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ABSTRACT

A test of 27-greup cress-section -et(l) (Garg-set) recently
derived from ENDF/B library has been carried out in the criticality
atudies of the Pu239, U23 5 and 0233 based metal, oxide and carbide
fuelled fast critical assemblies., A total ef twenty fest critical
assemblies.of different sizes and verying neutron spectra have beer
selected for analysis, The selected assemblies are JEZEBEL,ZEBRA-3,
SNEAK-7A, SNEAK-7B, ZPR-3-48, ZPR-3-49, ZPR-3-50, ZPR-3-53, ZPA~6-7,
POPSY, VERA-1B, 2PR-3-11, ZPR-3-12, JEMIMA-1, JEMIMA-2, GODIVA,TCPSY,
ZEBRA=2, ZFR-6-6A snd 1?33 SPHERE. Some of these assemblies were re-
commended by the Cross-Section Evaluaticn Werking Group(z) for test-
ing the new cross-section data.

A comparison of K.rr-values has been made with those given by

Hardie et nl("), Mil.‘l.a‘”, Bensi et ul(7) and Best et 4(12). The

(3,13)

Kopr = Volues ebtained with the modified ABEN-set (MABBN-set)

)
have gleo been given. Based on these analyses it has been ebserved

that the Garg-set predicts well the criticality of uranium and plu-
tonium based hard-spectra assemblies., In the soft-spactra systems it
underpredicts criticality because of the fellewing ressonss
(a) It makes use of the higher capture cross-gections of
_structural and coolsnt elements given in ENDF/B -
Version IV library. ‘
(b) It dees net accewnt fer the resonance seif-shisld-

ing effects of cress-sections,

i~

-3
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It has alse been ebserved that the Garg-set gives better results
than the MABEN-set fer dense and dilute plutonium-based 'and_ the hard
urenium-based essemblies, This superior trend of the (farg-set is slightly
lest in the ursnium-based dilute systems because of large differences in

the capture croess-sectiens of structural elements of these twe sets,



CRITICALITY STUDIES OF FAST ASSEMBLIES WITH THE NEW 27-GROUP
CROSS-SECTION SET

by
S.B. Garg aml V.K. Shukla

1, INTRODUCTION

1 [
A 27-greup cress~-sectien let(") (Garg-set) fer 28 elements was

recently derived from the ENDF/B library. The energy structure of
26 groups was identical to that of the ABBN—aet.(B) and the 27th
group was added between 10.5 Mev and 15.0 Mev mainly t. account feor
(n,2n), (n,p) md (n, A) reactions which assume significance in
hard-spactra fast resctors or fusion-fission systems. The accuracy
of this set in the predictien of reacter parameters is to be esta-
blished befere it can be used as a design teel in the cenceptusl
studies of reactors. Te meet this end, a selectien of twenty.
pl.ut;oniwn snd uranium based fast critical sssemblies was made for
eriticality studies. The selected assemblies are JEZEBEL, ZEBRA-3,
SNEAK-7A, SNEAK.7B, ZPR-3-48, ZPR=3-49, ZPR-3-50, ZFR-3-53, ZFR-6-7,
POPSY, VERA-1B, ZFR-3-11, ZPR-3-12, JEMIMA-1, JEMIMA-2, GCDIVA,
TOPSY, ZEBRA-2, ZPR=6=6A and 0233 sphere. Seme of these assemblies
were recommended Ly the Cress<Section Evaluatien Working Gnup(z)
and the ethers were taken from the papers of Hardie et nl“") and
Hﬂll(” s These assemblies represent vary seft te very hard neutren
epectra and therefore weuld prove te be goed testing bede eof greup

cress-sectiene in the Kev te Mev energy range. Resenance self-ghield-
ing effects of cross-sections start showing up in the criticality
caloulations of the soft-spectra assemblies whereas they are not

so ispartent in the hard-spectra systems. In these studies un-~
ehielded cross.gections are used throughout. This would help bring-
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out the importance of self-shislded cross-sections in certain speci-
fic assemblies, The calculated Kurr = values are conpared with those
given by Hardie et al, Benzi et 11(7). Best et.al(lz) and Mills,

?+ CALCULAT IONAL MCDEL

The criticality calculations have been carried out with ti'n'e'
neutron transport theory code 171‘5‘-17(6) in §; or 816 msuinr qua-
dratures. The equivalent sphericall models of all the assemblies
reported here are given by Mills and Hardie et al and they heve
been sdopted in these anglyses, The 27-group Gerg-set end the
26-group modified’ ABHW-aof‘B »13) have been used, In the Gerg-set
the cross-sectione for 0?33’ Uz”, u238 » 239, 240 and Puzu
have been evaiuated from ENDF/B Vereion III librery whereas these
for C, 0, Na, Cr, Fo and Ni have been cbtained from ENDF/B Version IV
library. In the modified ABBN.set the capture and fission cross-gec-
tions of Pu=>? end capture croes-gections of 1238 have been re-éralua-

ted in the light of new messured data.

3, URANIUM BASED ASSEMBLIES.

The ten uranium based assemblies VERA-1B, ZFR-3.11, ZHLB-iZ,
&mnn.l. JEMIMA-2, GODIVA, TOPSY, v*_spumRE, ZEERA-2 and
ZPR-6-6A are summarised in Table~-I, Their compositions are given
in Table-II.. It is observed rom thess two Tables that these
assemblies éeprolent very soft to very hard fast systems and
therefore they should be suitable to test the rezonance self-
shielding effects of cross-sections and the cross-sections of 0235
ad ‘FBB in the high energy region, The caloulated Kore = Values

are tabulated in Table-I1II. In respect of VERA-1B, EPR-3=11,



ZPR-3-12, ZFBRA-2 and ZPR-6-6A the Koop - values obtained by Hardie
et al are given in colum 2 of this Table. In the case of JEMIMA-1,
JEMIMA-2, GODIVA, TOPSY and UPI3_SPHERE the Keqp - values of Mills
are shown in this column. Mille underpredicts criticality in the
firet four of .these assemblies by 1.5%, 1.1%, 0.9% and 0.9% respec-
tively whereas the Garg-set overpredicts these assenmblies by 1.5%,
1.08, 2,06 and 3.2% respectively. The corresponding MABEN Kepp ~
values sre higher by 1.8%, 2.2%, 2.6% and 3.8%. Thus the MABBN-set
is more discrepant towards the higher side, Hemment and Pendle-
bury$19) coleulated GODIVA ty 3.08 overcriticel and TOPSY by 3.9%
.overcritiCal. These valuer are higher than those of the MABHN-set,
In the case of 0233-SPHERE Mills overpredicted reactivity by 1.2%

whereas the Garg~set underpredicts it by 1.56.

It is observed from Table-III that the Garg-set gives comparable
Kopp-values of VERA-1B, ZPR-3-11 and ZPR-3-12 to those of Hardie et gl
whereas the MABEN-set overpredicts them by 2€ to 3%, Baker has analysed
these assemblies with a number of cross-section sets, VERA-1B was found
be overcriticel by 0,9% to 1%, ZPR-3-11 was.calculated 1.7% under-cri-
tical to 1.i$ overcritical and ZPR-3-12, 0.2% undercritical to 1.6% over-
eritical. In reipect of ZEBRA~Z and ZPR-6=-6A the ggreement is not so
good and this reflects the totul effects of resonance self-shielding and
higher capture cross-sections of structural and coolant elements. In
these two cases the MABIN-set gives higher K, ~-values by 4.9% and 9.1%
campared to those of the Garg-set. It may, however, be noted that ZEBRA-2
appears to be well represented by the unshielded MABEN-set. This picture
is 1likely to change when the resonsce self-shielding corrections and the
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revised higher capture cross.sections of structural elements are taken
into account.. Similer considerations apply to ZFR-6~6A assembly. Baker
has calculated ZEBRA-2 by 0.6% to 1.5% overcritical. Ceechini and
Gand:lni(n, have calculated this gmsembly by 0.5% to 1.9% overcritical
wheress Hardie et al ‘heve calculgted it by 1% undercritical. This indi-
cates the btroad spectrum of calculated K,eg~values with different cross-
section sets and calls for the gdjustment of cross-sections in similar
assemblies. It 1s seen from Table-III that on the average the criticglity
predictions v{ith the Garg-set match exactly those of Mille and Hardie et al
whereas the predictions of the MABEN-set are higher by 2,7%.
4, TPLITONIUM BASED ASSEMBLIES

A trief gccount of the plutonium »baaed assemblies is contained
in Table-IV. The assemblies are JEZEBEL, ZEBRA~3, SNEAK-7A,
SNEAK-7B, ZFR-3-48, ZPR~3-49, ZPR-3-50, ZPR~3-53, ZPR-6-7 and PCPSY.
Their core sizes very from O.4 litre to 3100 litres and they reinre-
sent very dense to very dilute fast systems. Table-V gives their
core and reflector compositions. Table-VI gives their calculated
Kegg-values, Colum 2 of this Table gives the Kepf-values obtained
by Mills, Hardi® et al, Benzi et a1(7) or Best et al(12> with the
shielded cross~sections. In the case of Hardie et al the K, po~values
shown in this colum are those obtained with: & 42 group cross-section
set which was derived from mDF/B_- Version III librsry. The values
calculated by us are recorded in colums 3 and 4 of this Table.
| It is observed from Table-VI that the Keff-valufs obtained with
the Garg-set differ from those of Hardie et al by - 0.i% to + &A.7%.
This difference is more pronounced in the' sort—aéectra aseemblies,



On the average it is seen that the Garg-set underpredicts reactivity
by 1.8% compared to that of Hardie et al. The reasons for this
underprediction ares .

1) The basic cross-sections of Na, Cr, Fe snd Ni in the
Garg-set are taken from the Veraim—ﬁ of .ENDF/B
libréry. The capture cross-sections of these ele-
-ments in Version-IV sre higher than those in Version-IIX
of ENDF/B library.

1i) The Garg-set does not account for the feaonanca
self-shielding effects of croas-sections.

111) The number of groups used in the Garg-set is 27

wheress Hardie et al have used 42 groups which
glve p better description of the Kev rescnance
energy region.

The Koff-values obtained with the MABEBN-set are consistently
lower than those calculated with the Garg~set. It is inferred
from colume 3 and 4 of Table-VI thatL. the difference between the
calculated results with these two sets varies from 0.3% to 1.6%.
It is also noticed from this Table that on the average the MAEBN-
set gives lower reactivity by 1% compared to that of the Garg-set.
It is, however, noted .that in the Garg-set the capture cross-sece
tions of Cr, Fe and N4 in the energy range 215 oV to 21.5 Kev are
2 to 40 times higher than those of the MABEN-set. If the capture
cross-sections of these elements are not altered in the specified
energy range the Garg-set would give K.H-nlue‘ai still nearer |
wmity.
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ZEERA-3 has been calculated by Baker(8) with a number of cross-
section sets. His pz;edictiml varied from 3.1% undercritical to
2.8 overeriticsl. Mills and Filimore et a2{?) nave reported K, op~
values of ZPR-3-18 which are 2.3% undercritical and 1.6% overcriti~
Ccal reapective];y. The Garg-set in respect of these two assamblies
sppears to be gquite adequate and can be improved by taking self-
shielding effects into account. The hard-spectra sssemblies e.g.
JEZEBEL, ZEBRA-3 and ZPR-3-49 where self-shielding effects are
not so important ere represented adequately by this set.
$. CONCLUSIONS

This atudy has revealed that the hard apectra fast systems
‘ where the self-shielding cross-sections do not assume importance
can be predicted well by the Garg-set. The MABHN results are
more discrepant-towerds the lower side in the case of plutonium
critical assemblies a1 towards the higher side in the case of
urnniuvﬁ-bnsed systems. The fission cross-sections of d?35 appesr
to be higher nfnd those of U233 appear to be lowér in the Mevy
energy region. _} The capturs and scattering croas-’ae_ctiml of 6238
sre not yet accurately known in this energy rogion. However, the
capture cross-section® of structural and coolant elements are the
main culprits a;d these should be used with caution. In the soft-
spectra systexs they affect the criticality Ly about 2%.

In the dilute fast systems the resonance self-ghielding effects
of cross-sections may be quite significant and ‘these should be .
evaluated for carrect estimates of criticality. In these etndie-:
the effects of anisotropic scattering should also be taken.inte
pccount. Stwiies on both these aspects have now been undertaken
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and vheir effect on Kurr~values of some of these agsemblies would
be reported in duc _ourse, .

In this report criticelity hse been examined for metal, oxide
and carbide fuelled f.ét critical assemblies of varying sizes cnd
spectrs. Based on these anélyua it ca; be concluded that the
du-g-oet. dives Ltetter results than the MABBN-met for dense gnd
dilute plubmiium-based and the hard urenium-based systems. Even in
the dilute uraiium-bssed assemblies the Garg-set is expected to
give bet.t‘er results if the uncertainties in the cspture cross-sec-
tions of structural snd coolant elements are taken into account.
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Table - I
U-BASED CRITICAL ASSEMBLIES

Aseeably

L T [} L

' :Pissile-t.o- '. ' 1 '
1Core Yolume , Pertile fAeflector , Reflector , Mode of In- o
1 (litres) | Ratio Material , Thiciness , vestigstim . Remarks

] t ' . {em ' s

VERA-1B

FR-3-11

ZFi~3-12

JEMIMA-1

GODIVA

30 12.5 fos) 39, An assezbly with a content of te which
2 S Broduces SLIZhCly soft epectrum, To is sood
for testing Ugg high energy cross-sectiona
of 1235 and .

316 An assembly w:i.f.h a spectrum similar to that
. of VERA~1B, The objective is the sams as in
VEfiA=1B.

100 0.26 !1238 30.5 816 An asserbly sinilar to ZPE-3-11. The higher
content of fissile material is campensated
by grsphite vhich 1s added & o soften the sme-
trum. The objective is to test the eross-sec-
tions of U235 and (R3S in the high energy re-
gien,

13 0.61 -- -- 515 A bare coare assembly with a harder neutrca
spectrum. It is good for testing the cross-
sections of U235 and 1238 in the Mev energy
rmge.

35 0.195 238 762 Si An sssewbly with a Bofter spectrum than
JEMIMA-1, The objective i3 the sams as ‘in
JEMIMA-L.

2.8 15.38 - - - - 8¢ A bare care gssenbly with a very hard neutron
spectrum. It is sultable for testing the cross
secticas of U235 end U238 in the high energy
range.




Table~I (Cont.)

r

[] v L
’ Fissile-to- 1 ' ] ’
Sr. : Assembly : Core Volume : Fertile ,Reflector , Reflector ¢ Mode of In- Rewarks
No. , (Litred °  “poysy  Materlal  , Thiciness , vestigation
' ' ' ’ 1 (cm) ' '
— 1 1 [} 1
EFBB
7 TOPSY 0.93 15,56 22,86 Si6 An assembly with & spectrum softer than
that_of GIDIVA. It tests the cross-sections
of 235 and °38 in the high energy regiom.
8 3 SPHERE 0.9 53416 - - -~ 8¢ A bare core assembly with s very hard neu-
tron spectrum - harder than that GODIVA.
It tests the cross-sections of in tha
Mev energy range. .

9 ZEBRA2 430 0.16 °38 , Strue- 31.70 S,‘ The core contelns graphite and produces
tural ele- spectrum similar to that of a large eartide
ments power reactor, Self-ghielding effects of

cross-sections are to be tested,
10 ZFR=6=6A 4000 0,20 02384» Sthuc- 33.81 S, It represents a current large axide systen
tural ele-

ments

cooled by sodium. It is suitable for test-
ing the resonance self-shiclding effects of
the cross.sections. '
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ATQMIC DERSITIES (ATOMS/BARN-cm) IN U-BASED ASSEMBLIES

Table -II

¥

v

' VERA-1B ) ZFR-3-11 . ZPR~3-12 ' JEMIMAL X JEMDMA-2

Teotope Ju_ Core | Reflector, Core Reflector , Care ,Heflecior , Care | Reflector ;  Core ;  Reflestor
¥2®  0.007349  0.00250 0,004567 0.000089 0.004516 0.000298 0.018L4 - 0,007 0.00034
38  0.00051 0.034400 0,034438 O0.GAOGR5 O0.C0699%  0.0ML269  0.02952 - 0.03977 0.04721
oté - - - - - - - - - -

2 o050 - - - 0.26762 0.00002 - - - -
Na23 - - - - - - - - - -

cr®  0,000689 0.,000708 0,001486 0,001196 0.00L419 0,00086h - - - -

Fe®  0,006283  0.006%6k 0,005681 0,004925 0,005704  0.003323 - - - -

Ni58 0.,001635  0,000682 0,000718 0.Q00536 0,000621  0,000483 - - - -

#33




Table-II (Comt.)

\. GONA ! 0PST ' ZEBAN2 ) ZPRe 6-6A ' 1?33 spamms
Isctope , : : v : T

« Core 1 Reflector ' Core !Reflector | Core " Reflector . Care ! Reflector , Core + Reflector
o 0,04508 - 0.04511  0.000346  0.002526 0,000298, 0.001153 0.0000856 - -
F* 0,00293 - 0,00290  0.04769%k  0,015667 0,0K1269  0,005817 0.0395508  0,00088 -
otf - - - - 0.0001544 = 0.01390  0.,0000230 - -
cl2 - - - - 0.037992  0,000042 - - - -
Na?3 - - - - - - 0,00%290% - -
cr? - - - - 0.000864 0.000864  0,002842  0,001247 - -
Fe* - - - - 0.0036485 0.003323  0.Q13431  0.00A669 - -
i - - - - 0.000M3 0.000483  0.00129L  0.0005407 - -
#33 - - - - - - - - 0.0K678 -




Table-II1

R, 0o~VALUES OF U-BASED CRITICAL ASSEMBLIES (KC “p = 1,0000)

-

' [ [ ' N
Asseshly N VKo ~GARG™ ' KgpeMammT ! K oe-CARG . K:f_”m
' ' ’ ) ' ££ : o £ 2= HAREY
YIRA-1B 1.0026° 0.9976 1.0185 0.9950 0.5795
ZPR-3-11 0.9924* 0.9996 1244 1.9073 049756
ZFR-3-12 1.0017* ' 1.0015 1.0314 0.9999 2.9711
JEMDMA-L 0.9855" 1.0151 1.0185 1.0300 C45967
JEMIMA-2 0.9893"* 1.0004 @15 - 1,213 0.5292
GIIVA 0.9912* 1.020% 1.0257 1.3295 C.9949
T0PST 0.9907* 1.0323 1.0379 1,0420 0.996
w3 _smme  Losst 0.9818 - 0.9736 - =
ZEBRA2 0,9902* 0.9502 .0.9965 0.9597 £.,9536
ZPR-66A"* 0.9968* 0.9411 1.0270 09422 0.9164
AV. Keff 0.9954 0.9953 S 1.2 . 0.9999 09735
*  Kyrr-values cbtained by Mills. . A A

**  porr-values obtained with unshielded croos-aecticn sets,
* Kerr-values obtained with k2-group shielded cross~section set derived from INDF/B - Version III by Hardi~ et al.

** Assemblies with soft spectra in which the rescnance self-shielding effects and the capture cross-sections of
-structural and coolant elements may be important in the prediction of eriticality.



Table~-IV

Pu~BASED CRITICAL ASSEMBLIES

1} A L] A  §
] ' ] ] ' '
. ¢ Core Yolume , Fissile To=- , Reflectar , Reflectar « Mode of In~
d’ ] ] t ' -
des o  (Litves) , Fertile Ratio : Material 'rhtckseu ¢ vestigation , Remarics

' Iy 2 LI { . ] o L] i
JEZEEEL 1] 21.23 - - Sy A bare core assembly with 2 very hard
neutron spectrum. It is ;—;rmﬁlﬁgnx‘ test-
' ing the croesesections of ¥y>7 in the

a8 . Mev energy range.

ZERRA-3 60 0.11%6 % Strue-  30.50 8, A herd spectrum uy;:gx t tosts the,
tursl ele- cross-sections of ';, Pkl and U238
nents in the Mev energy rmge.

SNEAK-7A 110 0,333 *®, strue- 30,0 s, A mixed axide foel system with graphite
tural ele~ content. :

: mamts _ ‘

QBB 310 0.113 w8, Struo- 30,0 8 A mixed axide fuel system with higher
tural ele- content of * It has sofier spactrw
mmte campared to that of SNEAK-7A. Together

) with SNEAK-TA it is suitable to tgqt the
hig energy croes-sections of FPu<37 gnd
. . w8,
ZPR~3-48 410 ' 0,222 38, Struc- 30,0 s, A mixed carbide system with additicnal
’ tural ele- emtent of graphite to cbtain soft
mnts spectrun charasteristic of a large

power reactor cooled by sodium. Reson-
snce gsalf-shielding effects of crose=
sections are to be tested.




Table --IV (Cont,)

L

v

[] t
8, ¢ ' Core Volume ' Fissile-To-Fer- ' Reflector ! Reflector ' Mode of In- '
No, + ALY 4 "(Litre) ttile Ratio ! Material ! Thickness ' yestigeticn | Remaris
(] | : [}
. Py 2 (1 : (ﬂ) b ]

6  ZR3-49 450 0.222 8, Struce 36,43 s, Similar to ZPR-3-48 but with @ harder
tural ele- neutron spectrum cbtained by total re.
nente moval of sodium. It is good for teste

ing the sodium reactivity worth.

7  ZPR3-50 350 - 0222 7384 Strue- 40,34 8y Similar to ZPR-3-A9 with sdditional

. tural ele- graphite content to cbtain softer
monts spectrum characteristic of a lasrge
power resctor. Self-ghielding effects
of cross-sections are to be tested.
8 ZPR-3-53 220 0.625 *38, Strue- 37.33 S, An assembly with a larger content of
: tural ele- graphite to yield soft spectrum. It
‘ments is suitable for testing the rescnance
self-shielding effeets c¢f croes-sec-
tims.

9  ZR-67 3100 0,154 38, stree.  33.40 £ A mixed axide system to yield spectrum
tural ele- of current large fast resctors cooled
ments ty sodium. Self=-shislding effecte of

eroos=sections are to be tested,

10 POPSY 0.37 67.26 Natural Ura= 2kl 316 A hard spectrum system. It is suitable
nium for testing the Mev energy range Cross.

sections of Pu39 and pR38,




Table -v
ATCMIC DENSITIES (AT MS/BARN-cm) IN Pu~BASED ASSEMBLIES

T

e b8

0.000483  0.000483 0.0011664 0.0009845 0.00Lk594 0-°.°Q9§E5

Imotope | T ZPERA-3 ﬁ: SNEAE-7A ' SNEAK-7B ' ZPR

Core | Reflector : Cors \Reflector , Core  jReflector ¢ Core /Reflector , Core Reflector
v’ - - 0,0002264  0;000298 0.0000586 0.,000162h 0.0002663 0,0001624  0,000016 0.000083
P38 - - 0,031775  0.0L1269 0,0079604 0,03994C1 0.0145794 O.B9940L  O.DO7LOS 0.039690
P®?  0,03705 - 0,003456 - 0,0637% = 0.0018312 - 0.001645 -
P40 0,001751 - 0,0002834 - 0.0002380 - 0.,0001652 - 0.000106 -
M o,00017 - 0,0000127 - 0.000R15 -  0.0000L9 = - 0.0c0011 -
olé - - - - 0.218M2 -  0.0331936 - - -
¢2 - - 0.000042  0,000042 0.0260987 0,0000135 0,0000631 0.0000135  0.20770 -
3 - - - - - - - - 0.006231 -
or?? - - 0,000864  0,000864 0.0022423 0,0011080 0.0027560 0.0011080  0,002531 0,005225
re’d - - 0.004578  0.003323 0.0079713 O0.0039549 0.0098C2L 0,0039549  0,01080 0.004525
P lad - | 0.001119 0.000536




Table -V(Contd.)

D 3l ZPR-3-50 ZPR-3-53 ZPRAG=7 . PPSY
Isatope ;-_c'&o "_i?lietor: Core ;—Wﬂcmr: Core |R'Ieﬁect.or ' Care ﬂectw T Core " Reflector
35 0.000026 0,000083 0,000026 0,000083 0.000005 0,000083  0,0000126 0,0000856 - 0,000333
38 0.007406 0.03955 0,00740h 0,039613 0.002615 O0,U39770  0,005780h  0.0396179 - 0.047242
P23 o.00m6m - 0,001645 - 0.001669 - 0,0008847 - 0.038809 -
PR 0,0001064 - 0,0001064 - 0.000107 - 0.0000194 - 0.000577 -
P2 0,0000m2 - 0.000011 ~  0.000008 - 0.0000133 - - -
oté - - - - - - 0.01390  ©.000024 - -
cl 0.020766 - 0.045% - 0.055696  0,000024 - - - -
Ne23 - - - - - - 0,0092904 - - -
cri? 0.002508 0.000242 0,0018i6 0,001161 0,002081 - 0.028L2  0,001295 - -
Fed6 0.010083 0.,00i626 0,0073  0.00467i 0.007134 - 0,013431  0.004537 - -
4198 0.001121 0.000611 0,000796 0,000508 0.00CRCE - 0.001291  0.0005635 - -




s HTTITTATI0 JO UOTROTPeS! sy Y AUWIRdNT oq LwR gausMaTe SUNTE0D DUV THIMNTS
JO SUWTIE~4a0ds amIdun su3 puw #30e3Je WTPTATUSSJISN AOWRLORIL QUY XOTWN W wayoede o%l. YIPH saTTUmeSsY oo
oTe 30 TR} SR IIS WTEMA - G/JING WOSF DRATRD 990 UOTI208~98020 DUTOTUS dnodfiegh WATH DAUTRIP eenuaiity o
. _ T eqw 48 4eeg A3 TT WTSIOA = G/0NE UITA DOUTNA0 GTeadIfE o,
9408 WTIN-2203) POPTOTURUR (IDL PROTHIAO WINTVa-II0t  wa
*POUIOR OTIR00JUON £3 TV 99 TSWIG AQ POTTRIR0 eutvatily

P

£010°T © L f2es0 - s ©BLLE0 C 95660 32y o4y

£€00°T §4¢6°0 43 Lo _ 9"6°0 +9266°0 sel=9=aat
0T 960 , LN56%0 _ - 7596°0 . o800t o Sit-B2
0g10°T ov96°0 gmeto 2856%0 +0¥66°0 +o05€~812
5€00°T £v8°0 0L4°0 onL6%0 L688°0 S BYtuz
9MT0° T | L% {1960 €5L6°0  9000°t VLqvae
2rto*t (147 3] 02560 66960 +£686°0 SL~3VINS
0800°1 LE00°T 9L4°0 2686°0 +9T66°0 £ sz
1.00°1 £966°0 $$86°0 82660 +5866°0 6Y-¢~u4z
#10°1 100t L000°T . $6T0°T wn0H00°T 1804
TL00'T Z800°t 54°0 2L66°0 #1686°0 TIREZEL

_mgaN : X I : ) |

lm;%.m..&ou ' guwwou ' L e ” w337y ' 330y \ . Arqwesy

(0000°L = $3%) sariemEssY TvorsTun aAsve-nd o sanTva-"°x

IX- 9198y





