meagurementt had not yet bacn availadble in the
veginning of 1970. The chosan value of 3,76k is, however, in consintency
with the Smavnlustion af J.J. Schmigt /71 7 so that his fit for the

dats in the lov energy range could ve cam;innd with ours in the higher
energy range,

¥hereas the Gfg-dma quoted by Cond6 et al. /°59_7 referred already to

this value, the other more recent experimental data had to be reporma~
lized to it.

After pddition of the contributicn for delayed neutrons az described above
& linear lemat squares fit hus been carried out for the Jy,-data of Soleilnsc
et el, and Cond€ et al. obove 3.4 MeV under the condition that the linear
function passes at 3,k MeV through she KEDAKwvelue of 3.341B for ;bg'

The inverse squares of the exrora of the individunl experimental dsta
points heve been used as weights. The uncerteinty of the eversge pumber

of prompt ntutrons from sponteneous fission of 2528{ hes not been taken
into mccount in the calculation of the errors on Gbg(znl. Concerning
the Soleilhac memsurement we have determined the error in the Gh)-raau.lts
by edding m quoted uncertainty of 0,5% due to correctians ipaccuracy to
the tebulated stotistical errors. Cond€ et al, have given the relative
errors for their Wyvalves in reference /7597

The straighteline function obtelmed by the leastzquares fit based on dats
above 3.4 MoV i deperived by the following equetion

3ub = 15 MeV: ;np(E) = 2,81908 + 0,15463 E (E in e¥)
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The velueo prasently recommanded on KEDAX for the mean number of neutrons
per fission in 239r‘u induced by neutron unorpies above 3.4 HeV correspond
to thiv equaticn, Balow 3.k MeV incident noutron energy thoy ara given
ao previously by the following relationohip /717

thormal = 3.4 MaVe ), 0(F) = 2,89200 + 0, 12191 + 0.001898 - 0,000103 (E in MaV)

The expurimental results of Conaé et el. and Eoleilhsc st al, as voll an

the evoluated curve ave shovn in Fig. 10, The error bars correupond to

P (*%0e) = 3,76k £ 0.0, Tho enray sprand of the data points he boon
omitted in order to avoid confusion, 1In the Bolellhac exparimont the cnergy
apread decrenses from 1G5 keV at 1,36 MeV inoident neutron enarcy to 70 keV
st 11,8 MeV; in the Cond6 experiment it varien beiween 20 keV at 4,22 MeV
and 200 koY 8t 1h,8 MoV, Almo sarlier Jemonsurerente for 2Py %61 < 717
are presented in Fig, 10. They are confined to - be energy renge below

about b KeV and to the region from 14 to 15 MeV, The previous Jemcasurements
performed between th and 15 MeV have not been tazen into account in the
leest squares fit because of their large uncertuinties, The deviatiums of
the Soleilhac and Cond§ from the atraight-line
function amount in generel to uo more than 1% in the energy range above

3.4 MeV up to 12 MeV. Above 12 MoV the deviations increase to about 1,5%,
Peak deviations of almost 2,59 are encountered for the two deta points of
Cond€ et ml, at 6,77 MeV and et 14,8 Mav,

A comparison of the G,‘ (E)=curve prasently recormended on KEDAK with most
recent experimental deta informeiton which could not be taken into account
here is given in
Fige 11 with Yemeasurements of Solsilbsc ot al, /7517
Eige 12 with Jemeasuremonts of Mather et a1. /779 7

and of Hesterov et al, /7817

The sbiolute Y-veluss and errora are based on Qp(esecﬂ = 3,764 £ 0.0
ana 5, (%¥pu) (0,006 velov 10 eV
Q.C13 above 10 MeV
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Tablg 1:

Heterials mnd date types an the KEDAK-f2le

|EEDAK-name . Dats tyve namas Tumber of!
of the IMeterial 5y sen S SGG SGF SGP G SGA | SGI SG2N } SGX | MUEL! NUE ETA enargy
material o, |9, 9 O, o, a, 9 1% 19 {9 | oo ‘ﬁn 3 a | % |ypoints
amwer [Ta e = x |x - xm) | z) [x [xwo)lz) [ x |2 |~ |« |- | « 312
Cbb12 2 I z |x - x(a) | x(®) [x  |x®) [=fa) [ x {x |- [~ |- | 326
Cdbbb ca = x x |x - x(b) | x(b) {x x(b) [x(b) | = = - - - - 4380
Crbvb ar 3 x x |x - x(b) | =(b) [x x(b) [ x(b) | x x - - - - 569
Pebbb Fe x x x |x - x(b) | x(b) |z x(b) | x(®) | x x - - - - 1151
Ebhb2 % [x x x |x - x(a) | x(a) [z x(a) |x{p) { x x - - - - 58
EbbE1 E boucd hx T x x - x(a) | x{e) |x x(a) |z{a) | = x - - - - 63

N PP it 2 |z {2 {- | x@lselx |x x|z }x |= {1~ |- |- 63

- in H,0

S |mee3 3 Jix(e)| x(e)| - |xta) | - x xa) |x  |x(e) {x(a) | xfe){xte){~ |- |- |~ i
Eetinls Yme fx fx | oz [sta) |- | xe) [ x(e) {xte) [xta) [xla) [ xtd]x [~ |- [~ |- 121
Mobth ¥ % x x ix - x(6) | xle) {x 2{3) {x{e) { x = - - - - 1R
Abbob ) . - - - - - - - - - - - - - - - -
w23 [(PBma fx fx [ x [x |- [ xm) x|z |m) x|z |x |- |- |- [~ | ®®
Hibth F X x x |z - x(b) | x(b} jx x{v) 12} | x x - - - - 1043
a1 Yo Px Jx | x [x@ |- | =te) |2 [x0) [x0) |2te) x|z |- [ le 1o} ouss
Pu239 29 x| x x |x x x(a) | =@ |« |xe)[xm [x tx |z [x [x |x 819
Puzko P05, e 1x x |x x - - s Jemiamytx jx o x b x| 151
Puzlit Mo e [x jx o jx tx |- |- 1z |xm|am = s [z |2 1= |- m
Puzliz 2 x| x = |x z(w) | = A =[xy [xt) | x [x | x(b)| 5(6) {x(®)] ~ 164
ur23s 2By fx | x PR x x(us | and) |x  (xio) jxtbifx (x {x [x |x |x |34
wess [B% fx 1x (= |x |z X(ﬂ =) |x lx(b)lx(b) x Jx xlb) -J- Jx 16
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Tebel 1:  coctimued
anmlwmv oV TRICR mmwh.m« E«uuunwa TSI ] oror TS@ET | ISpr2 | Isp3
= Nad R e
2T x(e) | = - - x x(f) | x - x x -
2 x(®) | oz - - x - | - x z -
cd x(b} - - - x - - - x - -
cr x(b} x - - x{e} | x{e}] x{t}{ = x(a} x{e} x
Fe x(b} x - - x(e} | x(£} | x(h}| - x(e) x(e) x
Nm - x - - - - - - x x -
e - - - - - - - - - - -
Yge - x - - - - |- ~ x x -
Mo z(b) x - - ={e) | x(£)}| x(n)}| = x(e) x(e) x
B - x - - - - - - - - -
235e xo) | x - - x x(£)] x - x u -
5 x(b) x - - x(e} | x(e)]| x(n}} « x(e} x{e} x
16 x{v) % - - x - - - x x -
23%,  fixtv) | < z x = x(g} | = x(g) x x -
2505, x| = = x x (g} | x xg) | = x -
iy x(b} x x z x =(g}| = (g} x x -
225 fxtv) | x x x x xg)| x - x z -
23% x®) | x x x x x(g) | x x(g) | x x -
mumc x(b) x x x x x{g){x - x x -
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Lommonts to table 13

Tho datu types on KED'K are cpecified in refersnce ['6_7. In oomparison vish
the dofinitions given thero the alphanumarical datn typs name Vi0I" with the
ramorical data typo pems 3 C35 O hao besn ohenged in "84IZ" in ovder to
guerantec the uniquensos of the alphanumerical datn type namess

The oymbols uned in table 1 Lave the folloving meaning

Xle)*

X(h)¢

&) Concexning the different cross seotion types and the data typeo
MUEL, NUE, ALPIlA, ET., OVIF date valueo are given in the wholo
onorgy range from 10°2 uV up to 10 MeV (except for Or, Fo, i,
€d, Al, Here the ene)gy range has baen sxtended up to 15 MaV.
Ta the mear futuro this will also he done for the othor XEDAK=
materials,) The energy soale is identical for ell these types
of & materdsl (number end position of ensrgy pointe generelly
differ for different matoriala heceuse of differences in the
physionl cross section structure)

b) Concerning the type GGNC dote velues are stored at energy pointa
different from a) in the range hetween a minimmnm snergy {(at which
end belov whicih the elestic peattering is still imetropic) and an
upper encrgy limit in the rsnge from 14 to 16 MeV (s, Tabla 3)

¢) For the cther types datn are stored sscording to their definition
in refercnce [6_7

Dats of this type are zerc in the nuclear physics penvo over the whole
eneTgy range (\0'3 eV < E < 10 MeV). For this type the valua zero is
storad st 1073 eV and at 10 HeV bacause of formal reazons.

Threshold ranction or dsta type depending on W threshol@ reection;

1n thia case the valus zero is only stored st 1070 oV and st the
highest emergy (s, Table 2} at which the crose section is still equal

to zero, Cross section values ers then given up to 10 MoV and for

Cry Pe, Ni, Cdy AL up to 15 MeV. Only for the inelastic oxvitation
crosd sections there may exist an wpper enargy limit below 10 MeV which
borders the sosgalled "continwm” regicn of residusl wualeus levels

{a, B“ 3n Tabla 2)
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Kleds

X(a)s

X(o)1

X(£)y

xle):

*(n)t
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Deta velugos of this type aro fram cho physicel point of view unogual
to zoro in tho whole enorgy range. acause prooently thore im mo
need for theae dnte they ure fomnlly et oquol to zoro with ono

2050 ot 10”3 oY onl ane at 10 MoV,

Data valuss of this type aro ¢<imb in the whole oncrgy ronge (10"3 av
2 B % 10 MoV), Thoerofore thoy haove boen neglected and e voluo of
2070 40 storod ot 10”3 oV and 10 MoV,

Tho dsta type considerod is avnilable for the nutural icotopio mixture
wd for all stable inotopon,

Dats of the type ST are avellable orly for the atable iootopes of the
materinl concerned and oaly for all uwwave rocovance seried,

Data of the type ST and STGF are available for all g~ and puiave

resgnoance serien,

Dute of this type sre svailable only for the stable isotopes of the
material concerned,

No data of this type are aveilable on KEDAK

Explicatiops for gome special date types:

CHIF:

AES:

The spectra of proupt fiasion neutrons are tabulated o & function of
the emergy B of tho outgoing neutroms (1073 eV £E' £ 10 Ha¥), They
are valid ror fissionable materials for fiasion by thormal meutronn,
The herdening of tba figoion with { ing fucld aeutron
energy io weak; in ¢he renge of experimental sccuracy of the rission
spectrun mcasurements thede "thermal' figoion spoctra can be used ot
incident noutron energiss up to seversl Mev,

Tabla b contains lowest and highast energies of resclved resonances for
each isctope resp, elemont copcerned. In addition to RES data seto

for all stable isotopen of tho materiels concerned, RES data seto are
coptained in KEDAX for the npetural elemsnts Cr, Fe, Hi, Mo and Cd. These
ara ordersd for esch eloment mccording to increasing resemmnce onergies.
They differ from the corzesponding RES datn mete for tho individual iso-
topes only by the replacemant of tha firet functional velus gy {ntatisticel
veight factor) by the produst s, gy Vhere a; is tho atundance in voluce ¥
of the isotope i in o given material.
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Iatls 21 Effestiva threshold emergies™ on XEDAX {3z MeV)

TETesnola resotion wpe |

Haterial sp | some . 3" -1 ] 807
12 - 6,28 PR 10,0 - -
16 - 3461 6 | 10,0 - -
By 399 | 5 o6 | ked - -
Ay 2,70 | 610 1205 | WS 139 -

Cr 2,0 387 GuST5 | 3419 T297 -

Yo 04495 | 389 0,860 | ey Te96 -

n 0745 | 149 1.35 3993 74946 -

Ho 1,6 - 04205 | 2406 - -

ca 3¢ 645 0,30 140 Te5 -
2y - - 0,020997 2.4 5.3 .
238, . - o.omigl 2.0 6.0 0,38
9 - - 0,008 | 0.53 546 -
A0, - - 0,05 | 110 6460 .
Mgy - - 0,023 | 058 | w7 -
2h2p, - - 0.0k52] 1411 6426 0,0000025

®  offective threshold energy ~ highest energy below that spergy st
yhich the corresponding oross section has & value unequal to
1070 {oonoerning BOX it corresponds to E)

W= gper enargy Limit for the stored inelastio sxcitation orcas 'ucdon
valuss (type BOIZ) on KEIMX (it corresponds to the boundary batween
*disorete” and "oontimumum® regloa)




Jable 3: Dats type SOKC

.29 ™

Lovest energy lighest spergy Number of tabulated

Matorisl [rav? v ] aogular distrivutions
2 0,05 Wt "
l‘!la 0,1 1h,7 26
12g 0,05 e L2

n 0.1 15,83 1
o 0.1 15,83 131
™ 0,01 14,3 63
AT 0.01 4,3 36

cr 0,01 h,5 LH]

Fe 6,01 1.5 Ls

Bi 0,01 1h,0 "3

Mo 0,01 ha0 39
235 0,01 15,2 3
238y 0,01 15:2 3
239y 0,01 5.2 3
hop, 0,01 15.2 13
2htg, 0,01 15.2 13
2hzh 15.2 I

(]
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Table L: Data type RFS on KEDAK
% 2,076MeV 12,08 Mav 1 -
16, e kev 1.3 MaY 9 M
234, 2,05 keV | 857.5 keV " 230 -
G 5.906keV | W5 eV 62 -
Cr b,25 keV 636 keV 67 -
5% 6.6 ka¥ 95 eV 5 b3t
2er 51,0 keV | 636  kev 58 83,76
53¢y 4425 k¥ 4,25 keV 1 9.55
Slgy 23,5 ke¥ | 115 kv 3 2,38
Fe 1,15 kaV 645 xeV 55 -
Hiea B,O eV | 506,5 Xev I 5,64
56re 1015 keV | 645 xev g9 91,68
57?: 3.9 keV 6.0 keV 2 207
Bee - - - 0,31
Ri ka6 xeV 206.5 keV 18 -
By 15,5 ke¥ | 206.5 kev 8 671,76
60g; 125 keV | 199 kev 9 26,16
61y - - - 1,25
E2gy 6 kv W v 1 3466
By - - - 107
Ko 12,0 eV 16466 keV 51 -
S 16,66 kev 5 15,86
Py 1519 ev 5038 ke? 3 9.12
P TR T xev % 15,70
% lizs e 3.3 kev Y 16450
Mo My ev 1.255keV 10 945
By 20w 9.0 wa¥ 5 23,15
Wy | 571w 10536kaV 6 9.62
ca | 0,178 &¥ 1.125ke¥ 60 -




Table b {continuea)
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Total number of

Haterinl 3 P\‘; pooitive resonances iof‘;zﬁg\nn\;uﬂdme
235y 0,273 aV | 147.33 oV 196 0.7205

a3, LAY ev [390h.h ey 239 99,2739

239Pu 0,206 av 208,1 &V 05 -

) 1,056 oV | 1,001Bkev o .

2, 0,260 eV 62,08 oy 61 -

2hzg, 2,6k ov | 388,0 ey 20 -

F{ = lowest positiva energy of resolved rasonances

B: - highest omergy of rapolved Tesonances
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'able 51 Resolved resonanas parameters for ETM

z‘_(-v) 1 g rn(ov) r'(-v)
590640 1 2,0 20,0 146
3,504+ [ 3.0 1,543 16
8,83 +4 ] 3.0 1,344 1.6
14196645 1 2.0 3,043 1.6
1b53445 1] 3.0 3543 1.6
1,49 45 1 2.0 3.0+3 146
15 45 1 1.0 3,043 1.6
1503545 1 Lo L0r3 16
1463 45 1 1.0 2,043 1.6
1,665+5 1 10 1843 1.6
1,69 +5 2 0.0 2,543 1.6
1,72 45 1 1.0 2,043 1.6
1.75545 2 0.0 3.043 1.6
1,79 45 1 1.0 2,043 1.6
1,82 +5 2 0,0 2,043 1.6
1.855+5 2 0.0 2.5¢3 1.6
14905+5 2 0.0 3,043 1.6
1485 +5 2 0.0 2,0+3 1.6
2,058+5 1 2.0 T40+3 1.6
2,09 45 1 1.0 1,843 1.6
2,12 #5 1 2.0 2,043 1.6
2T 45 1 2,0 1543 1.6
2,23 45 1 2,0 3.043 1.6
2,29 45 1 1.0 20043 16
2,33 45 1 1.0 2,043 1.6
2,375+5 1 100 1,543 1.6
2,405+5 1 10 12543 1.6
2,43 45 2 1.0 1,043 16
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Zebla S: continued

s

E (eV) 1 J Tolev) rY(nv)
245545 1 1.0 1,543 16
2,50545 z 0,0 3,043 146
2,57545 1 1.0 5.0+3 16
2,66 45 2 0.0 1.5¢3 1.6
2,71 45 2 0,0 14543 146
2,82h45 o 3,0 5043 16
2484 45 1 1.0 2,5+3 1.6
2,88 45 1 2.0 3,043 1.6
2,92 45 2 1.0 14543 1.6
2,96545 1 2.0 2,043 1.6
3.0 +5 1 2.0 o043 1.6
3,055+5 1 2,0 24043 1.6
3,09 45 1 2.0 2,043 1,6
3, 11845 o 3.0 boo+3 1.6
3,165+5 2 0.0 1,5¢3 146
3,29545 2 0.0 1.5¢3 1.6
3,39 45 2 0.0 145¢3 46
3,49545 2 0.0 1543 1.6
3,67 +5 1 ko 5,043 1.6
3T 45 2 1.0 2,043 1.8
3,74 45 1 2.0 3.5¢3 1.6
3,848+5 o 2.0 N.043 1.6
4,0k5¢5 2 1.0 2,043 1.6
b,015¢5 2 1.0 2.0¢3 1.6
bt 45 % 3.0 2,043 1.6
b, 16545 1 3,0 345¢3 1.6
b, 20545 2 3,0 14543 1.6
14,23 +5 2 2,0 1,543 1.6
1,26 +5 2 2.0 2.5¢3 16
423 45 1 k0 L,0¥3 1.6




Jable 5 covtipued

E (a¥) 1 J T fev) l',,(o'v')
byar5+s 2 2,0 14543 1.6
La395+5 2 2,0 1,443 146
Lekz 45 H 3,0 12543 16
k45 45 2 3.0 1,543

1.6
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Table 61 FEtatistical sevave resonance parametere for 2Ty {1 m=5/2+)
» 2,2h010™

Bjaz * Bau3

bJIZ

B3

» 35,6 keV
# 69,2 ka¥
={o}

T = 8,0 eV
S

7OV w5 e
Va3

r =F m 1.6 eV
Yz  Vom3
v =y =1
ez P
e

v, -y
Yoz Ym3
& = 2,69/HaV

®=3
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Table Tt Anguler alotribution for K and Al

i

Energy (MaV¥) Numbar of angular distridutions Reference
Nl = 045 3 laotropio
0.8 = 2,36 20 1
3,07 = 485 6 15
bag9 1 16
5.15 1 15
5.66 = 6,53 3 16

T.0 1 17

11 1 15
8,0;11.6 2 16
1,0 1 18
14.92315.83 2 15

A

Energy {Mev) Nunber of anguler distributions Referance
0,01 1 isotropic
0,03 = 1,k 20 19

2,01 1 20

2,5 1 21

2,7 1 22
3,01 1 20

3.5 1 23

3T 1 24
3.85 1 23

3.97 1 20

b1 1 25

ka2 = 4,8 3 21

5.0 1 26

T 1 21, 27
LT 1 28=32
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Table 8: Changos cf 2¥pucdatn on :EDAK

KEDAK oross vgotion
type name

Lnergy range of the ohanges
in ADl~groupo /™37

ALPHA
ETA
CUIF
MUEL
HUE
BOA
SGALP
SGF
BGG
BGI
EGH
BGP
5GT
SGTR
BG2N
56X

18 - 10
8 -10;31
unchanged
unchanged
et
Wat
unchanged
15«1

18 -1
[
18-k
wnchanged
wnchanged
18 b
unchanged
18 - b
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Figure Captions

Fisoion Croos Sngtion of 237Pu from | keV to 10 kaV

Fig., 1
Fige 2  Exporimental reoulte for the fission ratie g (23pu)so (*3u) ana
4 s Fa an

tho evcluated curvo in tha onorgy range 10 keV to 2 MoV

Eige 3  Exporimontal dutw and oveluatod ourvo for the 237Py flnsion
eross poctlon nbove 2 MoV up %o 10 MoV

Figs U Comparicon of presontly and provinualy on KEDAX rocommended datn
for ut(ﬂgPu)

Fig, 5 Comparioon nf the present evaluation of the 239y risuion aross
nection with Davey'e avaluntion and tho ENDF/BII-data

Fige §  Comparicam of the prosent evaluntion of the fiosion ratio o (%3pu)/
ﬂ£(235u) with most recent experimontal results of Soleilhac et sl,

Fige T Comparigon of the present evaluation of the 239y rigsion eross
section with most recent experimental reaulto of Szabo, Leroy et al.

Fig. B Fresently and previously on KEDAK rocoumended awvelues in the emergy
range 100 eV = 100 keV

Fig» 9 Comparison of the Gwinwresults vith other most recemt a~mensurements

Fig. 10 th in the onergy range O to 15 MeV

Eigs 11 Eompaﬁnon of the th(z)-curw recommonded on KEDAK vith most recent
\emersurements of Soleiihae at al.

Fig. 12 Comparison of the ;bg(z)-ourve recommended on KEDAK with most recent S~
meagurements of Mather ot ala



50

40

30

20

0o

Fig. 1

uf(Pu 233) 239
[barn] Fission cross section of Pu
from 1kev to 10 kev
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2 4 & 810 30 100
¥ Bollinger etal.[34] = A Pairick etal. [34]
X Gitboy and Knoli[34] e Shunk et al. [34]
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-o-recommended by James and Patrick [34] &

presently recommended on KEDAK up to 10 kev
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WATERIAL PUZ30

L3

14.6600£00
14,6200E00
34.7C00€00
14.7200E02
14.T400E00

1£.7200€00
14.ECODEDO
14,9C00EOD
15.0CO0E00
15.1C00ECO

15.2CG0E00
25,3C00E00
15.4T0CE00
15.4300E00
15.4£00E00

15.4200EQ0

13,5700£00

E

14.6£00E00
14,6200E00
14.TC00E00

1341¢00€00
13.2¢00€00

13.4£00E00
13,4800E00

13,370¢E00

u

13,4370
12,4318
4302
3.4289
13,4275

12,4262
13,4235
13,5167
13.41C0
13.4038

13.2968
13.39¢2
13,3837
13.3818
13,3798

13,2788

13,3727

13.4330
13,4318
13.43C2
13,4284
13,4275

13,4262

13.37%8

13.3785
13,3773
13.3760
13,3747
13.3727

S6T

264469400
3681.00200
2088-57100
1913.52300
119103500

790.93400
423.78000
178.99100
12600800
114-60400

119-52000
132.32000
145.474C0
14B-08900
14865200

150.02100
149.31400

seN

245.85600
339.58900
293.70500
192.21500
133.31200

9545229
5832547
30,01461
2169764
17.95119

15.97874
14.71397
14.11875
14,02203
13,9528

13.91908
13,89254
13.a71139
13.85369
1.82972
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3044.00800
3860.05400
3087,75200
191797000
11%0. 66200

790.48800
421.81700
.90700
125.94800
114.55300

119.47600
132 28530

3500
YaB-03000
149.41300
149.98200

149.77500
148.97700

147,
1a4.AR800

H13

2798,83800
zssx.nlsnn
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105772400

695.48200

Isles2i

103.64100

135,69900

136.102¢0
135.92100
13514500
133.78100
130-89500

S66

152~.17Anu
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930.78500
565.09700

366.46800
183.91900
61.27156
3186427
20.85217

15.73315
13.52924
12.38758
12,11200
11.83C42

11.63198
11.42122
11.19511

91
\o.ssvsh

MUEL
9.00279
0.0
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a-00279

0.00279
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4.0027%
9.00119
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1608.75£00
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181.52300
87.70453
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118.95€00
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123.84200

124.47C00
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RATERIAL. PU239

11.4700E00
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17.8C00E00
17.9C00EQS
1€.0080€00

ll.l:notno

l 40C00EQ0
19,5C00EQ0

21.2000£00
21400

21.6CCUECD

21.7000E00
OE

21.9¢£0E0D

E
11.A1ooznn

CO0EQT
lv.qcooﬁon
1¢,00c0800

18,1C00ECD
18,2C00E00
18.4CO0EQ0
18.5C00EQD
1%.0C00E00

19.3C00E0D
20.0£00E00
20.5C00E00

+000E00
21.2000E00

21.ACQ0E0Q

21.9CE0EQD

13.2482
13.2445
13.2389
13,2333
JERTN

13.2222
23,2167
13.2057
13,5949
13,1737

13,1477
13.1224
13.0977
12.0738
13.0641

12.0547

1322217
.22:2

13,1737

131477
13,1224
13.0977
130736
13.0681

13.0547
13.04%4

13.03¢2
13.0318

S6T

604420400
385.38400
1315.62700
52.56984
[EXTIY

23.22477
27.7919
22.05058
19.13172
18.23750

14.59799
1379820
13.49350
14,744 04
16.00020

13,5079

SGH
37.35917

15ann

14.32548
1358952
12,87333
12.35423
11.68937

1134149

10.20904
9.67674
9439953

9.05712
882834
8.39087
B.19238
8.2523%

SGTR
40410000

23.1B4B1
27.75599
22.01468
19.09726
16.20488

14.56691

15.97297
18.51952

65.93858

S6%

566,84500

27.52750

18.69979
14.10467

3
5.08730
8,60067

9.48788
15.78358
22.04875
33.50324
$1.70921

566
25769260

11434911

7-48610
5.36867
3.24578

0.99128
0.29698
a.9931¢
1.46831
1.91972

2.78943
4.61088
6.45189
9.B0504
16.88757

RURL
0.00279

0.0021%

0.9027%
0.00279
a-00279
0.06279
©0.00273

S.0u2re
0.00279

0279
0,00279
2.00275

0.00279
0.00275
0.00279
0-00279
@-do279

SGF
30895300

16.17e19

1181219
8.73600
5.93247
4.52780
3.26749

2.a8522

4.88C95

6.71825
11.15290
15.59587
23.87820
40-82135

RUE

2.89200

2.89200

2489200
2.89200
2.89200
2,89200
2.89200

2.89200
2.89200
2.89200

89200

2.89200

2.89200
2.89200
2489200
2,89200
2.89200

FILTTY

©.7C148
0.¢5592

0.43588

0.AC21L
0.39329
0.398£2
o.acTze
0.ara1l

0,42222

0.413¢69

157823

1.81229
165155
1.69370

1.74646

2.01410

2,08281
2.07318
2.c8778
2-05515
2.0509D

2.04783

cas12
.04575
2,C8583
2.04571

PUZ39-—C5- 13

s6A
55484500

21,5213

13.29929
14.10467
%.17725

57.70521

CHIF

@.c0z83
0-00283
060289
0.06293
©.00230

0.coze1
0.60252
©.00294
0.00295
0.60292

0.00302

0315

0.00320



MATERIAL PU239

3

22.0C00E00

22.3¢00200

22.4800€00
22.5€00€00
22.4800800

- TCTOEDD
22.8¢00€00
23.0€00500
23.2€00€00
21.4C0NEQD
23.5C00E0]
23.6L00E00

3

22.0c00E00
22,1C00E00
22.1800ec0

2242000E00

22.3c00£00
22.ATO0EC
22.5C00E00

[

13-6271
12.0225
13.0212
13.0198
13.0189

13,0180

13,0135

13,0090
044

12,9912

12.9826
12.9739

12,9621
12.9588

u

13,0271

12,0138
12,0050
46

35 ecooto0

23.0C00800
z;.z:nusnn
3,ACOOEQD
$3-sto0e00
21.55006G0

12,9933

12.9826
|2.9139
454

12.9368

s6T

132.71200
421.41500
£85.67500
1154.15200
156078700

1166.96200

SGN
279088

9273584

114.81700

S6TR

132.68500
421.38560
68657400
1163.97300
1540, 52000

1766 54000
157

1193.36900
716.68600
447.83400

148.72200

29.67028

22.26376
18.75445
16.94883
18.51403
1635690

95.49928
6771676
49.83675

26.84390
2040673
1707969

15.43785
16440625

13.17621
12.44885
11.93309

N

1193. 10200
716.69700
44769500

L48.6 473
76,5077,

X
29.61319

2222190

16.32533

56x
123.01200

1463405300

1652.14300
1464.72800
1097.86900
449.16900
397.99800

121.87900
56.89093
32.8492!
21-49253
15-27213

9.08785
5-20560
5.01075
4.79501
5.04253

566

35,98910
116.94300
190.47300
32167800
429.35700

483.19600
428.97200
321.09900
159.87800
116.42200

35.67499
16.67456
984552
#-33501
4-52374

1.88048

MUEL

0.00279

0.00279

0400279
0.00279
2,06279
0.06373
0.00279

0.60279
0.00279
0.00279
0.06279
0400279

0.00279
0.00279
9.80£75
0.00279
0.00279

SGF

67.02285
2082.86800
460.75700
778-17500

103¢.69¢00

116894700
1037.75¢00
778.77100
45929200
281.57600

86.30357
40.21642
23.19583
15.15752
10.74839

3-14208

KuE

2-89200

2.89200

2.89200

00
2.89200
2.89200
2.89200

2.89200
2.u92a0

89200
2.89za0
2.89200

2.89220
2,89200

2.89200
2.89200

aLena

0.41356

0.41338
0.41326

0.41347

B.41388
9.41482
0.41593
0-41754
n.42032

saars

0.594¢€9

o pogep popon

o098
booab

2
S

ETa

2.04550
2.34310
2.c8818

2404819
]

2.04603

208548
2.08836
2.ca247
2-02957
2.02536

2.07134
1.55483

1.e1352

PU235-CS- 18

123.01200
399.axcon
&s1.23000

1099. 85500
1448, 05300
1652,14300
1466,72806C
109726500
049.1650C
397.99200

121.67500

15.27213

9.08765
643€580
5.01C75
4.79501
5.00253

cHiF

a-goazt
0.60222
0.c02z2
0-00322
a.cozz2

0.€0327

0.90228
.oa')u

u.:a*az
0.00323



MATERIAL PUZ239

23.7C00£00
23.8C00E00
23.8200£00
23.8800E00
23.8200600

23.9000E00

24.0800£00

24.1600E00
24.2000E00
74.3CEOE0D

%4.%CO0E00
24.6C00£00
24.8co0E00
25.0C00EGD
28.2¢0cE00
25.4C00EQH
25,6CC0E00

3
23.7¢00800
23,5000

22.8300E00
23.6£00E00
23.8206E00
23.9¢00800
23.9200€00
23,94C0EC0
700600

24l0catE00

24,1C00E0D

24.6ca0800
24.8000E0D

23.6000E00

u
12.9526
12,9484

12,9451

12,9442

12.94¢0

12,9389
12,9317
12.9275

12.9235
12,9153
12-9073

12,9526
12,9484

12,9472
12,9459
12,9451
12-9442
12-9434
12.942%

2.9411
12,9400

12,9359

12.9153

12.9073
12.8352
12,8911
12,8813
12,8755

SET

17.577C6
25.50607
34, 77783
57.73219
86.86307

107.96400
88,2081
59.25790
3556234
28.08372

17.01675

SN

11.04374

10.49128
10.3468¢
10.53245

11-30205
12-0az201
12.08917
11.36793
11.45777

1126221
108906

10.75728
14.41953
10.20926

s6TR

17.56619
25.47629
34.74036
£7.70332
86.83969

107.93500

26.05120
16,98533
14,90208
14.06640
13.58348
1310818
12.92726
12.97388
16.69838

Sex

¢.51330

18.33462

96.66401

1AL 42596

5.75456
3.88484
313613
2.85519
2.61901

1.84580

566

2.70701
7.02086
11.86423
23.67306
38.48340

48,85365
1841148
25.40272
11.7743¢

6291221

2.52402

1.05678
1.11868
1.30650
1.85873
2.35994
3.90847
HUEL

0.00279
c.0az78
0.9027%
0.00219
0.00279

0.06279

0.00279

0.00278

0-0021§

2.0027%
06.00279

5.00219

SGF

3.80429

7.81227
12.62202
23.71153
37.97123

37-01c3
sy
H
12.20011
7.51275

3.23052
2.28157

20597
1.72229
1.56123
1.54805

3,97733

HUE

2-89200

2.289.00

2.93200
229200
200

3180200
2.89200

2.89200
2.89230
2.39200
2.89203
39200

2.39290
2.89200
2.89200
289200
2.69200

ALPHA

0.71269
0.8487C
©.8551C
c-55261
1-C1563

1.c2182

0.51954

2.78131

0.722¢3
0.72412
0.85wes
0.52888
0.59267

PU239-LS- 15
A 56A
8.0 6.51230
c-¢ 14.83313
c.0 24,28638
2.¢ 47.38539
e-¢ 78.33682
9.0 9866401
(X} T8.20409
S8 AT16ET3
c.a 2397441
0.0 14,3251
c.c 5.75454
e.0 ]
0.0
@0 Fomsens
0.0 261201
9.3 2.66673
0.0 2.955¢5
o 3.59958
0.9 4.90607
€.c 7.84580
£1a THIF
1823918 0,00333
1.52318 0.€0234
L.47920 0.00336
1-48715 %.80134
1oa3414 €.0c33s
1.43239 C.ceaas
1.43403
1-48887
1ut148
1.5¢630 Sitass
1.42353 £.£0316
60337
£.£0337
0.00338
1-TZ402 €.ce3an
1.57962 9.00341
1.82097 5.00342
1-55938 T.CCI0A
1.5¢0a7 G.€C245

145132 0.063486
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25.8¢cCERT
25.9£00EQD
28,0CCOEQD
28.1C00E0D
26.1200£00

26,1600E00
26.3800E00

o
12,8677

12.8350
12,8539
12.8531

26.22GOE0
26.2400E00
26.2709E0G
26,2C00E0D
2

2
26.6500£00
26.5CU0500

27,2¢000£00

3
25.8000%C0

261200609

26.1¢00200
26.1200£00
26.2C00£00
26.2700£08
26,24005€0
26.270CE0D
26.3CC0E0D
24.4LC0E00

26.5¢20800
26.8¢00E00

27.2c00600

12.05c8
12,6497

12,8372
12.8297
2825
12,8149

u
12,8877

12.8550

12,8529

12.85c8
1248457

12,8212
12.8297

12.5345

saT
24.31535

399.24700

226486300
138001900
174110100
138795600

840.98700

428.07000

3054116

20.73288
18168023
17.59818
1T.75596
23.57634

56M
7499425

9.6382¢
2114855

39,50698
30.25297
19.33419
18,0251
14.47000

1295051
1245389
12.10848
11.71347
10.97296

sezn

SCTR

24-79504
25.34993
47-09089
223.61700
399.22000

826.802¢0
1359.89800
176050500
1387-754¢0
86082800

427.95900

30,50079

20.89654
18-64938
17-56440
17.72317
23.54573

s6x
15.322&9

en-annul
217.07400
369,60%00

805.11600

1315.76200
203,88400

380,56300
216.23700

27,74008
18.0m016

7.78217
6,15034
5.48070
_6.04238
12,6038

566

8.33512
14.46208
3140971

112.78760
202.53808

A18.4700C
6B4-B14q0
86842109
84, 295CC
418.03500

292.002g0
112.37400
31.28730
14.36186
8.31149

4.0878%

1a.37216

KUEL

9.00218
0.00279
0.0027%
0.05279
2,00279

0.00279
0.£0279
8.00276

0.80279
0.00279
0274

-0027%
0.00278
0.00274

0.€0279

SGF
7.98636
13.82133
25.31C29
104.28700
187.07200

396.4%800

xas.aiann
136.55500

T.T5987
2.89432

2.21123

HUE
2.49200

2.89200

2.89200

2.69200

2.8v200

2.85200

1.8347

1-ceze3
615

1.0'
1-1c553

(21}

1.41505
1.46266
1.35817
1.3t938
1.38331

1.3€013
38795

29
138794
1.325¢%

1.38249
29

355
1.35635
1.37288

€.5198

PUZIF-LS- 18
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18432209
28, CB4a2
0. £0C01
21707400
329.405¢0

BDE. 11600
111676506
\m.‘lunn

a‘ aeto

39855300

18.07116
1.78217
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5.48570
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0.c0350

4.€a351
€.€6251
0.€035§
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0.c0353
0.c0353
£.C0I85
@.0a358
0.02356
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21.2300200
27.2600E00
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27.3C00E00
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27.3100£00
3 4200
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u
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v
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12,7967
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135.69000
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14,50600
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1121708
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a.0
a
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45.29738
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12.d0453
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11.40220
11.28614
11.18305

6%

21.60013

122.01100
51494983
21.02799

2.28762

2.24010

1.09157

0.98427
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0.89299
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18.82729
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1.82904
1.29610
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0.00279
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0.00279
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1203858
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0-74413
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0.53L77
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0.51498
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NUE
2.89209

2.89200
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2.89200
2.89200
2.05200
2.89200

2.87200

2.89200

2-89200
2.85200
2.89200
2.89200
2.89200

ALFHL

8.T7594

9-EE174
11.89573
12.76721
1.57310

10
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2.5&::5
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0.7C685
0.£1158
0.5e75
0.86025

searp
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s
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c.as318
€.14518
0.43450
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1.218m1
1.325C2
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1.85343
1.85415
1.78742
1.32178
1.85355
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0.€0358
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0.€0171
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2%.6C00£00
29.8300800
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9.9C00E00
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0E00

29
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o 00
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2
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29.8£00E00

29.9700E00
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30.1C00E00
30.2€00E00
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30.4C00E00

10.6£00E00

31.4CC0ECO
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12,7363
12-7269
12.7236
12.7226
12.7218

127209

1w
12,7269

12,7037

12,6972
lz.sqns
12.6841
12.e117

v

12.73c3
12.7269

12.7218
12.72¢9

12,7119

22,7169
12,7136
12,7163
12.7083
12.7037

12.8971
12.89C6
12.6843
12.8777
12,6713

56T

113193
1105753
11.08442
11.05512
11.04412

1104029

11.01568

11.90308
19.98506
10.96367
1095033
10.93948

10.93420
10.95388
11.02939

11.18226 |
12.49278

SGM
16.23145

10.23158

10.24556
1C.23356

10,233

10.22761
10.21868
10.20979

10.18¢36
20.09288
lo.014x4

70

9.75973

sGzw

s6TA
12.10512

11. 01752

11.01170
11.00802
11.00047
10.99505
10.98117

10.$7960
10.45663
10,93733
10.92209
10.91132

10.90620

11.48555

s6%

0.802c8
0.79706
0.79488
0.79447
0.79454
0.79473
0.795¢2
Cu 79544
0.79597
0.79700

0.84660
a.q0005
5

1.73303

566
0.27763

0.26648
0.26570

0.26217

0.26195

0.25913
0.16434

0.39828

MUEL

0.00279
0.€0279
0.00279
o.00219
a.c0279
0.00279
0.00279
0.00279
0.00279
0.00279

0.00279

0.00279
0.00219

9.00279

0.52208

0.52902
0.53c08
0.52423
£.5263%

0.58747
0.63372

1.33477

2-89200
2.89200
289200
2.m9200
2.33200

2.89z00
2.89200
2.a9200
2.89200
2.89200

2.89200
9200

19200
2489200
2.89200

2.89200

sy

0.53524
2

a.5c457

50225
0.49954
043763
Q.49532
0.491E4

0.48239
Y681
0.46522
0.43324
0.4a110

9.41581
0.36885

0.29639

152214
1.92511

2.0ca80

2.04264
2.0823C
2.12841
217507
2.22138

FuzIs-C3- 18

sca

4.20208
2.3970%

0.79447
Q79454

0.1:;1;

o.1s397
Q.75700

g.1se23

0.rue80
9.90C05

CHIF
200372

0.0037%
D.CC378
0-00378
0-00377
€.co37?

T.caste
©.cozeg
£-com1
€-co382
0.cCI84
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21.68C0E60
31.8C00E00

31.9C00E00
32.0C00E00
32.1C0CE00
32.2000E00
32.22C0£00
32,2800E00
32.2600E00
32.3C00E00

32.3200€00
32.3400E00
32.3700500
CQDEQD
32.5C00E00

326000500
32,7CC0ECO

32.2C0NEQD

€

31.6000£00

32,1¢00E00
32.2C00E00
32.2300E00
3Z.1c00E00
12.3200E00

32.5¢00€00
32.4C00E00

23.2Cc0E00

u
12,6649

12,6430
12,6424
12.6418
12,6409
12.6369

12,6338

12.8155
u

12,6649

4
12,6882
12.64¢1
12.4482

12.6435
12,8430

12,6424

12,6369
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12,8217
12,6218
12-8155

seT
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20.24030
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14.14750
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9.23550
9.15730
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11.26306

56X
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11.6919¢
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8.00050
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WUE
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2.89200
2.89200
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0421160

0.2c770
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2.39348
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2.39887

2.30367

2.3e358
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2.35725

2.181€2

PU239-CS- 19
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2.50074
C255

25133
10.19685
18.98C70

1.34320

curF
0.00385

0.00389
0460389
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9.29470
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9.37579

9.13594
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%.39210

ETA

0.32375
0226959
QAu54825
o.5988%

£.8c587

0.56548

0.52913

c.8C572
C.52265
€.54020
€.53229
0.51752

FU2I-0S- 21

sea

s-2as70
2.3

x.
1.0!:An
0.67180
c.53030
48580
aw3EA0
042808
0.42850

Q.A7340

1.28580
1.41810
1.82530
2.254%0
2.81670
3.62780
cHIF

0.00408

£.C0416
€.coaxy

0.09529
0.00430

c.coeds


http://4O.2C0OE.0a

MATERSAL PUZIY Puza9-LS~ 22

E [ 56T SGN SGTR 566 SGF SGaLP scA
40.4C00E00 124193 11.34100 5,94730  11.32441 4248530 0.92840 o.¢ 5.39310
A0.6CO0ECS 17.4183  13.47310 5421580 13.45855 6488550 0.0 3.25110

12.4098  18.55370 533 18.54211  12.08360 c.¢

4 12.4070  23.973%0 23.96392  (T.28180 a.0 20134140
41.CCODEC0  12.4MAS 34,3720 38032007 28.79150 a.0 31.77320
41.1€00£00 12,402t  $7.27710 181410 S7.37460  47.10770 [X] 55.76500
41.2C00E00 1203997  126.07400 131930 124406 103.52400 0.9
A1.3CO0EQG 1203972 456,70600 14275490  456.66800  374.16300 c.a
41,3300E0C 12.3965  £33,66100  37.01100 833.57700  674.5910C 0.0 T94.47
41.3400EQ0  12.3958 1763.69700  104.08700 1783.40700 1405.43500  254.17500 0.t 0.0 1559.61CC
12.3953  2943.72000  206.37200 2943,14400 2319.89100  419.45800 [X] a0 273934500
12:3948  36010,41300  312.60400 3309<54000 2962.24500  535.556000 0.0
Ada 12.3943 2023,02200  208.9930D 3024.22000 23}X.TPEOC  A19.25800 6.0
A1.4400EQ0 12.3938 1859.74900 201.73000 1859.18700 1404.08500  253.93500 0.0
414700600 12.3931 914430700  11E.9%600 913.97500 672.46900 12188200 0.0
41asto0e0n 12.3924  520.53400  79.61€20  520.31200 m.20000  e1.62800 0.9
ACQOED 12.3900  13%.2630 3T.31450 15913300 18.80560 0.0
0 12.3076 2574550  m1.18287 g.a
12. 20,63450 1583 26.44940 4 0.0 3.438%0
12.3028 12,79300 5506 17.22120 3.29C50 e 20.51170
3 v set 562N S6X Mugr HUE ALPha £1a CHIF
40.4C00Z00. 1204193 a.0 0.0 5.39370 0.00279 2.89200 4.86970 0.60435
40.6CO0EGE 12,4143 0.0 0.0 a.25730 0400279 2.m9200 842120 0.004386
40,3C00EG0 12,4094 0.0 2.0 14.40050 0400279 2.09200 8.215¢0 0.44560 0.€0437
AQ.9COCED0 12,4070 0.0 0.0 2034140 0,00229 2.89200 5.30190 045723 0.00438
A1.0C00E00 12,4048 0.0 0.0 3177320 0.00219 2.89200 5.37790 0.45375 €.00430
ALILOOFOD 1244021 8.0 8.0 55.76500 0.00279 2.89200 SaSA14D  D.wa2 0.8083%
41.2C00600 1243997 0.0 0.0 12243300 - 0.00219 8970 C.aann 0,004
% 12,3972 0.0 0.0 0.00279 10,0044
41.3300603  12.3985 0.0 0.0 35 0.00279 2.89200 452380 0,00440
41.3500E00 12,3958 0.¢ 0.0 1859.61000 0.00279 2.89200 5.52940 0084
43.3000€00 12,3953 0.0 0.9 2719.34900 ©.00271% 2489200 5.510% C.ane 0.00430
_AL.ACODED0 17,3948 0.0 0.0 349780900 0.00279 2.09200 5.5311 uaea1l 0.00840
41.4200£C0 12.3942 0.0 0.0 272003400 000279 2.89200 5.53070 Qus4324 0.C0441
41.4400£00 12,3938 0.0 a.0 1638.01900 0.00279 2.89200 3.52933 0.44323 0.00441
42.4700E00  12.3931 9.0 €.0 19535100 0002719 2.89200 5.52580 CucaZal C.2088L
41,5C00E00 12.3924 0.0 0.0 440.91600 0.00279 2.89200 Q44289 0.60%%1
41.8L0DELD  32.3900 2.0 0.0 12154900 0.00279 2489200 C.48620 c.Cos2
41.7C00EQ0  12.3674 0.0 0.0 55.48920 6400279 2.69200 5042 2.60442
41.9C00€00 12.3852 0.0 oo 31.63892 0.00279 2.89200 3639 0.6C443
A).9206E00 12,3028 0.0 0.0 20.51170 0.00279 2.89200 86526 0.00443



http://4t.3l.CMOO

RETERIAL PU239

42.0C00E0D
42.2C00EQQ
42,4C00E00
42,6¢CCEOD
42.8CCAECD
42.0837E00
43.2¢00%00
A3.AC00EQD
43,6200600
43.8C0IE00

44.0CCOECO

44.4C00E00
44.4200E00

AA.;:Outoo

42.0C00E00
42.2€30E00
42,4C00EQD
COCEQD
co0EQD

41.0C00E00

43.8L00E00

A4.0C00E00
A%.1€00500
44.2¢005C0
44.3C00E00
44,4€00E0D

A4,4360200

34.5Z00E00

u

1243804
12.3157
12.37¢9
12.3662
1203616

12,3589

12-338%

1243339
12.3318
12.3294
12,3271
12,3249

12.3242

12.3215

12.3231

12.3226

12.3222
u

12.3304

12.3614
12.3569
12.3523
12,3476
12.3430
12,3385

1203329

12.3249

12.3242
12.3233

12.3222

5T

30.4%450
22.25960
12.24780
15.93780
14.48080

13. 20890

13.88800
17,90860

39647500
600,77700

lz.Aaelo
1157310
10.65890

5.87530

F-66160
7.58060

94.29090
19494700

SGTR
30.39990
22.23110
18.21296
15.90551
14.45030

13.10135

1268662
17.88745

5931
37.07985
1

306.21200
600423300
3495,91100

S6%
13.45840
7020

£.00640

10.32000
15.31350
2612530
56.60330
212.18308

405.82006
998,68920

2136458700

566

12.08950
7.00260
4.70240
3.50930
2.85750

2-59480

A.82740

a.55440
12.87150
22.22330
43.67510
183.80800

352.62900
887.06500

1855.59500

NUEL
0.00219

0-goz19
0.00219
0.q0279
0.00279
0.00219

0.00279
0.00279
0.00229
8.00219
a.0027%

0.00279

SGF

2.360%0
1.46160
1.05730
0.85540
0.75420

0473900

1.17900
178360

28.31660
53.80170

232.99200

HUE
2.89200
2.89200
2.09200
2.89200
2.89200

2.89200

2.89200
2.89200
2.89700
2.89200
2.89200

2.89200

ALPHA
5.1C450
9!

2la0210
3.51050

4.c5a50

4.75050
5.22800
5.£5530
6.13958
s.47740

6.54300

8,6C37C

PuzISLS- 23

(303
CoATALE
9937

c.56368
0.45578

0.38703

€.38386
€. 28142
Q.38353
g.33320
0.38260

560
1445840
B4

3.62170

3.33360
3.208950
3,56350
4.30510
6.00680

10.32200
15.33350
28.12530
56.60230
212.12300

40583000
S98.ABS00

213548703

cHIF

0.00848

000449
0.00450
€.c0451
n.o0es2
0.£0453

©.00458

0-£0453
€.Ceésh
0.00457
c.€oAST
€.cCA57



KATERIAL PUZ39

€
A4.5400E00
00

00!
A4.6CO0ECO
44.7C00E00
e

44.9000500
45.0C00E00
A5.2000EQ0
A3.4C0DE00
45.6C00£00

A!.lcnnsnn
€00
: 2¢00E00
A&.ACO0EQ0
CaNE0D

46.81COECO

CO0EDD
47+1C00EQ0
47.2¢00£00
47.3¢00€00

3

A4,54D0E0Q
44,5700£00
44 ctouenn

44.9C00E0D
45.0C0DEQD
%5.2C0DECT
A%.4C00€00
45.4000E00

45,8CC0E0D
46.0€00E0D
46.2C00£00
45.4C00ECO
48.6000E00

44.3C00E00
41.0C00E00
AT41C00E0G
47.2C00€00
- 47.3C00E00

v
12.3211

12.31%9

12.3137
12,3114
12.3070
12.3026
12.2982
12,2938
12,2895
12,2251
12,2800
12,2765

12.2722

12,2616

[
12.3217
12.3181
12.31%9
12,3137
12.3114
12-3010
32,3626
12,2982

12.2928

12,2765

‘12,2722

12,2616

s6T

1679.77300
T12.11600
389.32400
121.72300
66.06330
45.23570
15.05470
19.19030

17.97320

18.19560
20.92560

SGN
681.97000

40-02270
29.92000
24.68690
19.45270
16.88410
15.31090

14.255%0

10.89890
1036100

2.64710

sGzN

SGTR
1677.87000
T11.26000
86.52800

3
121-54500
45.9518%

45.15522

19.14758
17.93342

62.82857

6%
297.30300
405,21200
211.73300

54.40960
26,04060

15.31870
10.3a780

-3.87940
1.T1670

7.29670
10.56460
17.36120

24,56590
54.20560

566
866.27600
351.44500
183.35400
4837420
2195870

12.50620
0

2.09890
1.67470

1.55220
1.87370

s.79700

Mgl
©0.00279

~0,00213

0-00279
. 0.00219
0.00279
0.0027%
0.00219

0.00279
0.00279
0.00279
0.00279
0.00279

0.00279
0.00279

0.00219

SGF
131.53400
S1.78670

38400
8.03540
4.09198

1.78c50
2.04200

px 74450
459150

A7.40260

HUE
2.89200

2.89200
2.89200

2.83200

2.89200

2.8v100

2.89200
2.59200
2.89200
2.89200
2.89200

ALPRA

8.58590
8,93650
5980

1.17830

0.82010
0.58550
0.458C0
a-34750
a-27020

0.215¢0
T7%

EareeT™

€

0.38150

c.ts¢15
GeSl611

1. !zazs
1-59202

248
x.v:Avl

2.14752
2.2180m

2.3ma72
51T

PUZISCS- 24

+03,21200
211.73800
56,40560
26.06C60

15.31210

7.29870

10.56450
1136130
2337030
35.56590
54.20560

cntr
0.00437

C.COASH

©.0045%
0.0C45%
0400480
0.c0461
0.00462

Q.00487

0.£3458
0-00459
C.ccAT0
0-00470
0.00471



MATERIAL PU239

E u s6T Son SGTR 566 SGF
47.4C00ECO  12.2595  10C.933C0 £.44150  100.90900  11.14030  8L.33¢90
13,2574 171.35700 9.2137¢  171.33100  19.10€00  143.03700
12.256T  195.98500 9.EBA10  195.95700  Z1.83210  164.26200
12.2561  216.57500  10-T76ZC  216.54500  24.07910  181.72C00
12.2557  225.38400  11.AS4MQ0  229-45200  25.0187C  1av.01100
7 €00 12.2553  229-043 12.14470 25.34750  191.55¢0
47.6200600 12.2547  226.74200  12.78830 226.70700  25.01460 163493900
4T.6AQ0ECO  12.2554  213.99100  13.33560 218.95300  24.0716C  181.58200
AT.6700EQ0 1202538  199.79100  13.91400  199.75200  20.82240 16405500
47.7CC0ECA 122532 176.06600  14.19720  176.02600  19.09170  142.77700
12,2511 108.11800  13.86930 106.07900  11.17780  81.07CA0
116330 1305720 e7.loser 6.8526C  4T.23350
50 1238970 s6-904n 4-65830 2690
AC.1CO0EQD- 12,2448 X1.81000  35.69435 3.47800 20,4330
Ailtootaq 12.2e27  zoas070 11.36650 2898899 280410 - 14.83C20
48,4C00E00 12,2386  21.70710 1066510  21.75734 2.17520
AB,6000E00 12,2345  16.30020  10.08170 1827207
48,80C0EC0 12,2304 17.36580 10.09120 17.53540
A9.0C00E00 12.2263  15.21670 15.19315 8690
49,2000E00 12,2222  15.e1500 Bertt I ¥ 3.40330 445140
€ U i s6x AYEL RUE
AT,4TQDEQD  12.25%5 0.0 92449120 0-00279 289200
00 12,2574 0.0 162413700 0.00279
AT,53008C0 12.25¢7 €. 186-10000 0400279
AT.SE00EQD  12.256 0.0 305479900 0.00279 89200
ATISEQUEGD 1202557 LR 214.03000 8.00279 2.89200
AT.6000E00  12.2553 [ X 0.0 216-89700 o0.gozr9 2.89200
47,6200E00 12.2548 a0 a.0 212.95400 0.00279 2.a9200
A7.64C0EQ0  12.2544 0.3 Q.o 205.65500 u.00219 289200
4T37CCECO 12,2538 2.0 o.a 185.87700 0.00279 289200
AT,7C00E00 1242522 0-0 0.0 16286700 0.00279 2.89200
47,8C00E00 12,2511 0.0 0.0 9224820 000279 2.89200
47.9CO0E00 12,2490 0.0 0.0 $4.08610 0.00279 2.89200
40,CCOUEOD 12,2489 tp 0.0 34.57220 0,00279 2.89200
ABI1C00EOD  12.244R ¢.0 6.0 23.1736 0.00279 2.89200
£8,2C00E00  12.2427 0.0 17.83420 6.00379 2.89200
A9,4C00E00 12,236 c.0 1112200 0.00279 2-a3200
48,6CQ0ECO 1202345 g 8.21950 0.00279
48,9C00E0D [ 6-86360 000279
A9,0C00E00 2.0 817830 n.cczTy 2-8vza0
49,2600£C0 o0 T.a5870 a.a0219 2.89200

nera
0.13720

0-1891a

0.24310
a.22a50
0.38970
0.579e0
0. c6430

2.55564
2.55588

2.55270
2.54328

2.43377
232305

PU233-CS- 25

s6a
92.49120
20579500
216,03200
216.89200

161.€8500
92.24220
261C

34.57920
23.91730
12.63420
11.12200
£.21250
6.45250
A.77830
7-3s4T0

CHIF

c. cc~11

c.CcaTa

€.€04T3

0.00a75
2.€0476
AT?




RATERIAL PU23§

£
= arnmmne

AS.5CG0EQ0
#9.6CCOEDD

49.8CCOECT

v

xz.zxél

49.9C00E00
A9.9300E00
£9.9400E00

49,9800£00
50.0¢00E00
50.0200E00
$0.0400E00
50.0700€00
80.1C00E00
50.2€00€90

$0.3C00E00

%0.3C00E00

4v.ac00E00
49509660
A9.5C00E00
49.TCDOECD
49.3C00E0D

49.9C00€00
49.9200£00
9.9600£00
49.9¢00E00
30.0CCOED0

30,0200€00
39,0400E09
50,9700E00
50, 1Cu0EQD
%0.7C00E00

50.3C00E0D
50.5C00E00
50,5C00E00
50.4C00E00
50.6C00ECE

12.20m1
12.2615
12.2069
12.20¢5
12.2081

12,2057
12.2053
12,2047
1244081
12.2021

12,2601
iz.0981

61

28.19380
27.5000

438,72000
524.73800
1€94.84300
12C4-58800
22715-56300

1E57-078C0
33378500
106-55100
57.08210
38.55160

12.21€1

12.2081
12.2075
bt

12,2057
12.2053
12,2047
12,2041
12.2021

12,2061

12.19¢2

oM
£.31750
5.65700
%.97120
4297890

14.17200

211,79600
195.80500

26.89400

20.89350
17.31150
15,27920
13,94950
12.24630

s6TR

“0sny
21217617
27.38322
41.56863
23109331

293.58120

231¢.97200

185,.53100
1156.64300
574.82400
33462300
10¢.41000

5198381
3..50330
2¢.53307
228

19.13073

6%

11.21700
14.87630
21.74700
3661130
77.12830

276.54300
495.22600
1o19. asvno

2nor. 1sAno

1661-27300
101¢.01060
494-47700
27591100
T 658

36. 14860
21.24010
14.29850
10.55170
8-91880

98800
93946900
1151.3210¢
809.11800

52,6270

19.68970
11.57680

MUEL

0.00279
0.00279
0.00279
0.00279
o.cc21s
0.0027%
0.00273
0.00275
0.00279
0.00279

0.00279

0.0027%

0.00279
6.00279

0.00279

SGF
5.761300

3572100

125.47100

952.44500

75215500

35.29420

ls.~saon

NUE

2.89200

2.89200
2.89200

2-89200
2-9200
2-89200
2.89200
289200

2.89200
2.89200
2.a9200
2.89200
2.89200

ALPPA

0.95320
1.¢3570
16310
1.1545C
1.1k7z0

1.2€510

1.202e0

1.2ce70
1.2¢820
1.2¢730
1.2¢59¢
1.2c020

1.1563¢

1.32215

131361
131152
L-31063
121333
1-31021

1-31027
1-31651
1-31110
1.31194
133328

131767

PUZISCS- 26

sea

11.21700

00
2103, T6¢00
188127260

77.65690

36.14280
21-24c10

a.00em
0.ccans

0.00488



MATERIAL PUZI9

51.0C00E0D
51e2¢€0E00

4CO0EQD
51.60COECO
51.8C00£00

82.000E00

52400000

52.5€00£00
52.3200E00
52.3300£00
i

526200600
52.8400E00
52.6700ECO
$2.7000800
$2.8C0CE00

[3

$1.0COE00
5142C00E00
$1.4C00E00

51+ 6C00EQH

51.8C00E00
52.0CG0E00
820 1CCOEQQ
52.2C00E00
82. 3t00e00
52.410CE00

52+5C00EQ0
5245200E00
5245800600
57.5800E00
52.6C00E00

$2.82CLEQ0

52.acocg00

u

12-1863
121024

3iimas
121707

12.1689

12.15%

12.1573
12,1587
12.158,
1241556
22.1554

12,1550

12.1516

u

12-1563

121787

12,2689
1241649

12,1552
12.1573

12,1554

12,1550
12,1348
12,1540
12.1535
12,1516

56T
16.55520

14,95820

18.82960
23.40410
32,5660
53.74280
117.38300

458.55800

€E08.29400

4523.60000
2325.53500
1017.84000
558.57200
289.65400

S6K

11.10440
10.11950

i
6.70530

5.41910
&.69170

8.04370

43,53630
110.17200
3L2.81600

0

151
1\13.Aqoua

880,45700

493.65800

243.62600

149,37900
I3

seTR

16.52422
1s. 11850

|3.711v9
14.739649

18.81448
23.39101
32,55273
53.73148
117.34000

458.42300

884.98900
2145.25100
4343.20800
6605,02200

4521,14300
2324. 5900
1617, 16000
558.:1500
269.20300

56>
5.45060

13.41050
18.71240
2852343
49.58410
109.23900

410.02200

36
5434187000

3643.1,300
183157820
774.01430
#D9.13400
208.30700

566
3.27750

6.376T0

10.76470
15.22900
23,4800
41.17890
91.,008280

342.52500
44780200
153264500
2047.15200
4564.112C0

2045.98500
153146300
54891400
341.83200
173.65600

WUEL

0.00279
0.06219
0.00279
0.00275
2.6¢779

0.00279
0.00279
0.20279
0.00229
9.€0279

0.3€273
0.00213
©.00279
0.03219
0.00273

0.00279
0.00279
0.00279
0.00279
000279

1ieize0
1.87¢20

268280
3.48340
5.06310

-5052¢
18.2563¢
67.49710

127.30300

300.66200

597.39400

520.68800

597,15800
200.41500
127.10¢00
67,32020
34,6520

NUE

2.89200
2.89200

89200
2.89200
2.89200

2.89200
2.89200
2.89200
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8,28008 3 103730 2.0 2.55782 0.75¢CC
6.7300€ 3 7.3cl8 c.o 2089290 0.756C0
\7.45C0E 3 T.202) 0.0

2.89300 0.660CO
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[3 u 6% S6H SGTR 566 SHE sep SSHP s6a
220.0C00F 3 10.35000 £.25591 8.78201 0.1759% 0. 0.u 1.63409
230.0C00E 3 10.25000 B.15123 8.65073 0.16927 o.c a.0 1.825TY
240,QC00E 3 16.15000 £.04651 2.52131 0.18259 0.c 0.0 1.¢2¢09
250,0C00E 3 10,95000 4084 2,39116 0.15596 0.5 c.¢ 163218
3 10.00000 8,30252 0,15392 0.¢ 0.0 182562
270.0C00E 3 9.92000 8.19239 0.15208 0aC
220.9C0OE 3 8.09145 0.1502¢ c.¢
206.8C00E 3 2,03136 0-14918 0.0
290.0C00E 3 9.78000 7.93175 0-14845 0.0 N
300.0€00E 3 9.70900 7.52098 7,88745 0.14064 1.49540 0. 6.0 1-84C4
320.0Ca0€ 3 .60000 7437246 7.74976 0.14824 1.52230 [N 0.9 1.669%54
331.0€00¢ 3 9.50100 T.25642 7.84045 0.14523 1.52770 o.c 0.0 1-87393
340,000 3 9.42000 7.16072 754117 0.14428 1.53C00 0.0 e.¢ Log7428
340.0C00E 3 9.31000 T.02315 T.41234 0.14195 1.53290 0.0 £ 1.87425
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240.0C00F 3 3.7297 c.0 2.10209 0.20240 2.92200 . TI11E 2.67155 €.20539
250.0C00E 33,6689 c.0 2,10716 0,20850 2.92410 0.10830 2.64311 026931
260.0C00E 3 2.3497 0,49400 o.e 211942 2.21540 2.92%40 0-1CAED 2.64238 9.29205
270.0¢008 3 3.6119 0.50100 9.0 2.12098 0.22180 2.92870 Q.1c25¢ 2.6536% 0.29581
280.0C00E 33,5756 0.50900 [ ] 4384 0.22420 2.92200 2.65392 02301
‘Z46,0C00E 3 3.5543 0.5:200 c.0 0.23200 2.92860 2.66190 301!
CouE 3 3.3405 £.51700 0.¢ 0.23460 2.92530 a2t 0.30326
300,0C008 3 3.5066 0.53300 9.0 0.2%100 2.91¢50 2.66943 2.30836
320,0C00E 3 3.4420 0.55900 0.0 2.22054 0.25100 2.92310 0-09400 2.87029 0.31213
331,0C00E 3 3.4082 0.57145 a0 2.24458 0.25440 2.93465 04C95¢7 2457990 0.313502
340,0C00E 3 3.3814 0.58500 0.0 2.2%920 8.26€90 2.93570 0409420 2.68272 a.3173%
380,0000E 3 3.3242 0.61200 0.0 2.28685 0.27020 2.93830 0469260 2.48927 0-32217
38C,0CO0E 3 3.27C2 0.63600 c.C 2.31402 0.27930 2.94090 040905€ 2.89585 0.32251
3$,0000E 3 2.2391 0.64860 8.0 2.37785% Q.2048¢ 2,94280 0.0e98¢ 2-7€310 032837
40G,OC00E 3 3.2129 066100 0.0 2.34131 0.28850 2.94250 0-C2920 2-7C2464 0.33cA3
450.0C00E 3 3.101% 0.71000 9.0 2.40267 0.30900 2.9%390 0.08310 272387 .33
2Q0.0000€ 3 2.9957 0.74900 0.0 244474 0.32960 2.95240 0.677¢C 2.74302 c.34489
$50.0C00E 3 2.93C4 0.77300 €0 2.48673 0.34740 2.96290 0.07092 2.7687% c-34580
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