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A B f l t H A C T

A new 27 group croas-section aat covering the energy range thermal

to 15 M*v has been generate* wing the baalc cross-section data froa

BiDF/1 library. The eltaenta Included In thie naw aet are H, S, T, He3,

Ha1', Li6 , U 7 , Be9, B1 0 , B U , C, N, 0, Na, Cr, Fa, Hi, Th, Pa, O*33, l^3 4 ,
235 2"W 239 2L0 2A1 212

tr , IT , Pu , Pu , Pu an* Pu . tx> the reaolved ao4 wtraaolved

resonance regions of theaa alaamta ecattering, fiaaion, capture an4 total

euergjF-polnt croas-aeetions were ovaluateA with the Breit-Wigner, Aaler*

MXvc or Lane and Lynn reaonance theoriea. They ware then motif lea1 with

the background eorrectlona Hate* in QtDF/B library. Discrete laval and

arapcratlon Moaale with appropriate nuclear tenperaturea ware ueea to

luate the group-to-group scattering aatrlcaa of Inelaatlc uA (n,2n) re-

actions. This set la particularly suite* to study the (n,2n), (n,p) and

(n,«c) reactlona because of their higher energy thresholde. (n,p) and

(n,oC) reactlona lead to the production of hydrogen and halloa gasaa and

therefore are of significance in radiation daaage studies of structural

alaaenta. In short* this aat baaed an recent baaic croas-section data

would be more appropriate to study the phyaica of the fiaaion aad fuaian

reactor ayateM.

A brief account la also giren of the eoaputer code ayataa and the

•atheutloal forauUtioaa used in the evaluation and generation of thle

eroaa-seetlon aat.
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Kvperlaantal Reactor Physics Section

Shabha Atcwle Rseeardh Centre

Multigroup cross-sections are needed to predict the nualaar be-

haviour of the nuclear reactors. The energy range over which the

neutron spectrum la spread generally varlea froa theraal to about

15 Mev. In thla energy range a variety of neutron i&teraetlons takas

place ana the cross-sections repreaentlng these reactions vary aa a

function of the Incident neutron energy and the Bass nuaber of the

target nucleus. The anltigroup cross-section eat la to be auitably

derived from thea« baaie energy point croas-oectiona ao that the

physical phenomenon taking place In the reactor can be accurately de-

scribed. Thia in the aost Involved taak and can be aecoapllahed with

the Integrated knowledge of reactor physics and nuclear physics. In

the past, two published cross-eecticns aets, nawly, IOI ( 1 ' wd AE»^2'

were available to the community of reactor daaigners; but both theae

aeta were evaluated sore than • decad« age* These seta* thue, do not

incorporate the latest changes In the baale cross-sections which ham

taken place as s result of new —aaur—ente sad evaluations. Moreover,

these sets covered the energy range froa tharaal to about 10 Mav and

therefore dU not adequately represent the (n,2n), (n,p) and ( n , ^ )re-

aetlons which have higher energy thresholds in several nudldes of

Interest* (n»p) and (n,<^ ) reactioas lead to the production of hydro-
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cm an* b*'i sm end therefor* are significant In radiation dosage

atudiea »i etruenura .̂ elegants. To account for a l l theae pheno-

mena a new cross-section set waa generate* froa the baale evalua-
(3)

ted data contained In ENDF/BW library.

2o 27 GltOOP CBOSS.SECTICH 3BT

The ABB* cross-seetlon aet ha* often bean used in fast re-

aotor physics studies. In order to bring oat the lapact of tha

modified cross-sections reported here and to facilitate the Inter-

comparison of the various reactor paranetera evaluated with the

ASQI aet end this aet the mercy structure of 26 groupe haa been

kept the same. The 27th group has been added between 10.5 Her and

15 Mev. Because of this Increased energy range this set can be

used both in fission and fusion reactor studies. In fact* the

main objective of generating this new aet waa to provide •nltlfrovp

cross-sections baaed on the latest basic cross-section data to

those engaged In fast reactor physics studies at tola Centre* This

new set Includes total , elaetie acatterlng, inelastic scattering!

capture, fiaeion, transport, elastic renoval, (n,2nj, (n,p), (n, oC )

and alowing down eroas-seetlons for H, 0, T, Re3, He*, Li6 , LI7,

Be, B1O
r B n , C, N, 0, Ma, Cr, Fe, I I , tt, t»,

have also bean derived for these eleamts.

The group-to-group alowing dowa eross-seetlOM ef the

reaction «nd (n,p) end (a, x. ) rcMtlon erosa-aarUoaa have been

..3
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explicit ly (lv«n in this se t while the / have not bean Include* in

the ABEN s e t . Thus this set i s wara Suited to estlaate the produo-

tlcn of hydrogen and helium gases la the structural eleaent an'

th#rsby to infer the extent of radiation damage under various

operating conditions or the reactor. A brief report on this set

was presented in the Reactor Physics Sjnaposiua^'.

3 . rORMBLATICNS AMD CODE?

The EMDF/B library does not l i s t the energy point to ta l , e las -

t i c scattering* capture and fission cross-sections in the resonance

energy regions of the Tarioua e l e s w t s . Instead, i t f ives the floor

corrections which are to be combined with the cross-sections evalua-

ted with the recomended resonance paraMters in one of the follow*

ing thsories<5>' <*>' W> W>.

3*1 Brelt-Wiiner Thecre
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I

«h«ro

*^ ani F̂  afe shift «n4 penetration foncttona

•yabols have their usual mainf • -

«ha other
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3.2 H e l c h - n w Theorr

... X

cr

a- ^

.7

3

\ fa

Where «, b - 1, 2 , 3 4nd 1 • neutron ehcanel and 2 , 3 « • fission

channels

- I

x'>A
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3.3 Adler-Adlcr Theory

K'£) C

E * E-

where i L - 1\
B

Ok. «k

Ing thA X r«>oo«t««.

3*4 LuMmtan

cbaractcrtt-

a,
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3*5 Computer Codes
(9)

a) A computer programme RE8W0 based on the above mentioned

theories has been modified and used on COC-3600 computer• The

total , elastic scattering, capture aad fission cross-seetioas of

a l l the elements reported here were then evaluated and combined

with the floor corrections in the resolved and unresolved reson-

ance energjr regions us«ng the resonance parameters from 2NDF/9

library versions III and IV.

b) A code package^10^ based on the HC2 - Code ( U ' has been deve-

loped to obtain the group cross-sections and group-to-group

scattering cross-sections from the energy-point data* Some of

the Mathematical formulations on which this eode package i s based

are given In this report for the sake of completeness.

e) Three Interpolation schemes, namely, inB ve Intf" , lnB vs <r~

and K w <T h«v* been used to obtain the eross>seotien at mj

unknown point* These schemes have proved useful In the analytical

Integration of the various cross-sections over an arbitrary croup

width with Vkf constant or E flux weighting factors.

U ) Int TI 1B c r Interpolation Schema
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equations become Indeterminate. Such C M « are evaluated tgr re-

placing the quantity in the braces f "j with the Halting v .ue
EI • 1
i a n d setting 4a to the appropriate values«In

(11)

—

ve o Interpolation 8 c h —

ji_ •+

A y\
in-

- k ± Win
e

X 2- J
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(1U)B w <

(d) Th« fin* group elMtis tr»»f«r «nd «lMtle traoapwt crosa-

MI

3A
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3 A

(e) Th« discrete energy level aodel and the evaporation aodel ham

been used to obtain the dom aeatterlng oatriece of the laelaatlc

and (n,2n) oroas-aeetlona. The nuclear tenperaturea for the « r e -

eolved inelastic and (n,2n) reactions are either taken froa MP/B
(12)library or evaluated using Feral gaa aodel •

( i ) Discrete Level Hodafl.

Asauaing Isotropy in the laboratory ayatea:

A-i \ £
C ( A
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(ii) Evaporation Model

0,

Tha aim in the denoadnator la a m all groiipa af anarcr leaa

than or equal to that of group (

(f) The fission source in each croup has bean evaluated ualag the

(aneralixed f ISSIOD epeetrua with appropriate nuclear teaperaturea.

Three different flaaion aowrcea da* to l^33, XT and Pa 2 3 9 have

been evaluated*

Generallaed Flaslon Sneetrna

•hare 1 - C L + f c C ^ O *

T . C

Kf la the threshold for the ( a * ' t}> reaction and « , la the Ini-

tial enerar. a, b and c are conetaata.
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(g) 81ace the neutrons slw» ds«a both ty eJUt£̂ i<s sad inelastic

collisions the l/fc weighting apectruai hao been uo«d to eallapae

the croup eroaa-aectlons.

OQICUSICMS

In the laat decade the basic energy point oroae-aeetlana

have undergone major Modifications as a result of faproved experi-

mental techniques and aura rigorous theoretical evaluations, to

eaaparlaan Mlth the old data i t can b« iatediataly seen that re-

aolred and onresolTed resonance paraaeters hare been conaiderabljr

•odlf led and also the energgr range of the resolved resonances has

fane up. 'the lnalaatic scattering and threshold reaction cross*

sections have also bean updated. It le well know* that the alpha

•aloes or P*j-239r which is major f i s s i l e element In fast reattors,

hare bean raoentljr revised. In fact the cross-sections of f i s s i l e ,

fert i le and structural elements have undergone significant changes.

It was, therefore, imperative that the new multigroup cross-section

sot should have boon derived from the basic data library which

accounts for a l l the modified data. BIDP/B library i s one such data

bank which Is complete and most updated and i t has been used in tho

fonoratiom of this sot .

It i s , therefore, no wander if s l ^ i / l e a n t differences are

noticed in the multigroup eross-sectioao l i s ted in the following

tables in the resonance energy regions and also In the dom scatter-
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Ing »atrica% Thus -ho neutron spectrum calculated with this set

ia axxscted to b<5 dlfrerent ft-em that calculated with the ABB* set

and this may.have Important bearings on reactor parameters. 8cce

representative crit ical experiments are now being calculated with

this oet and a detailed »-«klyeis would be reported In due course*

It »ay be noted that the dowa scattering matrices of some ef

the elements are comprised of two tables - one includes slowing

down croae-secticne due to inelastic scattering phenomenon plus

two times the slowing down cross-seotions due to (n,2n) pheneaenon

and the second table contains the scattering matrices due to {a,2a)

phenomenon only.
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Structure of 27-Group Cross-Section Srt

Group

1
£
3
4
5
6
7
8
9

10
11
xZ
13
14
15
16
17
16
19
20
21
22
^
24
25

¥

•*gy

10.5 Mev
6.5
4.0
2.5
1.4
0.8
0.4
0.2
0.1

46.5 1
21.5
10.0
4.65
2.15
1.0

465 •
215
100
46.5
21.5
10.0

4.65
2.15
1.0

0.465

-3'M-.

n
»
it

ii

H

•
• -
a

•
»
•
M
H

ev
H
*

n
R

H
H

a
N
;;

Range '
t

- 15.0 Mev
- 10.5 "
- 6.5 "
- 4.0 "
- 2.5 "
- 1.4 •
- 0.8 •
- 0.4 •
- 0.2 •
- 0.1 •
. 46.5 Kev
» ?X 5 "

- ioio »- 4.65 •
- 2.15 "
- 1.0 •
- 465 w
- £-15 "
- 100 »
- 46.5 "
- 21.5 M

- 10.0 »
- 4.65 "
- 2.15 "
- 1.0 "
- 0.465"

Lethargy Width

0.3567
0.47 >6
O.i|S55
O.47OC
O.5?9t
0.5596
0.6931
O.&931
0.6931
0.7657
0.7714
0.7655
0.7657
0.7714
O.7co5
O./657
0.7714
0.7655
0.7657
0.7714
0.7655
0.7657
0.7714
0.7655
0.7657
0.7714
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I f < I rHĉ * ON -3" **̂  o <js O U** C1*" C""" Is* *»O v0 0*% O C"*" O "O WN C\f *^ r j *^ W C^
i \ ** i i/*-^ - t <T* i •- c\f o o r- - * r-f *-o r*- '/^ rH <v ̂  ̂ o oi t^ vy (*> *p c*̂  ̂ o c~
i \"\ J C)i j iH r—i rl <y -̂ f C^ tTs (- "
I ^ I OO O O O O O r: f -•• r

I guSrrî JcjvaoN
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