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THE NJOY NUCLEAR DATA PROCESSING SYSTEM, VOLUME IV:
THE ERRORR AND COVR MODULES

by

Il.W. Muir and R. E. MacFarlane

ABSTRACT

The NJOY nuclear data processing system is a compre-
hensive computer code package for producing cross sections
and related nuclear parameters from ENDF/B evaluated nuclear
data. This volume provides detailed descriptions of the NJOY
modules ERRORR and COVR, which are concerned with the covari-
ances (uncertainties-and correlations) of multigroup cross
sections and fission v values.

XVIII. INTRODUCTION TO VOLUME IV

The NJOY nuclear data processing system is a comprehensive computer code

package for producing pointwise and multigroup cross sections, and related

quantities such as multigroup covariances, starting from ENDF/B-IV and -V eval-

uated nuclear data. A concise description of the code system and references to

the ancestors of NJOY are given in Vol. I of this report. Volume II provides

more detailed discussions of the theory and methods used in four of the modules

that prepare pointwise cross-section data. Volume III provides similar docu-

mentation of the theory and methods used in the two modules that prepare multi-

group cross sections for neutron and photon transport and effects. This volume

describes the two NJOY modules concerned with covariances of multigroup cross

sections

included

The

produces

and fission ; values. Revisions and extensions up to October 1985 are

in the modules described in this report.

following chapter, Chapter XIX, describes the ERRORR module, which

multigroup covariances from evaluated data in ENDF/B format. Chapter

XX then describes the COVR module, which post-processes the output of ERRORR,

either to produce covariance libraries for sensitivity systems or to produce

publication quality plots of covariance data.



XIX. ERRORR

A. Introduction

After an evaluator has completed his review of the available measurements

of various nuclear data {al, CT2,03, ‘*o], and after he has completed his theo-

retical analysis, he will have formed an opinion (at least a subjective one) of

the joint probability distribution of the data examined; that is, the proba-

bility

that the true value of al lies in the range (al, ol+dul), and that CT2lies in

the range (U2, cr2+do2),etc.

In the early versions of ENDF/B, only the first moments of this probabil-

ity distribution (mean values) could be included in the numerical data files.

However, beginning with ENDF/B-IV and expanding significantly in ENDF/B-V, the

second moments of the data probability distributions have been included in many

of the files. As discussed in Section B, these second moments (data covari-

ances) contain information on the uncertainty in individual data, as well as

the correlations that may exist.

These data covariances have many applications. For example, they can be

combined with sensitivity coefficients to obtain the uncertainty (due to the

data) in calculated quantities of applied interest.l This information can be

used, in turn, to judge the adequacy of the data for the specified application.

The availability of data covariances also makes it possible to use the

generalized method of least squares to improve the data in question, after new

integral or differential measurements have been performed.
2

The least squares

method requires only data covariances (not the full probability distribution),

and the improved, or adjusted, data are guaranteed to have the smallest pos-

sible uncertainties, regardless of the actual shape of the underlying probabil-

ity distribution function, P(a1,a2,”””). (See Ref. 3.) Thus, the ENDF/B co-

variance files contain, in about as compact a form as possible, a statement

about the quality of the data, as well as the information needed to carry out

future improvements on an objective basis.

In many of these applications, it is necessary to begin by converting

energy-dependent covariance information in ENDF/B format4 into multigroup form.

This task can be performed conveniently in the NJO~’6 environment using the

2



ERRORR module. In particular, ERRORR calculates the uncertainty in infinitely

dilute multigroup cross sections (or nlultigroup~ values), as Well as the
associated correlation coefficients. These data are obtained by combining

absolute or relative covariances from ENDF/B Files 31, 32, and 33 with cross-

section or ~ data from an existing processed cross-section library, either con-

taining resonance-reconstructed“point” data or containing multigroup data from

the GROUPR module of NJOY. ERRORR is coded to treat all approved ENDF/B-IV and

-V covariance formats, up to and including two recent format modifications,

namely, “lumped-partial”covariances and a new covariance “law,” LB=6.

The methodology of ERRORR assumes that the weighting flux used to convert

energy-dependent cross sections into multigroup averages is free of uncertain-

ty. In calculating the effect of uncertainty in resonance parameters on the

multigroup cross sections, it is further assumed that the entire resonance area

is contained in the energy group that contains the peak. Finally, in cases in

which the cross-section information is obtained from a multigroup library, it

may be necessary to make assumptions about the shape of the cross section and

the weight function within certain input energy groups, as discussed below in

Section E. These are the only approximations or assumptions inherent to the

program.

B. Definitions of Covariance-RelatedQuantities

For convenient reference in discussing the methodology and input require-

ments of the ERRORR module, we next review the basic definitions of covariance-

related quantities. Let x represent an item of data in an ENDF/B evaluation,

such as the cross section for a particular reaction at a particular energy Ex

or, perhaps, the capture width of a particular resonance; and let y be another

item of data. Let XO and yO be the evaluated values of x and y, respectively;

x~ = E[x] , (1)

and

y. =E[y] . (2)

Here E is the expectation operator, which performs an average over the joint

probability distribution of x and y. The second moment of this distribution is

called the covariance of x with y;

cov(x,y) = E[(x - XO)(y - yO)] . (3)
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The covariance is a measure of the

the same sources of error. The

variance of x;

degree to which x and y are both affected by

covariance of x with itself is called the

var(x) s COV(X,X) = E[(x - XO)2] . (4)

The more familiar standard deviation Ax (also called the “uncertainty”) is

simply

Ax ❑ [Var(x)]%= [COV(X,X)]% . (5)

The correlation between x and y (also called the correlation coefficient) is

defined as

Cov(x, )Corr(xjy) = & *YY . (6)

The absolute value of the correlation coefficient is always less than or equal

to unity. Another useful quantity is the relative covariance of x with y,

rcov(x,y) s
Cov(x,y)

.
x~ Y~

(7)

Unlike the absolute covariance cov(x,y), the relative covariance rcov(x,y) is a

dimensionless quantity. Closely related to the relative covariance is the re-

lative standard deviation,

Ax [cov(x,x)]~—=
9

‘o ‘o

which, from Eq. (7), can be written as

~= [rcov(x,x)]% .

Combining Eqs. (6) and (7), we have another useful result,

corr(x,y) =
rcov(x,y)

(Ax/xo)(Ay/yo) “

(8)

(9)

(lo)



While it is customary to speak of uncertainties and correlation coeffici-

ents as separate entities, it should be noted that these are just two different

aspects of the covariance. That is, if one has a set of absolute covariances

for various reactions, including the self covariance, then Eqs. (5) and (6) Can

be used to calculate Ax and corr(x,y). Similarly, if one has a set of rela-

tive covariances, one can use Eqs. (9) and (10) to calculate Ax/x. and

corr(x,y).

Consider now a set of nuclear parameters Oi, with uncertainties character-

ized by the covariances Cov(oi,oj). Let A and B be two linear functions of the

a., that is
1

J.

B =Zb. cr.,
jJJ

where the a. and b. are sets of known constants. The above definitions can be
1 J

used to calculate the covariances of the functions induced by those of the par-

ameters. FromEq. (3),

COV(A,B) = E{(Z ai Ui - 2 ai E(ui)) (Z b. 0. - Z b. E(CJj))]
i i jJJ jJ

= 2 ai bj E{(u. - E(CTi))(aj - E(oj))] ,
1

iyj

so that

COV(A,B) = 2 ai b. Cov(ai,aj) .

i$j
J

(11)

This result, called the “propagation-of-errors” formula, is fundamental to the

subject of multigroup processing of ENDF/B covariance data and will be refer-

enced frequently in later sections of this report.

c. Structure of ENDF/B Files 31 and 33: Energy Dependent Data

Data in ENDF/B are stored in various numbered “files,” where the file num-

ber depends on the type of information contained. For example, the covariances

of G(E) (the average number of neutrons per fission, which is a function of the

incident neutron energy) are stored in File 31, where the possible “reaction”
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types are prompt ~, delayed ~, and total ~. File 32 describes the uncertainty

in the shape and area of individual resonances. File 33 contains the covari-

ances of energy-dependent cross sections. Within the resolved-resonanceenergy

range, File 33 includes any “long-range” covariances in the reconstructed cross

sections, such as covariance components that are highly correlated over several

neighboring resonances. The structure of Files 31 and 33 are identical and

will be described first.

Files 31 and 33 describe the covariances of energy dependent data. The

full energy dependence of a cross section (J(E),for example, is described in

the ENDF/B File 3 by specifying the cross-sectionvalues at a relatively small

number of energy points and then providing a set of interpolation “laws” to be

used in reconstructing the actual cross section at any intermediate energy.

Somewhat the same philosophy is used to describe the two-dimensional energy

dependence of data covariances. That is, one specifies a set of numerical data

and a set of formulae, which together can be used to compute cov(x,y) for ~

desired pair of energies, Ex and E . Although the interpolation laws are pre-
Y

sently restricted to the simple forms described below, it is not true (as it is

sometimes stated) that ENDF/B contains multigroup covariances. The expression

“multigroup covariance” usually refers to the covariance of one multigroup-

averaged quantity with another averaged quantity, whereas ENDF contains the

covariances between energy point data.

Files 31 and 33 of an evaluation for material MAT are divided into “sec-

tions,” indexed by the reaction type MT. A section (MAT,MT) is further sub-

divided into “subsections.” As described in Ref. 4, a subsection is the re-

pository for all explicit statements of the two-dimensional energy dependence

of the covariances of reaction (MAT,MT) with another reaction (MAT1,MT1).

Because the covariance is symmetric, a subsection with MAT1 = MAT and MT1 < MT

would be redundant with a subsection in an earlier section, and such data are,

by convention, omitted from the ENDF files.

Subsections are further divided into “sub-subsections.” Two different

types of sub-subsections are used in ENDF’/B-V. (Although ERRORR also treats

data covariances in the earlier ENDF/B-IV format, this is of little practical

interest since only three covariance evaluations were released in ENDF/B-IV

format.) “NI-type” sub-subsections are used to express covariances explicitly,

while “NC-type” sub-subsections are used to indicate the existence of connec-

tions between various data, which result in “implicit” covariance contributions

for various reaction pairs. We shall return to this point later.
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Multiple NI-type sub-subsections are used to describe multiple, statis-

tically independent sources of uncertainty for a given reaction pair. Thus,

if cov(x,y)n is the covariance computed from the data in one sub-subsection,

then, because the uncertainties in different sub-subsectionsare uncorrelated,

NI
Cov(x,y) = ~ cov(x,Y)n ,

n=1

where NI is the number of NI-type sub-subsections in the current subsection.

The numerical content of one NI-type sub-subsection consists of either one

or two energy grids, a set of constants, and a parameter LB. The parameter LB

governs how the energies and constants are to be used in constructing the

covariance in various rectangular regions of Ex - Ey space. For LB = O, 1, and

2, a single table containing pairs (Ei, Fi) is given. For LB = 3 and 4, a sec-

ond table (E;, F;) is also given. For LB = 5, a single set of energies E. is1
given, along

LB = 6, two

stants G!. ,
lJ

energy grids.

with an associated square matrix of constants G... Finally, for
lJ

energy grids are given, along with an associated matrix of con-

which is either square or rectangular, depending on the choice of

The table (E., Fi) defines a function f(E) that is constant in magnitude,
1

except for discrete steps at the energies Ei,

f(E) ZFi, ifEi SE < Ei+l . (12a)

Similarly, if there is a second table,

f’(E) sF’ ,ifE~SE<E~i i+l “

The LB = 5 matrix data G.. also define a function,
lJ

g(Ex,Ey) a Gij, if Ei S Ex < Ei+l

and EjSE<E.
Y J+l ‘

(12b)

(12C)

and similarly for LB = 6,

g’(Ex,Ey) s G~j, if E. S Ex < Ei+l
1

(12d)
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These functions

the functions f,

13g), which are

I

and E; S E < Et
Y j+l “

are simply histograms in either one or two dimensions. Using

f’, g, and g’ thus defined, we can list the formulae, Eq. (13a-

used in ENDF/B-V to specify energy dependent covariances for

the different allowed values of LB. Thus, if x is the value of the cross sec-

tion or ; value for the reaction (MAT,MT) that determines the ENDF/B section,

and if y is that for the reaction (MAT1,MT1) that determines the subsection,

then for

LB = O, COV(X,y)n = f(Ex) 6(EX,EY) (13a)

LB = 1, rcov(x,y)n = f(Ex) 6(EX,EY) (13b)

LB = 2, rcov(x,y)n = f(Ex) f(Ey) (13C)

LB = 3, rcov(x,y) = f(Ex) f’(Ey) (13d)

LB = 4, rcov(x,y)~ = f(Ex) 6(EX,EV) f’(Ex) f’(Ev) (13e)

I LB = 5, rcov(x,y) = g(Ex,Ey) “n
LB = 6, rcov(x,y)n = g’(Ex,Ey).

The symbol 6(EX,EV) has the following

(13f)

(Isg)

meaning: 6(EX,EV) = 1 if Ex and Ev fall

in the same energ~ interval of the first table (Ei, Fij, and 6(EX,EY) = O-other-

wise.

NC-type sub-subsections, which describe covariances indirectly, are used

in several evaluation situations, which are “flagged” by different values of

the parameter LTY. The first situation, with LTY = O, occurs when the CO-

variances of a given reaction MT, both with itself and with other reactions,

can be inferred in an energy range (E1,E2) through the use of a cross-section

“derivation relation,”

x(MAT,MT;E) =2 C. X(MAT,MT:;E) . (14)
i~

This approach can be used only

the right-hand side of Eq. (14)

sub-subsections) throughout the

1.

if the covariances of all of the reactions on

are given directly (that is, using only NI-type

specified energy range. The energy boundaries

El and E2, the constants C., and the reaction identifiers MTi are specified in

an NC-type sub-subsection ;ith LTY = O. This format is widely used in ENDF/B,

and it makes possible the elimination of large volumes of otherwise redundant
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data. Unfortunately, it also introduces considerable complexity in the multi-

group processing, as discussed in Section G. For example, the presence of this

one short sub-subsection affects the calculation of the covariances for many

different reaction pairs, such as x(MAT,MT) with x(MAT,MTi).

Less widely used are NC-type sub-subsectionswith LTY = 1. These are em-

ployed when a reaction MT in material MAT is evaluated in some energy range

(E1,E2) as a ratio to a standard reaction MTS in some other material MATS in

ENDF/B. That is,

x(MAT,MT;E) = R(E) x(MATS,MTS;E). (15)

The uncertainty of R is almost never correlated with that of x(MATS,MTS).

Because of this, the relative uncertainty in R is just one independent compo-

nent of the relative uncertainty in x(MAT,MT), and it is described using normal

NI-type sub-subsections. On the other hand, the contribution from uncertainty

in x(MATS,MTS) is represented with an NC-type sub-subsection with LTY = 1,

which contains only El, E2, MATS, and MTS. The actual numerical covariance

information must be read from the evaluation for the standard material MATS,

which usually resides on an entirely different ENDF/B tape. An NC-type sub-

subsection with LTY = 1, which occurs in a given subsection (MAT,MT;MAT,MT),

affects the calculation of the covariances only for the current reaction pair

(reaction MT with itself) and in this respect is more like an NI-type sub-sub-

section than an NC-type sub-subsection with LTY = O. This similarity is ex-

ploited in the processing of ratio covariances, as discussed in Section H.

An NC-type sub-subsection with LTY = 2 is used, in a similar way, to des-

cribe the covariances of x(MAT,MT) with x(MATS,MTS). As in the LTY = 1 case,

an LTY = 2 sub-subsection contains only El, E2, MATS, and MTS.

An NC-type sub-subsection with LTY = 3 is included in material MATS to

describe the (redundant) covariances of x(MATS,MTS) with x(MAT,MT). The numer-

ical information contained here is the same as for LTY = 1 and 2. As discussed

in Section H, an important function of LTY = 3 data is to help locate reactions

other than (MAT,MT) that have been measured relative to the same standard

(MATS,MTS).



D. Resonance-ParameterFormats; File 32

In File 32, the covariances of individual resonance parameters are given.

At present, use of File 32 is restricted to resonance-parameter evaluations

employing the single-level and multi-level Breit-Wigner formalisms only. For

either formalism, the parameters treated in File 32 are the resonance energy

Er, the neutron width rn, the radiative capture width I_
Y’ ‘he ‘ission ‘idth ‘f’

and the total angular momentum J. All cross-parameter relative covariances,

such as rcov(rn,ry), are included, with the exception of the covariances of Er

with the remaining parameters, which are assumed to be negligible. Cross-reso-
. .

nance covariances, such as cov(E~,E~), where i and j refer to different reso-

nances, are not included.

If cross-resonance parameter covariances are significant, the only pos-

sibility open to the evaluator at present is to convert this information into

the form of energy-dependent covariances of the reconstructed cross sections,

u(E), and to include this information in File 33.

E. Calculation of Multigroup Fluxes, Cross Sections, and Covariances on the
Union Grid

As mentioned before, the main function of the ERRORR module is to calcu-

late the uncertainty in group-averaged cross sections at infinite dilution due

to uncertainty in the ENDF/B “point” data. In this and the following sections,

we describe the procedures used in performing this task.

In order to proceed, it is necessary to introduce into the discussion

three different energy grids, namely, the user’s grid, the ENDF/B grid, and the

union grid. The relationship of these three grids is shown in Fig. 1. The

user’s grid is the multigroup structure in which the output multigroup covari-

ances are to be produced. The ENDF/B grid is the collection of energies ob-

tained (in SUBROUTINE GRID) by forming

appearing in any NI-type sub-subsection

the current ENDF/B material, and (b) all

User’s Grid I ‘%‘xl

ENDF/B Grid ]Fll

the union of (a) all energy “lists”

of any subsection to be processed in

energy pairs used to define the range

I ‘2’X2 ‘

‘2
IF31

Union Grid l$~,x*l@2,x21$~,x31@4~x41

Fig. 1. Illustration of energy grid relations.

10



of effectiveness of any NC-type sub-subsection of any subsection to be proc-

essed. The union grid is simply the union of the user’s and ENDF/B grids. The

utility of the union grid is that (a) the covariances are particularly simple

to calculate in this grid, as discussed below, and (b) the multigroup covari-

ances needed by the user are then easily obtained by a straightforward collapse

from this grid to the user’s grid. In fact, the design of the current ENDF/B

covariance format was strongly influenced by the desire to employ this particu-

lar procedure for multigroup processing.’

After the union grid is formed in SUBROUTINE UNIONG, the cross sections

x(E) and weighting flux $(E) are integrated to produce X1 and @l, multigrouped

on this grid. If point cross sections are supplied, an exact integration is

done in SUBROUTINE GRPAV. If, on the other hand, a multigroup cross-section

“library” is supplied, then SUBROUTINE COLAPS is used. If a library group is

subdivided by a union-group boundary, then over the span of that library group,

the unknown energy dependence of x(E) and $(E), which are needed to calculate

‘I
and $1, are approximated in SUBROUTINE COLAPS by constants. Normally, the

effect of this approximation is not large and, in any case, can be reduced by

increasing the number of groups in the input library.

We next consider the theoretical basis for the calculation of union-grid

multigroup covariances, as performed in SUBROUTINE COVCAL. By definition, X1

is just the average of x(E) over union group I,

(16)

where $(E) is the flux “model” assumed for the multigroup calculations. Let

yJ denote the average of y(E) over union group J.

Let us imagine that these groups are subdivided into many subintervals

of infinitesimalwidth, so that in the i-th subinterval of group I, for example,

x(E) can be well approximated by the constant xi. By this device, the inte-

grals that define X1 and yJ can be converted to discrete sums;

(17)

where
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@i = f $(E) dE ,
subinterval i

and

From these definitions, clearly

i~Iali=l “
(18)

Similarly for y,

YJ = z (YJjyj
j&J

(19)

and

Zcl=l.
Jj

(20)
j&J

The methodology of ERRORR assumes that $(E) in Eq. (16) is free of uncer-

tainty. Under this assumption, the terms ali
and aJj

are simply known con-

stants. The covariance of X1 with yJ can then be calculated using the propaga-

tion-of-errors formula, Eq. (11), together with Eqs. (17) and (19).

COV(XISYJ) = ~ ~
iE1 Ii aJj

Cov(xi,yj)

j&J

=Zci z Cov(xi,yj)n ,
iel Ii aJj n

j&J

where the summation over n results from the different independent contributions

to the ENDF/B “point” covariances coming from the different NI-type sub-subsec-

tions. Changing the order of summation, we obtain

12

cov(x~jyJ) = z cOv(xI>yJ)n !

n

where

cov(xl$YJ)n =ZaiC1 Ii ‘Jj Cov(xi,yj)n .

j&J

(21)

(22)



To evaluate the sum in Eq. (22), we make use of the fact that union groups

I and J do not cross any ENDF/B grid boundaries. Recalling the discussion of

NI-type sub-subsections in Section C, there are only two possibilities for the

energy dependence of the covariance between ENDF/B grid points: thus, over the

limits of the sum, either Cov(xi,y.) is independent of i and j (if LB = O) or

rcov(xi,yj)n is independent of i an: ~ (if LB > O). We consider first the con-

stant-absolute-covariancecase, LB = O. In this case, Eq. (22) can be rewrit-

ten as follows:

cov(xl$YJ)n = Cov(x,y)n i~l aIi aJj
= Cov(x,y)n ( z a .) ( 2 aJj)

i~I 11 jeJ
jEJ

Invoking Eqs. (18) and (20), we obtain

c@J(xljYJ)n = Cov(x,y)n (LB =0). (23)

For all other LB-values, the relative covariance is constant, so we rewrite Eq.

(22) in the form

cov(xl~YJ)n = ~ aicl Ii aJj ‘i ‘j
rcov(xi,x.)

Jn

j&J

= rcov(x,y)n ~ (aIi ‘i) ‘~Jj ‘j )

iEI
j&J

= rcov(x,y)n ( Z CY
icl Ii 1

x.) ( z aJj yj).
j&J

Substituting here from Eqs. (17) and (19), we obtain

cOv(xI?yJ)n = ‘~ yJ ‘Cov(x>y)n (LB> O) . (24)

The final union-group multigroup covariance is obtained by inserting these

results, Eqs. (23) and (24), back intoEq. (21).

cov(x~,yJ) = 2 Cov(x,y)n + z X1 YJ rcov(xjy)n . (25)
all LB=O all LB>O
sub-subsections sub-subsections

13



The quantities Cov(x,y)n and rcov(x,y)n here are simply the “point” energy co-

variances from the ENDF/B covariance file, as described in Eqs. (12) and (13).

Eq. (25), then, is the basic equation used in SUBROUTINE COVCAL to calculate

the desired union-group covariances.

F. Basic Strategy for Collapse to the User’s Grid

The union-group fluxes are used, in SUBROUTINE

group cross sections to the coarser user’s grid.

let us denote by xl(a) the cross section in union

.

SIGC, to collapse the union-

Changing notation slightly,

group I for reaction a, and

similarly let ~(a) be the cross section in user group K for the same reaction.

In complete analogy withEq. (17)

where

and

Again applying the propagation-of-errorsformula,

cov[XK(a),XL(b)]= Z ~1 ALJ cov[xl(a),xJ(b)] .
I&K
J&L

An alternative expression, obtained by simply rearranging coefficients, is

cov[XK(a),XL(b)]= ~ Z TIJ(a,b) ,
‘K ‘L IsK

J&L

where

(26)

(27)

(28)

(29)

(30)

TIJ(a,b) = $1 $J cov[xl(a),xJ(b)] .

I
14
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\
Eqs. (30) and 31) provide the basic framework in the ERRORR module for the

production of m’ltigroup covariances in the coarse user’s-group structure. The

final step,
1

if the user requests it, is to convert the absolute covariances

from Eq. (30) to relative form,

cov[XK(a),XL(b)]
rcov[XK(a),;xL(b)]=

XK(a) XL(b) “

G. Group-Collipse Strategy for Data Derived by Summation

The proced’re described in the previous section must be modified if, in

1

some energy ran e, either reaction a or b is a “derived” quantity in the sense

of Eq. (14) or q. (15). In such a case, one cannot apply Eq. (25) directly to

the calculation of cov[xl(a),xJ(b)], because the covariances on the right-hand

side of Eq. (25) will be missing from the ENDF/B file in the affected energy

region.

We conside

I

first the case in which some cross sections are evaluated

(“derived”) by imply summing other evaluated cross sections, as in Eq. (14).

Eq. (26) can thin be rewritten as

where the quantity in curly brackets is the

1’
“a” in union gr up I, as reconstructed from

(32)

value of the derived cross section

the directly evaluated cross sec-

tions xl(c). ‘J!hederivation coefficients C1(a,c) depend on the union-group

index 1, Jbecau e the evaluator is permitted to employ different derivation

strategies in d-fferent energy ranges.

To expand in this last point

1

, suppose there are only three reactions, and

suppose that th cross sections x(1) and x(2) rigorously sum to x(3) at all

energies. Furt er suppose that within the energy range covered by union group

number 1, Jthe c oss-section evaluator has used this logical connection in order

to “derive”

1

x(3 , that is, to evaluate x(3), by simply summing his existing

evaluations for (1) and x(2),

X1(3) = XI(1) + X1(2).

15



Further suppose that in the range of union group 2, x(1) is “derived” by em-

ploying the same logical connection,but in a different way,

X2(1) = X2(3) - X2(2) ,

and in union group 3, all three reactions are directly evaluated.

In this example C1(a,c) has the following values:

--.-- -- ---_
Cl(l,l) = 1 C1(1,2) = o IC (1,3)=0 ~

,1
C1(2,1) = o C1(2,2) = 1 ~C1(2,3) = O ~

C1(3,1) = 1 C1(3,2) = 1 !~~_(~~3)= O \
-----_-

---- --—- —
;C2(1,1) = o~ C2(1,2) = -1 C2(1,3) = 1
I,C2(2,1) = o~ C2(2,2) = 1 C2(2,3) = O

;C2(3,1) = o~ C2(3,2) = O C3(3,3) = 1
I_____.__!

C3(1,1) = 1 C3(1,2) = o C3(1,3) = o

C3(2,1) = o C3(2,2) = 1 C3(2,3) = O

C3(3,1) = o C3(3,2) = O C3(3,3) = 1

Note that we have formally considered the evaluated cross sections to be “de-

rived from themselves,” C (a,c)l
I

= 6 Use of this device allows us to
eva1 ac”

use Eq. (32) for all reactions, regardless of whether they are “derived” or

!~evaluated.’! Note that, in every case where reaction c is t!derived’!in group

I, C1(a,c) = O. (See dashed boxes.) This is important because it means that

Eq. (32) can be treated as a linear relation involving only dependent quanti-

ties (the user-group cross sections) on the left and only independent quanti-

ties with known covariances (the “evaluated’!subset of the union-group cross

sections) on the right.

errors formula to obtain

cov[~,(a),XL(b)] =

This allows us once again to use the propagation-of-

the desired user-group covariances.

al: ~ &% cI(a’c) ‘LJ CJ(b,d) cov
+)>XJ(O] , (33)

all d Jr.L

or, alternatively,

16



cov[XK(a),XL(b)]= & Z Z C1(a,c) CJ(b,d) TIJ(c,d) , (34)
K L all c IcK

all d J&L

where

TIJ(c,d) = $1 (jJcov[xl(c),xJ(d)] .

In SUBROUTINE COVCAL, the flux-covariance product TIJ is calculated for

all evaluated reaction pairs and written to a “scratch” binary disk file, unit

11. (For diagnostic purposes, it is possible to change to a formatted scratch

file by resetting the variable IMODE to +1 in the main program.) In the subse-

quent collapse to the user’s group structure in SUBROUTINE COVOUT, the user-

group covariances cov[~(a),XL(b)] for one specific a-b reaction pair, for all

“MT1” energy groups L, and for as large a range of “MT” energy groups K as

possible are calculated simultaneously in core.

In COVOUT, the disk file (unit 11) is rewound and read completely through,

once in each range of “MT” groups for each a-b reaction pair, to access the

union-group covariances for the “evaluated” reactions. As the union-group data

pass through core, contributions to the user-group covariances are accumulated

using Eq. (34). To minimize the number of disk reads, the dimension of COMMON/

ESTORE/ (and the value of the associated variable NAMAX) should be set as large

as possible.

In the fairly common situation where cross sections x(a) and x(b) both are

directly evaluated over the whole energy range of the data file,

C1(a,c) = ~ac, for all I,

and

CJ(b,d) = $d, for all J.

In this case, Eq. (34) can be greatly simplified.

cov[x&a),xL(b)] 1
= OK llJL

1=—

‘K ‘L

c
all d J&L

z
I&K

TIJ(a,b)

TIJ(c,d)

(35)
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This result, which is identical to Eq. (30), suggests a “short-cut” cal-

culational path, which is followed in SUBROUTINE COVOUT whenever both reactions

are directly evaluated. In preparation for this situation, a second copy of

the COVCAL binary output file is generated when COVOUT is first called. The

second copy, on unit 12, is read only in the trivial derivation cases just

described (flagged in the code by setting ISD = 1). Unit 12 is not rewound

before processing a given reaction pair a-b , since “earlier” reaction pairs on

the file do not contribute to the sum in Eq. (34) in these cases. Reading of

the second copy stops when the union-group covariances for reaction pair a-b

are found, because the “later” reaction pairs do not contribute either.

H. Processing of Data Derived from Ratio Measurements

The treatment of implicit covariances that arise from ratio measurements,

as in Eq. (15), is totally different from the treatment of data derived by sum-

mation, Eq. (14), discussed in the previous section. Before discussing the

processing details, it is helpful first to review the subject of ratio evalua-

tions generally. Returning to the “x-y” notation of Section B, let X(EX) be

the value of the cross section for reaction x at energy Ex, and y(Ey) the cross

section for reaction y at energy E . In some energy region (Lx, Hx), suppose
Y

that the best knowledge of X(EX) is obtained through the application of a

measured ratio, f(Ex);

X(EX) = f(Ex) Z(EX), if Lx S Ex S Hx,

where reaction z is some well-known cross section~ perhaps one of the official

ENDF/B standard cross sections. Similarly, suppose y is derived from the same

standard, over a possibly different energy range;

Y(EY) = g(Ey) Z(EY), if Ly S Ey S H
Y“

By performing a first-order Taylor-series expansion and then applying the

propagation-of-errors formula, one can obtain an expression for the contribu-

tion to the relative covariance rcov[x[Ex),y(Ey)] that is attributable to the

ratio measurements. In the usual case, where the ratios f and g are only

weakly correlated with the standard cross section z, the result is quite simple;

18



rcov[x(Ex),y(Ey)]ratio = rcov[f(Ex),g(Ey)]+ rcov[z(Ex),z(Ey)] (36)

ifLxSExSHxandLy SEYSH and
Y’

rcov

otherwise

x(Ex),y(Ey)]ratio = O (37)

Thus, in this fairly common evaluation situation, the covariance separates

naturally into a part involving only the measured ratios and a part involving

only the standard. Because the second contribution, COV(Z,Z), can be read di-

rectly from the NI-type sub-subsections in evaluation for the standard, it is

not included explicitly in the ENDF/B subsections for the derived quantities,

COV(X,X) or cov(x,y). Instead, the existence of this additional contribution

to the covariance is signalled by the presence of an NC-type sub-subsection, as

discussed in Section C.

The strategy adopted for processing this information in SUBROUTINE STAND

is to load the NI-type sub-subsections from the evaluation of the standard into

the same storage array that is used to store NI-type covariances from the eval-

uation for reaction x. From that point on, the data from the standard are

handled just as if they had come from the evaluation for x, but with one excep-

tion. As indicated by Eq. (37), the covariance contribution COVIZ(EX),Z(EY)]

is not added into the total covariance matrix for the current reaction pair if

either E or Ey lies outside the corresponding energy “window” (Lx, Hx) or (Ly,
x

HY).

As discussed in Section C, in addition to identifying the standard reac-

tion, the NC-type sub-subsection contains a control parameter LTY and two

energies EL and EH whose significance depends on LTY. LTY is used to identify

particular evaluation scenarios: reaction x is the same as reaction y (or, at

least, they are derived from z over the same energy range) (LTY=l); y is identi-

cal to the standard (LTY=2); or x is identical to the standard (LTY=3). A

fourth possibility, namely, that x, y, and z are entirely distinct, cannot

presently be treated with a single NC-type sub-subsection; that is, there is no

LTY-value defined for this case. However, as discussed later, it is still

possible to process covariances for this situation by

from sub-subsections in two different evaluations. For

refer to this fourth case as LTY=4.

combining information

convenience, we shall
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The interrelationship of LTY, EL,

Hy) used in ERRORR for the “zeroing-out”

low:

LTY = 1

(Lx, Hx) = (Ly, Hy) = (EL, EH)

LTY=2

EH, and the windows (Lx, Hx) and (L
Y’

operation, Eq. (37), is summarized be-

(Lx, Hx) = (EL, EH)

(Ly, Hy) = (10-5 eV, 20 MeV)

LTY=3

(Lx, Hx) = (10-5 eV, 20 MeV)

(Ly, Hy) = (EL, EH)

LTY=4

(Lx, Hx) = (EL, EH)

(Ly, Hy) = (EL’, EH’) .

If the user requests covariance data cov(x,y), where x and y are different

and both are distinct from the standard (LTY=4), the ERRORR module obtains (EL,

EH) from the LTY=2 subsection in the evaluation for x that “points” to z. Then

the covariance file for z is read to obtain both (a) the explicit covariances

COV(Z,Z) and (b) the second energy window (EL’, EH’), the latter being found in

the LTY=3 sub-subsection that “points” back to y.

Table I lists all ENDF/B-V reactions that contain ratio-to-standard co-

variance data. The symbols entered in the reaction-by-reactionmatrix indicate

which reactions are referenced as standards (*), and which reaction-pairshave

implicit non-zero covariances (LTY). ERRORR will produce multigroup covari-

ances for any of the reaction pairs in Table I that are marked with (*) or

(LTY). The cross-material covariances (LTY=2, 3, or 4) must be requested in-

dividually using the IREAD=2 option (see Section K, especially the discussion

of Cards 10 and 11). An attempt to process covariances for any of the cases

LTY=l through 4 without supplying a separate ENDF/B tape containing the needed

standard will result in an error stop in SUBROUTINE GRID. The error diagnostic,

however, will supply the details of the corrective action required for resub-

mitting the job. (See discussion of diagnostic messages in Section M.)
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COVARIANCE MATRICES

10
B(n,a) 238U(n,y)

10
B(n,ci) * 3

238U(n,y) 2 1

235U(n,f)

239Pu(n,f)

23gPu(n,y)
241

Am(n,f)
242

Pu(n,f)

TABLE I

AFFECTED BY RATIO MEASUREMENTS IN ENDF/B-V

235U(n,f) 239Pu(n,f) 23gPu(n,y)
241Am(n,f) 242Pu(n2f)

A. 3 3 3 3

2 1 1 4 4

2 1 1 4 4

2 4 4 1 4

2 4 4 4 1

A- = standard
Integer = LTY value (see text)

As an example of the ratio-data capabilities of ERRORR, in Fig. 2 are
239

shown the covariances between the fission cross sections of Pu (reaction x)
241

and those of the important actinide Am (reaction y). This is an LTY=4 case

where (Lx, Hx) = (0.2 MeV, 15 MeV) and (Ly, Hy) = (0.2 MeV, 20 MeV). The

effect of the use of two different windows is apparent in the lower right

corner of the correlation matrix. The plot itself was produced with the COVR

❑odule, which is described in Chapter XX of this report.
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AcT\u vs. E for 241Am(n, f)
40-

30- J--

20-

10-

0

Correlation Matrix

LinearAxes:
Re1.Standard
Deviation(%)

LogarithmicAxes:
Energy(eV)

Key: 1.00

!l!l!!ll

–1.00

0.60 -0.60

0.60 –0.60

0.40 –0.40

~\\\ 0,20 –0.20

Fig. 2.

Covar iance data for 23gPu(n,f) with 241Am(n, f).

I. Multigroup Processing of Resonance Parameter Uncertainties

In some materials, and in certain energy regions, the cross-section uncer-

tainty is dominated by the uncertainty in resolved resonance parameters. One
63

noteworthy example is Cu(n,y)64Cu (ENDF/B-V dosimetry material, MAT6435) in

the energy range from 10 eV to 15.9 keV, where the entire cross-section uncer-

tainty is represented by means of resonance-parameteruncertainties. The same
237

is true of Np(n,f) (MAT6337) from O to 10 eV.
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In ERRORR, the resonance-parameter contribution to the uncertainty in

infinite-dilution fission and capture cross sections is included automatically

when cross-section covariances are processed. (See the discussion of the input

option MFCOV = 33 in Section K.) Following a procedure suggested in Ref. 8,

the contribution is obtained from the Breit-Wigner formulae for the fission and

capture areas of a resonance, A and A .
f

By differentiating these formulae
Y

with respect to the resonance parameters, one obtains a set of sensitivities.

With these sensitivities and the covariance matrix of the parameters from MF32,

one can apply the propagation-of-errors formula to obtain the covariances

COV(AY,AY), cov(Ay,Af), and cov(Af,Af). In SUBROUTINE RESCON, these results

are added directly into the user-group cross-section covariances calculated

from MF33.

The resonance contribution is properly

dance and the ratio of the weight function

weight in the group. It is assumed, however,

entirely within the group that contains the

weighted with the isotopic abun-

at the resonance to the average

that the area of a resonance lies

resonance energy Er. Because of

this assumption, and because ENDF/B-V provides no correlations between param-

eters of different resonances, the calculated resonance-parametercontribution

affects only the diagonal elements of the affected matrices, cov[XK(a),~(b)].

With the inclusion of resonance-parameter covariances, the uncertainty in

the capture cross section of
63
Cu, computed for a group that contains the large

577-eV resonance, is 3.0%, rather than zero, as it would be if the ~32 contri-

bution were omitted.

J. Processing of Lumped-Partial Covariances

A relatively recent extension of the ERRORR module allows the processing
9of the “lumped-partial” covariance format, approved by the Cross Section

Evaluation Working Group in May 1981. This format allows the evaluator to

specify a group of nuclear reactions and to give the uncertainty only in the

sum of the cross sections for those reactions. One can, for example, replace

30 or 40 discrete-level inelastic cross sections with 5 or 6 “lumped” cross

sections when constructing the covariance files. Because the volume of the co-

variance data varies, in general, as the square of the number of reactions,

this lumping can greatly reduce the size of the files.

The first ENDF/B evaluation to employ the lumped-partial format is P. G.

Young’s evaluation10 for 7Li (ENDF/B-V, Rev. 2). All covariance data for this
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evaluation have been been successfully processed into multigroup form using

ERROR.R. The covariances for MT854 (a single “real” level with an excitation

energy of 4.63 MeV) with MT855 (6 lumped pseudo-levels, with excitation ener-

gies ranging from 4.75 MeV to 6.75 MeV) have been plotted in Fig. 3. The large

negative correlations along the diagonal result from the fact that, below 10

MeV, these inelastic reactions are the major contributors to the fairly well-

known tritium-productioncross section. An upward variation in one reaction at

a given energy must be accompanied by a downward

AUIO vs. E for 7Li(MT855)
30

1 n

change in the other. As shown

Correlation Matrix

Key: –1.00

–0.80

–0.60

–0.40

–0.20

0.00

Fig. 3.

Covariance data for 7Li(MT854) with 7Li(MT855).
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in the plot, the magnitude of this negative correlation diminishes at higher

energies, as other reactions begin to contribute significantly to the tritium-

production cross section. Plots of this type, prepared using ERRORR and COVR,

have proven to be useful tools in the validation of the covariance files of new

evaluations.

K. Input Instructions and Sample Input for ERRORR

As an aid to discussions of the user input to ERRORR, we list below the

input instructions that appear as comment cards at the beginning of the current

version of this module. Since the code and, hence, the instructions change

from time to time, it is always advisable to consult the comment-card instruc-

tions contained in the version of the code actually being used and not to rely

on the instructions published in any document, including this one. Note that

the word “tape” is used in the instructions to refer to an input or output

file, regardless of the actual storage medium.

*---INPUT SPECIFICATIONS (FREE FORMAT)------------------- --------=
*
* CARD 1
x NENOF
. NPEND
. NGOUT
.
●

.
*
* NOUT
* NIN
*
* NSTAN
● CARD 2
* MATO
* IGN
*
*
.
*
*
* IPRINT
* IRELCO
* CARD 3
. I WT
* MPRINT
. TEMPIN
.

UNIT FOR ENOF/B TAPE
UNIT FOR PENDF TAPE
UNIT FOR INPUT GROUP X5EC (GENOF) TAPE
(IF ZERO, GROUP XSECS WILL BE CALCULATE)
(IF IREAO EO 2 OR IF MFCOV EO 31 (SEE CARO
NGOUT CANNOT BE ZERO)
(OEFAULT=O)
UNIT FOR OUTPUT COVARIANCE TAPE (OEFAULT=O
UNIT FOR INPUT COVARIANCE TAPE (OEFAULT=O)
(NIN ANO NOUT MUST BE BOTH COOEO OR BOTH B
UNIT FOR RATIO-TO-STANOARO TAPE (OEFAULT=O

MATERIAL TO BE PROCESSED
NEUTRON GROUP OPTION

7).

NARY )

(IGN definitiOn SAME A5 GROUPR, EXCEPT 1GN=19.
WHICH MEANS REAO IN AN ENERGY GRIO, AS IN IGN=I,
ANO SUPPLEMENT THIS WITH THE ENOF COVARIANCE GRIO
WITHIN THE RANGE OF THE USER-SPECIFIEO ENERGIES)

.

.
*
*
*
.
*
*
*
*
*
*
*
*
*
*
*
*
*
*

(OEFAULT=l) *

PRINT OPTION (0/I=MINIMuM/MAxIMuM) (OEFAULT=i)
COVARIANCE FORM (0/l=ABSOLUTE/RELATIVE ) (OEFAULT=I) :
(OMIT IF NGOUT.NE.0) *

WEIGHT FUNCTION OPTION *

PRINT OPTION FOR GROUP AVERAGING (O=MIN. , I=MAX.) “
TEMPERATURE (OEFAULT=300) *

*
*---FoR ENDE/B vERsIoN 4 (IvERF=4) only --------------- -----------*
●

.

* CARO 4
* NEK NUMBER OF OERIVEO XSEC ENERGY RANG~S
● (IF ZERO. ALL XSECS ARE INOEPENOENT)

*
*
*

* CARO 5 (OMIT IF”NEK=O) *

* NEK+I OERIVEO XSEC ENERGY BOUNDS
CA% 6

v
* (OMIT IF NEK=O) *

* AKXY OERIVEO CROSS SECTION COEFFICIENTS, ONE ROW/LINE *
* *
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*---FoR ENDF/B VERsIoN 5 (IVERF.5) ONLY ---------------------- ----=

●

☛ CARD 7
* IREAD
*
*
* MFCOV
●

*
*
*
●

* FOLLOWING
. CARD 8
* NMT
* NEK
*
● CARO 8A
* MTS
* CARD 8B
*
* CA% 9
* AKXY
*
* FOLLOWING
* CARO 10
* MAT 1
* MT 1
*
*
●

* FOLLOWING
* CARO 11
* MATB
* MTB
* MATC
* MTC
*
*

●

✎

O/1/2=PROGRAM CALCLJLATEO MTS/INPUT MTS ANO EKS/ =
CALCULATE MTS PLUS EXTRA MAT1-MTI PAIRS FROM-”INPUT =
(OEFAuLT=O) .

ENOF COVARIANCE FILE (31, 32, OR 33) TO BE .

PROCESSEO (OEFAULT=33). .

NOTE--CONTRIBUTION TO GROUP CROSS SECTION ●

COVARIANCES FROM RESONANCE-PARAMETER UNCERTAINTIES *
(MF=32) IS INCLUOEO WHEN MFcov=33 IS spEcIFIEO.

CAROS ONLY IF IREAO EQ 1

NO. MTS TO BE PROCESSEO
NO. OERIVEO CROSS SECTION ENERGY RANGES
(IF ZERO. ALL XSECS ARE INOEpENOENT)

NMT MTS
(OMIT IF NEK=O)
NEK+I OERIVEO CROSS SECTION ENERGY BOUNOS
(OMIT IF NEK=O)
OERIVEO CROSS SECTION COEFFICIENTS, ONE ROW/LINE

CARO ONLY IF IREAO EO 2

CROSS-MATERIAL REACTION TO BE AOOED TO
COVARIANCE REACTION LIST.

REPEAT FOR ALL MATI-MT1 PAIRS OESIREO
TERMINATE WITH MATI=O.

CARO ONLY IF NSTAN NE O

STANDAROS REACTION REFERENCEO
IN MATO.

STANOAROS REACTION TO BE
USEO INSTEAO.

REPEAT FOR ALL STANOARO REACTIONS TO BE REDEFINEO.
TERMINATE WITH MATB=O.

* NOTE . IF MATB(l) ANO MTB(I) ARE NEGATIVE, THEN MATC(I) ANO
* MTC(I) IOENTIFY A THIRO REACTION, CORRELATE WITH MATD THRU ●

* THE USE OF THE SAME STANOARO. COVARIANCES OF ALL REACTIONS *

*
●

✎

☛

✎

☛

✎

●

☛

☛

☛

☛

☛

☛

☛

☛

☛

☛

☛

☛

☛

☛

☛

☛

☛

✎

☛

☛

☛

☛

. IN MATO (WHICH REFERENCE THE STANOARD) WITH THE REACTION *
* MATC(l)-MTC(I) WILL BE PRODUCEO. THE STANOARD REACTION *
* MUST BE IOENTIFIEO ON CARO 10 ANO REPEATEO AS THE NEGATIVE *
● ENTRIES ON CARO 11. THE GROUP XSEC TAPE NGOUT MUST INCLUOE *
* ALL COVARIANCE REACTIONS IN MATO, PLUS MATC(I)-MTC( I). *
*------------- ------------- ---------------------- ---------- .-----*
* *
* CARO 12A (FOR IGN EO I OR IGN EQ 19) ●

* NGN NUMBER OF GROUPS *
* CARO 126 ●

* E GN NGN+I GROUP BOUNDS (EV) *

= CARO 13 (FOR IwT EQ 1 ONLY) *
* WGHT WEIGHT FUNCTION AS A TABI RECORD *
● *
*.********** ● ************ *********.*** .************ **********.** **
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Further details on many of these input parameters are provided in the text

below. Actual NJOY input for a few example problems is provided for further

clarification. Complete input and output

given in Ref. 5.

NPEND, NGOUT... The user must supply

a GENDF tape on unit NGOUT. If present,

wise (that is, resonance-reconstructed,

for yet another example problem are

either a PENDF tape on unit NPEND or

the PENDF tape should contain point-

but not multigrouped) data and is
6

normally produced with the RECONRmodule, although if the resonance region is

of no interest, a copy of the ENDF will suffice. The GENDF tape, if present,

should contain multigroup cross sections and/or ; values, produced by the

GROUPR module, for all reactions for which multigroup covariances are needed.

Group cross sections need not be in the same group structure as the requested

output covariances, although if the input group structure is much coarser than

the output structure, rather crude approximations will be made in deriving an

effective set of fine-group cross sections from the coarse input data.

NIN, NOUT... Input and output covariance tapes in the user’s group struc-

ture; may be either both formatted or both binary. Although ERRORR lacks an

explicit multimaterial loop, the same effect can be achieved by executing a

series of ERRORR runs, with the output of one run becoming the input of the

next. Only two unit numbers need be employed, with the data going back and

forth between them until the multimaterial library is complete. To save time,

binary files should be used for this purpose. MODER can be used to convert the

final output tape from binary to formatted form, if desired.

NSTAN... This tape is needed if covariances are requested for a reaction

pair that is related by ratio measurements. The ENDF subsection for such a

pair will contain an NC-type sub-subsection with LTY = 1, 2, or 3. The speci-

fic pairs in ENDF/B-V that require a standards tape are tabulated in Table I.

For other evaluations, one can assume NSTAN is not needed. The code will stop

with a clear error message if it actually is needed.

IREAD... For Version V, the list of reactions for which covariances are

produced is constructed in one of several ways, depending on the value of

IREAD. If IREAD=O, the reaction list is assumed to be identical to the list of

sections contained in the ENDF/B covariance file (see MFCOV below). Although

IREAD=O is the most convenient and most commonly used option for constructing

the list of covariance reactions, it leads to a problem if some covariance

reactions have thresholds above the highest group boundary of the user’s struc-

ture. These reactions will have zero cross sections in all groups and thus
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will be omitted from NGOIJT. To avoid this difficulty, ER.RORRautomatically

resets the user’s highest group boundary to 20 MeV whenever IREAD=O. By judi-

cious choice of weighting functions, one can minimize the effect of this re-

setting on the other cross sections and their covariances.

If IREAD=l, only the “covariance” reactions specifically named by the user

will be included in the reaction list. For certain applications, this Option

can save considerable execution time. However, to take advantage of this op-

tion, the user must examine the ENDF evaluation visually to determine which re-

actions are “derived” from which other reactions in each energy region. As

discussed in Section C, this information is contained in NC-type sub-subsec-

tions with LTY = O. Incorrect results will be obtained if one requests proces-

sing for a given reaction without processing all of the reactions from which

the given reaction is derived in the energy region spanned by the output group

structure. The inclusion of those reactions may require, in turn, additional

inclusions as well. In addition, the user must extract from the file (and en-

ter into the input) the appropriate “derivation coefficients” and the energy

ranges ovc.rwhich they apply. An example of the required input is presented

below in the discussion of the parameters NMT, NEK, MTS, EK and AKXY.

If IREAD=O or 1, a complete set of covariance matrices is output. That

is, covariance matrices are produced for every reaction-pair combination that

can be formed from the given reaction list. For those reaction pairs where the

evaluator has not specified the covariances, the output matrix contains only

zeros.

In an evaluation containing cross-material

volving the “other” materials will be ignored if

covariances, subsections in-

IREAD=O or 1. These subsec-

tions can be selectively processed by specifying IREAW2. If IREAIE2, the

reaction list is initially constructed in the same way as for IREAD=O. This

list is then supplemented with a list of extra reactions (MATlk,MTlk) (where

MATlk#MATD), specified by the user. The output in this case contains matrices

for all of the (MATD,MTi;MATD,MTj)combinations, as before, plus matrices for

all (M.ATD,MTi;MATl~,MTlk) combinations. However, covariances among the extra

reactions, for example (MATlk,MTlk;MATlm,MTlm),are not computed. Input for an

example problem that illustrates the use of IREAD=2 is given below, in the

discussion of Pfl?COV.That discussion also includes an illustration (Table II)

of the set of MAT/MT combinations that are processed when IREAD=2.
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MFcov... This parameter is used to specify whether covariances of fission

V (MFCOV=31) or cross sections (MFCOV=33) are needed. If MFCOV=31, it is

necessary to supply multigrouped cross sections and ~ values on a GENDF tape

(that is, NPEND must be O); the sample problem below shows the calculational

sequence required. MFCOV=32 is reserved for a plamed future capability to

compute uncertainties in self-shielded cross sections. If MFCOV=33, the con-

tribution of the uncertainty in individual resonance parameters (File 32) is

included in the calculated

tions. Given below is the

group ~ covariance library

o
5

uncertainty in infinite-dilution group cross sec-

complete NJOY input for a calculation of a multi-
for 238

U, including five cross-material reactions.

*MOOER*/ MOUNT ENDFTAPES515,516,and 555ON UNITS20, 21,ANO 22.
1-23
*ENDF/B-VNUBARCOVARIANCEMATERIALS*/
20 1380
20 1381
211390
22 1395
22 1398
20 1399
0/
*MODER*/COPYENDFFOR USEAS A PENDF.
’23 -24
*GROUPR*/PREPAREGENDFWITHMULTIGROUPEDNU8ARS.
-23 -24 0 25
13803030110
*81G3+ 2 NU8AR*/
o.
1.E1O
3 452 *TOTALNUBAR*/
0/
1381
3 452 *TOTALNUBAR*/
0/
1390
3 452 *TOTALNUBAR*/
0/
1395
3 452 *TOTALNUBAR*/
0/
1398
3 452 *TOTALNUBAR*/
3 455 *DELAYEONUBAR*/
3 456 *PROMPTNUBAR*/
0/
1399
3 452 *TOTALNUBAR*/
0/
0/
*~oRR*/ PREPARE~TIGRom ~AR covARIANcELIBMY.
-23 0 25 26/
139819 1 1
2 31
1380452
1381452
1390452
1395452
1399452
0/.

:.E7 1.7E7
*STOP*
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Note the use of the MODER module to prepare a special ENDF tape containing

selected evaluations from other ENDF tapes. Because only high-energy ; data

are requested (10-17 MeV), it is unnecessary to use RECONR to prepare a PENDF

tape

with

tion

for GROUPR. A copy of the ENDF tape is used instead.

Following the prescription given in the discussion of the IREAD=2 option,

this particular input covariance matrices will be produced for the reac-

pairs marked with an X in the table below. The remaining non-redundant

possibilities (dashes) can be filled in with successive ERRORR runs with MATD=

1380, 1381, etc.

a = (1398,452)

b = (1398,455)

c = (1398,456)

d = (1380,452)

e= (1381,452)

f = (1390,452)

g = (1395,452)

h = (1398,452)

i = (1399,452)

NMT, NEK,

TABLE II

REACTION-PAIRS IN 238U LIBRARY

a b c d e f g h i

x x x x x x x x x

xx x xx xxx

x x x x x xx

— — — — —

— — — — —

— — — —

— — —

— —

MTS, EK, AICiY... For Version V, if IREAD=l, the user specifies

a subset of the evaluator’s “covariance reactions” (that is, a subset of the

sections of MFCOV), as the particular set of reactions for which processing is

requested. These NMT desired reactions are entered in the array MTS. As

mentioned in the discussion of IREAD above, one must also include in the MTS

array all reactions from which the desired reactions are “derived.”

Another requirement of the IREAD=l option is that the actual derivation

coefficients (called AKXY in the code, but called C1(a,c) in the discussion in

Section G) must be entered in the ERRORR input for NEK energy ranges spanning

the output group structure. Adjacent ENDF/B derivation ranges should be merged
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into a single range if the derivation-coefficientmatrix for the NMT explicitly

requested reactions is the same in each of the adjacent ranges. The ordering

of the C1(a,c) data is as follows: on one line of input the coefficients are

specified for a fixed a-value and for all c-values ranging from 1 to NMT. One

such line is given for each a-value. Finally, there is an outer loop over the

NEK energy ranges. An example of the input that is required for IREAD=l is

given below for the case of ENDF/B-V carbon MAT1306. It will be necessary to

examine File 33 of the evaluation (which is available on the ENDF/B-V standards

file, Tape 511), in order to understand the details of this example.

o
5
*MODER*
20 -21
*MODER*/COPY ENDF FOR USE AS A PENDF.
-21 -22/
*ERRORR*
-21 -22 0 -23/
1306 3 1/
200
1 33
73
1 2 4 102 103 104 107
1.E-5 2E6 4.812E6 2E7
o 1 0 1 000
0 1 0 00 00
0010000
0001000
000 0 1 0 0
0000010
0000001
1000000
0100000
00 1 00 0 0
0001000
0000100
00 00 0 1 0
00 0 00 0 1

--- ___ ___ --——
~loooooo I

10100000
I

11-10-1-1-1-11
10001000 I
~oooo loo I

I10000010 I
10000001 I---- --- —-- ___ _
*STOP*
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Note that here, even if the user wanted to process only MT2 and MT4, for

example, it is nevertheless necessary to include MT1, MT102, MT103, MT104, and

MT107, because the IGN=3 group structure extends to 17.0 MeV, and above 4.812

MeV, MT4 is derived from the relation

=(7-0
a4 1 2 - *102 - ’103 - ’104 - ’107 “

See the corresponding C1(a,c) matrix in the input above (dashed box).

MATB, MTB, MATC, MTC... Card 11 provides a facility for, in effect, going

into the covariance file and changing all references to a given standards

reaction (MATB,MTB) appearing in NC-type sub-subsections with LTY=l, 2, or 3

into references to a different reaction (MATC,MTC). (See the discussion of

ratio measurements in Section H.) This facility is useful if the evaluation

(MATB, MTB) is for some reason unavailable. Up to 5 such standards can be

redefined. As explained in the note on the input instructions at the begiming

of this section, Card 11 is also used (if MATB(l) and MTB(l) are negative) to

process covariances between two distinct reactions, both measured relative to a

common standards reaction. This was referred to as the “LTY = 4“ case in

Section H. A separate ERRORR run is required for each requested “LTY = 4“

reaction pair.

L. ERRORR Output File Specification

The results from ERRORR are written to an output file on unit NOUT, pro-

vided that the input parameter NOUT is non-zero. This file contains the user’s

group structure, the multigroup cross sections, and either absolute (IRELCO=O)

or relative (IRELCO=l) covariances. If NOUT is positive, then a formatted

(card-image) file is written, and, if negative, a binaq file is written. In

either case, the output is written with the standard NJOY 1/0 utilities,
5 and

the result has an ENDF-like structure. As is the case for ENDF, PENDF, and

GENDF files, ERRORR output files can be converted from binary to formatted form

(and vice versa) by using the MODER module. The energy-group ordering of the

data written to NOUT follows the ENDF convention. That is, low-energy groups

precede the high-energy groups.

A small, stand-alone retrieval program, which reads formatted ERRORR out-

put files, reorders the energy groups to high-to-low order, and fills in the

implicit zeroes to make a full matrix, is listed as Table IV in Ref. 11. A

much more powerful retrieval program, which produces libraries for sensitivity
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codes and produces publication-quality plots of the data, starting from either

binary or formatted ERRORR output, is the COVR module of NJOY. This module is

described in the following chapter of this report.

It is occasionally of interest to examine a formatted ERRORR output file

visually. For this and other purposes, we describe below the detailed form of

the formatted output file. To assist in the description, we give in Table 111

an example of such a file.

The data in Table III are written in the form of standard, 80-column

card-images consisting of 10 data fields. The first 6 fields are 11 characters

wide and are used for either floating-pointnumbers or integers. The seventh,

eighth, ninth, and tenth fields are 4, 2, 3, and 5 characters wide, respective-

ly, and are used for integers only. The four digits in Field 7 are the MAT, or

material, number of the isotope or element; the two digits in Field 8 are the

MF, or file, number that indicates the general type of data (for example,

cross-section data vs covariance data); the three digits in Field 9 are the MT,

or section, number that indicates the particular nuclear reaction; and finally,

the five digits in Field 10 are the card sequence number. Sections are termi-

nated by zeroes in the MT field, files by zeroes in the Ml?field, and materials

by zeroes in the MAT field.

The first card shown in Table III is the first card for the material MAT

1326, which is elemental iron. Note that on this card the number 2.6 x 104

appears in the first field and 55.365 is the second field. These are the “ZA”

(1000 x Z + A) and “AWR” (atomic weight relative to the neutron), numbers taken

directly from the ENDF/B file. The fact that ZA is 26 000 (suggesting that A =

O) is a convention that means that the data are for the element Fe, rather than

for a single isotope.

Also note that MF = 1 and MT = 451 on cards 1 to 8. This MF-MT combina-

tion is used in ENDF/B for descriptive Hollerith information, but it is used

here for the boundaries of the multigroup structure used for the processed data

to follow. On card 2, note the number 30 in Field 3 and the number 31 in Field

5, which indicate, respectively, the number of energy groups and the number of

energy-group boundaries in the multigroup set. The values of the group boun-

daries, given in eV from low to high energy, follow on cards 3 through 8.

Cards 9 and 10 are section and file terminators, respectively.

Multigroup cross-section data are given in barns on cards 11 through 101.

This file, denoted by MF = 3, corresponds to the smooth cross-section file in
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ENDF/B. The MT-numbers (Field 9) can be identified with particular nuclear

reactions by consulting Appendix B of Ref. 5.

TABLE III

2.60000+ 4 5.53650+ 1 0 0 0 0
0.00000+ o 0.00000+ o 30 0 31 0
1.00001- 1 1.52000- 1 4.14000- 1 1.13000+ O 3.06000+ O 8.32000+ O
2.26000+ 1 6.14000+ 1 1.67000+ 2 4.54000+ 2 1.23500+ 3 3.35000+ 3
9.12000+ 3 2.48000+ 4 6.76000+ 4 1.84000+ 5 3.03000+ 5 5.00000+ 5
8.23000+ 5 1.35300+ 6 1.73800+ 6 2.23200+ 6 2.86500+ 6 3.68000+ 6
6.07000+ 6 7.79000+ 6 1.00000+ 7 1.20000+ 7 1.35000+ 7 1.50000+ 7
2.00000+ 7

0.00000+ o 0.00000+ o 0 0 30 0
1.35541+ 1 1.22016+ 1 1.18821+ 1 1.16911+ 1 1.15747+ 1 1.15004+ 1
1.14473+ 1 1.13890+ 1 1.08615+ 1 9.81159+ O 7.48915+ O 1.03051+ 1
2.37348+ O 9.85481+ O 4.41598+ O 3.68858+ O 3.78846+ O 3.06211+ O
2.67145+
3.58365+

0.00000+
1.~5197+
1.13848+
2.36615+
2.35213+
2.04250+

0.00000+
2.03435+
6.25256-
7.32804-
3.19314-
1.54115+

0.00000+
0.00000+
0.00000+
0. 00000+
3.16090-
1.47693+

326 1451
326 1451
326 1451
326 1451
326 1451
326 145!
326 1451
326 1451
326 1 0
326 0 0
326 3 1
326 3 1
326 3 1
326 3 1

0 2.98232+ O 3.06996+ O 3.34555+ O 3.40099+ O 3.67215+ 01326
0 3.28614+ O 2.98118+ O 2.72494+ O 2.57176+ O 2.33063+ 01326

1326
0 0.00000+ o 0 0 30 01326
1 1.14101+ 1 1.14035+ 1 1.14006+ 1 1.13984+ 1 1.13946+ 11326
f 1.13521+ 1 ~.08378+ 1 9.56700+ O 7.48389+ O 1.02890+ 11326

0 9.84028+ O 4.40579+ O 3.68150+ O 3.78343+ O 3.05551+ 01326
0 2.28275+ O 2.22931+ O 2.43413+ O 2.20602+ O 2.14~29+ 01326
0 1.77500+ O 1.49848+ O 1.30110+ O 1.17171+ O 9.82526- 11326

1326
0 0.00000+ o 0 0 30 01326
0 7.91472- 1 4.78657- 1 2.90519- 1 1.76230- 1 1.05795- 11326
2 3.69154- 2 2.37323- 2 2.44582- 1 5.26i74- 3 1.60700- 21326
3 1.45286- 2 1.01936- 2 7.08119- 3 5.03364- 3 6.59400- 31326
1 6.99575- 1 8.40647- 1 9.11424- 1 1.19498+ O 1.53086+ 01326
0 1.51114+ O 1.48270+ O 1.42384+ O 1.40006+ O 1.34810+ 01326

1326
0 0.00000+ o 0 0 30 01326
0 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ 01326
0 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ 01326
0 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ 01326
1 6.97516- 1 8.37997- 1 9.06140- 1 1.18417+ O 1.50336+ 01326
0 1.40533+ O 1.32806+ O 1.07065+ O 7.06491- 1 3.81651- 11326

31
31
30
32

::
32
32
32
30
33
33
33
33
33
33
30
34
34
34
34
34
34

1326 3 0
0.00000+ o 0.00000+ o 0 0 30 01326 3 16
0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ 01326 3 16
0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ 01326 3 16
0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ 01326 3 16
0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ 01326 3 16
0.00000+ O 0.00000+ O 2.89441- 3 1.65433- 1 4.65000- 1 6.24670- 11326 3 16

1326 3 0
0.00000+ o 0.00000+ o 0 0 30 01326 3 22
0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ 01326 3 22
0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ 01326 3 22
0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ 01326 3 22
0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ 01326 3 22

0.00000+ O 0.00000+ O 2.00000- 6 1.27543- 4 4.08366- 3 4.228S0- 21326 3 22
1326 3 0

0.00000+ o 0.00000+ o 0 0 30 01326 3 28
0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ 01326 3 28
0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ 01326 3 28
0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ 01326 3 28
0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ 01326 3 28
0.00000+ O 0.00000+ O 3.32449- 3 1.02461- 2 4.34896- 2 1.55290- 11326 3 28

1326 3 0
0.00000+ o 0.00000+ o 0 0 30 01326 3102
2.03435+ O 7.91472- 1 4.78657- 1 2.90519- 1 1.76230- 1 1.05795- 11326 3f02
6.25256- 2 3.69154- 2 2.37323- 2 2.44582- 1 5.26174- 3 1.60700- 21326 3102
7.32804- 3 1.45286- 2 1.01936- 2 7.08119- 3 5.03364- 3 6.59077- 31326 3102
3.20207- 3 1.87146- 3 1.52351- 3 1.24692- 3 1.01854- 3 7.77897- 41326 3102
6.66572- 4 6.35742- 4 6.48990- 4 7.13011- 4 8.13104- 4 9.53248- 41326 3102

1326 3 0

1
2
3
4
5
6
7
8
9

10
11
12
13
f4
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

%
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
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TABLE III (Cont.)

0.00000+
0.00000+
0.00000+
0.00000+
2.22100-
!i.64685-

0. 00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+

o 0.00000+ o
0 0.00000+ o
0 0.00000+ o
0 0.00000+ o
5 1.87870- 4
2 8.63289- 2

0 0.00000+ o
0 0.00000+ o
0 0.00000+ o
0 0.00000+ o
0 0.00000+ o
0 1.80996- 5

0 0 30
0.00000+ o 0.00000+ o 0.00000+ o 0.00000+
0.00000+ o 0.00000+ o 0.00000+ o 0.00000+
0.00000+ O 0.00000+ O 0.00000+ O 3.23000-
1.12710- 3 4.03744- 3 9.77153- 3 2.60238-
l.i3654- 1 l.28663- 1 1.20209- 1 7.33574-

0 0 30
0.00000+ o 0.00000+ o 0.00000+ o 0.00000+
0.00000+ o 0.00000+ o 0.00000+ o 0.00000+
0.00000+ o 0.00000+ o 0.00000+ o 0.00000+
0.00000+ o 0.00000+ o 0.00000+ o 0.00000+
2.25000- 3 9.13333- 3 1.99333- 2 2.86600-

01326 3103
01326 3103
01326 3103
61326 3f103
21326 3103
21326 3103

1326 3 0
01326 3104
01326 3104
01326 3104
01326 3104
01326 3104
21326 3104

67
68
69
70
71

;:
74
75
76
77
78
79

0.00000+ o 0.00000+ o 0 0 30 0

0.00000+ o 0,00000+ o 0.00000+ o 0.00000+ o 0.00000+ o 0.00000+ o’
0.00000+ o 0.00000+ o 0.00000+ o 0.00000+ o 0.00000+ o 0.00000+ o
0.00000+ o 0.00000+ o 0.00000+ o 0.00000+ o 0.00000+ o 0.000oo+ o’
0.00000+ o O,ooooo+ o 0.00000+ o 0.00000+ o 0.00000+ o 0.00000+ o
0.00000+ O 0.00000+ O 0.00000+ O 0.00000+ O 5.60000- 4 1.44000- 2

0.00000+ o 0.00000+ o 00 30 0
0.00000+ o 0.00000+ o 0.00000+ o 0.00000+ o 0.00000+ o 0.00000+ o
0.00000+ o 0.00000+ o 0.00000+ o 0.00000+ o 0.00000+ o 0.00000+ o

1326 3 0 80

0.00000+ o 0,00000+ o 0.00000+
0.00000+ o 0.00000+ o 0.00000+
0.00000+ o 0.00000+ o 0.00000+

0.00000+ o 0.00000+ o
0.00000+ o 0.00000+ o 0.00000+
0.00000+ o 0.00000+ o 0.00000+
0.00000+ o 0.00000+ o 0.00000+
y)oy o 0,00000+ o 0.00000+

- 3 1.88243- 2 3. 18674-

2.60000+ 4 5.53650+ 1
0.00000+ o 0.00000+ o
0.00000+ o 0.00000+ o
1.81487- 3 1.99084- 3 2.04160-
2.11317- 3 2.11788- 3
0.00000+ o 0.00000+ o
!.99084- 3 2.18787- 3 2.24470-
2.32507- 3 2.33026- 3
0.00000+ o 0.00000+ o
2.04160- 3 2,24470- 3 2.30329-
2.38619- 3 2.39151- 3
0.00000+ o 0.00000+ o
2.07346- 3 2.28039- 3 2.34007-
2.42456- 3 2.42997- 3
0.00000+ o 0.00000+.0
2.09334- 3 2,30263- 3 2.36301-
2.44849- 3 2.45396- 3
0.00000+ o 0,00000+ o
2.10578- 3 2.31657- 3 2.37737-
2.46347- 3 2.46897- 3
0.00000+ o 0.00000+ o
2.11317- 3 2.32507- 3 2.38619-
2.47284- 3 2.47833- 3
0.00000+ o 0.00000+ o
2.11788- 3 2.33026- 3 2.39151-
2.47833- 3 2.48385- 3
0.00000+ o 0.00000+ o
9.96112- 5 9.78388- 5 l.53513-
5.04370- 8 4.19464- 8 l.45226-
0.00000+ o 0.00000+ o
9.78388- 5 1.01291- 4 l.75139-
5.75422- 7 4.78555- 7 l.65684-
0.00000+ o 0.00000+ o
1.53513- 8 1.75139- 7 9.98645-
1.62180- 8 1.34879- 8 4.66973-
0.00000+ o 0.00000+ o

326 3105
326 3105
326 3105
326 3105
326 3105
326 3105
326 3 0
326 3106
326 3106
326 3106

8;
82
83
84
85
86
87
88
89
90

0 0.00000+ o
0 0.00000+ o
0 8.33334- 6

0
0 0.00000+ :
0 0.00000+ o
0 0.00000+ o
0 0.00000+ o
2 3.88640- 2

0.00000+ O 0.00000+ 01326 3106
0.00000+ O 0.00000+ 01326 3106
3.91667- 4 5.31000- 31326 3106

1326 3 0
30 01326 3107

0.00000+ O 0.00000+ 01326 3107
0.00000+ O 0.00000+ 01326 3107
0.00000+ O 0.00000+ 01326 3107
1.98577- 5 6.90973- 47326 3107
3.90835- 2 2.15230- 21326 3107

1326 3 0

0
0
8
3

8
3

8
3

8
3

8
3

8
3

8
3

8
3

9
8
8
9
7
7
9
5
9
9

2.07346-

2.28039-

2.34007-

2.37754-

2.40091-

2.4i554-

2.42456-

2.42997-

3.40732-

3.88732-

9.97849-

0
1

:

1
3

1
3

1
3

1
3

9
8

9
7

9
5

2.09334-

2.30263-

2.36301-

2.40091-

2.42454-

2.43934-

2.44849-

2.45396-

6.74606-

7.69641-

9.96429-

9

1326 0
0 13132633
0 30132633
8 1132633
3 2.10578- 3132633

132633
8 2132633
3 2.31657- 3132633

132633
8 3132633
3 2.37737- 3132633

132633
8 4132633
3 2.41554- 3132633

132633
8 5132633
3 2.43934- 3132633

i 32633
8 6132633
3 2.45425- 3132633

132633
8 7132633
3 2.46347- 3132633

132633
8 8132633
3 2.46897- 3132633

132633
9 9132633
8 3.22124- 8132633

132633
9 10~32633
7 3.67503- 7132633

132633
9 11132633
5 1.03579- 8132633

132633
9 12132633

0
1
i
i
1
1
1
1

;
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
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TABLE III (Cont.)

0.00000+ o 0.00000+ o 0 102 0 30132633
5 191326330.00000+ o 0.00000+ o 5 17

-1.63835- 5-3.27826- 5-1.22710- 4-2.07985- 4-l.15466-
0.00000+ o 0.00000+ o 3 19

-5.50855- 5-1.07321- 4-5.95814- 5
0.00000+ o 0.00000+ o 12 19

-2.07223- 5-4.03725- 5-4.37136- 5-5.03268- 5-5.43578-
-6.59791- 5-6.76100- 5-6.68902- 5-6.37887- 5-5.99185-

0.00000+ o 0.00000+ o 10 21
-3.80925- 5-9.04449- 5-9.83828- 5-1.11790- 4-l.21267-
-1.23061- 4-1.16954- 4-1.09333- 4-1.01351- 4

0.00000+ o 0.00000+ o 10 21
-2.57173- 5-6.14953- 5-6.75694- 5-7.78287- 5-8.50809-
-8.64538- 5-8.17804- 5-7.59485- 5-6.98409- 5

4 132633
3 20132633

132633
2 21132633
5-6.11663- 5132633
5-5.58653- 5132633
0 22132633
4-1.24479- 4132633

132633
0 23132633
5-8.75384- 5132633

132633
0.00000+ o 0.00000+ o 10 21 10 24132633

-1.74088- 5-4.20357- 5-4.68202- 5-5.49012- 5-6.06136- 5-6.25493- 5132633
-6.16950- 5-5.80138- 5-5.34202- 5-4.86094- 5 132633

0.00000+ o 0.00000+ o 10 21 10 25132633
-1.63792- 5-3.97730- 5-4.46431- 5-5.28688- 5-5.86834- 5-6.06538- 5132633
-5.97842- 5-5.60371- 5-5.13613- 5-4.64644- 5 132633

0.00000. 0 0.00000+ o 10 21 10 26132633
-1.68233- 5-4.09220-
-6.19527- 5-5.80147-

0.00000+ o 0.00000+
-1 .79797- 5-4.37020-
-6.59564- 5-6.17893-

0.00000+ o 0.00000+
-2.J3664- 5-5.66009-
-8.42057- 5-7.90368-

0.00000+ o 0.00000+
-3.79314- 5-9.14425-
-1.33276- 4-l.25443-

0.00000+ o 0.00000+
-7.67502- 5-l.83961-
-2.61401- 4-2.46901-

0.00000+ o 0.00000+
0.00000+ o 0.00000+

-1.71773- 7-l.71773-
-1.31582- 8

0.00000+ o 0.00000+
-6.73354- 7-6.73354-
-5.15804- 8

5-4.60402-
5-5.31006-
0
5-4.91180-
5-5.65893-
0
5-6.33i90-
5-7.25866-
0
5-1 .01624-
4-1.15668-
0
4-2.02808-
4-2.28806-
0
0
7-1 .71773-

0
7-6.73354-

5-5.46850- 5-6.07958- 5-6.28666- 5132633
5-4.79542- 5 132633
0 21 10 27132633
5-5.82658- 5-6.47322- 5-6.69235- 5132633
5-5.11434- 5 132633
0 21 10 28132633
5-7.46662- 5-8.26873- 5-8.54054- 5132633
5-6.58314- 5 132633
0 21 10 29132633
4-1.18819- 4-1.30975- 4-1.35094- 4
4-1.05431- 4
0 21 10 30
4-2.34640- 4-2.57142- 4-2.64767- 4
4-2.09856- 4
0 103 0 30
7 18 7 19
7-1.71773- 7-1.71773- 7-1.71773- 7

7 18 7 20
7-6.73354- 7-6.73354- 7-6.73354- 7

32633
32633
32633
32633
32633
32633
32633
32633
32633
32633
32633

132633
0.000oo+ o 0.00000+ o 13 18 13 21132633

-3.36247- 6-3.36247- 6-3.36247- 6-1.17786- 4-7.13781- 5-3.14654- 5132633
-1.08098- 5-4.86305- 6-3. i8096- 6-2.41618- 6-2. i3432- 6-2.28442- 6132633
-3.74344- 6 132633

0.00000+ o 0.00000+ o 13 18 13
-1.11391-

22132633
5-1. 1139~- 5-1.11391- 5-2.36460- 4-1.45074- 4-6.64790- 5132633

-2.16325- 5-9.57623- 6-6.26389- 6-4.75790- 6-4.20287- 6-4.49844- 6132633
-7.37151- 6 132633

0.00000+ o 0.00000+ o 13 18 13 23132633
-2.06295- 5-2.06295- 5-2.06295- 5-1.93048- 4-1.23118- 4-6.29763- 5132633
-1.74808- 5-7.32785- 6-4.79321- 6-3.64081- 6-3.21609- 6-3.44227- 6132633
-5.64078- 6 132633

0.00000+ o 0.00000+ o 24132633
-3.31504- 6-3.3i504- 6-3. 31504- ’:-1.39125-’:-8 .40433- ’:-3.66707- 5132633
-4.60552- 5-7.8409i- 6-3.93980- 6-2.86779- 6-2.53325- 6-2.71 f140- 6132633
-4.44312- 6 132633

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

4
4
4
4
4
4
4
4

911
912
913
914
915
916
9i7
918
919
920
921

922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960

961
962
963
964
965
966
967
968

The rnultigroupcovariance data for MAT1326 (Fe) begin with card 103. The

designation of MF = 33 in Field 8 is the same as that for covariance data in

ENDF/B. Card 103 repeats the ZA and AWR numbers in Fields 1 and 2, and the

number 13 in Field 6 indicates that covariance

follow. The number

tion-pairs have MT =
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matrices for 13 reaction-pairs
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The data for one typical reaction-pair begin at card 911. In this sec-

tion, note that the “first” reaction is MT = 4. Field 4 of card 911 contains

the number “102,” so the “second” reaction is MT1 = 102. In other words, the

data to follow refer to the covariance matrix of the iron inelastic scattering

reaction (4) with the iron radiative capture reaction (102). The number “21”

occurring in Field 6 of Card 916 indicates that these data refer to Group 21 of

MT = 4, i.e., the twenty-first row of the covariance matrix. The number “12” in

Field 3 of Card 916 indicates that there are 12 consecutive groups of MTl = 102

for which covariances are given explicitly. The first covariance applies to

group 19 of MT1 = 102, as indicated by the number “19” in Field 4. Then, in

referring to the entry in the sixth field of Card 917, for example, one would

say that “the relative covariance of the iron inelastic cross section in Group

21 (1.738-2.232 MeV) with the iron radiative capture cross section in Group 24

(3.68-6.07MeV) is -6.11663 x 10-5.”

Any row of a covariance ❑atrix, or any part of a row, that contains only

zeroes will be omitted from the ERRORR output. The only exception to this rule

is that the last row (Group 30 in this example) is always given explicitly,

even if it does contain only zeroes. The occurrence of the last row terminates

a given covariance matrix and signals that the next card will name a new reac-

tion-pair.

Although the output file in this example contained no cross-material co-

variances, the only difference in the file structure in the cross-material case

is that MAT1 is specified in the integer field just preceding MTl, for example,

in Field 3 on card 911. The entry MAT1 = O in that position here is a flag to

indicate that MAT1 = MAT = 1326.

M. Error Messages

ERRORR~’~:ILLEGAL IREAD = ---

Currently defined values are O, 1, and 2.

ERRORR*:-~ONLY--- EK ENERGIES ALLOWED.

The number of derived-cross-section
50.

ERRORR-*~S*TOOMANY REACTION TYPES.

This error occurs in runs with IVERF
variance reactions is more than 60.

energy-range boundaries is limited to

= 4 if the number of requested co-
A possible solution is to use the
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IREAD = 1 option to select only the most needed reactions. This error
also occurs in runs where internal group averaging is requested (NGOUT =
O) if there are more than 200 sections in MF = 33. An alternative is to
run GROUPR first, then ERRORR with NGOUT.GT.O.

ERRORR~-~’NOTCODED FOR MFCOV = ----

Allowed values are 31 and 33.

ERRORR*~*TOO MANY STANDARDS REDEFINED.

Limit is 5. See input for NSTAN.NE.O.

ERRORR**ILLEGAL MT GT 870.

Fault in evaluation.

fJRID*:&MT --- REFERENCED IN DERIVATION FORMULA FOR ENERGY RANGE --- DOES NOT
APPEAR IN MFCOV.

Fault in evaluation or input.

GRID$=~-~T()()u MT-NUMBERS IN NC-TYPE SUB-SUBSECTIONSWITH LTY = O.

Limit is 60.

GRID*~*CANNOT CALCULATE COVARIANCES OF REACTION MT = --- WITH MT1 = --- BE-
CAUSE NSTAN = O. TO PROCEED, MOUNT AN ENDF TAPE CONTAINING THE STANDARD REAC-
TION (MATSTD = ---, MTSTD = ---) ON UNIT NSTAN. IF NECESSARY MATSTD AND MTSTD
CAN BE REDEI’INEDON INPUT CARD 11.

Self-explanatory.

GRID~*-COVARIANCES OF REACTION MT = --- WITH (MAT1 = ---, MT1 = ---) CANNOT BE
CALCULATED. NOT CODED FOR LTY = ----

Fault in evaluation.

This error occurs if IVERF = 5 and if the requested number of covariance
reactions is greater than 60. If cross-material covariances are not need-
ed, then a possible solution is to use the IREAD = 1 option to select only
the most needed reactions.

GRID$=~*ILLEGAL MTl = O.

Fault in evaluation. Evaluator may have meant to indicate MT1 = MT. If
so, change the data value for MT1 on NENDF from O to MT and resubmit.

MERGE***STORAGE EXCEEDED.

Either the number of points in the x grid exceeds 150 or the number in the
y grid exceeds 1000.
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MERGE;*’Y(---) = --- LT y(---) = ---.

Should not occur.

GRIS’P$$=~STANDARDSTAPE BAD.

Fault in evaluation. Standards reactions must have at least one subsec-
tion; that is, they may not be components of a lumped reaction.

GRIS*~ILLEGAL LB = O.

Fault in evaluation. Absolute covariances are not permitted in the stan-
dards.

GRISP*ILLEGAL NI = O IN THE STANDARD, MATSTD = ---, MTSTD ----

Fault in evaluation. Standards reactions may not be derived from other
reactions.

LUMPMT-- STORAGE EXCEEDED.

The number of component reactions of a lumped reaction is limited to 50.

covcALf””- STORAGE EXCEEDED IN LOC.

The number of NI-type sub-subsections in any subsection is limited to 30.

COVCALf:**LB= --- WHEN LT = ----

Fault in evaluation. LB-LT combination is not defined.

COVC~J%~*NOT CODED FOR LB = ----

Currently defined values are O through 6.

COVCAIN”+’STORAGE EXCEEDED IN EGT.

At the time of COVCAL processing, the number of groups on NGOUT (equal to
the number of union groups) is limited to 1000.

COVCAL’:*~MFCOV MT FOUND NOT EQUAL TO INPUT MT.

Conflict between internal list of covariance reactions and the reactions
encountered in ENDF file. Should not occur.

COVCAIW=STORAGE EXCEEDED IN A.

Ins~fficient space in core to store the information from NI-type sub-sub-
sections. Increase the size of /ESTORE/ and NAMAX.

COVCAL~’ ILLEGAL MT1 = O.

See similar diagnostic in SUBROUTINE GRID above.
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COVCAL*DATA IN A(LOCI) ARE ILLEGAL.

Fault in evaluation. Bad ratio-to-standarddata. Either LTY is outside the
legal ENDF range of 1-3 or the energies EL, EH are negative or out of order.

COVAL*~MUST REQUEST MAT1 = --- AND MT1 = --- ON CARD 10.

Input error in requesting covariances of X with Y when both are measured
relative to Z. The standard Z must be specified on Card 10 and as nega-
tive entries on Card 11.

ROGOU!FCWIAT --- NOT FOUND.

Cannot find MAT on multigroup library.

RDGOUl?+=*MF---,MT--- NOT FOUND.

Cannot find requested group structure or cross sections on multigroup
library.

RDGOIJ’P-*+BADINDEX FOR B EQUIVALENT TO SIG(IG).

Should not occur.

COVOWWJNABLE TO FIND IY OR IYP FROM MTS ARRAY.

Conflict between internal list of covariance reactions and the reactions
encountered on the union-group covariance file produced in COVCAL. Should
not occur.

COVOUF*STORAGE EXCEEDED IN SUM.

Insufficient space in core to store the NMT1*NGN user-group cross sections.
Increase the size of /ESTORE/ and NAMAX.

COVOUmUNEXPECTEDLY, IX NE IY OR IXP NE IYP.

Should not occur.

SIG~*COVARIANCE REACTION MISSING FROM LUMPING TABLE.

A covariance reaction in the 851-870 range cannot be found in the lumped
reaction definition tables. Should not occur.

RESPRP~*-~ILLEGAL RESONANCE REPRESENTATION IN MF = 32. LRF = ----

Fault in evaluation. Allowed values of LRF are 1 and 2 (single- and
multi-level Breit-Wigner representations).

RESPRl?*XSTORAGEEXCEEDED.

Insufficient space in array ISCR to store resonance-parametercovariances
for current L-value. Limit is 5006 words.
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RESPRP*+S*BADCOVARIANCE DATA FOR RESONANCE PARAMETERS --- AND --- AT ER = ----

Fault in evaluation. Covariance matrix of the parameters has either nega-
tive variances, or infinite correlation coefficients, or correlation co-
efficients greater than 2.0. Data may be out of order.

GRPAV---MF --- MT --- HAS THRESHOLD GT HIGHEST UNION ENERGY.

Though not a fatal error, this message often precedes an abort in COVCAL
caused by the absence of this reaction on NGOUT. If IREAD = 1, then de-
lete this reaction from the requested list of covariance reactions.

GRPAV-WNABLE TO FIND TEMP = ----

Cannot locate requested material and temperature on NPEND.

GRPAV$=’”~CANNOT GROUP-AVERAGE MT = ---- USE GROUPR FIRST, THEN ERRORR WITH
NGOUT.NE.O.

The MFCOV = 31 and NGOUT = O options are not compatible.

GRPAV-L~s.-NOTCODED FOR MULTIMATERIAL GROUP AVERAGING. USE GROUPR FIRST, THEN
ERRORR WITH NGOUT NE O.

The IREAD = 2 and NGOUT = O options are not compatible.

coLAPs~+=:DID NOT FIND EXPECTED MFl MT451.

Multigroup libraries produced with the GROUPR modules always contain the
group structure in MF = 1, MT = 4S1.

coLAPs*~ STORAGE EXCEEDED.

Number of groups in NGOUT “library” structure is limited to 2*NPAGE+50,
which, for the standard value of NPAGE (306), gives a limit of 662 groups.

COLAPS>:=:*NGOUTGROUp STRUCTURE DOES NOT Spm UNION GRID.

The supplied library must cover the entire energy range of the union grid,
which is the same as the energy range of the user’s grid.

COLAPS* NOT CODED FOR MULTIPLE SIGMA ZEROES OR LEGENDRE ORDERS.

Because of this restriction, existing “general-purpose” GENDF files may
not be suitable for use as input to ERRORR, in which case a special GROUPR

run> just to prepare the NGOUT file for ERRORR, will be required.

UNIONG* EXCEEDED STORAGE IN MFCOV ENERGY GRID.

Applies only if IVERF = 4.

UNIONG$=’S*ENERGIESOUT OF ORDER. --- LT ----

Applies only if IVERF = 4.



UNIONG**EXCEEDED

Insufficient
NAMAX.

EGNGPN*~-~TOOMANY

User’s group

STORAGE IN UNION GRID.

space in core to store the union grid. Increase /ESTORE/ and

GROUPS.

structure is limited to 64o groups.

EGNGPl@WIEAD-IN GROUP STRUCTURE IS OUT OF ORDER.

With the IGN = 1 option, the supplied group structure must be in monotoni-
cally increasing order.

EGNGPN<=WLLEGAL GROUP STRUCTURE REQUESTED.

Allowed values of IGN are 1-15 and 19.

EG-*ILLEGAL WEIGHT FUNCTION REQUESTED.

Allowed values of IWT are 1-9.

EGTSIG*-~’MT= O.

In the NGOUT = O option, a point cross section has been requested by GRPAV
for an illegal MT-number. In this context, the allowed values of MT are
1-150, 207, 251-253, and 600-799. MT-numbers 600-699 are not defined in
ENDF/B-V, but may be used on ENDF and PENDF files specially prepared as
input to ERRORR, to allow processing of nonstandard reaction types.

N. InDut/OutDutUnits

The following logical units are used.

11 NSCR in COVCAL and COVOUT. Contains the union-group
antes for the directly evaluated reactions.

12 NSCR2 in COVOUT. A second copy of NSCR, which is read
vial” derivation case, ISD = 1. Saves execution time
calculation of many zero contributions.

multigroup covari-

only for the “tri-
by eliminating the

13 NSCRG in COVCAL and RDGOUT. Used to extract a single MAT from a multima-
terial NGOUT.

15 NSCR in LUMPTMT and LUMPXS. Used if MT-numbers in the 851-870 range
(lumped reactions) are found in
the covariance file.

20-99 Users’ choice for NENDF, NPEND,

ENDF covariance file to keep a copy of

NGOUT, NOUT, NIN, and NSTAN.

Units 11 and 12 are normally binary, although they can be switched to formatted

mode by changing the value of the variable IMODE in the main program to +1.
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Unit 13 has the same mode as NGOUT. The user can choose the modes for NENDF,

NPEND, NGOUT, NOUT, NIN, and NSTAN, except that NOUT and NIN must have the same

mode.
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xx. COVR

A. Introduction

The COVR module of NJOY is an editing module that post-processes the out-

put of ERRORR in a manner analogous to the way NMATXS and DTFR post-process the

output of GROUPR. COVR performs two quite separate functions, using the multi-

group covariance file from ERRORR as input. First, it can prepare a new co-

variance library in a highly compressed card-image format, which is suitable

for use as input to sensitivity analysis programs.1’2 (Data in this form can

also be copied to the system OUTPUT file to obtain a compact printed summary of

an ERRORR run, without using the sometimes bulky long-print option in ERRORR.

Such a summary can provide information on standard deviations and correlation

coefficients, neither of which are printed by ERRORR.) The second function of

COVR is to produce publication-quality plots3 of the multigroup covariance in-

formation. We first describe the “library” option.

B. Production of Boxer-Format Libraries

As discussed in Section L of the ERRORR manual, Chapter XIX of this re-

port, the output file of that module contains the group structure, cross sec-

tions, and either absolute (IRELCO = O) or relative (IRELCO = 1) covariances

for one or more materials, in either card-image or NJOY blocked-binary form.

If NOUT is greater than zero, COVR reads an ERROR.Routput file from unit NIN

and produces a new multigroup covariance library on unit NOUT. COVR performs

only sorting and reformatting operations on the ERRORR data.

In COVR, as well as ERRORR, the ENDF/B energy ordering is followed. That

is, low group indices correspond to low energies, high indices to high ener-

gies. Regarding group structures, in the library mode of operation, COVR (like

ERRORR) makes extensive use of disk storage, so that even on the CDC 7600,

which has a relatively small central memory, very large group structures (up to

64o groups) can be handled successfully. (See, however, the comments at the

end of this section regarding group-number limitations in the plot mode.)

The material and reaction coverage of the COVR output is determined by a

set of reaction pairs (MAT,MT;MAT1,MT1) supplied by the code user (see input

Card 4 in the input instructions and the corresponding discussion that follows

in Section D). At the beginning of the output library, the group structure is

given, Then, for each specified reaction pair, the output library contains

either a covariance matrix or a correlation matrix, depending on the output
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option (MATYPE) selected. In the case that covariances are requested (MATYPE =

3), the type of data on NOUT (absolute vs relative) is governed by the covar-

iance type present on NIN. In addition, whenever MAT1 = MAT and MT1 = MT, the

group-cross-section vector and the (absolute or relative) standard-deviation

vector for that particular reaction are written to NOUT just before the matrix

itself. All data (group structure, cross sections, standard deviations, and

matrices) are written to NOUT using a highly compressed, card-image format.

The design of this format, called the “Boxer” format, proceeds from a

simple fact: as discussed in Chapter XIX, the ENDF/B-V covariance evaluations

define certain rectangular regions (boxes) in energy “space,” over which the

relative covariance is constant. (The ENDF/B format allowing a constant abso-

lute covariance is only rarely used.) The coordinate axes of the two-dimen-

sional energy space in question are E and E where x and y indicate the
x Y’

particular reaction pair to which the ENDF/B covariances apply. Because of

this feature of the basic evaluations , one expects that an element of a ❑ulti-

group relative covariance matrix, derived from the ENDF/B data for a given re-

action pair, frequently will be identical either to the element before it in

the same row (Ex constant, Ey varying), or to the element above it in the same

column (E constant, Ex varying).
Y

Thus, the Boxer format allows a combination

of “horizontal” and “vertical” repeat operations.

Even though the ERRORR output format suppresses zero covariances, very

large data compression factors can be achieved in transforming from the ERROR.R

format to the Boxer format. As one example, the ERRORR output file for a par-

ticular 137-group reactor-dosimetry library4 contained 38 000 card images,

while the corresponding COVR output file contained fewer than 1000 card images.

In the Boxer format, data are stored as a list of numerical data values

(for example, relative covariances), together with a list of integers that con-

trol the loading of the data into the reconstructed array C(i,j). A negative

integer, say -n, indicates that the next value in the data list is to be loaded

into the next n j-values of C(i,j). A positive integer m means that, for the

next m j-values, the value to be loaded is simply carried down from the row

above,

C(i,j) = C(i-l,j) .

For the first row (i = 1), the row “above” is defined to be a row containing

all zeroes.
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In constructing the compressed data set in SUBROUTINE PRESS, the choice

between using the “repeat-new-value” method or the “carry-down”method is made

dynamically on the basis of taking the longest possible “step.” If m = n, the

“carry-down”method is chosen, as it does not require an entry in the data list.

As an additional compression feature of the format, one may indicate by a

“flag” that the matrix C(i,j) is symmetric; hence only the upper right triangle

is given explicitly in the compressed data library. These various aspects of

the Boxer format are illustrated by a simple example in Fig. 1. Here a, b, c,

and d are arbitrary, non-zero, unequal data values.

Original Data Set

j-

a bbOO

\
a \a bbOO

\
i bb

1

\b b 0 0

bb b\boo”

\
000 o\cc

0000 c“~d

Boxer Format, Symmetry Flag Off

a bbOcd

-2 -2 8 -4 8 -4 -2 5 -1

.

Boxer Format, Symmetry Flag On

a bcd

-2 -2 14 -2 -1

Fig. 1. Illustration of Boxer format.
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Before the data values are tested in PRESS to see if they are indeed

equal, the NJOY utility SIGFIG is called to round off the trailing digits that

would not appear on the formatted output anyway. Relative covariances, for

example, are written to NOUT in 1P8E1O.3 format, which has only four signifi-

cant figures. Thus, the three data values 0.036126, 0.036130, and 0.036134

would all be judged to be “equal” by this logic.

c. Generation of Plots

The COVR plot mode, which is entered by specifying NOUT = O, is used to

generate publication-quality plots of multigroup covariance data from a card-

image or binary ERRORR output file. Examples of plots produced by COVR can be

seen in Figs. 2 and 3 of Chapter XIX of this report. Many more examples can be

found in Ref. 3.

In addition to their usefulness in preparing publications, the plots have

proven to be a useful tool for checking the reasonablenessand mechanical cor-

rectness of new covariance evaluations. One can, for example, execute ERRORR

and COVR in tandem, using the evaluator’s energy grid as the “user’s” group

structure (ERRORR input option IGN = 19). The output of such a run is a series

of plots showing all important features of the covariance evaluation.

As can be seen in the examples mentioned above, each plot contains a

shaded “contour map” of the correlation matrix. Positive-correlation regions

are shaded with parallel straight lines, while negative correlations are indi-

cated by cross-hatching. The plots also contain two semilogarithmic curves

giving the energy dependence of the associated standard deviation vectors. One

of the vector plots is rotated by 90 degrees, so that the logarithmic energy

grids for the vector plots can be aligned with the correspondinggrids for the

matrix plot.

This type of plot presents the covariance data in a more lucid manner than

most alternative plotting packages. However, use of this option does require

the availability of the proprietary plotting-softwarepackage DISSPLA.5 Only a

few of the DISSPLA subroutines are actually called (curve plotting, shading,

Greek lettering, and subplot centering and rotation), so that conversion to

other plotting packages is probably quite feasible. Users who do not have

access to DISSPLA and who do not wish to convert COVR to another system can

obtain a set of code corrections from the code authors to simply remove the

plot option.
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Just as in the library mode, the material and reaction coverage of the

sequence of plots generated in the plot mode is determined by the reaction

pairs specified by the user on input Card 4. Other input, specific to the

generation of plots, is described in Section D. We next discuss some aspects

of the plot-generation coding.

After a covariance matrix is read in SUBROUTINE COVARD, it is converted to

a correlation matrix in SUBROUTINE CORR. (See the discussion of such conver-

sions in Section B of Chapter XIX of this report.) The correlation matrix is

then scanned in SUBROUTINE MATSHD to find a set of boundary curves that divide

Ex - Ey energy space into a small number of connected regions of nearly con-

stant correlation strength. Here the phrase “nearly constant” refers to the

subdivision of the range of possible correlation values (-1.0 to +1.0) into a

number of equal-width bands, the fineness of the subdivision being controlled

by the user-input parameter NDIV. Two regions, then, have “nearly equal”

correlations if the correlations fall into the same band. As each boundary

curve is located, the region within is shaded (with a line density proportional

to the band correlation magnitude)

shading routine SHADE.

The algorithm used to find the

stant correlation is best described

that in Fig. 2. After locating the

gion, for example at point a in the

with a single call to the DISSPLA area-

maximum extent of a region of nearly con-

by referring to a simple example such as

upper left corner of a new correlation re-

figure, the search proceeds as far as pos-

sible down the first “column” (Ey held constant) to point b. New columns are

scanned in the same way: c-d, e-f, g-h. Having found that the pattern does

continue into column e-f, for the sake of simplicity, the algorithm ignores the

possibility of additional, disjoint, continuations of the pattern elsewhere in

the same column (such as at e’-f’), and region I is ended at h. (Region II

will be found and correctly shaded at a later stage of the calculation.)

Multiple calls to the SHADE routine usually produce a discernible discon-

tinuity in the shading pattern (along the dashed line in Fig. 2). This is not

really a problem, but the effect is occasionally noticeable in applications.

See, for example, Fig. 80 of Ref. 3. Note there that, while c-shaped regions

require multiple calls to SHADE, u-shaped regions do not.
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a

Fig. 2. Pattern - Search Logic
in MATSHD.

I

L
Ie’
I 11
I f,

b d r

As the plot option is presently coded, the entire correlation matrix must

reside in core during the pattern-search operation just described. This fact,

coupled with the fact that the availability of central memory is already li-

mited in COVR because of the space occupied by the DISSPLA subroutines, means

that only relatively coarse group structures are permitted in the plot option.

On the CDC 7600, for example, the container array in

ly dimensioned at only 6000 words, and this permits

up to 42 groups. On a CRAY-1, with about an order

memory, this problem would essentially vanish.

COMMON/STOREC/ is current-

plotting of data sets with

of magnitude more central

D. Input Instructions for COVR

As an aid to discussions of the user input to COVR, we list below the in-

put instructions that appear as comment cards at the beginning of the current

version of this module. This module has been changed fairly often in recent

years, so it is always advisable to consult the comment-card instructions on

the version of the code actually being used and not to rely on the instructions

published in any document, including this one. Following the listing are

further remarks on several of the input items, which supplement the comment

cards below. See especially the lengthy discussion of the parameters on Card

4.
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*---INPUT SPECIFICATIONS (FREE FORMAT)--------------------- ------*
. x
. CARD 1 .
. NIN INPUT TAPE UNIT *
* NOUT OUTPUT TAPE UNIT *
. (OEFAULT=O=NONE) .
. .
* ---CAROS 2A AND 3A FOR NOUT=O (PLOT OPTION) ONLY--- .
* *
● CARO 2A ●

*
*
●

✎

●

●

☛

☛

☛

☛

●

☛

☛

*
*
*
*
*
*
*
*
*
●

☛

☛

☛

☛

☛

☛

☛

☛

☛

●

☛

☛

☛

☛

☛

☛

☛

☛

☛

☛

GAPREF

GAP 1

REFERENCE SHADING GAP WIDTH
(OEFAULT=.020)
FULL-CORRELATION SHADING GAP WIOTH

.
*
.

(OEFAULT=.008) *

XGAP FACTOR FOR NEGATIVE CORRELATION GAP .

Adjustment (DEFAULT=I .75) .

EPMIN LOWEST ENERGY OF INTEREST (OEFAULT=O. ) *
NOTE . THE ABOVE DEFAULTS ARE ACTIVATEO BY ENTERING ZEROES *
OR LJUST A SLASH. A SECOND SET OF DEFAULTS FOR GAPREF AND *
GAPI ARE ACTIVATEO BY INPUTTING A VALUE OF GAPREF GREATER *
THAN 0.2. IN THIS CASE, THE ‘VALUES USED ARE 0.030*FACT *
AND 0.016*FACT, RESPECTIVELY, WHERE FACT IS THE INPUT ●

VALUE OF GAPREF. ●

CARD 3A
IRELCO

NCASE

NOLEG

NSTART

NOIV

---CARDS 20, 3B,

CARD 2B
MATYPE

NCASE

CARO 3B
HLIBID

CARD 3C
I+DESCR

*
TYPE OF COVARIANCES PRESENT ON NIN *

O/l=ABSOLUTE/RELATIVE COVARIANCES
(DEFAULT=l)
NO . CASES TO BE RUN (MAxIMuM=40)

*
.
*

(DEFAuLT=I) .

PLOT LEGENO OPTION .

-1/O/l=LEGEND FOR FIRST SUBCASE ONLY) *

LEGEho FDR ALL pLOTs/NO LEGENDS *

(OEFAULT=O) .

SEQUENTIAL FIGURE NUMBER *

O/N=NOT NEEDEO/FIRST FIGURE IS FIGURE N. *
(DEFAIJLT=I) *

NO. OF SUBDIVISIONS OF EACH OF THE *

GRAY SHAOES (OEFAULT=I) *

ANO 3c FOR NOUT GT o (LIBRARY OpTION) ONLY--:
●

*

OUTPUT LIBRARY MATRIX OPTION *

3/4=covARIANcEs/correlations *
(OEFAULT=3) *

NO. CASES TO BE RUN (MAXIMUM=40) *

(OEFAuLT=I) *
*

UP TO 6 CHARACTERS FOR IDENTIFICATION *

UP TO 21 CHARACTERS
INFORMATION

* ---CAROS 4 FOR BOTH OPTIONS---
*
* CARD 4
* MAT OESIREO MAT NUMBER
* MT DESIREO MT NUMBER
* MAT 1 DESIREO MATI NUMBER
* MT 1 DESIRED MTI NUMBER

*
OF DESCRIPTIVE *

*
.
*
.
●

☛

☛

✎

✎

* (DEFAULT FOR MT, MATI ANO MT1 ARE 0,0,0 ‘*
* MEANING PROCESS ALL MTS FOR THIS MAT *
* WITH MATI=MAT) ●

* (NEG. vALUES FOR MT, MATI, ANO MTI MEAN *
* PROCESS ALL MTS FOR THIS MAT, EXCEPT FOR *
* THE MT-NUMBERS -MT, -MAT1, AND -MTI. IN *
* GENERAL, -N WILL STRIP BOTH MT=I ANO MT=N. =
* -4 WILL STRIP MT=I, MT=3, ANO MT=4, ANO *
* -62, FOR EXAMPLE, WILL STRIP MT=I, MT=62, =
* MT=63, UP TO AND INCL. MT=90.) *
* REPEAT CARO 4 NCAiE”TIMES *
* *

s NOTE---IF MORE THAN ONE MATERIAL APPEARS ON THE INPUT TAPE, *
* THE MAT NUMBERS MUST BE IN ASCENOING OROER. *
* .
● ***********-* ************** **.*********** **v*********** ***F*****.



GAPREF, GAP1, XGAP... These parameters may need to be adjusted away from the

default values to achieve good results with some plotting devices.

EPMIN... This parameter is used to eliminate uninteresting energy regions from

the correlation and standard deviation plots, or to display high-energy regions

with greater resolution.

IRELCO... Must match the value used in the ERRORR run that produced the co-

variances to be plotted.

NCASE... This is the number of “cases,” or occurrences of Card 4. See the

discussion of input parameters MAT, MT, MAT1, and MT1 below. Presently, NCASE

is limited to 40.

NOLEG... “Legend” here refers to the gray-shading scale (key) as well as the

figure caption. NOLEG = 1 is used as a “rough draft” mode to display plots

quickly.

NSTART... Unless NSTART = O, the plots are assigned a sequential figure num-

ber, beginning at NSTART, and a “List of Figures” is drawn on the final plot

frame.

NDIV... One gray-shade step equals 0.20 in correlation magnitude if NDIV = 1.

Finer gradations are possible with NDIV greater than 1. The plots appearing in

Figs. 2 and 3 on pages 22 and 24 of this report were generated with NDIV = 2.

HLIBID... This is normally the Hollerith “name” of the output covariance li-

brary. It is written on the header cards present at the beginning of each out-

put data block.

HDESCR... This normally contains information on where and when the library was

produced. Also written on the data header cards.

MAT, MT, MAT1, MT1... The information contained in the output library or plot

file is controlled by means of these parameters on input Card 4. If MT is

positive, then a single covariance matrix for reaction (MAT,MT) with reaction
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(MAT1,MT1) will be read from NIN and processed. On unit NIN (and, in the

library option, on unit NOUT), the rapidly varying, or “column,” index is the

group index of (MAT1,MT1), and the slowly varying, or “row,” index is the group

index of (MAT,MT). If MAT1 is different from MAT, COVR will expect to find se-

parate materials (produced by separate ERRORR runs) for both MAT and MAT1 on

NIN. The MAT numbers must occur on NIN in ascending order. In the case of

positive MT, the entries MAT1 = O or MTl = O are shorthand for MAT1 = MAT or

MTl = MT, respectively. If, on the other hand, MT is zero, negative, or de-—

faulted, Card 4 becomes a kind of macro-instruction that is expanded by SUB-

ROUTINE EXPNDO into a request for many MT-MT1 pairs for the material MAT, with

MAT1 = MAT. If, for example, Card 4 contains the entry

MAT/

or, equivalently,

MATOOO,

first the cross-section file, MF = 3, for material MAT is read from the

covariance “tape” on unit NIN to obtain the list of reactions present.

all possible reaction combinations MT-MT1 are formed in ENDF/B order.

input

Then,

Thus,

for example, if the reactions present are MT = 1, 2, 3, and 16, then the be-

havior of the code is the same as if the following input were specified:

MAT101
MAT102
MAT103
MAT 1 0 16
MAT202
MAT203
MAT2016
MAT303
MAT3016
MAT16016 .

Because of the clear labor-saving advantage of this feature, especially if

there are many reactions, enhancements have been added to permit its use in the

additional situation in which many, but not all, combinations are desired. As

discussed in some detail in the input instructions, it is possible to “strip”

selected reactions out of the list before the MT-MT1 combinations are formed.

For example, if the reactions present are once again 1, 2, 3, and 16, then a

Card 4 containing MAT -3/ would produce the same output as the following three

cards:
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MAT 202
MAT 2016
MAT 16016.

The stripping of the higher inelastic levels, mentioned in the input instruc-

tions, is useful because ERRORR automatically resets the highest user-group

energy to 20 MeV whenever IREAD = O, and this often results in the inclusion of

unwanted high-threshold reactions on the ERRORR output file.

For one of several different reasons, a requested reaction pair (MAT,MT;

MAT1,MT1) may be absent from the COVR output. The usual reason that this oc-

curs is that the normal IREAD option for the ERRORR module is IREAD = O, and

this results in the generation of an output matrix for every possible reaction-

pair combination. For those combinations that do not occur in the ENDF/B

evaluation, the ERRORR output matrix contains only zeroes. These “null” ma-

trices are omitted at the COVR output stage, in both the library and plot

modes.

Additionally, in the plot mode, the correlations may be non-zero, but

everywhere less than 0.2/NDIV in absolute magnitude. In this case the entire

correlation plot would consist of a single blank region. These rather unin-

teresting plots having “small” correlations are also omitted from the plot

file.

A final, similar category is the class of “empty” plots. Because DISSPLA

uses parallel lines to achieve a “gray” effect in the SHADE routine, there is

clearly some lower limit, for a given value of the correlation magnitude, on

the physical size of a region that can be sensibly shaded. COVR does not

attempt to shade regions that are smaller than this limit. If a correlation

matrix does contain some “plottable” data (magnitudesexceeding O.Z/NDIV), but

all “plottable” regions are smaller than the size limit discussed above, then

an empty plot will be generated on the plot file. As a convenience in discard-

ing these empty plots at the time a report is produced, no caption is written

on such plots and the figure number is not advanced. Also, these plots are

omitted from the “List of Figures” prepared at the end of a plot run. (See the

discussion of user-input parameter NSTART.)

In the library mode, each omission of a requested, but “null,” matrix is

noted on the OUTPUT file with an informative diagnostic. In the plot mode, a

summary table is printed at the end of the run to identify all requested ma-

trices that were omitted because they were “null” or “small,” as well as those

that were plotted, but “empty.”
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E. COVR Example Problem

In this section we discuss the production of a particular COVR output li-

brary, both to illustrate the input and as a supplement to the general discus-

sion of Boxer-format libraries in the Section B above. On page 31 of this re-

port we gave the complete NJOY input for producing a 7-reaction, 30-group co-
3n

variance library in ERRORR output format for ‘ZC. By appending the following

lines to that input (just before the *STOI% card), one can produce, in addition,

a 2-reaction COVR output library in Boxer format.

+’COVR*
-23 24
33
.*.A LIB*
*MAT1306 COVR EXAMPLE*/
1306 2 0 2
1306 2 0 4
1306404.

The resulting library occupies only 49 lines and is listed below.

o LIB-A- 30 MAT1306 COVR EXAMPLE 1306 2 1306 2 31 10 31 3 0 31 1
1.390E-04 1.520E-01 4.140E-01 1.130E+O0 3.060E+O0 S.320E+O0 2.260E+01 6.140E+01
1.670E+02 4.540E+02 1.235E+03 3.350E+03 9.120E+03 2.480E+04 6.760E+04 1.840E+05
3.030E+05 5.000E+05 8.230E+05 1.353E+06 1.738E+06 2.232E+06 2.865E+06 3.680E+06
6.070E+06 7.790E+06 1.000E+07 1.200E+07 1.350E+07 1.500E+07 1.700E+07
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
-1 -f -1 -1 -1

1 LIB-A- 30 MAT1306 COVR EXAMPLE 1306 2 1306 2 23 10 23 3 0301
4.739E+O0 4.738E+O0 4.735E+O0 4.729E+O0 4.712E+O0 4.676E+O0 4.579E+O0 4.332E+O0
4.002E+O0 3.619E+O0 3. I03E+O0 2.477E+O0 1.998E+O0
1.447E+O0 9.921E-01 8.223E-01 7.627E-01 8.631E-01
-8 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -i -1 -’

2 LIB-A- 30 MAT1306 COVR EXAMPLE 1306 2 1306
2.000E-03 1.964E-03 4.583E-03 3.822E-03 4.583E-03
6.501E-03 1.OIIE-02 9.558E-03 9.981E-03 1.806E-02
4.255E-02 7.632E-02
-9 -1 -5 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -

3 LIB-A- 30 MAT1306 COVR EXAMPLE 1306 2 1306
4.000E-06 2.797E-06 3.856E-06 6.317E-06 4.613E-06
1.534E-05 8.000E-06 4.087E-06 1.461E-05 1.366E-05
1.391E-05 8.934E-06 1.715E-05 4.447E-06 4.227E-05
1.223E-05 1.022E-04 6.116E-05 4.048E-05 2.500E-05
6.641E-05 6.30SE-05 3.260E-04 1.614E-04 3.437E-04
7.052E-04 1.811E-03 5.825E-03

-9 -1 224 -1 -5 -1 -4 -1 9 -5 -1 -4 -1 79 -1 -1 13 -1 j3 -1
-1 11 -1 -1 10 -1 -1 -1 -1 -1 -6 -1 -1 -1 -6 -1 -1 6
-1 -1 -1 4 -1 -1 4 -: -: -1 -2 -1 -t 1 -1 1 -1

3 LIB-A- 30 MAT1306 COVR EXAMPLE 1306 2 1:06 4 38 10 47 4 0 30 30
-1. 106E-O4-4.897E-O5-3.O47E-O5-2 . 164E-05-2.630E-05-2 .337E-05-2 .192E-05-2.261E-04
-1 .001E-04-6. 228E-05-4 .423E-05-5 .376E-05-4.777E-05-4 .481E-05- 1.441E-03-2 .659E-04
-1 .57iE-04- l.210E-03- 1.305E-03-4 .021E-04-I .131E-03-6 .462E-04-8. 562E-04-2.261E-04
-1 .001E-04-6 .228E-05-I .922E-03-9. 140E-04-8. 121E-04-7.520E-04-3 .040E-03-I.348E-03
-1 .517E-03-3. 460E-03-4 .423E-05-5 .376E-05-4. 777E-05-I.044E-02

623 -1 -1 -1 -1 -1 -1 -1 23 -1 -1 -1 -1 -1 -1 -1 53 -1 -1 -1
27 -1 -1 -1 27 -1 -1 -1 27 -1 -1 -1 -1 -1 -1 27 -1 -1 -1 28
-1 -1 27 -1 -1 -1 -1

1.E20E+O0 l:~lOE+OO 2.256E+O0
8.228E-01 8.845E-01

-1 -1 -1 -1 -1 -1
18 10 18 3

4.;88E-03 3.730E-03 :. I!?E-O;
1.854E-02 3.296E-02 3.760E-02

-1
2 43 10 58 4 0 30

2.407E-06 1.229E-06 2.1OOE-O:
2. IOOE-05 1.838E-05 9.004E-06
4.373E-05 2.446E-05 1.980E-05
9.136E-05 4.572E-05 9.g62E-05
1.086E-03 4.250E-04 1.413E-03

55



1 LIB-A- 30 MAT1306 COVR EXAMPLE 1306 4 1306 4 71083 0 30 1
6.091E-02 2.478E-01 3.301E-01 4.310E-01 4.013E-01 4.306E-01 4.935E-01
23 -1 -1 -1 -1 -1 -1 -1

2 LIB-A- 30 MAT1306 COVR EXAMPLE 1306 4 1306 4 71083 0 30 1
2.499E-01 1.085E-01 9.724E-02 9.806E-02 1.358E-01 1.263E-01 2.177E-01
23 -1 -1 -1 -1 -1 -1 -1 .

3 LIB-A- 30 MAT1306 COVR EXAMPLE 1306 4 1306 4 28 10 29 4 0 30 0
6.245E-02 7.530E-03 3.823E-03 1.154E-03 1.338E-03 1.211E-03 1.155E-03 1.176E-02
2.311E-03 5.938E-04 6.451E-04 5.843E-04 5.578E-04 9.455E-03 1.887E-03 4.735E-04
4.295E-04 4.106E-O4 9.617E-03 1.872E-03 1.670E-03 3.033E-04 1.S44E-02 5.214E-03
3.493E-04 1.596E-02 5.253E-03 4.741E-02
437 -1 -1 -1 -1 -1 -1 -1 -1 -1 -f -1 -1 -1 -1 -1 -1 -1 -1 -1

-1 -1 -1 -1 -1 -1 -1 -1 -1

Note that the header card at the start of each data block contains an in-

teger ITYPE, specifying the type of data contained in the current block, a

12-character library name (“ LIB-A- 30” in this case), 21 characters of

user-supplied descriptive information, MAT, MT, MAT1, MT1, and a set of 7

integers. The meaning of the various values of ITYPE is as follows: O = group

boundaries, 1 = cross sections, 2 = standard deviations, 3 = covariances, 4 =

correlations. The library name is generated within COVR by adding either “-A-”

(for a covariance library) or “-B-” (for a correlation library), together with

the number of energy groups, to the user-supplied library name HLIBID. (The

ERRORR input option IGN = 3 used in this example specifies a built-in 30-group

structure). The final seven integers on the header card indicate the number

and format of the data values, the number and format of the “control” integers

(called “m” and “-n” in the discussion in Section B), a data “paging” flag, and

the dimensions of the reconstructed data array, C(i,j).

In order to clarify the process of reconstructinga full matrix from data

in Boxer format, we list in the Appendix below a short retrieval program, BOXR.

With very few modifications, this program could be incorporated into a sensi-

tivity analysis program, for example, to allow direct access to covariance li-

braries6 in this compact format. Alternatively, it could be used to translate

COVR libraries into other desired forms. In any case, an examination of the

retrieval program should clarify the meaning of the various integer parameters

on the header cards in a COVR output library.
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F. Error Messages in COVR

NCASE is limited to 40. Note that a “case” may be either a single reac-
tion pair or a whole series of reaction pairs for one material. See input
instructions for Card 4 and the comments that follow.

Either there is insufficient space in array ISCR to store the cross sec-
tions or the total number of reaction pairs in the current case exceeds
300. In the latter instance, it ❑ay be necessary to specify the reaction
pairs individually (up to 40 per run) in a long series of runs, and then
concatenate the numerous output files to form a single COVR output file.

CORR~*-~GRouPsnwcms DoNOT AGR.EE.

Should not occur.

covARw~+STORAGE EXCEEDED.

Insufficient space in
the ERRORR output file.

array ISCR to store the multigroup data from NIN,

covAR.w~=-DID NOT FIND FILE 33 SUBSECTION FOR MT --- MAT ----

Requested reaction y of the current x-y pair is not found on NIN.

TRUNC*fi~BADDATA.

Either all cross sections are very small (less than XSLIM = 10
-4

barn) or
EPMIN is larger than the highest group boundary.

MATSHD$S*J~IPAT GT 1000.

Maximum number of correlation patterns is 1000. Reduce NDIV to 1 or raise
EPMIN, in order to reduce the complexity of the correlation plot.

MATSHD~’~~STORAGE EXCEEDED.

NWIG = 2*(IXMAX + 1) + 600 words are available for storing the boundary
curve of a constant-correlationregion. This will not be exceeded for any
practical number of groups IxMAX.

LEVEL’:-COEFFICIENT = --- OUT OF RANGE.

The absolute magnitude of a computed correlation coefficient is greater
than 2. The input covariance file may be faulty.

HISTO$””~STORAGE EXCEEDED.

Should not occur.
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ROUND**Z 1 (---) NOT FOUND.

Should not occur.

FINIM%+%AT --- MF --- MT

Requested reaction x

PRESS~-~-~STORAGEEXCEEDED.

Should not occur.

--- NOT ON TAPE.

of the current x-y pair is not found on NIN.

PRESS~*MATRIX NOT SYMMETRIC. I --- J --- XA(I,J) --- XA (J,I) ----

Symmetric-matrix format requested for a matrix that is asymmetric. Should
not occur.

SETFORfi%VF (= ---) OR NCF (= ---) IS ILLEGAL.

Should not occur.

G. Input/OutputUnits

The following logical units are used.

10 NIN in CORR and COVARD, NSCR in other routines. Used to extract either
one or two (if MAT1 # MAT) materials from the input covariance tape.

11 NSCR1 in the plot mode. Used to document null and small covariance ma-
trices and empty plots.

11/12 NSCR1/NSCR2 in the library mode. In COVARD, the input covariances for
the current reaction pair are read from unit 10 and written to NSCR2
(= 12). If the output library is to contain correlation coefficients
(MATYPE = 4), then in CORR the covariances are read from NSCR2, and the
calculated correlations are written to NSCR1 (= 11). If output covari-
ances are requested (MATYPE = 3), the value of NSCR1 is simply reset to
NSCR2 (= 12). In either case, PRESS reads the data from unit NSCR1 and
writes the compressed data to NOUT.

20-99 User’s choice for NIN and NOUT.

Unit 10 has the same mode as NIN. NOUT, if used, is always formatted. Unit

11 is formatted in the plot option and binary in the library option. Unit 12,

if used, is always binary.
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APPENDIX

RETRIEVAL PROGRAM FOR COVR OUTPUT LIBRARIES

PROGRAM 80XR (INPUT,TAPE5=INPUT,TAPE20,TAPE2 1.TAPE22)
.******.***** ****W.*****.** **=****.***** ***********X* **.********.* *

FUNCTION OF PROGRAM. REAO OATA FROM UNIT NIN IN THE COMPRESSED
=BOXER* FORMAT PROOUCED BY THE COVR MOOULE OF NdOY. ANO LOAO THE
FULL, RECONSTRUCTEO MATRIX INTO C(I,d). THEN WRITE THE RESULT ON
UNIT NOUT IN HIGH-TO-LOW ENERGY OROER. FAILURE TO FIND A
REQUESTEO DATA SET RESULTS IN AN ERROR STOP.

ITYPE DATA TYPE REOUESTEO,
z- 1. TO WRITE A TABLE OF CONTENTS OF NIN. IN THE

FOiiMAT OF BOXR INPUT INSTRUCTIONS. ON UNIT NTAB.
= O, FOR GROUP BOUNDARIES,
= 1, FOR CROSS SECTIONS,
= 2, FOR STANOARO OBVIATIONS,
= 3, FOR COVARIANCE MATRIX.
= 4, FOR CORRELATION MATRIX, OR (IF MTI IS ZERO)

TRANSFER MATRIX FROM COVFILS2.
ITYPEH VALUE OF ITYPE ON CURRENT DATA HEAOER CARO.

(MAT.MT,MATI,MTI) REOUESTEO REACTION PAIR.
(MATH,MTH.MATIH.MTIH) CURRENT REACTION PAIR.
({:j::Iv) .IV=f.NVAL) OATA VALUE ARRAY IN THE *BOXER* FORMAT.

MAXIMUM ALLOWABLE VALUE OF NVAL.
(::~~Ic),Ic=I ,NCON) CONTROL-PARAMETER ARRAY IN *BOXER* FORMAT.

MAXIMUM ALLOWABLE VALUE OF NCON.

I ROW INOEX OF MATRIX C(I.~), NORMALLY THE ENERGY GROUP
OF THE REACTION (MAT,MT).

NROW NUMBER OF ROWS IN C(I,d).
NROWH VALUE OF NROW ON OATA HEAOER CARD.
NROWM CONTINUATION FLAG, = O FOR FINAL OATA BLOCK OF CURRENT

REACTION PAIR.
J COLUMN INOEX OF C(I,d). FOR MATRIX OATA THE ENERGY GROUP

OF THE REACTION (MATI.MTI), = 1 FOR VECTORS.
NCOL NUMBER OF COLUMNS IN C(I,d).
NCOLH VALUE OF NCOL ON OATA HEAOER CARO, = O IF C(I,d) IS A

SYMMETRIC MATRIX REPRESENTED IN THE *BOXER* FORMAT BY
LIUST THE UPPER RIGHT TRIANGLE (d-GE.I).

NGMAX MAXIMUM ALLOWABLE VALUE OF NROW ANO NCOL.
● *****=****** **=********** ************* *********.*** *******.***** *
OIMENSION IVFT(3). ICFT(3), IA(9), 18(9)
OIMENSION C(200.200), CR(200), XVAL(880). ICON(900)
OATA NGMAX /200/, NVMAX /880/, NCMAX /900/, IOASH /4H----/
OATA NINPUT /5/. NIN /20/. NOUT /21/, NTAB /22/, IZERO /0/

*.*REAO USER-SUPPLIEO REACTION-TYPE ANO MAT-MT INFORMATION.

10 REAO (NINPUT. 190) ITYPE,MAT,MT.MAT I,MT1
INPUT IS TERMINATE BY ENTERING (0,0).
IF (ITYpE.GE.o.ANO.MAT. EO.o) STOP

-m*RETRIEvE REQuEsTED DATA FRoM UNIT NIN.

20 REAO (NIN0210) lTYpEH, (lA(l). 1=1,9),MATH, MTH.MATIH.MTIH,NVAL,NVF
1 ,NCON,NCF,NROWM ,NROWH.NCOLH

Ccoc
IF (EoF(NIhJ)) 900.30

Ccoc
c IN COVFILS2, ITYPEH=9 IS USEO AS A TERMINATOR.

30 IF (ITypEH.EO.9) GO TO 900
IF (ITYPE. EO. -I.ANO.MATH.EO.O) MATH=l
IF (ITYpE.Eo. -l.AN0.IA(2). NE.IOASH)

1 WRITE (NTAB,190) ITYPEH,MATH.MTH,MATIH.MT IH
IF (NvAL.GT.NvMAx) STOP 3
IF (NCON.GT.NCMAX) STOP 4

c SET FORMATS, THEN REAO BOXER DATA.
CALL SETFOR (NvF.NcF,NOuT. IvFT.ICFT)
IF (NVAL.GT.0) REAO (NIN,IvFT) (xvAL(I). I=I,NvAL)
IF (NcON.GT.0) REAO (NIN.IcFT) (IcON(I), x=I,NcON)
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c
c
c

c
c

c

c

c
40

50

60

70

80

90

100
110

TEST IF THESE ARE THE DESIRED DATA. FOR THE GROUP BOUNDARIES
ONLY , THE VALUES MATH, MTH, MATIH, AND MTIH ON THE HEADER CARD
ARE IGNORED. FOR :?YPE=i OR 2, MATIH ANO MTIH ARE IGNOREO.
FOR MATRIX DATA, ITYPE=3 oR 4, A cDMpLETE MATcH Is REOUIREO.

IF (ITYPEH.NE.ITYPE) GO TO 20
IF (lTYPE.EO.0) GO TO 40
IF (MAT!i.NE .MAT.OR.MTH.NE. MT) GO TO 20
IF (ITYPE. EO. I.OR.ITYPE. EO.2) GO TO 40
IF (MATIH.NE
INITIALIZE
NX=O
1=1
ISTART=I
d=o
NROW=NROWH
NCOL=NCOLH
IV=O
NSYM=O

MAT1.OR.MTIH.NE .MT1) GO TO 20

IF (NCOL.EO.0) NSYM=I
IF (NCOL.EO.0) NCOL=NROW
IF (NROW.GT.NGMAX.OR.NCOL .GT.NGMAX) GO TO 910

***LoAD DATA FROM XVAL INTO C(I,d) AS DIRECTED BY ICDN.
DO 110 IC=I,NCON
IF (ICON(IC).LT.0) GO TO 60
IF (ICON(IC).EO.0) STOP 6
NLOAD=ICON(IC)
GO TO 70
NLOAD=-ICON(IC)
IV=IV+I
IF (IV.GT.NVAL) STOP 7
CLOAD=XVAL(IV)
CONTINUE
DO 100 N=I.NLOAD
d=d+l
IF (~.LE.NCOL) GO TO 80
START NEW ROW
1=1+1
IF (1.GT.NROW) STOP 10
U=l
IF (NSYM.EO.1) ~=1
IF (XCON(.IC).LE.0) GO TO 90
CLOAD=O.
IF (1.GT.ISTART) CLOAD=C(I-1.~)
C(I,~)=CLOAO
NX=NX+ 1
IF (NSYM.EO.O.OR. I.EO.d) GO TO 100
C(d,I)=CLOAO
NX=NX+ 1
CONTINUE
CONTINUE
IF (NROWM.EO.0) GO TO 120
READ IN NEW PAGE OF DATA FROM NIN
IF (IJ.NE.NCOL) STOP 11
READ (NIN.21O) ITYPEH, (IB(I), I=I.9),MATH. MTH.MATIH,MTIH,NVAL,NVF

i .NCON.NCF.NROWM. NROWH.NCOLH
CALL sETFofi (NvF,NcF .NouT, IvFT.IcFT )
IF (NVAL.GT.0) READ (NIN.IVFT) (xvAL(I).1=1.NVAL)
IF (NCON.GT.0) REAO (NIN. ICFT) (ICON(I), I=l.NCON)
ISTART=I+I
GO TO 50

120 CONTINUE
c FINISHEO LOADING C(I.~)

IF (NX.NE.NROW*NCOL) STOP 12
c
c ●=-wRITE c(I,d) TO NOUT IN HIGH-TO-LOW ENERGY ORDER.

WRITE (NOUT,220)
WRITE (NOUT,210) ITYPEH, (IA(I), I=I.9),MATH,MTH,MAT IH.MTIH,NVAL,NVF

1 ,NCON,NCF,NROWM ,NROWH.NCOLH
IF (NCOL.EO.1) GO TO 150
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c

130
140

150

160

c
c

900
901

910
911

c
i 90
200
210
220

c
c
c

c

c
c

c
c

DO j40 I= I, NI?OW
IR=NROW+I-I
IN COVFILS2, TRANSFER
IF (ITYPE;EO.4.AND.MT’
DO 130 J=l.NCOL
LJR=NCOL+*-d
IF (ITYPE. EO.4.ANO.MT’

MATRICES ARE
.EO.0) IR=I

.EO.OJ JR=d

ALREAOY IN HIGH-TO-LOW ORDER

CR(d)=C(Ik,jR)
WRITE (NOUT,200) (cR(d),d=l,NcOL)
GO TO 10
00 160 1=1.NROW
IR=NROW+I-I
CR(I)=CIIR.1)
WRITE (NOUT.200) (cR(I),I=I.NRow)
GO TO 10

*-*PRINT ERROR MESSAGES.

IF (ITYPE.NE.-I) WRITE (NOUT,901) ITYPE,MAT,MT.MATI,MTI
FORMAT (/50H ***ERROR IN BOXR***CANNOT FIND ITYPE.MAT.MT.MATI.

1 .SHMTI .=.515). -- -- . —-- ,
IF (ITYPE.EO.-1) WRITE(NTAB,190) IZERO,IZERO
STOP
WRITE (NouT,911) NGMAX
FORMAT (/45H ***ERROR IN BOXR*** NUMBER OF GROUPS EXCEEDS.14)
STOP

FORMAT (516)
FORMAT (IP8E1O.3)
FORMAT (11 .A3,8A4.2( 15,14),2(14 ,13),314)
FORMAT (///)
ENO
SUBROUTINE SETFOR (NVF.NCF,NOUT, IVFT. ICFT)
*...*-******. ************* . ..********** **********-** ● *****.****** *

SET *BOXER* INPUT/OUTPUT FORMATS.
*.************ .*******...*** *******.**.*** ******.*.***** **.******.

OIMENSION IFT(3,14), IVFT(3), 1CFT(3)
OATA IFT /4H(801,4HI) , 4H ,4H(401,4H2) , 4H ,4H(261,4H3)

1 4H .4H(201.4H4) , 4H ,4H(161.4H5) , 4H ,4H(131,4H6)
2

,4A
,4H(11F.4H7.4),4H ,4H(IOF,4H8.5),4H ,4H(IP8,4HE9.2,4H)

3 ,4H(1P8.4HE10. ,4H3) ,4H(IP7.4HE11 .,4H4) ,4H(1P6.4HE12. .4H5) .4
4 H(1P6,4HE13. .4H6) .4H(IP5,4HE14 .,4H7) /

IF (NVF.LT.7.0R.NVF.GT.14 ) GO TO 900
IF (NCF.LT. I.0R.NCF.GT.6) GO TO 900

***sET FoRMATs

DO 10 1=~,3
IVFT(I)=IFT(I,NVF)

10 ICFT(I)=IFT(I,NCF)
RETURN

ERROR MESSAGE
900 WRITE (NOUT,901) NVF,NCF
901 FORMAT (/28H ***ERROR IN sETFoR***NvF

1 IS ILLEGAL. )
STOP
END

=,13. lIH) OR NCF (=,X3.13H
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