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AR 3 TAACT

A new 27 group cross-section eet covering the energy range thermal
to 15 Mev has been generated using the basic cross-gestion data from
ENDF/B library. The elements included In this new set are H, D, 7T, !loa,
no*, 135, 147, 5e%, 81°, 311, C, N, O, Na, Cr, Pe, Ni, Th, Pa, V>, 0P,
dz”, lFBa, Pu239 Puzw, P“ZBI and Pum. Ip the resolved and wnresclved
resonance regions of these elements scattering, fission, capture and total
eaergy-point cross-sections were ovaluated with the Breit-Wigner, Adler-
Adler or Lane and Iynn resonsnce theories, They were then modified with
the background corrections listed in ENDF/B library. Discrete level snd
evapcration models with appropriate nuclear temperatures were used to eve-
luate the group~to-group seattering matrices of inéh'tlc and (n,2n) re-
actions. This set is particulsrly suited to study the (n,2nj, (n,p) snd
(n,oL) reactions because of their higher energy thresholds. (n,p) end
(n,ol) reactions lead to the production of hydrogen sad helium gases and
therefore are of significance in radistion demage studies of structural
slements. In short, this set based en recent basic cross-section dats
would be more appropriate to study the physice of the fission and fusien
reactor systewms,

A btrief account 1s also given of the computer code system mnd the
mathematical formulations used in the evalustion snd generation of this

cross-pection set.
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A 27 GROUP C7C33-SECTIGN SET DERIVED FAQN ENDF/P LIBRARY

S.3. GAG
Yxperimental Nesctor Physles Bection
Bhsbha Atomice Recvardh Centre

INTRODUCTION
Multigroup cross-sections are needed to pradict the nuelsar be-

havicur of the nuclear reactors, The energy range over which the
neutron spectrunm is spread generally varies from thermsl to sbout

15 Mev, In this energy range a variety of neut;ron icteractions takes
place and the cross-sections representing these reactions vary as s
function of the tncident neutron energy snd the mass nuwber of the
target nucleus. The multigroup croses-section set is to be suitably
derived from these basic energy point cross-sections so that the
physical ‘phencmenon taking place in the reactor can be accurstely de-
scribed. This is the most involved task and csn be accomplished with

the integrated lnowledge of reactor physics and nuclear physics. In

1) (2)

the past, two published cross-sections sets, namely, mq( md AREN
were available to the community of reactor designers; but both these
sets were evaluated more than s decade ago. These sets, thws, do not
incorporate the latest chauges in the basic cross-sections which have
taken place as s result of new measuremmts and evaluations. Moreover,
these pots covured the enesrgy range from thermal to sbout 10 Mev snd
therefare did not adequately represent the (n,2a), (n,p) ed (n,o! )re-
actions which have higher energy thresholds in several nuclides of
interest. (n,p) aad (n,ol ) resctions lead to the production of hydio-
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gon ané h+ilon and therefore are significant in redistion demage
studies vi structural elements. To account for all these pheno-
mena & new cross-section set was generated from the basic evalua-

3(3) 1ibrary.

ted data contained in ENDF/|
27 GrROUP CROSS. SET

The ABEN cross-section set has often beea used in fast re-.
actor physics studies, In onder to bring out the impact of the
modified cross-sections reported here and to facilitate the inter-
campariscen of the various reactor parameters evaluated with the
A3PN set cnd this set the energy structure of 26 groups has been
kept the sgme. The 27th group has been sided betwesn 10,5 Mev end
15 Mev, Because of this increased energy range this set cmn be
used both in fission and fusion reactor studies, In fact, the
main objective of generating this new set was to provide multigroup
cross-sections based on the latest basic crose-section data to
those engaged in fast reactor physice studies at this Centre. This
new set includes total, elastic scattering, inelastic scattering,
cspture, fiseion, transport, elastic removal, (n,2n), (n,p), (p,ol )
and slowing domn eross-sections for H, D, T, llo’, Bo‘, M‘. !47.
s, 8%°, 81, ¢, , o, Na, Cr, e, M1, Th, Pa, V2, N, 35,
16, P38, b3, p W0, 22 g nER) pucivies 1ive ) wmd o
have slso been derived for these elememts.

The group-to-group slowing down cross-sectioas of the (n,2n)
reaction md (n,p) ad (n, X ) rcactiom cross-seciioas have been

o3
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explicitly given in this set while they have not besn included in
the ABEN set, Thus this set is more suited to estimate the produc-
tion of hydrogen and helium gawes in the structursl element and
thereby to infer the extent of rsdiation demage under verious
operating conditions of the reactor. A brief report on this set
was presentsd in the Reactor Fhysies Sylpou\-“, .
F TICN DC

The ENDF/B library does not 1ist the moi'g point total, elas-
tic scattering, capture and fission cross-sections in the resanace
energy regions of the various elemsats,. Instead, it gives the floor
carrections which are to be coabined with the cross-sections evalus-

ted with the recommended resonance parmsters in one of the follow-
ing theoriest3)s (6)s (D), (8),
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SL and 'L are shift and penetration functions snd the other
symbols have their usual memnings -



3.2

Rejch-Moare Theory
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3¢3  Mler-adler iheory

C N A, L AS A
+ == + A - > Vi
JE('%vLELfE i E B EY)

where < o 1 ?f

Oy, B, ))l: and /("k.m Milsr and Adler parameters characteris-

ing the lth resonaneés,

3.4  [ane-Lmn Theery
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3.5

Cogputer Codes
a) A computer programse R!SII(D(” based on the above mentiomed

" thearies has been modified and used on CDC-3600 computer. The

total, elastic scatitering, capture asd fission croes-sestioms of
all the slements reported here were theén ovaluated and combined
with the floor caorrections in the resclved and unresolved reson-
ance energy regionsus.ag the resonanee parameters 'rro- ERDF/D
1ibrary versions IIX and IV.

b) & code package'19) based on the MCZ - Code' ) hes been deve-
loped to obtain the group cross-sections and group-to-group
scattering cross-sections from the energy-point data. Some of

the mathsmatical formulaticas on which this code package is based
are given in this report for the sake of completeness.

¢) Three interpolation schemes, namely, InE ve Inc~ , InE vs o
and 2 wvs 0 have been used to cbtain the eross-sectien at any
unknown point. These schemes have proved useful in the analytical
integration of the varicus cross-sectiemns over an arbitrary grouwp
width with 1/E, constent or E flux “meighting factors.

(1) JpE _ve la o Interpelation Scheme
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equations become indeterminste, Such cases are evaluated ky re-

placing the quantity in the braces E ] ‘with the limiting v .ue

Bf + 1
By

(11) JpB ve ¢ interpolation Scheme

1n and setting Aqn to the sppropriste values,
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(14) B_vs O Invercolation Schess
(E) = An (E’E.n) + 95,
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(4) The fine group elastic tranafer and elastic transpart cross-
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{e) 'fhe discrete energy level modsl md the evaporation model have
been used to obtain the dovn scattering oatricer of the imelastie

eand (n,2n) cross-sections. The nuclcn“ temperatures for the ware-
sclved inelastic snd (n,2n) reactions are .either taken from MNDF/B

litrary or evaluated using Fermi ges -odo.‘l.uz,.

(1) Diserete level Mode]
Assuming isotropy in the hbentory system:

E/’ E < p;‘s:l\) ( At

WCE>E) = G—(E) X(E s

Mrﬂ)

: , Jde Sde'a (ese) @ le)
n@g) = 2 ¥
JdE ¢(E)
g

o (825) = 70 % (3>
Where £ s the Divac - dolba o
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(11) Evaporstion Mode)
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‘The sum in the denominator is over all groups of energy less
: th-nerequltothnto(m '3
(£) The fission mource in each group has been evaluated using the

generalized fissian spectrum with sppropriate nuclear temperatures.

Three different fission sources due to f”. Uz” and Pu_Z” have

been evaluated,
Geperglized Fipsjon Jpectrym
- e
% (E) = %MP(-E)*( ) 7
- Vo
a +b L‘)'H)
Lo (Tt ‘57»«&)/.’7 (et Sn'g t mang )

TeC LEo—Ef)/(up-Eﬁ)

Ep 18 the threshold for the (n,0” £} resction end K, is the ini-
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where B =

tial energy. a, b and c are constmte.
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(g) Oimnce the meutrcns sliw doxa hoth by elzsiic and inelastic
esllisions the 1/E weighting spectrum hac been used to cellapse
the group cross-sections,

CONCLISINS ,

In the last decade the basic energy point cross-sectiens
have undergene major modifications as a result of !aproved experi-
mental techniques and more rigorous theorstical evaluations. On
cemparieen with the o.'ld data it can be immediately seen that re-
solved and unresolved resonsnce parsmeters have been considerably

modified and also the energy range of the resolved resonances has

‘gone up. The inelastic scattering and threshold reacticn croes-

sections have also been updated. It 1s well known that the alpha
values of Pu=239, which is majer fissile elenent in fast reaetors,
have been regcently revised., In fact the crossesections of fisscile,
fertile and aﬁnctural elements have undergone significant changes.
It was, therefere, inperative that the new multigroup eross-section
set sheuld have been derived from the basic data library which
accounts for all the modified data. INDF/B library is one such data
baak which is complete sad most updated and it has been used ian tho
goneration of this set.

It is, therafoare, no wonder if sisnificant d4iffercnces ave
neticed in the multigroup croes-sectiono listed in the follewing

tables ia the resonance energy regions and alsc in the domn scattere
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5.1

52

53

Sk

55
5.6

s b s

ing matrica®, Thus tho neutron speetrum caleulated with this set
48 axrected Lo be different from that calculated with the ABEN set
and this mey.have importent bearings on reactor parameters, Some
representative critical experiments are now being calculated with
this set and a detailed gnalysis would be reported in due course.
It may be noted that the down scattering matrices of some of
the olenentﬁ are couprised of two tables — one includes slowing
down crose-sections due to inelastic scattering phenomenon plus
t;n times the slowing down eross-sections due to (n,2n) phencmenon
and the second table contalns the scattering watrices due to {n,2n)
phenomenon only.
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Eoergy Structure of 27-Group Cross-Section Set

Fpergy Range Iethargy Width

. . 2
SRS RSB RGREELREBvavonwrwn g
5

10.5 Mev - 15.0 Mev 0.3507
6.5 " - 105 " 0.4t 76
LeG P - 6.5 ¥ 0.4855
2.5 " - LO M 0.470C
Ly " - 2,5 " C.57%E
C8 " - 14 ® 0.5556
Oy ® -~ 0.8 ¥ 0.6931
02 ¥ - J.4 ¥ O.0931
.l % - 0,2 ¢ C.6931

%05 Kev = 0.1 " 007657

215 " < 46.5 Kev 0.771L

10.0 * - 21.5 " 5.7635
465 ® - 10,0 " Qe 7057
205" - L65°% 0.7704
1,6 * - 215" C.7055

45 ev - 1.0 ® 0.7657
215 " - L5 e 0.7714
100 ® . Z215 0 0.7655

465 " - 100 M 0.7657

2105 - %05 . 0'771"'

10,0 ® < 215" 0.,7655
Le65® - 100" 0,7657
2057 ~ 465" 0.7714
.0 * - 235" 8-3225

O.kb - 0 " #7657
0. : ¢ .0 07714
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