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Abstract 

A MUFT-type library, malting use of the evaluated nuclear 
data files distributed by IAEA has been produced, Dhe specification 
of a MUFT-type library is given briefly and the eoiaputer 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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lo Introduction 

MUFT-type multigroup constant libraries have been in use 
for many years [l] [VJIjO* ®hey can succesfully applied to 
thermal and intermediate systems containing water or deuterium* 
This 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sets in use are out of date and are responsible for many dis-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 tie Unclear Data Section of IAEA with 
newly evaluated nuclear data are now available, we have pre-
pared 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 Q3. The starting point for ZEBRA is the DPI file 
/see £43 /, 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 GRACE 

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 
presented. 

2. MUFT-type constants 

One of the most essential 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 nuclei, such as H,D and 



Bevtbe anisotropy of slowing down is also taken into account* 
Thus the transport propertied of any nucleus are dsscr ibed by 
six or nine constants in each lethargy group* These contants are 

absorption cross-section 
fission cross-section 

Cg inelastic scattering cross-sectiori 
q elastic scattering cross-seetion 

yUCT fA- is the average cosine of the scattering angle 
£ slowing-dowa cross-section in the Fermi age model 

or 
slowing down cross-section in the Greuling-Goertzel 
model 

f slowing down constant 
/̂ CJT anisotropic slowing down cross-section 
^ anisotropic slowing down constant 

The above quantities are definied by the following relations: 

' / f ^ ) n/ 
&LL. J * 

d CAj-4 

where f 
X - O . t k i 0 * $ 

Mi CefM/OTW du /2a/ 

i ' i / V i A m . ^ 
J a . * . 
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i r - L f V ^ M ^ 
3 U r A / 2 c / 

r i = L / W i u i - l 
u, 

Z / = / >J>Mdu 

where ^ 

^ - ( & m - ^ ^ u ) /3/ 

jjî  is the scattering angle in the center of mass system 

/A is the mass of the nucleus/ 

^ ( ^ o ^ ) tlae differential scattering cross-section 
k j is the i-th Legendre polynomial 

yU0 is the scattering angle in the laboratory system 

Formulas (l) and ( 2) are evaluated by numerical integration* 
In our data files (E^^jU^ U ) acre given as a tabelled function, 
and thus the formula /3/ is also evaluated by numerical integration 

In the case of isotropic scattering in the center of mass sys-
tem the integration of /2.f. and /3/ can be carried out analy-



tically as 

^ iM(i/5 .a/}tci)ei/2V-(h-^-Un)^1)] 

7 , Ifdl J . 
^ A Z 4 L 3 

Hh 

Another feature of this MTFT-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 j6j making use of the 
resonance parameters or by means of the total resonance integrals 
and resonance distribution functions which are contained in the 
library. In the first case the temperature and 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 || â Jl • is the portion 
of neutrons scattered inelastically in group q which scatter 
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into group p, i.e a ^ is the inelastic transfer cross-
-section. In the original MUFT library this matrix is taken 
to be independent of nucleus type; incur library it can be calcu-
lated optionally for each nucleus by taking into account its 
inelastic excitation level structure as described in • 

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 L I S T CONSENT 
TYPE 
1 XX She characters: GRACE 
2 ( b( j) ,TJ (j) tJ=2,NG) The lower energy and lethargy boun-

dary of the groups 
3 (AZH(j) ,J=l,NG-l) The fission spectrum 
4 IX Number of elements in V library 
5 KECK) ,NI, (jx(j) ,ENU(j) , The name of the N-th fissionable 

AN(J) , J=l,Nl) element; the number of V groups; 

the lowest group in the J-th "V group; 
lv 

the value of V ; the value of ^jE 
6 IU Number of elements in resonaase 

absorption library 
7 AKF,RSP, IPS Name of the resonance elements the 

infinite dilute resonance integral; 
number of resonance distribution 
functions 



RECORD 
TYPE 

8 
9 

I/O LIST 

( PSL(L), I=L,4O ) 
IUF 

CONTENT 

^resonance distribution functions 
Number of elements in resonance 
fission library. 

Records of type 7 and 8 foil ow> giving the corresponding quan-
tities for resonance fission. 

1 0 

11 

1 2 

IN 

( ( A I N C I , * ) , 1 = 1 , I N ) , 
j = a , i N } 
NGRUL, NTOT 

13 KE(N), A(N) 

14 (SA FT) (?) ,SI (J) ,SS (J) , 
1M (J) ,TET (J) , JSL ,4o ) 

15 (®STS (J) , GAM (J) , PSI (.J) , 
ZX(J), Jsl,4o ) 

Dimension of inelastic scattering 
matrix. 
The inelastic scattering matrix 

Number of Greuling-Goertzel elements, 
Number of elements in the cross-
section library. 
Name of the N-th elementj mass of 
the nucleus 
6l <7?, O} 

A S A J L ' D FI* * 28.O / 

There are IX records of type 5» 10 records ©f types 7 and 8, 
101 records of types 7 and 8, NTOT records of types 13 and 14, 
and NGRUL records of type 15. 

4. Description of the program ZEBRA 

As it has been mentioned, ZEBRA is based on the W X magnetic 
tape data file produced by the first stage of PRODGROUP [jt-J, 
This tape contains 12 data types for non-fissionable and 15 data 
types for fissionable elements. ZEBRA uses only the following 
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data typos: elastic scattering /3*/» total inelastic scatte-
ring /4./, non-elastic scattering /9*/, inelastic scattering 
for discrete excitation levels Al./, secondary angular distri-
bution for elastic scattering cross-section /12,4 fission 
cross-section /13/» average number of secondary neutrons per 
fidsion /14./, fission spectrum A5*/ 

From the technical point of view, it is advisable to reel 
the magnetic tapes only in one direction, Therefore beside the 
DF1 and GRACE libraiy tape an additional tape is used in order 
to facilitate rearrangment of the calculated group constants* 

Some subroutines are taken over from the program PKODGROUPj 
these are SOBELEM, DIV,SINT,IRG. The other subroutines and their 
tasks are: 

INEL - which calculates the inelastic transfer matrix 
MEG AD - which reads the evaluated data from DF1 and calculates 

the group-averaged cross-sections for a given data type 
GROSINT - which calculates the average cross-section for a 

given evaluated data set 
FLUXES) - which calculates the flux at energy B 
GAMFUN - which calculates the quantities 
ANGUL - which calculates the quantities fA^ ^ ^ 

from the secondly angular distribution of elastieally 
scattered neutrons, 

INTER - which interpolates the lethargy-dependent cross-sec-
tions. 

She input scheme of ZEBRA is the following. 



- 9 -

CAHD FOEMAT I/O LIST 
1 210 NQ,IN 

2 IOJO.O m I ,1=1,HQ 
3 510 MSZ 

HH 

IX 
IEL 

KB 
4 3*0.0 TEMP 

T1 

T2 

5 210,210.0 ND FL) 

.BEK/I) 

AT(I) 

The last card is repeated for 
should be the same as that on 

Description 
Number of groups; dimension of the 
inelastic scattering matrix 
group boundaries 
logical number of magnetic tape 
for the library to be prepared 
The serial number of the elements 
on DPI, which gives the fission 
spectrum 
Number of elements in A) library 
if IELsO 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 
/o.5/ in MeV 
Material temperature /generally 
0.0253/ ia eV 
serial number of data groups cf 
I-th element on DF1 
=0 no inelastic matrix should be 
calculated; jfc o otherwise 
energy in eV, above which the 
anisotropy of inelastic scattering 
should be taken into account 
atomic mass number 

each element. The order of elements 
DEL. 
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5* A program for library compilation 

Often we have some library tapes containing forty group 
constants for different elements, and we need these elements on 
one library tape. A special program - GRACECOFX - has been de-
veloped in order to compile library tapes together. Its 
input scheme is the following. 

CARD FORMAT 
1 1010 

I/O LIST 
US 
NH 

NHE1 

IX 
IU 

IUF 

INB 

NGRUL 
HTOT 

2 A8,2X,A8,I0 AF (i) 
AU(l) 

Description 
Logical number of the new library tape 
Logical number of that library tape 
which gives the group boundaries for 
the new library 
Logical numbezr of that library tape 
which gives the fission spectrum for 
the new library. If NHEL<0 there is 
no fission spectrum in the other lib-
rary 
Number of elements in the V library 
Number of elements in the absorption 
resonance library 
Number of elements in the fission 
resoaance 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 lib-
rary 
Name of the element in the old library 
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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Tlie second card is repeated 
for each element in the V library 
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 makes us able to rename the 

elements. 

6. Test of the new library by comparison of reactor 
calculations and experiments 

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

Another test has been possible by making use of the results 
of experiments on ZR-2 critical assembly [jeG /Table 2/. The 
discrepancies are not larger than those in any usual similar 
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Table 2. 

ZB-2 critical experiments* 

Lattice pitoh 
/mm/ H/U ^ e f f 

15 192 1.0123 

17 28J l«oo38 

19 336 l*ooo57 

23 653 0*99297 

25 763 0*939^3 
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* * * * #RP06 USE!) ON 17/(^/7'- AT 29/57/56 

GRACE LIBRARY 
GROUP EH BU FISSION S P f X 

_ . » 

1 1 -00f O? 3 .30E-'01 1' 
wm -mm "F ' 

.001E«o2 
2 7 . 19f 06 6 .60E-.01 3 
3 5 .17E 06 9 '01 8 .4?AE«M)2 
4 3 .726 06 1 , 32E 00 1v . 4?OE»(/1 
5 2 67p 06 1 , 65 E no 1 . 4 ̂  0 E •» f) 1 
6 1 .926 06 1 • 98E 00 '4 
7 1 . 386 06 2 * 31 E no ? .154B-01 
8 9 .936 05 2 .SOS 00 5 ,679E*()2 
9 8 .216 05 2 .97E 00 i ,2?0 6«01 

10 5 .136 05 3 . 30fc 00 4 .67 & i*(}? 
11 3 .69? 05 3 . 63E 00 2 .8«?E»02 
12 2 .656 05 3 . 96E 00 1 
13 1 .916 05 4 . 29 E 00 1 .134E*0? 
14 1 .376 05 5 . 'i 9E 00 •i . 3 3 0 E * 0 2 
15 5 . 576 04 6 . 09E 00 I .577E-03 
16 2 .265 04 6 .99E 00 i .1?SE»i)3 
17 9 .216 03 7 -50E 00 ? , 2 7 3 E • 0 4 
18 5 .536 03 8 . 79 E 00 •f ,8036-04 
19 1 - 52E 03 9 . 69E 00 ? .^apE-os 
20 6 . 19f 02 1 . 06E 01 5 ,9n*E»06 
21 2 .52? 02 1 . 09 E 01 '7 .187E*07 
22 1 .901 02 1 . 1 2E 01 5 , 4 5 3 E * 0 7 

23 1 . 356 02 1 . 1 4E 01 2 
24 1 -106 02 1 . 1 7 E 01 1 ,79*E»0? 
25 8 .206 01 1 , 20E 01 1 . 2 6 3 6 - 0 7 

26 6 . 30E 01 1 . 23E (11 1 •037E-0? 
27 4 -50E 01 1 . 27E 01 6 .3S?E*()8 
28 3 - 20E 01 1 . 29 E 01 2 .S?HE»ti8 
29 2 .606 01 1 . 31 E 01 2 .25*E»o* 
30 2 -006 01 1 . 34E 01 1 ,6496*08 
31 1 .506 01 1 «37E 01 1 .13?6«O8 
32 1 .106 01 1 . 4QE 01 7 ,267E«o9 
33 8 -001 00 1 . 44E 01 5 .2936«o9 
34 5 .406 00 1 . 50E 01 3 ,6S8E»Q9 
35 3 .156 00 1 . 55E 01 A , 6'i A6«i)9 
36 1 .846 00 1 . 58E 01 3 .987E-10 
37 1 .406 00 1 . 66E 01 % . 1'( nE»l 0 
38 6 -2SE-01 1 .70E 01 t V268E»10 
39 4 .006' -01 1 »77E 01 8 .597E-11 
40 2 .006-01 0 «00E*01 0 . 0ttftE»«»1 
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U-235 
GROUP NU 'DNU/DE 

1 3,650 0.134E-06 
2 3 . 2 7 Z 0-145E..Q6 
3 2.979 0.1'47E«06 
4 2.766 O-933E-07 
5 2.668 0.878E-07 
6 2.602 0-890E-07 
7 2.554 0.735E-07 
8 2.526 0.153E-06 
9 2.499 0 . 7 4 9 0 0 7 

10 2.476 0.909E-07 
11 2.463 0.904E-07 
12 2.454 0 . 899Eip07 
13 2.447 0,143E-06 
14 2,440 0.699E.07 
15 2,434 0.702E.07 
16 2.432 0 . 61 0£'»07 
17 2.431 0-11 8lE>06 
18 2.430 0.558E-07 
19 2.430 0.9356-07 
20 2.430 0.646E»Q7 
21 2.430 «.189E-11 
22 2.430 0.l5*e»11 
23 2,430 ».-*74E»01 
24 S.614 0-423E-01 
25 2.430 -.460E-11 
26 2.430 0.647E»11 
27 2.430 -.896E-1'? 
28 2.430 0-146E-10 
29 2.430 »-97oe-11 
30 2.430 0- 291E-10 
31 2.430 -.655S-10 
32 2.430 0.970E-10 
33 2.430 ".784E*10 
34 2.430 0.129E-10 
35 2.430 0.4446-10 
36 2.430 0.66ie.io 
37 2,430 0.000E 00 
38 2.430 -.129E-09 
39 2.430 0.0006 00 
40 2,430 O.OOOH 00 

U»?38 
GROUP NU DNU/DE 

1 3,612 0.120E-06 
2 3.275 0.123E-06 
3 3,025 O.126E-06 
4 2.842 0.128P-06 
5 2.7o8 0.1298-06 
6 2.611 0.151E-06 
7 2.540 0»108r-06 
8 2.498 0.225E-06 
9 2.460 0.110H-06 

10 2,426 0-133E-06 
11 2. 4f>7 O.133E»O6 
12 2.393 0•I33E»06 
13 2.383 0.209F-06 
14 2.372 0.103E-06 
15 2.363 0-103E-06 
16 2.360 0-900E-07 
17 2.359 -.320E-03 
18 3.537 0„294E-03 
19 2.358 0-103E-06 
20 2.358 0-791E-07 
21 2.358 0-1 54f>06 
22 2.358 0.889E-07 
23 2.358 0.242P-06 
24 2.358 0-141E-06 
25 2.358 -.3Q6E-11 
26 2.358 0.424E-Q7 
If 2.358 0.660E-06 
28 2,358 0.108g«06 
29 2.358 O.OOOE 00 
30 2.358 0-600E 00 
31 2.358 O-OOOE 00 
32 2.358 O.OOOE 00 
33 2.358 -.112E-10 
34 2.358 Q.T29E-10 
35 2.358 O.OOOE 00 
36 2.358 O.OOOE 00 
37 2,358 O.OOOE 00 
38 2,358 O O O O E 00 

. 39 2.358 -.146E-09 
40 2.358 O.OOOE 00 



PU-239 
GROUP Nil DNU/OE 

1 4.065 0 - 1 1 9 E « 0 6 
2 3.7?9 0.1 23t>06 
3 3.482 0.1-2IE-06 
4 3.305 0-112E"Q6 
5 3.188 0 - 1 1 1 E - 0 ^ 
6 3.105 0 - 1 1 1 E * 0 6 
7 3.045 0 - 9 1 5 E » 0 7 
8 3.009 0-189E-06 
9 2.977 0,918E»07, 

10 2.948 o-111E"Q6 
11 2.932 0.110E-06 
12 2.9?1 0-1Q9E»06 
13 2.913 0.173E»06 
14 2.964 0.848E.07 
15 2.897 0.845E-07 
16 2.894 0.726E-07 
17 2.89s 0 . 1 4 « E » 0 6 
18 2.89? O.8O4E-07 
19 2.892 0.841E»07 
20 2.892 -.792E-13 
21 2.892 o-000E 00 
22 2.892 o.l59e^i 
23 2.892 -.233E»11 
24 2.892 O-OOOE 00 
25 2.892 ••.306E*11 
26 2.892 ".970H-11 
27 2.892 0.l57g»l0 
28 2.892 ».97oe«11 
29 2.892 0.243E-10 
30 2.892 0 5 8 2 e « 1 1 
31 2.892 - 3 6 4 E - 1 0 
32 2.892 0.2916*10 
33 2.892 - . 1 1 2 E - 1 0 
34 2.892 O.OOOE 00 
35 2.892 O.OOOE 00 
36 2.892 0.661E»10 
37 2.892 O.OOOE 00 
38 2.892 -.5T7E-09 39 2.89? 0.291E-09 
40 2.892 O.OOOE 00 

?U«240 
GROUP NU DNU/DE 

1 3.812 0.776E-07 
2 3.594 0.798E-07 
3 3.432 0.817E-07 
4 3.314 0.827E-07 
5 3.227 0.838E-07 
6 3.164 0.848E-07 
7 3.118 0.700E»07 
8 3.091 0.146E-06 
9 3.066 0.714F-07 

10 3.044 0.868s.07 
11 3.032 0.86OE-O7 
12 3.023 0.862E»07 
13 3.016 0.136B»06 
14 3 • 009 O-667E-07 
15 3.004 0 - 6 6 7 E - 0 7 
16 3.002 O.578E-07 
17 3.001 0.114E-06 
18 3.000 O-526E-07 
19 3.000 0.408E-07 
20 3.000 0.165g»07 
21 3.000 O.519E-07 
22 3.000 0 - 5 1 1 e - O T 
23 3.000 0.102E-06 
24 3.000 O.1O2E-06 
25 3.000 0.162E-06 
26 3.000 0.193E»06 
27 3.000 0.2l7g«06 
28 3.000 0.403E-06 
29 3 . 0 0 0 0.471E-06 
30 3.000 0.615E-06 
31 3.000 0.808E-06 
32 3.000 0.122E-05 
33 3.000 0.184E»05 
34 3.000 0.246E-05 
35 3.000 0.318E-05 
36 3.000 0.121E-04 
37 3.000 0.320E-05 
38 3.000 I29e»09 
39 3.000 O.OOOE 00 
40 3.000 O.OOOE 00 



PU-241 
GROUP NU DNU/DE 

1 4.073 O-111E-06 
2 3.^62 0-115E*06 
3 3.5?9 o.11.8E*06 
4 3.358 0.120H-06 
5 3.233 0-121^-06 
6 3.142 O-123E-06 
7 3.076 0-101E-06 
8 3.037 0.211E-06 
9 3.001 0.103E-06 

10 2.969 O.l25e»06 
11 2.951 0.124E?»06 
12 2.938 0.124F-06 
13 2.929 0.196E-06 
14 2.918 0.964E»07 
15 2,910 O.963E.07 
16 2.907 O.84OE.07 
17 2.9o6 0.163E»06 
18 2.905 0.759F:-07 
19 2.9o5 0.987E»07 
20 2.9q5 0-766E-07 
21 2.9q5 0 • 139e»o6 
22 2.9o5 0•143E»06 
23 2• 905 0.210E-06 24 2.9O5 o-159P*o7 
25 2.9o5 0.462E-06 
26 2.9o5 O-683E-07 
27 2,9o5 O-OOOE 00 
28 2.905 O-OOOE 00 
29 2.905 O-OOOE 00 
30 2.905 O-OOOE 00 
31 2.905 0. OOOE 00 
32 2.9o5 O-OOOE 00 
33 2.905 O-OOOE 00 
34 2.905 O.OOOE 00 
35 2.905 O.OOOE 00 
36 2.9o5 0.661E-10 
37 2.9o5 O.OOOE OO 
38 2.903 » 517E-09 
39 2.9o5 0.582E.09 
40 2.9o5 O.OOOE 00 

PU**242 
GROUP NU BNU/DE 

1 3.8i2 0.775E-07 
2 3.594 0-800E-07 
3 3.432 0.817R-07 
4 3.314 0,827^.07 
5 3.227 O.838E-07 
6 3.164 0.848G-07 
7 3.118 0.700E»07 
8 3.091 0 .1 46f-»06 
9 3.066 0.714E-07 

10 3.044 o-868E»07 
11 3.032 0.861E-07 
12 3.023 0.861E-07 
13 3.016 0.136e»06 
14 3.009 0,667fc*-07 
15 3.004 0.667g-07 
16 3.0o2 0.581E-07 
17 3.001 0-112E-06 
18 3.000 O.534E.07 
19 3.000 O.619E-07 
20 3.000 O.252E-07 
21 3.000 0.400E-07 
22 3.000 0.394E-07 
23 3.000 0.790E-07 
24 3.000 0.788E.07 
25 3.000 0.125E»O6 
26 3.000 0.149E»06 
27 3.000 0-167f?»06 
28 3.000 0.310b»06 
29 3.000 0.363E«»06 
30 3.000 0.474E.06 
31 3.000 Ot622E»06 
32 3.000 O.939E-06 
33 3.000 0.142E-05 
34 3.000 0.159E»05 
35 3.000 0.300E»06 
36 3.000 -.661E-10 
37 3.000 O.OOOE 00 
38 3.00-0 O.OOOE 00 
39 3.000 O-OOOE 00 
40 3.000 O-OOOE 00 
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