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ERRORJ
— Covariance Processing Code System for JENDL

\Version 2

Gou Chiba”

Abstract

ERRORJ is the covariance processing code system for Japanese Evaluated Nuclear
Data Library (JENDL) that can produce group-averaged covariance data to apply it to the
uncertainty analysis of nuclear characteristics. ERRORJ can treat the covariance data for
cross sections including resonance parameters as well as angular distributions and energy
distributions of secondary neutrons which could not be dealt with by former covariance
processing codes. In addition, ERRORJ can treat various forms of multi-group cross
section and produce multi-group covariance file with various formats.

This document describes an outline of ERRORJ and how to use it.

*: Reactor Physics Research Group, System Engineering Technology Division,

O-arai Engineering Center, JNC, Japan
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1. Introduction

It is important to evaluate uncertainty of nuclear characteristics in the reactor core analysis field.
For such kind of analysis, covariance data in nuclear data files are essential.

To apply the covariance data for the uncertainty analysis, group-averaged covariance data are
necessary. The original ERRORJ code was developed to obtain the group-averaged covariance data
by K. Kosako. [1][2]. ERRORJ can treat the covariance data for cross sections including resonance
parameters, angular distributions and energy distributions of secondary neutrons which could not be
dealt with by former covariance processing codes, ERRORR in NJOY [3] or PUFF-2 [4].

Original manual of ERRORJ was written in Japanese by K. Kosako [1]. This manual is a
translation of the original manual with a little modification in processing angular distributions of
secondary neutrons. In chapter 2, we described the outline of development of ERRORJ. Special
techniques implemented to ERRORJ are described in chapter 3 and how to use ERRORJ are in

chapter 4. In chapter 5, several examples are shown. Summary is described in chapter 6.



2. Development of ERRORJ

ERRORJ was developed based on ERRORR module in NJOY94.105 [3]. Thus, all the functions
of ERRORR are available in ERRORJ. ERRORJ produces a COVFIL format file storing
multi-group covariance data. The COVFIL format file can be converted to a COVERX format file
by a conversion program which is named NJOYCOVX in the ERRORJ system. The COVERX
format has been proposed as a standard file of multi-group covariance data in the FORSS system [5].
The calculation flow of ERRORJ is shown in Fig. 1.

ERRORJ version 1 and NJOYCOVX were developed by K. Kosako in 1999.

In 2002, a calculation routine processing the average cosine of elastic scattering angle was
modified to calculate relative covariance correctly and version 2 was developed by G. Chiba of Japan
Nuclear Cycle Development Institute. Other modifications have been carried out because several

small errors were found in the ERRORJ program source.

The features of ERRORJ are as follows:

(@) Newly-developed method is implemented to treat the covariance data of the general resolved
and unresolved resonance parameters. In the ERRORR module, there are several limitations in
treatment of the resonance parameters.

(b) Itis possible to process the average cosine of the elastic scattering angle and fission spectrum.

(c) Various forms of multi-group cross section can be read.

(d) Output files with various formats are produced by NJOYCOVX (COVERX format file,

correlation matrix file, and relative error and standard deviation file).

On the other hand, ERRORJ has some limitations as follows:
(a) It is impossible to treat the covariance data of the general resolved resonance parameters under
the condition, NLRS>0 (long-range covariance contribution).

(b) The general Adler-Adler resolved resonance parameters cannot be dealt with.
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3. Methods added to ERRORR module

3.1 Newly developed method for processing resonance parameters

It is impossible to apply the method for processing the covariance of compatible resolved
resonance parameters, which was developed in PUFF-2, into processing the covariance of general
resolved and unresolved resonance parameters. Thus, a new method, named 1% sensitivity method,
was developed. The procedure is described below. In ERRORJ, the PUFF-2 method is also available

as “area sensitivity method”. Comparison between these two methods was carried out by K. Kosako

[21[2].

(a) At first, two point-wise resonance cross sections are calculated. One is a basic resonance cross
section o(E) and the other is o,(E) which is obtained with 1% changed resonance

parameter ;.

(b) Group averaged cross sections, o and o, , are calculated.

(c) Sensitivity coefficient of resonance parameter to group averaged cross section, Si]g , IS

calculated as below.

(d) Group averaged covariance, COV,, is calculated with the sensitivity coefficients and covariance

of the resonance parameters, COV. ., as below.

ij?
cov, = ZCOVi,j'Si,g ‘S,

i
(e) Above procedure is carried out at each | value (neutron orbital angular momentum; NLS).

This method can treat a resonance existing over a few energy groups, negative resonance energy,
unresolved resonance energy region, and total and elastic scattering cross sections. However, it takes
very long calculation time. Current version doesn’t include the function to treat a long-range

covariance contribution and the Adler-Adler resolved resonance parameters.



3.2 Processing average cosine of elastic scattering angle

ERRORJ can treat the covariance of average cosine of elastic scattering angle, ££. The

procedure is described below.

(a) Legendre expansion coefficients of the elastic scattering cross section in a union group structure
are prepared from the angular distribution of elastic scattering(MF=4/MT=2).
(b) Covariance of £ in the laboratory system is obtained from covariance given in MF=34.

cov(i,, i, ) = cov(a g acs _cov(ZUlm . ZUl,a

where alLZb and a, o are the I-th order coefficient of Legendre expansion of elastic scattering in

the laboratory system and the center mass system, respectively. U is a transformation matrix from
the center mass system to the laboratory system. If U is not defined in the nuclear data file, a
module named “Matrixin” is used to calculate U . The module was prepared by T. Nakagawa of
Japan Atomic Energy Research Institute [6].

Conventionally, covariance of the first order coefficient is only defined. Thus,

COV(,Ug /Ug) UyUy COV(alg , lg )

(c) Covariance in a user group structure is calculated as below.

o o ¢ O_el ¢ |O-EI|
CoV(ig, ') = z cov(ty, fy) - : g 1
geG,g'<G’ $s0¢ G G O-G

Present ERRORJ cannot treat covariance of the higher order coefficient. Therefore, users
should set input value [legerd] to 1. Results are given as MT=251. It is not necessary to prepare the
group-averaged £ in a user group structure because it can be calculated in ERRORJ.



4. How to use ERRORJ

4.1 How torun

These files are necessary to run ERRORJ.

(@) Input file
(b) Evaluated nuclear data file including covariance data

(c) Cross section data file (GENDF or PENDF or one prepared by users).

ERRORJ produces a standard output file and a covariance file in COVFIL format, which
includes the multi-group cross section and relative covariance data. The standard output file named
“output” is automatically updated.

Relationship between the tape number and the file name is the same as the NJOY code.
ERRORJ uses tapel0-19 as scratch files, therefore users should not use the tape numbers. Tapel-9
are also not used.

To transform a covariance file from the COVFIL format to the COVERX format, a utility
program NJOYCOVX is used. Users should name a covariance file in COVFIL format “cvf.+nuclide
name(NN)”. For example, if users want to process U-238, the file name must be “cvf.u238”. In
addition, users should prepare a directory named “exc-d” to contain correlation matrix files before
running NJOYCOVX.

NJOYCOVX needs one parameter, which is nuclide name, as below.

/home/userl/errorj/njoycovx/njoycovx_Id  u238

In this example, NJOYCOVX realizes that “cvf.u238” is the file which should be transformed to
a file in the COVERX format. Files created by NJOYCOVX are

(a) multi-group covariance file in the COVERX format, “cvx.(NN)”,

(b) relative standard deviation file, “rsd.(NN)”,

(c) multi-group cross section and relative standard deviation file, “rxs.(NN)”,
(d) multi-group cross section and correlation matrix file, “corr.matrix”,

(e) correlation matrix in each reaction, “mt ###-###", which is made in “exc-d” directory.

An example of the shell script to run ERRORJ is shown in Fig. 2.



#! /bin/csh
#
set NUCL=cr0
set MAT=2400
rm tape* output input
cp /home/endf/cov/${NUCL} tape20
In —s ../njoy-ex/gendf.${NUCL} tape22
#
cat>input <<EOF

0

6

*errorr*

20022240/

$MAT 2111/

0331/

*errorr*

2002223240/

$MAT 2111/

03411/

*stop*
EOF
#
/home/usrl/errorj/src2/errorj_ld < input
if (-e tape23) then

if (-z tape23) exit
else
exit

endif
cp tape23 cvf.${NUCL}
#

(continue)

Fig.2 Example of shell script (1/2)



(continued)
if (-d exc-d ) then
rm —f exc-d/*
else
mkdir exc-d
endif
/home/usrl/errorj/njoycovx/njoycovx_ld ${NUCL}
mv corr.matrix cor.${NUCL}
rm —fR excd-${NUCL}
mv exc-d excd-${NUCL}

exit

Fig.2 Example of shell script (2/2)



4.2 Detail description about input file

The input manual of ERRORJ is described in the program source. It is shown in Fig. 3. In this
section, detail information about the input file is described.
[nout] in cardl is the number of a tape in which multi-group covariance created by ERRORJ is
written. If users set [nout] to 23, the multi-group covariance is written in tape23. [nin] is used for
reading the existing multi-group covariance file and adding a new multi-group covariance data.
[irelco] in card2 is an option to define a form of covariance matrix, absolute (irelco=0) or
relative (irelco=1). The ERRORJ system determines that multi-group covariance in the COVERX
format is relative form, thus users should set [irelco] to 1.
[mfcov] in card7 is an option to determine covariance file to be processed.

() mfcov=31; processing covariance of the average number of neutrons per fission
(MF=31)(reaction type is restricted, MT=452, 455 and 456 )

(b) mfcov=33; processing covariance of the neutron cross section (MF=33) and resonance
parameters (MF=32)

(c) mfcov=34; processing covariance of the angular distribution of the secondary neutron
(MF=34)(reaction type is restricted, MT=2)

(d) mfcov=35; processing covariance of the energy distribution of the secondary neutron
(MF=35)(reaction type is restricted, MT=18)
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* *

* produce cross section covariance from error files in endf/b  *

* format %
* *
* first, the union energy grid of the user group structure *
* and the endf covariance energies is determined. the array *
* of coefficients for derived cross sections is also constructed. *
* then multigroup cross sections are computed on the union *
* grid (see grpav), or they are read from a multigroup cross *
* section library and then collapsed to the union grid. the *

* methods of groupr are used for cross section averaging. endf *

* covariances and the group cross sections are then combined *
* to get the basic covariance matrices (see covcal). finally, *
* the basic matrices are combined to get covariances for *
* derived reactions, the matrices are collapsed to the user-s *
* group structure, and the results are printed and/or written *
* onto an output gendf tape for later use (see covout). *
* *
*——input specifications (free format) *
* *
* card 1 %
* nendf unit for endf/b tape *
* npend unit for pendf tape *
* ngout unit for input group xsec (gendf) tape *
* (if zero, group xsecs will be calculated) *
* (if iread eq 2 or if mfcov eq 31 (see card 7), *
* ngout cannot be zero) *
* (default=0) *
* nout unit for output covariance tape (default=0) *
* nin unit for input covariance tape (default=0) *
* (nin and nout must be both coded or both binary) %
* nstan unit for ratio—to-standard tape (default=0) %

Fig.3  Input manual (1/5)



*

card 2 *

matd material to be processed *
ign neutron group option *
(ign definition same as groupr, except ign=19, *
which means read in an energy grid, as in ign=1, *

and supplement this with the endf covariance grid  *

within the range of the user—specified energies) *
(default=1) %
iprint print option (0/l1=minimum/maximum) (default=1) *
irelco covariance form (0/1=absolute/relative) (default=1) *
(if mfcov=34, irelco must be 1) %

iingxs 1input option of group xsec on unit ngout (default=0)3*

(if ngout=0, iingxs is ignored) *
0=gendf file from groupr *
l=endf type format file (mf=3(tabl record)) %
2=endf type format file (mf=1(energy), mf=3(tabl *

record) %
3=endf type format file (mf=3(list record)) *

11=block type format file (energy and reaction-wise *

blocks) *
12=block type format file (reaction—wise blocks) *
13=block type format file (mt, ng and xsec blocks) *
14=block type format file (mt and xsec blocks with *

descending energy order) *
15=block type format file (mt and xsec blocks with *

ascending energy order) *
21=column type format file (with energy) *
22=column type format file (reaction—wise with *

descending energy order) *
23=column type format file (reaction—wise with *

ascending energy order) *
-1=input by card 14 (unuse ngout) *

iwt2 weight function option when ngout.ne.0 (default=6) *

tempi2 temperature when ngout.ne.0 (default=300) *

Fig.3  Input manual (2/5)



*

*

*

*

*

*——for endf/b version 4 (iverf=4) only

*

*

*

*

*

*

*

*

*

*——for endf/b version 5 or 6 (iverf=5 or 6) only

*

*

*

*

*

*

*

*

*

*

*

card 3
iwt
mprint

tempin

card 4

nek
card b
ek

card 6
akxy

card 7

iread

mfcov

irespr

(omit if ngout. ne. 0)
weight function option
print option for group averaging (0=min., 1=max.)

temperature (default=300)

number of derived xsec energy ranges
(if zero, all xsecs are independent)
(omit if nek=0)

nek+l derived xsec energy bounds
(omit if nek=0)

derived cross section coefficients, one row/line

an option to determine mt number to be calculated
0/1/2=program calculated mts/input mts and eks/
calculated mts plus extra matl-mtl pairs from input
(default=0)

endf covariance file (31, 33, 34 or 35) to be
processed (default=33).

note——contribution to group cross section
covariances from resonance—parameter uncertainties
(mf=32) is included when mfcov=33 is specified.
processing option of resonance parameter covariance
(mf=32) (default=1)

0 = area sensitivity method

1

1% sensitivity method
legendre order calculating covariance (default=1)

(if mfcov is not 34, legord is ignored)

Fig.3  Input manual (3/5)
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*

*

ifissp

following
card 8
nmt

nek

card 8a
mts

card 8b
ek

card 9
akxy

following
card 10
matl

mtl

following

card 11
matb
mtb
matc

mtc

processing energy range number of fission energy
spectrum (default=-1)

(if mfcov is not 35, ifissp is ignored)

n>0
-1

energy range number

cards only if iread eq 1

no. mts to be processed
no. derived cross section energy ranges

(if zero, all xsecs are independent)

nmt mts

(omit if nek=0)

nek+l derived cross section energy bounds
(omit if nek=0)

derived cross section coefficients, one row/line

card only if iread eq 2

cross—material reaction to be added to
covariance reaction list.
repeat for all matl-mtl pairs desired

terminate with mat1=0.

card only if nstan ne 0

standards reaction referenced
in matd.
standards reaction to be
used instead.
repeat for all standard reactions to be redefined

terminate with matb=0.

Fig.3  Input manual (4/5)

fast neutron reactor (average energy = 2 MeV)

*



* note. if matb(l) and mtb(l) are negative, then matc(l) and *
* mtc (1) identify a third reaction, correlated with matd thru *
* the use of the same standard. covariances of all reactions
* in matd (which reference the standard) with the reaction %
* matc (1)-mtc (1) will be produced. the standard reaction %
* must be identified on card 10 and repeated as the negative *
* entries on card 11. the group xsec tape ngout must include 3
* all covariance reactions in matd, plus matc(1)-mtc(1). *
* *
* *
* card 12a (for ign eq 1 or ign eq 19) *
* ngn number of groups *
* (if negative, group bounds is decending order) *
* card 12b *
* egn ngn+l group bounds (ev) *
* card 13a (for iwt eq 1) *
* wght weight function as a tabl record *
* card 13b (for iwt eq 4) *
* eb upper boundary of thermal neutron energy range(eV) *
* tb temperature of thermal neutron (eV) %
* ec lower boundary of fission energy range (eV) *
* te temperature of fission (eV) %
* card l4a (for iingxs eq -1 only) *
* mtz reaction to be entered cross sections *
* ngz no. of group cross sections by card 14b *
* (if negative, energy order of xsec is decending) *
* card 14b (for iingxs eq -1 only) *
* crs ngz cross sections *
* the pairs of card 14a and 14b repeat for all xsec  *
* desired and terminate with mtz=0. *
* *

seskeskeskskskskeskskskksiskokeskekekskskkekeskskoskskskskskekekerssiskokokskekskkkeksksiekskskskekskekkoksiokskeskskskskeskoksksk

Fig.3  Input manual (5/5)



5. Results of processing covariance data in JENDL

Covariance data in JENDL-3.2 [7] and JENDL-3.3 [8] were processed by ERRORJ. Some of
the obtained relative standard deviations for Fe-56, Mn-55, U-233, U-235, U-238 and Pu-240 cross
sections are shown in Fig. 4.1 ~ 4.9. Resonance parameters were processed using 1% sensitivity
method.

It can be observed that the relative standard deviation is very small in the resonance energy
region of the uranium-235 capture cross section, for which the covariance data are not defined in
JENDL-3.3.
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Fig. 4.2 Group-averaged covariance data for elastic scattering cross section of Mn-55



1.5E-2

—— JENDL-3.2
— JENDL-3.3
10B-2 -~ i
[
°
8
©
5
2 0.0E+0
S
[7)]
2 50E-3 | _,—I
&
(]
04
-1.0E-2 [
-1.5E-2
1.0E+0 1.0E+1 1.0E+2 1.0E+3 1.0E+4 1.0E+5 1.0E+6 1.0E+7

Energy (eV)

Fig. 4.3 Group-averaged covariance data for a number of neutron emitted per fission of
U-233

6.0E-1

——JENDL-3.2
——JENDL-3.3

4.0E-1

2.0E-1

0.0E+0

-2.0E-1

Relative standard deviation

-4.0E-1

-6.0E-1
1.0E+0 1.0E+1 1.0E+2 1.0E+3 1.0E+4 1.0E+5 1.0E+6 1.0E+7
Energy (eV)

Fig. 4.4 Group-averaged covariance data for capture cross section of U-233



5.0E-2
4.0E-2

Relative standard deviation

-4.0E-2
-5.0E-2

3.0E-2
2.0E-2
1.0E-2
0.0E+0
-1.0E-2 [
-2.0E-2
-3.0E-2

——JENDL-3.2
——JENDL-3.3

1.0E+0

1.0E+1 1.0E+2 1.0E+3 1.0E+4 1.0E+5 1.0E+6 1.0E+7

Energy (eV)

Fig. 4.5 Group-averaged covariance data for fission cross section of U-235

6.0E-1

4.0E-1 |

Relative standard deviation

-4.0E-1

-6.0E-1

Fig.4.6

2.0E-1

0.0E+0

-2.0E-1

——JENDL-3.2
——JENDL-3.3

1.0E+0

1.0E+1 1.0E+2 1.0E+3 1.0E+4 1.0E+5 1.0E+6 1.0E+7

Energy (eV)

Group-averaged covariance data for capture cross section of U-235



1.5E-1

——JENDL-3.2
——JENDL-3.3

10E-1

5.0E-2 fooo---o-——o——

0.0E+0

-5.0E-2 [

Relative standard deviation.

-10E-1 [

-1.5E-1
1.0E+0 1.0E+1 1.0E+2 10E+3 1.0E+4 1.0E+5 1.0E+6 1.0E+7
Energy (eV)

Fig. 4.7 Group-averaged covariance data for elastic scattering cross section of U-238

1.5E-1

——JENDL-3.2
= JENDL-3.3
Rl e i T T — -

502 f - = .

0.0E+0

-5.0E-2 |

Relative standard deviation

-1.0E-1 E

-15E-1
1.0E+0 1.0E+1 1.0E+2 1.0E+3 1.0E+4 1.0E+5 1.0E+6 1.0E+7
Energy (eV)

Fig. 4.8 Group-averaged covariance data for elastic scattering cross section of Pu-240
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Fig. 4.9 Group-averaged covariance data for capture cross section of Pu-240



6. Summary

The ERRORJ code was developed to process the covariance data. ERRORJ has new functions
for processing the covariance data for cross sections including resonance parameters as well as
angular distributions and energy distributions of secondary neutrons which could not dealt with by
former covariance processing codes. In future, ERRORJ should be updated to treat the covariance
data of angular and energy distributions, the resolved resonance parameter of Adler-Adler form and

long-range covariance contribution.
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Appendix A:

File format of multi-group cross section (iingxs>0)

Format of multi-group cross section, which is prepared by users, is categorized into three
groups. These are ENDF type, block type and column type. Users can select a format to be used by
setting [IINGXS] in the input file. In the multi-group cross section file, data should be written with

ascending MT order. Units of cross section and energy are barns and eV, respectively.
Al ENDF type

Data should be written with ascending energy order.
(@) MF=3(TABL) [1INGXS=1]
[0,0,0 / HL] TEXT
[MAT,3,MT/0.0, 0.0, 0, 0, 0, 0 JCONT
[MAT,3,MT/0.0, 0.0, 0, 0, NR, NP/ E / SIG ] TAB1
[MAT,3,0 /0.0, 0.0, 0, 0, 0, 0] SEND
In TAB1 record, lower energy boundary of the group, E, and cross section, SIG, are written
iteratively at (NP-1) times. At last, upper energy boundary and zero are written. After all MT cross
sections have been described, FEND record should be written.
[MAT,0,0/ 0.0, 0.0, 0, 0, 0, 0] FEND

Interpolation mode should be set to 1 because multi-group cross section is described.

(b) MF=1, MF=3 (TAB1) [IINGXS=2]
Energy boundary should be described at first. Except it, this format is the same as IINGXS=1
format.
[MAT,1,451/ 0.0, 0.0, 0, O, NP, O/ E] LIST
[MAT,1,0/0.0, 0.0, 0, 0, 0, O] SEND
[MAT,0,0/0.0, 0.0, O, 0, 0, 0] FEND

NP is the total number of groups plus 1.

(©) MF=3(LIST) [IINGXS=3]

[0,0,0/ HL] TEXT

[MAT,3,MT/ 0.0, 0.0, 0, 0, NP, NL/ SIG] LIST
[MAT,3,0/ 0.0, 0.0, 0, 0, 0, 0] SEND



NP is the number of multi-group cross section to be inputted and NL is the group number from
which input starts. For example, when the number of groups is 20 and users want to input cross

section from group 15 to 19, users set NL and NP to 15 and 5.



A.2 Block type

(a) Energy and reaction-wise blocks [IINGXS=11]
READ(*) NGN

READ(*) (E(i),)=1,NGN+1)

READ(*) MT, NG

READ(*) (CRS(I,MT),I=1,NG)

CRS is multi-group cross sections. NGN is the total number of groups. E(1) is the highest(lowest)
energy boundary when NGN is positive(negative). NG is the same as NGN about an order of cross
section. IF NG is not equal to NGN, cross sections from group 1 to NG (NG>0) or from NGN to
NGN-NG+1 (NG<0) are read .

(b) Reaction-wise blocks [IINGXS=12]
READ(*) MT,NG
READ(*)(CRS(1,MT),I=1,NG)

This format is the same as IINGXS=11 case except for information about energy.

() MT, NG and cross section blocks [IINGXS=13]
READ(*) NMT
READ(*) (MT(i),I=1,NMT)
READ(*) (NG(i),I=1,NMT)
DOj=1,NMT

READ(*)(CRS(l,)),I=1,NG(j))
ENDDO

NMT is the total number of reactions. Treatment of NG and NGN is the same as IINGXS=11 case.

(d) MT and cross section blocks with descending energy order [IINGXS=14]
READ(*) NMT
READ(*) (MT(i),I=1,NMT)
DOj=1,NMT
READ(*) (CRS(l,j),I=1,NGN)
ENDDO

Cross section should be written with descending energy order.

(e) MT and cross section blocks with ascending energy order [IINGXS=15]
It is the same as IINGXS=14 case except for energy order.



A.3 Column type

(&) With energy [IINGXS=21]
READ(*) NMT
READ(*) NGN, (MT(i),I=1,NMT)
DOj=1,NGN

READ(*) E(j),(CRS(1,j),I=1,NMT)
ENDDO
READ(*) E(NGN+1)

NGN is the same as INGXS=11 case.

(b) Reaction-wise with descending energy order [IINGXS=22]
READ(*)NMT
READ(*)(MT(i),I=1,NMT)
DOj=1,NGN
READ(*) (CRS(l,j),I=1,NMT)
ENDDO

Cross section should be written with descending energy order.

(c) reaction-wise with ascending energy order [IINGXS=23]
This format is the same as IINGXS=22 case except for energy order.





