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Abstract

A MUFT-type library, making use of the evaluated nuclear
data files distributed by IAEA has been produced. The specification
of a MUFT-type library is given briefly and the computer program
producing this library is described. Some results of reactor
calculations performad by means of this library and their com-

parison with experiments are presented.
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l, Introduction

MUFT-~-type multigroup constant librarjes have hbeen in use
for many years Eg Eé][é]. They can succesfully applied to
thermal and intermediate systems containing water or deuterium.
Thig has been the situation in our laboratory, but the data
sets in use are out of date and are responsible for many dis-
crepancies between our calculation and experimental results.
Since data files from thke Nuclear Data Section of IAEA with
newly evaluated nuclear data are now available, we have pre-
pPared a program - ZEBRA - for producing MUFT-type multigroup
constants from these data. A description of the content of the
above data files and of the program which handles, can be found
in the report [ﬁ]. The starting point for ZEBRA is the DFl file
/see [4) /, because it is simpler to handle than the original
files. The forty-group constant sets prepared by ZEBRA can
immediately be used by the program GRAGE [5].

In this report a short description of MUFT-type constants,
the method of their calculation and of the related program
ZEBRA are given. Results of some reactor calculations are also

presemted.

2. MUFP-type constants

One of the most essentiel feature of the MUFT method is
the application of the Greuling-Goertzel /for light nuclei/
as well as Fermi age / for heavy nuclei/ approximation for slo-
wing down processes. For the lightest nuglel, such as H,D and



Ba, the anisotropy of slowing down is also taken into account.
Thus the tramnsport propertied of any nucleus are deseribed by

six or nine constants in each lethargy group. These contants are

absorption c¢ross-section

Ga.
6? fission eross-section
07 inelastic scattering cross-section
O; elastic scattering cross-section
MO, M- is the average cosine of the scattering angle
§OZ slowing-down cross-section in the Fermi agé model
or
2'*03 slowing down cross-section in the Greuling-Goertzel
model
T slowing down constent
n 35 anisotropic slowing down cross-section
"7 anisotripic slowing down constant

The above quantiies are definied by the following relations:
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/UC is the scattering angle in the center of mass system
+1)* -U
/Uc, ’/ - A / ( 4 C).. )

/A is the mass of the nucleus/
& U, ,U) is the differential scattering cross-section
/3(/-40) is the i-th Legendre polynomial
/U is the scattering angle in the laboratory system
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Pormulas (1) and (2) are evaluated by numerical integration.

In our data files GSCCPC: W) are given as a tabelled function,

and thus the formala /3/ is also evaluated by numerical integration.
In the case of isotropic¢ scattering in the center of mass sys—

‘tem the integration of /2# and /3/ can be carried out analy-



tically as
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Another feature of this MUFT-type library is the lack of
cross-sections for heavy elements in their resonance region.
/In our library they are included but not used/ These quantities
can be obtained either by direct calculation |§] making use of the
resonance parameters or by means of the total resomance integrals
and resomamce distribution functions which are contained in the
library. In the first case the temperature amd the heterogeneous
effects of resonance cross-sections can be taken into'acCount;

The transition between lethargy groups by inelastic scatte-
ring is described by a matrix l’ng' ° gpq is the portion

of neutrons scattered inelastically in group q which scatter



into group p, l.e 5’, apq is the ihelasf;ic transfer cross-
-section. In the original MUPT library [_3:] this matrix is taken
to be independent of nucleus +type; inaur library it can be calcu-
lated optionally for each nucleus by taking into account its
inelastic excitation level structure as described in E-LJ .

3. The structure of MUFT-type library used by the program GRACE

The library is written in the ICL standard FORTRAN system.
It contains records of different length.

RECORD

I/0 LIST CONTENT
TYPE
1l X The characters: GRACE
2 (2@ ,0@ ,.J=2,NG) The lower energy and lethargy boun-
dary of the groups
3 (axH(J) ,J=1,NG-1) The fission spectrum
& IX Number of elements in ) 1library

5 KE(N),NI,(3X(3) ,ENC(@), The name of the N-th fissionasble
AN (3) ,3=1,K1) element; the number of V groupss
the lowest group in the J-th V groups

the value of Y ; the value of Y

dE
6 hiij Number of elements in resonanee
absorption librery
7 AEKF,RSP, IPS Name of the résonance ¢lementsg the

infinite dilute resonance integral;
number of resonance distribution

functions



RECORD

Boox 1/0 LIST
8 (Bs1(1), I=l,40)
9 IUF

lo
11

12

13
14

15

CONTERT

Jesonance distribution functions
Number of elements in resonance
fiasgion library.

Records of type 7 and 8 follow, giving the corresponding quan-
tities for resonance fission.

IN

(av (x,9), 122,18),
J=1,IN)
NGRUL, NTOT

KE(N), 4(N)

(sa @) ,8F ©) ,81(3),88 (0),
EM (@) ,TBT (J), J=1,40 )
(eeTs (9) ,GaM () ,PBI (@) ,
2X(3), J=1,40 )

Dimension of inelasbtic scattering
natrix.
The inelastic scattering matrix

Number of Greuling-Goertzel elements,
Number of element in the cross—
section library.

Name of the N-th element; mass of
the nucleus i ji

655; C?z, a; j CE

4
Mol sopd ,_
%Xb_£ ) 422 .“Zﬂ
/this rqéord exlist if A¢28.0 /

There are IX records of type 5, IU records of types 7 and 8,

IUF records of types 7 and 8, RTOT records of types 13 and 14,
and NGRUL records of type 15. '

4. Desgcription of the program ZEBRA

As it has been mentioned, ZERRA ig based on the DFl magnetic

tape data file produced by the first stage of PRODGROUP 4],
This tape contains 12 data types for non~fissionsble and 15 data
types for fissionable elements. ZEBRA uses only the followins
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data types: elastic scattering /3./, total inelastic scatte-
ring /4./, non-elastie scattering /9./, inelastic scattering
for discrete excitation'le'vels /11./, .secondary anguler distri-
bution for elastic scattering cross-section /12.f fission
eross—-section /13/, average number of secondary neutrons per
fidsion /14./, fission spectrum /15./

From the technical point of view, it is advisable to reel
the magnetic tapes only in one direction. Therefore beside the
DFl and GRACE library tape an additional tape is usged in order
to facilitate rearrangment of the calculated group constants,

Some subroutines are taken over from the program PRODGROUP;
these are ¥ORELEM, DIV,SINT,IRG. ihe other subroutines and their
tasks are:

INEL - which calculates the inelastic transfer matrix
MEGAD - which reads the evaluated data from DFl and calculates
the group-averaged cross-gsections for a given data type
CROSINT - which calculates the ave‘i*age cross-section for a
given evaluated data set
FLUX(E) - which calculates the flux at energy B
GAMFUN - which calculates the quantities e’il
ANGUL - which calculates the quentities p(] 30;/ ./zds', r: Z.
from the secondéry angular distribution of elastically
scattered neutrons,
INTER ~ which interpolates the lethargy-dependent cross-sec-—
tions,.
The input scheme of ZEBRA is the following.



CARD FORMAT  I/0 LIST
1 210 NG, IN

2 10M0.0 Ua I ,I=1,NG
5I0 MSZ

4 390.0 TEMP

P2

5 210,2F0.0  ND(I)

1= @)

pre(1)

an(x)

Description
Number of groupss dimensiomn of the

~ inelastic scattering matrix

group boundaries |
logical number of m’agn_etic ‘_!:ape
for the libraxy to be prepared
The seriel number of the elemer: s

on DFl, which gives the fission
spectrum - '

Number of elements in 'V library

if IEL=0O then one inelastic scatte-
ring matrix is given for all ele-
ments /original option/

Number of elements in the library
Thermal cut-off energy /0.625/in eV

Fission spectrum cut-off energy
/0.5/ in MeV

Material temperature /generally

10,0253/ in eV

serial number of data groups of
I-th element on DF1l

=0 no inelastic matrix should be
calculated; 40 othervise

energy in eV, above which the
anisotropy of imelastic scattering
should be taken into account

atomi¢ mass numbexr

The last card is repeated for each element, The order of elements

should be the same as that on DFl.
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5. A program for library compilation

Often we have some library tapes containing forty group

constants'for ditferent elements, and we need these elements on

one library tape. A special program - GRACECOPY -~ has been de-~

velpﬁed in order t_o compile library tapes together. Its

input scheme is the following.

CARD TFORMAT  I/0 LIST

1l 1010 ME
NH

IX

IUr
INE
NGRUL
NTOT

2 A8,2%,48,I0 AP (1)
AU (1)

Description

Loglcal number of the new library tape

Logigal number of that library tape
which gives the group boundaries for
the new library

Logical number of that library tape
which gives the fission spectrum forxr
the new library. If NHE1 O there is

no fission spectrum in the other 1ib-
rary

Number of elemsnts in the ) library
Number of slements in the‘absorption
resonance library

Number of slements in the fission
resosance library

Logical number of library tape which
gives the inelastic matrix for the
new library

Number of Greuling-Goertzel elements
Total number of elements in the 1lib-
rary

Name of the element in the o0ld libraxry
Name of the element in the new library
Logical number of library tape which

gives this element for the new library
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The second card is repeated
for each element in the V 1library
for each element in the cross-section library
for each element in the resonance absorption library
for each element in the resonance fission library
As it is seen, this program mskes us able to rensme the

elements.

6. Test of the new library by eomperison of reaetor

calculations and experiments

In order to test our libraxry some results of NORA project
experiments {?:lhave been reproduced by calculation. /Table 1./
It can be seen that the bucklings obtained by means of the new
library, in most of cases, are nearer to the experimental valu-

0Se .
Another test has been possible by meking use of the results

of experiments on ZR-2 critical assembly LB] /Table 2/. The

discrepancies are not larger than those in any usual similar

cases [?j .
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Table 2.
ZR-2 critical experiments.
L_at;t}gg/pit:ch H/U 1/keff,
15 192 1.0123
17 283 1,0038
19 386 1.00037
23 653 0499297
25 763 0.98948
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GRACE

USED

LIspARy

ON $7/¢6/7s

AT 29/57/8%6
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GROUP

" EM

by

FISSION SPECTRUM

”—ﬂ"-w-.’ﬂ-----"-”ﬂ---n"-q-.-n‘!ﬂ—--.—-‘..ﬂ-",“

D B D B aD D D R D =B o

NN
NS D

w s

HEOMAABDNOAVMON VNS INWAD D2 2N W AN

.008 07
.19E 06
ATE 06
.728 06
.67 06
.92E 06
.388 né
.93E 05

.60F 05
65E 05
.91E 05
.37 05
.STE 04
.26 04
.2%E 03
.53 03
.S2E 03
198 02

4.40E 00
6. 25E=01
4.00E=01
‘2.00E~01

.21E 05
.13 05.

.32
.68F
.98F
2.31€
2.50E
2.97F
3.30E
3.63E
3.964F
4,29E
5.19E
6&09E
6.99¢
7.50E
8.79¢
9.69€
1.06E
1.069E
1.92E
1.964E
1.47€
1;205
1.23¢
1.27€
1.29E

s 3 OO

1.31E

1.34E
1.37E
1.40E
1.44E
1.50E
1.58€
1.58E
1.668E
1.70FE

1.77E

.30E=01
L60Emn
.F0Em(

0o
an
a0
0Hn
a0
a0
00
00
Go
00

00
00

1]
a0
00
00

01

L
04

0
01

04
04

01

01

01

01
(A

01

01
01
01

01
01
01
01

0&00E§“1

1.009Em=p2

3,.88% w2

B, 47LEwmp?2
1. 420Ew=(i
1.470E=01

4 .672Ew1

1.154E%01

5.679Ee(2

1.,270Em(1
4, 874LEm(2
2533?5'02

A.QLAEwH?

1.154E»() 27

4, 353nFen?
4 .ST?VEw;3

%.92%E=;3
2.27%Emnd

4,.8G3%Ew(34
‘2. 282Ew( 8

5.908Ew06

5 .L5%E=(;7
'2v127€-ﬁ?

1.798Ew(7

1 .,263Bw(;?

1,037E=07
6.339E=(B

2.818E=(;8
2.258Ew(R

1.64,8E=(8
1,932Ew(18
?.267EmS
5,298E=(0

7306585.69

{;QqéEuﬁq

3. 987810

B.17nEe4 0
$.268Emq 0

‘8,80PEm44

O'OQOE'ﬁW
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LY 2 2 2. X T ¥ 3 F-F ¥ ¥ FE Y X N TN 3 N _ RN Q-!-Q’—omw-nn-nn'ﬁnu'nmmqmmn

Um235 Un?38
GROUP NU DNU/DE GROUP NU DNU/DE

1 3,650 0.134Em06 1 3.612 0.120E=(6

2 3.272 0.145Em06 23,275 0.123E=06

3 2.979 0.147E=(Q6 3 3.02% 0.126E«06

6 2.766 0.933E=(7 4 2,842 0.128E006

5 2.648 0.878BEw(? S 2.708 0_129cw06

6 2.6062 0.890E=Q7 6 2.6%1 0.131¢=06
7 2.554 0.735EwQ7 7 2.540 0.108E=06

B 2.526 0.153Ew06 8 2.498 0. 225Ee06
9 2,499 0.749Em(Q? 9 2,460 0.110Ew06
10 2.476 0.909E=07 10 2.626 0.133E=(6
11 2.4663 0.904E=07 11 2.4607 0.133Ew06
12 2,454 0.899Em07 12 2.393 0.133k=06
13 2,447 0.143Em06 13 2.333 0.209ce06
14 2,440 0.699Ew07 14 2.372 0.103E=06
15 2,636 0. 702E=07 15 2.363 0.103E=(6
16 2,432 0.610E=07 16 2.360 0.900E»Q?
17 2.431 0_118Ew(Qé6 17 2.359 = _320Fe03
98 2.430 0.558E=(07 18 3,537 0.294Em(3
19 2.430 0.935Em(7 19 2.358 0.103E=06
20 2.430 0.646Em(? 20 2.358 0.791E=(?
21 2,430 -».189Em11 21 2.358 0.454E=06
22 2.6430 0.159€=11 22 2.358 0.889E=(?
23 2,430 =.474E=(1 23 2.358 0.242Ew06
264 3.674 0.423E=01 26 2.358 0.141EmQ6
25 2,430 = 460E=11 25 2.358 =_306Eeqy
26 2.430 0.647E=11 26 2.358 0_424EeQ7
27 2.430 ~.B96E=11 27 2.358 0.660E=06
28 2.430 0.146E=10 28 2,358 0.108E=06
29 2.430 ».970E=11 29 2.358 0.000E 00
30 2.430 0.291E=10 30 2.358 0.000E 00
31 2.430 ~.655E=40 31 '2.358 0.000F Q0
32 2.430 0.970E=10 32 2.358 0.000E 00
33 2.430 =.?784E=10 33 2.358 »_112E=10
34 2.430 0.129E=10 34 2.358 0.129Ee10
35 2.430 0.6444E=10 35 2.358 .0.000F 00
36 2,430 0.661E=10 36 2,358 0.000E 00
37 2.430 0.000E 00 37 2.358 0.000F 00
38 2.430 =».129Em=(9 38 2.358 0.000E 00
39 2.430 0.000E 00 . 39 2.358 =_146E=Q®

40 2,430 0.000E 00 40 2.358 0.000E 00
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PU-239 PU~240
GROUP NU -DNU/DE GROUP NU DNU/DE

LA 2 3 . _F X T L T 2 ¥ 3 Z. 2 BaloB g X B gk 4 LA 2 2 L. D F 3 2 PR By FOF L R PR N o

1 6.065 0.119Ew06 1 3.842 0.P76Em(?
2 3.729 0.123E=06 2 3.594 0.798E=(7
33.482 0.121E=06 3 3.432 0.817E=07
4 3.305 0.112E%06 L 3.374 0.827Em07
5 3.188 0.111E=(6 5 3.227 0.838E=(7
6 3.105 0-111E=06 6 3.164 0.848E=0T7
7 3.045 0.9156m(07 7 3118 0.700Fa0?
3 3.009 0.189E=06 8 3,091 0.1466=06
9 2.'977 0.918Ew(7?7. 9 3.066 0.714E=(7
10 2.948 0.111E=06 10 3.044 0.8685=07
112,932 .0.110E-06 113,032 0.860L=07
12 2.921 0.109E=06 12 3,023 0.862E#07
13 2.913 0.173E=06 13 3,016 0.136Ew06
14 2,904 0 848E=07 16 3.009 0.667E=(7
15 2.897 0.84SEw(? 15 3.006 0.667Ew(7
16 2.894 0.726E-07 16 3.002 0.578Em07
17 2.893 o.146E=qb 17 3.001 0.114F=06
18 2.892 0.804E=07 18 3.000 0.526E=07
192,892 0.841E=07 19 3,000 0.408E=07
20 2.892 ».792E=13 20 3,000 0.165em07
21 2.892 0.000E 00 21 3.000 0.519E=Q7
22 2.892 9.159F=11 22 3.000 0.511€07
23 2.892 =.233Ew14 23 3,000 0.102E=06
26 2.892 0.000F 00 24 3.000 0.102E=06
25 2.892 = 306Ew11 25 3.000 0.162¢=06
26 2.892 ».970Ew11 26 3.000 0.193E=06
27 '2.892 0.157Ew10 27 3.000 0.217£=06
28 2.892 = .970Ew11 28 3.000 0.403E=Q6
29“2r892’0-2‘35-10 <29 31000'0.471E.06»
(30 2.892 ¢.532E-14 30 3.000 0.615E=06
31-2.892 = 364E-10 31 3,000 0.808E=06
32 2r892‘°?291£’10 32 3-000”0.1228'05
33 2.892 0.112E=10 33 3.000 0.184E=0S
3% 2892 00008 00 34 3.000.0.2486-03
805 o ‘ 5 3,000 0.318E«0
36°2.892 0.661E=10 3o 3 000 03 eos
37 2.892 :0.000¢E 00 37 3.000 0.320E=05
33 2.892 =.517E=09 38 3.000 ‘=.129E=09
39 2.802 0.2919F=(9 39 3,000 :0.000E 00

40 2.892 0.000E 00 40 3.0000.000E 00
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LA R 2 L T X T 2 X ¥ S 2 X X R X ol X R For: T O R g W e T G R T Y e W T e

PU=241 PU=2642
GROUP NU DNU/DE GROUP NU © BNU/DE

1 4.073 0.111Ew(Q6 1 3.892 0.775Ew(Q?
2 3.762 0.115E»06 2 3.504 0.8B00Ew=0?
3.3.529 0.918E=06 3 3,632 0.817cm0?
b 3.358 0.120E=06 6 3,314 0.827¢w0?
5 3.233 0.121E%(6 5 3.227 0.838Fw=(7
6 3.142 0.123E=(6 6 3,164 0.848Em(7?
7 3.076 0.101E=Qé 7 3.118 0.700F=0?
8 3,037 0.211Ew=(6 8 3.001 0.146E=06
9 3.001 0.103E=06 9 3.066 0.714Ew(?
10 2.969 0.125E=(6 10 3.046 0.868Ew(?
11 2.951 0.124E=06 11 3.032 0.861Ew=(?
12 2.938 0.124F=(Q6 12 3.023 0.861E=Q?
13 2.929 0.196Eu06 13 3.016 0.136E»06
14 2,918 0_964EL0? 14 3,009 0.667Em(?
15 2910 0.963Eu(? 15 3.006 0.667E=(?
16 2,907 0.840Em(7 16 3.062 0.581Em(?
17 2.906 0.163Ew06 17 3.061 0.112E=06
18 2.905 0.75%9E=(7 18 3,000 0.534Ew(?
19 2.905 0.987E=Q7 19 3.060 0.619E=(?
20 2.96S 0.766E=(? 20 3.000 0.252Ew(7
21 2.%90% 0.139E=06 21 3.000 0.400Ew(?
22 2.905 0.143Em=Q6 22 3.000 0.394E=(?
23 2.965 0.210E=Q6 23 3.000 0.790E=(Q?
24 °2.905 0.159E=(7 26 3,000 0.788Ea0?
25 '2.905 0.462E=06 25 3.000 0.925E=(6
26 2.905 0.683Ee(? 26 3,000 0.149E=06
27 2.9065 0-000E 00 27 3,000 0.167E=(6
28 2.905 0.000F 00 28 3,000 0.310kw06
29 2.905 0.000E 00 29 3.000 0.363Em06
30 2.905%5 0.-000F 00 30 3.000 0.474EwQ6
31 2.965 0.000F 00 31 3.000 0.622E=(6
32 2.905 0.000& 00 32 3,000 0.939E=D6
33 2.905 0.000E.00 33 3,000 0.142E=05
34 2.90%5 0.000¢ Q0 34 3,000 0.159E=05%
35 2.90% 0.000& 00 35 3.000 :0.300E=06
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