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MULTIGROUPPROCESSINGOF ENDF/B DOSIMETRYCOVARIANCES
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Los Alamos National Laboratory
Los Alamos, New Mexico, U.S.A.

ABSTRACT

The methodology of multigroup processing of
ENDF/B dosimetry covariance (uncertainty) informa-
tion is discussed, with specific references to the
ERRORRcovariance module of the NJOY nuclear data
processing system. Also discussed is the recent
application of ERRORRto the generation of a 137-
group, 35-material covariance library for dosimetry
applications , and a compact format for storing and
transmitting fine-group covariance libraries is
introduced.

_ .—

THE ERRORRCOVARIANCEPROCESSING!fOr)ULE

The NJOYnuclear data processing systeml is used at Los Alamos ad
elsewhere to process data from ENDF/B into forms useful in various
applications. A new version, NJOY (10/81), was released to the U. S.
code centers in November, 1981. The particular ❑odule of NJOY used for
preparing multigroup covariance matrices is called ERRORR. In adoition,
the module COVRis included in the NJOY system to plot and re-format
rrrultigroup covariance matrices produced by ERRORR. As with the other
NJOYmodules, ERRORRand COVRcan be operated either as parts of the
NJOY system or as stand-alone programs.

Basic l’lethodolo~y_of ERRORR-—.—.

ERRORRis a flexible program which allows the user several choices
in the particular method used to calculate covarianccs. The first
method, the “pointwise” approach, is used when one has access to a dtita
set containing reson:~nce-reconstructed and linearized cross sections in
the NJOY “point-EMlF,” or PENDF format. The user can produce such a
data set using th? RF1;ONRund BROADRmodules of NJOY. This step is
unr,ecessary for most dosimetry applications, because a PENllF tape contain-
ing all of the reactions on the ENDF/B-V dosimetrv file, with all reso-
nances reconstructed and Doppler broadened to 300 K, has been produced
rrcently at Los Alamos and is availah]e from the Los Alamos Nuclt=ar nata
~Group. In order to keep the size of this data file down to a manageable
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size (56 000 card images), a relatively coarse accuracy criterion (1%
for non-fissile nuclides, 5% for fissiles) was employed in the resonance-
rec~nstruction calculation.

In this mode of operation, the user can specify a group structure
with complete flexibility (up to 620 user groups are allowed) The ERRORR
module will determine the union of the user’s energy grid and the ENllF/B
evaluator’s grid for the material of interest. The relationship between
these three grids is illustrated in Fig. 1.

*

User’s Grid I ‘1 I ‘2 I

ENDF/B Grid
I

Y] I Y2 I Y3 I
Union Grid lo]’=]l“2’z+’3’z3l“4’z4I
Fig. 1. Illustration of Energy Grid Relations
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After forming the union grid, ERRCRR integrates u(E) and the l~ser-
supplied weight function O(E) to obtain the cross sections z

h
and “fluxes”

$ , multigrouped on the union grid. These, in turn, are use to calculate
b“m ltlgroup cross sections x i on the user’s grid according to

z ok ‘k
x. = kci
1

-T—r “

kci “

(1)

In order t~ calculate the covariances or x., the methodology of
ERRORR assumes that the $(E) is free of unccrta~nty, so that the “propa-
gation-of-errors” formula can bc used,

Cov(xi,x ) = z aik a.
j

Cov(zk,zf)
kE i

J~
(2)

Mj

where the “sensitivity coefficients” a, are the normalized group fluxes,
lk.

#k

‘ik =
~ .i_.– (3)

kci k

The unio~~-grid cov~rianccs COV(Z ,Z ) in Eq. (2) are formed from the
II ‘!numerical data in thr ENDF/B cov rl ncr filrs by combining thcm, in th~

HJIW/R prracribed manncr,2ss with the union-grid croos sections z
k“



The final step , if the user requests it, is to con;ert the absolute
covariances , Eq. (2), to relative covariances,

cov(x. ,x.j
relcov(xi,xj) = - –X–zx+ . (4)

iJ

Grou~_~n~utQti on—.—— ..——

A slightly different calculational path is followed if one w~shes &c
start from a multigroup cross section library rather than poin:wise data.
ERRORR will accept such multigroup cross section input, but only in the
format produced by the NJOY group-averaging module GROUPR. Such a li-
brary contains both multigroup cross sections and group integrals of the
weight function used to produce the cross sections.

In the multigroup input mode, the required union grid cross sectio~ls
and fluxes are obtained by collapsing (or expanding) the cross sections
and fluxes orI the input library. At present, no provision is made for
replacing the library group fluxes with a set more appropriate for a
given application. If a “library” group is subdivided by a union-group
boundary, ERROR!! assumes the cross section and weighting function are
both energy-independent, in order to estimate @k and z above and below
the point of subdivision. kThe remainder of the calcul tion proceeds as
with pointwise input.

A 620-group (SAND-II) GROUPR output library has been produced re-
cently for the ENDF/B-V dosimetry materials, u:)lng a constant weight
function. This library is also svailable on request.

Recent Extensions- .—.—— —.-—

In some materials, and in certain ●nergy regi(ns, the cross section
uncertainty is dominated by the uncertainty in resolved resonance para-

Onc noteworthy ●xample is 63du(n,yj64Cu (ENDF/B-V Material 6435)meters.
in the ●nergy range from 10 eV to 15,9 keV, where the entire cross-section
uncertainty is represented by means of resonance-parameter uncertainti~s.
The same is true of 237Np(n,f) (ENDF/B-V tlaterial 6337) from O to 10 cV.

Beginning with the (10/131) version of ERRORR, the resonance-para-
meter contribution to the uncertainty in infinile-dilution fission and
capture cross sections iri included autom;~tically wh~n cross secLion co-
variances ● re processed.

This contribl’:ion is obtained from the B1eit-Wign~r formula for
the fission aud clpture ● reas of a r~sonance, A ●nd Ay. By diffrr-

11enlleting this formula with respect ?O the rrso ante parameters, one
ootains ● set of 6rnsitivities. With these sen~itivities and thr
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covariance matrix of the parameters from ENDF/B, one can agply a propa-
gation-of-errors formula, similar to Eq, (2), to obtain the covariances
COV(AY,AY), cov(Ay,Af), an: cov(Af,Af), These results then are added

to the FNllF-specified “long-range” cross section covariances.

The resonance contribution 1s properly weighted with the isotopic
abundance and the ratio of the weight function at the resonance to the
average weight in the group. It is assumed, however, that the area of
a resonance lies entirely within the group which contains the resonance
energy E . Because of this assumption , and because ENDF/’3 provides no
correlations between parameters of different resonances, the calculated
resonance-parameter contribution affects only the diagonal elements of
the affetited ❑atrices.

With the implementation of this feature, the uncertainty in the
capture cross section of ‘3CU, for example, computed for a group which
contains the large 577-eV resonance is 3.0%, rather than zero, as in
earlier ERRORR versions,

The (10/81) version of ERRORR also handles exmicit cross-material
covariances, The only ●xpli$it cross-material cfiarfies appearing iu
ENDF/B-V pertain to fission v values, but there is a clear need for more
information of this type in future versions of the Dosimetry File.

A third, more recent, ●xtension of the program allows the process-
ing of covariances in cases when one cross section is measured relative
to a well-known “standard” cross siection. In such a case, the ●valuator
may represent the uncertainty in the first cross section as being the
sum of two components. The first component is described by an explicit
statement of the ur.certainty in the measured ratio, whereas the second
component, due to uncertainty in the standard, is represented impli-
citly, with the details provided only in the ENDF/B evaluation for the
standard reaction.

In the dosimetry file, this situation occur~ for the 23aU(n )
reaction (ENDF/B Hatrrial 6398) which waa measured relative to ~iB(n,a)

ifrom 4 keV to 20 keV, ●nd the 2 ‘Pu(n,f) reaction (ENDF/B material
6399), which was me~uured relative to 23sU(n,t) from 0.2 to 15 tleV.
Wlwn ERRORR was modified to include the uncertainty in the ntandard,
there was little cff’ect for 23%J(n,y), but there was ● noticeable in-

2s9Pu(n,f), from about 2% to 4-5% in thecreasr in the uncertainty of
fleV region. This ratio-to-standard capability is not implemented in the
distributed version of ERRORR, but ● set of code changes to accomplish
this is available from the authors on request.

PRODUCTION OF FiNE-GROUP COVARIANCE LIBRARIES

In the ●bove discussion, it is ●ss~cd that ERRORR is being used to
8elleratc the needed covak-iances directly in the user’s group structure,
which io the normal U-,C of the program.
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Howe”ier, one can also use ERROR.R to generate a library in a fii~e-
grcup structure, and then use auxiliary collapsing programs to produce
coarse-group libraries later. Such auxiliary programs would duplicate
the parts of ERROR.Rwhich perform the sums shown in Eqs. (1) and (2).
However, such auxiliary programs could be much smaller than ERRORR be-
cause they need not deal with the considerable complexities of the
ENDF/B-V covariance formats.

In order to study tbe feasibility of generating and using fine-
group covariance libraries , we have used ERROR,R to produce a 137-group
covariance library (containing energy group boundaries, cross sections,
relative standard deviations , and relative covariancr matrices) con-
taining all of the ❑atelials and reactions in the ENET~B-V Dosimetry
File (Tape 531). A l/E weight function was used for group averaging.

The ●nergy grid employed is the same for all reactions, and was
constructed by forming the union of all of ●nergy grids used by evalua-
tors in the covariance files of Tape 531. The resulting master grid is
li$,ted in Table I. For these 137-group ~alculations, the union grid is
in all cases identical to the “user” grid, Fig. 1, because any ENDF
energies found in a particular evaluation must match one of the “user”
●nergies.

The choice of this group structure for an archival fine-group
covariance Jibrary was made on Li,e basis of minimizing the number of
energy groups, 6ubject to the constraint that information content of the
ENDF/B covariance ●valuations be preserved. The use of a coarser group
structure would irreversibly ●verage away at least some of the detailed
correlation Ftructure.

In ●ddition, there is little economic incentive to go choose a
coarser otructure for the archival library. The computing time required
to generate the 13J-group 35-reuction libra~ was rather modest, namely
about 5 ❑inutes of CllC-7600 central-processor time. This is only ●bout
20% of the time rsquired to produce the input rcsunancc-reconstructed
(PENDF) crass section set.

The libra~ ?Lus produced is, he ●xpected, rather bulky. Even
though the normal liRROPJi Uutput format supp(eaaes zeros, the library
containa over 38 000 card images. For thin rearn.)n we hnve d~veloped a
n:w format for compact rcapresentatfon of covari ~nce matrices which
eventually will be an output ~ption of the COW? n~dule, The design of
this format, called the “Boxer’” format, proceeds from a simple fact:
the ENDF/B-V covariance ●valuations define certain rectangular regionfi
(bcixeo) in ener~y space, over which the relative ~ovariance is cons_tant.
(The ENDF/B format ●llowing ● constant ab~olute covariance is rarily used,

.—..

●nd is not used at all in the ENDF/B-V Doslmctry File). Thus on? exprcts
that an ?lcme)~t of a multigroup rtlativ~ covariance m&trix derived from
ENDF/B frrqurntly will be identical ●ithel to the ●lrment before it in
the ●ame row, or to the element ●bove iL ~I? the rame column. T+us, the
Boxer fcrmat allovn a combination of “horizontal” ●nd “v~rtical” rrprat
operaLionn. Further dutails of the format arr given in Apprndix A.
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The amount of data compression achieved by this format change is
remarkable; from the original 38 000 card images the final library is
reduced to less than 1000 card images. Of these 1000, only about 300
are need:d for the covariance matrix data proper, with most of the re-
maininL records containing cross section information. By way of compari-
son the covariance portion of the ENDF/B Dosimetry File itself occupies
over 500 card images.

Table 1. RDC Library 137-Group Structure

Group
Index

Lower
Energy (eV)

Croup
Index

1
2
3
4
5
6
7
8
9

!0
11
12

13
14

15
16
17
!0

;:
21
22
23
24
25
26
27
28
29
30
:11
32
33
34
35
36
37
30
39
40
41
42
43
44
45
48

1.~E-05
2.53000E-02
3.CJCWKK-02
9 000IXE-02
2.wlooOE-ol
6 25000E-01
1.000U)E+OO
1. 800CIOE+~
3,00C00E+M)
5 ~E+OO
f.00oooE+ot
1.5omoE+t?l
7.fxMooL+ol
4.0000OE+O1
bOC@OOE*Ol
0.OWOOE*O!
1 .6COOOE+02
2.~E+02
3.CWOOOE+02
4 .~E+02
5.00000E+02
6.00000[*02
! ,K4MOE*03
2 .00000f*03
3.ocKwoF*03
4 ooomE*03
4.BOOOOE+03
7 .~E+o~
0. oOoooE*03
1 .00000E+04
1, S3000E+04
2,0WXJOF+04
2.30000E+04
2,W3QOOE+04
3.0cxXK3E+04
A!,~[+04
6.oOcQoE*04
6.~E*04
6.76~F+04
e oocmOF*04
9 cKmooE*04
f .~f+os
t 30000C*06
1 5WOOE*05
t ,d4000f*09

2,ax300c*05

47
48
49
90
St
52
53
54
5s
56
57
50
59
60
61
62
63
64
as
66
07
80
89
70
71
72
73
74
75
76
7-I
78

x
81
~i
83
84
09
Se
m7
08

::
● l

●2

Lower
Energy (eV)

2.30000E+05
2.50WOE+05
3,cU)OOOE*OS
3.03CM30E+05
3.4ooooE+05
3.50000E*05
4 .0CKPOOE+05
● ,w#OE*05
5.00000E+05
S.30QOOE+05
S WOOOE*05
6,00000E*05
6.30WOE+05
6.N)OOOE+OS
7.WO@3E*05
0,0COOOE+05
8.23WOE+05
e.300WE+05
S.5HE*05
Q.00000E+05
@.S~E+OS
1.00000E+06
1.02000E+06
I,0soOOE+06
l,moooi+oa
t 4cmOOE+06
f moooE+06
1,61940E+06
1.742fOE+06
t ,E19WOE*06
2.00006E*06
2.07545E+06
2 20c00E+06
2.4CMXOE+06
2,50000~*06
2. 60cmOE*m
2,aomo:*06
2.96550[+06
3.000COE*06
3. locmoF*06
3.24000E*06
3.27W30E+06
3! 30@ooE*06
3.Mmwr’06
3.70WOE*06
4,Cmoooc*06

Group
Index.—

93
94
95
Q6
97
9B
99

lm
101
102
103
104
105
106
107
108
109
110
111
112
113
t14

11s
1!6
117
118
119
120
121
122
!23
124
125
926
127
12s
129
130
131
132
133
134
13s
138
137

Lower
Energy (eV)

4 1000OE+O6
4.50CK)OE+06
5 00000E+06
5 5-E*O6
5 75000E+06
600000E+06
6,25000E+06
6.40000E+06
7,000COE+06
7.SOOOOE+06
0.00090E+06
8,momE*06
9.~E+06
9.2B400E+06
9.X030E*06
1.00000E*07
1 .CQ8WE+07
1.04100E+o?
1 .omooE+07
1 .06400E+07
t .06BOOE407
1. 1000OE*O7
f, 13000E*07
!, 16BGOE*O~
1 .20000E*07
I,24000E*07
1.24143E+07
1 .25000E*07
1,30000E*07
1.31OOOE+O7
! .350WW+07
1 .40000E*07
1 ,42000E+07
1 .45000E*07
1.S~E*07
t .55000E407
1 .130000E+07
t .95000i+07
1,70000E*07
1 .78CWW*07
1 .0~E+07
1 EIKKX3E407
1 9mf+07
! ,9XX-)OE*07
1 ,96000E+07

. 2,00000E.07

-o-
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The 137-group library in Boxer format is called the RDC (Reactor
Dosimetry Covariance) Library. The library and a short retrieval pro-
gram, TRIEVR, which reads the library and reconstructs full 137 x 137
matr~?es, are available on request.

Because of tt,e compactness of the library, the retrieval program
runs very fast. For example, to search through to find the last reac-
tion in the library and reconstruct the covariance matrix requires less
than 2 seconds of CDC-7600 time. To reconstruct all 35 matrices and
write them onto a binary disk file requires only 17 seconds of 7600 time.
By adding collapse algorithms (see next section) to TRIE\’R, one could
avoid the cost of permanently storing the large output file.

Coarse-Grou}_ Co_lla~:e__of t~e WC Library—— —.—.

We next consider the subject of “collapsing” the R.DC multigroup co-
variances to a relatively coarse user-defined energy grid. Typically
one needs covariances on an energy grid which is not exactly a sub-set
of the fine-group grid. Thus, we are back to a situation essentially
identical to that shown earlier in Fig. 1, provided that the “ENDF/B
Grid” is relahelled the “RDC Grid.” While the ENDF grid in Fig. 1 re-
ferred to the (material-dependent) evaluator’s grid, the RDC grid is a
characteristic of the entire fine-gl.oup library, being the same for all
materials. Thus the union grid is also the same for all materials, and
it can be determined in advance of any collapse calculations. Also one
can calculate in advance the union group fluxes @ , using any weighting
function $(E) of interest. Finally, the y value~ in Fig. 1 can be
identified with the fine-group cross secti%ns in the FLDCLibrary.

It is convenien~ to re-cast Eq. (2) in terms of relative covari-
ances,

Cov(x. ,x.)
lJ =1 f. f.

Cov(zk,,zl)
—..—__

kc i lk Jfl -..—— —
x. x.

lJ hi
‘k ‘1

where

is the factional contribution to output group co)lstant xi from union
group k.

(5)

(6)

The fact that the ●nergy grid of the RDC Library includ~s all energy
grids used in the ENDF/B-V ~ simetry covariance files implies that the

-7-
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relative covariance cov(zk,zl)/zk Z1 in Eq. (7) need not be recon-
structed from ENDF/B; it 1s guaranteed to be exactly equal to one of the
covariances cov(ym,yn)/ym y in the RDC Librar:y, It is only necessary

R“to locate the RDC group m w lch contains union group k. This can be done,
for ?xample, by using a material-independent “pointer” array. For ex-
ample, in the simple case shown in Fig. 1,

COV(Z2,Z4) COV(Y2,Y3)
— —..— - — (7)

‘2 ‘4 Y2 Y~

TO complete the calcul~ti(a of the coarse-group relative covariance,
Eqs. (5) and (6), one needs on-y to evaluate the factors f.h. If one has
access only to the multigroup cross sections ym, and not the underlying
energy-dependent cross-section shape, on. cannot proceed completely rigor-
ously. However, because of the large number of groups in the R!IC Li-
brary (see Table I), it is a good approximation to ignore the energy de-
pendence here and simply set Zk = ym, where RDC group m contains union
group k.
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APPENDIX A

In the Boxer format, data is stored as a list of nlunerical data
values (for example, relative covariances), together with a list of in-
tegers which control the loadin~ of the data into the reconstructed array
C(i,~). A negative integer, say -n, indicates that the next value in the
data list is tc br loaded into the next n j-valu~c of C(i,j). A positive
integer m means, for the next ❑ j-v~lues, nimpi-, carry down C+c valu~ from
the row above,

C(i,j) = C(i-l,j) .

-8-
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When the first row (i = 1) is being loaded, the row “above” is defined
to be a row containing all zeroes.

In constructing the compressed data set, the choice between ucing
the “repeat-new-value” method or the “carry-down” method is made dynami-
cally on the basis of taking the longest possible “step.” If m = n, the
“carry-down” method is chosen, as it doe~ not require an entry in the
data list.

As an additional compression feature, 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 as-
pects of the Boxer format are illustrated by a simple example in Fig.
A-1. Mere a, b, c, and d are arbitrary non-zero dJta values.

Original Data Set

j-+

a bbOO

:
a \a bbOO

i L

1

b’ \b b 0 0

bb b\boO

\
000 o\cc

0000 c“~d

Boxer Format, Swetry 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. A-1. Illustration cf Boxer Format
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