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Abstract 

Using the NJOY nuclear data processing system, three multigroup MATXS-
formatted nuclear data libraries were generated based on the European data files 
JEF-l and EFF-l. After processing with TRAMDC, TRANSX, or TRANSX-CTR 
these libraries can be read into most transport and diffusion codes. 

For the neutron analysis of gas-cooled or water moderated thermal reactor 
systems (including high converter FWR's) a 70-group WIMS-BOXER structured 
library was generated. A general purpose fine group library in 308 groups is 
provided for thermal as well as for fast reactor systems. A coupled 175 neutron/42 
photon-group library in VTTAMIN-J structure was created for the analysis of 
shielding problems and fusion blanket design. 

A problem found when using CRAY's CFT77 compiler to implement NJOY87 
is discussed. The problem of irregular selfshielding factors from UNRESR for 
some isotopes and (OQ, material temperature)-combinations in the unresolved res
onance range is addressed. 
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Methodology and Processing 

First, pointwise JEF/EFF cross sections were reconstructed and broadened with 
NJOY (Version 6/83) [1] for the isotopes of interest and temperatures up to 3000 
K (For details see [2]. Hereby the thermal region was treated according to the 
free gas model and the available scattering laws (thermal S(a,/3) matrices;. In 
the unresolved resonance range, selfshielded data were generated, when available 
on the evaluation. 

Second, pointwise cross sections were converted into groupwise data, using 
adequate weighting spectra. The energy self-shielding of resonances was taken 
into account for light structural isotopes by the the narrow resonance approach. 
Data of heavier nuclides (Z>13) including actinides were shielded on the basis 
of an accurate slowing down pointwise flux calculation in the resolved energy 
range of the absorber (Flux calculator option in GROUPR). 

Third, all multigroup cross sections were translated into MATXS format. The 
MATXS file is a cross section library in a flexible format designed to general
ize the existing standard CCCC files [3]. Vector cross sections for all reaction 
types available on the JEF files (including damage data and kerma factors) are 
provided. Furthermore group-to-group scattering matrices (including upscatter) 
and matrices producing neutrons (e.g. fission) or photons are available. Data are 
taken at different temperatures, background cross sections and different degrees 
of anisotropy. Neutron and photon data are treated in the same way. Together 
with the MATXS library an index is provided showing all particles and reaction 
types as well as the temperatures and background cross sections included for each 
material. 

Description and Practical Use 

Three basic group structures were chosen. For the analysis of gas-cooled or water 
moderated thermal reactor systems (including high converter PWR's) a 70-group 
WIMS-BOXER MATXS library, was generated using the LWR representative 
WIMS-D weighting spectrum. The 70 neutron groups (42 thermal groups) are 
the same as in WIMS with an additional high energy group between 10 MeV and 
14.918 MeV. Moreover a fine group MATXS library in 308 neutron groups (108 
thermal groups) is provided to satisfy the needs of both thermal and fast reactor 
analysis. The energy structure comes primarily from VTTAMIN-E and GAM-II 
in the fast energy range and from GATHER in the thermal range. Finally, a 
coupled 17S neutron/42 photon-group MATXS library in VTTAMIN-J structure 
(11 thermal groups) was created for fusion blanket and shielding analysis. The 
same temperature dependent VTTAMIN-E weighting spectrum was used for gen
erating the 308 and 175 group libraries. The VITAMIN-/ neutron and photon 
group structures are similar to VTTAMIN-E with some additional energy bound
aries. All MATXS libraries include self-shielded anisotropic data at different 
temperatures. 

Some recommendations are now given on the practical use of the MATXS 
libraries. The user should first consult the index of the MATXS library to be 
informed about its content. The MATXS file has then to be preprocessed with 
the help of TRAMIX [4] (a PSI update of TRANSX), or TRANSX-CTR [3] 
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Figure 1: Generation of MATXS based problem dependent libraries 

(a simplified version of TRANSX for fusion and shielding application) to get a 
problem specific data library in a selected fotmat 

Using TRAMIX, resonance data can be shielded in the whole energy range 
and neutron, photon or coupled tables can be produced suitable to most transport 
and diffusion codes. Special features are available, such as group collapse, the 
capability to compute accurately fission spectra from the fission matrices on the 
MAfXS library, to calculate and use energy dependent intermediate resonance 
Goldstein-Cohen A-factors, to generate macroscopic data, to correct elastic scat
tering matrices for differences between actual flux and library weighting flux, to 
create adequate transport cross sections for leakage calculations and to produce 
a variety of library formats. 
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Implementation of NJOY87 on CRAY using CFT77 

At Paul Schemer Institute Villigen we got recently access to a CRAY X-MP/28 
located at the Swiss Federal Institute of Technology ETH-Z in Zurich and to 
a CRAY-2/2 256 located at EPF-L in Lausanne. Both CRAY sites run their 
machines under UNICOS. 

CFT77 is CRAY'S most efficient FORTRAN77 compiler, which uses vector-
ization, scalar optimization and multitasking to improve the execution time of a 
FORTRAN program. 

There is one aspect of CPT77 which is different from CFT (the older version 
of CRAY'S FORTRAN77 compiler) still used on the XMP machines but not 
on the CRAY-2 and the CRAY Y-MP machines, which affects a dau storage 
assumption used in many places of NJOY87: 
It is assumed that local data is preserved between subprogram calls. This is true 
for CFT and many other compilers, but not for CPT77, because it conflicts with 
CFT77 optimization techniques. 

Let's look at the GETY2 subroutine of NJOY to explain the problem: 
mio imn arna.xsaT.iois.ra.rnn.i) 

e icnisra n(x) mm u UOF/S TU> n w e n u osxie MCD KD 
w 
e •Loan m m rauun. CALL urn i*o TO iuo I I r u n net 
c ot s u a or am uo KXTIIUZI Minus, soonii isstnas 
c nuns K U u cuus II tscasiK won. n n is m rust 
c u n a n w i n a u r a TUI I WUBS n i m UST WIST. 
c •••TII» sonoonu is SIRIUS TO ectri, rat an v i a no r 
c qoumiis MBT U u m t n o SIMLTUIOOSLT.M* 
c 

Dtmsiai »(»o) 
c 
c •••UAH ran net at SLOCI or MT» lis n m t u z t 

101*̂ 1 
IT (I.BT.O) SO TO HO 
cm. T<siio(irtn,o.o.i,n.n) 
svnr*ni 
»•*(()«. i 
»r«i(«)».i 
LT*«*3>n 
irt«t 
ir>ci*-LT)/a 
ir (n .n .o) xn>m*i 

ir«i 
ILiST'KLTM) 
TUST-I(LT»3) 
IIBT'ILIST 
TJ'TUSI 
IF (TUST.IS.O.) XUST-.tt«M«IUST 
UTU1S 

c 
C •••IS I II Till MID. 

UO IF (I.LT.IUST) SO TO 300 
u*a«(ir-ir» t LT 
tr (I.IT.MUM)) SO TO 130 
IF (IF 10.IF) SO TO S00 

Table 1: Locally defined variables used in subsequent calls to GETY2 

Here the locally defined data XLAST, IP, IPl, IP2, LT, NP, IR are used in a 
subsequent call to GETY2, but there is no storage for them in a COMMON. 
Assuming that those data are available in the second call is wrong.when using 
CFT77. TTiey should be written in a COMMON block, or the FORTRAN77 
SAVE statement should be placed at the beginning of the SUBROUTINE 

l b improve the portability of NJOY, it is recommended that the values of such 
variables (found in many NJOY subroutines) are stored in COMMON blocks. 
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Irregular Selfshielding Factors in the Unresolved Reso
nance Range URR 

There are a few but important isotopes e.g. 235U, 238U, 339Pu which show 
irregular selfshielding factors in specific energy ranges within the URR for given 
combinations of background cross-section value <r0 and material temperature T 
(see e.g. [5]). The selfshielding factor f is defined as: 

e(eo = z<10") 
1 c(a0 = 1010) K ' 

From the physics point of view the f factor should always be in the range: 
f<l . Small deviations from this range have to be accepted if the rather complex 
algorithms used to calculate the unresolved resonance integrals are taken into 
account. Arbitrarily we can speak of irregular f factors in the range f>1.02, 
because such high values can lead to wrong results in problems where the URR 
is important This is true in Fast Breeder Reactor problems especially when 
calculating temperature dependent quantities like the Doppler coefficient see e.g. 
[6]. 

The irregular f factors show up at energies in the URR in die GENDF files 
at thegiven a0 and temperature but also on MF2 MT152 on the PENDF file. As 
an example the print option set in UNRESR when calculating 235U leads to th 
output shown in table 2 (shortened!) at 8.4 keV and 0 and 296 K. 

0 
6 
•neon* 
-20 -21 
•POM TAPE » H 0236*/ 
4926 1 0 
.006 .0 7 .006/ 
•U236*/ 
0/ 
•BUM** 
-21 -22 
4926 1 0 1 / 
.003 1.E6 .006/ 
2M. / 
0 / 
•UWMSR* 
-20 -22 -21 
4026 2 6 1 
0. 2M. / 

1.E10 1.E4 1.E3 1 6 2 1.E1 1. 
0/ 
•STOP* 

Table 2: UNRESR input for M i U 
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UIRBSR.. .CALCDUTIOI OF UIRBSBLVED RESOIAKE CROSS SECTIONS 
3B.48SS 

8/20000 
STORAGE 

UIXT FOR IIPDT USP/B TAPE -20 
OIXT FOR IIPUT PEROT TAFS -22 
01IT FOR OUTPUT PEROT TAPE -21 
TEMPERATURES O.OOE+00 

2.96E+02 
SIGMA ZERO VALUES l.OOE+10 

1.00B+04 
1.00E+03 
1.00E+02 
l.OOE+01 
l.OOE+OO 

1 PRIRT OPTIOI (0 Mil., 1 MAX.) 

NAT > 4926 
39.579S 

TEMP • O.OOE+00 

EIERGY » 8.4000E+03 
1.8S3E+01 1.852E+01 1.049E+O1 1.022E+01 1.647E+01 1.602E+01 

Total 
1.197E+01 1.197E+01 1.196E+01 1.187E+01 1.187E+01 1.167E+01 

ElMtic 
2.993E+00 2.991E+00 2.978B+00 2.873E+00 2.S39E+00 2.317E+00 

Pinion 
l.MBE+OO 1.S64E+00 1.664E+00 1.478E+00 1.266E+00 1.125E+00 
1.863B+01 1.652E+01 1.646E+01 1.696E+01 1.477E+01 1.411E+01 

Captor* 

NAT > 4925 TEMP * 2.96E+02 

EIERGY * 8.4000E+03 
1.8S3E+01 
1.197S+01 
2.993E+00 
1.666E+00 
1.853E+01 

1.8WE+01 
1.1B7E+01 
2.993B+00 
1.685B+00 
1.663E+01 

1.663B+01 
1.197E+01 
2.987E+00 
1.667E+00 
1.8ME+01 

1.688E+01 
1.197E+01 
3.026E+00 
1.S84E+00 
1.864E+01 

1.673E+01 
1.1B9B+01 
3.10SE+00 
1.637E+00 
1.888E+01 

1.665E+01 
1.197E+01 
3.062E+00 
1.628E+00 
1.026B+O1 

18820/20000 

133.372S 

USAGE 

Table 3: UNRESR Output for ^ U at SA kcV, T*0 and 296 K 
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In table 3 from left to right cross-sections at <TO=1010, 10 \ 103. 100,10 and 
1 bam are tabulated. Whereas at 0 K the values look perfect over the whole a0 

range, at 296 K irregular f values are calculated for a^lO bam e.g. / F = 1 . 0 4 . 
In 33SU the energy range between 3keV and 24 keV is concerned. 

Where do these irregularities come from? It is unlikely that they are due to 
the evaluation, because several isotopes from different evaluations are affected 
in a similar way. 

They are most probably generated in UNRESR, where at line (NJOY87.0) 
the calculation of the J and K resonance integrals is invoked (ao is in BETAand 
the material temperature in STI): 

CALL AJKU(BETA,STI,XJ,XK) UNRESR.919 

Looking at the way, how this is done in UNRESR, i see two possibilities to get 
bad results: Either the tabulation of the complex probability integral W is not 
appropriate, or how this tabulation is used to calculate the integrals leads to thai 
Because of my missing knowhow of the URR formalisms, it is not easy for me 
to analyze the problem. Suggestions are therefore welcome how to proceed. 
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Comments on UNRESOLVED TABLES 

The UNRESR module uses methods originally developed for MC 2 (from a version actually 
installed in ETOX). These methods were later extended and refined for M C 2 - I I by Hwang, 
but the extended method is not currently available as a standard NJOY module. Both the 
original and extended methods represent the self-shielding in terms of an isolated resonance 
contribution and a set of correction terms for resonance-resonance overlaps. These correction 
terms converge best if the overlap is small and if <r0 is large. In practice, self shielding for 
U-238 (narrow, widely-spaced resonances) can be computed accurately for <r0 »* small as 1-10 
barns, but U-235 (broader, more closely spaced resonances) begins to have problems for <r0 < 
100 b. For practical application, the appropriate <r0 for U-235 is higher than this limit. 
Many users are tempted to construct shielded cross sections for all their materials using some 
single standard <r0 grid (for example, 10 000, 1000,100,100, 10, 1, 0.1). This is very danger
ous. The values should be chosen (by experience) to be concentrated in the <TQ range where 
the shielded cross section changes the most. Also, low values should be avoided for materials 
like U-235 and Pu-239. Finally, choose <fo values based on the real range of <r0 values found 
in applications. 

Some ffo interpolation schemes used in the past have required values for several <r0 to 
choose the constants. They can give misleading results for materials like U-235. 
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