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Abstract 

A reliable prediction of the in-pile and out-of-pile,physics 
characteristics of nuclear fuel is one of the objectives of 
present-day reactor physics. The paper describes the main pro- 
duction ,paths of important actinides for light water and fast 
breeder reactors. The accuracy of recent nuclear data is 
examined by comparisons of theoretical predictions with the 
results from post-irradiation analysis of nuclear fuel from 
power reactors, and partly with results obtained in zero-power 
facilities. A world-wide comparison of nuclear data to be used 
in large fast power reactor burn-up and long term considerations 
is presented. The needs for further improvement of nuclear data 
ar,e discussed. 

Kerndatenanforderungen fiir die Analyse des seitlichen Verhaltens 
von Aktiniden-Isotopen in Kernreaktoren 

ZusammenfassunA 

Die suverlassige Vorhersage der physikalischen Charakteristika 
von Kernbrennstoff innerhalb und au0erhalb des Reaktors ist 
eine der Aufgaben der heutigen Reaktorphysik. Der Bericht be- 
schreibt die Hauptwege fur die Erzeugung einiger wichtiger 
Aktiniden in Leichtwasserreaktoren und schnellen Briitern. Die 
Genauigkeit von Kerndaten wird iiberpruft durch Vergleiche von 
theoretischen Vorhersagen mit Ergebnissen aus der Analyse von 
Nachbestrahlungsuntersuchungen an Brennstoffen aus Leistungs- 
reaktoren und such an einigen Ergebnissen aus Nulleistungs- 
anordnungen. Ein weltweiter Vergleich von Kerndaten zur Ver- 
folgung von Langzeitanalysen in gro8en schnellen Reaktoren wird 
dargestellt. Anforderungen zur weiteren Verbesserung von Kern- 
daten werden diskutiert. 
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NUCLEAR OATA NEED8 FOR TN8 AXALT818 OF’GRNERATION AND 
B”PZ+“P OF ACTINIOE IEOTOPEE IN N”“,EAR RRACTORE 

Nuclear Research Center Rarlsr”he 
I~~stitute of Reutnm Physics and Rm2tor Technology 

Pbstfach 3640, E-7%X Rarlstuhe 1 
Federal Republic “f Germany 

A reliable prediction of the in-pile and out-of- 
Pile chatacteristics of a”cleat f”e1 is one of the 
“bjectives of ptesentday reactor physics investige- 
tions. Prom the ““clear data point of view, the et”ss- 
sectiotu “f the d&matins actinide isotopes as 235~, 
238,,, a”d 239P”, have been investigated over the energy 
ra”ge of interest for mote than two decades. Especially 
the fast reactot developmat was accompanied by cross- 
section meae”rements in many laboratories. Rven today 
the ““cleat data do not match the acc”racy req”itae.nts 
of fast reactor designers, so that many labotatories 
still edj”st their data files to a large variety of 

e. 
~“te8t.31 e*perime*ts. I* I975 .a first international 
specialists meeting1 sbwed large disctepancies in 
n”c1e.w data and c”ttesPonding gto”p constants for 
nearly all of the sewnday actinide isotopes (all 
“!he.t actinide n”clides except the mai” isotopes “f 8 
and Pu).‘Thwdh the acc”racy tequitements for these 
secondary isotopes are not as stringent as those for 
the main n”clides, improvements vete clearly neeaswxy. 
The “~“a1 tests of n”c1e.w data in critical “r s”b- 
critical zero power facilities is concentrated on the 
start-up conditions of a pwaer teactot. The change in 
isotopic concenttatio” of the fuel during bun-up, 
especially the b”ild-“p “f secondary actinides “*“ally 
is checked by post irradiation exsmiution of spat 
f”e1. U”fort”“ately, the information from these 
experiments is ofte” tesarded as conxaercie.1. A large 
effo?t has beer. spent “I, nuclear data meas”rements and 
eval”atio”s especially for the cross-sections “f the 
sec”ndary actiuide isotopes in the seventies. At nay 
conferences the stat”* and the needs for further im- 
ptcwement have been described. In Hay 1978, “n a 
symposi”m o” n”clear data problems in thetmal reactor 
applicationz, an already satisfactory acc”racy of most 
of the cross-sections, important fat in-pile and ““t- 
of-pile investigations in thermal reactors, has been 

l teP”rted. At Hatwell in September 1978, a broad review 
of the n”cleat data stat”* for reactor applications 
has been given. Pot instance, in Ref. 3 the n”c1e.w 
data needs for the analysis of the out-of-pile stages 
of various nuclear f”e1 cycles have bee” discussed. 
Ptom that disc”ssion it transpired that further im- 
ptowmer~t of n”clear data with respect to their stat”* 
i” 1978 was vety “nlikely to ted”ce any of the 
technical diffic”lties in fuel handling. Pr”per “p- 
dating of the data, “ad in the vatio”s labotatocies, 
his been teq”ired. At Brookhaven in November 19784, at 
Cadsrsehe in Hay 19795 the stat”s of the cross-sections 
of the secondsry actinides has been sunnatized. Addi- 
tional information csn be obtained from the Inter”a- 
tional Conference o” fast react”= physics in Air.%,- 
Pt”vence in 8eptembet 19796. Admittedly, ““1~ little 
“ew informatio” can be reported in this paper. It will 
co”centrate on the check of actinide ““clear dsts with 
special emphasis “n the secondary accinide isotopes in 
LNRa and PRRs. y”rther needs for nucleat data izpt”ve- 
mats vi11 be ded”ced from these tests. 

secondary sctinides, the main pt”duction paths of 

237Np, ‘38P”. 243Am snd 244Cm in P”Rs and MPER, .ra 
listed in Table ,17. 

Table I. Main Prod”ctio” Paths for Importat 
Eeeondary Actinides. [z] 

IEOTOPE 

237 
8P 

238P” 

243b 

244Cm 

Potmeion 

(ri.2”) from 
23qm 

b,Y) fmm 
243P” 

:incl”diwg 
!4, P” * 24’b 

* 242gb 

+ 242P” 
.-------. 

%Llf =om Am 

P!JP. 
32CQO NW1 

80 

20 

91 

-“9 

.z 0.1 

99.4 

------ ---- ----+ ---- - 

0.6 4.6 1 2.7 

I 
I 

99.6 99.6 I 99.8 

0.4 

.+ ---- - 

0.4 0.2 
I 
1 

237 Np is important bece.“se via ne”ttoa absotptioa 
238Np is senetated which decays in about 2 days to 
238P” with its strong a-decay. This isotope a”ses 
special difficulties in reprocessin of spent fuel by 
rsdiol 

3 
sis, snd als” in refabtication of te rwessed 

f”.zl. 43A.m is the main n”clide genetsting 3 44h by 
neutron apturs, which decays in about IO hours to 
244~~~ 244C& is, like 242cm a ~ety stt~~g a- and 

LWBR 
85000 mwt 

IAiR-F” 1 EQ”n,. 
I 

14 ’ IO 

------; ----- - 

86 ’ 90 

--I-- 

15 ; 29 

‘----I------ 
73 , 56 
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As cm be seer, from Table I, the main difference 
between thermal and fast system is that (n.2~) Qro- 
ces~es, esQecially 0” 236~. play a more important role 
in fest than in thermal systems. As a result the pro- 
duction ath of 237Np and therefore the Qroduction 
path of S3E Pu are changed. Also it has to be recog- 
nized that there are great differences between a fast 
reactor fuelled by WR-plutmium and one oQerating in 
its equilibrium cycle. 

As can be deduced from Table 1, ne”tron CCQt”=C 
in 242Am and ia 243Cm are relatively unimportant. 
Besides the neutron reaction data of the higher plate- 
nitm isotopes also those of 24lka are imQort.mt, 
because this iwtope contributes to the reactivity 
balance io a fast reactor. Clearly, the branchir,g 
ratio leading to the ground and isomeric states of 
242Am have to be known sufficiently well (the accuracy 
requirements can be looked up e. in Ref. I). Further- 

0 

WR, ~tut~o~ caQturt in 23% 2 ?NQ .%,d 243b are Y 
rather essential in 1eading.u nuclidts vhich are of 
great concern in out-of-pile fuel cycle analyse*. 
Along with this statement goes the importance of the 
fission cross-sections of these isotopes. Additionally, 
(n,Zn) Processtt on 236~ and 239Pu are of eoacern. The 
requirement for accurate data for these processes in 
well covered by the requirements of fast reactor 
physica. 

In the folloving sections we examine the accuracy 
of present data and methods against results obtained 
from post-irradiation experiments in power reactors 
and partly with results obtained in zero-Qower 
facilities. 

Test of actinide nuclear data 
for LWR fuel cycle analysis 

A thorough comparison of theoretical Qredictiow 
with experimental results for the isotopic composition 
of *pe*t fa*l is very comQlex. Tbe cc+nQlete power- 
history of m operating plant has to be known. 2” 
#articular the local variations of reaction rates in 
time around the irradiation position have to be con- 
sidered very carefully. Tbis is especially important 

0. 
lf the isotopic compositions of higher actinides, 
whxh are rather sensitive to the neutron flux level 

and its variation, have ,to be determined. This is due 
to the comQetition between neutron reactions and 
decay. In order to have wme conclusive results with 
resQect to nuclear data uncertaiv&ies, some of the 
calculational complexities are removed by Qrescribing 
the experimental power density or flux density at the 
irradiation position as a function of time. If at 
least the dominating effective fission cross-section 
(i.e. of z3%) is’correct, from the local power 

density the local flux cm be dedked sufficiently 
accurate. Often either ratios of nuclide concentra- 
tions or other klative figures (e.g. isotoQic abun- 
dances), vhich are usually given by chemical exQeri- 
merits, are investigated, by which calculational un- 
certainties art sotswhat decreased. In Table LX sowa 
results from post-irradiation analyses of BUTL- and 
Pm-fuel are giverug. The figures give the deviations 
between theory and exQeriu.ant in percent. gome of tba 
nuclide concentration are measured against bum-up 
w, others are rne.%Wed against depletion Of 23% 
CDs), the last line gives the isotopic ratios against 

uranium (U). CAgICLuNO and c3JNDEmlNmN are BW.s of 
I50 NWe and 237 Me, rtsQtCtiVdy. TP.IW aad 
OgRKXgIM are Pars of 250 We and 283 We, respective- 
ly. This comQarism shows differences bet-en theory 
md experiment of several percent, if empirical 
information is used. In the last line only the burn-up 
has been modified arbitrarily by 1 %, no adjustnmnt of 
group corLstants was done. Even if empirical inform,%- 
tion is used in theory, the agreement between “theory” 
and experiment is sometimes not satisfactory. This 
can be seen in the figures for the Cemm gW. plant 
GUNDQJJIMINGEN. The bum-up “adjustment” for TRINO 
gives large differences for the higher Pu and trms- 
Qlutmium i*otoQes. 

Deviations sometimes are reduced by adjusting 
the 
al7 

group cawtants to the experiments. Darmuzet et 
1978 compared theoretical re#ults with unadjusted 

and adjusted nuclear data for isotopic ratios in the 
Ardennes PUR power plant with chemical mass deternina- 
tions, shorn in Table III. In adjusting the group 
constar& d.ta to experiments, the differences c.n be 
redwed to a few percent. 

Often irradiation experiments are interpreted by 
use of the Oak Ridge code ORIGEN’“, which is a funda- 
mental mode bum-up and irradiation program and in it8 
original version it uses time independent one gmuQ 

Table II. Bum-up Analysis of LWR - $Qtnt Fuel 

TP.INO+’ rs:3.1 B:l.Z B:2.2 k6.2 

TRlNO*’ lJ:,.s ":I.0 ":7.0 ll:21.0 U:24.0 ":2*.0 u:a.o ":I.0 

+) Theoretical prediction by using emQirica1 information from measurements on many saqles.’ 

l ’ Theoretica> prediction vith adjustment due to chenging,the burn-up by I %.’ 
00200005 
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Table III. Comparison of The6retical and 
Experiraental Isotope Ratios for 
*rde”“es-P”R k.wer Plant 

0 

232” , 238” 

236” , 238” 

231 
w I 2’8” 

*‘8P” I 23gPu 

242Pu 1 23gP” 
242& I 239P” 

244ti , 239Pti 

+6 

+7 

-10 

+I6 

-,O 

+12 

+s3 

Post-Adjustment 

'9 [%I 

+? 

+0.4 

14 

-3 

-5 

+4 

-3 

-3- 

cross-sections. Pan of these data were adjusted. 
Because this code is widely used all over the world, 
it is of’interest to check its ability with rare re- 
fined methods and with experiment. Part of the infor- 
mation on the revised version of ORICEN, called 
WXGEN-2 has been reported in 19781’. OKIGEN-2 uses 
time dependent group c.onstants and ha8 been checked 
with a special option of the CITATION diffusion code. 
Parellel to ORIGEN-2 at Kerlsr”he we have developed a 
similer code, namd KORICENl2. Many of the nuclear 
data have been adopted from the OgIGgN-2 version, 
while sme are based on the KEDAK nuclear data file. 

In order to inxprove the calculational basis for 
out-of-pile investigations (i.e. considering more than 
1000 nuclides consistently also during reactor ijfe) a 
code-system, rimed WOK, has been established . 
With this system the neutrmics of WR-cells cm be 
detemined for any burn-up state and for my light- 
water lattice. HAMKOR is based on an inproved version 
of llb.Mi%R for the static calculations, and coupled to 
the burn-up and irradiation program KOKICKN. Nuclear 
data for the important isotopes are taken from the 
latest available data on the KgDAK-file, status 1979. 
Further sophistication and generalizatim of this 
system are underway at Karlsruhe; this includes also 
coupling of the burn-up routine to other cell codes 
and to global whole-core neutronic codes ae well as 
the adoption of my ware accurate nuclear data. Table 
IV gives a coqarison of various mthcds with experi- 
r.ents. The experiraental resu1t.v. on which the figure8 
of Table IV are bowed, were taken from post-irradia- 
tion analysis of the US-KOBINgON reactor~4. 

The last colwin of Table I” shows the trend of 
deviations of ORICEN-2 results in cmparison to mre 
refined calculations, which are not described in 
detail rliterature values” in Ref. 11). 

As can be seen, the ORIGEN and KOKICEN versions 
shw sw*risin*ly g00d results “p t0 241~. both in 
comparison with each other Andy with experiment. The 
original ORIGEN version gives such relatively good 
Agreement because of data adjustment. The good agree- 
ment of ORIGgN-2, which is mainly based on gNDFB/IV, 
my be fortuitious, as riay be concluded from the last 
colum. The large deviations in nuclide concmtrationa 
above 24’~ can easily be traced back co insufficient 
d*ta in ENDWIV. 

KA?.ixOR-result* show lar 
mew for 238~~ 242&,,, ebd 2 2 

e deviations from expe?i- 
2&,. Work is undewaY to 

reduce the about 5 2 deviation of the 23% concentra- 
tion frm experitaent by careful investigation of all 
the-1 power contributors, but the agreeraent prinCi- 
pally is limited by the yncerteinty in the burn-up 
deter&nation. All other relative concentrations (they 
are given as ratio of the specific nuclide concentra- 
&an to the concentration of the corresponding 
elment) are sufficiently well predicted (reamber 
that the power history has been prescribed). First of 
all, the nuclides with lar er deviatioos have very low 
isotopic .xmcentr.etions &h -. 1.6 a.. 24h % 
0.3 qo, 242b +, 3.3 ato). me statistical errors 0f 
the relative mass deterrZnations are about I % for 
238~“. larger ab,,ut !O % for 242b and larger about 
5 .z for 242m (these figures were cmniceted t0 the 
author by I.. Koch, Trmsurmium Institute Karlsruhe). 
Now, various groups have undertaken an interlaboratory 
cmparism to check the experir,ental accuracy of post- 
irradiation analysis. Preliminary results show an un- 
satisfactory discrepmc (e.g. for the same sample a 
factor of two in the 24L conteat). Therefore, ware 
effort has to be spent to assess reliable uncectairaty 
margins. If possible, xwasurements, based on differ- 
ent methods, have to be applied~to reduce systewtic 
errors. The situation seems to be couparable to that 
of differential cross-section measurewnts some years 
ago, when the’statistical error of a certain xaeasure- 

Table I”. Daviations (in percent) of Isptopic 
Compositions [a/o] between Theory and 
Emeri~ent for the Ug-ROBINSON FWR at 

WCLm, 

234” 

235” 

23q) 

23J3” 
------. 

236PU 

2’9P” 

240Pu 

245” 

242P” 
-----. 

241b 

242r,& 

243b 
-----, 

242Cm 
243ti 

244h 

-.., 

-. 

d&charge. 
t 

- 

lAf4KoR 
: 1979) 

- 

+4.9 

-2.9 

-0.02 
.----- 

20.0 

0.0: 

-3.* 

5.5 

-1.3 
~----. 

-3.4 

22.8 

5.4 
-----. 

-30.5 

-4.1 

-3., 
- 

ORIGEN 
1978j 

-7.1 

*.4 

-2.0 

-0.1 
------ 

5.1 

1.3 

-1.3 

-4.4 

-11.6 
.-----. 

13.6 

46.5 

-23.1 
.-----. 

17.4 

27.3 

-5.3 

KIGEN-2 
(1978) 

0. 

IO.4 

0. 

-0.06 

-3.8 

-1.3 

8.0 

-8.7 

-2.* 
.------- 

IO.6 

-31.4 

-17.5 
------- 

26.2 

74.4 

-2.0 

RIGEN 
:1973j 

7.1 

5.0 

-1.4 

-0.03 
.-----. -.- 

IS.4 

-1.7 

4.2 

-3.6 

I.7 
-----, -- - 

-5.7 

factor s 

8.8 
------ --- 

70.0 

88.4 

-7.6 

Trend .,f 
deviations 

for 
ORIGEti-2 

mm. Blm 

“* to 40 % 
underpred. 

+ 15% 
.-A ------- 
“* to 40 % 
underpred. 

+5-,0% 
..I+ --------- 

“p to 30 % 
underpred. 
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merit wss much smsller tbsn the diwrepsncy to2;$e re- 
sults of another experim.nts1i.t. In cs.e of Cm, 
compsrison of BMKOP. vith other post-irrsdistion ex- 
periments show. sstisfsctory .greem.nt. 

From Tsble 1” we conclude thst for most of the 
isotopes of interest in WR fuel cycle soslysis the 
nucl.sr dsts presently sre sccurste enough. The impor- 
tsnt exceptions .re for z3gP” ..d 242ti (with ?eSPect 

to BAMXOR snslysis). Further investigstion of these 
di.crep.ncie. is required. The s.....ment of mxe 
relisble uncertainty msrgins in post-irrsdistion ex- 
periment. is necesssry. Additions1 compsrisons of 
the&y with .p.nt fael experiment. hsve to be pa- 
f0rm.d to get s more tr.wpsrent viev of the data 
ststus. These see underway st gsrlaruh., especislly 
for G.rmsn PVRs snd for pm. with recycled plutonium 
fue, element.. Presently no further needs for n”cl.sr 
dsts o,es.urement. csn be msde. 

Lt should be mentioned that the ‘pent fu.1 snsly- 
sis is of grest concern in nuc1e.r ..fegusrds investi- 

0 

g&ion.. There it i. s k.y issue to detect relisbly 
snd esrly sny diversion of fissile msteri.1 ia spent 
fuel. The essentisl plutonium content csn e.g. be 
determined by m.sn. of the so-called isotopic carrels- 
tion technique.15 At the pre.ent time, n-are theoreti- 
csl explorstion of thi. method hss to be undertaken. 
Par the ‘experiments1 result., better and more reliable 
securscie. h.ve to be achieved, ss already mentioned 
esrlier. Up to acow the technique of isotopic correls- 
tion csn only be wed ss . supporting mes.ure in safe- 
gusrds sns1y.i.. In addition, there is no unique con- 
cept of safeguarding nuclear material, .o thst s re- 
quest for more sccurste nuc1e.r dsts in this field is 
unlikely to be msde now, see s1.o Ref. 16. 

Test of sctinide auc1e.r dsts for 

1 fs.t resctor f”el cycle scisl9.1* 

It is well known th.t the ntic1e.r d.ts for fast 
resctor. sre rat of the ssme sufficiently good quality 

Tsble “. Compsrison of ORIG!JY (US) svd FISPIN (UK) 
one Group Cross-Sections for Pat R.sc.tor. 

1*0t0p* 

237 
NP 

23aPtJ 

23gP” 

240P” 

24’PU 

242P” 

241h 

24Zh 

243h 

242cm 

243c¶B 

244ClB 

c 

ORIGEN 
(1973) 

hpture I Fi..ion 

0.76 ; 0.36 

0.41 

0.43 

0.34 

0.99 

0.4 

0.55 

0.36 

0.35 

2.49 

0.26 

0.46 

I.83 

0.27 

0.42 

0.4 ’ 0.32 

0.37 , 0.41 

PISPIN 
(1973) 

.pture ! Pi..ion 

,.*.I ’ 0.34 
I 

0.44 l I.15 

0.36 

2.64 

0.30 

0.40 

3.33 

0.19 

1.26 

3.14 

0.55 

ss for therm.1 r..ctor.. TM. i. ref1.ct.d in Tsble V, 
where one group cros.-section. for fs.t r.sctor. sre 
conpared. These dsts hsve b.en provided in 1976 to the 
suthor by US s,,d “K member. of the l4SACP.P. A v.ry wide 
.pre.d in esptur. sad f&ion dsts i. ob8ew.d. The 
dsts ststus i. that of shout I973 sod older. 

The di.cr.psncie. in nwlesr dsts slso .hw ss 
large differencies in isotopic conwsitions, rsdistion 
snd best production in spent fsst resetor fuel. A 
compsriwn of ORKEN-type cslculstion. with experi- 
mews1 results on the fsst test rector RAPSODIE is 
given in Table VII?. The used dsts sre . mixtur. of 
iw~~lesr dsts from vsriw. origin., .oms of them taken 
from the 1975 Ksrlsruhe m..ting on dsts for wtinid..’ 
snd som. of more recent cmraicstions up to l9i’l. 

Tsble VI. Compsri... of C.lculstions (ORlGgN type) 
with Pxperimentsl Result. for P.APSODIE 

WYIOPE 

234” 

235” 

236” 

236” 

238Pu 

23gm 

240h 

24’P” 

242P” 

241b 

242b 

243h 

24Zb 

l- mm4UF *lo 

I 
I.126 4.035 

-4 -4 

-0. I -0.6 

-IO -I2 

-0.6 +0.3 

-99 +2 

+I.5 +3 

0.09 -0.0, 

+2 +5.6 

-9 +5 

+39 *,5 

-96 

-66 

-47 -41 -41 

-9 

-0. I 

-20 

-0.2 

-99 

+I.6 

-0.2 

+2 

-,I 

-44 

I.089 

--- Even lager discrepsn&?s csn be observed fox’. 
zx*Pu, snd the smericium snd cur%um isotope. s. in 
similsr compsri.ons for th&mal system (se. Table IV). 

To improv. the situation, .ome exp.rim.nt. hsv. 
been performed in fsst critic.1 fsciliti... Tsbl. VII 
comprises CIE rstios for fission rste rstios snd 
o&f - l+a obtsined in the gESRA snd Sneak sssem- 
bli.., which were slresdy reperted in l977lg. At the 
Aix-en-Provenc. conferenc. in I979 sdditionsl results 
“.re reported by Ssaders et sl <or 2% snd g63b’9. 
The 4.sr dsts for 261h ,,=re bs.ed on UK-ev.lus- 
tims by ~yrn et sl, snd for 243.+m solely on nuc1e.r 

model csleulsticms. The sgreement is sstisfsetory. 

At the Aix-en-Provewe wmference in 1979 the 
successful in-pile ws.ur.mer~t. in PRgNXX on s lsrge 
vsriety of s-1.. hsve been reported by GiscmttigO. 
T%e results sre not y.t svsilsble. After sdjustwnt, 
gocd sgreaent wss found with experimerd. Prom this 



242P” I.23 * 5 % 

241h I.26 * 4 % 

243& 0.88 * 4 % 

244& I.35 ? 8 % 0 

I 
l.40+2% 1 I.95 

I 

FISSION [b] 0 CAFT”RE [b] 
- 
AFAN 

Am1 

- 

!. 64 

I.31 

- 
DK 

- 
USSR* 

D.0097 

D.22 

2.81 

0.3 

l.94A 

0.092 

o.040A 

0.33 

OR COlJwrRY FRA GER 

BASIS c*!w KRDAK 

I” 

232m 0.59 - 

233Pa I.33 ,- 

233” 0.33 - 

234” 0.35 - 

235” 0.5) 0.6 

236” 0.51 - 

2%” 0.2: 0.31 

237 w ,.44 I.64 

WA 

ENDFIB 
! 

-JI.-LL 

0.0091 ; 0.0096 

0.062 1 0.062 
I 

2.90 , 2.84 

0.29 ’ 0.32 
I 

2.02 , 2.0 

0.089 1 0.099 
I 

0.040 , 0.040 

0.31 ’ 0.32 
1 

“St. 

ENDFB 
I” ; ” 

0.43 ’ 0 41 
I * 

1.18; 1.18 

0.28, 0.29 

0.63 ; 0.66 

0.62 ’ 0.62 
I 

0.60,0.6l 

0.31 IO.31 

I.68 1 1.86 
I 

FGL.5 

- 

9.43 

I.13 

0.27 

0.61 

0.53 

0.59 

0.29 

1.95 

FGLS 

0.68 

0.62 

I.8 

>.oa94 

3.64 

2.85 

0.29 

I.98 

Il.088 

II.043 

0.31 

0.34 

0.1, 

0.041 

0.32 
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. ’ -6- 

‘3FTl’F.B [b] ‘3FTl’F.B [b] 

c0vNTF.Y lv.A c0vNTF.Y lv.A GER GER JAFAN “K JAFAN “K USA USA 

BASIS BASIS 
CARN KEDAK JAERl FGL5 CARN KEDAK JAERl FGL5 BNDF/B BNDF/B 

1” 1” I” ’ ” I” ’ ” 

2’aFa 23aFa 0.54A o.54A 0.68 0.68 0.9, 0.9, 0.45 0.45 0.48 ;o.*o 0.48 ;o.*o 

23gh 23gh o.57A o.57A 0.57 0.57 0.6, 0.6, 0.55 0.55 0.56’0.57 0.56’0.57 

240Fu 240Fu o.55A o.55A 0.57 0.57 0.62 0.62 D.63 D.63 0.58 0.58 IO.61 IO.61 

24s” 24s” 0 . 5A 0 . 5A 0 . 5 0 . 5 0.55 0.55 0.62 0.62 0.51 ; 0.50 0.51 ; 0.50 

242P” 242P” 0.63 0.63 0.5 0.5 0.41 0.41 0.3: 0.3: 0.39 IO.48 0.39 IO.48 
I I II I I I I I 

FISSION [b] 

COUNTRY FRA GER JAP,JI UK VU USSR*) 
1, 1 I , , , 

B.U*S B.U*S 
CABI,. KXDAK JABKI FGL5 CABI,. KXDAK JABKI FGL5 ENDFIB ENDFIB 

1” 1” I” ! ” I” ’ ” 

241b 2.0zA 1.93 I.69 2.0? I.37 1 I.89 1.90 

z42Am 0.7 0.46 - O.ll - IO.097 0.42 

243b I 
I.6 l-53 I.65 l.73’ 0.06 l I.20 I.8 

242CUl 0.59 - - ; ~ 0.5, -I - 0.46 0.46 

243cm 0.5 0.18 - O.lO - ’ 0.27 0.39 0.39 

244Cm 0.85 0.65 0.66 o.4gN 0.53 IO.91 0.98 0.98 
I I I I I I I ---.---., ---.---., 

,.I2 

I.88 

0.37 

2.61 

0.2s 

FCL5 1 ENDF/B 1 

1” ’ ” 

-t-t 

I.13 1.15 1 I.14 I.16 

l.S3 I.84 1 I.86 - 

?iu GER JAPAN UK VSA 

XRN KKDAK JAKKI FGL5 ENDFIB 

xv 1” ’ ” 

0.29 0.26 0.30 0.3, 0.41; 0.28 

3.7 3.86 - 3.33 - , 3.61 

D.2 0.2 0.23 0.19 0.17; 0.22 

2.05 - -.I.23 -I - 
I 

3.39 2.46 - 2.89 - , 2.77 

0.45 0.43 0.43 0.38 0.52 1 0.40 
I 

* 

, z-2 - 

0.31 

3.2 

0.20 

0.16 

2.5 

0.42 

- 

0.35 0.36 ‘0.36 
I 

2.69 2.61 12.63 

0.22 0.27 ;0.25 
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