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Abstract 

In this vork ve study systematically the influence of changes in nuclear 
data on the calculated Values for the criticality and other important 
parameters of critical assemblies. She analysis is done for a variety 
of assemblies vhich differ in geometry, material composition, end 
energy distribution of the normal and adjoint flux. The primary objective 
is: 

(a) to detect deficiencies in nuclear data and calcul&tional 
methods, 

(b) to get first preliminary improvements and 
(c) to get indications in which respect and in which way further 

long-range improvements should be carried on. 

The long-range aim of this kind of investigations is to provide or 
establish satisfactory nuclear data and calculational methods which can 
reliably be applied to the calculation of fast critical assemblies and 
of large fast power reactors. In the present investigation the differences 
between calculated and measured results for the critical assemblies 
studied are not yet reduced to a satisfactory level. Therefore this 
study must be considered as one step in the desired direction but 
further investigations along the same line will be necessary. 



In dieser Arbeit vird systematisch der Einfluß von Änderungen in den 
nuklearen Daten auf berechnete Werte für die Kritikalität und andere 
vichtige Parameter kritischer Anordnungen untersucht« Eine Reihe 
von Anordnungen, die sich in ihrem geometrischen Aufbau und in ihrer 
Materialzusammensetzung und daher auch in der EnergieVerteilung des 
normalen und adjungierten Neutronenflusses erheblich unterscheiden, 
bildet die Basis der Untersuchungen« Das Hauptziel ist: 

(a) Mängel in den nuklearen Daten und Berechnungsverfahren 
herauszufinden, 

(b) erste vorläufige Verbesseningen zu erreichen und 
(c) Hinweise zu erhalten, in welcher Richtung langfristige 

und langwierige Verbesserungen durchgeführt werden sollen» 
Das Endziel dieser Art von Untersuchungen besteht darin, für die Berech-
nung von schnellen kritischen Anordnungen und großen schnellen Leistungs-
reaktoren genügend gute und verläßliche nukleare Daten und Rechenmethoden 
zur Verfügung zu stellen. Beim gegenwärtigen Stand der Untersuchungen 
konnten die Differenzen zwischen gemessenen und berechneten Werten für 
wichtige Parameter von kritischen Anordnungen noch nicht auf ein genügend 
kleines Maß verringert werden» Diese Arbeit muß daher als ein erster 
Schritt in die gewünschte Richtung angesehen werden. Weitere Schritte 
werden jedoch notwendig sein, um das langfristige Ziel zu erreichen. 
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I. INTRODUCTION 

The aim of the present report is twofold: 

(i) the results of -this study are presented in more detail than it was 
possible in the paper /~1_7 presented at the 3UES Fast Reactor 
Hiysics Conference in 

(ii) the group constants which have been prepared during this t'yrk, 
the data used in the calculations and the comparisons between 
theory and experiment are documented as a reference for further 
studies. 

In this paper we study systemically the influence of changes in nuclear 
data on the calculated values for the criticality and other important 
parameters of critical assemblies* As in the preceding work /~2 7 the 
analysis is done for a variety of assemblies which differ in geometry, 
material composition^ and energy distribution of the normal and adjoint 
neutron flux (see table 1). 

The primary objective and short range aim of our work is 

(a) to detect deficiencies in nuclear data and/or calculational 
methods, 

(b) to pet first improvements in the data and/or methods as far as 
possible, 

(c) to get indications in which respect and in which way further im-
provements which need longer time should be carried on. 

In the present investigation the differences between the calculated and 
measured results for the critical assemblies studied are still not reduced 
to a satisfactory level. This study is only intended as a step in this 
direction, and further investigations along the same line will be necessary. 

The long range aim of our investigation is to establish satisfactory nuclear 
data and calculational methods which can be reliably used for the calculation 
of fast critical assemblies and of large fast power reactors, and to try 

Zum Druck eingereicht am 1U»9«70 
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to obtain a nore and nore precise judgenent of the reliability and confidence 
level of predicitions of the nuclear characteristics "af fast reactors. The 
necessity and importance of such a study is illustrated e.g. in 7 "which 
shows to vhich extent the economics of large fast breeders are influenced 
by variations in the basic nuclear data. 

In comparing the neasured results for critical assemblies with the corres-
ponding calculated results one should be aware of the possible sources of 
errors, "hese may lie in 

(i) The nicroscopic nuclear data and the theoretical methods used 
for their determination, 

(ii) The method and model used to analyse the integral measurement 
and the accuracy of the experimental results. 

To check the reliability of the predictions only those integral experimental 
quantities should be used for the comparison 

(a) vhich are(or at least seen to be) free of systematic errors, 
(b) for which the experimental uncertainty limit is rather small, 
(c) for which the calculational model is (or at least seens to be) most 

adequate. 

In this respect the criticality of the systen is supposed to be the most 
suitable and most reliable quantity. This is the reason why primarily we 
are conparing our calculated value for the criticality factor k ^ ^ with 
the measured one. A disagreement in this value is a strong indication that 
there are remarkable deficiencies in the nuclear data or the calculational 
ncthods or even in both. Because of possibly compensating effects present 
in the determination of criticality we are further comparing some calculated 
quantities which nay be norc instructive with respect to special aspects 
vith the corresponding experimental results. Such quantities are e.g. re-
action rate ratios, spatial reaction rate distributions, ratios of material 
worths and the neutron energy distribution. 
"v/e use this additional information as supplementary indications to necessary 
improvements in data and/or methods. 



The changes in microscopic nuclear data and consequent changes in the group 
constants which have "been perforaed for tie present investigations are 
outlined in section II. 

Section III contains a description of the critical assemblies studied. 

In section IV the calculations! r.ethods used are discussed in some detail. 

The detailed results of the present study arc given in section V, 

The general discussion and the conclusions drawn are presented in section VI, 

Appendix I contains the conplete documentation of the new group constants 
and Appendix II "the docunentation of the additional data used in the cal-
culations. 



: I C O S C O ? I C IITTCLSA? HAS/1. B A S I S 

ZI.1 . TFiZ-CZZJV: Set 

The group constant set used as reference set is the I-CFK-SHEAK set often 
abbreviated as SIELAIC-set. Almost all of its physical basis is outlined 
extensive?^ in the report 120/part J, the pertinent nicroscopic 
ener/3j dependent data are tabulated in reference /~27 7 • The generation 
of the KFi:-S:iELAIC set is described in reference /~3_7; tables with the 
corresponding group constants are given in reference /~h 7. Por conven-
ience the nost important characteristics of this set for the heavy 
fertile and fissionable nuclei (see als /~2<S 7) are repeated here. 
uf35 

The fission cross section values below 2QkeV down v.o the eV range are based 
on the data of llichsudon et al. /~5 7 from Saclay. Between 20keV and IMeV 
the data of T-Ih.ite /~*6_7 and of Perkin et al. !~lj were used. Above 3MeV 
the old Los Alamos data /""8 7 were used still without the recent corrections 
for the long counter efficiency. Between 1 and 3 MeV an eye-guide curve 
through rather scattering data was chosen. 
The a values used below 10keV correspond to an unweighted arithmetic average 
of direct measurements by de Saussure et al. /~9 7. Vang-Shi-di et al. 
f l O 7 end estimates by Uttley /"" 11 7 from measured (a^: Uttley /" 11 7; 

Michaudon et al. /~5 7) and calculated (o : measured a . = 11.7 b l — — n pot 
/"11_7 plus calculated constant average resonance scattering cross section 
contribution of 0.6 barn) cross sections. Between 10 keV and 1 MeV the 
highest weight was Riven to the rather well agreeing liquid scintillator 
results of Diven et al. /~12 7 and Weston et al. /~13 7* Below 1MeV the 

MM M M 

capture cross sections ver obtained as the product of a and the fission 
cross sections. Above 1HeV, where no measurements are available, a was 
rather arbitrarily smoothly extrapolated to 1QMeV such as to correspond 
rather closely to a 1/E dependence of o^. 
Concerning v the thermal value was taken from the careful evaluation of 



T7estcott et al. At higher energies all sieasurements available 
Tip to nid 1966 vere renormallzed to "the following basic standards 

"(2200 si/sec) (U 2 3 5) = 2,1*30 ± 0.008 
(Westcott value /~ll+_7) 

u (2200 a/sec) (U 2 3 5) « ± O.OOB p 

(vd(2200 n/sec)(U235) = 0.016) 

% o n t . { C f 2 5 2 ) = 3 ' 7 T 3 ± ° - 0 1 2 

w , ( c * 2 5 2 > " * °' 0 1 2 

and fitted to straight line sejTients (see extensive description and docu-
mentation in reference /*"l5 7). Below 2,5MeV down to therm;!., i.e. for 
the most important energies, v(E) Is represented by 

v2^(e) = 2.U30 + 0.106s (E in MeV) 

U 2 3 8 

Below UOkeV the capture cross section is composed by contributions only fron 
s and p wave neutrons without inelastic scattering competition« In this 
range a^ was calculated from average s and p wave resonance paraneters and 
statistical distributions, viz. 

I1 = 2.1+8 ± 5.6 (neV) 
independent of 1 and J 

s = (0.90 ± O.IO^IO"1* 
o j, 

r>1 a (2.5 ± O.5)-io-h 

independent of J 
DJ=l/2 a 20.8 ± 2.0 (eV) 

independent of 1 
D j = 3 / 2 « 11.U ± 1.1 (eV) 
v = 1 for all 1 and J n 
v for all 1 and J 
Y 

R = 9.18 t 0.13 (f) 
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Corresponding to a potential scattering cross section 

where 

1 = neutron orbital angular norcentua, 
J = total compound nucleus angular monentun, 
j x 

2 v , = number of degrees of freedom m a x distribution 
for process x (x=nj-y; n=scattering, y=cn.pture) 

The statistical fomula used is an energy and half width distribution averace 
of single level Breit-lvigner resonance tens. The derivation of the 
statistical data listed above is to be found in reference /~16 7. In the 
SHEAK set there is still some inconsistency in a^ (U23f;) in the groups 
13 and 11* (1.0 — H.<?5 keV). In the whole group 1U raid part of the group 13 

vas calculated fron resolved resonance parameters (1.0 - 3.9keV) as 
contained in the KKDAK file /""l6 7« The nunber of p wave resonances analysed 
and considered in this range and therefore the calculated n values are 

Y 
too snail c arm are d to a values calculated from the above statistical para-

Y 

r.eters which actually take all p wave resonances into account. 
Above 130keV the measurements by Berry et al. /"V( 7 were used up to 10 IleV. 
As Barry uses the scene detector for the neutron flux measurements as White 
/"6 7 in his fission cross section measurements, this choice is consistent 
~ 235 with the choice of White's AF(U ) data. 
Between Ho and 130 keV the a values were obtained by smooth interpolation 
beteween the statistical theory estimates and Barry's data. 
The inelastic scattering cross sections for the important energies below 
2V.cV were obtained by a careful analysis of all available excitation and 
other inelastic scattering clnta; this is extensively described in reference 
/~18 7• Among more recent experiments the highest weight was given to the 
comprehensive excitation cross scction measurements by Barnard et al. /~19 7• 
These give about 20/' larger inelastic scattering cross sections between 1.0 
and 1,6MoV than obtained in earlier evaluations. The inelastic scattering 
probabilities were still taken throughout fron the Russian AEK set /~20 . 

The fission cross section values between threshold and 3MeV are based on 
the results of Lamphere /~21 7 and between 3 and 10!!eV on the old Los Alamos 
data / 8 7 also still without the recent corrections for the long counter 
efficiency. 



A -weighted least squares fit to the available renomaLizea experimental 
\j values led to the following linear relationship for v(E) valid between 
threshold and 15MeY (see reference /~18 7) 

v(E) = 2j3576 + 0.1557E (E in IleV) 

ru239 

The fission cross section values below 20keV are based on the experi-
mental data of Bollinger et al. / 22 7. Consistently with U 2 3 5 the measure-
ments of Hhite et al. /""6, 7 7 were used between 20keV and 1MeV. 3etween 
1 and 3I!eV ve relied on two rather dense and compatible Russian measure-
ment series /~28, 29 _7. Between 3 and 1OMeV as for U 2 3 5 the (still un-
corrected) Los Alanos fission data /"8 7 were used. 
Below 30keV the a values are based on the old KAPL integral neasurem ents 
/~23_7. Between 30keV and 1IIeV the rather well agreeing Oak Ridge /~2h_7 
— —

 — "" 235 
and Los Alamos / 25 7 liquid scintillator values were used. As for U 
below IHeV the capture cross sections were obtained as the product of a 
and the fission cross sections. Above 1MeY no measurements are available 
and, as for U 2 3 5, a was rather arbitrarily extrapolated to 10MeV in rather 
close correspondence to a 1/E behaviour of o . Y Concerning v the thermal value was obtained as a weighted least squares 
average of all measurements available up to mid 1966 after renormalization 

235 252 - . - 235 to the U and Cf v standard values listed m the U section above; 
the result was 

~ (2200 m/sec)(Fu239) = 2.392 
v (2200 m/sec)(Pu239) = 2.886 
(v, (2200 n/sec)(Pu239) = 0.006) d 

235 - 239 Using the same procedures as for U the energy dependence of -u for Pu 
was obtained to 

v^g(E) = 289200 + 0.1279IE + 0.001S9E2 - 0.00010E3 (E in MeV) 
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Extensive documentation of these evaluations is to he found in reference 
f z 6 J . 

Starting from the KFK-SITEAtC set improvements are now introduced "by the 
successive replacement of older data "by more recent, more reliable data 
(see also reference / 2 7). The changes in basic data leading to partly 
important modifications in the KFK-SJIEAK group cross sections are discussed 
in the following. In generating modified group cross sections the same 
collision density weighting spectrum as for the KHC-S1IEAK set was used 
(see reference 7» i'igure 1). 

11.2. SNEAPH, SIIEPM3 Sets 

The FIffiAPM set differs from the KFK-SNEAK set only in that in the range 
pop. 10 to 5003;eV the o (ir°u) values are replaced by the experiment al results 

obtained by Ponitz et al. /~30 7 and by Menlove and Ponitz /"*31 7. This 
28 ~ ~ ~ lowers the group values in the groups 6 to 11 (lO-SOOkeV) by up to 

13.555. 
238 In the SIIEFMB set, in addition to these changes for U „ a_ and a of 

poc * y 
U ? (a is kept konstant) arc lowered in group T to 10 (21.5-H00keV) 

OK _ _ 
according to a a. (E) curve proposed by Beckurts / 32_/» This curve was 

. * oc "* "" 
obtained by rraltiplying- measured cr^/a (Au) ratios with the a^(Au) shape 
measurements normalized to an absolute determination of a (Am) at 30keV 
bj>- Ponitz et al /~30, 33 7 in the range 25 to 5001;eV and subsequent avera-*" ** 28 25 25 ging. The corresponding modified a , a_ and a group cross section Y 1 Y 
values are given in tables AI-1 and AI-2. 

11.3. PU9SCP Set 

In this set the SREAK set a(Pu239) values in the group 11-15 (U65eV to 
21.5keV) based on the old KAPL measurements are replaced by values based 

239 
on the first results of the linear accelerator a(Pu ) measurements by 
(Twin et al. /"3^7* The values are correspondingly changed for a^ kept 
constanti Among the more recent experimental aj,g data available at the 



time -where the PUOSCP set was established Gwin's data were considered to 
be the nost reliable ones by the following reasons. Fron the available 
measurements Gwin's results were assigned the smallest errors (on the 
average about ± 15% in a). The independent a estinates by Fitterle et al. 
/~35 7 and Bibon et al. /~36 7 from evaluated measured total and fission 
cross sections and calculated scattering cross sections agree best with 
Gwin's data among the available experimental results. The latest 
available results obtained by Schonberg et al. /~37 7 in measurements 
with considerably improved pulse shape discrimination, background determi-
nation and electronics are partly substantially lower than the first 
preliminary results reported in 19^7 /~38 7. Below UkeV Schomberg's more 
recent data /~37_7 are in good agreement with Gwin's values, above UkeV 
they are closer to Gwin then Schomberg's first preliminary data, but there 
are still discrepancies between Schoriberg's and Gwin's results particu-
larly in the regions U-7keV and 10-30keV, which might partly be due to 
different normalizations. First a ^ measurements of Ryabov et al. /~39>_7 
with the fast pulsed reactor IBR as neutron source are compatible with 
Gwin's and Schomberg's measurements below 2 keV, but are even below the 
KAPL measurements above 2keV. Extensive discussions at the Anglo-Russian 
Seminar at Dubna in June 1968 clarified this discrepancy. Compared to the 
other more recent measurements Ryabov et al, overestimated the fission 
rates and underestimated the capture rates by applying too large corrections 
for neutron scattering before capture. First corrections for both errors 
led to a considerable enlargement of Ryabov's a values with results coming 
close to those of Gwin. More details can be found in reference /"1+0 7. 

239 — — 
The new a and a^ values for Pu in the groups 11-15 are given in 
table AI-3. 

II.H. SCTAL0 Set 

The inelastic scattering probabilities contained in the ABN set /~20 7 used 
in the SHEAE set are replaced by Karlsruhe data. In the range of resolved 
residual nucleus levels excitation cross sections evaluated and documented 
in various sections of the report KFK 120/part I are taken from the KEDAK 
file /~27 7. In the "continuum" range of residual nucleus levels the Weifikopf 
evaporation model /~i+1 7 is used with nuclear temperatures as recommended 
by Swarcbaum et al. /"b2 7« The materials concerned are C, 0, Ha, Al, Cr, 



Fe, Hi, U 2 3 5, U 2 3 8 and Pu 2 3 9, P u ^ 0 , Pu2'11, Pu2^2. For the most important 
poQ 

nuclide U the new inelastic scattering spectra turn out to "be sonewhat 
softer than the ABLT set spectra. 
The new inelastic scattering matrices are given in table Al-7» The cal-
culation of the inelastic scattering matrices and their comparison with 
the AE£' set matrices are more extensively described in appendix Al. 

11,5. URJCfe Set 

In this set the KEELPi: set fission data in the group 1 - 3 (2.5 - lO.pIIeY) 
for U 2 3 5 and Pu 2 3 ? and in the groups 1 and 2 (U.0-10.5:?eV) for U 2 3 8 "based 
on the old Los Alamos measurements "by Smith et al, /""8 7 were downgraded 
"by up to about 10i> in accord with recent efficiency corrections for the 
long counter used in the above measurements / h3 7« 

Fcccntly cor^rehensive v(Pu^ ') results became available by measurements 
of Frehaut et al. C ^ h J in the range 1 «5 to 15 'IeV and Conde et al. 
in the range 'i to 15 :'eV, Both measurements show very good agreement and 
close a gap in the higher McV range. Below hi 'eV they are in agreement 
with the scattered earlier neasurenents. From ^MeV upwards they show 
differences up to 

+UJ! at 1 ? leY from the former evaluated curve / 26 7 
which forms the basis of the PHEAJC set v data. 

The new â , and v data are given in table AI-^. 

II. Cu PU02P.B S et 

Tor the higher stable Pu isotopes , Pu and Pu'" ̂  the SNEAK set so 
far contained the group cross sections and shielding factors as given in 
the AB]I set /~20 7« They w,erd completely replaced by group cross sections 
and shielding factors calculated from the recently evaluated microscopic 
cross sections of Yiftah et ale After the publication of the eva-
luation of Yiffcah et al. the very comprehensive resonance total and partial 2^0 
cross section measurements for Pu by the linear accelerator group of 
the BClffif Geel /""UT 7 became available. They showed in particular that 
the average s wave capture width (32meV) and the s wave strength function 
(1.37*10*"^) as assumed by Yiftah et al. in their.- calculations of <o >(E) 
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2^0 for Pu an the basis of previous much less corrorehsnsive measurements 
_ had to be replaced by the lower values F = 23.2meV and S =1.05*10 . 
f o 

T.7ith these values and a (probably somewhat too low) p wave strength 
-1; 2Uo 

function S.j = 1.5*10 the capture cross sections of Pu were recalculated 
in the range of predominant s and p wave capture above 1keV and extra-
polated to higher energies so as to join sroothly the curve of Yiftah et al. 
at about 800keV. These lower 0 ^ values were taken into account in y 
the PU02RE set. Integral substitution measurements performed by Oosterkamp 
f h a j in SHEAK assemblies, viz. measurements of reactivity differences 
due to substituion of a PuOg/UO^ mixture containing 8% Pu2*1^ by another 
one containing 22$ were well reproduced by theoretical calculations 
using the improved capture data for Pu2^° mentioned above (see more ex-
tensive discussion in reference /"kO 7). The much more comprehensive and accurate experimental information used in 
the evaluation of Yiftah , Schmidt et al. leads to striking differences 

2^0 of the present to the ABIT group cross sections particularly for Pu . The 
2b0 capture data for Pu are about a factor 2 lower than the ABIT set values 

21*0 
in the energy range 1keV to 1MeV. The fission cross sections for Pu 
in the ABIT set drop to zero in the keV range with decreasing energy, whereas 
according to the Gee /~kj 7 and the Los Alamos bomb shot measurements /"~^97, 
as a consequence of the phenomenon of intermediate subthreshold fission, 
0 ^ on the average over many resonances resp. fission resonance clusters 
is of the order of 100 rib and higher all the way down to the resolved re-
sonance range. 
The new group cross sections, shielding factors and inelastic scattering 

2ko 2k"\ 2h2 matrices for Pu ' , Pu and Pu are given in table AI-5. 

II.7. M0X911. HgtoflT Sets 

Finally, as trial data the recent measurements of 0, (u238) by Moxon et al 
/~50_7 in the range 500eV to 100keV were used to replace the SNEAK and 
SITEAPH set U 2 3 8 capture data in the groups 9 to 11 (l0-100keV, M0X911 set) 
ard in the whole range, groups 9-15 (^eV-IOOkeV, M0XT0T set). The 



results or -these measurements are nearly equal to those of the previous 
measurements of rloxon et el. /~51 7» in particular the former J310(a,a) 
normalization was once again carefully checked. The Iloxon data are on 
the average about 20^ smaller than the SjIHAIC set data and of the order 
of 10% smaller than Ponitz's values in the comon energy range 25-100keV. 
The difference between ?Ioxon snd Ponitz is still unexplained. Further-
more the apparent discrepancies between Moxon's results and the average 
of a number of absolute and relative determinations at selected energies 

30; 65keV) have still to be resolved. 
238 The modified capture data for U are given in table AI-6. 
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III. TEE CRITICAL ASSEMBLIES STUDIED 

In this chapter we will briefly describe the critical assemblies con-
sidered for the present study. A more detailed documentation of the 
assembly characteristics used in the calculations and of the integral 
data used for comparison between theory and experiment will be given 
in Appendix II. 

Basically we studied 12 fast critical assemblies: SUAK U13, SUAK UII1B, 
ZPR III-10, ZPR 111-25, ZPR III-U8, ZPR III-U8B, ZEBRA SNEAK 3A1, 
SEEAi: 3A2, SIIEAJC 3B2, PIJEAK 5C, ZPR 111-55. Six of these assemblies 
are fuelled with U235, five with Pu239, and one (SHEAK 3B2) with a two-
zoned core, the inner zone containing Pu239 end the driver zone U235. 
Come characteristics of the assemblies are given in table 1. 

All criticals are of medium or large size, the smallestone, SUAK U1B, having 
a core volume of about Ho liters, l.Te hr.vo not included very small 
assemblies like GODTVA or JEZIXFL in our studies because the high energy-
cross sections of those materials which could be checked by these assem-
blies are not very much uncertain und are not so important for the 
physics prediction of large fast power reactors. 

The hardness of the neutron energy spectrum veries considerably as can 
be seen e.g. from the median fission energy, the neutron lifetime, and 

o 
the ratio af(U23«'3/oc(U238) given in table 1. The migration area II of 
the core varies considerably between the lowest value for SUAK UH1B and 
the higher values for the more dilute assemblies ZPR III^G, ZEBRA 6A, 

and SIIEAIv 3A1. Apart from the k^-experiments SNEAK 5C and ZPR III55 
there is also a large span in the geometric configuration characterized 
by the geometric buckling B and the core volume between the small un-
reflected SUAK-assemblies and the larger well reflected assemblies 
ZPR 111-25, ZPR III-U8, ZEBRA 6A and the three SNEAK criticals, the 
small but reflected assembly ZPR 111-10 ranging in between. The leakage 
probability and the probability for the most important reaction ratios in 
the core are also given in table 1. 



SUAK U1B is a netal fuelled uraniun assembly with 2055 enrichment of 
about 30 cm length in each, direction of the cube. 

SUAK UE1B is similar to SUAK U13. It is also a netal fuelled uraniun 
assembly with 20/5 enrichment but containing a relatively large amount 
of hydrogen in foils of polyethylene. The hydrogen to uranium atom 
ratio is about 0.5. 

ZPR III-10 is a metal fuelled uranium assembly with a rather small 
core of about 17$ enrichment surrounded by a relatively large reflector 
of depleted uranium. 

ZPR II1-25 has a larger core. The uraniun metal fuel has an enrichment 
of about 9P. The core is surrounded also by a relatively large reflector 
of depleted uranium. 

ZPR^III-48 is a well known assembly with plutonium es fissionable material. 
The fuel enrichment is about 18£. In order to simulate the neutron 
energy spectrum of a sodium cooled fast reactor with ceramic fuel, Na 
and C have been added to the core composition to soften the spectrum. 
The reflector or about 30 cn thickness consists of depleted uranium 
metal. 

ZPH_III-H8B is very similar to ZPR I I I - H 8 , The essential difference is 
the inner core zone which has a higher content of Pu2Uo compared to 
ZPR 1 1 1 - 1 * 8 . 

» 

ZEBRA dA is a somewhat smaller plutonium assembly with a fuel enrichment 
of about 2U'|?. Ha and C sire also added to influence the neutron energy 
spectrum in the desired manner. The reflector of about 30 cm thickness 
consists of natural uranium and graphite, 

S!IEAK_3A1 was built to simulate the core of a fast steam cooled power 
reactor. The enrichment of the uranium-metal fuel is about The 
polyethylene foils used to simulate the coolant are contained in stainless 
steel canned platelets. The hydrogen concentration of SNEAK 3A1 is about 
half that considered for a typical steam cooled power reactor characterized 
by a coolant pressure of about 170 atm and a relatively small coolant 
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volume fraction of the core. Tvithin the unit cell one Al- and one 
Al^O^—platelet are used together with the fuel— and stainless steel 
canned polyethylene-platelet to influence the neutron energy spectrur. 
in the desired manner. 

SHEA*: 3A2 is slightly smaller in core volume than SIEAK 3A1 hut has 
still e. relatively' large core zone. By adjusting the thickness of 
the polyethylene foil one obtained in SIIEAK 3A2 a hydrogen concentration 
vhich. corresponds to that of a future stem-cooled power reactor with the 
characteristics mentioned before. Besides the thickness of the poly-
ethylene foil the composition is almost identical to SKCAK 3A1. 

Sire.*:: 3T>2 has an inner core zone which contains plutoniun instead of 
uranium as fissile material. Otherwise the composition of this tiro-
zoned core assembly is equivalent to SIIEAK 3A2. 

sriEAi; 5c is a so-called k^-experinent. It consists of an inner plu-
tonium zone of about 300 liters and an outer uranium driver zone. By 
adjusting the compositions of both zones in the appropriate manner 
one aims at a flat distribution of the normal and adjoint fluxes across 
the inner test zone and to bring the k of the test zone close to 1. CO 
The atom ratio C/U.?3" in SITEAK 5C is rather large, about 12, which leads 
to a "soft" neutron energy spectrum, 

ZPR 111-55 is also a k^-experiment for a plutoniun composition from 
which one tries to get infoi nation on the a-value of Pu239 in the 
energy range from 0,5 to 20keV (ot=o Because of the smaller 
C/U23B atom ratio of about 2,'t the neutron spectrum is not as "soft" 
as that of S1JEAK 50. 

In addition to these assemblies we consider also the measurements con-
cerning the ste&n density- and steam void-coefficient which have been 
performed during the so-called SNEAK-3A-series, They are described in 
r 57 7 and include besides the assemblies SNEAK 3A1 and SNEAK 3A2, 
mentioned before, two other assemblies SNEAK 3A0 and SNEAK 3A3 which 
contained no hydrogen and twice the hydrogen concentration of SNEAK 3A2, 
respectively. 
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Apart fron the leakage the snail and "clean" assemblies SUAK-TJ1B and 
SUAK-UE1B provide checks Tor the higher energy data of U235 and TJ238. 
Because of -the increased moderation SUAK UE1R is more sensitive than 
SUAK U1B to the capture data of U238 and U235 since there is a rapid 
increase of the capture cross sections "to lower energies* For ZPR 111-10 
the importance of the leakage is reduced compared to SUAK U1B and the 
importance of the U235 and U238 data in the hundred keV region is in-
creased* The same tendencies hut still more pronounced are valid 
for ZPR III-25. The larger and well reflected assemblies SNEAK 3A1 
and SNEAK 3A2 will give additional information on the uranium data 
in the lower keV region* The somewhat similar plutonium assemblies 
ZPR 111-1*8 and ZEBRA 6A are both included in the analysis since the 
information on plutonium assemblies is not very extensive. ZPR III-1*8B 
is of interest because of its higher Pu2H0 concentration in the inner 
core aone con©axed to the usually available plutonium isotopic composition. 
The k^-experiments SNEAK 5C and ZPR 111-55 provide a check of the low 
energy capture data o'\ U238 and, hopefully, of the capture and fission 
data of Pu239 in the keV region* SNEAK 3B2 has been included in the 
analysis as the first fast critical at Karlsruhe containing plutonium* 

With this selection of critical assemblies we are confident to obtain 
essential information on the reliability of data and methods for the 
energy range of interest in fast reactor analysis. 
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IV. THE WiCDIATIOILAL Z-E53IODS USED 

IY. 1» General Approach 

In 'this study ve vant to determine the effect of each change in the 
nuclear data for the -whole variety of criticals. The reason is "two-
fold: 

1. we want to r^t an insight into the uncertainty of the cal-
culation of characteristic quantities for these assemblies, 

2. ve vant to obtain information on the sensitivity of the 
pumtities studied on various changes of the nuclear data 
of several materials in different energy regions. 

Doing this in the most correct way would consume a large amount of 
computer tire since one has to perform e.g. two-dimensional calculations 
and has to apply corrections as mentioned later e.g. for heterogeneity 
etc. which in a strict sense would have to he recalculated for each 
change in the nuclear d?.ta. In order to avoid this we treated the 
problem in the following approximate manner: For each assembly which 
has not essentially a two-zoned core, we determined with our reference 
group set, the so-called SJTEAK set /~3 7, f ^ 7, the bucklings in each 

2 2~ 2*" 2 2 
one-dinensional direction (i.e. respectively B^, B z) by com-
paring one-dimensional results for the criticality with the corresponding 
ones of fundamental mode calculations. These adjusted bucklings have 
then been used throughout the study in the fundamental mode calculations 
for the modified group sets. The adequacy of this procedure has been 
proved by some two-dimensional diffusion calculations with 11 energy 
groups especially for those changes in the nuclear data which caused 
major c>snges in the calculated criticality. The 11 group constants 
Eire condensed from the original 26 group constants using as weighting 
spectrum that of a one-dimensional diffusion calculation in spherical 
geometry for each modified group set. These two-dimensional results 
of course have to be considered as the basic ones. The fundamental node 
results are used only to obtain the criticality difference of those 
changes in the nuclear data which lead to relatively small changes in 
criticality. 
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I7»2» Corrections 

To get the final results (best available values of table Y—U) sone correc-
tions which are partially calculated by ourselves and partially taken 
from the literature have to be applied if necessary: (a) the heterogeneity 
correction using "the SERA-code 7»(b) the transport correction 
using a one-dimensional F-I'-code, (c) the so-called REMO-correction 
which arises from a more elaborate treatment of the elastic slowing 
down /"*3 7, r 2 7, (d) a correction for the transport cross section 
which takes into account the anisotropic down-scattering of hydrogen 
especially for SUA!: U1I1B /~3 7, /~59 7« In the cases where these 
corrections are calculated by ourselves they were determined once with 
the SIIEAK-reference set and are then assumed to be only weakly dependent 
on changes in the nuclear data and therefore are taken the same for 
the modified group sets. 

IV.3. Comment on the Fission Ppectrum 

With respect to the calculational methods we should mention that the 
standard fission spectrum x in our group sets is that belonging to 
v=2.8 of the Russian ABIS-set / 20 7. In reality x depends on the energy 
of the fissioning neutron and the type of the fissionable isotope; these 
dependences cannot routinely be taken into account in our calculations. 
We studied the magnitude of the effects which can be attributed to changes 
in the fission spectrum in an approximate manner. The main results are 
(see table 2): for U235-fuelled assemblies a reduction of the criticality 
between 0.001-0.003 and a decrease of the neutron spectrum by about 
6% only in the energy range fron6»5-">0.5MeVifx(v=2.6) is used instead 
of x(v=2.8); for Pu239 fuelled assemblies a slight increase in criticality 
(about 0.001) and an increase of the neutron spectrum by 11^ in the 
energy range mentioned, if x(v=3»0) is used instead of x(^:=2,r). The 
average v of U235 fuelled assemblies is in the range 2.5 - 2.6, that 
of Pu239 fuelled assemblies in the range 2.9 - 3.0. One should mention 
that the fission ratio af(7J230)/of(TJ235) is only changed by 1-2? by the 
changes of the fission spectrum mentioned above. 
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x J I*«ccr.rr..c~-~ or th.a Zvo-Uinensicnal Diffusion Results 

rincs the t vo-dinenslor.ri cirfusion resists obtained vith the i<IXY-
progrry" ~r" err the oasis nT c/nr "best available criticrlity -ro'. let ions, 
it vas r.ecossar;^ to C'ICCZ. the validity of the rppro^inrtions 
in .<*erivin~ these results. The first approximation is the condensation 
"Vo- to 11 .nrc-ips. Co- tlx 123-.;-": 11-—rou-. result vith that cf one 
^''--revn tro-'linensionnl choci: crJLculntion for niHLAK 3A1 usin~ the 
snrse s-tr.tial r.csh (lv»QO nenlraoints) ire observed a difference in li „ eif 
of 0001 which was far less then the accuracy of 0.001 required for 
each calculation. The second approximation concerns the distance between 
the r.eshpoints for the calculation of the space dependence of the neutron 
flu:-:. This probler. has been studied for an ossenbly sirilar to SITFAE 3A1 
by two-dimensional calculations using 2C groups. The results are pre-
sented in the following table. 

Dependence of 1: „ on the spatial rjesh 

case 1 case 2 case 3 

Radial 
direction 

nurber of resh points 2 0 UO 68 Radial 
direction nunber of nesh intervals in 

the core per transport nean 
free path 2 . 1 6 3.61* 

Axial 
direction 

number of nesh points 2 0 1*0 6 0 Axial 
direction nunber of nesh intervals in 

the core per transport mean 
free -oath 1 . 1 2 . 2 3.71* 

Total nunber of nesh points FCOO 1 6 0 0 1*080 

keff 0 . 9 8 6 0 0 0 . 9 8 7 ^ 6 0 . 9 8 7 ^ 

Fran this table one concludes that 2 nesh intervals per transport 
mean free path is sufficient f o r the two-dinensional calculations 
if an accuracy of 0,001 in 1: is desired, 

K) 

All results quoted in this paragraph have been provided by V. Hobel (Karlsruhe). 
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IV.5. Approximate Treatment of the Anisotropic Scattering? of 
Hydrogen in SUAK UKID 

Usually we use the diffusion equation for the determination of the 
criticality of the assemblies studied. In deriving the cross sections 
respectively group constants which are needed in this equation the 
usual transport approximation is applied. It is very probable that 
this approximation is not sufficient for the anisotropic scattering 
of hydrogen and leads to errors in the transport cross section and 
the diffusion constant and therefore also to errors in the leakage 
probability. Among the hydrogen containing assemblies the leakage 
probability is most important for SUAK UII1B, Therefore an improved 
but still approximate treatment of the problem has been applied 
for this assembly /~3 7 which is indicated in the following. 

"Prom the T?1 -equations the following relation can be derived: 

( I V . , > 4 = 4 I . 

where = o^*1 u*'̂ 1 is the second moment of the scattering matrix 1 o 
and J. is the net current in the energy group j. For the isotopes with 0 
higher atomic weight than 10, the second term on the right hand side 
of the above equation (,IV,1) can be approximated by o^y1. CT^ is the 
elastic scattering cross section in group i and y the average cosine 
of the scattering angle. This approximation is of course not adequate 
for hydrogen. Improvements compared to this average cosine concept 
have been ma.de for hydrogen in two steps: in the first step it was 
assumed that the currents are weakly energy-dependent so the ratio 
J./J. in equation (IV.1) is set equal to unity, in the second step il 
the group dependent currents of the GUAK UK15J assembly have been used 
to determine the transport cross section of hydrogen. Since the group 
dependence varies with space coordinates the group currents have been 
taken at two space points, located at distances of 6.5 cm and 13.3 cm from 
the core boundary. The resulting transport cross sections of hydrogen 
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have been used in the appropriate core regions In the criticality 
calculations. The influence of these two steps of Improvements on 
the criticality has been studied for SUAK UH1B in diffusion approxi-
mation using a spherical model for the assembly. The following changes 
Ah have been obtained for the ABIISI7P: the first step gives k=0.011, 
the second step k=0.0022 compared to the usual average cosine concept. 
The reason for these different results is that in the second step the 
transport cross section of hydrogen is increased in the high energy 
region even slichtlv more than in the first ster> since J./J. is smaller ij — 
than one. But below 0.5HeV this tendency in reversed and the transport 
cross section is calculated even smaller than with the average cosine 
concept. Since the transport cross section is also used in the boundary 
condition of the diffusion calculations the calculated change in criti-
cality may also depend on the geometrical model used for the assembly 
because in spherical geometry only one external boundary has to be considered 
whereas in the real cubic arrangement three boundaries have to be taken 
into accoxint. 
It seems to us that the magnitude of this correction is still uncertain. 
We have applied in the present evaluation a value of 0.007 for this correc-
tion which is taken from the literature /~59 7 and is in between of the two 
extreme values mentioned before in this paragraph. 

We Trill study the effect of the anisotropic scattering of hydrogen once 
acain using the appropriate recently established improved version of the 
DTK—S.—code. i'T 

IV.6, Weighting Snectrum and a -Concept 

The effect of the weighting spectrum on criticality has been studied 
using the REI10-concept for the direct calculation of the elastic removal 
group constants. The results are discussed in /~2 7. In all cases 
studied there the differences have been smaller than 0.005 in k. For the 
neutron spectrum the ?.EM0-procedure generally leads to better agreement 
of calculations with experiments. 
It should be mentioned, however, that the REM0-concept is used only for 
those Isotopes which scatter only into the next group of the 2C-group set 
with the ABIT-group structure. The ?.H'0-concerjt is not well suited for 
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h"f_rO'"cr. "because the correction Is amDier1 only to the elements I-KL+1 
of the scattering matrix. Comparing the scattering cross sections of 
hydrogen in the A37I- end rCTAK-set one notices considerable differences 
-which most probably are due to the weighting spectrum used because the 
basic nuclear fata are well known. In -the CIITAIC-set the weighting 
spectrum corresponds to that of the fTTLArl 3A2 assembly. Therefore one 
may obtain changes in criticality and neutron spectrum for the SUAK UE1B 
assembly if the appropriate weighting spectrum is used for the determi-
nation of the scattering cross sections of hydrogen. 
One should mention also that the HCM0-correction is applied only for 
neutron energies above IkuV (group 1-1h). The extension to lower 
energies will probably bring about some influence on the results for 
the criticality of assemblies with rather soft neutron spectra like 
ZPR 111-55 "end especially SHEA?: 5C. 

In reactor calculations we normally use an average background cross 
section Oq for the determination of resonance self-shielding (aQ-concept, 
see / 20 7» /"h 7). The determination of Oq in each group is normally 
done with the infinite dilute total cross section with the exception 
of U338 (see /~3jJ, /"h 7)» Tor the test calculations c^ has been de-
termined in a different way using the effective total cross section with 
the strongest, resonance self shielding (see /~2 7). Because these two 
methods are extreme approximations to the true situation a possible error 
of 0.002 mav arise when using the CT -concept at least for assemblies with o 
a not too "soft" neutron spectrum because the difference increases as 
the importance of the low energy end of the spectrum increases. 

IV.T» Accuracy of the Calculated Material Worths and Reaction Rates 

a) Comparison of one- and two-dimensional results 

In order to save computer time the material worths and the reaction rates 
in the core center have been calculated in spherical geometry using 26 
energy groups. This procedure has been adopted because it seems more 
important to us to take into account all energy groups and to approximate 



-the geometry than to perform calculations for the real geometry hut vith 
a reduced number of energy groups. Taking into account the real geometry 
and the vhole number of groups vould necessitate rather large computer 
times. "7e expected that the desired quantities can "be calculated veil 
enough vith the procedure mentioned and checked this by tvo-dimensional 
calculations for SISAK-3A1 and SIIEAK-3A2 vith t and 11 groups. The 
results given in table 3 indicate that for predominantly scattering 
materials like C, II, 0, Mg the agreement betveen the various results 
is very poor as has been expected. This is essentially due to the 
influence of group collapsing as is already known in the literature 
(see e.g. /~60 7)• Therefore even the 2u-groups results nay be doubtful. 
For the other naterials the agreement is rather good: for the case with 
11 groups the differences anount to about 5/'« This indicates that there 
is no systeratic deviation between the results for spherical geometry 
cr.fi the tvo-dinensional ones as could e.g. arise from differences in the 
nomslisation integral. This has also been foi:nd by Pitterle et si, 
/"~35_7* For the same assemblies SIEAK 3A1 and SEEAK 3^2 in the central 
region of the core the microscopic reaction rate per unit flux and (per atom 
of U235, this re ens the effective rroup averaged cross section , agrees 
within 0.155 and the important reaction rate ratios U232(n,y)/U235(n,f) 
U235(n,y)/*J235(n,f) and U23C(n,f)/lI235(n,f) also within 0.15? comparing 
one-dir.ensional 26 group results with tvo-dinensional and 11-group 
results. 

The results mentioned so far have been obtained using the 5IIEAK set but it 
is expected that they are valid for other group sets and other assemblies 
as well. Calculations for the two assenblies S1JEAK 3/1 and SIIEAK 3^2 
using the I!0XT0T-set indeed showed practically the sane results as obtained 
for the SPEAK set, Therefore, it seens very probable that the one-dimen-
sional results for the central material worth and the central reaction 
rate are not subject to systematic calculational errors. 

b) Comarison of results vith and without REM0-correction 

As stated two paragraphs before the REI-10-correction generally leads to a 
better agreement between calculations and experiment for the energy-depen-
dent neutron flux. The differences between the spectrum calculated in the 
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•usual way and that calculated vith the REMO-correction are quite 
appreciable* For the assembly SIIEAEC 3A1 e.g. they amount to about 
±15/? in some energy groups. The question arises wether such changes 
in the energy dependence of the neutron spectrum affect the calculated 
material worths to a remarkable extent or not. 

The TOvIO-correction is based essentially on a correction of the macros-
copic elastic and total removal cross section elements of the scattering 
matrix and is appropriate for the calculation of the neutron flux. The 
question if the REMO-correction is also an adequate procedure for the 
calculation of the adjoint flux will not be considered here although 
we adopted this assumption in the present study. 

In the following lists we compare the results for the calculated material 
worths using two different methods: 

method a): The normal and adjoint fluxes used in the perturbation calcu-
lations have been obtained using RK'IO-corrected group constants. 

method b): The normal and adjoint fluxes used are calculated in the usual 
manner without the REMO-correction for the group constants. 

In both methods we used perturbation cross sections which have been cal-
culated in the usual way without any REMO-correction, For a rigorous 
comparison of the influence of the REMO-correction one should apply in 
method a) the REMO-correction to the perturbation cross sections too. 
This has not been done here because it would have caused inconveniences 
in handling the programme for the REMO-correction and because we think 
that the effect is almost negligible for the perturbation calculations 
of the material worths. 

This assumption seems to be reasonable because the REMO-correction has to be 
applied both to the normal and pertubed core composition and these two 
compositions are almost identical apart from the relatively small addition 
of the special material or isotope considered. The amount of material 

20 
added to the normal mixture is in our cases 10 atoms which means for 
most materials about 1-10$ of the amount which is normally present in the 



Results for Assembly ZPR III-M using the SIIKAJC-3et 

Material AL D10 C CR PE MO IfA III Pu239 Pu2lf0 U235 U230 

Material worth method a) 
0 . 9 3 9 1 . 0 5 0 0 . 7 3 8 0 . 9 6 9 1 . 0 0 2 1.0'*3 0 . 9 3 7 1 . 0 2 0 0 .98!* 0 . 9 6 7 0 . 9 8 0 0 . 9 7 6 Material worth method b) 0 . 9 3 9 1 . 0 5 0 0 . 7 3 8 0 . 9 6 9 1 . 0 0 2 1.0'*3 0 . 9 3 7 1 . 0 2 0 0 .98!* 0 . 9 6 7 0 . 9 8 0 0 . 9 7 6 

Results for Assembly SIIEAK 3A1 using SNEAK-set 

Material AL B10 c CR FE II MO III 0 Pu239 U235 U238 

Material worth method a) 
0 . 0 6 7 1 . 0 1 9 1.17H O . 9 0 8 0 . 9 7 6 0 . 9 9 2 1 . 0 2 1 1 . 0 2 9 1 . 2 6 3 0 . 9 9 6 0 . 9 9 3 0.997 Material worth method b) 0 . 0 6 7 1 . 0 1 9 1.17H O . 9 0 8 0 . 9 7 6 0 . 9 9 2 1 . 0 2 1 1 . 0 2 9 1 . 2 6 3 0 . 9 9 6 0 . 9 9 3 0.997 

Results for Assembly SITEAK 3A2 using SNEAK-set 

Material AL B10 C CR FE II MO NI 0 Pu239 U235 U238 

Material worth method a) 
0 . 8 5 1 1 . 0 0 6 1.091* 0 . 9 9 1 0 . 9 7 6 O.90O 1 . 0 0 6 1 . 0 1 5 1 . 1 8 2 1 . 0 0 0 0 .99 1 * 0 . 9 8 5 Material worth method b) 0 . 8 5 1 1 . 0 0 6 1.091* 0 . 9 9 1 0 . 9 7 6 O.90O 1 . 0 0 6 1 . 0 1 5 1 . 1 8 2 1 . 0 0 0 0 .99 1 * 0 . 9 8 5 



mixture. Therefore ve expect that the influence of the EEMO-correction 
on the cross sections of "both mixtures vill he almost identical and the 
net effect on the perturbation cross sections will he practically zero 
"because of a compensation effect since the perturbation cross sections 
are determined as differences between the cross sections of both com-
positions which shcrw almost identical REHO-eorxections. 

It can be seen from this list that for the fertile and fissile isotopes 
the influence of the REI-!0-correction on the calculated material worth 
is generally smaller than 3% and for the predominantly absorbing materials 
generally smaller than 5# which is not too much compared to the existing 
discrepancies between calculation and experiment. However, one should 
have this in mind when in the future these discrepancies come down to 
comparable magnitude, For predominantly scattering materials^ as expected, 
the influence of the TffiHO-correctlon is larger - up to 30JS- . But 
for these materials an 26-group results either with or without REJJO-
correction are somewhat doubtful as indicated in the preceding paragraph. 



RESULTS AND DISCUSSION 

V.I. Results of Fundamental Mode Calculations for k 1 • e n 

Die results of the fundamental mode diffusion calculations for k __ err 
are given in table V-1. The values given refer to the homogenized 
core composition* For an easy comparison vith the measured values the 
calculated criticality values for the SNEAK-series have been normalized 
in such a way that the normalized value for of SHEAR 3A2 is equal 
to unity for all sets of group constants. 
In the figures AII-1 to AII-36 the neutron flux, the adjoint neutron flux 
and the collision density are shown for 12 assemblies. For an easy inter-
comparison of corresponding curves for different assemblies we have 
taken the same scale in the corresponding figures for the different 
assemblies. The curves have been obtained from the group values using 
a program which produces a smooth curve through the group values /~6l 7» 

Except for the two-zoned cores SNEAK 3B2 and ZPR III-I48B the values for 
the normal and adjoint fluxes have been taken from fundamental mode 
calculation. The normalization is 

CO 
J vIf(E) <j>(E)dE = 1 
o 

for the flux density and 
oa 
J x(E) *+(E)dE = 1 
o 

for the adjoint flux. For the two exceptions SNEAK 3B2 and ZPR III-I48B 
the normal and adjoint fluxes at the core center have been taken from 
one-dimensional calculations. The corresponding curves therefore have been 
drawn with an arbitrary normalization. For the adjoint flux the arbitrary 
normalization has been done in the following way: for SNEAK 3B2 the curve 
has been normalized to agree in the relatively flat region between 50 -
100 keV with the corresponding curve of SNEAK 3A2; for ZPR III-U8B the 
normalization has been done in the energy range from 0.^ - 0.8 keV to give 
agreement with the similar curve of ZPR III-!48 which is also flat in this 
energy range. 
All results for the collision densities have been taken from one-dimensional 
calculations« This has been done because the programs involved in these 
calculations can handle only the results of one-dimensional calculations 
in the appropriate way. Therefore it would have been very inconvenient 



to use the results of the fundamental mode calculation in order to get the 
corresponding collision density. She curves given alvays belong to the 
inner core zone, sometimes to an even smaller artificial zone around the 
core center. The normalization for all collision density curves Is 
arbitrary. 

All results for the figures AII-1 to AII-36 have been obtained using 
the SNEAK-set. 

In the following we vill indicate the sensitivity of the criticality of 
the various assemblies studied to changes in the nuclear data. This will 
be done for each assembly by giving the criticality changes for the 
most important changes of the group constant sets. 

SUAK U1B: SNEAK SIIEFMB: Ak= -0.015 
SNEPMB-*- SNEAFM: Ak= +0.021 

This small assembly with a relatively hard neutron spectrum is very sensitive 
to the reduction of the U235 fission cross section which is implied in the p^O 
first step and is omitted in the second step. The reduction of the U 
capture data causes a criticality increase of +0.006 = 0.021-C.015. 

SUAK UH1B; SNEPMB -»• SNEAPM: Ak= +0.008 
PU9SCP -v SCTALO; Ak= +0.003 
M0X911 •»• M0XT0T: Ak= +0.00U 

Due to the much softer neutron spectrum of this assembly compared to SUAK U1B 
changes in the high energy data are less importent. The omission of the 

2 3 5 
reduction of the U fission cross section givss rise to a criticelity increa-
se which is only 1/3 of that obtained for SUAK U1B. Taking into account the 2 3 8 
lower U capture cross section of M0X0N in the keV-region causes an 
increase of criticality which is not negligible for this assembly. The in-
crease of criticality obtained with the new scattering probabilites for the 
inelastic scattering probabilities for the inelastic scattering is due to 
the special energy dependence of the neutron importance for this assembly 
which increases considerably below 1 MeV with decreasing energy. 
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ZPR 111-10: SHEAK -»- SNEFMB: -0.015 
SHEP!*B -»- SHEAPM; +0.026 

The results for this assembly with a relatively hard neutron spectrum are 
very similar to that obtained for SUAE U1B. 

ZPR III-25: SNEAK + SNEPM3: -0.010 
SHEPMB SNEAFM: +0.029 
PU9SCP SCTAL0: -0.011 
PU02BE - M0X911: +0.013 

Apart from the results similar to ZPR 111-10 the new inelastic scattering data 
cause a remarkable reduction of criticality which is due to the special form, 
of the energy dependence of the neutron adjoint which decreases below 1 MeV 
with decreasing energy contrary to the behaviour for most of the other assem-
blies, The reduction of the capture data in the 10 - 100 keV region 
to the low MOXON-values shows a remarkable effect on the criticality of 
this assembly because the enrichment is lower and the neutron spectrum some-
what softer than that of the assemblies considered in the preceding para-

238 
graphs. The higher sensitivity to the U capture data in this energy 
region is also indicated by the difference between the first two steps 
which amounts to +0,019=0,029-0,010 and is considerably larger than the 
corresponding data for the SUAK assemblies and for ZPRIII-10. 

ZPR 111-48; SNEAK -v SNEPMB: +0,009 
SNEAPM -v PU9SCP: -0.009 
PU02RE M0X911 5 +0,008 

This assembly is rather sensitive to the U 2 3 8 capture data below about 100 keV 
which have been changed for the sets SNEPMB and MCK911, The new a-values for 
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Pu of GWIN used in the PU9SCP-set cause a criticality reduction which 
is not as large as that of -0.016 reported previously /"2_7 where lower 
limits of the first preliminary a-values of SCHCMBERG had been used. 

ZEBRA 6A; S^ ̂ L' SNEPMB: +0.006 
SNEPMB FU9SCP: -0.010 
PU02RE M0X911 ! +0.006 

As expected this assembly shows a behaviour similar to that observed for 
ZPR III-U8. 
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SHEAK-Series: The criticality of the assemblies considered within the 
SKEAK-3A-series reacts most sensitive to the first tvo steps of changes 
in the group cross section sets* The fact that the absolute values of 
the criticality differences for the first tvo steps are of the same 
magnitude- indicates that the steam density coefficient is much more 
sensiti.ve to changes in the fission cross section than to those 
in the capture cross section in the energy region considered (i»e. 
jetveen about 20 - 500 keV). One should of course alvays have in mind 
that the criticality values for the SHEMC-series are normalized in such 
a vay as to give a equal to unity for SHEAK 3A2. 

SNEAK 3A1; SNEAK SIIEPMB: -0.009 
SNEPMB h- S1IEAPM: +0.018 
PU02RE M0X911: +0.009 
M0X911 MOXTOT: +0.006 

ooQ 
The criticality change corresponding only to the reduction of the U capture 
cross section in the first step amounts to +0.009. It is over compensated 

2 3 5 
by the effect of the reduction of the TJ fission cross section vhich is 
tvice as large as can be seen from the second step leading from a criticality 
change of -0.009 for the first step to a total criticality change of +0.009 
for the first tvo steps. From the last tvo steps it can be seen that for 
SNEAK 3A1 the changes caused by the M0X0N data are more important in the 
10 «• 100 keV region than in the energy region below 10 keV. 

SNEAK 3A2; SNEAK SNEPMB: -0.006 
SNEFMB SNEAPM: +0.013 
PU02RE M0X911: +0.007 
M0X911 MOXTOT: +0.007 

For SNEAK 3A2 the results are qualitatively similar to those for SNEAK 3A1. 
The last two steps cause nearly equal criticality changes. This means that 
for this assembly with respect to criticality the influence of the change 
to the MOXON data is of equal importance for the energy region below 10 keV 
as for the 10 - 100 keV region. This fact gives direct evidence of the softer 
neutron spectrum of SNEAK 3A2 compared to that of SNEAK 3A1. 



SNEAK 5C: SNEAK SHEEMB: +0,008 
SNEAPM PU9SCP: —0.015 
PU02RE M0X911: +0.008 
M0X911 + M0XT0T: +0.0llf 

The largest criticality change for this assembly is caused by the change 
to the Pu 2 3 9 a-values of GWIN (SNEAFM*FU9SCP). The reduction of the U 2 3 8 

capture cross section to the PONITZ-data in the first step produces nearly 
the same criticality increase as that of the subsequent inclusion of 
the MOXON-data in the 10-100 keV region (PU02RE-*M0X911). The criticality 
effect of the change to the MOXON U238 

capture data in the whole energy 
region concerned overcompensates that of the change to the GWIN a-data. 
A comparison of the two last steps illustrates the importance of the 
energy region below 10 keV for this assembly compared to e.g. SNEAK 3A2 
which already has a relatively soft neutron spectrum, 
ZPR 111-55: SNEAK SNEPMB: +0.018 

SNEAPM -*• FU9SCP: -0.011 
PU9SCP SCTALO: -0.013 
PU02RE M0K911: +0.01T 
M0X911 -v MOXTOT: +0.017 

For this assembly relatively large criticality changes have been obtained. 
Qualitatively the results are similar to that for SNEAK 50 or even to SNEAK 3A2 
with the exception of the importance of the inelastic scattering data for 
this assembly which is due to the special neutron adjoint as has been dis-
cussed for ZPR 111-25. For a quantitiative understanding of the effects 

2 3 8 

one should have in mind that the atomic number density of U is considerably 
larger than that e.g. for SIIEAK 5C and SNEAK 3A2 and that the neutron spectrum 
is considerably harder than that of SNEAK 5C. This fact is for both assemblies 
illustrated for example by the different criticality changes cased by the 
two last changes in the group cross section sets. 

At the end of this chapter we will discuss briefly which assemblies are most 
sensitive to the changes in the nuclear data which have been performed 
during this study. 



- 32 -

SNEAK SEEPMB: ZPR 111-55 
SNEAK 5C 
S'JAK U1B 
ZPR 111-10 
ZPR III-25 

+0.018 
+0.008 
-0.015 
-0.015 
-0.010 

This change actually consists of tvo different changes i 

a) the reduction of the V 2 3 8 capture cross section 
h) the reduction of the U 2 3 5 fission and caoture cross section. 

The second part has no influence on the Pu-fuelled assemblies. These assem-
blies show the effect of the first part only and therefore a criticality 
increase is observed. For all U-fuelled assemblies the effect of the 
first part is more than compensated by the affect of the second part and 
therefore ve obtained a decrease of criticality for these assemblies. Since 
in the next step (SITEFMB-t-SNEAPM) the second part has been cancelled the 
effect of the first part can be determined separately (assuming additivity 
for the criticality changes of the tvo parts). This leads to the result 
that the criticality effect of the first part for the assemblies ZPR 111-25 
and ZPR 111-10 is of comparable magnitude as the corresponding values for 
ZPR 111-55 and SUEAK 5C. 

SIIEPMB -v SKEAPM: ZPR 111-25 
ZPR III-10 
SUAK U1B 
SNEAK 3A1 

+0.029 
+0.026 
+0.021 
+0.018 

This step corresponds to the cancelling of the second part mentioned for 
the step before i.e. going back from the reduced U 2 3 5 fission cross sections 
to the previously used values in the 25 - 500 keV region. It produces rather 
large criticality changes^ of course only for the U-fuelled systems. 

SNEAPM PU9SCP: SNEAK 5C 
ZPR 111-55 
ZPR III-U8 

-0.015 
-0.011 
-0,010 

The inclusion of the Pu 2 3 9 a-values of GWIN results in a criticality reduction 
of about -0,01 for the usual Pu-fuelled assemblies. The reduction becomes 
even larger if the neutron energy spectrum becomes softer. SNEAK 5C seems 
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"to "be ac -the lower end of the "soft" assemblies because its median fission 
energy of 1.2 keV is rather low, T*is has been demonstrated in our study 
because a reduction of 0.016 has been obtained in the present study for 
the somewhat "harder" assembly SHEAS 5B which is described in /~62_7 and 
has a median fission energy of about 3 keV. 

PU9SCP -> SCTALO: ZPR 111-55: -0.013 
ZPR 111-25: -0.011 

The new inelastic scattering probabilities generally have only a small 
effect on the criticality. The two exceptions given above are caused by 
the special form of the energy dependence of the adjoint flux as mentioned 
before, 

SCTALO + UFUCOR; SUAK U1B: -0.006 
ZPR III-lOs-0,005 
SUAK UH1B: -0.0C& 

The reduction of the fission cross sections in the energy region above 
2 MeV causes only relatively small criticality changes for the assemblies 
considered in the present study. For smaller assemblies with even harder 
neutron spectra more marked effects are to be expected. 

UPUCOR -*- PU02RE; SNEAK 5C : +O.OOU 
ZEBRA 6A : +0.001* 

Because of the relatively small concentration of higher plutonium isotopes 
in the presently available assemblies the effect of rather drastic changes 
in the nuclear data for the higher plutonium isotopes is not very pro-
nounced, 

PU02RE •» M0X911: ZPRIII-55: +0,017 
ZPRIII-25: +0.013 

Because of the large U 2 3^ atomic number densities present in both assemblies 
and because of their energy distributions of the neutron flux vhich give con-
siderable weight to the energy region between 10 - 100 keV these tvo assem-



- 3U -

238 "blies show the largest effects of the reduction of the U capture data 
from the PONITZ-values to the MOXON-values in this energy range« 

M0X911 + MOXTOT: ZPR 111-55: +0.01T 
SNEAK 5C : +0.01^ 
SNEAK 3A2 : +0.00? 

This step gives only a marked criticality effect for assemblies with soft 
neutron spectra* The effect is most pronounced for ZPR 111-55 with 
its relatively large concentration * 

V.2* Results for k from One- and Two-Dimensional Calculations 
tl m , *SIT 

The results for the criticality of the various assemblies obtained in one-
and two-dimewsional diffusion calculations using different sets of group 
constants are given in table V-2. These results essentially confirm the 
results obtained by the fundamental mode calculations and thus provide 
a check that our general approach is correct which assumes that if no 
two-dimensional results are available for the criticality differences 
when going from one group set to the other the corresponding fundamental 
mode criticality differences can be used. This assumption is valid if 
the criticality differences are not too large. 
Its validity is reduced to some extent if the properties of the blankets 
or reflectors are changed by changes in the group constants. This is 
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especially true of the reductions in the capture cross section of U 
and to a smaller degree of the reduction in the high energy fission cross 
sections of all materials (SCTALO-HJPUCOR) • 

y.~3. Results Tcr the Best AvailaDle Values of the Critreality 

In this section we have to compare our calculated criticality values for 
the various assemblies with the corresponding measured values. The calcu-
lated values are based on the results of two-dimensional diffusion calcu-
lations. If necessary the criticality differences obtained by fundamental 
mode calculations for successive changes in the group constantssets have 
been used to determine in an approximate manner criticality values for the 



modified data sets which are equivalent to two-'"; âial results* In 
order to establish the best theoretical values __ some corrections erf 
have to be applied as outlined in chapter 1-7-2 • 'LTie numerical values of 
these corrections for the various assemblies are given in table V-3. The 
origin of the data is described in Appendix IT. for each assembly separately. 

The corrections have been assumed to be the same for the different sets 
of group constants used in this study. They have been applied to the 
exactly or approximately determined criticality values which correspond 
to two-dimensional diffusion calculations. In this way the best available 
criticality values of the various assemblies have been determined for 
the different sets of group constants. They are given in table V-U 
together with the experimental results. These results will be discussed 
in a subsequent chapter. 

V.U. Results for Material Worth Ratios and Central fie act ion Rate Patios 

The information on the material worth and reaction rate of various materials 
is considered in our study as complementary to the information provided 
by the criticality. The normalization of the material worths relative to 
that of which is used generally in this study brings the advantage 
to avoid the trouble with the well known discrepancies in the absolute 
magnitude of the measured and calculated material worths or reactivity 
coefficients /~63 7. Furthermore the calculated values are independent 
of the so-called normalization integral which may perhaps be in error at 
least for one-dimensional models of the real two- or three-dimensional 
problems because the geometry is not taken into account properly although 
our results mentioned in chapter IV-7 seem to indicate that this is not 
the case. The reaction rates are usually normalized in the experiments 

2 3 5 
to the number of fissions of U . For an easy comparison with the experi-
mental results this normalization has also been done for the theoretical 
results * 
The theoretical results presented for the central material worth ratios 
have been obtained by first order perturbation theory using the normal 
and adjoint fluxes of homogeneous diffusion calculations. In the inter-
pretation of discrepancies between theory and experiment one should be 
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very cautious "because in the calculations the effects of sample size 
(see e.g. / 6U_7) and sample environment have not been taken into account. 
For those materials vhich show a large contribution to the material vorth 
by the so-called scattering- or degradation-term the theoretical results 
can not be considered as very reliable as has been explained in chapter TV-T. 
Further but perhaps less severe doubts ou the reliability of the calculated 
material vorths arise from the fact that the group constants usually used 
in the adjoint flux- and perturbation calculations are the same ELS that 
used for the normal flux calculations, i,e, group constants vhich have 
generally been obtained by a flux averaging procedure vithin the groups 
(see e.g. /~60 7)• 
The theoretical results for the central reaction rate ratios have been 
obtained also by homogeneous diffusion calculations. In comparing them 
vith experiment al results one should examine quite carefully if the experi-
mental situation corresponds to this assumption of homogeneity. It is 
knovn that the so-called chamber-measurements for the determination of 
reaction rates do not correspond to the assumption of homogeneity made in 
the calculations. On the other hand the reaction rates measured vith 
foils (see e.g. /~65 7) often can be adequately treated theoretically 
only by heterogeneous calculations. 
Some theoretical results from spherical calculations for SNEAK 3A1 and 
SNEAK 3A2 are given in table V-5« For the same assemblies the reaction 
rate ratios a_U238/a 

u 2 W and o U 2 3 8 ^ .U235 obtained from fundamental x i c i 
mode homogeneous calculations vith the various group sets are given in 
table V-6, Corresponding experimental results are presented in /~65_7, 
/"66J7 end /~67 7» In comparing them vith our theoretical results one 
should be avare of the effect of sample size for the material vorth / 6U 7 
and the fact that the experimental results for reaction rates measured 
vith chambers and foils are sometimes quite different /~65_7% Therefore 
from the tables V-5 and V-6 only the tendencies vith the different group 
sets can be deduced but no final conclusions can be dravn by the direct 
comparison vith the experimental results. 
The theoretical results for the central material vorth ratios and central 
reaction rate ratios for ZPR III-U8 are given in table V-7. Generally 
the agreement betveen theory and experiment is not too bad. Perhaps a 
certain amount of the disagreement for the material vorth of B 1 0, Fe, Cr, 
Ni, Mo may be due to the sample size effect. This seems at least to be 
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possible considering the results shown in /~6h 7 for most of these 
materials. The calculated vorth for sodiu- seers to he doubtful since 
it is a predominantly scattering material. 

2^0 
The theoretical result for the vorth of Pu shovs a marked improvement 
compared to the experiment al result vhen the PU02RE-set is used i.e. 
Vhen the updated data for the higher plutonium isotopes are included. 
The theoretical result for the reaction rate ratio a^Pu 2 3^/^ is 
consistently lower than the measured one. This gives - togetherwith the 
material worth ratio - en indication that Pu ^ is underreactive in the 
group sets used in this study. 
In table V-8 the central reaction rate ratios obtained frcaa fundamental 
mode homogeneous diffusion calculations vith various group sets are 
given. 
Table V-9 shows the theoretical results for the central material vorth 
ratios and central reaction rate ratios for assembly ZPR III-^8B. The 
results are essentially the same as those for the assembly ZPR III-U8. 
Therefore no additional or more precise conclusions can be drawn from 
a comparison of the theoretical and experimental results than those 
already obtained for the assembly ZPR III-U8. Especially no specific 2U0 
results vith respect to Pu can be deduced by comparing theory and 
measurement for ZPR III-H8B. 
It has been checked for assembly SNEAK 3A2 that the energy dependence 
of the neutron flux in the core center is practically the same for 
the diffusion end S -calculations. Therefore the central reaction rates N 
are nearly the same in both calculations. The very small deviations 
are unimportant compared to the discrepancies vhich still exist betveen 
theory and experiment. 

V.5. ResultB for Reaction Rate Traverses 

The only esqoerimental results for reaction rate traverses considered for a 
comparison between theory and measurement are those for SNEAK-3A2 /~"65_7 
and /~67 7. Earlier measurements have most times been performed using 
chambers. These measurements are not considered very reliable. Further-
more it is argued that streaming effects sometimes may lead to erroneous 
results in the experiments (see /~67 7p» **2) . The presently available 
foil experiments are considered more reliable (see /"6?_7p. ^2); Foil ex-
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perinents vhich can vith some confidence he compared vith calculated re-
sults are only the measurements of BOHME ana SEUFEBT in SNEAK 3A2 des-
cribed in /~65 7 and also in J"G7 7* These experiments shov discrepancies 
to the chamber measurements, vhich are attributed to the streaming 
effect, and discrepancies to the theory especially in the blanket region 
near the core vhich are considered as "not yet understood" in /~"67 7. 

235 §38 In the core region the calculated traverses for tj_(U ), o_(U ), 
pofi f 

show a steeper descent to the core-blanket interface than the 
experimental ones. This effect is less strong for of(U238). In the 
blanket region near the core ell three traverses show an increase of the 
ratio of the theoretical to the experimental result vhich is most pronounced 
for of(U238). 
The three reaction rate traverses mentioned have been calculated for 
SNEAK-3A2 vith the SNEAK-set as the basis of our study and the MOXTOT-set 
as the final group set of our present study. The ratio of the results 
obtained vith the MOXTOT-set to the corresponding results vith the SNEAK-set 
are shovn in fig. 1. All results have been obtained for the axial direction 
using one-dimensional diffusion theory for the homogeneous case. The radial 
leakage has been taken into account by a global buckling. For the capture p^O AOC 
rate in U and the fission rate in U the traverses calculated using the 
MOXTOT-set are larger in the outer core region and especially in the blanket 
than the traverses calculated using the SNEAK-set. Both traverses are 238 
normalized at the core center. The fission rate traverse for U remains 
essentially unchanged vithin the core region. In the blanket region, how-
ever, the MOXTOT-set-results are considerably smaller than the SNEAK-set-
results, From the results of fig. 1 it can be concluded that all three 
traverses now show nearly the same tendency within the core region when the 
MOXTOT-set-results are compared with the experimental results. The agree-
ment between theory and experiment is improved for the core region when the 
MOXTOT-set is used compared to the SNEAK-set results which have been used 
for fig. 19 of /"65_7 respectively fig. 29 of /~"67J which is reproduced 
as fig. 3 in this report for sake of an easy comparison. It seems probable 
that the calculations will give a slightly steeper descent of the traverses tfc 
the core boundary than the experiments, but the differences will become rather 
small in the core region using the MOXTOT-set. 
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In the "blanket region the peak within the first 5 cm of the blanket near 
the core which is already observed when comparing the calculated to 
measured ratio for the traverses for the Sl'IEAK-set in fig. 3 is increased 
by about 5$ for a (u238) and o^ (u235) when the MOXTOT set is used. 'This c x 
leads to an overall deviation between theory and experiment of about 10!? 
at a distance of about 5 cm from the core-blanket interface for both 
reaction rate traverses when the MOXTOT-set is used. For the fission rate ooO 
in U the situation is reversed. Using the MQXTOT-set reduces the 
deviation observed between theory and experiment when the SNEAK-set is qoQ 

used. However, one should have in mind that this deviation for a- (U ) is 
the most pronounced one of all the three reaction rate traverses studied. 
Even when the MOXTOT-set is used a deviation of about 15$ will remain 238 
between theory and experiment for the a^(U ) traverse at a distance of 
about 5 cm from the core-blanket interface. This leads to the result that 
with the MOXTOT-set all the three reaction rate traverses a (U ), o_(U ), 
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ô .(U ), can be rather well predicted within the core region but are over-
estimated by 10 to 15$ in the blanket at a distance of about 5 cm from 
theioore-blanket interface using the usual diffusion theory results. 
Since this overestimation appears for all three reaction rates it is not 
very probable that it is due to spatial resonance self-shielding which 
cannot be taken into account by the presently used oQ-concept for the 
homogeneous mixtures. If the neglect of the spatial resonance shielding 
should be responsible for the deviation between theory and experiment in 
the core-blanket transition region one would expect that the reaction rate 
traverses a (u238) and o „(u235) would show opposite tendencies since the C 238 . 235 atomic number density of U is increased that of U is decreased when 
going from the core to the blanket region. 
Therefore we tried to check whether a transport effect could be responsible 
for the observed deviations between experiment and diffusion theory result. 
Unfortunately at the time of this study no code was available to evaluate 
reaction rate traverses using the fluxes calculated by an S^-code. Therefore 
we used the fission source traverse instead of the reaction rate traverses. 
Fig. 2 shows a comparison of the one-dimensional Sg- and diffusion theory 
fission source traverses. Both are normalized to give one source neutron 
in the whole reactor. For the calculations 35 mesh-intervals in the core 
and 20 mesh-intervals in the blanket have been used. The desired accuracy -3 in k __ was 10 in both calculations and a source accuracy of 1o was 



required in the diffusion calculation. The results shown, in fig. 2 have 
"been confirmed hy doubling the number of rsesh-intervals and requiring a 
ten times higher accuracy. Fig. 2 clearly demonstrates that by using 
transport theory the fission source distribution in the blanket is 
changed by about compared to the diffusion theory result. This 
means that at least the fission rate of U 2 3 3 will be changed by about 
the same amount. 
The dip of the curve in fig. 2 at a distance of about 5 cm from the core-
blanket interface has just about the same magnitude (about 10?) as the 
peak discussed just before which will be obtained practically at the 
sane position when the MOXTOT-set-results are compared with the experi-
mental results for the reaction rate traverses. The peak shown in fig. 2 
in the outer blanket region cannot clearly be verified experimentally because 
the measurements do not have the necessary accuracy in this region because 
of bad statistics. 
For the inner blanket region, however, fig. 2 strongly indicates that the 
reaction rate traverses should be evaluated using transport theory results 
if an accuracy of better than 10$ is required. It can be expected from 
the preceding results that doing this and using the MOXTOT-set the 
deviations between theory an experiment for the reaction rate traverses 
will become rather small in such regions of the core where the experiments 
can be considered as reliable. 

V.6. Results for the Neutron Importance 

The results for the neutron importance for the assembly SNEAK 3A2 reported 
in f 6 l 7 table 10 and /~6l_7 fig» 26 and in /~68_7 show no drastic dis-
agreement between theory and experiment. The most pronounced deviation 
of about 5% has been observed for the Sb/Be source with an energy of 2k keV. 

We studied whether the new groups sets would bring about certain improvements. 
We found that in the energy region of interest the neutron importance shows 
a smaller energy slope with the MOXTOT-set compared to the results with 
the SNEAK-set, The changes are small, of the order of 2% or less. They 
tend to decrease the differences between theory and experiment reported 
in table 10 of /~67 7 but for the low-energy Sb/Be source the difference 
between the measured and calculated result is still larger than the experi-
mental uncertainty. 
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Ve vented to study if the HEMO-correcticn for the elastic removal group 
constants causes changes in the calculated, neutron importance. ¥e ex-
cluded the problem vhether the HEMO-correcrtion is an appropriate method 
vhen applied to the adjoint flue or importance calculation. A calculation 
vith REMO-corrected group constants resulted in an additional snal 1 decrease 
of the difference between theory and experiment of about for the Sb/Be 
source but even then the remaining discrepancy is larger than the experi-
mental uncertainty. 
The influence of using heterogeneity-corrected cross sections for the 
adjoint flux calculations has not been studied in this work. 
A more principal uncertainty in the adjoint flux calculation mentioned 
e.g in /~6o 7 is caused by the use of flux-veighted group constants for 
the calculation of the adjoint group fluxes. 

V.7. Heterogeneity Calculations 

V.7,.1« Introduction 
As has been shown e.g. in /~58_7» /~65_/, /~66_7, /~6l_7> 9_7 heterogeneity 
calculations are helpful and sometimes necessary to control and improve 
the accuracy of nuclear data. Beside the calculations which are performed 
to obtain criticality corrections for most of the assemblies studied in 
this report using always the SHEAK-set, we started a few investigations 
to determine the influence of different group sets on the heterogeneity 
correction of and to check the method applied. 
Furthermore we calculated reaction rate distributions within the unit cells 
and within the fuel platelets itself again for different group sets. On 
the one hand ve wanted to see of what use these data are for the improve-
ment of special cross sections, on the other hand ve vented to get more 
theoretical data concerning some experiments referred to in /~58_7, /~65_7, 
/~66 7i Up to now a part of the reported experimental data could 
not be verified by calculations. The authors supposed that these differen-
cies may be caused by inexact cross sections as veil as by insufficient 
calculational methods. 
Our ovn ivestigations did have the aim to clear some of these discre-
pancies. 



Y.7»2.1. Codes, Cross Section Sets, Assemblies Investigated and Their 
Geometric and Material Data 

All heterogeneity calculations were performed with the code ZERA, 
described in 1 tad /~58_7. ZERA is part of the UUSYS-system and 
contains evaluation routines to calculate reaction rates and to 
produce heterogeneity corrected cross sections for the homogenized 
unit cells. 
For our comparison-calculations we used the old ABII-set and the more 
recently established sets, called SNEAK, SNEPMB and MOXTOT, presented 
in / 3 7 and in this report, 
We investigated the two critical SNEAK assemblies 3A1 and 3A2. Both 
facilities have two uranium fuelled core zones with about the same 
homogenized composition in each zone, but with differing structure of the 
unit cells. The detailed description of both facilities, of their 
macroscopic geometry and dimensions of their homogenized compositions 
as well as the microscopic structure of their unit cells and the atom 
densities of the single platelets are given in ref. /~66 7 ( 3A1) and 
in ref, /~65 7 (3A2). We have taken the necessary data exactly from 
these reports. 
The atom densities of the 35$ enriched uranium platelet used in the 
unit cell of core zone II are taken from ref. /~67_7, while the atom 
densities of the natural uranium platelet has been determined in such 
a manner that the homogenized uranium densities in the unit cell of 
core zone II are identical with that used in core zone I, To explain 
it in more detail: The unit cell of core zone I has four platelets, 
one of them is a 20$ enriched uranium platelet, the unit cell of core 
zone II has 36 platelets, five of them are 35$ enriched uranium platelets 
and four of them are natural uranium platelets. 
For all ZERA-calculations we used the following total buck lings: Assembly 
3A1: B 2 = 22,01x10"^cm"2, Assembly 3A2i B 2 = 25.55*10"^cm"2. 
For the one-dimensional radial diffusion calculation for SNEAK 3A1 we 

2 i —U 2 used the buckling B axial = 8.47x10 cm . 
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V.7.2.2. Cell Structures. Modifications 

All SNEAK 3A platelets have the sane thickness of 0.31k en. Within a 
single zone the platelets are arranged in periodic sequences. Such 
sequence is defined as the normal unit cell. In order to enlarge the 
effect of heterogeneity one can re-arrange the platelets as is done in 
the hunching experiments. Single hunched cells are "built from tvo 
normal cells, double hunched cells from four normal cells. The thick-
ness of a single material zone (tvo identical platelets) amounts to 
0.628 cm for the single hunched cell and to 1,256 cm for the double 
bunched cell (four identical platelets), 

V»7*3» Influence _of Heterogeneity on 

In order to get the effect of heterogeneity by means of ZERA-calculations 
it is necessary to compare vith results from the homogenized cells. We 
obtain the heterogeneity correction if ve reduce the platelet-thickness 
by a factor large enough to avoid spatial self-shielding effects. We 
have chosen in our calculations a factor of 1000, (To avoid numerical 
difficulties perhaps a factor of 100 is more appropriate,) We denote 
such a cell as quasihamogeneous. 
Now ve define the heterogeneity effect of as difference bet-
ween the ZERA-calculated multiplication factors of the heterogeneous and 
the quasihamogeneous cells. 
Implicitly the ZERA-code relies on the assumption that the source distri-
bution is flat within a single zone. For this reason we divided the 
uranium zone in five subregions vith the following thicknesses: 0,02 , 0,03, 
0.211+, 0,03 , 0,02 cm. In case of bunched cells these thicknesses are 
duplicated or multiplied by four. 
This is valid for the unit cells of core zone I. 

V»7.3.1. Zera-Calculated A k g f f for Different Crosjs Sê -tp'"" ^ ^ 

These calculations are performed using the normal unit cell of core "one I. 

The results are given in the following table. 
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Ak -..(ZERA-calc.) /'in units 10 3 7 

Group Set 
Assembly 

3A1 | 3A2 

ABN -1.5* -1.32 
SNEAK +1,1U +2.53 
SNEPMB +1.20 +2.56 
M0XT0T +0,90 +2.22 

The table shows at first sight the very strong difference between the 
results of the ABN-set on the cne hand and the results of the SNEAK-set 
and the succeeding ones on the other hand. 
The variations within the results of the new SNEAK-sets are comparative 
small. 

V«7»3.2» The differences between ABN and SNEAK results increase strongly with 
increasing heterogeneity. This is apparent from the next table, which 

K) contains the results for different degrees of bunching, 

Ak __ (ZERA-calc.) /"in units 10~3 7 for different eir — — 
degrees of bunching (Zone I) 

Assembly 3A1 3A2 
Group Set normal single double normal single double 

ABN -1 -U.2U -9.21 -1.32 -3.98 -10.51 

SNEAK +1.1* +0.83 -0.10 +2.53 +3.03 +2.35 

k) 

Meanwhile it has been fo\md that the mean reason for this discrepancy 
between the results for this two cross section sets comes from the 
fact that in the SNEAK-set and the succeeding ones the cross section poD 
U used for the determination of the background cross section o 
-necessary for the calculation of the resonance-self-shielding- has 
been set equal to the potential cross section of 10.6 barns in the 
groups 10-21 whereas in the ABN-set the total cross sections are used 
for the corresponding values. 
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y_«T%3«3.[ Qne^PjEepsional Diffusion Calculations__vi th Seteropeneity Correet^fl 
Cross Sections for -tvo Core Zones 

The ZERA-calculated Ak^^. of the central core-zone I is generally -used 
for the correction of one-dimensional diffusion, theory results. This 
method is justified, if the assembly nay be veil described by applying 
a fundamental node calculation. A better approximation is the one-
dimensional calculation of Ak __ vith ZERA-corrected cross sections. exx 
In our case the tvo zones have practically the sane homogeneous com-
position, but a different structure of the unit cells. Therefore it seems 
to be interesting to check the ZERA-correction by calculating the 
sane quantity in one-dimensional diffusion theory vith ZERA- c orre ct e d 
cross sections for both core zones. Doing this a certain difficulty 
arises: The unit cell of core zone II is built by 36 platelets. A further 
splitting in subregions has become a question of calculation-time. 
Therefore ve kept the normal structure using the actual platelet thickness 
for each region, We have justified this procedure by a test calculation 
in core zone I. Only a negligible change in of about 1n10~^ vhich 
is vithin the accuracy limit vas obtained changing from five subregions 
to one single region per platelet. Of course, this is valid only for 
the normal unit cell but not for bunching experiments. 
In the folloving table the ZERA-results for each core zone and the one-
dimensional radial diffusion result for the whole assembly are given. 

SNEAK 3A1 Ak .. /'in units of 10~3 7 eif - — 
B2total = 22.01*10*"^ cm"2, B2axial = 8.1*7*10"1* cm"2, SNEAK-set 

ZERA-calc. Zone I 
ZERA-cale. Zone II 

+1.11* 
-0.06 

Diff»-celc. vhole assembly 
vith ZERA-corrected cross 
sections in both core zones 

+1.80 



The differing ZERA-results for the tvo core zones demonstrate the necessity 
to determine Ak^^. at least "by a real one-dimensional calculation using 
the ZERA-corrected cross sections for the tvo zones of different cell 
structure » 

The somewhat surprising results of the preceding table are probably due 
to the fact that using the heterogeneity-corrected cross section the flux 
shape is slightly modified vhich is equivalent to a slight correction 
of the buckling for the ZERA-calculations. 

Generally it vill be not sufficient to take only ZERA-results for a central 
unit cell as heterogeneity correction for a one-dimensional k eff 

V»7 » . Reaction Rate Ratios of Uranium for A Central Unit Cell of SNEAK 3A2 
and their Dependence co the Degree of Btmching. Cccparison vith Experi-
ments 

The experimental data are reported in /~65 7 Fig. 15 and /~67 7 Fig. 15, 
Table 11. Some theoretical data are given there too, but they did not 
agree veil vith the experimental values. 

In order to check the theoretical values and to get a deeper insight into 
the effect of the different nuclear data ve re-determined these quantities 
by ZERA-calculations> The results of these calculations can be considered 
as representative for central reaction rate ratios, because in the middle 
of the core the macroscopic flux spectrum of diffusion calculations is in 
good agreement vith the fundamental mode spectrum using a suitable buckling. 
Fig. U is presented in the same manner as has been done in /~65 J Fig. 15• 
We have only replaced the theoretical data. 

20 25 
In case of the o f /af ratio neither the ABN nor the SNEAK set are able to 
represent the experimental data. Both sets are completely unable to verify 
the dependence of the degree shown by the experiments. This leads us to 
the suspicion that the given experimental data axe erroneous. 

29 25 In case of the o /o_ ratio the SNEAK set represents the experimental data C I 
better, although the theoretical points do not lie completely within the 
experimental errors. 
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PS 

A lowering of CT^. "by about 6% for the normal cell or en increase by 
about the same amount for the bunched cells would result in a rather 
good agreement for these ratios between theory and experiment considering 
only the dependence on the degree of bunching. 

V%7»5» Fine Structure of Reaction Rates 

The comparison between ZERA-calculated data and the measured spatial 
distribution of reaction rates within a single platelet is suggested in the 
above mentioned references as a suitable method to check and improve the 
accuracy of cross sections. It was our aim to apply this method to the 
new group sets. Therefore we investigated the influence of various cross 
section sets on the rate distributions within the 20% enriched uranium 
platelet of 3A2 unit cell (zone I). 

The results are given in Fig. 5A and Fig. 5B. All rates are normalized to 
one in the central subregion of the uranium platelets. 

The most essential results and conclusions are the following ones: 

a) For the new group sets all reaction rate cell traverses for U23® and 
U 2 3 5 lie close together. But for U 2 3* a large difference exists bet-
ween these curves and that calculated using the ABN set. This is 

235 
valid for fission rates as well as for capture rates of U * 

235 
b) The U reaction rate distributions calculated with the new group 

sets show so small differences, that a sigaificant conclusion con-
cerning the accuracy of cross sections seems to be impossible. 236 

c) Ve feel that the differences in the normalized cell traverses for U 
are not so significant between the various group sets that definite 
conclusions can be drawn by comparing them with the experiment. Es-
pecially not because the shape of the curve is influenced by the two 
quantities, the infinite dilute cross section (c") and the resonance-
self-shielding factors (f-factors). However, it seems to us that 
precise and reliable measurements of the central reaction rate ratio 
o f A f will give information on the correctness of the capture data 
as can be seen from Fig. U. This information will be additional and 
more unique than the information which can be obtained from a comparison 
of k between theory and experiment. 
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V»7«b. General Conclusions 

The most striking result of our investigations is the very large discrepancy 
between ZERA-calculated data using the ABU set on the one hand and using 
the more recently established sets on the other hand. Compared to this 
discrepancy the differences within the results of the new group sets 
are small, although considerable changes of cross sections exist between 
them. Therefore there seems to exist a fundamental difference between the 
old ABN- and the new sets and/or the treatment of these data by the ZERA-
code. 

Furthermore it seems to be impossible to come to a definite conclusion on 
cross section accuracy by evaluating the fine structure of reaction rates 
within normal, single or double bunched cell-regions. More information may 
become available by enlarging the heterogeneity and probably by considering 
in more detail the energy dependence of the neutron flux in special important 
energy regions. 
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V.8, Results of the S -calculations 

In order to get a reliable value for the calculated multiplication factor which 
can he compared with the corresponding experimental one, ve have to apply 
certain corrections to the multiplication factor resulting from calculations 
using diffusion theory for the homogenized material composition of thfe different 
zones of the assembly. An essential correction is the transport- or S -correction N 
vhich takes into account the difference between an appropriate treatment of 
the neutron transport process and the usual diffusion approximation for this 
process. Although some of the transport corrections are given in the literature 
and were partially applied in our studyj we wanted to have an independent check 
of these data. Therefore we evaluated for most of the assemblies that we have 
studied S^-corrections by means of our own nuclear data and code. All cal-
culations have been done in one-dimensional geometry with the code DTK / 70 7» 
the Karlsruhe version of the well known DTF-IV-code 71, 72 7, using the 
26 group SNEAK-set as nuclear data basis. We have taken the original S^ con-
stants as published in /~71 7on pages 135 up to 138. 

Having had not much experience with the code at the beginning of the present 
work, first of all some studies have been undertaken to become more familiar 
with it. Mainly we have been interested in the question how to choose mesh-size 
and the order N of the S^-calculations which are necessary to get a desired 
accuracy. The essential results of these studies are given in the section 
entitled "Comments on the S -calculations", N 
By using the results specified in the section mentioned above, we have done 
the calculations reported on in the section entitled "S^-corrections for various 
assemblies". 
Assuming that the one-dimensional S^-corrections for the various space directions 
could be added up to give the final S^-corrections, we also compare in this 
section the added up value with the S^-correction for the equivalent spherical 
model of the assembly. 

The calculations have been done on an IBM 360/65 vith an Operating System 
providing multiprogramming with a variable number of tasks (MVT). 



- 50 -

CoCTnents on -the S„-calcnlations 

First ve vill give some general remarks about the dimension and the numeration 
of zones. Unless otherwise stated the zone dimensions used by DTK-calculations 
are identical vith those used in one dimensional diffusion calculations. Usually 
the zone denoted as zone 1 corresponds to the lover or inner part of the assembly. 

Ve have assumed in this chapter that the reader is somewhat familiar vith the 
notations used in the DTF-IV-code and therefore ve will not explain all 
notations used here. 
Before considering the influence of mesh size on the multiplication factor 
k e f f, we will discuss an effect, which in some circumstances can make the DTK 
calculated value not a good approximation for the real The code determines 
k e ^ in a sequence of eigenvalues from which the last one is assumed to be 
identical with » of course within the desired accuracy. In this sequence 
the new eigenvalue is obtained from the old one by multiplication of the latter 
one with a variable factor called X. For illustration see table V-lOa and 
table V-lOb, The eigenvalue within a row has been determined by multiplieating 
the factor X in the same row with the eigenvalue in the row above. The iteration 
process is stopped if |x-l| is less than or equal to e, with e being specified 
in the input by the user of the code. 
After termination of the iteration process there is done a. final step in which 
one more eigenvalue is calculated using the above described method. In most cases 
X for this final step is closer to unity than the previous one. This non-

it 
oscillating convergence of X being the usual one is shown m table V-lOa; 
E has been specified to 10~p so that the |X-1| = e condition has been fulfilled 
after 10 outer iterations with | X-1 | = O^'IO""^, The value of X used in the final 
step is closer to unity than the previous one. In this case and if some other 
conditions, which will be discussed later, are also fulfilled, we can have 
much confidence that the last eigenvalue is a good approximation for 
But thereare some other cases; one of these is shown in table V-10b. The |X-1| = e 
condition has been satisfied after 3 outer iterations because |1-1.000 05| = 0.5*10~ 

K^Non-oscillating means non-oscillating at the end and some steps before the end 
of the iteration process. For example, if you take the values of table V-10a, 
|1—X| converges monotonously to zero only after the third outer iteration. 
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is less -than 10 , hut using the last X, J^-l] becomes greater than e (jx-l] = 
, —1;. _ _ _ 
Ji.l3*10 >10 ), It is evident that m this case the last eigenvalue is not 
a good approximation for and ve must check all results on the appearance 
of this effect. 
Meanwhile D K has been improved. In a first step there was given a detailed 
printing of the number of Inner iterations for each energy group. If at the 
iteration break off the distribution of the inner iterations over the energy 
groups oscillates not too much and if in addition the number of iterations 
for one group is low, we may take this also as an indication that the last 
eigenvalue is a good approximation for k^^. In a second step the possibility 
has been provided to use 

a) Tschebyscheff extrapolation and 
b) an improved guess for the source distribution. 

Using Tschebyscheff extrapolation causes the effect that the convergence of X 
is oscillating so that the iteration may be terminated without having reached 
the desired accuracy for the eigenvalue. To exclude this possibility a new 
iteration break off condition of the form 

^{11-X.I + 1 1 I > < e 

with i being the outer iteration number has been introduced by the authors 
of /~T0_7. 
Besides e, which is responsible for the accuracy of it is possible to 
fix EPSA in the input of the code to determine the fluxes with a certain 
accuracy. But being primarily interested in w e have not taken advantage 
of this possibility. 
The following investigations on the influence of mesh size on the accuracy 
of were motivated by two reasons: a small number of mesh points saves 
computing time on the one hand and reduces possible numerical effects, e.g. 
round off errors, on the other hand. We have made our investigations for SUAK U1B 
respectively for SUAK UH1B. The results are shown in table V-11a and table V-11b 
and plotted in figure 6A and figure 6B. In figure 6A we have plotted the 

h) 
We have seen that this may also be true if Tschebyscheff extrapolation is 
not used. 



variation, of k __ versus the nuriber of mesh intervals in zone 3, because this eli 
zone is identical vith the core and the number of mesh intervals used in the 
other zones containing no fissionable material is changed cost tines proportional 
to the corresponding change in the core region. 
Looking at table V-11a and figure 6A ve can see that is increasing vith 
rising mesh interval number. But the increment is small if ve have raore than 
30 mesh intervals in zone 3. 
Doing the same calculations in spherical geometry using the assembly SUAK UK1P. 
(see table V-11b respectively figure 6B) one remarks only two facts different 
from the preceding results shovn in table V-11 a and figure 6A: 

a) The part of the curve vith small changes has a decreasing tendency * 
and 

b) This part of the curve starts at about 20 mesh intervals. 

The first difference is due to changed geometry vhereas the second one is less 
significant as explained below. In the case of figures V-11 a and V-11b we have 
taken in slab geometry in z-direction the total size of the assembly for the 
calculations because the configuration is not symmetric, whereas in spherical 
geometry only the radius of the sphere has been used. In order to have a corres-
pondence betveen the two cases ve would have to take in slab geometry only 
half the core heipht, so that the mesh interval number is halved and the part 
of the curve with small changes starts in figures 6A and 6B at the same number 
of mesh intervals. To overcome this difficulty ve must not relate to the mesh 
interval number but to the mesh interval size. 
To obtain a general rule for fixing the mesh interval size valid for all cases 
investigated here; ve use the transport mean free palh X , We have given the mesh 
interval axis in figures 6A and 6B a second notaiicn measured in units of 
divided by the mesh size. If this quantity has a value of about 3 there are only 
small changes in if v e increase the number of mesh intervals, so that a 
mesh interval size of about one third of X, seems to be an appropriate value, tr 
at least if the assembly to investigated is similar to SUAK U1B or SUAK UH1B. 
This rule has been confirmed by the negative results of all spot checks which 
we have made additionally, 

») 
Looking at table V-11b one may argue that this tendency is not true for higher 
mesh interval number. But the changes showing the opposite tendency are only 
of the order 10 which is less than the accuracy e=10 thereby used. 
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Having spherical or cylindrical geometry, one may suspect k e f f not bein quite 
correct because of the different size of volume elements at different radial 

* * K 
positions supposing an equal mesh spacing. In order to check this ve divided 
the one zone homogenized SUAK U1B spherical core into k zones and varied the 
number of mesh intervals in this zones. The result of these investigations 
- listed in table V-12a - indicates that fortunately our suspicion has not proved 
right. Taking the same total number of mesh intervals remains unchanged 
vithin the first four digits all nough the largest volume elements in the various 
cases differ by a factor of 2, vith the ratio of largest to smallest volume 
element being about 270. Only by increasing the total number of intervals 
(case h in table V-12a) ve got an effect of the order hut this can be 
understood if we remember figure V-11b: for spherical geometry an increase 
of the number of nesh intervals results at a certain point in a small decrease 
° f k e f f* 
we nave done the investigations described above for cylindrical geometry too. The 
results - listed in table V-12b - also lead to the staterent that the size of 
a volume element has no influence on the accuracy of if ve only choose 
the mesh size properly, e.g. about one third of the transport mean free path. 

Finally, ve have studied the dependence of k ^ ^ on the order IT of the S^-cal-
culations. We have done this for various assemblies in different geometries. 
The results are listed in table V-13a upt to table V-131 and plotted in figure 7A 
up to figure 7L. Looking at the figures one nay observe some general tendencies. 
If we compare all calculations done in slab geometry we recognize that 
computed with a quadrature order 11=2 (keff(S2)) is always considerably smaller 
than the rest of the values. Furthermore one can see that keff(sg)i k

eff^S12^ 
and a r e no"t much different from s 0 "that a quadrature order 
N=6 would have been sufficient**. 

In our calculations the volume of inner and outer elements differ by a 
factor of up to 1000. 

This statement of course is valid only for slab geometry and assemblies 
resembling those investigated in this report. 
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Comparing all calculations done In spherical and cylindrical geometry one 
remarks that k _) is always much larger than the other values of k eii c efx 
In addition is not "becoming constant rapidly for higher orders of 
H, "but still decreases slightly. If ve exclude numerical effects ve come to 
the conclusion that it is necessary to calculate vith the highest possible 
quadrature order allowed by our present code in spherical and cylindrical geometry 
if kg^f should be determined vith high accuracy. 
Because computing time increases very rapidly for high order S^-calculations, an 
improved version of DTK has been established by the authors of f TO 7 by vhich 
ve can calculate the hifdi quadrature order k „„(S,J vithin a small fraction 
of the time needed by the old version . This is done by using 

a) Tschebyscheff extrapolation and 
b) the possibility to use the flux of a former case to get a reasonable 

guess for the source distribution of a successive calculation for 
example vith increased order of II. 

There are some values in tables V-13a to V-131 which have been determined in this 
manner. They are characterized by the small number of outer iterations. The 
effect of the reduction of computing time is remarkable; for example (see 
table V-13i) all given values of starting vith kefj>(32^ ^eff^Sl6^ 
have been obtained vithin 8 minutes and 16 seconds, vhereas using the previously 
applied method to compute only ^ ^(S^g) **as "t0^11 1 0 minutes and 12 seconds. 
More examples for computing times are given in the tables V-13a to V-131 and 
if possible, comparisons betveen computing times obtained vith the old and 
new version of the code. 
Ve have compared our results vith those given in /~73 7 finding good agree-
ment especially vith respect to the dependence of k g ^ on the quadrature order N 
for spherical and cylindrical geometry. There is given in /~73 7 no calculation 
referring to slab geometry and the mesh interval dependence starts at 13 mesh inter-
vals and is only given for cylindrical geometry so that a detailed comparison vith 
respect to these items is not possible. 

This improved version has been mentioned earlier in connection vith the 
iteration break off condition. 
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On page 30 of /~71 7 there has been made the statement diffusion cal-
culations are often more accurate than S^-calculations". V.'ith respect to the 
assemblies analized in this report this statement is not valid for all 
geometries. If one looks at table V-1U one can see that only in spherical 
geometry the ke^{diff)-value is closer to the k g f S^)-value than the ^^(S^)-
value. In cylindrical and especially in slab geometry the k e^(s)-value is 
much more accurate then the diffusion calculated value of k ... efr 

Summary 

If ve take into account only assemblies similar to those investigated here, ve 
have to choose for the mesh size about one third of X ^ to get a k e f f vith 
sufficient accuracy. For slab geometry a quadrature order of 11=6 is sufficient, 
vhereas in spherical and cylindrical geometry T7=6 may he sufficient vhen only 
three digits are important-a If higher accuracy is desired higher quadrature 
order must be used for these tvo geometries. The different size of volume 
elements in non-slab geometry vith equal mesh spacing has found to have 
practically no influence on the accuracy of fc^ff* Other effects reported 
here have been taken into account by improvements in the code for exerple 
vith respect to the convergence condition and the saving of computing time 
for higher order S^-calculations, 

S-.-corrections for various assemblies 

The SN-corrections for the assemblies ZPR-III-10, ZPR-III-25, ZPR-III-U8, 
ZEBRA 6A, SNEAK 3A1, SNEAK 3A2, SUAK U1B and SUAK UH1B are given in table V-15a 
up to V-15h. 
Before discussing the results ve vill make tvo remarks about mesh size and 
quadrature order. Not in all cases ve have given the mesh size a value of about 
one third of X, , because some of these calculations have been done before tr' 
the first section of this report has been finished. But all mesh sizes are 
situated in such a range that the possible errors in k g f f are only about 
0.0001 (see table V-11a and V-11b together vith table V-15a to table V-15h). 



As for the quadrature order ve have taken In cylindrical and spherical geometry 
BE 

the maximal values alloved hy the code . In some cases ve have computed 
S^-values for also in slab geometry, hut usually ve have taken the 
Sg-values. 
B y tahle V-15a to table V-15h one can see that a S -correction has been 
necessary for all assemblies If cae aims to come to an accuracy for the 
criticality of more than 1.010~"3. The S — corrections on k __ decreases if the N eff 
size of the assemblies increases. This statement agrees vith the results 
given in _/~73_7. 
In the part of this report entitled "Comments on the S^-calculations", ve 
have made the assumption that the one-dimensional S^-corrections on k^^. 
for slab and cylindrical geometry - respectively at SUAK for slab geometry 
in all three space directions - could be added up to give the final S^-correction. 
Comparing the added up values vith Jjhe corresponding spherical values (all 
given in tables V-15a to V-15h) we ;-ee that our assumption is doubtful. It 
is true that there is agreement in the case of the assembly ZPR-III-25 but 
otherwise there are differences in the S^-corrections between 8% and 21^ even 
up to 6o% for the SUAK-assemblies, The agreement in the ZPR-III-25 case may 
be fortuitous because due to calculating accuracy all ^-values are uncertain 
by one unit in the last digit given. 
We tried to find a reason for the disagreement mentioned above. Char suspicion 
has been that an inappropriate boundary condition is used in the diffusion cal-
culations especially in spherical geometry. To get an idea of the influence 
of the boundary condition we calculated k ^ for SUAK U1B vith one-dimensional 
diffusion theory in spherical and slab geometry using two different boundary 
conditions: the first of these has been the ususally used condition 

ft1(a) = _ 
4>(a) 0.710U*Xtr 

and the second one has been 

<j>(a+d) = 0 
vith d = 0«710**X. •cr 

K) N=8 for cylindrical and N=16 for spherical geometry* 
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The results listed in tahle V-16 demonstrate the correctness of our suspicion* 
There is little difference for the slah values (0.17?) "but large difference 
for the spherical values (1.6Jj)» If ve take into account the uncertainty 
in the "boundary condition the relative error "between the added up value 
and the spherical value for SUAK U1B is reduced considerably. One nay 
expect that the differences for the other assemblies vill be reduced corres-
pondingly. 
The uncertainty in the boundary condition effects very much the criticality 
for the SUAK assemblies because these assemblies are snail vith respect to 
the other ones and are unreflected in tvo space directions so that differences 
in the extrapolated end point have a larger effect on 

Sunmary 

lve have to take into account for all assemblies studied here the S -corrections 
—3 on if ve vant to obtain an accuracy of better than 10 . The calculation 

of the S„-corrections for spherical models may lead to values vhich differ H 
from those obtained by adding, up the corresponding one-dimensional S^-
corrections determined by using the assumption of separability of the flux 
in different space directions. But the difference can be attributed to a large 
extent to the uncertainty in the boundary condition for the diffusion calc\ilation 
especially for spherical geometry. 



Outer Iteration 
number 

Eigenvalue Lambda 

0 0.8810000 
1 0.8996826 C.P996818 
2 O.8939858 0.993667* 
3 0.89*0*60 1.000067 
h 0.89**250 1.000*23 
s O.89U6577 1.000259 
6 0.89*775s 1.000131 
7 0.89*8326 1.00006* 
6 0.69*6585 1.000029 
9 0.69^8715 1.00001* 

10 0.89*8761 1.000005 
11 0.80*8799 1.00000* 

Assembly- SUAK UH1B 
Geometry sphere 
Quadrature Order 6 
Number of Zones 1 
Number of Intervals 98 
c 10-5 

Table V-1L^: Variation of Eigenvalues during outer 
Non-oscillating convergence of X to 1 
of the iteration process. 

iterations, 
at the end 
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Outer Iteration 
nunber 

Eigenvalue Lambda 

0 0.8810000 
1 0, 89966k8 O.8996638 
2 0.8938k76 0.99361*36 
3 0.8939926 1.000050 
k 0.89k362U 1.000U13 

Assembly SUA! UH1B 
Geometry Bphere 
Quadrature Order 6 
Number of Zones 1 
Number of Intervals 98 
e 10 

Table V-IObt Variation of Eigenvalues during 
Oscillating convergence of A to 
of the iteration process. 

outer iterations » 
1 at the end 
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dumber 

•total 

Of E 
Zone 

1 

.esh i 
Zone 

2 

nter-s 
Zone 

3 

•als 
Zone * 

Outer 
iteration 
number 

Last A ^ e f f 

8 1 1 5 1 0 . 8 3 3 * 3 6 11 1.000001 8 1 1 5 1 0 . 8 3 3 * 3 6 11 1.000001 

0 . 0 0 3 1 7 6 

16 2 2 10 2 0 . 8 3 6 6 1 2 13 1 . 0 0 0 0 0 3 

0 . 0 0 3 1 7 6 

16 2 2 10 2 0 . 8 3 6 6 1 2 13 1 . 0 0 0 0 0 3 

0 . 0 0 0 5 7 5 

2* 3 15 3 0 . 6 3 7 1 8 7 1* 1 . 0 0 0 0 0 0 

0 . 0 0 0 5 7 5 

2* 3 15 3 0 . 6 3 7 1 8 7 1* 1 . 0 0 0 0 0 0 

O.OOOI98 
32 * * 2 0 h 0 . 6 3 7 3 8 5 1* 1.000003 

O.OOOI98 
32 * * 2 0 h 0 . 6 3 7 3 8 5 1* 1.000003 

0.000091 
Uo 5 5 2 5 5 0 . 8 3 7 * 7 8 1* 1.000003 

0.000091 
Uo 5 5 2 5 5 0 . 8 3 7 * 7 8 1* 1.000003 

0.0000*8 
U8 6 6 3 0 6 0 . 8 3 7 5 2 6 1* 1 . 0 0 0 0 0 1 

0.0000*8 
U8 6 6 3 0 6 0 . 8 3 7 5 2 6 1* 1 . 0 0 0 0 0 1 

0 . 0 0 0 0 3 1 

5 6 7 7 35 7 0 . 6 3 7 5 5 7 1* 1.000003 
0 . 0 0 0 0 3 1 

5 6 7 7 35 7 0 . 6 3 7 5 5 7 1* 1.000003 

0.000033 
6 3 6 6 * 5 6 0 . 8 3 7 5 9 0 1* 1 . 0 0 0 0 0 3 

0.000033 
6 3 6 6 * 5 6 0 . 8 3 7 5 9 0 1* 1 . 0 0 0 0 0 3 

0.000031 
1 3 0 1 0 10 1 0 0 1 0 0 . 8 3 7 6 2 1 13 1 . 0 0 0 0 0 3 

0.000031 
1 3 0 1 0 10 1 0 0 1 0 0 . 8 3 7 6 2 1 13 1 . 0 0 0 0 0 3 

Assembly SUAK U1B 
Geometry plane in z-direction 
Quadrature Order 8 
e 10 ^ 

Table V-11a: Variation of k with the number of mesh intervals. — eif 
Zone 3 is identical with the core. 
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Uumber of 
nesb intervals 

keff Outer 
iteration 
number 

Last 
A eff 

3 0.869086 10 0.9999713 3 0.869086 10 0.9999713 
0.003637 

h 0.892723 10 0.9999589 
0.003637 

h 0.892723 10 0.9999589 
0.001062* 

5 0.893807 10 0.9999659 

0.001062* 

5 0.893807 10 0.9999659 
0.000516 

6 O.89U323 10 O.999969O 

0.000516 

6 O.89U323 10 O.999969O 
0.000380 

8 0.89^703 9 0.9999572 

0.000380 

8 0.89^703 9 0.9999572 

0.000130 

10 0.891*833 0 O.9999662 

0.000130 

10 0.891*833 0 O.9999662 
0.000101 

15 O.89U93I; 8 0.9999708 

0.000101 

15 O.89U93I; 8 0.9999708 
0.000007 

20 O.89U9U1 7 0.999979^ 

0.000007 

20 O.89U9U1 7 0.999979^ 
-0.000057 

25 O.89U88U 6 0.9999876 

-0.000057 

25 O.89U88U 6 0.9999876 
-0.000035 

30 0.691*819 6 1.000016 

-0.000035 

30 0.691*819 6 1.000016 
-0.000023 

50 0.891*796 7 1.00001*1* 

-0.000023 

50 0.891*796 7 1.00001*1* 
-0.000008 

60 O.89I+788 7 1.00001*9 

-0.000008 

60 O.89I+788 7 1.00001*9 
+0.000012 

0.89I+805 8 1.000032 
+0.000012 

80 0.89I+805 8 1.000032 

Table V-1lb; 
Variation of k „ with the e n 
number of nesh intervals. 

Assembly SUAK UH1B 
Geometry sphere 
Quadrature Order 6 
e 10-U 



Zone Right boundary 
/"cm J 

Number of 
intervals 

Smallest volume 
element _ 0 _ 

/ cm3 7 

Largest volume 
element _ 0 _ 

/ cm3 7 

Total number 
of intervals 

keff Outer 
iteration number 

Last X 

1 8 . 0 0 0 . J J i l l J _l_Ok6.592 

2 1 3 . 0 0 0 15 2T9 .k08 689.908 

3 16 . 000 ko 1 6 0 . 1 9 9 2 k 0 . l k 5 

k 19 .36k 50 2 1 7 . 3 2 9 3 1 5 . 8 9 6 110 0 . 8 3 6 7 9 9 11+ 1 .OOOOOll 

1 8 . 0 0 0 5 1 7 . 1 5 7 2 0 ^ 6 . 5 9 2 

2 1 3 . 0 0 0 10 k 2 7 . 7 8 0 1 0 2 1 , 5 ] n 

3 16 .000 ho 160.198 2 k 0 . 1 ^ 5 

h 19.36k 55 197.k7k 2 8 7 . 2 7 1 110 0.836801 1k 1.00000b 

1 8 . 0 0 0 10 2.1U5 5 8 1 . 2 0 2 

2 1 3 . 0 0 0 20 207.kio 520 .78k 

3 16 .000 35 1 8 3 . 2 3 3 27^.26k 

1+ 19 .36k r '2kl.56U ' 3 5 0 . 8 7 5 110 0 . 6 3 6 7 7 2 Ik 1 .00000k 

1 8 . 0 0 0 20 0.268 3 0 5 . 8 8 1 

2 > 1 3 . 0 0 0 30 136.853 3 ^ 9 . k 3 2 

3 1 6 . 0 0 0 80 79.867 1 2 0 . 3 5 3 

k 19.36k 100 108.389 1 5 8 . 1 8 8 2 3 0 0.836701* 1)( 1 .00000*1 

Geometry sphere 
Quadrature Number 8 
E 10"5 

Table V-12a? SUAK U1B. Varying size of volume elements in spherical geometry. 

CT* M 



Mes' 
1 

1 in1 
2 

tervi 
3 

als ii 
* 

1 Zone 
5 

Smallest 
2 

and largest 
3 

volume eler 
* 

nent in zone 
5 

keff<V Outer iteration 
number 

Last X 

10 21 9 31 19 *0.322 
88.998 

217.290 
323.*67 

127.139 
185.301 

306.1*98 
399.387 

0.970*23 3 1,000007 

10 19 11 29 21 M*.708 
98.223 

176.803 
265.6*3 

135.977 
198.002 

277.08* 
361.582 

0.970*'»6 3 1.00000* 

10 17 13 27 23 50.16* 
109.585 

1*9.02* 
225.35* 

1*6.139 
212.5S2 

252.818 
330.301 

0.970*85 3 1.000001 

10 15 15 25 25 57.133 
123.915 

128.786 
195.672 

157.9*1 
229.*B6 

232 Ml 

30*.00* 
0.970559 5 0.9999862 

10 13 17 23 27 66.3*6 
1*2.556 

113.388 
172.902 

171.815 
2*9.297 

215.1*5 
281.586 

0.9701*23 3 1.000011 

10 11 19 21 29 79.091 
167.79* 

101.277 
15*.875 

188.361 
272.856 

200.217 
262.2*14 

0.970*19 3 1.000009 

10 9 21 19 31 97.871 
203.876 

91.502 
1*0.252 

208.*36 
301.336 

187,2*0 
2*5.*0* 

0.970*18 3 1.000011 

" 1 • • • ' 1 
Smallest and largest volume element in zone 1 
3.1*159 59.69019 

Table V-I2b: Varying size of volume elements 
in cylindrical geometry. •3 All volumes are given £n cm • 

Assembly ZEBRA 6A 
Geometry cylinder 
Quadrature Order 6 

10~U 

Right boundaries of zones CcmJ 
10.00 23.07 36.15 53.37 70.59 
Total number of mesh intervals 90 

1 
(J\ 
UJ 
I 
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Order N of 

Ŝ j-c alculation 
keff 

Outer 
iteration 
number 

Last X 

2 0.8323** 13 1.000002 

* 0.838085 1* 1.000002 

6 0.837627 iH 1.000001 

3 0.837590 1* 1.000003 

12 0.837633 1* 1.000003 

16 .0.837679 1* 1.000001 

Assembly SUAK U1B 
Geometry slab in z-dir. 
e 10-5 

Zone Mesh intervals 
1 6 
2 6 
3 core *5 
* 6 

Table V-13a: Variation of k vith the quadrature order. 
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Order N of 

Sfj-calculation 
keff 

Outer 
iteration 
number 

Last X 

2 0.961550 16 1.000009 

* 0.96080U * 1.0000*8 

6 0.960128 5 0.9999885 

8 0.95998* * 0.9999909 

Assembly ZPR-III-*8 
Geometry cylinder Total DTK computing time for all 
e io-U keff v a l u e s (vi"th improved code): 
Zone Mesh intervals 5 min 59 sec 

1 *0 
2 20 

Table V-l3b: Variation of k with the quadrature order. 
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Order S of 
S^-calculati on 

V ~eff 
Outer 
iteration 
number 

Last A 

2 0 . 9 7 1 1 12 1 . 0 0 0 0 3 8 

h O . 0 6 1 9 8 5 12 1 . 0 0 0 0 3 2 

6 O.961506 1 2 1 . 0 0 0 0 3 k 

8 0 . 9 6 1 3 6 3 12 1 . 0 0 0 0 3 k 

1 2 0 . 9 6 1 1 7 5 12 1 . 0 0 0 0 3 2 

16 0 . 9 6 1 0 9 6 12 1 .CC0035 

Assembly ZPR-III-1+8 
Geometry sphere 
e 10 
Zone Mesh intervals 

1 10 
2 30 
3 20 

Table V-13c: Variation of k __ vith the quadrature order. 
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Order of 
S -calculation Jf 

keff 
Outer 
iteration 
number 

Last X 

2 0.977*36 13 1.000038 

* 0.979326 13 1.0000*7 

6 O.079125 13 1 .0000*7 

8 0.979111 13 1.0000*6 

12 0.979116 13 1.0000)^7 

l6 0.979127 13 i .0000*6 

Assembly ZPP-III-10 
Geometry slab Geometry 
e 10 
Zone Kesh intervals 

1 10 
2 13 
3 27 

Table V-13d; Variation of k __ vith the quadrature order, 
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Order II of 
R^-cal culation 

keff 
Outer 
iteration 
number 

Last X 

2 0.985757 1T I.OCOCOC 

h 0.985100 k 1 .00C03T 

6 0.98*156 5 0.9909980 

8 O .983926 h O.9990P95 

Assembly ZPF-III-10 
Geometry cylinder 
c 10 
Zone T*esh intervals 

1 10 
2 20 

? 30 

Computing times 

old method 
S and S, 2 4 

improved method 
and S^ and Sg and Sg 

5 min 12 sec 5 min *3 sec 

Table V-13e: Variation of k with the quadrature order. 
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Order IT of 
S -calculation I* 

keff 
Outer 
Iteration 
number 

Last X 

2 1.00021k 8 1.000001 

u O . 9 8 8 3 2 O 7 1.000015 

6 0.987k58 5 1.000007 

8 0.9S7207 k 0.9999957 

12 0.986970 7 1.000021 

16 O . 9 0 6 8 U 6 3 0.9999930 

Computing time 
for Sg up to S ^ : 

5 min k6 sec 

Assembly ZPE-III-10 
Geometry sphere 

—It c 10 
Zone Mesh intervals 

1 10 
2 25 
3 25 

Table V-13f: Variation of k with the quadrature order. 
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Order H of 
S -calculation a 

keff 
Outer 
iteration 
number 

Last X 

2 0.970277 17 1.000053 

h C.9708lli 17 1.00005R 

6 0.9707*6 17 1.000057 

e 0.970750 17 1.C0C057 

12 0.9T0T50 17 1.000058 

16 0.970751 17 1.C0C05S 

Assenbly ZPF-III-25 
OeoKietry slab 

-k e 10 
Zone Mesh intervals 

1 6 
2 2h 

3 18 

Table V-13r: Variation of k vith the nuadrature order. 
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Order IT of 
S„-c alcvlati on 

keiT 
Outer 
iteration 
nuE:cer 

Lsst X 

2 0.072167 19 i.000061 

h 0.971906 19 1.000060 

6 0.971592 19 1.00005? 

q 0.9715^6 1? 1.000058 

Assembly 2PF-III-25 
Geometry 
e 

cylinder 
10Jt 

Zone Mesh intervals 
1 
2 

P, 
30 

3 22 

Table V-13h: Variation of k vith the quadrature order. 
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Order IT of 
S .-calculation N 

V "eff 
Outer 
iteration 
nurber 

Last A 

2 0.076101 17 1.OOOO3B 

h 0.972702 8 1.000006 

6 0.972^21 U 0 . 0 9 0 0 0 7 1 

3 0.972330 3 0.9099982 

12 0.972336 3 0.9999973 

lo 0.972320 0 0,9999960 

Assembly 
Geometry 
e 
Zone 

ZPR-III-25 
sphere 
-li 

Mesh intervals 
1 15 
2 1*5 
3 30 

Computing time for 
S 2 up to S l g 

Old fethod Improved I'ethod 

irdn. 8 min. 16 sec. 

Table V-13i: Variation of k „ with the quadrature order. 



Order U of 
S -calculation H 

* — eff 
Outer 
iteration 
number 

Last A 

2 0.96511* 11 1.000023 

h O.96T6C16 11 1.000026 

6 0.967313 11 1.000026 

8 o. 967293 11 1.000027 

12 0.967290 11 1.00002* 

16 0.967305 11 1.000026 

Assembly ZEBRA 6A 

Geometry slab Geometry 
e 1 0 

Zone Mesh Intervals 
1 25 

2 2 0 

Table V-13j: Variation of k __ vith the quadrature order. 



Order H of 
S — c&lculati on K 

> 
eff 

Outer 
iterati on 
nuraber 

Lr*st X 

0.972010 12 1.00003? 

U 0-9713o7 12 1.000026 

6 O.97036* 12 1.00002? 

S 0.97018? 12 1.000027 

Assembly' ZEBRA 6A 
Oeometry 
e 

cylinder J* 
10 

Zone I'esh intervals 
1 6 
2 *0 
3 30 

Table V-13k: Variation of k _ vith the quadrature order. 
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Carder II of 
S —cal c-ulation II 

*eff 
Cuter 
iteration 
number 

Last A 

•3 0.065009 1? 1.000032 

V 0.973S33 12 1.000026 

6 0.973125 12 I 1.000025 i 

5 O.972699 12 1.000025 

12 0.972625 12 1.000026 

16 0.972510 12 1.000026 

Assenbly ZEBRA 6A 
Geometry sphere 

-U e 10 
Zone Mesh intervals 

1 6 
2 32 
3 20 

Table V-131: Variation of k vith the quadrature order. 
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Assembly Geometry W S H , J s e f r C a i f f ) H w v - w v 

ZPE-III-U8 
cylinder 0.0050 8 0.0016 

ZPE-III-U8 
sphere 0.0061 16 0.0101 

ZPR—III-10 

slab 0.0039 16 -0.0017 

ZPR—III-10 cylinder 0.0087 8 0.0019 ZPR—III-10 

sphere 0.0116 16 0.013k 

ZPR-III-25 

slab 0.0008 16 -0.0005 

ZPR-III-25 cylinder 0.0015 g 0.0007 ZPR-III-25 

sphere 0.0023 16 0.0038 

ZEBRA 6 A 

slab 0.00^3 16 -0.0022 

ZEBRA 6 A cylinder 0.0072 8 0.0018 ZEBRA 6 A 

sphere 0.0095 16 0.0135 

Table V-lk: Comparing diffusion calculated k e f f values vith S calculated 
k values for various assemblies and different geometries , 



Assembly: ZPR-III-10 Xtr = 3 , 6 6 3 c m 

Geometry 
and 

Eucklinf; 

keff 
(one-dim.diff.) 

Zone 
Mesh 
Interval Boundary 

(cm) 

I.'esh 
rize 

(cm) 

Oijp.drnture 
order and 
kefff 

Increase 

1 10 10.0 1.000 nt=l6 

slab 0.Q752 2 13 22.95 0.996 

57»53k.lO~U 3 27 55 >°5 1 .22? 0.9791 0.0039 

1 10 10.0 1 .000 U«=6 

cylinder 0.9752 2 20 22.11 0.606 

23.839* 10"11 3 30 63.59 1.3B3 0.9C39 0.0087 

1 10 10.0 1 .000 n*i6 

sphere 0.9752 2 25 25.011 0.600 

- 3 25 62.011 1 M o 0.9668 0.0116 

Inc re as e(sphe re 0 increase 
+ increas 

(slab) 
e (cy] .inder) 

I )i fference Relative error 

0.0116 0.0126 0.0010 7.0% 

Table V-15a: 3 -Corrections for ZPF-III-10. 



Assembly: ZPR-III-25 Xtr = 3 , 2 6 7 cra 

Geometry 
and 

Buckling 

keff 
(one-dim.dLiff.) 

Zone Mesh 
Intervals 

Ri. £ht 
Boundary 
(cm) 

Mesh 
size 
(cm) 

Ouadroture order 
and 
keff 

Increase 

1 8 10.0 1.25 N=16 

slab 2 2* 3^.175 1.171* 
-U 20.981.10 0.9700 3 18 68.675 1 M 0.9700 0.000(3 

1 8 10.0 1.25 11=8 

cylinder 2 30 1.087 

0»9700 3 22 83.1* 1.855 ^ 0 . 9 7 1 5 0.0015 

1 15 1 0 . 0 0.667 TI=16 

sphere 2 *5.753 0.795 0.795 

- 0 . 9 7 0 0 3 30 82.753 1.233 0 . 9 7 2 3 0 . 0 0 2 3 

Increase (sphei •e) Increase 
+ increaE 

(slab) 
e (cyld .nder) 

I )i fference Relative error 

0.023 0 . 0 0 2 3 0.0000 0.0?$ 

Table V-15b: S -Corrections for ZPR-III-25. 



A s s e m b l y : . Z i i H - J L L j u i ^ \ a U . 7 U 1 cm 
t r 

G e o m e t r y 

a n d 
B u c k l i n g 

i 

" T e S T ' E o n e 

! 'i 

M e a n 

Intervals 
R i ^ h t 
E o u n d a r y 

( c m ) 

" e s ' n 

S i z e 

( c m ) 

Q u a d r a t u r e o r d e r 

a n d 

k e f f < V 

I n c r e a s e 

s l a b 3 0 3 8 . 1 8 0 k = 6 

1 8 . 1 3 2 « 1 0 ~ ^ 
V 

CUSSiif? .. 2 2 0 6 8 . 6 6 0 0 , 9 5 7 6 0 . 0 0 2 7 

c y l i n d e r ii 1 l lO in .58 1 . 0 * 0 15=8 

8 . 8 8 3 2 » 10 _ 1 + ' Q . I 5 5 5 0 ! 2 2 0 7 1 . 5 8 1 . 5 0 0 O.96OO 0 . 0 0 5 0 

1 1 0 1 0 . 0 0 1 . 0 0 0 y = l 6 

sphere 2 3 5 ' 1 5 . 2 1 3 1.006 

- 0 . 9 5 5 0 3 15 7 5 . 3 1 3 1.500 0.9611 0 . 0 0 6 1 

I n c r e a s e ( s p t l e r e ) 

. . . 

I n c r e a s e ( s l a b ) 
-+ i n c r e a s e ( c y l i n d e r -) 

Pif ference R e l a t i v e e r r c >r 

0 . 0 0 6 1 0 . 0 0 7 7 0 . 0 0 1 6 20 

Table V-15c: S -corrections for ZPR-III-U8. 



Assembly; ZEBRA 6A A = I t . 810 cm tr 

Geometry 
and. 

Buckling 

keff 
(one-dim,diff.) 

Zone Mesh 
Intervals 

Pi rht 
Boundary 
(cm) 

Mesh 
fjize 
(cm) 

Quadrature order 
and 
W V 

Increase 

slab 1 25 30.08 1 . 2 0 3 rr=i6 

2 2 . 1 7 8 O.9G3O 2 20 60.50 1 . 5 2 1 0.9673 0,001(3 

1 6 1 0 . 0 1 . 6 6 7 !I=0 

cylinder 2 U 0 3 6 . 1 5 0,65)1 

1 2 . M 8 O.963O 3 30 7 0 . 5 9 l.lhR 0.0702 0 , 0 0 7 2 

1 8 1 0 , 0 1 . 2 5 0 11=16 

sphere 0,9630 2 32 3 8 . 2 0 3 0.881 

- 3 2 0 7 2 . 6 H 3 1 . 7 S 2 0 .Q725 0 , 0 0 9 5 

Increase (spy lere) Increas 
+ incre 

,e (slab) 
:ase (eyli .nder) 

Di fferenc :e Helative orrc )r 

0,0095 0,0115 0 , 0 0 1 0 

Table V-15d: T. -corrections for ZEBPA 6A» 



A s s e m b l y : SI-TEAK 3A1 X = U . 2 3 0 cm 
t r 

G e o m e t r y 
a n d 

B u c k l i n g 

keff 
( o n e - d i m . d i f f t ) 

Zone M e s h 
Intervals 

R i g h t 

Boundary 
( c m ) 

> ' e s h 

nize 
( c m ) 

O i i a d r a t u r e o r d e r 

and, 
k e f f ( S N ) 

I n c r e a s e 

s l a b 1 3 0 * 0 . 2 T 1 . 3 * 2 t | = 6 

1 3 » 5 * 0 ' 1 0 0 . 9 9 0 2 2 2 0 T O . 7 7 1 . 5 2 5 0,0017 0 . 0 0 1 5 

1 U 5.000 1 . 2 5 0 

2 2 1 3 2 . 9 0 0 1 . 3 2 9 ;?=6 

c y l i n d e r 3 15 51.200 1 . 2 2 0 

8 . U 6 o 6 ' 1 0 " U O.9002 h 2 5 80. ."50 1 . 1 P 6 o . 9 9 ? 5 0 . 0 0 2 3 

1 3 0 3 r ? » P 3 1 1.306 " = 1 6 

s p h e r e 2 1 0 52.68)I 1 . 3 * 5 

- 0 . 9 9 1 1 3 2 2 1 . 3 ) < o O.on^o 0 . 0 0 3 1 

I n c r e a s e ( s p h e • r e ) Incrc 
+ inc 

'Me (slab) 
:repse (cylinder) 

Di T e r e n c e Itelef,ivc e r r o r 

0 . 0 0 3 1 0 . O 0 3 G 0.0007 1'"' ,h'/> 

T a b l e V - 1 5 e : S r - c o r r e c t i o n s f o r STIEAK 3A1 . 



A s s e m b l y : SIJEAK 3 A 2 X = U.173 cm 

Geometry 
and 

Buckling 

keff 
(one-dim.diff.) 

Zone flesh 
intervals 

night 
Boundnry 
(cm) 

riesh 
Gize 
(cm) 

Tundraturo order 
and 
W V 

Incren.se 

slab 1 35 UO.27 1 . 1 5 1 N=6 

16.91+9,10~'4 0 . 9 8 2 7 2 2 0 70.77 1 . 5 P 5 0 .o81J2 0 . 0 0 1 5 

1 k 5 . 0 0 0 1 . 2 5 0 

cylinder 2 2 5 33.760 1.150 M«6 

3 8 M . 6 6 0 1*363 

8 . 5 9 9 3 ' 10" 1* O.9828 1* 3 0 Go.059 1.207 0.9856 0,0028 

sphere 1 3 0 U0.09I* 1 . 3 3 6 11=16 

2 8 W.315 1.028 

- 0 . 9 8 3 7 3 3 0 8 ) 1 , 515 1 . 2 0 7 0 . 9 8 7 5 0 . 0 0 3 8 

Increase (sphe :re) Tncrer 
+ incr 

).Re (slab 
•ense (cy: .inder) 

Di f jv 'rnnco Rnlntivr error 

0 . 0 0 3 8 0 . 0 0 ^ 3 fl.0005 11.6;* 

Tnble V-15fi ? -corrections for P'lEAK V-?.. 



Assembly: SUAK U1B X t r = c m 

Geometry 
and 

Buckling 

keff 
(one-diri.diff.) 

Zone I'esh 
intervals 

Right 
RoundPry 
(cm) 

i-lesh 
Size 
(cm) 

P,un,3rat,ure oriler 
ond 

Increase 

1 3 3.0 1.000 

slab in z-
dir. 2 k 6.5 0.875 n=6 

3 36 h u 6 0.975 

J* 139^601•10 0.8237 h 3 1 th.6 1 .000 0.8376 0.0139 

slab in x-
dio* - h 128.097'10 

0.8238 1 33 32.3 0.979 
I!=6 

0.832)) 0.0086 

sphere 0.8237 1 18 19.36)4 1.076 0.8361 TI=16 0.012* 

Increase (spl: lere) Inci 
+ ir 

•ease (slab z-dir») 
icrease (slab x-dir») 

Difi *»rence Relative error 

0.012U 0.0311 0.0187 60.1;' 

Table V-15r: H,.-corrections for HUM U1B * 



Assembly 5 SUAK UH1B \ t r = 3,358 cm 

Geometry 
and. 

Buckling 

keff 
(one-dim.diff.) 

Zone J/esh 
Intervals 

Ripht 
Boundary 
(cm) 

Mesh 
P.ize 
(cm) 

Ouadrature order 
and 
W n ! ! > 

Increase 

1 3 3.0 1.000 

slab in z-dir. 2 1< 6.5 0.&75 

3 3̂  39.55 0.972 

0.8807 k 3 ^2.55 1.000 0.89^2 0,0135 

slab in x-dir» 
13^.681 0.8608 1 32 32.3 1.009 

rr«6 
0,6891 O.OO83 

sphere 0.8808 1 18 19.087 1,060 0,8937 N*1b 0,0129 

Increase (sphere) Increase (s] 
+ 2»increas« 

.ab z-di 
(slab 

-r.); 
x-dir.) 

Di fJ "ere nee Relative < srror 

0.0129 0.0301 0.0172 57. 

Table V- 1$h: G -corrections for SUAK UH1B . 
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Geometry Boundary 
Condition *eff Difference 

sphere 

( D 

a = 19*36* cm 
0.823752 

-0.015595 sphere 
(2) 

d = 2.53* cm 
0.808157 

-0.015595 

slab in 
x-direction 

(1) 
a = 16,15 cm 

0.82*127 

0.001661 slab in 
x-direction (2) 

d - 2.53* cm 
0.822*66 

0.001661 

Assembly SUAK U1B 

Boundary conditions 

(1) $'(a)/ <j>(a) = -1/(0.710* • X t r) 

(2) <j»(a+d) = 0 

a = boundary of the assembly 
d = 0.710* • A. 

Table V-16: determined by diffusion calculations vith 
various boundary conditions. 
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V T . GENERAL D I S C I S S I O N AMD CGNCLUSIOHS 

Kbst of the criticality changes observed during the present study are 
smaller than 0,01 as can he seen from table V-1 and table Y - b , This 
means that some modifications of the nuclear data can totally, others 
at least for a number of assemblies partially be regarded simply as 
an inclusion of rvore recent irproved sicroscopie cross section Inforrati.cn 
into our group sets. Of course these less important modifications provide 
valuable information on the sensitivity of integral parameters on changes 
in the differential microscopic data. 

The detailed information contained in table V-U has been summarized in 
table VI-1. In this table the mean deviation between the measured and 
best available calculated criticality values for the 12 assemblies studied 
is given for each of the different group sets used. The corresponding 
root mean square or standard deviation is also given in table YI-1. iZhis 
table gives immediately a general impression of the capability of the different 
group sets to predict correctly the criticality of the variety of assemblies 
studied. It shovs. that at least vith respect to criticality the M0XT0T-set 
is preferable to all the other group sets vhich have been established 
during this study, a result vhich of course could have been obtained also 
by looking at the results of table V-U. 

In this general discussion the important effects of the changes in the 
nuclear data vill be summarized. At first the situation at the beginning 
of the present study that means the results obtained vith our reference-
set, the so-called SNEAK-set, vill be analysed. The most obvious fact is 
that vith this set all assemblies are calculated underreactive. The region 
of deviation extends from approximately zero to -3$ vith the exception 
of ZPR 111-55 vith an underprediction of criticality by more than The 
mean criticality deviation amounts to 1.7$ as can be seen from table VI-1. 
The small assemblies fuelled with U235, i.e. SUAK U1B and ZPR 111-10 are 
veil predicted, the subcriticality being less than 0.5#t The hydrogen 
containing assembly SUAK UH1B represents one exception vhich is probably 
caused by insufficient calculational methods, the other exception is the 
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larger assembly ZPRIII-25 vith its relatively large U236 content. As has 
been known before /"2 7 the SSSAK-3A assemblies, that means large U235 
fuelled systems "with soft neutron spectra, are calculated slightly under-
reactive, 3A1 by 0.6? and 3A2 by 1.1%, For the mixed fuelled assembly SHEAS 332 
an even larger underprediction of 1.6? has been obtained which is an 
indication that the -worth of Pu239 compared to that of U235 is underpre— 
dieted by the S33£AX-set. The sane tendency is shown by the normal Pu-
fuelled assemblies ZEBRA 6A, ZPR III-i;8 and ZPF. III-U8B vhich have been 
calculated 2-3? underreactive. Out of the two k -experiments ZPR 111-55 

CO * 

is predicted more subcritical, SMEAK 5C less subcritical than the normal 
Pu-fuelled systems. With respect to the latter experiment it seems very 
probable that the heterogeneity correction is calculated too large. There-
fore the result is rather doubtful and should not be taken too seriously. 

As a first change of the nuclear data we included the so-called PMB-data 
that means between 10 - 500 keV the lower capture data for U238 and the 
low fission and capture data for U235 as given by PONITZ and others. Our 
results with the SIJEPKB-set confirmed the conclusions of similar earlier 
studies /"2 7 namely: 
Because of the lower U238 capture data the reactivity of the Pu-fuelled 
assemblies increases. This effect is particularly pronounced for ZPR IXI-55. 
For the U235-fuelled assemblies the reactivity decreases. This result 
indicates that the effect of the reduction of U235 fission overcompensates 
the effect of the reduction of U23B capture. It is most pronounced for the 
assemblies with hard neutron spectra. 
With the DJJEPMB-set most of the assemblies are calculated about lS-2£ 
underreactive. Following the conclusions presented in /~2__7 we then 
decided to keep only the low U238 capture data and to return from the 
low POIUTZ to the higher WHITE U235 fission and capture data. This led 
to the SNEAPM-set which predicts the criticality of U235-fuelled systems 
rather well. A drastic decrease of the mean criticality deviation and a 
considerable decrease of the root mean square criticality deviation can be 
seen in table VI-1. 

In the next step we improved the a(Pu) values by including the Pu-o-measure-
ments of GWIN et al. into our group set (PU9SCP-set). As expected,this 
change caused an increased underprediction of the criticality for the Pu-
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systems, especially for the k^-esperiments« 
In the SCTALO-set new data are used for the inelastic scattering matrix 
of most isotopes vhich have "been calculated hy ourselves using the data 
of the KEDAK-flle and evaporation spectra (see Appendix l)» The spectra 
of the Inelastically scattered neutrons are in general somewhat softer 
than the ABI7-spectra used before, !Zhe criticality changes obtained are 
generally snail, Cfcly for ZPR TII-25 and ZPB 111-55 the effect is more 
pronounced due to the special energy dependence of the adjoint flux for 
these assemblies (see chapter III), 
The next tvo changes have a rather small effect on criticality* The changes 
In the LA fission data ?£>r U235» U238 and Pu239 above 2 IfeV leading to 
the UFUCOR-set cause a general reduction of criticality by only about 
0.33 - O.UjS. Also the nev cross sections for the higher plutonium isotopes 
in the PU02RE-set vhich replace the old Russian ABH-data used up to 
nov result in rather small criticality chsnges of about 0.32. 
As expected)a rather large effect is caused by the inclusion of the 
MOXOIJ-data for the U238 capture cross section. The replacement has been 
done in tvo steps. The effect on criticality of the replacement of the 
previously used Ponitz values in the groups 9—11• I.e. fron 10 to 100 keV 
(M0X9H-set) is generally of tfee cycler of +1$. The assemblies vith high 
U238 content, namely ZPR 111-25 and ZPR 111-55 shov es gvgn larger 
reactivity increase. The additional replacement of the U23& capture data 
belov 10 keV by the I-"oxon data (M0XT0T-set) causes for assemblies with hard 
neutron spectra a negligible reactivity effect, for assemblies vith 
soraevhat softer spectra the criticality increases by 0.5 to For the 

k^-experiments studied here vith still softer spectra the increase is 
about 1.5$. 
It seems worthwhile to mention that the inclusion of the low U238 capture 
data resulted in an overestimation of the criticality at least for U-fuelled 
assemblies. 
Let us now analyse the situation with the M0XT0T-set which is the final cross 
section set considered in this study. All assemblies are within a ±25? 
region of deviation between calculated and measured criticality. The mean 
criticality deviation of 0.0022 and the root mean square a criticality 
deviation of 0.0125 given in table VI-1 are the most favourable results obtained 
in the present study. Furthermore it is encouraging that there is nearly a clear 
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separation in the kerf-resuLts for U- and Pu-fuelled assemblies, Pu<UO, 
U>1.0, the exceptions (SUAK UH1B and SHEAK 5C) being most probably due to 
deficiencies in the calculational methods. This means that according to 
the fissile material used, it vill be possible to predict the probable 
deviation between calculated and measured criticality for reactors whose 
composition and neutron spectrum are similar to the presently studied 
assemblies» The remaining uncertainty will be in most cases far less than the 
±2% deviation mentioned above. 
"With respect to the calculational methods two facts are of major concern 
and need an improved treatment: (l) For the assembly SUAK UH1B the anisotropic 
scattering of hydrogen and a more appropriate weighting spectrum for the 
generation of group constants for the elastic slowing down should be taken into 
account. (2) For SNEAK-5C, the corrections applied are rather large (about 
9S). The largest part is due to heterogeneity, about J%t and should be 
further investigated both experimentally and theoretically. In addition, 
the rather large REIIO-correction of about 2% suggests to study whether a 
more appropriate weighting spectrum should be used for the generation 
of group constants for the elastic moderation especially below 1 keV. For 
this soft spectrum system a considerable part of the neutrons has energies 
below 1 keV; here the REHO-correction cannot be applied with the presently 
available code. In the near future the correctness of diffusion calculations 
using 26 energy groups for the criticals studied here will be checked by 
P1-calculations using about 200 groups. Major attention will then be 
given to the determination of the diffusion constant for 26 groups which 
usually can be calculated only in an approximate manner as explained in 
r u _ 7 . 
With respect to the nuclear data basis the following conclusions can be 
drawn for the M0XT0T-set: 

(1) The fuel-mixture PU239-U238 is predicted underreactive whereas for 
the U235-U238 fuel mixture the criticality is overestimated. These 
facts whose consequences are discussed more extensively later on in 
this chapter almost obviously lead to the very probable conclusion 
that Pu239 is 'underreactive, A too low Pu239 fission cross section 
is also indicated by the underprediction of both the central material 
worth ratios and the ratios of the central fission rates of Pu239 to 
U235 in ZPR III-U8 and U8B (table V-7 and V-9). The- Pu239 a-data of 
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GWIN cannot "be considered final at the present time "but it seems that only 
minor changes in the a-data will have to "be expected in the near future. 
The a-values presently used require a change in the resonance parameters 
compared to the parameters used before. This means that we have still 
to determine new resonance self-shielding factors (f-factors) for Pu239 
based on resonance parameters compatible with the Gwin a-values. 

For U235 the situation seems not to be so unequivocal. The overestimation of 
the criticality of U235-U238 fuel mixtures can be caused either by too 
large U235 fission cross sections or by too small U238 capture cross 
sections. Very probably our decision will be not to change the U235 fission 
data at the present time because the uncertainty in the U238 capture data 
is still too large so that some changes (slight increase) of "these data 
will be sufficient to diminish the p.rssent discrepancy in the criticality 
prediction for the U235~Tj238 fuelled systems without any change in the 
U235 fission data, Pu-fuelled systems will then become even more under-
reactive. In the preceding work / ~ 2 7 it was already indicated that the 
measurements of de Saussure for the y-values of U235 below 300 eV should 
be included. Since the effect for the assemblies studied here is expected 
to be of minor importance (perhaps with the exception of the steam density 
coefficient fov the SNEAK-3A-series)j this change together with the corres-
ponding changes in the f-factors has been postponed to the future work. 

For U238 the situation is still more complicated. As explained in chapter II 
there are some doubts as to the reliability of the absolute magnitude of 
the MOXOIT-data for U238 capture. They are lower than most of the available 
30 and 65 keV measurements. Furthermore in the region between 100 and 800 keV 
the M0XT0T set still contains the Ponitz data which are lower than the 
Barry data in this range and do not join smoothly to the Barry data used 
above 800 keV. 
In any case it seems to be quite evident that the capture cross section used 
for the SNEAK-set is too large and has to be reduced; it may be that this 
has been slightly overdone by the inclusion of the MOXON-data. Besides the 
indication from the criticality of U-fuelled assemblies this can be deduced 
by comparing the experimental results for the ratio ac U238/af U235 for 
ZPR III-1+8 and SNEAK 3A2 and the material worth ratio of U238 to U235 for 
ZPR III-IJ8 and SNEAK 3A1 with the corresponding theoretical results obtained 
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the U238 capture data will be changed slightly. Hopefully such a change 
which will be based essentially on differential data will lead to a 
slight Increase of the capture rate of U238 compared to the result with 
the M0X3?0T-set but will not be so marked as to bring about a result as 
large as that obtained with the SNEAK-set. 
In any case the change in the capture cross section corresponds to a 
change in the resonance parameters. Therefore it will be necessary in 
a further step to determine new f-factors using resonance parameters 
which are in accordance with the capture cross section of U238. 
The Influence of cross section uncertainties of the higher Pu-Isotopes 
on the criticality of the systems studied is not very pronounced. Even 
by comparing K f f for ZPR III-U8 with that for ZPR III-1*8B which has an 
inner zone with considerably larger Pu2U0-concentration one is not 
able to draw firm conclusions on the correctness of the nuclear data 
for Fu2*0 because this inner zone is still too small. This fact has also 
been observed by PITTERLE 7« One should mention, however, that the 

inclusion of the new data has brought the prediction of the material worth 
of Pu2*0 for both assemblies in agreement with measurement within the 
admittedly large range of experimental uncertainty (tables V-7 endV-9). Using 
the old ABN-data the calculated value was lower by a factor of about *. 
With our new data we attained a considerable improvement but it is obvious 
that the criticality of presently available plutonium fuelled assemblies 
does not provide a check which allows a definite conclusion on the correct-
ness of the unclear data for the higher Pu-isotopes. For this purpose 
more specific precise experiments have to be performed. The measurements 
of OOSTERKAMP reported in /~*0 7 (see also /~U8 7) can be considered 
as an example of this sort of experiments. 
In our opinion the correctness of the data for the inelastic scattering 
cannot be judged definitely on the basis of the presently available 
information. Criticality of the assemblies studied in this work provides 
no sufficient information. Other experimental information e.g. reaction 
rates of materials with a fission threshold cannot be considered very 
reliable because the chamber measurements cannot be compared easily with 
calculations which are mostly done for homogeneous mixtures. Furthermore 
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the foil measurements for the 11235 fission rate traverse within a cell 
cannot he well predicted "by the heterogeneity code ZERA.; it nay be that 
this disagreement is not caused by the nuclear data used in the group 
sets, but Is due to reasons inherent to the code itself* Since the 
heterogeneous U235 fission rate has to be used for the determination 
of the fission rate ratio of U238 to U235 the theoretical result Is some-
what doubtful. A thorough examination of the ZERA-code would be help-
ful in this respect. 
Further detailed investigations of the neutron energy spectrum might help 
to check the correctness of the nuclear data for inelastic scattering. 

In conclusion it is expected that by the future changes end improvements 
mentioned before the uncertainty region for the criticality prediction 
which is now ±2% can be narrowed hopefully to ±T%, 
Certain improvements in the calculational methods are indicated e.g. the 
anisotropy of the elastic slowing down of hydrogen should be taken into 
account in the S^-calculations and the influence of an appropriate 
weighting spectrum on the removal group constants should be considered 
for SUAK UH1B and SNEAK 5C. As has been stated before a reinvestigation 
of the ZERA-code for heterogeneous calculations seems to be necessary. This 
will be essential for the more correct determination (1) of the criticality 
for SNEAK 5C, (b) of heterogeneous reaction rates in this assembly and e.g. 
in SNEAK 3A2, (c) of bunching experiments in SNEAK 3A1 and SNEAK 3A2, 
(d) rather probably also of the steam density coefficient for the SNEAK-
3A-series. 
For the quantities which have been studied besides the criticality the 
following items seem to be important: 

(a) For the calculation of material worth more refined codes than the 
usually used first order perturbation theory should be applied which take 
into account the effect of sample size (see e.g. /~6HJ7) or the effect 
of the heterogeneous structure of the environment (see e.g. /~U8_7» 

(B) For the calculation of central reaction rates an improved heterogeneity 
code should be available as indicated just before. 
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(y) For the calculation of reaction rate traverses especially in the 
blanket transport theory should be used. At present the agreement 
between theory and experiment can be considered fairly good when the 
M0XT0T-set and transport theory are used. Perhaps slight modifications 
of the transport or total cross section of U238 or of the structural 
materials in the energy region 200 keV - 2 MeV will help ro reduce 
the existing rather small discrepancies. 

(5) With respect to the neutron Importance more experimental information 
and perhaps more appropriate calculational methods seem to be necessary. 

The important results and conclusions of the heterogeneity- and S^-calculations 
have already been summarized at the end of the corresponding paragraphs in 
the preceding chapter V and will not be repeated here. 
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VII. APPENDIX I 

Documentation of the nev group ccastants 

1.1 Modified group cross sections 

Table AI-1 SHEAPM-set 

Group AE SNEAK 
c (I^38)(b) 

SNEAPM 

6 
7 
8 
9 

10 
11 

1*00 - 800 KeV 
2 0 0 - 1*00 

100 - 200 
1*6.5- 100 
21.5- ^6.5 
10.0- 21.5KeV 

0.13^ 
0.138 
0.190 
0.286 
0.1*71 
0.728 

0.121 

0.127 
0.161* 
0,282 
0.1*57 
0.630 

Table AI-2 SNEPMB-set 

Group AE 
a ^ H b ) c v d J 2 3 5 ^ ) 

Group AE SNEAK" SNEPMB SNEAK-' SNEPMB 
7 200 - 1*00 K« iV 1.32 1.15^ 0.227 0.199 
8 100 - 200 1.53 1.337 0.375 0.382 
9 1*6.5- 100 1,80 1.667 0.569 0.531 
10 21.5 U6.5KeV 2.22 2.150 0.79^ 0.772 

Table AI-3 PU9SCP-set 

Group AE SNEAT 
c(Pu239) 

pyoscp 
o (Pu' _ Y 

239 

SNEAK 
K b ) 
PU9SCP 

11 
12 

13 
11* 

15 

10,0 - 21.5 KeV 
1*.65 - 10.0 
2.15 - 1W65 
1.0 - 2.15 
0.1*65- 1.0 KeV 

0,1*20 

0.1*90 
0.537 
0.593 
0,61*0 

0.1*13 
0.601* 
O.9o5 
0.892 

0.81*6 

0.791 
1,20 
1.76 
2.33 
1*,70 

0.775 
1.1*80 
2.957 
3.50^ 
6.218 



- 9 5 -

Table AI-5* U?UC0R-set 

a ^ U 2 3 5 ) ^ } a-(U238)(b) af(Pu239)(b) 
Group AE SNEAK UPUC0R SNEAK UPUCfJR SNEAK UPUC0R 

1 6.5 - 10.5MeV 1.65 1.53 0.967 0.93^ 2.19 2.05 
2. 1*,0 - 6.5 1.19 1.07 0.581* 0.5l*0v 1.86 1.65 
3 2.5 - 1*.QMeV 1.28 1.17 0.572 0.572 1.97 1.82 

v(Pu239) 
Group AE 

VV-ru 
SNEAK 

t 
UPUC0R 

1 6.5 - 10.5 MeV 1*.02 U.175 
2 fe.O - 6.5 MeV 3.60 3.660 

Table AI-5 PU02RE-set (see next pages) 

Table AI-6 M0X911, M0XT0T-sets 

Grouo AE 

o (U238)(b) 
SNEAPM 

SNEAK SNEAPMB 
M0X911 
M0XT0T 

9 
10 
11 

12 

13 
1U 
15 

1*6.5 - 100 KeV 
21.5 - ^6.5 
10.0 - 21.5 
u.65- 10.0 
2.15- U.65 
1.0 - 2.15 
0.1*65- 1 .0 KeV 

0.286 
0.U71 
0.728 
1.03U 
1.237 
1.590 
3.107 

0.282 
0.1*57 
0.630 
=SNEAK 

=SNEAK 

0.2l*5 
0.1*05 
0.576 
0.790 
1.18 
1.72 
2.91 



Table AI-5 PU02RE-set 

Pu' 2*0 Pu 2*1 Pu' 2h2 

Group AE 0T(b) *f(b) 0 (b) Y °T(b) of(b) «Y(b) oT0>) o f(b) » r M <e l ( b ) 

26 0.0252 177.2 0.0327 175.* 1.72 1082,3 779.5 291.0 11.77 25.0* 0 16,21 8.83 
25 0,215-0.*65 eV 16* .6 0,0306 16*,0 0.532 925.0 561.0 3*8,3 15.17 18.52 0 10,02 8**9 
2* O.U65-1.0 eV 1637.9 0.29* 1570.2 67. *2 66.59 **.70 12,03 9.87 17.*o 0 9.50 7.90 
23 1.0 -2.15 eV 7253.9 1.25 673*.0 518.7 36.08 2*. 39 2.58 9.11 25.*0 0 19.97 5.*2 
22 2.15 -*.65 eV 22.82 0.0025 7.8* 1*.97 20*, 0 126.3 69*20 8.50 1312.* 0 1208.6 103.8 
21 *.65 -10.0 eV 11.1* 0.00107 O.676 10,*7 262.5 21*.5 37.25 10.78 11.80 0 0.606 11,20 
20 10.0 -21.5 eV *9.01 0.93* 35.77 12,31 183.9 125.6 *2,21 16,10 11.** 0 1.57 9.07 
19 21.5-*6.5 eV 1*9.9 0.506 77.*7 71.9* Q1,60 60,2* 10,53 10,8* 12.*5 0 3.90 8.1*7 
18 *6»5 -100 eV 102.50 0.726 37.96 63.81 73.20 39.27 19.89 1*,0* 90.13 0 22.95 67.18 
17 100 -215 eV *6,9* 0.**8 18.37 28,12 j 5*»51 29.10 13.66 11.7* 26.76 0 10.33 16,*3 
16 215 -*65 eV 29.88 0.0639 6,62 23.20 i *1.38 20,03 8,88 12,*8 33.60 c.00821 7.93 25.67 
15 *6(5 -1000 eV 2*. 30 0.0177 3.79 20.50 | 31.62 1*.23 5.59 11.79 26.63 0,0100 *.55 22.07 
1* 1. 0 -2.15 keV 25.65 0.155 2.*8 23.01 2*.55 9.38 3.10 12.07 21.*7 0,0100 2.81 18.62 
13 2.15 -*.65 keV 21.26 0.1*2 1.51 19.61 20,53 6.06 1.97 12.50 18,22 0,0100 1.9^ 16.27 
12 b.65 -10.0 keV 18.89 0.10* 1,02 17.77 ! 16.97 *.*7 1.50 11.01 16.09 0.0100 1 h,$o 

11 10.0 -21.5 keV 17.05 0.105 0,730 16.22 : 15.** 3.55 1.13 10.76 1*.70 0,0100 1.11 13.58 
10 21.5 -*6.5 keV 15.51 0.108 0.*9* 1*.91 1*.15 2.91 0,805 10.38 13.55 0,0100 0.758 12.78 
9 *6.5 -100.0keV 13.90 0.08*5 0,287 13.39 12.75 2,*2 0.538 9.** 12,90 0.0100 0.*8 7 12,27 
8 0.1 -0.2 MeV 11.98 0,0986 0,209 11.08 ; 11.73 2.0* 0.31* 8.77 12,06 0,0203 0.297 11.03 
7 0.2 -0.* MeV 9.8* 0,133 0,1*8 8.37 | 10,10 1.72 0,188 7.39 10,25 0.0636 0.222 8.89 
6 0. * -0.8 MeV 8.02 0.5*8 0,1*2 5.79 8,35 1.51 0,10* 5.82 7.91 0,3bk 0.199 j 6,02 
5 0.8 -1.* MeV 7.00 1 «*3 , 0.105 *.08 ! 7.2* 1.59 0,0*87 *.65 6.98 1.32 0.153 I *.*3 



Table AI-5 PU02RE-set (continued) 

Pu' 2*0 Pu 2*1 PU 2U2 

Group AE crf(b) qy(b) *el(b) oT( b) cf(b) * (b) Y qT(b) of(b) 
* 1.* - 2.5MeV 7.35 1.*8 0.0586 *.17 7.23 1.7* 0.02*5 *.63 7.3* 1.*6 
3 2.5 - *.0MeV 7.93 1.51 0.0268 *.7* 7.9* 1.5* 0,0109 5.31 7.92 1.51 
2 *.0 - 6.5MeV 7.76 1.51 0,0118 *.63 7.96 1.5* 0.0061* *«9* 7.81 1.51 
1 6.5 -10.5MeV 6.5* 1.89 0.00666 3.56 6.87 2,09 0.003*9 3.79 6.53 1.89 

cr (b) jOel(b) 

0,0666 
0.0306 
0,0130 
0.00753 

3.90 
*.72 
*,6* 
3.55 

1 
—j 
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1.2 The calculation of -the inelastic scattering matrices 

The general expression for the probability of inelastic scattering out of 
any energy group i to any group h is given by Yiftah, Qkrent and Moldauer /~91_7 
in the following form 

J ™ dE1 J i H d E o ,(E) cJ.CE) P(E+E») 
xCL 1L ,. T » 

J l H »(E)dE 
I L 

Here E is the incident neutron-energy and E* the energy of the scattered neutron. 
The indices L and H indicate the lower and higher energy-limits respectively of 
any group. $(E) represents the energy—dependent neutron flux. P{E-*E') represents 
the transition probability of the inelastically scattered neutrons. For its 
determination one has to distinguish between the range of resolved levels of 
the residual nucleus and the so-called continuum range in vhich the levels 
e>f the residual nucleus are undistinguishable. 

1.2a Enerar groups vith discrete excitation levels for inelastic scattering 

For given incident neutron energies E in group i and outgoing neutron energies E' 
in group K inelastic scattering can occur only to those excitation levels for 
which 

E' = E-E. J 
where E. is the energy of the jth level. 0 
The transition probability therefore is a 6-function which has the value one, 
if the above condition is fulfilled and zero, if not. Thus ve have 

K VA N Ei a t(E) P(E+E') = V a ,(E) P.(B*B») = I o„,(E) $(E-E'-E.) (AI-2) n j = 1 n z j = 1
 n 0 

where II is the number of excitation levels of the isotope considered. P. the J 
probability of the transition to the jth level of the residual nucleus and 
a2? the inelastic excitation cross section of the jth level, With this special n" 
form of the transition-probability the double integration in (AI-1) cen be reduced 
to a single one over the energy group K to which the scattering occurs. 
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•p 
"KH 

I J dE' (E'+E.) $(E'+E^) 

°n'i,K « ̂ ^ UI-3) 
J $(E)dE 
EiL 

with, the transformation E'+E.-KE it follows: 

I dE aEJ,(E) * ( E > ^ i L ^ i H 5 

an'i,K = * ^ 
J i H $(E)dE 
E._ iL 

By the distribution-fu-' _tion x it v e s taken into account that the incident 
neutron-energy E should be contained in a 26-group i. On the other hand it 
must be of course because of the integration over this range. 
The integration therefore has to be extended only over the interval /~E ,E 7 — u o— 
with the following definition 

f E i L • i f EKL+Ej<EiL p i H i f EKH + Eo > EiH 
E - \ and E = 1 (AI-5) 

[ EKL + Ej i f ^ j ^ i L i f W E i H 

Instead of the neutron flux the collision density in the special form of the 
SNEAK-3A spectrum was taken as weighting spectrum. Reasons for preferring the 
collision density to the neutron flux for weighting purposes are outlined in 
f h 7. The integral was solved numerically by use of the trapezoidal rale. 
The inelastic excitation cross sections were taken from the KEDAK-tape /~27 7* 

1.2b Energy groups with unresolved .excitation levels for inelastic scattering 

In the energy region, where the excitation levels of the residual nucleus are 
not experimentally resolved, the energy distribution of the inelastically 
scattered neutrons is described by an evaporation model. The transition 
probability for neutronB from energy E to energy E' by inelastic scattering 
is then given by 

P(E+E') *« NE'exp(-E,/6(E))j (E'<E) (AI-6) 
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Here 3 is a normalization constant and 8 is the so-called nuclear temperature 
of the residual nucleus, which Weifikopf derived as 

JP** rE ** M e V -.1 M r v\ 8(E) = A - p & V ? in MeV 1J ( A I - T ) 

Here again E is the energy of the incident neutron, A is the atomic mass number 
of the residual nucleus and v is an adjustable parameter. For a given value 
of E P(E-+E*) has its maximum at E'=6(E). Yiftah,Okrent and Moldauer /~91_7 
chose V=0,096 MeV^ for all nuclei. We took the v-value recommended by 
Swarebaum et al. which is v=0.16 MeV~1 for all nuclei. 
Swarcbaum et al. adjusted more recently nuclear temperatures for materials from 
Al to in the energy region between 2.5 and 7.0 MeV and found that over this 
whole region v=0.l6 gives an acceptable overall fit for the energy distribution 
of inelastically scattered neutrons. 

Inserting (AI-6) into(AI-l) the cross section for inelatic scattering from 
energy group i to energy group K is calculated from: 

P V - yu "-'j TT 
j dE' J i n dE o ,(E) <f,(E) NE*exp(-E»/e(E)) 
• p i ? " 

n*i,K E ^ (jiI-8) 

J1* *(E)dE 
lL 

Following Yiftah et al. /~91_7 and Swarcbaum et al. /~h2 7 we replaced e(E) 
by an average value for each group i. This was necessary because only a 
limited emount of computer core storage was available for our program, which 
is part of the whole MIGR0S-system and was developed originally for the IBM 707U 
computer. For the same reason we had to find a very simple expression for 8^. 
We chose 

8 i 2vA 
instead of the flux-averaged value taken by Yiftah et al. and Swarcbaum et al* 
This procedure may be justified if one considers that formula (AI-7) already 
is an approximation for 8(E). 
With the introduction of an averaged 0 the energy integrations over the groups i 
and K can be separated. The E'-integration can be carried out analytically. 
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The r e s u l t i s 

V i , K = V i ^ > < 5 ? -D-e?exp(- +i) J ' 
1 1 1 1 (AI-9) 

= CTnli N 2 (AE.+AE^ 

The normalization constant N is determined hy the requirement 

V £(AE.-*AEjN = 1 and 
K>i 1 K 

~ (AI-10) 
?*(AE.-»-AE ) 

= fc p(AE.*AEj 
K>i 1 * 

I.2c Energy groups, where the excitation levels are partly resolved and 
and partly unresolved 

For nearly all materials the energy of the last discrete excitation level lies 
within a 26-group, so that the lower part of the group has to be treated 
by the discrete level method and the upper part by the evaporation model. The 
results for each part are linked together as follows. Let AE1^ be the energy 
range of group i, where discrete excitation levels are known, and AE* the energy 
range, where the excitation levels are unresolved. Then for a group with 
both discrete and "continuous" levels the transition probability of inelastic 
scattering is calculated according to the formula 

P ( A E . + A E K ) D ^ C = d. P(AE^->AEk) + c. P U E ^ - A E ^ (AI-11) 

In (AI-11) P(AE^AEk) is the transition probability to group K of neutrons 
whose incident energy lies in the range of resolved excitation levels of the 
residual nucleus within group i,P(AEj-»-AEu.) is given by a ,. v/a where & £ n'i,K n l 
o ,. v follows from equation (AI-U). P(AE>AEV) is the corresponding quantity n l ,K. c iv 
for neutrons with energies in the range of unresolved levels of the residual 

• • 

levels of the residual nucleus within group i. P( A E ^ A E ^ and P( AE^AE^.) are 
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both normalized to S P(AE -*-AE_J=1, 
K>1 1 K 

The relative contributions of resolved and unresolved levels d^ and c^ are 
given by 

J 0 ,(E) <j.(E)dE f a .(E) $(E)dE • XI • 21 
AE* AE1 
a c d. ; c. = -

$(E)dE | 1 H <j>(E)cLE 
l L l L (Al—12) 

(AEj+AE1=AE.) d e l 

Of course (AI-6) and (AI-T) are simplified formulas. Taking the same value 
of v for all nuclei and distinguishing between them by their atomic mass 
numbers only means neglecting individual nuclear properties. The use of an 
averaged nuclear temperature instead of performing the double integration is 
another source of error. 

I.2d Transition probabilities for (n»2n) reactions 

So far we did not calculate transition probabilities for (n,2n) reactions of 
our own. In energy groups, where (n,2n) reactions occur, the inelastic transition 
probabilities of the ABN 26-group set /~20 7, W(AE.-*AE„) were used. The inelastic 

— — 1 IV 

matrix was then calculated according to 

°n'+n,2n;i,K = ^n'i+2(Jn,2ni) 

I,2e Discussion 

The scattering matrices were obtained by multiplication of the transition 
probabilities with the total 26 group-cross sections for inelastic scattering. 
Contrary to the ABN-set /~20 7 the scattering matrices have been calculated 
for scattering into all energy groups K£26; no cut because of the smallness of 
the following matrix-elements was made at any K. Our new transition probabili-
ties in general show a softer spectrum than the matrices of the ABN-set as 
well in the "continuum" as in the range of discrete levels. For the most 
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important case of tj the main reasons for this fact are the following: 
The inelastic scattering to higher levels especially to the levels between 
0.7 and 1 MeV has been underestimated in the ABH-set. Moreover we have 
taken into account a wider resolved energy range than in the ABH-set, 
In the continuum region one reason for the softer spectrum quite clearly 
is the use of the value of 0.16 for v, which results in a rather small nuclear 
temperature and therefore shifts the maximum of the energy distribution of the in-
elastically scattered neutrons to smaller energies compared to the results 
obtained with v=0.096 for example. 
ABN also applied an evaporation model in the energy range of unresolved 
excitation levels. For U they used experimental values of the nuclear 
temperature, from which a value of v=0.11 is obtained. The resulting inelastic 
scattering matrix was then still modified in the following way. Calculations 
carried out with this matrix should give the correct value for the total 
number of fissions in an infinite slab of 

u 2 3 8 . 
For nearly all other materials individual corrections were applied in the 
ABN-set. This should be kept in mind by someone whowants to compare our 
matrices to these of Abagjan et al, 
The new scattering matrices are given in table AI-7 on the following pages. 
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Table AI-T 

Inelastic scattering matrices a ,. n x a & 

Explanation of material names used in the following tables; 

AL270 = 

C^120 = 12C 

CS520 = Cr 

FE560 = Fe 

MO96O Mo 

NA230 = 23IIa 

NI590 = Ni 

0*160 = 1j>0 

PU390 = 2 ^ P u 

PUUOO = 

PUl+10 «= 2i,1Pu 9U 
PUU20 = 2£2Pu 

U2350 = 2 g u 

U2380 = 23®u 
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AL27C 

1= 1 
K: 
K: 
K: 

1 
11 
21 -

10 
20 
26 

3.19E-02 
9.04E-05 
1.98E-U 

1.28E-01 
1.97E-05 
4.30E-12 

2.07E-01 
4.28F-06 
9. 16F-13 

2.41F-01 
9.14E-07 
1.98F-13 

1.42F-01 
1.98E-07 
4.31F-14 

1 = 
K: 
K: 
K: 

2 
2 

12 
22 

-

11 
21 
26 

5.98F-02 
1.85F-05 
4.03E-12 

1.91E-01 
4.02E-06 
8.19F-13 

2.82F-01 
8.58E-07 
1.86F-13 

1.94E-01 
1.86F-07 
4.03F-14 

7.38F-0? 
4.03F-08 
9.?2F-t«i 

1 = 
K: 

3 
3 - 0 4.82E-02 2.23F-01 1.19F-01 1.15F-01 2 • 80F-02 

1 = 
K: 

4 
4 - 9 1.79E-02 1.49E-01 1.17F-01 5414F-03 1.83F-04 

1 = 
K: 

5 
5 - 10 0.0 1.51F-02 5.17F-02 2.31E-02 B.16F-03 

CR520 

1 = 
K! 
k: 
k: 

1 
I 

11 
21 

- 10 
20 
26 

9.03E-03 
2.39E-04 
5.25E-11 

7.93F-02 
5.21E-05 
1.14F-U 

2.16E-01 
1.13E-05 
2.43E-12 

3.62C-01 
2.42E-06 
5.25F-13 

2.71F-01 
"5.2'5E-07 
1.14E-13 

1 = 
K: 
K: 
K: 

2 
2 

12 
22 

- 11 
21 
26 

4.10E-02 
8.57F-05 
1.88E-11 

1.681-01 
J.67E-05 
4.00E-12 

3.78F-01 
3.99F-06 
8.66E-13 

3.43F-01 
8.65E-07 
1.88E-13 

2.3BF-01 
1.08E-O7 
3.76F-14 

t = 
K ! 
K: 
Ks 

3 
3 

13 
23 

- 12 
22 
26 

4.01E-02 
8.68F-06 
1.86E-12 

3.57E-01 
1.B6F-06 
4.03E-13 

3.91F-01 
4.02E-07 
8.76E-14 

1.30F-01 
8.73F-08 
2.27F-14 

5.95F-02 
1.86E-08 

1 = 
K: 
K: 
K! 

A 
A 

14 
24 

-

13 
23 
26 

2.56E-02 
1.83E-05 
4.26E-12 

2.04E-0I 
3.97E-06 
6.09E-13 

2.40F-01 
8.62E-07 
2.03E-13 

9.42F-02 
1.84E-07 

3.70F-02 
3.97E-08 

1= 
K: 

5 
5 - 11 7.19E-04 2.56F-02 2.98F-02 1.06F-02 4.24F-03 

1 = 
K: 

6 
6 11 0.0 1.07E-03 3.03F-03 I•53F-03 6.51F-04 

7.ei6F-0? 2.VJP-02 1 ,«7 r -m . 1W-O'. 
ofl P.tRF-1Q l,0(?r-00 0.1 »5rr-t 1 

R.62F-15 

?.*2e-12 6.1AF-H 1.7-JC-01 1, QT-V» Tr.n* 
s.sor-og i.Rf.F-nn 4.03r-in h.^^p-ii t . pa<--11 

2.A3F-04 

1.2PF-05 

2.7fiP-04 

1.67F-01 
l . l4F-f»t 
2.02F-14 

5.79F-P? 
2.43F-0P 

1.70K-0? 
?5F-r>t> l.Hr-to t ,PF-n 

fl.PSF-OZ 
A.OOF-Ofl 

2.71F-0? 
1. PflF-9" t 

2.3^-02 
4.02E-0O 

•j.&9F-03 
fl.73F-in 

a. 1,fl|r„n« 

1.54c-n? 
8.62F-09 5.14F-03 

1.84F-19 
1.70F-03 
/..PPF-10 fl.4°F-t1 I.73F-I1 

ft.ft 3*-04 l . t lF -O' ; 
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C 120 
1= I 
K: 1 - 6 
1= 2 K: 2 - 7 

P0960 
1= 1 
K: 1 - 10 
K: 11 - 20 
K: 21 - 26 
1 = 2 
K: 2 - 11 K: 12 - 21 
K: 22 - 26 
1 = 3 
K: 3 - 12 K: 13 - 22 
K: 23 - 26 
1 = A 
K: A - 13 
K: 1A - 23 
K: 24 - 26 
1= 5 
K: 5 - 1A 
K: 15 - 2A 
K: 25 — 26 
1 = 6 K: 6 - 15 
K: 16 - 25 
K: 26 - 26 
1 = 7 
K: 7 - 14 

0.0 5.20E-02 1.55E-01 8.65F-02 2.4RF-04 1.24F-05 

0.0 0.0 3.86E-02 2.00F-02 5.50F-03 *».26e-l<; 

1.60E-03 
6.82E-04 
1.51E-10 

3.73F-02 
1.49E-04 
3.28E-11 

1.92F-01 
3.26F-05 
6.99E-12 

5.10E-01 
6.97F-06 
I.51F-IZ 

5.1fiC-01 
1.51E-06 
3.27E-M 

3.8?F-ni 
3.2RF-97 
7.59E-14 

1.AAF-01 
6,OPE-O" A. i 

1. 61 r-<ip n n c - n 

1.27E-02 
2.33E-04 
5.13E-11 

1.1 IE—01 
5.10E-05 
1.09E-11 

4. 35F-01 
1.09E-05 
2.37E-12 

5.66F-01 
2.36F-06 
5.13E-13 

4.91F-01 
5.13E-07 
1.27F-13 

2.10r-nl 
1.09F-07 

f..8PF-0? 
2.3f>e-np 

?.nyr-r\1 /..P ?r_rn t, 

4.53E-02 
8.37E-05 
1.80E-I1 

3.05E-01 
1.79E-05 
3.89E-12 

5.63E-01 
3.88F-06 
8.4AE-13 

6.10F-01 
8.43E-07 
2.17E-13 

2.99E-01 
1.80F-07 

l.osc-ni 
3.R9F-08 

3.28F-"? 7.7or-r\t, 
l.flor-rio 

1,pjr.ru 
t4A4=-1 1 

6.63E-02 
9.3AE-06 
2.06E-12 

5.63F-01 
2.02E-06 
4.10E-13 

7.13E-01 
4.39F-07 
I.IIF-13 

2.22F-01 
9.37E-08 

6.21E-02 
2.03F-08 4.A0F-T9 

4.07F-03 
o.37r-in 

Q.riAC-rA i , o o f _ r t 
2.P3F"l"> A.1PF-11 

t, .It,t:-PS 

5.53E-02 
8.46E-08 
1.65E-14 

3.37F-01 
1.84E-08 
4.63E-15 

2.73F-01 
3.92E-09 

6.91F-02 
8.4HF-10 

1.31F-02 
1.8AE-I0 

2, tt»c-n3 
3.92F-11 B.40F-1? 

^oi'.ni 

6.AAF-02 
3.16E-08 
8.20E-15 

7.10F-02 
6.73E-09 

I.17F-02 
I.A6F-09 

7.23F-03 
3. 16F-10 

A.66F-1A 
6.7AF-U 

1 .«in=-04 
1.4C.F-H 3.16«=-1? 

7 , 1 IC.n A . 7fl*-l7 1 . Asr.r-' 

0.0 2.66F-02 9.9AF-03 2.6AF-03 6.59E-04 l.2«5e-04 l.nnc-r? 



FE560 
1 = 1 K: 1 - 10 8.00E-03 7.77F-02 2.25E-01 3.97F-01 
K: 11 - 20 2.81E-04 6.14E-05 1.34E-05 2.B6E-06 
K: 21 — 26 6.19E-11 1.34E-11 2.86E-12 6.20E-13 
r= 2 K: 2 - 11 3.1 IF-02 2.67E-01 3.79E-01 4. IAE-01 
K: 12 - 21 3.47E-05 7.56E-06 1.62E-06 3.50E-07 
K: 22 - 26 7.60E-12 1.62E-12 3.50E-13 7.56E-14 
1= 3 K: 3 - 12 1.26E-01 5.44E-01 I.11E-01 1.29F-01 
K: 13 - 22 5.25E-06 1.12E-06 2.43E-07 5.27E-0B 
K: 23 — 26 U06E-12 2.60E-13 3.72E-14 1.24E-14 
1 = 4 KS 4 — 10 1.43E-01 3.53E-01 1.94E-01 1.02F-02 
1 = 5 
Kr 5 11 0.0 5.86F-02 1.24E-01 8.79F-02 

NA230 
1 = 1 K: I - 10 4.56E-02 1.56F-01 2.26F-01 2.45E-01 
K: 11 - 20 8.22E-05 1.79E-05 3.89E-06 8•30F-07 
K: 21 — 26 1.80E-11 3.90E-12 8.31E-13 1.80E-13 
1 = 2 K: 2 - 11 1.01E-01 1.96E-01 2.59E-01 1.66E-01 
K: 12 - 21 2.5BE-05 5.61E-06 1.20E-06 2.59E-07 
K: 22 — 26 5.62E-12 1.20E-12 2.60E-13 5.62E-14 
1 = 3 
K: 3 - 9 1.75E-01 2.38E-01 7.59E-02 9.30E-02 
1= 4 K: 4 - 9 3.3 IE—01 2.42F-01 8.04F-04 6.46F-03 
1 = 5 
K: 5 — 7 8.11E-02 3.48E-01 4.12E-02 
1= 6 K: 6 - 11 0.0 1.05E-01 3.04F-02 5.55F-03 
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3.07F-0I 
6.19E-07 
1.35E-13 

1.93F-01 
1.34F-07 
2.B7F-I4 

A.75E-C? 
2.86F-08 

2. nt)r--c? 
bn19F-09 1.34P-0O 1 , ?or_f>T 

2.02E-01 
7.60E-08 
1.72E-14 

4.83P-02 
1.62E-08 

1.23F-0? 3.50F-0" 
3.23F-03 
7.60F-in 7,2lt>F-'H 

J • 6?F-J.0 
1 , 
.̂SOF-tl 

7.11E-02 
1.12E-08 

2.50F-02 
2.43E-09 

5.33E-03 
5.27F-JO 6.4*P-04 1. inc-->4 

2.4AF-I1 
?.4ie-n<i 
I oc-l ? 

2.54F-03 6.29E-04 3.35P-05 

2.89F-02 1.74F-02 1.52F-03 

1.38E-01 
1.80E-07 
3.95E—14 

7.12F-02 
3.90E-1B 
9.19E-16 

2.21E-02 
8.31E-09 

6.17F-n3 
1.BnF-0" 

1 3. 

9.30F-0? 
5.62E-0B 
1.41E-14 

3.03F-02 
1.20E-0R 

8.67P-03 
2.59F-09 

?.43F-m 
•;.62E-tn l. 2̂ >r-1« 

1*1RC-H* 

3.94F-02 8.39P-03 6.72F-05 

2.75E-03 1.23P-04 

7.18E-04 7.82F-06 



NI 590 
1= 1 
K: 1 - 10 4.92E-03 5.13E-02 1.56E-01 2.85E-01 
K: 11 - 20 2.12E-04 4.64E-05 1.01E-05 2.16F-06 
Ks 21 - 26 4.68E-11 1.02E-11 2. 16E-12 4.68E-13 
1= 2 
K: 2 - 11 2.78E-02 1.30F-01 3.24E-01 3.13E-01 
Ks 12 - 21 8.54E-05 1.86E-05 3.9BE-06 8.62E-07 
Ks 22 - 26 1.87E-11 3.99E-12 8.62E-13 1.87E-13 
1= 3 
K: 3 - 12 1.35F-02 4.47E-01 3.33E-01 1.33F-01 
Ks 13 - 22 6-05E-0B 1.29E-08 2.80E-09 6.08E-10 
Ks 23 — 26 1.30E-14 2.80E-15 6.08E-16 1.56E-16 
1= 4 
KS 4 - 13 0.0 1.16F-01 1.77F-01 8.50E-02 
K: 14 - 23 2.86E-06 6.19E-07 1.34E-07 2.866-Ofl 
Ks 24 - 26 6.63E-13 9.46E-14 3.16F-14 
1= 5 
KS 5 11 0.0 0.0 0.0 0. 0 

0 160 
1= 1 
KS 1 - 6 0.0 0.0 *.40E-02 6.66F-02 

108 -

2.25F-01 1.43F-01 5.06*-02 1 . 50F-0? 0,7A*-"'. 
4.68E-07 1.026-07 2.16F-HP A.ftHF-OO 1 .mr-nq 
1.02E-13 7.44E-14 

2.26F-01 B.61F-02 2.66F-02 7.76F-03 T.nie_<v, 
1.876-07 3.99F-0R 8.63F-*° 1.R7P-09 i.nof.m 
4.24E-14 

5.33E-02 1.45C-02 2. 79F-H 2,n«;c-n«; ?.77e_*7 
1.30E-10 2.B0E-11 6.0AE-12 

3.31F-02 8.57F-03 1.30F-P? ft.l'if-^'j 1 . 
6.19E-09 1.34F-00 2.P6E-n 6.23F-11 1.3?P-t1 R-1? 

3.97E-04 1.95c-04 1.03F-0«i 

3.91F-02 1.45F-02 
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PU390 
1= 1 
K: 1 
1= 2 

- 10 0.0 0.0 7.26F-02 2.72F-01 4.72E-01 "5.P1F-01 3.27r-.il 1.27F-01 S A f - u l.pjr-ni 

K: 2 - 11 
K: 12 - 21 K: 22 — 26 
1 = 3 
K: 3 - 12 K: 13 - 22 
K: 23 - 26 
1 = 4 K: 4 - 13 
KJ 14 - 23 
K: 24 — 26 
1 = 5 K: 5 - 14 
K: 15 - 24 K: 25 — 26 
1 = 6 
K: 6 - 15 
K: 16 - 25 
K: 26 — 26 
1= 7 
K: 7 - lb 
K: 17 — 26 
1= 8 K: 8 — 17 
K: 18 — 26 
1 = 9 K: 9 - 18 K: 19 - 26 
1= 10 
K: 10 - 11 
1 = 11 
K: 11 - 14 
1= 12 
K: 12 - 21 
K: 22 - 26 

2.95F-04 1.26F-02 1.59F-01 4.34F-01 6.0BF-01 3.49P-M I.34F-01 j.^r.r-, 
5.27E-04 1.16E-04 2.4BF-05 "5.37F-06 1.17F-06 2.4QP-07 5.3RF-OP I.^P-OR ^pr-ti 
1.17E-10 2.49E-11 5.38E—12 1.17E-12 3.05F-13 

2.22E-03 6.43E-02 2.92F-01 5.73F-01 4.055-01 1.73P-01 5.9ftF-"2 1.4QF-V i./.fr-M 
1.67E-04 3.58E-05 7.78F-06 1.69F-06 3.60F-07 7.P0E-0P l.f.°P-0P 3.61^-1" •'.POe-m i.fjr.p 
3.61E-11 7.80E-12 1.69E-12 4.57F-13 

1.36E-02 1.18F-01 3.61F-01 3.35F-01 1.65^-01 6.15---02 l.fcOP-nj P,inr--u ],p«r_iA 
3.98E-05 8.65F-06 1.88E-06 4.01E-07 8.f«>F-0fl 1.88F-0« 4,0tE-"° n.fiBF-10 t,ppp_t>» 
8.68E-12 1.81E-12 5.04E-13 

3.57E-02 2.16F-01 3.04F-01 1.88F-01 7.91F-0? 7.20P-O7 «i.26F-03 l.'ne-'M 
1.25E-05 2.73E-06 5.81E-07 1.26F-07 2.73F-08 5.B2P-09 P.^-l" 1,?6'-t1 
2.73E-12 6.61E-13 
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K: 15 — 24 3 . 5 9 E - 0 6 7 . 7 9 E - 0 7 1 . 6 6 E - 0 7 3 . 6 0 E - 0 8 
K: 25 - 26 6 . 2 9 E - 1 3 1 . 9 0 F - 1 3 

[ = 6 
K: 6 - 15 1 .34E 00 3 . 8 3 E - 0 1 2 . 3 2 E - 0 2 1 . 5 9 F - 0 2 
K: 16 - 25 6 . 8 5 E - 0 7 1 .46E-07 3 . 1 6 E - 0 8 6 . 8 6 E - 0 9 
K: 26 - 26 1 . 7 8 E - 1 3 

1 = 7 
K: 7 - 16 8 . 1 1 E - 0 1 3 . 8 4 F - 0 1 2 . 9 5 F - 0 2 1 . 1 4 F - 0 3 
K: 17 - 26 2 . 5 1 E - 0 8 5 . 4 2 E - 0 9 I . 1 8 E - 0 9 2 . 5 1 E - 1 0 

1 = 8 
K: 8 - 17 4 . 6 6 E - 0 1 3 . 6 8 F - 0 1 8 . 0 6 6 - 0 3 1 . 8 3 F - 0 3 
K: 18 — 26 4 . 2 0 E - 0 8 9 . 1 1 F - 0 9 1 . 9 4 E - 0 9 4 . P 0 E - 1 0 

1 = 9 
K: 9 — 14 6 . 2 3 F - 0 2 1 .36E-01 3 .A3E-02 R.P0F-03 

1 = 10 
K: 10 - 17 0 . 0 0 . 0 0 . 0 0 . 0 
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6 . 9 2 F - 0 1 7 . 9 P e - f l t 4 . 5 P ' " - n i l . i n r - m M " . 1 * ? 

8 . 9 5 F - 0 1 5 . l 4 c - 0 1 I . 9 6 P - 0 ! * , . - > f < r - o ? I 1 , < n r . n i 

1 . 7 1 F - 0 6 l . A ' S F - O ? 7 , f i 9 F - n R 1 . 7 1 F - 0 R t , n o r - ) o 
4 . 5 0 F - 1 3 

b.bhP.-Q 1 2.A4F-01 Q.7flF-02 P.AHr-o? ^ ^ r - M 1 .7«Sr-0"» 
5 . 9 1 E - 0 7 1 . 2 8 E - 0 7 2 . 7 P F - 1 R ^ . ^ J C - N O ( . I H P - I O ? , 7 < J R _ | I 

2 . 0 7 F - 0 1 • 5 . P 9 P - 0 2 l . 4 r > F - f l 2 3 . l 7 r - m 7 . P T F - 1 4 1 . C A e - " / , 
T.27E-08 1 . 5 P F - 0 8 3 . 3 6 C - 0 9 7 , ? f l F - | n l , ? 7 r - t o 

6 . 3 6 F - 0 2 U 2 3 C - 0 7 2 . 6 ' 5 F - m * , 3 P , r - 0 4 l . O i r t , r / , r _ < > n 
7 . fl0F-09 1 . 6 6 F - 0 9 3 . 6 J F - 1 0 7 , - n f - j ) l » ' V r - | ? 

5 .72E-03 1 .35P-03 3 . I O F - 04 A. ft! 1. ! Ap-^/ 
1.46F-09 3.16F-10 6 .BftF-n l , '> f . c - i t 1 ? 6 . 7 > , r _ n 

2 . 4 R F - 0 4 5 . 2 6 F - 0 5 l . l 6 F - n « ; p,/.oc«.r.f. « , . i i c _ o 7 I . 1 P r - t 7 
5 . 4 3 E - U I . P F - 1 1 2 . 5 1 E - 1 ? 3 , 1 « i F - t 4 

4 . 0 3 E - 0 4 P . 9 3 F - 0 5 1 . 0 P F - P 5 / . . I n r - I A r j . r t o r - T V 1 , 9 / . r - n 7 
9 . 1 1 E - l I 1 . 9 4 < = - 1 1 4 . 2 7 F - 1 ? R . 9 7 F - n 

1 . 5 4 F - 0 3 7 . 5 7 F - P 5 

1 . 4 4 E - 0 4 4 . 3 3 F - 0 6 S . T I F - O f , 
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VIII. APPENDIX II 

Documentation of the assembly characteristics used in the calculations 
end of the integral data used for the comparison between theory and 
experiment 

It seems necessary or at least very useful to have a fairly complex documentation 
of the data used as input data in this work. Such a documentation provides the 
necessary information on the basis of our work, helps in comparing our results 
with those of similar studies, eases a continuation of this work by ourselves 
or other people and serves as a sufficiently detailed basis to which to refer 
in further studies. Most of the information is provided as tables of a fixed 
forme, The abbreviations and symbols used in these tables are explained in 
table .AII-1, 

SUAK U1B 

The data for the material and geometric composition have been taken from/~59 7 
mm « 

Other data from the same reference are: 
k „ = 0.86±0.01 ell 
Ak^et % 0 (heterogeneity correction negligible) 

The fundamental mode buckling has been determined such as to give agreement 
for kgjf with the one-dimensional calculations. The bucklings used in the 
one-dimensional calculations have been obtained in an analogous manner by an 
iteration procedure. 
The assembly is symmetric in X and Y-direction. The first data for the one-
dimensional SLAB-geometry refer to this X- respectively Y-direction, The 
second data for the one-dimensional SLAB-geometry refer to the Z-direction 
(vertical direction). The radius of the equivalent sphere has been determined 
such as to give the same kef>f as that obtained by the other one-dimensional 
calculations» 
The REMO-correction and the SmT-correction have been determined during this a 
study to be -0,0001 and +0,031 respectively. The S^ -correction has been 
obtained by adding up the individual S^-corrections for the three directions 
of the cube. All correction calculations mentioned here have been done using 
the SNEAK-set, 
No reflector has been assumed in the spherical calculations because in reality 



* of the 6 sides of the cube are unreflected. 
The calculations mentioned have been done in diffusion approximation vith 
the exception of the Sw-calculations• 

SUAK UH1B 

The data for the material and geometric composition have been taken from /~59 7 
Ohter data from the same reference are: 

keff = °»9*5±0.01 
^ 0 (heterogeneity correction negligible) 

2&aniso = +0.007 (correction for the anisotropic downscattering of 
hydrogen) 

The fundamental mode buckling has been determined such as to give agreement 
for k^j. vith the one-dimensional calculations. The bucklings used in the 
one-dimensional calculations have been obtained in the analogous manner by 
an iteration procedure. 
The assembly is symmetric in X- and Y-direction. The first data for the 
one-dimensional SLAB-geametry refer to this X- respectively Y-direction. 
The second data for the one-dimensional SLAB-geometry refer to the Z-direction 
(vertical direction), The radius of the equivalent sphere has been determined 
such as to give the same as that obtained by the other one-dimensional 
calculations• 
The REMO-correction and the S^-correction have been determined during this 
study to be +0.0003 and +0,030 respectively. The S^-correction has been ob-
tained by adding up the individual S^-corrections of the three directions of 
the cube. All calculations mentioned here have been done using the SNEAK-set, 
No reflector has been assumed in the spherical calculations because in reality 
* of the 6 sides of the cube are unreflected. 
The calculations mentioned have been done in diffusion approximation vith the 
exception of the S^-calculations. 

ZPR III-10 

The data for the material composition have been taken from /~75 7. The data 
for the geometric configuration have been taken from /~76_7. They are in 
rather good agreement vith those given in f l l j . The Sjj-correction of +0.013 
has also been taken from /*"75 7. It is in very good agreement vith that calculated 

••> mm 

by ourselves of +0.0127. The heterogeneity correction of +0.0105 has been de-
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termined from the corresponding data given in table II of /~7T 7. 
The REMO-c orre ct ion has been calculated by ourselves to be -0.0008. 
The fundamental mode "buckling has been determined such as to give agreement 
for with the one-dimensional calculations. The bucklings used in the 
cae-dimensional calculations have been obtained in an analogous manner by 
an Iteration procedure. The radius of the equivalent sphere has been de-
termined such as to give the same k __ as that of the other one-dimensional erf 
calculations leading to a shape factor of 0.929?. The thickness of the 
blanket of 37 cm for the spherical calculations has been chosen as a guessed 
average of the real axial and radial blanket thicknesses. Except for the 
S -calculations all calculations mentioned here have been done in diffusion H 

approximation using the SBEAK-set. 

ZPR-III-25 

The data for the material composition have been taken from /~75 7. The data 
for the geometric configuration have been taken from /~78 7. They are in rather 
good agreement with those given in /*~77_7. The SN-correction of +0,002 has been 
taken also from /"T5_7» It is in very good agreement with that calculated by 
ourselves of +0.0023. 
The heterogeneity correction of +0.0085 has been determined from the corresponding 
data given in table II of /~77 7. The REMO-correct ion has been calculated 
by ourselves to be -0.0013, 
The fundamental mode buckling has been determined such as to give agreement for 
k e f f with the one-dimensional calculations. The bucklings used in the one-
dimensional calculations have been obtained in an analogous manner by an 
iteration procedure. The radius of the equivalent sphere has been determined 
such as to give the same as that of the other one-dimensional calculations 
leading to a shape factor of 0,92166. The thickness of the blanket of 37 cm for 
the spherical calculations has been chosen as a guessed weighted average of the 
real axial and radial blanket thicknesses. 
Except for the S^-calculations all calculations mentioned here have been done 
in diffusion approximation using the SNEAK-set, 
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ZPR III-*8 

The data for the material and geometric composition of the assembly have essential-
ly been taken from /"*T*_7, Vol. I, pp. 95-96. Other information is available from 
J"l9 7 and /~80 7. The mixture number * of table AII-6 is used for the blanket 
•a mm, «• 

in the spherical calculation. Its composition has also been taken from /~7* 7 
andj as explained there; represents a weighted average of the exial and radial 
blanket compositions. 
The fundamental mode buckling has been determined such as to give agreement for 
ke££ vith the one-dimensional calculations. The bucklings used in the one-
dimensional calculations have been obtained in an analogous manner by an iteration 
procedure. Tire radius of the equivalent sphere has been determined such as to 
give the same k e f f as that of the other one-dimensional calculations leading to 
a shape factor of 0.933*56. Our value of *5»213 cm compares favourably veil vith 
that cf ^5*15 2ffl given in /~7* 7« In agreement vith /~7* 7 we have chosen the 
thickness of the spherical blanket to be equal to that of the radial blanket. 
In /~7*_7 a S^-correction of +0.0053 is reported. This represents the difference 
in k e ^ for spherical diffusion theory and S^ transport theory calculations. In 
our own calculations ve found for the same case a value of +0.0065 

and a value of +0.0076 by adding up the Sjj-corrections for the axial and 
radial directions, vhich shovs a 15? increase compared to the correction for the 
spherical case. The finally applied value of +0.006 is based on the value 0.0053 
but takes into account the increase just mentioned before. The heterogeneity 
correction of +0,01* has been taken from /~7* 7» It is in between other published 
values for the same assembly of <0.013 by Edison /~8l 7 and +0.016 by Broomfield. 
The REMO-correction of +0.00*6 has been calculated by ourselves. All our cal-
culations referred to here have been done using the SNEAK-set. Except for the 
SN-calculations the diffusion approximation has been applied. 
The experimental results for the central reaction rate ratios and for the material 
worths relative to that of U235 have been taken from /~7* 7. Almost all of these 

mm mm 

values are also given in /~79-7« It is known that there exists a general diffi-
culty in calculating the absolute vorth of materials correctly even for such 
important reactor materials as U235 or Pu239. Furthermore there is a discrepancy 
in the conversion factor from inhours to Ak/k for ZPR III-U8: 1002 inhours - IJtAk/k 
is published in /~79J and 9*2 inhours & 1#Ak/k is used in /*7*_7. If'one assumes 
that the reson for the present difficulties in calculating the correct absolute 
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material vorth, as is presently supposed, is due to a normalisation effect, for 
example in one may avoid these difficulaties hy comparing the theoretical 
and experimental data for the material worths relative to the material worth of 
U235> This has "been done in the present work. 

ZPR III-U8B 

The assembly ZPR III-U8B is very similar to SPR III-U8, The only difference, 
apart from a small change in core radius, is the central plutonium zone. The 
plutonium isotopic mixture of this zone contains a larger amount of higher 
plutoniua isotopes, especially of Pu2Uo. The composition of this inner zone 
has "been taken from /~83 7. The data for the real core geometry are those re-
ported in r 7 . The core radii for the equivalent spherical model have "been 
derived hy ourselves applying a shape factor of 0,933^56 vhich we derived for 
the similar assembly ZPR III-U8, The equivalent spherical core radius of U5.70U5 
is in good agreement with the value of U5 ,67 published in 7. The thickness 
of the spherical blanket has been chosen to be 30,0 cm, the same as that for 
ZPR III-U8, in close agreement with the actual reactor axial and radial blanket 
thicknesses. 
The S^— and heterogeneity-corrections have been taken the same as the corres-
ponding values for ZPR III-U8, The REIIO-correction of +O.OOU7 has been calculated 
for the spherical model of the assembly by ourselves. As usually the SNEAK-set 
and diffusion approximation have been used for this calculation. 
The central fission ratios are taken from /~83_7 p. 6 5 , the data for the central 
material worths from 57• The same arguments as for ZPR 111-^8 are adopted 
in using the material worth relative to that of U235 for the comparison between 
theory and experiment. 
A median fission energy of 223.1 keV has been obtained for ZPR III-U8B in an ana-
logous manner to that used for the determination of the values given in table 1, 

ZEBRA-6A 

The data for the material and geometric composition have been taken from 7. 
The SJJ- correct ion of +0.010 has been taken from /~75__7» It is almost the same 
as that of +0.011 reported in /~8U 7» Our own value of +0,0117 is in reasonable 
agreement with the above values, The heterogeneity correction has to be taken as 
zero since the real heterogeneous assembly has been transformed into a homogeneous 
model for the calculations using an experimentally determined correction for the 
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heterogeneity. The REMO-correction of +0,00*0 has been determined hy ourselves. 

The fundamental mode buckling has been determined such as to give agreement 
for kg^Y with the one-dimensional calculations. The bucklings used in the one-
diemensional calculations have been obtained in an analogous manner by an 
iteration process. The radius of the equivalent sphere has been determined such 
as to give the same k^^.^ as that of the other one-dimensional calculations, 
leading to a shape factor of 0.9*^6. The shape factor given in /~8* 7 is 0.935. 
We have chosen for the thickness of the spherical blanket the same value as that 
for the real radial blanket thickness, since leakage in radial direction is more 
important than in axial direction. 
The experimental values for the central reaction rate ratios have also been taken 
from /"8U_7. 
All our calculations mentioned here have been done using the SNEAK-set. Except 
for the Sjj-calculations the diffusion approximation has been applied. 

SNEAK 3A1 

The assembly SNEAK 3A1 has first been described in /~66 7» A comprehensive des-
cription of the experiments in the SNEAK-3A assemblies with the exception of 
SNEAK 3A1 has been compiled by SCHRODER /~67_7• The material compositions chosen 
for our work have been taken from this study /~67 7, since it is based on a more 
refined (compared to /"66 7) evaluation of the experiments. The C- and H-concen-
trations of the mixtures 1 and 2 have been taken from /~66 7» The blanket com-
position, mixture 3, has been the same for SNEAK 3A1 and SNEAK 3A2, Mixture U 
has also essentially been taken frcm SNEAK 3A2 except for the C- and H- concen-
tration, The H-concentration has been determined as volume-average of the H-con-
centration of the two core zones containing mixture 1 and mixture 2 respectively. 
The C-concentration then has been adjusted assuming that for polyethylene the 
hydrogen content is twice that of carbon (CHg). This way of determining the C-
concentration seems more appropriate for the calculation of the so-called steam 
density coefficient and its comparison with the experiment. Mixture * has been 
used in the fundamental mode and one-dimensional axial calculations. With respect 
to the data on geometry the height of the axial zones has been taken from /~66 7. 
The outer dimension of the assembly has also been taken from /~6f 7 since these 
data seem to be more reliable and the outer dimensions of the assembly have not 
been changed during the SNEAK-3A-experiments /~85 7» The radii of the inner and 
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outer core zone have been -taken from. /""66 7* 
The Sjj-correction of +0,003 has been taken from /~66_7« It Is in reasonable 
agreement with the value calculated by ourselves of +0,0038, The heterogeneity-
correction of +0,003 has also been taken from /~66 7. The KEMO-correction 
of -0,0006 has been calculated by ourselves • 
The fundamental mode buckling has been determined such as to give agreement 
for k e f f with the one-dimensional calculations. The bucklings used in the 
one-dimension al calculations have been obtained in an analogous manner by 
an iteration procedure. The outer core radius of the equivalent sphere 
has been determined such as to give the same k __ as that of the other e l l 
one-dimensional calculations leading to a shape factor of 0,923^7. Using this 
shape factor and the given volume of the inner core zone the radius of the 
inner core zone has been derived. This value is only of minor importance since 
both core zones have very similar compositions. We have chosen for the thick-
ness of the spherical blanket the same value as that for the real radial blanket 
thickness since leakage in radial direction is more important than that in 
axial direction. Furthermore the thicknesses of the radial and axial blanket 
are nearly equal 29.66 cm and 30.5 cm respectively. 
The SNEAK-set and diffusion approximation have been used in nil cases except 
those where other information is mentioned explicitly. 

SNEAK 3A2 

The data for the material and geometric composition have been taken from /"~67 7. 
One should mention that the composition of mixture ^ has been obtained as a 
volume-average of the compositions of mixture 1 and mixture 2 which are present 
in the inner and outer core zone respectively. Mixture U has been used in the 
fundamental mode and one-dimensional axial calculations. 
The SN-correction of +0.00U has been published in £"2-1% P» 29. It is in good 
agreement with the value of +O.OOM calculated by ourselves. The heterogeneity 
correction of +O.OOU is given in / 2_7 p. 29 for a calculation using the so-called 
H20PMB-set /"*2 7» which is a modified SNEAK-set very similar to the SNEPMB-set 
used in our present study. The same value is reported in /~57_7» p* Using 
the SNEAK-set a slightly different value of +0.003 has been obtained in /"2_7* 
The small difference of 0*001 in k, however, is not important with respect to 
the final conclusion to be drawn from the comparison between theory and experiment 
because the differences observed are most times in the order of The REMO-
correction of -0.0006 has been determined by ourselves. It is rather small but 
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has a different sign compared to the values obtained in /~2 7 for the SNEAK-
and E2QPMB-sets. A possible explanation, for this difference is the fact that 
in the present study the HEMO correction, is applied to all regions of the 
assembly including the blanket vhereas in the previous study /~2_7 the REMO-
correction has been applied to the core region only. 
The fundamental mode buckling has been determined such as to give agreement 
for kg^j. "with the one-dimensional calculations. The buck lings used in the 
one-dimension al calculations have been obtained in an analogous manner by an 
iteration procedure. The outer core radius of the equivalent sphere has been 
determined such as to give the same k ^ ^ as that of the other one-dimensional 
calculations leading to a shape factor of 0.93613. Using this shape factor 
and the given volume of the inner core zone the radius of the inner core zone 
has been derived. This value is only of minor importance since both core 
zones have very similar compositions. We have chosen for the thickness of the 
spherical blanket the same value as that for the real radial blanket thickness 
since leakage in radial direction is more important than that in axial direction. 

The SNEAK-set and diffusion approximation have been used in all cases except 
those vhere other information is mentioned explicitly. 

SNEAK 3B2 tMB 
Experiments and various calculations for the Uranium-Plutonium fuelled assembly 
SNEAK 3B2 have been described in /~68_7» Our calculations are based on the same 
data for the material and geometric composition as reported in that paper. 
For the calculation of the axial buckling ve have used an axial saving of 13.81 cm 
vhich has been obtained at an early stage of the present calculations for SNEAK 3A2. 
The final correct value of 13.29 cm is not too different from the preliminary 
value used here. The adoption of the SNEAK 3A2 saving for the assembly SNEAK 3B2 
seems to be reasonable because the core-geometry and composition are very similar. 

The S,,-correction of +0.00* is assumed to be the same as that for the similar 
SNEAK 3A2 assembly. The heterogeneity-correction of +0.003 is taken from /~68 7. 

The REMO-correction, calculated in the usual manner, is found to be +0.0008. In 
all calculations mentioned here the SNEAK-set and diffusion approximation have 
been used* 
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A median fission energy of 8l »8l keV has "been obtained for SNEAK 3B2 in an 
analogous manner to that used for the determination of the values given 
In table 1» 

SSBAK-5C 

In SNEAK assembly 5 a series of experiments vas carried out to determine k and CD T 
reaction rate ratios* The most important of these experiments is that labelled 
SNEAK-5C* The composition of its inner most zone vas chosen to render a k CO 

close to unity. The composition given in table AII-12 has been provided by 
MEISTER /~86 7. It should be considered as preliminary but it is to be expected 
that the final composition vhich vill be published in a comprehensive report 
on these experiments /"62 7 vill not differ very much from that given in table 
In this report additional detailed information especially on the driver zone 
vill be published* 
The heterogeneity-correction of +0.071 has been determined by FISCHER /~87 7 
as preliminary result. Meanwhile a somewhat smaller value of +0.068 has been 
calculated by ourselves. But it seems to us that even this value is probably 
too large. The REMO-correction of +0.016 has been calculated by ourselves using 
diffusion approximation. All calculations mentioned here have been done using 
the group constants of the SNEAK-set. 

ZPR 111-55 

The main incentive for the ZPRIII-55 experiment vas to measure the a-value of 
Pu239 by means of a k m experiment (a=oe/a^)» The composition of the k^-zone has 
been taken from 88^7• More recent information is published in /~89 7* The 
heterogeneity-correction of +0.010 has been reported by J0URDAN /~90_7. The 
REMO-correction of +0.011 has been calculated by ourselves using diffusion 
approximation. All calculations mentioned here have been done using the SNEAK-
set. 

SNEAK-serie3 

In our vork ve have included the so-called SNEAK-series vhich refers to a series 
of SNEAK assemblies namely, 3A0, 3A1, 3A2, 3A3 carried out to get information on 
the steam-density and steam-void coefficient* The assemblies SNEAK 3A1 and 
SNEAK 3A2 have been described above. SNEAK 3A0 refers to a core composition 
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-where the polyethylene foils have been removed completely so that the hydrogen 
concentration is zero; the carbon concentration is reduced by the corresponding 
amount* In SNEAK 3A3 the hydrogen concentration of the core has been doubled 
by doubling the thickness of the polyethylene foils; the carbon concentration 
is increased by the corresponding amount« The experiments have been evaluated 
in /"5T_7 by assuming that the core compositions of the different hydrogen con-
tents (and the correspondingly different carbon contents) are placed Into the 
core geometry of the assembly SNEAK 3A2. All experimental and theoretical 
results therefore are normalized relative to SNEAK 3A2, Especially the cal-
culated criticality is adjusted so that by adding or subtracting a small 
amount to the keff. of all assemblies the adjusted value for k e f f of SNEAK 3A2 
is equal to unity* 
She core geometry has been simplified for our calculations since it vould take 
too such computer time to take into account the geometry assumed for the eva-
luation of the experiments and since ve expected that fundamental mode cal-
culations vould be sufficiently accurate for a comparison of the theoretical 
and experimental results for the steam-density and steam voir®, coefficient* The 
bucklings used in the fundamental mode calculations are given in table AII-1U* 
They have been obtained in the following manner* For SNEAK 3A2 the reflector 
savings of the axial and radial blankets have been determined from the bucklings 
given in tables AII-5 and All-10 and the real core geometry also given in these 
tables * 
For the determination of the savings for SNEAK-3A0 by one-dimensional calculations 
ve placed the composition used in the fundamental mode calculations for this 
assembly into the core geometry of SNEAK 3A2, because 3A0 can be considered 
as the voided version of 3A2 (see / " 5 7 7)* The savings for SNEAK 3A3 have been 
obtained by placing the composition used in the fundamental mode calculations 
into the vhole core of the SNEAK 3A3 experiment* In the real 3A3 configuration 
this composition of high hydrogen concentration was contained only in an inner 
zone of 18*7 cm whereas the core radius was 1»2«2 cm as given in /~67_7* The 
outer core zones in the real SNEAK 3A3 experiment were the same as in SNEAK 3A2* 

The core geometry chosen for the determination of the savings is not a crucial 
point because according to our experience the savings depend more strongly on 
the core composition (and eventually on the blanket composition if it is changed) 
than on the core geometry. Furthermore the core geometry does not change drasti-
cally for the experiments 3A0, 3A1, 3A2, 3A3. The core height is the same for 
all U experiments and the radius varies between a smallest value of U2.2 cm 
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and a largest value of 51 .2 cm* 
The agreement "between our values of k „ for the U assemblies determined in the eix 
indicated manner and the corresponding values given in /~57 7 can be considered 
as a check of the adequacy- of our approximate procedure* 
The compositions U3ed in the fundamental mode calculations are derived from 
mixture h given in table All-10 for SNEAK 3A2. The concentrations of all 
isotopes or elements are taken the same in all U compositions of the fundamental 
mode calculations vith the exception of carbon and hydrogen* The carbon- and 
hydrogen concentrations used are given in table A1I-1U, 
The SN-correction for SNEAK 3A0 of ->-0,003 has been taken the same as that for 
SNEAK 3A1* The S -correction of +0.00U for SNEAK 3A3 has been taken the same N 
as that for SNEAK 3A2* The heterogeneity corrections of +0*001, +0*003, +O.OOU, 
+0*007 for the assemblies 3A0, 3A1, 3A2, 3A3 respectively have been taken from 
/"*57.7» p. 1^. The REMO-corre ct i ons of -0,0015, -0.0006, -0.0006, -0.0009 
for the U assemblies have been calculated by ourselves. For the assemblies 
SNEAK 3A0, SNEAK 3A1, and SNEAK 3A2 the spherical appropriate models have been 
applied in the one-dimensional calculations. For SNEAK 3A0 this means a radius 
of the inner core zone of 1*1 cm, a radius of the outer core zone of 1*8,56 cm 
and a blanket thickness tif 36,2 cm. 
For SNEAK 3A3 the REMO-correction has been determined for the one-dimensional 
radial geometry. The composition used in the vhole core is that taken in the 
corresponding fundamental mode calculation* 



Table AH-1 

Explanation of -the abbreviations and symbols used in -tables A I I - 2 through A I I - 1 3 

MIXTURE; The mixtures are numbered consecutively in order to refer on 
the numbers furtheron 

I-UC3StIAI»: The material means either element (In natural composition) or 
isotope. One should mention that only for U235, U238 and 
Pu239 the cross sections are taken at 300°K. For all other 
materials the cross sections are taken at 900°K or assumed 
to be independent of the temperature. 

Fundamental mode calculations 

NG: Number of energy groups 
MIXT: Number of mixtures 
HJCKo: Buckling used for the fundamental mode calculations 

One-dimensional calculations 

GEO: Kind of geometry: slab, cylinder or sphere 
NG: Humber of energy groups 
SUCKLING: Buckling used to take into account the leakage into the 

separated directions 
. . first 

BC: Boundary condition; the number refers to the left hand 
side, the second number to the right hand side. 
2 - net current = 0 , symmetric or reflective boundary condition 
3 - usual diffusion boundary condition 

V °'71 • Xtr ' *'B = 0 

where said are the flux and its gradient at the a is 
boundary and the plus sign refers to the right hand, the 
minus sign to the left hand boundary, if the axis is 
directed to the right hand side. 

NZ: Number of zones 
NP : Number of mesh points 
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ZONE IZ: 

MIX? : 

XL: 

Iltt: 
XR: 

The zones are numbered consecutively from 1-NZ to refer 
on zone number IZ in the twodimensional case 
Ifunber of the MIXTURE mentioned above vhich is present in 
zone IZ 
Left hand abscissa (radius) of zone IZ 
Ifccber of mesh intervals used in this zone 
Right hand aascissa (radius) of zone IZ 

Two-dimensional calculations 

GEO: 

NO: 
i3P: 
ROWS: 
COL: 
NZ: 
BCL: 
BCR: 
BCUP: 
BCLOW: 

1 = XY-Geometry 
Geometry 2 = RZ-Geometry 

3 = RQ-Geometry 
Number of energy groups 
Total number of mesh roints 
Number of rows 
Number of columns 
Number of zones 
Boundary condition at left hand boundary 2 = net current = 0, 
Boundary condition at right hand boundary symmetric^or^reflec-

3 = usual diffusion 
boundary condition 

SPEKTRUM FOR 
COND: 

NEW GROUP: 

Boundary condition at upper boundary 
Boundary condition at lower boundary 
Origin of the spectrum used for the condensation to few 
group constants (taken from one of the one-dimensional 
calculations) 
The new groujs are numbered consecutively 

IGUP OLD GROUPSsUpper group index of those groups which belong to the new 
group considered 

MIXT: Number of the new mixture used in the two-dimensional cal-
culations. It may be different from the original number of 
the mixtures in the line MIXTURE because two different con-
densation spectra are used for the same mixture of the line 
MIXTUHE. Since different few group cross sections arise 
from this procedure, the new mixtures characterized by MIXT 
must be distinguished from each other. 

MIXTURE: Number of the original mixture from the line MIXTURE 
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PEI-1 din.(IZ) : The spectrum, of "the zone number IS of "the one-dimensional cal-
culation indicated in SPEKTROM FOR COKQ is used for the conden-
sation of the few group constants of the special mixture (MIXT) 
considered 

ZONE: The "two-dimensional zones are numbered consecutively 
in 

MIXT: 1HX3SJ3E used the special zone considered 
RL: Left radius (or abscissa) of the zone considered 
INTO: Number of mesh intervals in the horizontal direction of the 

zone considered 
RR: Right radius (or abscissa) of the zone considered 
EUP: Upper height (or radius) of the zone considered 
I1JTV: Humber of mesh intervals in the vertical direction of the 

zone considered 
HLOVi Lower height (or radius) of the zone considered 
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Table AII-2 

CRITICAL FACILITY: SUAK U1B 

20 3 Atom-Densities (in 10 atoms/cm ) 

Mixture 
Material 

A1 
C 
"Fe 
H 
Hi 
U235 
U238 

1+2.77 

6.6 0 
01.50 
328.97 

1*38.0 600.0 

8U.o 

Fundamental Mode Calculation; HG MIXT Bucko 
26 1 197.898.10-^ cm-2 

One-Dimensional Calculations: 

GEO NG Buckling 3C NZ HP 

SLAB 26 128,097.10"^ cm"2 23 1 101 

Zone IZ MI XT XL /~cm_7 INT XR /"cm 7 a* 

1 1 0. 100 16.15 



GEO NG : OCKLING BC HZ IIP 

SLAB 
- 1 

1 3 9 . 6 0 1 •LO"JTTAI~2 3 3 1+ N 6 

Zone IZ MIXT XL /~cm_7 INT XR /"cm 7 

1 k 0.0 15 3.0 
2 3 3.0 10 6 . 5 

3 1 6 . 5 80 . 6 

b 2 * 1 . 6 1© hh.6 

GEO KG BUCKLING BC HZ HP 

SPHERE 2 6 - 2 3 1 101 

Zone IZ MIXT XL /"cm_7 INT XR /"cm_7 

1 1 0.0 100 19.363968 
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Table AIT-5 

CRITICAL FACILITY: SUAE TJK1B 

20 3 Atgm-Densit ies (in 10 atcras/can ) 

fIixture 
Material 

1 2 3 b 

Al 1+2.77 1+38.0 600,0 
C 7^.22 - - -

Fe — 5^.0 8UU.0 -

TT 
Jl i h 8 M - - -

Hi 5.2? - - -

U235 65.02 - - -

U233 262.37 - - -

Fundamental Mofle Calculation: NG MIXT Bucko 

26 1 205.333 .lo"1* crT2 

One-Dienensional Calculations: 

GEO NG BUCKLING BC N2 NP 

GLAB 26 13l+.681 >10~k cm"2 23 1 101 

ZONE IZ MIXT XL /~cm_7 INT XR /~cm_7 

1 1 0. 100 16.15 
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GEO NG BUCKLING BC ITS IIP 

FLA3 26 llil .31^-10-^ cn-2 33 u 116 

SOKE IZ !axr XL /~cm_7 INT XR /~cn_7 

1 k 0.0 15 3.0 
2 3 3.0 10 6.5 
3 1 6.5 80 39.55 
k 2 39.55 10 1+2.55 

GEO NG BUCKLING BC NZ NP 

SPHERE 26 - 23 1 101 

ZONE IZ MIXT XL /"cm_7 INT XR /~cm_7 

1 1 0.0 100 19»0R7051 
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Table A H 4 

CRITICAL FACILITY: ZFEIII-10 

20 ^ At cm-Densities (in 10 at ccis/en ) 

T-'ixture 
!!aterial 

1 2 

Cr 29.6 11.2 
Te 171.1 hh.o 

Hi 17.8 6.7 
U235 56.88 0.91 
U23r- 277.9 399.8 

Fundamental 'lode Calculation: IIG MIX? BUCKo 

26 1 8 1 . 3 7 3 c m - 2 

One-Dinensional Calculations: 

GEO KG BUCKLING BC HZ II? 

SLAB 26 57.53^ 23 3 113 

ZOEE IZ MI XT XL f e n J INT XR {"en J 

1 1 0. 20 10.0 
2 1 10.0 26 22.95 
3 2 22.95 66 55.95 
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GEO NG BUCKLING BC HZ HP 

CYL 26 23.839-10 era 23 3 129 

ZOIIE IZ MIXT XL /~cn_7 INT XR I'cmJ 

1 1 0. 20 10,0 
2 1 10.0 2b 22.11 
3 2 22.11 Bb 63.59 

GEO no BUCKLING BC HZ IIP 

SPHERE 26 - 23 3 125 

ZONE IZ MIXT XL / cm_7 INT XR / cn_7 

1 1 0. 20 10.0 
2 1 10.0 30 25.011 
3 2 25.011 7b 62.011 

Two-Dimensional Calculations: 

GEO NG IIP R OWP COL NZ BCL BCR BCUP BCLOW SPECTRUM FOR COHD 

11 1152 32 36 1-dim. SPHERE 

NEW GROUP 1 2 3 b 5 6 7 8 9. 10 11 

IGUP OLD GROUPS 2 3 1* 5 6 7 8 9 15 20 26 

MIXT I II III 
MIXTURE 1 1 2 
PFI-1 dim (IZ) 1 2 3 
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ZOI-S ?TIXT "RL /~cn_7 IJJT HR /~cc_7 HUP /"cn 7 I1PT HLOT-T /~cn_7 

1 I 0. 6 10.0 10,0 6 0. 
2 II 10.0 8 22.11 22.95 lU 0. 
3 II 0. 6 10.0 22.95 p 10.0 
1; III 22.11 21 63.59 55.95 31 0. 
5 III 0. 11; 22.11 55.95 17 22.95 
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Table AIT-5 

CRITITCAL FACILITY: Z^HIII-25 

20 3 Aton-Densities (in 10*" atons/crn ) 

Mixture 1 2 
Haterial 

1 

Cr 1U.0 11.2 
Fe 55.5 U . 0 
Hi 8.U 6.7 
U235 3U.U2 0.91 
U23B 356.0 399.8 

Fundamental Mode Calculation: 

One-Dimensional Calculations: 

IIG HIXT BUCKo 

26 1 -1} -2 31.725 '10 era 

GEO KG BUCKLING BC NZ IIP 

SLAB 26 20.981.10~'4 cn"2 23 3 137 

ZONE IZ MIXT XL / cm_7 INT XR / cm / 

1 1 0 20 10.0 
2 1 10.0 56 33.175 
3 2 38.175 60 68.675 

GEO NG BUCKLING BC NZ IIP 

CYL S6 lO^M'IO"1* cm-2 23 3 1»»5 

ZONE IZ MIXT XL / cm_/ INT XR / cm_/ 
1 1 0. 20 10.0 
2 1 10.0 6k U2.60 
3 2 U2.60 60 83.Uo 
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GEO HG "BUCKLING 3C 112 TIP 

SPHERE 26 - 23 3 lliO 

ZONE IZ HI XT XL /~cn7 HIT XR f cn_7 

1 1 0. 20 10.0 
2 1 10.0 70 ^5.753 
3 2 ^5.753 58 82.753 

Tvo—Dimensional Calculations: 

GEO NG irr> COL US BCL 3CR BCUP BCLO'-' CPEKTRUM TOR COKD 

2 11 158U 36 5 2 3 3 2 1 dim. SPHERE 

NEV GROUP 1 £ 3 U 5 6 7 P 9 10 11 

T01JT> OLT) GROUT- 2 3 It 5 6 7 8 9 11 16 26 

?!IXT I II III 

MIXTURE 1 1 2 

™I-1 din (IZ) 1 2 3 

ZONE I1IXT RL /~cm_7 INT RR /"cn_7 HUr /~en7 INT HL07 /~cn_7 

1 I 0. 5 10.0 10.0 5 0. 
2 II 10.0 17 U2.6 33.175 20 0. 
3 II 0. 5 10.0 38.175 15 10.0 
u III 1*2.6 21 83. h 60.675 35 0. 
5 III 0. 22 1*2.6 68.675 15 38.175 
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Table AII-6 

CRITICAL FACILITY; ZPRIII-1+8 

20 3 At en-Densities (in 10 atoms/cm ) 

Mixture 
Material 

1 2 3 1+ 

Al 1.0? _ _ 

C 207.67 - - -

Cr 26.81 11+.B1 11.93 12.8 
Fe 99.85 55.15 UU.l+U 1+7.7 
Ho 2.06 - - -

Ua 62.31 — -

Hi 13.30 7.29 5.87 6.3 
Pu239 16.1+5 - - -

Pu2l+0 1.06 - - -

Pu2Ul 0.11 - — -

Pu2l+2 0.001+ - — -

U235 0.16 0.82 0.83 0.83 
U238 7^.27 383.77 397.98 393.0 

Fundamental Mode Calculation: 

One-Dimensional Calculations: 

IIG MIXT BUCKo 

26 1 J+ -2 27.015 10 cm 

GEO NG BUCKLING BC NZ NP 

SLAB 26 18.132 10-^ cm-2 23 2 91 

ZONE IZ MIXT XL /~cm_7 INT XR /"cm_7 

.1 1 0. 60 38.18 
2 2 38.18 30 68.66 
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GEO KG BUCKLING BC HZ NP 

CYL 26 3.883 10-* cm - 2 23 2 91 

ZOITE IZ JIIXT XL /"cn_? INT XR /~"CN_7 

1 1 0 . 60 UL.58 

2 3 *1 .58 30 71.53 

GEO NO BUCKLING BC IJZ NP 

SPHERE 26 - 23 3 91 

S01IE IZ TIIXT XL / ~ C N _ 7 INT XR / ~ C R _ 7 

1 

2 

3 

1 

1 

U 

0 . 

10.0 
*5.213 

LU 

U6 

30 

10,0 
*5.213 
75.213 

TWODTMENSIONAL CALCULATION?: 

GEO HG HP P.OWR COL NZ BCL BCR 3 CUP BCLO'J SPEKTRIK FOR C01ID 

2 11 1296 36 36 5 2 3 3 2 1-dim. GPHERE 

MIXT 

MIXTURE 

PHI-1dim (IZ) 

II 

HEW GROUP 1 2 3 * 5 6 7 8 9 1 0 11 

IGUP OLD GROUPS 3 * 5 6 7 8 9 10 12 16 2 6 

III IV 
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ZOISE rIIXT RL /~cn_7 BR /~cn_7 HUP /~cn_7 INT ELCr-j /~cn7 

1 I 0. k 10.0 10.0 s 0. 
2 II 10.0 16 111.53 33.18 20 0. 
3 II 0. i» 10.0 38.IS 15 10.0 
h III 0. 20 In .53 68.66 15 38.18 
5 IV 1*1.58 15 71.53 68.66 35 0. 
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Table AII-T 

CRITICAL F A C I L I T Y : ZPRITI-1+3B 

2 0 3 Atcea Densities (in 10 atoms/cm) 

I fixture 
Material 

1 2 3 1* 5 

Al 1.13 1.09 _ — 

C 207.67 207.67 - - -

Cr 51.92 26.Pl ll+.8l 11.93 12.8 
Fe 102.23 99.85 55.15 1A.UU 1*7.'7 
Ho 2.06 2.06 - - -

Na 62.31 62.31 - - -

i:i 11.13 13.30 7.29 5.87 6.3 
Pu239 11.36 16. U5 - - -

Pu2h0 3.11 1.06 - - -

Pu2^1 0.59 0.11 - — -

Pu2l+2 0.07 o.ook - - -

Si 1.25 - - - -

U235 0.16 0.16 0.82 0.83 0.83 
U23S 7*+. 05 7H.27 383. 77 397.98 393.0 

GEO NC- BUCKLING BC HZ IIP 

SPHERE 26 - 23 3 86 

SOI® IZ MIXT XL F C M J INT XR /"cn_7 

1 1 0. 30 19.758 
2 2 19.75* 25 U5.701+5 
3 5 U5.70U5 30 75.701+5 



Two—Dirensionnl Calculations: 

CEO KC- IF1 COL HZ PCI. BCR BCIP r.CLnv "PIZ5CTR1ITT FOIi C011D 

2 11 1296 36 36 5 2 3 3 2 i-ain. SPFEPJ: 

IP-7-.' GP.OIP 1 0 h 5 6 T •s Q 10 11 

ic-iro old CROUP? h 5 I6. 
F, 9 10 16 26 

inxp I II III IV 

MIXTURE 1 2 3 U 

PHI— 1 din (IS 1 2 3 3 

ZONE MIXT RL /""cm 7 IHTH RR /~cn_7 HUP /"cm_7 II7TV IIL0\T /~cn_7 

1 I 0. 3 19.0 15.26 7 0. 
2 II 19.0 12 1*2.26 38.18 20 0. 
3 II 0. 8 19.0 38.18 13 15.26 
It III 0. 20 1*2.26 63 ..66 15 38.18 

5 IV 26 15 71.58 68.56 35 0. 
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TABLE ALL—O 

CRITICAL FACILITY: ZEBRA-6A 

20 *3 Atom Densities (in 10 atoms/cn) 

Mixture 
Material 

1 2 

A1 25.01* 
C 295.90 23U.10 
Cr 12.70 9.13 
Cu 8.29 -

Fe 1+2.55 32.53 
11a 1*1*. 71* -

Hi U.U3 3.18 
Pu239 13.79 -

Pu2U0 1.1+1* -

Pu2Ul 0.16 -

U235 0.1*6 1.91+ 
U23S 63.53 268.10 

Fundamental Mode Calculation: NG MIXT BUCKo 

26 1 31*.596-10^ cm-2 

One-Dimensional Calculations: 

GEO IIG BUCKLING BC HZ NP 

SLAB 26 22.178* 10-1* cm"2 23 2 101 
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ZONE IZ mxr XL /~cn7 INT XR /~cn_7 

1 1 0. 6o 30.08 
2 2 30.08 ho 60.50 

GEO NG BUCKLING BC HZ NP 

CYL 26 12.1+18« 10-1+ cn-2 23 3 lUl 

ZONE I Z MIXT XL /""cm_7 IHT XR /~cn_7 

1 1 0. 20 10.0 
n c. 1 10.0 52 36.15 
3 2 36.15 63 TO.59 

GEO NG BUCKLING BC HZ HP 

SPHERE 56 - 23 3 131 

ZOTIE IZ MIXT XL / cn 7 INT XR /~<=s_7 

1 1 0. 26 10.0 
2 1 10.0 lh 38.203 
3 2 38.203 30 72.61+3 

Tvo-Dimensional Calculations: 

GEO NG HP no COL NZ BCL BCR BCUT3 13 CLOW SPEKTRUM FOR COMD 

2 11 1152 32 36 5 2 3 3 2 1-dim. SPHERE 

NEW GROUP 1 2 3 1+ 5 6 7 8 9 10 11 

IGUP OLD GROUPS 3 1+ 5 6 7 8 9 10 12 16 26 
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MIXT I II III 

MIXTURE 1 1 2 

PEI-1 din (IZ> 1 2 3 

ZOEE MIXT EL /~cm_7 INTE RR /~cn 7 HUP /"cn_7 IMTU HL0T* /~cm_7 

1 I 0. 5 10.0 10.0 5 0. 
2 II 10.0 13 36.15 30.08 16 0. 
3 II 0. 5 10.0 30.08 11 10.0 
* III 36.15 17 70.59 60.50 31 0. 
5 III 0. 18 36.15 60.50 15 30.03 
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Table All—9 

CRITICAL FACILITY; SHEAK 3A1 

20 ^ Atom-Densities (in 10 /era ) 

Mixture 
Material 

1 2 3 h 

A1 129.10 129.36 ^ 129.211 
C 
Cr 

U. 12 
36.l47l} 

122.01*^ 

1*. 13 
36.32"' 

O.ll* 
11.953) 

li.063 
36.380 

Fe 

U. 12 
36.l47l} 

122.01*^ isfl.515^ 39.55 121.730 
II 7.1*0 7.^2 - 7.1*12 
Mr; 0.6U 0.61» - 0.6U0 
Mo 0.39 0.39 O.19 0.390 
Ni 18.5U 18.27 9.81* 18.1*21* 
0 1U5.29 1U5.67 - 11*5.510 
si 1,88 1.86 0.U6 1.870 
Ti o.Uo 0.39 - 0.39l» 
U235 20.31 20.25 1.625 20.270 
U238 81. Oh 81.21 399 U 81.1140 

Fundamental Mode Calculation: 

One-Dimensional Calculateons: 

NG MIXT BUCK 

26 u -U -2 22.010*10 cm c 

GEO NG BUCKLING BC NZ NP 

SLAB 26 -1* -2 13.5^0*10 cm 23 2 91 

1) includes 1,pU of Mn 
2) includes 1.o6 of Hn 
3) includes ft.87 of Hn 

1*) includes 0.19 of Co 
5) includes 0.18 of Co 
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20!IK I Z MITT XL f c x r j IHT XR /"CP: 7 

1 h 0 . 6o 1*0 .27 

2 3 1 * 0 . 2 7 3 0 7 0 . 7 7 

jGEO m BUCKLIUn BC i;z IP 

CYL 26 B.1*70M0-1» cm-2 23 k 121 

SOIIE IZ MI XT XL /~cm_7 INT XR /~cm_7 

1 1 0. 3 0 5 . 0 

2 1 5 . 0 3 0 3 2 . 9 

3 2 3 2 . 9 3 0 51.2 
I* 3 5 1 . 2 3 0 8 0 . 8 6 

GEO NG BUCKLUIJG BC I1Z HP 

RPIIERE 26 - 23 3 11*7 

ZONE IZ MIXT XL /~cm_7 INT XR /"cn_7 

1 
2 

3 

1 
2 

3 

0 . 

3 9 . 2 3 1 

52 .681* 

1*8 

1*8 

5 0 

3 9 . 2 3 1 

5 2 . 6 8 1 * 

82.31+LS-

Two-Dimensional Calculations: 

'GEO NG HP ROWS COL NZ BCL BCR BCUP BCLOW SPEKTRUM FOR COND 

2 11 1600 1*0 1*0 1* 2 3 3 2 1 dim - SPHERE 

NEW GROUP 1 2 3 1* 5 6 7 8 9 1 0 11 

IGUP OLD GROUPS 2 3 1* 5 6 7 8 9 11 16 2 6 
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!HXT I II III 

MIXTURE 1 2 3 

PHI-1-dim. (IZ) 1 2 3 

SOUS MIXT RL /""cm 7 IHTH RR /~cm_7 KUP /~cm_7 IIITU ELCT-7 /~cm_7 

1 I 0. 1 6 3 2 . 9 0 U 0 . 2 7 2 0 0. 
2 II 3 2 . 9 0 9 5 1 . 2 0 U 0 . 2 7 2 0 0. 
3 III 0. 2 5 5 1 . 2 0 7 0 . 7 7 19 U 0 . 2 7 

k III 5 1 . 2 0 8 0 . 8 6 7 0 . 7 7 3 9 0. 



Table AII-10 

CRITICAL FACILITY: SHEAX 3A2 

Atom-Densities (in 10 atO'ns/crT*) 

:iixture 
Material 

1 2 3 * 

Al 1 2 9 . 1 0 1 2 9 . 3 6 — 1 2 9 . 2 1 1 

C 9 . 3 2 9 . 0 A 0 . 1 * 9 . 2 1 7 

Cr 3 6 , * 7 1 ) 3 6 . 3 2 2 ^ 1 1 . 9 5 3 ^ 3 6 . 3 8 0 

Fe 1 2 2 . 0 * 1 2 1 . 3 9 . 5 5 1 2 1 . 7 3 0 

II 1 7 . 9 2 1 7 . * 5 - 1 7 . 7 1 9 

0.61) 0 . 6 * - 0 . 6 * 0 

Ni 18.5* 1 ^ . 2 7 9 . 8 * K ) 1 ^ . * 2 * 

Mo+Nb 0 . 3 9 0 . 3 9 0 .19 0 .390 

0 1 * 5 . 2 9 1 * 5 . 6 7 - 1 * 5 . 5 1 0 

Si 1 . 8 8 1 . 8 6 o . * 6 1 . 8 7 0 

Ti 0 . * 0 0 . 3 9 - 0 . 3 9 * 

U235 2 0 . 3 1 2 0 . 2 5 1 .625 2 0 . 2 7 0 

U233 8 1 . 0 * 8 1 . 2 1 3 9 9 . * 1 * B 1 . 1 U 0 

Fundamental Morie Calculations: IIG MICT BUCKo 

26 * -* -2 25.5*9* 10 cir. ̂  

One-Dimensional Calculations: 

GEO IIG BUCKLING BC HZ HP 

SLAB 26 16.9*9.10-1+ cm-2 23 2 91 

1) includes 1.9* of Mn 
2) includes 1.96 of Mn 
3) includes 0.87 of Mn 

*) includes 0,19 of Co 
5) includes 0.18 of Co 

*^The number given by R. Bohrnc and II. Seufert in KFK-811 and in 
Nuclear Applications & Technology Vol. 7, p. *9*, 1969 is in error. 
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ZONE IZ I.HXT XL /"cr._7 INT XR /"cn_7 
1 1+ 0. 6o 1*0.27 
2 3 1*0.27 30 70.IT 

GEO 1 NG 3UCKLIIIG 3C IIZ 

CYL 26 3.600* 10"^ cm-2 23 k 121 

SOKE IS MIXT XL /"cn / INT XP /"cn 7 

1 
2 
3 
U 

1 
1 
2 
3 

0. 
5.0 

33.76 
1+1+.66 

30 
30 
30 
30 

5.0 
33.76 
hh.66 

80.86 

GEO IIC 3UCKLIIIG 3C HZ HP 

SPHERE 26 23 131 

ZONE IZ MIXT XL /~cm_7 HIT XR /" cn_7 

1 1 0. 83 1*0. o9h 

2 2 I*0.o9l+ 17 1*8.315 

3 3 1*8.315 30 PU.515 

Two-Dimensional Calculations: 

GEO NG IIP I ROWS COL NZ BCL BCR BCIP BCLCT* SPEKTRUM FOP COND 

11 i6oo| Uo 1*0 1 dim- SPHERE 

NEW' GROUP 

IGUP OLD GROUP 10 11 13 

10 

15 

11 

26 
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MIXT I II III 

MIXTURE 1 2 3 

PKI-1 din (IS) 1 2 3 

ZOIE Hixr RL f a z j IHTH RR /"cn 7 KUP /~cm_7 IIITU ELOV: /~cn_7 

1 i 0. 16 33.76 1*0.27 20 0. 
2 ii 33.76 6 V».66 1+0.27 20 0. 
3 in 0. 22 U.66 70.77 19 1+0.27 
h H I 1+1*. 66 17 80.86 70.77 39 0. 
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Table All-11 

CRITICAL FACILITY: SKEAX-3B2 

20 3 At ore-Dens it ies (in 10 atoms/cn ) 

[Mixture 
Material 

1 2 3 1+ 

Al 125.6 129.66 129.1+7 _ 

C 9.T3 8.76 9.00 0.11+ 
Cr 35.951) 36.082) 36.283 ) u . 9 5 " 
Fe 119.8*5* 120.656) 121.357* 39.55 
1! 18.1+9 16.81 17.29 
M 5 1.31 0.65 0.65 -

Mo 0.388> 0.1+0 0,1+0 -

Ni 17.55 18.1+3 18.23 9.81+ 
0 122.2 1U6.28 11+5.80 -

Si 2.5^ 1.8U 1.86 0.1+6 
Ti 0.30 0.38 0.39 0.19 
U235 0.56 20.1+01+ 20.25 1.625 
U238 81.86 81.39 81.26 399.1+11+ 
Pu239 1U.76 - - -

Pu2l+0 1.33 •*> - -

Pu2*H 0.11 - - -

Pu2l+2 0.06 - -

1) includes 2.23 Mn 
2) includes 1.99 Mn 
3) includes 1.97 Mn 
It) includes 0.87 Mn 

5) includes 0.11+ Co 
6) includes 0.18 Co 
7) includes 0.19 Co 
8) includes 0.09 Nb 
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GEO UG BUCKLING BC KZ IIP 

CYL 26 8.1+6* 10""1* cm~2 23 1+ 129 

ZOIIE IZ IIIXT XL /~cm_7 IN? XR /~cn_7 

1 1 0. 60 29.910 
2 2 29.91 12 36.180 
3 3 36.18 16 V».530 
1+ h Ww53 1+0 82.120 

Two-Dinensional Calculations: 

GEO IIG IIP ROTS COL HZ BCL BCR BCUP ECLO'\T SPEKTRUM FOR COIID 

2 11 1600 1+0 UO 5 2 3 3 2 1 dir.- CYL 

1157.* GRG7P 1 2 3 h 5 6 7 8 9 10 11 

IGUP OLD C-ROUFS 3 1+ 6 7 8 9 10 11 13 15 26 

MIXT I II III IV 

MIXTURE 1 2 3 h 

PHI-1 dim (IZ) 1 2 3 k 

ZONE MIXT RL /~cm_7 INTH RR /~cm_7 HUP /~cm_7 INTU HLOW /~cm_7 

1 I 0. 1U 29.91 1+0.2 0. 
2 II 29.91 6 36.18 1+0.2 0. 
3 III 36.18 6 M+.53 1+0.02 0. 
1+ IV UU.53 13 82.12 1+0.2 0. 
5 IV 0. 1+0 82.12 70.7 1+0.2 
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iable All—12 

CRITICAL FACILITY: EHEAX-5C 

20 3 Atom Densities (in 10 atoms/cn ) 

Mixture 1 
Material 

A1 0.011*5 
C 612.1701* 
Cr 13.1268 
Fe 1*6.7931* 
Kg 0.0065 
Mo 0,1116 
Nb 0.0860 
Hi 7.5235 
0 39.1+71+7 
Pu239 1*.7656 
Pu2l*0 0.1*281 
Fu2Ul 0.0389 
Pu2k2 0.0020 
Si 0.5399 
U235 0.3307 
U238 50.5U3U 
V 1 ) 0.9165 

^ ̂  Vanadium has "been taken instead of manganese 

Fundamental Mode Calculation: NG MIXT BUCK0 

26 1 0.0 
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Table All-13 

CRITICAL FACILITY: ZPRIII-55 

20 3 Aton-Dens it i es {in 10 atoas/cx ) 

Mixture 1 
Material 

1 

A1 1.11 
C 372.© 
Cr 18.95 
Fe 61.77 
Hi 8.39 
Pu239 10.68 
Pu2li0 0.51 
Pu2Ul 0.05 
U235 0.33 
U238 152.82 

Fundamental Mode Calculation: NG MIXT BUCKo 

26 1 0.0 



Table AII-1* 

S a v i n g s and D u c k l i n g s , C a r b o n - a n d H y d r o g e n - C o n c e n t r a t i o n s u s e d i n t h e F u n d a m e n t a l Mode C a l c u l a t i o n s 

f o r S I J E A K - s e r i e s , 3 A 0 , 3 A 1 , 3 A 2 , 3A3 

A s s e m b l y S 
a x 

/~cm_7 
S r a d 
/"cr._7 

H c 
f m 7 

Rc 
/"em 7 

a x * ^ 
/"cm" r ™ j 

B f 0 
t o t 

/ " c m " 7 M M 

C - c o n c e n t r a t i o n „ 
i n 1 0 2 0 a t o m s / c m 

1 1 - c o n c e n t r a t i o n s ^ 
i n 1 0 2 0 a t o m s / c m 

3A02 1 ) | . 1 5 6 6 1 * . 6 l 6 2 R 0 . 5 * U U . 6 6 8 . 3 2 9 * 5 6 16.U61U9U 2 * . 7 9 0 9 5 0 0 , 3 6 0 , 

3A1 1 3 . 7 0 * 5 l * . 1 5 8 8 B o . 5U **.66 8 . * 6 9 5 9 3 1 6 . 7 1 8 5 3 1 2 5 . 1 8 3 1 2 * U.063 7 . * 1 2 

3A2 1 3 . 2 9 * * 1 3 . 7 5 7 3 no. 5* UU.66 8 . 5 9 9 3 0 0 1 6 . 9 * 9 1 1 9 2 5 . 5 * 8 9 1 9 9 . 2 1 7 1 7 . 7 1 9 

3A3 1 2 . 7 1 0 1 1 2 . 9 6 * 5 80.5* UU.66 8 , 7 9 0 5 0 9 1 7 . * 1 8 6 8 7 2 6 . 2 0 9 1 9 6 1 8 . 2 8 3 5 . 3 * 



^ ^ err • > t 
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Table 1: Characteristics of ^ast Critic&l A3senblios otudiod 

HUAI: 
U1B 

GUAK 
TJH1B 

Z?R-
111-10 

ZPR-
III-25 

ZPR-
III-*8 

ZEHRA 
a 

fillEAIv-
3A1 

NURAK-
3A2 

fMIKAX-
5.C 

ZPR-
111-55 

Median fission encr[^r/"keVjJ^ ̂  
Neutron lifetime l*107/""sec 7 

mm mm 

O„1236/0 U23B 
C 2 - 2 Migration area li/ cm 7 

mm 

Geometric buckling 
B 1 o+ V""cm~2 7 

2 2 H *3 
Core Volume /"liters 7 
Core fissile mass /"kg 7 

611.1 
0.286 
0.59 
*7»7 

197.9 

0.9* 
36.6 

116.* 

532.1 
1.73B 
0.36 
28.1 

205.3 

0.58 
3*.5 
07.5 

375.8 
0.515 
o.*o 
6*. 8 

81.* 

0.53 
70.5 

156.* 

365.6 
0.728 
0.25 
62.7 

31.7 

0,20 
*35.3 
58*.6 

225.0 
2.776 
0.21 
179.7 

27.0 

0.*9 
*1*.7 
273.3 

1C6.0 
2,681 
0,25 

170,0 

6 

0.59 
2*7.0 
188,6 

100,0 
2.9*2 
0,21 
1*8.2 

22,0 

0,33 
663,3 
52*, 7 

55.77 
3.725 
0,21 
126,7 

25.5 

0.32 
50* .7 
399.* 

1,20 
16,1+63 
0,07 

1**,1 

0 

0 

m 

1*3.3 
*. 187 
0,12 
97.5 

0 

0 

:\J 
cc 

1 « 
-M c M frl o < 

Total leal:age 
Total fission 
Total capture 
Capture i n U238 
Fission in U238 
Capture in U235 

Fission in U235 
Capture in Pu239 
Fission in Pu239 

0.6*5 
0,386 
0.187 
0.136 
0,081 
0,051. 

0.305 

0,*68 
0.39* 
0.276 
0.156 
0.057 
0.120 w a M M N 

0.337 

mm 

0.396 
0.389 
0,2** 
0.181 
0.073 
0.058 

0,205 
0.3^8 
0,*22 
0.378 
0.093 
0.060 

0.*15 
0.3*0 
0.29* 
0.205 

0.001 

0,*62 
0,339 
0,538 
0,15* 
0.03C 
0,002 

0,295 
0,390 
0,321 
0,20* 
0,0*3 
0,092 

0,293 
0.399 
0.329 
0,193 
0,0'»2 
0,11* 

0,3*8 
0,720 
0.500 

0,036 
0,012 

0,3M 
0,727 
0.623 
0,07)1 
0,003 

:\J 
cc 

1 « 
-M c M frl o < 

Total leal:age 
Total fission 
Total capture 
Capture i n U238 
Fission in U238 
Capture in U235 

Fission in U235 
Capture in Pu239 
Fission in Pu239 

0.6*5 
0,386 
0.187 
0.136 
0,081 
0,051. 

0.305 

0,*68 
0.39* 
0.276 
0.156 
0.057 
0.120 w a M M N 

0.337 

mm 

0.316 
•• 0.295 0.003 

0.059 
0.285 

0.008 
0.060 
0.58* 

0,355 

mm 

0,357 

mm 

0,025 
0,151 
0,281 

0,010 

0.076 
0,256 

I 
a, <j 
i 

Taken fron fundamental mode homogeneous calculations with the CIIEAK-sot 
^ ̂  Determined from one-dinensional calculations 
2) 00 

Normalized to one fission source ntutron in the reactor j vE^E) 4>(E)dE = 1 
o 
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Table 2: Influence of the Fission Spectrum 

Asse~hlTr SOAK U13 8UAS UHIFi ZPP 111-10 ZPH 111-25 SHEAK 3A1 ZEBRA 6A 

Acxual \) of the assembly 2.59 2.5k 2.5T 2.56 2.51 2.9^ 

Tlodified fission, spectrur 
corresponds to v= 
of the ABU—set 

1 
2.6 2.6 2.6 2.6 2.6 3.0 

Ak=i:(nodified fission 
spectrus) 

-1:( standard fission 
spectrun) 

-0.002 -0.001 -0.002 -0.003 -0.001 +0.001 

Change in 
0,(0238)/o,(U235) X x -1.2JS -1 .2/j -1.2£ —1 »2% -1.2JS +2JJ 

Change in 
10.5^'eV 

* 0 ) = J <>(E)dE 
6.5 MeV 

-63 -5.5J5 _cr r rf -5.52 -6£ + 11# 
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Table 3: Conparison of central naterial vorths for SIIEAZ 3A.1 calculated 
in different vays (?HEiJ~-set lias been used) 

Material 2—din.k f^roups 2—din.11 prouns Material 1—din. sphere i26> groups 1-din.sphere 26 croups 

Al 1.005 0.97^ 

E 1 0 0.915 0.959 

C 0.025 0.653 
Cr 1.071 1.035 

Fe 0.968 0.972 

E 0.098 O.68U 

Me 3.26H 1.389 

Hi 1.082 1.067 

0 0.129 O.78U 

Mo 0.93U 0.967 

Pu239 1.0>»3 1.019 

U235 1.069 1.030 

U23B 0.953 0.970 



Table V-1: of fundamental mode hono/jeneous diffusion calculations 
for the various assemblies with different sets of group contents 

Assembly GIIEAK SUEPMB CHEAP:-! PU9SCP 3CTAL0 UPUC0R PU02RE M0X911 M0XT0T 

SUAK U1E 0.8238 0.3087 0.32958 0.82953 0.32759 0,82167 0,32167 0,82)4531 0,82)466 
SUAK UII1E 0.8803 0.8782 0.88572 0.88572 0.38883 0,881*52 0,38)452 0,338290 0,89277 
ZPR III-10 0.9752 0.95986)4 0.9357° 0.93579 0.933153 0,07811 0,973110 0,98)4080 0,98141469 
ZPR 111-25 0.9700 0.95992 O.98932 0.98932 0,978621* 0,97339 0,973388 0,986780 0,987716 
Zffi III-U8 0.95*497 0.963581 0.963737 0.955207 0.9525148 0.91*88 Gh 0,951737 0,959'456 0,961<963 
ZEBRA 6A 0.9630 O.969'* 39 0.060780 0.05072)* 0.95890 0,05'ipo 0.9585)42 0,96)i)(53 0,969320 

| r3A0 0.9't3 0.93^ O.oUH O.O't't O.oM 0,914'4 O.9M4 0,9h6 0,9^2 
SNEAK- I 3A1 O.969 O.966 0.970 0.970 0.970 0,970 0,970 0,971 0,970 
Series j 3A^> 1.000 1,000 1.000 1.0 00 1,000 1,000 1,000 1,000 1,000 

( L3A3 1.036 1.03? 1.03I* 1 .031* 1.031* 1,035 1.035 1,033 1,033 
SIJEA1C 3A1 0.990161* 0.981076 1.0001*23 1 ,0001*23 0,9996514 0,996736 0.99(5736 1,00605'4 1,0125147 
SNEAK 3A2 0.932753 0.976798 0.99139!* 0,99139^ 0,091260 0,98314148 0.96PM 8 0,995857 1 003036 
SHEAK 5C 0.937010 0.9'+5313 0.9)45666 0.930793 0,928678 0,926926 0,930885 0,938632 0,9529149 
ZPR 111-55 0.935316 0.9536H5 0.95̂ 081+ 0,9U3162 0,93001 0,926)46 0,9281)43 0,9'4)4763 0.961705 

^ All values of the SIIEAX-series normalized so as to rive k ^.JniJL'AK 3A2) ~ 1 r», T 



Table V-2: 1: „„ of one- and two-dimensional diffusion calculations for the e n 
various assemblies with different sets of croup constants 

SIIEAK SNEPMB SIIEAPIl PU9SCP SCTALO UPUC0R PU02RE M0X911 M0XT0T 

1dim. 
ZPRIII-10 O J. 

0.9752 
0.9763 

0.9622 
0.9635 

0.9890 
o.9po»i 

0,9663 
0,0876 

1dim. 
ZPRIII-25 2 d . m 

0.9700 
O.9698 

0,9879 
0,0878 

1dim. 
ZPRIII-U8 _.. 2dim, 

0.9550 
0.9522 

0,9^78 
0,9^0 

0,9505 
. 0,9^77.. 

0,9667 
0,9639 

1dim, 
ZPRIII-U8B ... 2dim, 

0.9536 
0.9503 0,9'»32 

0,9597 
0.oJ»6Ii 

0.9660 
0,9627 

1diri. 
ZEBRA6A 2dim, 

0.9630 
0.9596 

0,95^5 
0,9512 

0.9577 0,9737 
0.9706 

1 dirw 
SNEAK3A1 2diri. 

0.9911 
O.9889 

0,9973 
0,9050 

1,0156 
1,0136 

1din, 
SITEAK3A2 „ _. 

0.9837 
0,9820 

0.988p 
0,0872 

1,0060 
1,001*5 

1 dim» 
nflEAK3P2 2dim, 

0.9805 
0.9776 

0.9851 0,9906 
0,0"85 

0.9n23 
0.080H 

0,9781 0,97'i0 0,9730 
0,2/lij) 

0,9866 0,09)12 
0,9.921 
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. . . . . *) Table Y-3: Criticality Corrections Tor the Various Assemblies 

Assemblies Ileterojjencit""" Other 
Corr. Corr. Corrections Corr. 

SUAX U13 -0.0002 0.031 — 

SUAK UH1B -O.OOC& 0.030 - + 0 . 0 0 7 

ZP.R III-10 -o.ooa^ 0.013 0.0105 
ZPH 111-25 - 0 . 0 0 0 9 0.002 0.0085 
ZTR 111-18 +O.OOU7 0.00C 0.011+ 
ZPR III-lvSB + 0 . 0 0 U 8 0 . 0 0 6 O.OlU 
ZEBRA SA +0.00l;0 0,010 -

SlIEAK-series3A.O -0.0015 0.003 0.001 
3AI - 0 . 0 0 0 6 0.003 0.003 
3A2 - 0 . 0 0 0 6 +0.0014 0.001+ 
3A3 -0.0009 0.00U 0.007 

SIIEAK-3A1 - 0 . 0 0 0 6 0 . 0 0 3 0.003 
SIIEAK-3A2 - 0 . 0 0 0 6 +0,00*J O.OCA 
SIIEAK-3B2 +0,0008 +0.00h 0.003 
KIEAK-5C +0.0105 - 0.071^ 
ZPR 111-55 +0.0123 — 0.010 

Corrections calculated using EIJEAIC-set or taken from the 
literature 

^ ̂  Heterof^neity correction is probably too large 



Table V~k: Best available criticality values for the various assemblies with different 
sets of nuclear group constants 

Experimental Theoretical Results 
Assembly result for REM0+ keff for the di; ?ferent sets of nuclear group constants Assembly 

keff +KET, 
+SI7 
+other 
corr. 

SIIEAK 
set 

SJ'IEPMB SUEATM FU9SCP CCTAL0 UPIIC0R PU02RE 510X911 H0XT0T 

SUAK U1B O.C" +C.01 +0.031 0.855 O.v J 0.061 0.861 0.859 0.553 0.853 0,656 0.856 
SUAK UE1B 0.9^540.01 +0.037 0.918 0.915 0.923 0.923 0.920 0.922 0.922 0,925 0.930 
ZPR III-10 1.000 +0.023 0.999 0.986 1.013 1.013 1.010 1.005 1,005 1 .011 1.011 
ZPR 111-25 1.000 +0.010 0.980 0.970 0.999' 0.999 O.989 0,93k 0.98k 0.997 0.998 
ZPR III-k8 1.000 0.025 0.977 0.986 0.986 0.977 0.975 0.970 0.973 0.983 0.989 
ZPR III-U8B 1.000 0.025 0.975 0.98J4 0,93k 0.975 0.973 O.968 0.971 0.981 0,987 
ZEBRA 6A 1 .000 0.01k 0.97k 0.980 0.981 0.070 O.969 O.965 0.969 0.978 0.985 
SNEAK 3A1 1.000 0.005 0,99>* 0.985 1,ook 1,00k 1.003 1.000 1,000 1.010 1.019 
SNEAK 3A2 1.000 0.007 C.9"9 0.983 f-»997 0.997 0.997 0,99k 0,99 k 1,003 1,012 
SNEAK 3B2 1 .000 0.006 0.98k 0.98P- o.9n5 0.9C6 0.982 0,979 C.981 0,990 0.998 
SNEAK 50 1.03 ±0.01 +0.089 1.026 1 .03k 1.0?,5 1.020 1.018 1.016 1,020 1,028 1.0k2 
ZPP III -55 1,000 0.022 O.958 0.976 O.965 0.952 0,9^8 0.950 0.967 0.98k 

3A0 0.930 -0.005 0.9 30 0.929 0.939 0.93P 0.939 0.939 0.939 0.9k 1 0.937 

SNEAK- 3 A 1 0.O62 
2) 1,000 ' 

-0.002 O.967 0.96k 0.96c 0.96" c.?Cn, 0.960 0.968 0.9u0 0.960 

series 3A2 
0.O62 

2) 1,000 ' ±0.000 1.000 1.000 1.000 1 .000 1 .000 1.000 1.000 1.000 1.000 
3A3 1 .oun 

II I 1 

+0.003 1.039 1 .On 1.037 1.037 1.037 
. . . . . 

1.03: 1.03C 1.036 1.036 

Preliminarr exnerinental result 
2) 

lJoma.lizat 1 on point for the SNF/'.I'-set 
3) . This correction is probably too larf'c 
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Table V-5: Central material -worth- and central reaction rate-ratios 
for STEAK 3A1 and ST51AJ' 3A2 (obtained fron homogeneous 
spherical diffusion calculations) 

(fik/k per atom of the material considered / Ak/k per atom of U235) 

Assembly 
SITSAI: 3A1 I SHEAIC 3A2 

Material SI'ISAK-Set MOXTOT-Set susyu:-set J..... - . . ... . . 
MOXTOT-Set 

. . . 

U 2 3 5 1 . 0 1 . 0 1.C 1.0 
TJ238 - o . o c o - 0 . 0 6 9 -0.082 -0.070 
? u 2 3 9 + 1 . 1 * 1 9 + 1 . 3 7 7 +1.1*28 + 1 . 3 7 1 4 

B 1 0 - 1 . 2 1 9 - 1 . 2 8 9 - 1 . 7 5 9 -1.811+ 
Fe - 0 . 0 0 8 7 - 0 . 0 0 7 0 -0.0097 -0.0089 
Cr - 0 . 0 0 6 7 - 0 . 0 0 u 2 - 0 . C 0 7 2 - 0 . 0 0 6 3 

it-; -0.0165 - 0 . 0 1 5 9 -0.0188 -0.0182 
Mo - 0 . 0 6 9 1 -0.0709 -0.0931 - o . 091+1* 
C +0.0030 +0.0039 +0.0036 +0.0039 
T . t ™ -0.0007 + 0 . 0 0 0 3 -0.0001 +0.0005 
Al - 0 . 0 0 2 7 -0.0021 -0.0022 -0.0017 
0 +0.0025 +0.0032 +0.0032 +0.0031+ 
T T +0.1519 +0.11*29 + 0 . 1 3 0 l * + 0 . 1 1 6 7 

cfU23S 
o ^ J 2 3 5 

0 . 0 3 0 6 0 . 0 2 8 U 0,0292 0.0272 

acU233 
afU235 0.1^35 0.1271 0.1383 0.1237 
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Table Y-C: Reaction rate ratios for CIIDAX 3A1 and SUEAK 3<*2 

(results of fundamental mode hono-cneous diffusion calculations) 

Grown—Set 

a c U 2 3 r ; / r r 11235 

Grown—Set 
Assembly Assembly 

Grown—Set SIIE.AK 3A1 SITEAK 3A2 SIJ EAI: 3/1 SIIZ/J: 3 4 2 

pIir.Aj; 0 . 0 3 0 5 6 1 + 6 0 . 0 2 9 1 8 1 3 0. 11+350^1 0 .13^331+8 

3-R.JRI; RPT n.o? .of :P55 0 . 0 2 9 3 V 0 1 0. LL+2QJ;0Y 0 . 1 3 7 1 2 1 ( 2 0 

CHEAP:: 0.03020257 O . O 2 0 0 8 9 2 0 . 13631+168 0 . 1 3 2 3 2 9 7 3 

PU9RC? 0.0302023 0.0?OR.892 I' . 13S339 !+ 0 . 1 3 2 3 2 9 7 5 

SCTALJ5 0.02921786 0 . 0 2 7 9 7 7 5 3 0. 1 3 6 8 7 6 1 1 0 . 1 3 2 7 2 6 7 7 

UPUC0P. 0 . 0 2 3 9 3 5 2 5 0 . 0 2 7 7 0 0 9 7 0. 1 3 7 2 5 3 0 C 0 . 1 3 3 C 7 G 2 T 

0 . 0 2 8 9 3 5 2 5 0 . 0 2 7 7 0 0 9 7 0. 1 3 7 2 5 3 0 8 0 . 1 3 3 0 7 G 2 7 

110X911 0,02062756 0 . 0 2 7 ' i 6 5 7 3 0 . 1 3 1 0 5 3 0 8 0 . 1 2 S l 6 l i 1 9 

M0XT0T 0 . 0 2 8 3 + 1 7 2 5 0.02721+11+ 0. 1 2 7 0 7 0 7 0 . 1 2 3 7 1 3 1 
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Table V-7: Central material worth.- end central reaction rate-ratios for 
ZPR III~*8 (obtained from homogeneous spherical diffusion 
calculations) 

Material vorth ner atom norralized to U235 
Material Experiment SHSAK-Set UFUC0R-Set PU02RE-Set M0XT0T-Set 
U235 1. 1. 1. 1. 
11238 -0.0T*096±0.00237 -0.07799903 -0.07*00296 -0.07*3288 -0.0677507 
PU239 +1.33*7 ±0.02781 +1,3360672 +1.2851539 +1.28*30262 +1.276766 
Pu2*0 +0.2*39 ±0.06305 +0.06*55586 +0.0*83*762 +0.2088790 +0.200*01 
HA -0.00182 ±0.000107 -0.00391285 -0.00*11021 -0.003987*6 -0.0037* 
310 -1.12219 ±0.02330 -1.038983 -1.0163986 -1.02603*8 -1.060586 
FE -O.OO876 ±0.00038* -0.0102505 -0.00988528 -0.0098*360 -0.009*751 
CR -0.00613 ±0.00033* -0.0085*28 -0.00881905 -0.008738** -0.008*667 
III -0.013396±0.000305 -0.01655626 -0.01627882 -0.01620*03 -0.0161596 
.MO -0.05226 ±0.001102 -0,0656266 -0.06350217 -0.06383736 -0.06*600 

o^U238 A 
afU235 0.0307 ±0.0003 0.03099* 0,029793 0.029635 0.028852 

txfPu2Uo 
CJJ235 J. 

0.976 ±0.010 0.9137*7 0,903357 0.901930 0.89*870 

a,Pu2*0 
ofU235 0.2*3 ±0.002 0.215*19 0,2037*3 0.212505 0.207663 

acli238 
0*138 ±0.007 0.1*60*9 0.1*07*6 0.1*0771 0.130090 

r 



j -I 

Table V-8: Reaction rate-ratios for ZPR III-H8 
(results of fundamental mode homogeneous diffusion calculations) 

Experiment CJIEAK-Set GNEPJtB DITEAPH rupncp PCTAL0 UPUC0R PU02RK J10X911 M0XT0T 

ofU 236 
0.0307±0.0003 0.031022311 0.03186160 0.03065153 0.031170528 0.03011> 3^29 0.02983808 0.029671*20 0.029281(21* 0,020992W 3 ofU 235 0.0307±0.0003 0.031022311 0.03186160 0.03065153 0.031170528 0.03011> 3^29 0.02983808 0.029671*20 0.029281(21* 0,020992W 3 

OpRi239 
0.976 ±0.010 0.91553033 0.91227088 0.918097626 0.90623265C 0.90277856 0.90332037 0,09905206 0,896862?'' afU 235 0.976 ±0.010 0.91553033 0.91227088 0.918097626 0.90623265C 0.90277856 0.90332037 0,09905206 0,896862?'' 

1*0 
0.21* 3 +0,002 0.216U87»IH 0.222081H7 0.2136M55 0.21725915 0.20') O8695 0420ll^37765 0.213l't2'l8 0,210731*88 0,2088207'-ofU 235 0.21* 3 +0,002 0.216U87»IH 0.222081H7 0.2136M55 0.21725915 0.20') O8695 0420ll^37765 0.213l't2'l8 0,210731*88 0,2088207'-

o U238 c 0.138 ±0.007 0.1J+59UU5G 0.1 Mi 891+8 0.13860333 0.13916881 0.11*028237 0.11)066813 0.1J|C7°100 0.131*33686 0,12999n^ ofU23 5 0.138 ±0.007 
0.1J+59UU5G 0.1 Mi 891+8 0.13860333 0.13916881 0.11*028237 0.11)066813 0.1J|C7°100 0.131*33686 0,12999n^ 

I 

v_n 
I 
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Table V—9: Central material vorth- and central reaction rate-ratios 
for ZPR III-*SB 
(obtained from homogeneous spherical diffusion calculations) 

Material vorth per atari normalized to U235 | 

GrouT>-Set 
Material Ibcnerinent SIIEAK—Set UPUC0R-Set PU02RE-Set 

U235 1. 1. 1. 1. 
U23S -0.0709310.00295 -0.07790*6 -0.7*5**95 -0.07503325 
Pu239 +1.3336*10.03695 +1.3183717 +1.269*856 +1.26*9667 
Pu2*0 +0.1999710.1236* +0.06862*82 +0.0516075 +0.200377*3 
Ila -O.OO1P3+O.OOO09 -0.00*70528 -0.00*7630 -0.00*5568 
BIO -1.08280±0.01918 -0.9992227 -0.98*3168* -1.00069*0* 
T?E -0.00932±C.00053 -0.010*36*6 -0.0100639 -0.00996556 
CP. -O.OO88298* -0.00906397 -0.00890396 
Ill -O.O1669060 -0.01637201 -0.0161*358 
no -0.06*3**99 -0.06256536 -0.06312*96 
C -0.002881*8 -0.0038271 -0.00367072 
AL -O.OO655PO* -0.0065*037 -0.006*6532 

ofU23o 
<rfU235 0.0207 ±0.0005 0.029991 0.0288066 0.023*06* 

ofPu239 
6fU235 0.96* ±0.010 0.910871 0.900206* 0.896*3053 

o,ru2*0 
ofU235 0.^29 10.003 0.210168 O.1985COO6 0.20600668 

o U23Q c 
ofU235 0.1*67** 0.1*133*89 0.1*1)1299 



Table VI-1: The r.ean and root rean square or atende-rd deviation for criticality between 
experir.ent and theory with various croup sct3 

Quantity 

rroup-3et 

Quantity SilEAIC SJJEPJIB SBEAPM FU9JXP SCTAL0 UFJC0R PU02PJ] .''10X911 M0XT0T 

1 ^ 
17 I oxp.,i-J: calc.,i) 

i=l 
0.0173 0.0175 0.0060 0.0123 0,0153 O.OI9J1 0,0179 0,0090 0,0022 

/ * 
"if .1/keffex?,»i-keffcalc'»i) 

i=1 
0.0270 0.0193 0.0132 0.0139 0.022)+ 0.021+9 0.0232 0.0158 0,0125 

•4 

i=1,2,... N= index for the various asseribliea, II«12 
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THE RATIO OF CALCULATED TO MEASURED REACTION RATES ALONG 
THE CENTRAL REACTOR AXIS 

(DIFFUSION CALCULATION WITH HETEROGENEITY CORRECTION) 

Fig. 3 
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Fig. 6 A Variation of k ^ w i t h the number of mesh intervals 
MESH SIZE 



Fig. 6 B Variation of k „ with the number of mesh intervals MESH SIZE 
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Fig. 7B Variation of with the quadrature order. 
Complete listing of data see table V-13 b. 
ZPR-I I I -48, cylindrical geometry. 



0.9700 

0 .9675 

0 . 9 6 5 0 

0 . 9 6 2 5 

0 .9600 



0.9 791 ' 

0 .9790 

0 .9755 

0 . 9 7 8 0 

0 .9775 

2 A 6 8 12 16 

QUADRATURE ORDER 

Fig. 7 D Variation of with the quadrature order. 
Complete listing of data see table V-13d. 
ZPR-ni-10, slab geometry. 
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Fig. 7E Variation of k e ^ w i t h the qui lrature orler. 
Complete listing of data see table V-13e . 
ZPR- I I I - IOj cylindrical geometry. 
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Fig. 7 F Variation of k e f f with the quadrature order. 

Complete l ist ing of data see table V-13f . 
Z P R - I I I - 1 0 , spherical geometry. 
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Fig. 7 H Variation of k f i f j with the quadrature order. 
Complete listing of d a t a see table V-13h. 
Z P R - I I I - 2 5 J c y l i n d r i c a l geometry. 
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Variation of k e f f with the quadrature order. 
Complete listing of data see table V -13 i . 
Z P R - I I I - 2 5 , spherical geometry. 
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Variation of with the quadrature order. 
Complete l ist ing of data see table V-13j. 
Z e b r a 6 A , slab geometry. 
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Complete l ist ing of da ta see table V-13k. 
Zebra 6 A , cyl indrical geometry. 
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Fig. 7 L Variation of k g ^ w i t h the quadrature order. 

Complete listing of data see table V-13 I. 
Zebra 6A., spherical geometry. 


