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Abstract

The results of the development of nuclear data evaluation based on the
generalized least squares method is presented. The method to interpolate
experimental data measured at arbitrary energy points, and their transfer to a
fixed energy grid is described. The results of the M7Np fission cross section
measurements performed until 1988 were critically analyzed. A 781x781
covariant matrix was derived from the correlation analysis of the experimental
results. The results of the evaluation, and the associate correlation matrix was
obtained using the generalized least square method.

Introduction

The calculation of the accumulation of "'Np in nuclear reactors is important in the
determination of the nuclidic composition of the spent fuel; furthermore, this nuclide is an
important component in the thorium fuel cycle. The a7Np neutron fission cross section was
investigated as a standard threshold cross section to serve as an alternative to the ^'U fission
cross section standard (which is fully justified by the authors). As a result, the accuracy
requirement for the neutron data for this nuclide is fairly high. In particular, the required
accuracy of the fission cross section in the energy range from threshold to 20 MeV may not
exceed 1 - 5%. The most recent evaluation of the M7Np fission cross section performed by.
Derrien [1] was determined only up to a neutron energy of 8 MeV. Also, since the publication
of this evaluation, the amount of experimental data increased considerably, primarily as a
result of the measurements of the "'Np fission cross section in the USA, Japan, China and in
the former USSR, using new high precision instrumentation. These new data confirmed the
inconsistencies in the evaluated fission cross section data presented in the ENDF/B-5 data
library. All of these considerations led to the performance of this evaluation.

Experimental results and the covariant matrix

The results of 24 measurements, performed in the time period spanning the years 1959 -1987
[2-26], have been included in this evaluation. Most of the data were derived from relative
of "'NpfOf7) and of

 23SNp(of
 s) measurements [2-11]. The results of these measurements

were introduced in this evaluation in the form of experimental relative values, renormalized
when necessary, to the evaluated of

 5 a $ U values taken from the ENDF/B-5 or ENDF/B-6
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libraries. References [12-14] contained absolute values of of
 5 measurements in which the of

 7

cross section data was used as standard (the 235U target was used to measure the neutron
flux). In view of the impossibility to reconstruct the original af

7 / a{
$ values, the resulting

data of these measurements, preliminarily renormalized, are included in the evaluation as
absolute values. Thus, in reference [12], the evaluation of the of

 5 data taken from the
ENDF/B-4 library was used instead of the old Davey compilation. In reference [14], in
addition to monitoring the neutron flux using the of

 5 reaction, the results were normalized to
the integral of the of

 7 ENDF/B-4 cross section in the 1 - 2 MeV energy range. These data
were renormalized to the of

 5 (ENDF/B-6) data and to the corresponding integral taken from
Derrien's evaluation. For the sake of completeness, results of relatively old measurements
[15-17], in which of

 23XU was used as the standard, were included in the evaluation. At the
same time, the data were renormalized to of * cross section values taken from the ENDF/B-5
library; these were included in the evaluation as absolute data. References [18-26] contain
data from absolute measurements in which the neutron flux was monitored using the (n,p)
reaction, activation or the associated particle time correlation method (APTC). In addition,
the data included in this evaluation consisted of preliminary cross section measurements
obtained by the authors with the APTC method at 4.9 and 18.6 MeV neutron energies in
cooperation with the Technical University at Dresden.

The pre-processing of the data consisted of an analysis of the measurement uncertainties in
order to determine the magnitude of the correlation between experimental points. It must be
mentioned that in spite of the existence of the EXFOR data library, a significant part of the
data, in particular those resulting from older measurements, are very poorly documented. In
those cases where the information was sufficiently informative, special efforts were made to
preserve the values of the uncertainties specified by the authors. In those case where the
information on error components was lacking, the authors had to supplement the missing error
components derived from an analysis of the experiment and the method used in the processing
of the data. Thus, in references [14 and 15], where only statistical errors were given,
additional errors arising from the normalization of the determination of the number of
fissioning nuclei were added. In reference [22], missing errors in the determination of the
target weight and in the fission fragment recording efficiency were added. In the case of
references [10 and 11] there is no analysis of the constituent errors; in this case, characteristic
correlation values used in similar experiments [7] were used in the determination of the
covariance of experimental data. In order to reduce the weight attributed to the data resulting
from the rather coarse measurement described in reference [17](which gives only the statistical
error information), a higher value was assigned to the total error. Higher total error values
•were also given to the data published in reference [23], in which error components were
assigned unrealistically low values. Furthermore, in a number of measurements where the
cross sections vary rapidly with energy, an additional error, attributed to the uncertainty in the
energy of the incident neutrons, was assigned to the cross section. It must be noted that in the
process of renormalizing cross section values to more up-to-date standard reference data, the
authors of this evaluation did not alter the corresponding errors.

A traditional approach was used in the formulation of the full covariance matrix of
experimental data V which has a dimension of (m * m), where m is the total number of data.
The matrix components had the following form:

Vij = £ Sijl • Dil • DjI
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where Dil is the uncertainty component I of experimental datum I; and where Sijl is the
correlation coefficient between separate error components which satisfies the condition

-1 < Sijl < 1 and Sijl =1.

Generally, the determination of the values of S presents a significant difficulty. In the
calculation of the covariance, we have attempted to formulate an objective approach. This
approach consists in breaking down the errors into components, each of which could be
assigned one of three correlation levels: zero-order level (Sijl = 0.0) for uncorrelated errors,
intermediate level (Sijl = 0.7) for partly correlated errors (for instance in the case of quantities
measured with the same measurement instrument), and fully correlated level (Sijl = 1.0).

Statistical errors and corrections for the background are not amenable for correlation. The
determination of errors related to the effectiveness of fission event registration are considered
to be fully correlatable. Also fully correlatable are the errors arising in the determination of
the target mass, of its nuclear composition, of its half-life, of its normalization and of the
neutron source and neutron flux parameters. The results of the target weighing procedure
using the same type of instrument but not the one and the same instrument is considered to be
partially correlatable, etc...

The magnitude of 0.7 to identify partial correlation was chosen by the authors arbitrarily with
the objective to describe a certain average level of connectivity between variables which can
be expressed visually in such a way so that the elliptical scattering axes differ by a factor of
two. The measurements described in references [6,7.9] were executed at a good metrological
level, were well documented and cover a wide neutron energy range. The data that resulted
from these measurements were subdivided into neutron energy groups which are associated
with specific sources of correlatable (systematic) errors. Because of this, there is a good
reason for the correlation values to be energy dependent. In the case of the other
measurements the level of correlation does not change from one point to the next.

The possibility for correlation between different measurements was analyzed as well, such as
by the use of the same standard reference cross sections, the same target, the same half-life,
etc... Such correlations were identified in a few cases, and they were taken into consideration
in this evaluation.

The procedure described above made it possible to construct an entire covariant matrix of
experimental data including absolute as well as relative data. The resultant matrix had a
dimension of 781 * 781. The covariant matrix turned out to be practically "empty", as the
largest correlated block had a dimension of 280 x 280.

Generalized Least Squares Method

Evaluation is understood to mean the processing of information contained in the results of
measurements and calculations, carried out on the basis of hypotheses regarding the nature of
data, and the subsequent thorough analysis of these data, and the derivation of procedures
used in obtaining data and the methods used in their processing. At the present time, a widely
used method in the evaluation procedure is the generalized least squares (LS) method which is
based on three assumptions:
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a) the measurement results and the evaluated parameters are linearly dependent,
b) there are no correlations between the evaluated parameters and the results, and
c) the uncertainties of the parameters and those of the measurement results have a

normal distribution.

These approximations are extremely general, are weak enough and are applicable in practically
all interesting cases. The approximations of the generalized least-squares method imply that
the initial parameter approximations are close to their exact values, the covariant matrix
reflects a realistic magnitude of the measurement errors, and that the linearisation of the
measured functional is acceptable. The departure of the distribution of the error of the
measured quantities from a normal distribution which has been observed in individual cases is
most likely due to the existence of an unaccounted correlation of data. Such distributions may
be reduced to a normal shape at the expense of a corresponding transformation of variables.

Using the nomenclature of reference [27], we have:

D - measurement results, dimension m vector
V - measurement covariance (m x m) matrix
P' - parameters for the evaluation of dimension n vector
P - result of parameter evaluation dimension n vector
M - matrix of covariance parameters P (n * n)
M'- matrix of covariance parameters P' (n x n).

The expression which connects the measurement results with the parameters, written with the
use of the sensitivity coefficients matrix G, is:

D' = D + G • ( P' - P) where G = 6D/6P

•where D' is the dimension vector n, and G is the (n * m) matrix.

In conformance with the convention used in the least-squares method, it follows that in order
to determine the values of the P parameters it is necessary to minimize a %2 type expression for
the collections of data and parameters:

Q = (D - D') l V ' (D° - D') + (P - P')1 M -1 (P - P')

By calculating the minimum value of the functional Q (5Q/6P = 0), one obtains:

P'- P = (M 1 + Gl VlG)-1 G* V (D° - D)

Or, by introducing the expression N = G • M • G*, one obtains:

P ' - P = MG' (N + V)"1 (D° - D)

and for the covariant matrix of results one obtains:

(N + V ) ' G M (1)
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Note that there is another approach (one that has not been used), consisting of the Baiesov
approximation and the method of the maximum probability function, which leads to the same
results. That approach [30] requires the minimization of each element of the P parameter
vector. The relationship obtained by this method is similar to the LS method. From our point
of view, however, the LS method is more straightforward, and the covariance matrix elements
maintain their physical meaning (such as the evaluation of the standard deviation) and does not
introduce any substantial limitations. In addition, the LS method makes it possible to obtain
useful relationships for the evaluation of a significant amount of information (in terms of the
logarithm of the ratios of the standard deviation parameters prior to and after the processing
of the experimental results) produced in the course of the experiment. References [28,31,32]
contain a certain amount of useful relationships for the evaluation of experimental results and
degrees of importance (objective, in the sense of lowering the standard deviation level) of the
measurements for the entire functional, namely the neutron fission cross section in the given
case.

Evaluation of the cross section value in metric space

The classical relationships of the LS method, are by their very nature intended to be used for
the evaluation of physical quantities which are inexorably related to each other by linear
relationships. In the concept of the LS method, it is not foreseen to use information relating to
space structure (configurational or energy space, etc..) represented by physical quantities.
For instance, there is no mechanism for the use of information to characterize the shape of a
curve, which is difficult to formulate in any event. The main reason for this inadequacy is due
to the necessity to represent uninterrupted/continuous physical quantities with the use of a
discreet model. The LS method uses only discreet values in a non-metric space (!);
consequently, it does not have mechanisms which operate on sequential information and
mechanisms able to compare spatially distributed quantities. The approaches which do exist
are based on the reduction of continuous physical quantities to discreet representations using
various methodologies whose use depends on the physical nature of the investigated quantity.
Thus, for the evaluation of the energy dependence of nuclear data, the methodology proposed
in the work described in reference [31] is based on the use of spline fitting approximation
based on the use of a discreet energy grid with the subsequent evaluation of coefficients. The
authors of this evaluation have used a combination of a discreet energy grid with a varying
interpolation of th experimental data.

Assuming that the energy dependence of the ^'Np fission cross section can be represented by
a smooth curve, and that the energy coordinates of the experimental points are known to an
accurate enough degree so as to allow its single-valued distribution between the energy points
of the grid of the evaluated parameters. On that basis, it can be expected that the vector of the
searched for parameters P (having an infinite dimension by its nature) will be described
accurately enough by the discreet approximation based on previously assigned energy points,
and that they will be determined to a high degree of constancy for this evaluation.

The proposed procedure is described in Figure 1, where:

Oj - is the cross section of the jth experimental point,

G*j j - is the sensitivity coefficient of the jth experimental point on the ith member of the
P parameter.
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o - experimental point

D - "a priori" cross section

The following linear expression was used by the authors to calculate the sensitivity coefficients

G*iJ = (E j -E i ) / (E j + l -E i ) (2)

under the condition that E-t < Ej < E !+1, more exactly, these equations are used for the
formulation of the discreet energy grid for the experimental data and the parameters. The
sensitivity coefficients G in the LS equations (1) are calculated in a traditional manner using

G = G" • (6D/8p)

In this manner, each experimental point influences only the cross section being evaluated at
two energies, close enough to the energy value of the experimental point. It can be said that
equation (2) introduces the linear metric with certain limitations The soundness of such a
choice is "absolutely not absolute".

For the construction of the interpolation scheme we took advantage of the fact that the LS
method understands the concept of "a priori information". Under these conditions, it is only
logical to take the evaluated data from existing evaluated data libraries (such as ENDF/B,
ENDL, etc..) whose energy dependence can be used to interpolate the experimental data using
the energy points of the energy grid of the evaluated parameters (P). In such a scheme , only
existing information ("new" experimental data based on new measurements, and "old"
experimental data existing in data libraries, i.e., "a priori" data) can be used, which, to our
mind, does not coarsen the original data (because that is done by the averaging procedure) and
does not introduce additional information as may happen in the case of spline approximations.

On the other hand, in the course of an evaluation of the vector parameter (P) components for
which there are existing equations which characterize any measured and/or a priori known
properties of its components, one could attempt using a gradual, step by step, approach based
on the concepts embodied in the statistical regularization method devised by Turchin. Under
such conditions, one could adopt the concept of continuity or smoothness of a curve, of
"form" dependence, as well as the correlation matrix of components of the evaluated vector.
For instance, assuming that one knew the second moment of the probability distribution of the
entire collection of experimental data (i.e., the correlation matrix), using Baies' formulas,
minimizing the amount of additional information (in the sense of Kulback?) in the probability
distribution, one can write:

P'- P = [E + a 2 • V1 J'1 • (D'- D)

M' = a2 • [ E + a 2 • V -1 J"1

where E is the unitary matrix and a is the regularization parameter.
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Under these conditions, the amount of information that is contained in the experimental data
and in the "a priori" parameters does not change, and additional criteria in the construction of
sensitivity coefficients are not introduced; this is an important point if one is to maintain the
objectivity of the evaluation procedure. As a matter of fact, these relationships speak only to
the fact that the components of the P parameter are continuous functions of the argument (i.e.,
there is a transition from a vector representation to a functional and operational
representation). Such an approach provides the possibility to introduce supplementary
information conveying "limitation", "smoothness", "monotony", and other such properties to
the components of the P parameter.

Execution of the programming and results of the cross section evaluation

The LSM algorithm was programmed for the EC-1045 computer using the FORTRAN-77
computer language. The sub-programs which executed the matrix operations embodied
special procedures designed to conserve the accuracy of the data (in particular, iterational
constructions of reverse matrices).

Two separate calculational procedures were implemented: one consisted of a sequential
treatment of data resulting from individual measurements (i.e., measurement blocks not
correlated with other measurements), and the other one in which all of the data were treated
simultaneously. Both procedures produced practically identical results, but differed
significantly in the time taken for the computation: the difference being proportional to the
dimensions of the calculated matrices. Thus, the sequential treatment required approximately
40 minutes of computation, and the other more than 2 hours. With regard to the memory
required for the executed algorithm, depended on the dimensions of the covariant matrices and
were equal to approximately (6 * m * m) 8 bytes, or about 30 Mbytes of operational memory.

As indicated above, a significant part of the experimental data included in this evaluation
consisted of data from relative measurements. In the course of the pre-processing of the data,
data from all relative measurements were represented in the form of Of V of

 5 ratios with a
corresponding increase in the magnitude of the evaluated vector P. The ^'Np fission cross
section was represented by an 80 point approximation, the values of the chosen energies can
be seen in Table 1, which also lists the results of the evaluation. The ^ U fission cross section
is represented by 98 points. Thus, in total, 178 cross section values were evaluated. The
^ N p "a priori" information was taken from the ENDF/B-4 evaluated data library. A certain
amount of influence of the "a priori" values on the evaluation results was ascertained for
uncertainties smaller than 20 - 30 %, which could be attributed to "a priori" quantities, and a
certain increase in the stability of the operation of the algorithm could be observed by reducing
the level of the "a priori"uncertainties. This increase manifested itself by a reduction of the
scatter of the evaluated dispersion results (matrix M) when the initial/original data were
altered. All of the major calculations were performed with an 80% uncertainty level for "a
priori" information. Two different approaches were used in the assignment of "a priori" data
to of

 a s U : taking the data and their corresponding errors from the ENDF/B-5 and ENDF/B-6
data libraries. As the level of the uncertainties assigned to the fission cross section of of

 ai\J is
extremely low in both /B-5 and /B-6 ENDF versions, no significant changes occurred in the
values of the 23*U fission cross section and in the level of their error due to the use of new
experimental o f

7 / o f
s information.
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Figure 2 shows the input data from absolute measurements used in the evaluation and the
resulting evaluation curve (given in the form of cross section as a function of energy).

Figure 3 shows the input data from relative measurements ( given in the form of the ratio
Of 7 Of

 5 as a function of energy).

Table 1 lists the results of the evaluation of the a7Np fission cross section; the listed results
were obtained using Of

 5 235U data from ENDF/B-5. In Figure 4, these results are shown
together with the evaluation results obtained using Of

 5 235U data from ENDF/B-6. Cross
sections Of

 7 which were taken from ENDF/B-6 and ENDF/B-4 were used as "a priori" data.
As can be seen, both calculational approaches yield practically the same results. However,
the errors results obtained with the ENDF/B-6 data are unbelievably low, namely less than one
percent. We believe that these results are due to non-physical uncertainties in the uranium-
235 cross section file in ENDF/B-6. The structure of the experimental data is such that the
relative measurements have a dominant influence. This is due to the fact that lower
uncertainty values are assigned as a result of simpler method and processing procedure, and
also because the number of relative measurements is noticeably larger. As a result, the
evaluation using data from relative measurements is given more weight, which
correspondingly increases the role of the 235U fission cross section and the level of its errors.

In the 14 to 15 MeV neutron energy range, there is a noticeable increase in the cross section
curve which is caused by the inclusion of well corroborated data of Garlea [8], Zasadny [24]
and Dushin [25]. A particularly strong influence is exerted by the absolute measurement of
Dushin et al. [25]. A detailed analysis of the available documentation of these data, made it
possible to assign to these absolute measurements an error of 1% which is at the same level,
and in part even lower than that of relative measurements. The breakdown of the Gt evaluated
data curve above 15 MeV is caused by the absence of data in comparison to the accuracy of
the cross section in the 14 MeV region. Above 15 MeV, the cross section curve depends
primarily on the data of Carlson [22], and on the well substantiated metrological level
measurement of Behrens [6], The smooth dependence of the ENDF/B-6 evaluation along the
upper data corridor is supported only by the old data of Rago and Goldstein[17], whose
analysis did not permit assigning an error of less than 10% to these data. Thus, the physically
unsubstantiated breakdown of the evaluated curve, which lies within the boundaries of the
assigned errors, is supported from one side by the lack and significant scatter of the
experimental data, and on the other hand by the fact that the LS method is not designed to
use information about the smoothness of the cross section.

The value of %2 for one degree of freedom, was calculated for the entire array of data which
would characterize the consistency of the evaluated curve with the experimental results; the
result of this calculation yielded a value of x2i = 4.75 which indicates the existence of a
statistical inconsistency of the original/initial data and the corresponding results of the
evaluation. The usual recommendation of the LS procedure consists of multiplying the errors
by the square root of x2

t which has the objective to formally fulfill the requirement of
equating the chi-square value to the degrees of freedom. Accordingly, the errors would have
to be multiplied by a value of approximately 2.2. The final version of the evaluated cross
sections (where the values of Of

 $ are taken from ENDF/B-5) together with the corrected
errors is listed in Table 1. The noticeable departure of the chi-square value from unity
indicates that on the average, we made an error of a factor of two in the assignment of errors
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to the "a priori" and experimental data. This exercise has revealed the basic shortcomings of
the LS methodology which consists of the absence of a validation mechanisms for the
assignment of errors to the initial data; this forces one to use the empirical technique of
multiplying the errors by chi-square.

Table 2 illustrates the structure of the correlational matrix of the evaluated ^ N p fission cross
section, which is given in terms of averaged values. Because of the averaging procedure, it is
practically impossible to reproduce elements of the non-correlational linkage of neighboring
fission cross sections values . The evaluated cross section values for neighboring energy
values are non-correlated to a level of 20 to 30 %(!), and as can be seen from the values listed
in the table, the cross section values at lower energies are correlated to a level of 10 to 20 %.
The non-correlation depends on the chosen cross section interpolation procedure.

Conclusion

The results of the nuclear data evaluation procedure based on the LSM methodology as well
as the vector evaluation algorithms, are described. All of the available 237Np fission cross
section data were used in the evaluation procedure. The evaluated ^ N p fission cross section
data, listed in Table 1, are in extremely good agreement with the ENDF/B-6 evaluation with
the exception of the region above 15 MeV where there is a pronounced lack of experimental
data.

The experience gained from the processing of the experimental data using the LS methodology
leads to the conclusion that the evaluation of nuclear data still requires a fair amount of artifice
and intuition, and at the present time cannot be considered to be a formal procedure.
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Table 1. Np fission cross section evaluation results

(Reference data taken from the ENDF/B-5 evaluated data file,
uncertainties have been corrected)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

E, MeV

0.024

0.030

0.040

0.045

0.050

0.065
0.070

0.076

0.080

0.090

0.100

0.110

0.150

0.159

0.180
0.200

0.224

0.250

0.268

0.269

0.300

0.333
0.350
0.372
0.400

0.450

0.470

0.500

0.550

0.570

0.600

0.650

0.700

0.750
0.775
0.800

0.850

0.900

0.950
1.000

Of, b

0.0039

0.0031

0.0118

0.0135

0.0133

0.0099

0.0138

0.0141

0.0147

0.0177

0.0177

0.0189

0.0261

0.0249

0.0308

0.0340

0.0348

0.0444

0.0461

0.0489

0.0660

0.0897

0.1083

0.1323
0.1784

0.2987

0.3853

0.3788

0.5856

0.6951

0.7215

0.9361

1.0582

1.1311

. 1.2039

1.2478

1.3078

1.3341

1.3920

1.4420

Error, b

.0013

.0011

.0024

.0053

.0042

.0031

.0035

.0060

.0064

.0035

.0075

.0042

.0053

.0075

.0057

.0042

.0044

.0051

.0088

.0044

.0055

.0081

.0106

.0150

.0130

.0174

.0315

.0178

.0306

.0462

,0269

.0361

.0280

.0460

.0629

.0579

.0482

.0469

.0497

.0341

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
67
68
69
70
71
72
73
74
75
76
77
78
79
80

E, MeV

1.200

1.400

1.600

1.800

2 000

2.200

2.400

2.600

2.800

3.000

3.600'

4.000

4.400

4.800

5.000

5.200

5.600

5.800

6.000

6.200

6.600

7.000

7.600

7.800

8.000

8.600

9.000

10.000

11.000

11.600

12.000

13.000

14.000

14.600

15.000

16.000

17.000

18.000

19.000

20.000

Of, b

1.4652

1.5635

1.6036
1.6417

1.6747

1.6539

1.6497

1.6365

1.6383

1.6152

1.5367

t.5295

1.5279

1.4786

1.4845

1.4418
1.5067

1.5441

1.6418

1.7612

1.9184

2.0323
2.0942

2.1644

2.1470

2.1314

2.0779

•2.0053
2.0204
2.0369
2.0216
2.0230
2.0504
2.2383
2.0678
2.0257
2.0726
2.0267
2.2231
2.7353

Error, b

.0300

.0332

.0411

.0431

.0413

.0455

.0405

.0370

.0427

.0374

.0486

.0458

.0427

.0451

.0464

.0389

.0418

:O480

.0477

.0400

.0418

.0422

.0651

.0708

.0649

.0537

.0482

.0460

.0752

.1142

.1274

.1148

.1074,

.0809

.1009

.1405

.1619

.1646

.1705
1.155
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Table 2. Correlation matrix of the evaluated Np-237 fission cross section

(The correlation coefficients, given in %, are averaged over the energy interval)

En(MeV)

.24E-1 65E-1 100.0-0.1 0.0 0.0 0.1 1.4 2.8 4.0 4.3 4.2 3.4 3.6 4.4 3 6 3.7 0.8

6:>E-1 .10E+0 100.0 0.2 0.2 0.3 2.1 3.7 5.2 5.6 5.5 4.6 4.6 5.6 4.7 5.1 1.2

.10E+0 .20E+0 100.0-0.2 0.3 2.2 4.7 6.3 7.1 6.6 5.6 5.4 7.0 5.5 5.0 0.3

.20E+0 .30E+0 100.0 2.911.216.8 22.3 24.7 22.819.4 18.0 22.619.517.9 8.6

.30E+0 .45E+0 100.0 7.9 12.3 16.3 18.0 16.8 14.5 13.8 17.6 17.1 16 6 12.8

.45E+0 .60E+0 100.0 6.6 9.210.2 9.4 7.7 7.2 9.1 9.1 9.5 7.3

.60E+0 80E+0 100.0 11.112.9 12.2 8̂ 9 8.210.1 9.810.1 7.8

.S0E+0 .12E+1 100.010.610.4 7.5 6.6 8.4 8.1 8.4 6.6

.12E+1 .22E+1 100.0 17.613.512.4 14.914.514.711.7

.22E+1 .36E+1 100.010.610.812.812.312.4 9.8

36E+1 .52E+1 100.0 7.910.910.6 9.5 8.2

.52E+1 66E--H- 100.015.214.911.8 9.9

.66E+1 .86E+1 100.0 13.8 10.3 9.0

.86E+1 12E+2 100.0 9.4 9.0

.12E+2 .16E+2 100.0 2.5

.16E+2.20E+2 100.0
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