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ABSTRACT 

High-resolution neutron transmission measurements through several thicLnesses 
of 59 Co were performed in 1986 at the Oak Ridge Electron Linear Accelerator 
(ORELA) in conjunction with the ENDF/B-VI evaluation of 5 9Co done at Argonne 
National Laboratory. These measurements have much better energy resolution than 
previously published transmission measurements. The results of one of the mea-
surements were used in the ENDF/B-VI evaluation of the total cross section above 
100 keV, but the data were not used below 100 keV, where the ENDF/B-VI cross 
sections are represented by resolved resonance parameters based on a compilation 
of Mughabghab et al. 

The ENDF/B-VI resolved resonance parameters were used to compute the 
transmission for the sample thicknesses used in the ORELA measurements, and 
large discrepancies were observed between these computations and the results of 
the measurements. Consequently, all six ORELA transmission measurements were 
analyzed, in the neutron energy range from 200 eV to 100 keV, using the multi-
level i2-matrix computer code SAMMY which utilizes Bayes' theorem for the fitting 
process. 

The spin J of most resonances and the orbital angular momentum t for the 
smaller resonances cannot be determined from the data and were assigned somewhat 
arbitrarily so as to make the 5-wave level density proportional to 2 J + 1 and to 
satisfy the Dyson-Metha A3 statistics. Calculations with the resonance parameters 
obtained in the analysis reproduce well the results of the ORELA transmission 
measurements which were done at 80 m and 200 m with sample thicknesses varying 
from 0.005 to 0.3 a toms/bam. 

The transmission measurements are not very sensitive to the values of the reso-
nance capture widths; therefore, the capture widths obtained in this analysis have 
large uncertainties. An attempt was made to adjust the capture widths to give cap-
ture areas consistent with the capture areas reported by Spencer et al. However, 
the attempt was not successful because the correspondence between the resonances 
observed in transmission and those observed in capture is not always unambiguous 
and because the capture areas measured by Spencer et al. often have large and 
uncertain multiple scattering contributions. Resonance parameters are required to 
properly estimate these contributions. 
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1. INTRODUCTION 

The resonance parameters describing the low-energy neutron cross sections of 
59 Co are of considerable interest, not only because 5 9Co is used as a structural 
material in nuclear technology but also because the thermal capture cross section 
and the capture resonance integral of 5 9 Co are widely used as standards and for 
dosimetry.1 

High-resolution neutron transmission measurements through several thicknesses 
of 5 9Co were performed in 1986 at the Oak Ridge Electron Linear Accelerator 
(ORELA), in conjunct! n with the ENDF-B-VI evaluation of 59Co done at Argonne 
National Laboratory. These measurements have much better energy resolution than 
previously published measurements.2'3 The result? of one of these measurements 
were used in the ENDF/B-VI evaluation of the 6 C o total cross section above 100 
keV,4,s but the data were not used below 100 keV where the ENDF/B-VI cross 
sections are represented by resolved resonance parameters based on a recent com-
pilation of Mughabghab et al.6 

The ENDF/B-VI resolved resonance parameters were used to compute values of 
transmission on the same energy scale as the ORELA transmission measurements; 
large discrepancies were observed between the computed and measured transmis-
sions, indicating that the ENDF/B-VI resolved resonance parameters were inade-
quate. Therefore, all six transmission measurements were analyzed with the code 
SAMMY,7 and new resonance parameters were obtained which are consistent with 
the high resolution ORELA transmission measurements. 

The next section of this report is a comparison and discussion of the recent 
ENDF/B evaluations of 5 9Co in the resolved resonance region. In the third section 
the experimental conditions of the ORELA transmission measurements sire given, 
and it is shown that the ENDF/B-VI resolved resonance parameters are inconsistent 
with the results of these measurements. In the last section the resonance analysis 
with the code SAMMY is described and the new resolved resonance parameters are 
discussed. 
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2. COMPARISON OF RECENT 5 9Co EVALUATIONS 
IN THE RESOLVED R E S O N A N C E REGION 

2.1 DOCUMENTATION 

The ENDF/B-VI 59Co evaluation (MAT 2725) was done by A. B. Smith, 
D. Smith, P. Guenter, J. Meadows, R. Lawson, R. Howerton, and M. Sugimoto 
at Argonne National Laboratory and is documented in Ref. 4. Reference 4 provides 
an extensive discussion of the evaluation above 100 keV (clearly the region of most 
interest to these authors), bu t the region below 100 keV, described by resonance 
parameters, is barely discussed: the total discussion in Ref. 4 concerning the region 
below 100 keV consists of the following paragraph: 

"The present evaluation uses the resonance parameters of 
Mughabghab6 with modifications of Dunford and Mughabghab8 to 
describe the neutron elastic-scattering and capture cross sections 
up to incident neutron energies of 100 keV. A small background 
was introduced to assure continuity at the matching energy. The 
neutron elastic-scattering and radiative-capture cross sections were 
constructed from the resonance parameters, using the computer code 
RECENT. 9 Of course, these combine to provide the neutron total 
sections, which were compared with the totality of the experimental 
data available from Ref. 10, regardless of experimental conditions. 
The agreement was reasonably good, given the wide variation in ex-
perimental results, as illustrated in Fig. 1. The present resonance 
results are qualitatively similar to those of ENDF/B-V, as the exper-
imental data base has not greatly changed in the intervening years, 
but they benefit from the improved interpretation of Ref. 6." 

and the following comment in the Summary Section: 
"A comprehensive study of the resonance region is warranted. 

This should include reinterpretation of the best available experi-
mental information and, as warranted, new measurements to provide 
improved definition." 

(Reference numbers in the quote refer to references at the end of this paper. The 
numbers have been changed for purposes of self-consistency within this report, but 
the actual references are the same as those given in Ref. 4. Figure 1 is reproduced 
here; it shows the total cross section from 1 to 10 keV.) 

Fortunately the documentation for the resonance region for ENDF/B-IV (MAT 
6199) and ENDF/B-V (MAT 1327) is very good: ENDF/B-IV below 100 keV is 
discussed in Refs. 11 and 12; ENDF/B-V in Ref. 13. 

The following discussion is essentially a comparison of ENDF/B-IV, V, and VI 
in the region below 100 keV, with other recent evaluations and recent data. 
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Fig. 1. Illustrative comparisons of the evaluated resonance region (curve) with the totality of experimental results 
available from Ref. 10 (symbols), irrespective of experimental conditions or quality, [from A N L / N D M - 1 0 7 (ref. 4).] 



2.2 T H E R M A L C R O S S S E C T I O N S A N D C A P T U R E R E S O N A N C E 
I N T E G R A L 

In Table 1, the 2200 m / s cross sections, the Westcott g-factors, the capture 
resonance integral, and the channel radius of the three evaluations axe compared. 
The most important dosimetry da ta are the 2200 m / s capture cross section, 
and the capture resonance integral, RIy. In 1981 N. E. Holden1 performed a careful 
review of 24 measurements of <t„7 and 12 measurements of RIy leading to his 
recommended values: 

<r„7 = 37.18 ± 0.06 barns; RIy = 74 ± 2 barns 

Since no measurements of these quantities after 1978 are listed in CINDA,14 the 
above best values need no updating. The ENDF/B-V and VI values of the param-
eters are fully consistent with Holden's evaluation. 

Table 1. Comparison of thermal cross sections 
and capture resonance integrals for 5 9 Co 

ENDF-Version IV V VI 
MAT 6199 1327 2725 

Distribution date 1975 March 1983 January 1990 
Cross sections at 0.0253 eV 

( b ) 
< 7 „ 7 ( b ) 

(b) 

Westcott (/-factors 
Total 
Capture 

Channel radius, AP, 10""12 cm 
Capture resonance integral RIy (b) 
°FYom Ref. 11. 
6From Ref. 12. 
cFiles 1 and 2 of MAT 1327. 
' F i l e 2 MAT 2725. 
eFVom Ref. 15. 
' S . Pearlstein, via R. Q. Wright (6/19/90). 
5 Code PSYCHE, via R. Q. Wright. 

43.84° 42.597c 43.143' 
37.22° 37.233c 37.190* 

6.62° 5.364c 5.953* 

1.0162e 1.0193' 
0.99996° 1.00004 1.0019' 

0.686 0.68c 0.62d 

76.76 73.78c 75.7186* 

The capture resonance integral can be computed from the thermal capture cross 
section and the resonance parameters 

RIy= [ any(E) ^ 
J 0 .5 eV 

2 
= 0.45 <7^(0.0253 eV) + | * 2.608 x 106 ( ^ j p ) £ *x ^ ^ 



Most of t i e resonance contribution comes from the resonance at 132 eV. (The next 
level is at 1.38 keV). Table 2 shows the values of <r„7 (0.0253) and of the resonance 
parameters of the level at 132 eV, and the resulting values of RI7. 

Table 2. 59 Co RI7 computed from parameters of the resonance at 132 eV 
ENDF/B-IV ENDF/B-V ENDF/B-VI 

( b ) 37.22 37.233 37.190 

Eo (eV)° 132 132 132 

r„ (eV) 5.12 5.12 5.15 

V, (eV) 0.48 0.46 0.47 

0.45 (b) 16.749 16.75485 16.7355 

RIy (b) 76.7728 74.4839 75.6397 

"Note tha t gj = (2J + 1)/2(2J + 1) is equal to gI+1/t = ( / + 1)(2J + 1) = 9/16 for 
J = 4, A = 59. 

In summary, the 5 9Co parameters relevant to dosimetry are very well known. 
The thermal capture cross section is known to better than 0.2% and the capture 
resonance integral to bet ter than 3%. These two parameters are considered as 
standards and their values have been confirmed by numerous measurements. The 
region above the 132 eV resonance is in much poorer shape, and we now turn our 
attention to a resonance parameter analysis of this region. 

2.3 RESOLVED RESONANCE PARAMETERS 

Some parameters of the resolved resonance range of the three last E N D F / B 
evaluations of 5 9Co are compared in Table 3. 

According to Ref. 11, the resolved resonance region was reduced from 100 keV 
in ENDF/B-IV to 85 keV in ENDF/B-V "because of the important contribution 
of p-wave capture as measured by Spencer et al.16 '17," presumably because that 
contribution could not be properly represented with resonance parameters. 

In ENDF/B-V the weak resonances observed by Spencer et al.1 6 , 1 7 were assumed 
to be p-wave resonances; a capture width of 0.22 eV was assumed for these reso-
nances and the neutron widths were derived from the values of ^ r n r 7 / r reported 
by Spencer et al. 

In ENDF/B-VI the resonance region was again extended to 100 keV (as in 
ENDF/B-IV) . The resonance parameters were talcen (somewhat literally) from the 
compilation of Ref. 6. For many of the small resonances observed in the capture 
measurements of Spencer et lJ . 1 6 , 1 7 only the capture area ^ r n r 7 / r was obtained 
and listed in Ref. 6. Whereas in ENDF/B-V an at tempt was made to estimate the 
parameters of these small resonances using an average value of I \ , in ENDF/B-
VI these resonances were simply left out of the evaluation, therefore ENDF/B-VI 
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describes the range up to 100 keV with 117 s-wave and one p-wave levels'whereas 
ENDF/B-V describes the shorter range up to 85 keV with 73 s-wave and 107 p-wave 
levels (see Table 3). 

The histograms of the number of levels vs energy for 5- wave levels of J = 3 
and J — 4 for ENDF/B-VI axe shown in Fig. 2. Over a small energy interval, such 
that the expected average level density is constant, if only a few levels axe missed 
or misassigned such histograms should be nearly linear.18 

Table 3. Comparison of ENDF/B evaluations of resonance region" 
ENDF/B-IV ENDF/B-V ENDF/B-VI 

Resolved resonance region (eV) 
Number of s-wave levels 
Number of p-wave levels 

10~5 to 105 

92 
0 

10"5 to 85000. 
73 
107 

10~5 to 105 

117 
1 

£ = 0 
< r°n > feV) 
< r 7 > (eV) 
Average level spacing (eV), D 
Strength function, < T°n > / D 

0.7764 
0.4615 
1177.6 

3.240 x 10 - 4 

0.8226 
0.4445 
1033.6 

3.926 x 10"4 

£ = 1 
< r1 , > (eV) 
< r 7 > (eV) 
Average level spacing (eV) 
Strength function 

0.1489 
0.2618 
753.3 

0.3437 x 10"4 

2.806 
0.37 

Bound levels (eV) 7 = 3, - 5 2 1 7 = 3, - 3 6 7 J = 3, - 5 0 0 
7 = 4, - 4 7 5 

a All three evaluations use the multilevel Breit-Wigner Formalism and negligible 
File 3 contributions. 
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Fig. 2. Cumulative number of s-wave levels versus energy, for J = 3 and for J = 4, from ENDF/B-VI . If only a few 
levels are missed or misassigned, such histograms should be nearly "linear." For comparison, see Fig. 13, the corresponding histograms for 
the analysis reported here. 



3. THE HIGH RESOLUTION 
TRANSMISSION M E A S U R E M E N T S 

Between 1 and 100 keV, the resonance parameters of ENDF/B-V and -VI and 
of the compilation in Ref. 11 are essentially based on the 1964 transmission data of 
Columbia University2,19 and of Saclay.3 The capture areas reported by Spencer et 
al.16 ,17 were also used; however, the measured capture areas often have large multi-
ple scattering contributions that cannot be properly estimated without a knowledge 
of the resonance parameters. 

In 1986 a series of high-resolution transmission measurements was performed at 
ORELA through several thicknesses of 5 9 Co and under various resolution conditions, 
partly at the request of A. B. Smith for the ENDF/B-VI evaluation.4,5 Only one of 
these measurements was processed at the time: Run 10454TS. This run was done 
with a very thick sample, 0.3 atoms/barn, at a flight path length of 200 m and 
with the collimation selecting the unmoderated photoneutrons produced in the Ta 
target. This run is mostly useful at high energy and indeed was used only to define 
the total cross section above 100 keV in ENDF/B-VI. 

All six runs have now been reduced to transmission versus energy. The exper-
imental parameters of the six runs are summarized in Table 4. Two of these runs 
with sample thicknesses of 0.3 and 0.075 atoms/b used a flight path length of 200 
m with the collimation looking at the unmoderated neutrons from the Ta target; 
the remaining four runs used a flight path length of 80 m looking at the water 
moderator, and samples varying in thickness from 0.005 to 0.3 a toms/bam. The 
samples were kept at the physical temperature of 293 K; for a Debye temperature 
of 5 9Co of 445 K, the effective temperature is computed as 330 K. All these runs 
have considerably better time resolution than the previously published transmission 
measurements.3 ,19 

Table 4. Experimental Parameters of the Transmission Measurements 
Run No. Flight path 

length (m) 
Sample thickness 

(atoms/b) 
Detector Collimation Linac burst 

width 
10454TS 201.575 0.3008 NE-110 Unmoderated 

Ta target 
5-6 ns 

10460TS 201.575 0.0750 Unmoderated 
Ta target 

5-6 ns 

10432T1 80.394 0.3008 1/2 in. 6Li glas ss Water moderator 12 ns 
10432T2 80.394 0.0750 Water modeiator 
10428T1 80.394 0.0210 Water moderator 
10428T2 80.394 0.0050 Water moderator 

8 



In order to evaluate the ENDF/B-VI resonance parameters, the transmissions 
for the sample thicknesses used in the measurements were computed from these reso-
nance parameters with the code SAMMY, using the "no fit" option of the code. The 
comparisons of these computed transmission ratios with the measurements showed 
rather large discrepancies, indicating that the ENDF/B-VI resonance parameters 
were inadequate. Examples of the comparison are shown in Figs. 3 and 4. 

Figure 3 shows a comparison between the computed transmission ratio (solid 
line) and the measurement of run 10432T1 (see Table 4) in the neutron energy range 
2 to 3 keV. The small resonance at 2.28 keV is not in ENDF/B-VI, probably because 
it is too weak to have been detected in previous transmission measurements, which 
had poorer resolution. The resonance at 2.85 keV has clearly wrong parameters, 
perhaps the result of a typographical error. As stated in the previous section, the 
resonance parameters of ENDF/B-VI were taken somewhat literally from Ref. 6, 
and indeed the parameters of the resonance at 2.86 keV are as given in that reference 
(neutron width of 3.497 eV, capture width of 0.11 eV). However, in ENDF/B-V 
as well as in previous evaluations1 1 - 1 3 or in previous editions of the neutron cross-
section compilation BNL-325,20 the neutron width of that resonance is always given 
as approximately 0.1 eV. The source of the error in Ref. 6 and in ENDF/B-VI was 
not traced further. 

Figure 4 shows a comparison between the transmission ratio computed with 
ENDF/B-VI and the measurement of run 10454TS over the neutron energy range 
from 60 to 70 keV. The figure illustrates the large discrepancies typical above 60 
keV. The origin of these discrepancies could not be completely explained; in that 
energy region the resonance parameters published in Refs. 2 and 3 are inconsistent 
and ENDF/B-VI is not consistent with either of these references. 

Because of the discrepancies just discussed between the experimental measure-
ments and the calculations based on ENDF/B-VI, it was decided to analyze the six 
ORELA transmission measurements, using the Reich-Moore approximation and the 
resonance analysis code SAMMY. The assumptions of this analysis and its results 
are the subject of the next section. 
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Fig. 3. Measured and computed transmission through 0.3 atom/barn of 59Co between 2 and 3 keV. The crosses 
represent the ORELA measurement (Run 10432TI). The solid line is computed with ENDF/B-VI. Figure 5 shows the same experimental 
data with the computation based on the resonance parameters obtained in the analysis reported here. 
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Fig. 4. Measured and computed transmission through 0.3 atom/barn of 59 Co between 60 and 70 keV. The crosses 
represent the ORELA measurement (Run 10454TS). The solid line is computed with ENDF/B-VI. Figure 6 shows the same experimental 
data with the computation based on the resonance parameters obtained in the analysis reported here. 



4. R E S O N A N C E ANALYSIS OF 
5 9Co TRANSMISSION DATA 

The spin J of most resonances and the orbital angular momentum £ for the 
smaller resonances cannot be determined from the data and were assigned some-
what arbitrarily as follows: (1) All the observed resonances were assumed to be due 
either to 5-wave or to p-wave neutrons, a reasonable assumption. (2) Those reso-
nances for which the neutron width divided by the square root of the neutron enc.gy 
was larger than 0.1>/(eV) were taken to be s-wave resonances; in many cases, the 
characteristic s-wave interference pattern between resonance and potential scatter-
ing can be observed. (3) Most s-wave levels were assigned a spin consistent with the 
assignment of Ref. 6, and therefore with ENDF/B-VI. (4) Some smaller resonances 
were also taken to be s-wave; these were selected so as to satisfy the long-range level 
spacings correlation implied by the Dyson-Metha A3 statistics.18 (5) Since 5 9Co has 
a spin of 3.5, the interaction with p-wave neutrons car lead to the resonance spin 
J = 2, 3, 4, or 5; however, for simplicity, all p-wave resonances were arbitrarily 
assigned spins of 3 or 4, as was also done in ENDF/B-V and ENDF/B-VI. All £ = 1 
potential scattering was included, however. 

The neutron widths of ten large resonances above 100 keV were adjusted to 
account for the contribution below 100 keV of all the levels above that energy. 
Similarly, the parameters of four fictitious-bound levels were adjusted to account 
for the contribution of the bound levels and to reproduce the evaluated cross sections 
in the thermal region. The resonance parameters of the first resonance, at 132 eV, 
were not searched, because these parameters are well known (see Section 2), and 
because the ORELA transmission measurements were not optimized for that low-
energy range. 

The scattering length was determined from the fit to the transmission and a 
value of 6.67 fm was obtained, in good agreement with the value 6.80 ± 0.70 fm 
given in Ref. 6. The set of resonance parameters obtained is consistent with the 
ORELA transmission measurements, as illustrated in Figs. 5 and 6 which correspond 
to Figs. 3 and 4 of the previous section and show that the resonance parameters 
obtained here are more consistent with the measurements than are the ENDF/B-VI 
parameters. In Table 5 the value of x 2 per degree of freedom for the six transmis-
sion ratios is given: these values are close to unity, indicating consistency between 
the resonance parameters and the measurements. For comparison the table also 
lists corresponding values of x2 P e r degree of freedom obtained with calculations 
made with ENDF/B-VI and ENDF/B-V. Figures 7 to 12 illustrate graphically the 
agreement between the calculations with the resonance parameters obtained and 
the measured transmission ratios. In Table 6 the statistical properties and thermal 
parameters of the present evaluation are compared to the ENDF/B-VI values and 
to values given in the compilation of Ref. 6. The Appendix lists the resonance 
parameters in ENDF/B-VI format. 

12 



Table 5. Clii-squared per degree of freedom 
X 2 /DF 

Run No." Region Analyzed This evaluation ENDF/B-VI ENDF/B-V 
10454TS 35-100 keV 1.249 18.26 32.3 

10460TS 45-100 keV 1.122 2.78 5.62 
10432T1 30 eV - 100 keV 0.885 11.06 7.46 
10432T2 30 eV - 100 keV 0.944 2.93 2.84 
10428T1 30 eV - 100 keV 1.002 2.53 2.22 
10428T2 30 eV - 100 keV 1.016 1.15 1.10 
"See Table 4. 

Table 6. Comparison of the present evaluation with ENDF/B-VI 
and with the compilation of ref. 6 

Present evaluation ENDP/B-VI Reference 6 
Number of a-wave levels 

< > (eV) 
< I\ > (eV) for t = 0 

80 
0.941 
0.4488 

117 
0.8226 
0.4445 0.56 ±0.10 

Average a-wave level spacing (eV) 1299 1034 1100 ± 100 
a-wave strength function 3.83 x 10~4 3.93 X 10~4 (3.9 ±0.5) x 10"4 

Number of p-wave levels 
<n> (eV) 
< > (eV) for 1 = 1 

65 
0.237 
0.36 

1 
2.806 
0.37 

Average p-wave level spacing (eV) 1562.5 
p-wave strength function 0.25 X 10-4 

Cross sections at 0.0253 eV 
<r, (b) 

(b) 
(b) 

43.150 
37.170 
5.980 

43.143 
37.190 
5.953 

43.18 ±0.006 
37.18 ±0.06 
6.00 ± 0.06 

Westcott g-f factor 1 . 0 0 0 0 1.0019 1.0 
Channel radius (10-12 cm) 0.6672 0.620 0.68 ± 0.07 
Capture resonance integral (b) 75.74 75.7186 74 ± 2 
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Fig. 5. Measured and computed transmission through 0.3 atom/barn of S9Co between 2 and 3 keV. The crosses 
represent the ORELA measurement (Run 10432T1). The solid line is computed with the resonance parameters obtained in the analysis 
reported here. Compare with Fig. 3 of the previous section. 



Oi 

64 66 
ENERGY (IceV) 

Fig 6 Measured and computed transmission through 0.3 atom/barn of " C o between 60 and 70 keV. The crosses 
represent the ORELA measurement (Run 10454TS). The solid line is computed with the resonance parameters obtained in the analysis 
reported here. Compare with Fig. 4 of the previous section. 



Fig. 12. Measured and computed transmission through 0.07 atom/barn (upper curve) and 0.3 atom/barn (lower 
curve) of S 9Co between 90 and 100 keV. The crosses represent the 200-m flight-path ORELA measurements (Runs 10460TS and 
10454TS). The solid lines are computed with the resonance parameters obtained in the analysis reported here. 
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Fig. 12. Measured and computed transmission through 0.07 atom/barn (upper curve) and 0.3 atom/barn (lower 
curve) of S 9 Co between 90 and 100 keV. The crosses represent the 200-m flight-path ORELA measurements (Runs 10460TS and 
10454TS). The solid lines are computed with the resonance parameters obtained in the analysis reported here. 
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Fig. 12. Measured and computed transmission through 0.07 atom/barn (upper curve) and 0.3 atom/barn (lower 
curve) of S 9 Co between 90 and 100 keV. The crosses represent the 200-m flight-path ORELA measurements (Runs 10460TS and 
10454TS). The solid lines are computed with the resonance parameters obtained in the analysis reported here. 
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Fig. 12. Measured and computed transmission through 0.07 atom/barn (upper curve) and 0.3 atom/barn (lower 
curve) of S 9 Co between 90 and 100 keV. The crosses represent the 200-m flight-path ORELA measurements (Runs 10460TS and 
10454TS). The solid lines are computed with the resonance parameters obtained in the analysis reported here. 
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Fig. 11. Measured and computed transmission through 0.3 atom/barn of 5 9Co between 70 and 90 keV. The crosses 
represent the 200-m flight-path ORELA measurement (Run 10454TS). The solid line is computed with the resonance parameters obtained 
in the analysis reported here. 
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Fig. 12. Measured and computed transmission through 0.07 atom/barn (upper curve) and 0.3 atom/barn (lower 
curve) of S 9Co between 90 and 100 keV. The crosses represent the 200-m flight-path ORELA measurements (Runs 10460TS and 
10454TS). The solid lines are computed with the resonance parameters obtained in the analysis reported here. 



The histograms of the number of s-wave resonances vs energy for the two spin 
states are shown in Fig. 13. There are 35 J = 3 and 45 7 = 4 levels in the 0-
100 keV interval. This ratio satisfies the 27 + 1 density law. The linear behavior 
of the histograms suggests that most levels have been correctly assigned. The 
Dyson and Metha A3 statistics18 give a value A 3 = 0.369 for an expected value 
< A 3 > = 0.353 ± 0.109 for the 7 = 3 histogram, and a value of A3 = 0.357 for an 
expected value < A3 > = 0.379 ± 0.109 for the 7 = 4 histogram. 

The transmission measurements are not very sensitive to the value of the capture 
widths; therefore, the capture widths obtained in this analysis have large uncertain-
ties. An attempt was made to adjust the capture widths to give the capture areas 
reported by Spencer et al.;16'17 however, the attempt was not successful because the 
correspondence between the resonances observed in transmission and those reported 
with the capture measurements are not unambiguous; many multiplets are not re-
solved in the capture measurements. The problem is complicated by the large (20 to 
40%) multiple scattering corrections that were made by Spencer et al. on the cap-
ture areas which had to assume prior values of the resonance parameters. A direct 
analysis of capture data with the code SAMMY cannot be done until SAMMY is 
modified to handle multiple scattering effects, an effort which is currently underway. 

The capture cross section averaged over 10-keV intervals from 1 to 100 keV is 
given in Table 7 to facilitate future evaluation work. The average capture cross 
section at 30 keV (averaged from 23-37 keV) is 36.9 mb, compared with 88 ± 30 
mb of Gibbons et al.21 and 48 ± 5 mb from Stroud et al.22 The average capture 
from 85-100 keV is 15.3 mb, compared with 18.0 ± 0.6 mb given by Spencer and 
Macklin17 over that energy interval. 

Table 7. Capture cross section averaged over 10-keV intervals 
Energy Interval (keV) Cross Section (mb) 

1 - 10 
1 0 - 20 
2 0 - 30 
3 0 - 40 
4 0 - 50 
5 0 - 60 
6 0 - 70 
7 0 - 80 
8 0 - 90 
90 - 100 

88.8 
32.1 
35.9 
27.3 
16.7 
19.9 
19.6 
18.5 
14.7 
15.8 
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ENERGY (EV) 
Fig. 13. Cumulative number of a-wave levels versus energy for 7 = 3 and for J = 4 for the resonance parameters 

reported here. The linearity of the histograms is consistent with the Dyson and Metha A3 statistics, suggesting that most levels have 
been correctly assigned. 



5. CONCLUSIONS 

The investigations described in this report indicate that the representation of 
the neutron interactions with 5 9Co in ENDF/B-VI is unsatisfactory below 100 keV, 
although the thermal cross sections are correctly reproduced. Indeed ENDF/B-VI 
fails to describe properly the most recent ORELA transmission ratio measurements. 
These transmission measurements were analyzed with the resonance analysis code 
SAMMY and a set of resonance parameters was obtained that is consistent with 
those transmission measurements. It is believed that these resonance parameters are 
an improvement over ENDF/B-VI. An additional improvement could be achieved 
by the analysis of relevant capture measurements. Such an analysis would require 
a treatment of multiple scattering not yet available in the resonance analysis code 
SAMMY. The resonance parameters obtained from this work, together with the 
previously determined parameters of the 132-eV resonance, provide an accurate 
total cross section from 1 0 - 5 eV to 100 keV. Use of a background in File 3/1 is not 
necessary. The capture cross section is reproduced at thermal. Further analysis of 
the capture data from 132 eV to 100 keV is warranted. 
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A P P E N D I X . 5 9Co FILE 2 IN E N D F / B - V I FORMAT 

2. 7059E+04 5. 84269+01 0 0 1 0 99 2151 1 
2. 7059E+04 1. 0000E+00 0 0 1 0 99 2151 2 
1. OOOOE-OS 1. 0000E+06 1 3 0 1 99 2151 3 
3. 5000E+00 6. 6720E-01 1 0 2 3 99 2151 4 
5. 84269+01 6. 6720E-01 0 0 600 100 99 2151 5 
-5. OOO0E+03 3. OOOOE+OO 5. 5768E+02 9. 2151E+00 0.OOOOE+OO 0. OOOOE+OO 99 2151 6 
-5. 0OO0E+03 4. OOOOE+OO 1. 8981E+02 1. 8682E-01 0.OOOOE+OO 0. OOOOE+OO 99 2151 7 
-4. 7670E+02 4. OOOOE+OO 1. 9490E-02 2. 1489E+00 0.OOOOE+OO 0. OOOOE+OO 99 2151 8 
-2. 2588E+02 3. OOOOE+OO 9. 1644E+00 5. 2141E-02 0.OOOOE+OO 0. OOOOE+OO 99 2151 9 
1. 3200E+02 4. OOOOE+OO 5. 2701E+00 4. 7000E-01 0.OOOOE+OO 0. OOOOE+OO 99 2151 10 
4. 3231E+03 4. OOOOE+OO 1. 0414E+02 4. 1737E-01 0.OOOOE+OO 0. OOOOE+OO 99 2151 11 
5. 0160E+03 3. OOOOE+OO 6. 7896E+02 1. 3322E+00 0.OOOOE+OO 0. OOOOE+OO 99 2151 12 
6. 3897E+03 4. OOOOE+OO 1. 6811E+00 3. 1556E-01 0.OOOOE+OO 0. OOOOE+OO 99 2151 13 
8. 0619E+03 3. OOOOE+OO 4. 0833E+01 4. 0780E-01 0.OOOOE+OO 0. OOOOE+OO 99 2151 14 
8. 7566E+03 4. OOOOE+OO 6. 6596E-01 1. 7524E-01 0.OOOOE+OO 0. OOOOE+OO 99 2151 15 
9. 6962E+03 3. OOOOE+OO 1. 5042E+00 8. 9112E-01 0.OOOOE+OO 0. OOOOE+OO 99 2151 16 
1. 0713E+04 4. OOOOE+OO 6. 5774E+01 3. 2805E-01 0.OOOOE+OO 0. OOOOE+OO 99 2151 17 
1. ,2065E+04 4. , OOOOE+OO 9. 4719E-02 2. 2617E-01 0.OOOOE+OO 0.OOOOE+OO 99 2151 18 
1. 3292E+04 4. , OOOOE+OO 1. 9601E+01 5. 3148E-01 0.OOOOE+OO 0.OOOOE+OO 99 2151 19 
1, .5655E+04 3. , OOOOE+OO 7. 6165E+01 9.1691E-01 0.OOOOE+OO 0.OOOOE+OO 99 2151 20 
1, .6943E+04 4. .OOOOE+OO 1. 7162E+02 4. 9355E-01 0.OOOOE+OO 0.OOOOE+OO 99 2151 21 
1, .8671E+04 3. .OOOOE+OO 9. 8771E-01 3. 2506E-01 0.OOOOE+OO 0. OOOOE+OO 99 2151 22 
1, .9175E+04 4. .OOOOE+OO 9. 3925E-01 2.0109E-01 0.OOOOE+OO 0. OOOOE+OO 99 2151 23 
1, .9779E+04 3 . OOOOE+OO 2. , 1631E+00 2. , 5115E-01 0.OOOOE+OO 0.OOOOE+OO 99 2151 24 
2 .1327E+04 4 . OOOOE+OO 5. •6260E-01 2. . 2009E-01 0.OOOOE+OO 0.OOOOE+OO 99 2151 25 
2 .1956E+04 3 .OOOOE+OO 7 .1816E+02 5, . 3120E-01 0.OOOOE+OO 0.OOOOE+OO 99 2151 26 
2 .2538E+04 4 .OOOOE+OO 2.6414E+02 2 .6041E-01 0.OOOOE+OO 0.OOOOE+OO 99 2151 27 
2 .4478E+04 3 .OOOOE+OO 3.5885E+02 6 .5075E-01 0.OOOOE+OO 0, ,OOOOE+OO 99 2151 28 
2 .5174E+04 4 .OOOOE+OO 1.7910E+02 5 .5116E-01 0.OOOOE+OO 0.OOOOE+OO 99 2151 29 
2 .5969E+04 4 .OOOOE+OO 1 .7893E+01 5 .8043E-01 0.OOOOE+OO 0.OOOOE+OO 99 2151 30 
2 .7377E+04 4 .OOOOE+OO 1 .8220E+02 5 .0939Er01 0.OOOOE+OO 0.OOOOE+OO 99 2151 31 
2 .9454E+04 3 .OOOOE+OO 1 .1665E+01 4 .1705E-01 0.OOOOE+OO 0 .OOOOE+OO 99 2151 32 
3 .0139E+04 4 . OOOOE+OO 3 .1350E+02 5 .1844E-01 0.OOOOE+OO 0 .OOOOE+OO 99 2151 33 
3 .1442E+04 3 . OOOOE+OO 1.3514E+02 5 .7198E-01 0. OOOOE+OO 0 .OOOOE+OO 99 2151 34 
3 .2811E+04 3 . OOOOE+OO 1 .3937E+02 6 .9913E-01 0.OOOOE+OO 0 .OOOOE+OO 99 2151 35 
3 .3101E+04 4. OOOOE+OO 3 •9267E+01 3 .1017E-01 0.OOOOE+OO 0.OOOOE+OO 99 2151 36 
3 .4957E+04 4. OOOOE+OO 2 .4156E+02 3 .9997E-01 0.OOOOE+OO 0.OOOOE+OO 99 2151 37 
3 .7194E+04 3 . OOOOE+OO 3 .3716E-01 2 .1999E-01 0.OOOOE+OO 0 .OOOOE+OO 99 2151 38 
3 .9547E+04 4.0000E+00 5 .5378E-01 1 .9999E-01 0.OOOOE+OO 0 .OOOOE+OO 99 2151 39 
4 .0376E+04 3. OOOOE+OO 2 .3354E+01 3 .7323E-01 0. OOOOE+OO 0 .OOOOE+OO 99 2151 40 
4.0806E+04 3 . OOOOE+OO 1 .2969E+00 4 .2004E-01 0. OOOOE+OO 0 .OOOOE+OO 99 2151 41 
4 .1595E+04 4 . OOOOE+OO 3 .5803E+01 3 .0046E-01 0.OOOOE+OO 0 .OOOOE+OO 99 2151 42 
4 .2970E+04 4 . OOOOE+OO 1 .6870E+00 1 .8006E-01 0.OOOOE+OO 0 .OOOOE+OO 99 2151 43 
4 .3843E+04 3. OOOOE+OO 1 .0532E+00 3 .5999E-01 0.OOOOE+OO 0 .OOOOE+OO 99 2151 44 
4 .5227E+04 3 . OOOOE+OO 6 .9063E+01 1 .8400E-01 0.OOOOE+OO 0 .OOOOE+OO 99 2151 45 
4 .5258E+04 4 .OOOOE+OO 2 .5887E+02 1.7855E-01 0.OOOOE+OO 0 .OOOOE+OO 99 2151 46 
4 .6017E+04 3 .OOOOE+OO 3 .0998E+02 4 .5557E-01 0.OOOOE+OO 0 .OOOOE+OO 99 2151 47 
4 .7339E+04 4 . OOOOE+OO 4 .7506E+01 3 .5165E-01 0.OOOOE+OO 0 .OOOOE+OO 99 2151 48 
4 .9487E+04 4.OOOOE+OO 4 .2362E-01 1.7000E-01 0.OOOOE+OO 0 .OOOOE+OO 99 2151 49 
5 .0556E+04 3 .OOOOE+OO 1 .0210E+02 3 .8509E-01 0.OOOOE+OO 0 .OOOOE+OO 99 2151 50 
5 .1532E+04 4 .OOOOE+OO 4 .5775E+02 7 .7920E-01 0.OOOOE+OO 0 .OOOOE+OO 99 2151 51 
5 .3130E+04 4 .OOOOE+OO 7 .0961E+01 5 .1069E-01 0.OOOOE+OO 0 .OOOOE+OO 99 2151 52 
5 .4068E+04 3 .OOOOE+OO 4 .3183E+02 9 .5969E-01 0.OOOOE+OO 0 .OOOOE+OO 99 2151 53 
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5. 6529E+04 3. OOOOE+OO 1. 9455E+02 9. 998LE-' 02 ' 0.OOOOE+OO 1 D.i DOOOE+OO 99 2151 54 
5. 9254E+04 3. OOOOE+OO 3. 4764E+02 6. 7988E-01 o.l DOOOE+OO I D.i OOOOE+OO 99 2151 55 
6. 0090E+04 4. OOOOE+OO 9. 2431E+01 3. 1073E-01 o.l DOOOE+OO 1 0.1 OOOOE+OO 99 2151 56 
6. 1407E+04 4. OOOOE+OO 7 . 8584E+01 5. 4012E-01 0. OOOOE+OO 0. OOOOE+OO 99 2151 57 
6. 3136E+04 4. OOOOE+OO 4. 9768E+01 4. 3042E-01 0. OOOOE+OO 0. OOOOE+OO 99 2151 58 
6. 3899E+04 3. OOOOE+OO 1. 1943E+00 3. 2002E-01 0. OOOOE+OO 0. OOOOE+OO 99 2151 59 
6. 4486E+04 4. OOOOE+OO 1. 5615E+00 1. 8003E-01 0. OOOOE+OO 0. OOOOE+OO 99 2151 60 
6. 5641E+04 3. OOOOE+OO 2. 4336E+00 5. 5011E-01 0. OOOOE+OO 0. OOOOE+OO 99 2151 61 
6. 6415E+04 4. OOOOE+OO 7. 9333E+01 2. 5685E-01 0. OOOOE+OO 0. OOOOE+OO 99 2151 62 
6. 8929E+04 4. OOOOE+OO 6. 9616E+00 4. 9161E-01 0. OOOOE+OO 0. OOOOE+OO 99 2151 63 
6. 9866E+04 4. OOOOE+OO 1. 9628E+01 4. 7111E-01 0. OOOOE+OO 0. OOOOE+OO 99 2151 64 
7. 0342E+04 4. OOOOE+OO 2. 4314E+02 3. 9004E-01 0. OOOOE+OO 0. OOOOE+OO 99 2151 65 
7. 2227E+04 3. ,OOOOE+OO 4. 5622E+02 1. 3096E+00 0. OOOOE+OO 0. OOOOE+OO 99 2151 66 
7. , 2699E+04 3. ,OOOOE+OO 2.4358E+02 3. 2172E-01 0. OOOOE+OO 0. OOOOE+OO 99 2151 67 
7. . 5085E+04 3, ,OOOOE+OO 3. , 6901E+01 5. 5232E-01 0. OOOOE+OO 0. OOOOE+OO 99 2151 68 
7, , 6061E+04 4. ,OOOOE+OO 8. , 9928E+00 3. 9039E-01 0. OOOOE+OO 0. OOOOE+OO 99 2151 69 
7, . 6915E+04 3.OOOOE+OO 1. ,9801E+01 2. 2026E-•01 0. OOOOE+OO 0. OOOOE+OO 99 2151 70 
7, . 7400E+04 3, ,OOOOE+OO 4. ,1876E+02 6. 6605E-•01 0. OOOOE+OO 0.OOOOE+OO 99 2151 71 
7, .8128E+04 4 .OOOOE+OO 5, ,2248E+00 4. 1179E-•01 0. OOOOE+OO 0. OOOOE+OO 99 2151 72 
7 . 9739E+04 4 .OOOOE+OO 2 .2644E+02 6. 4030E-•01 0. OOOOE+OO 0. .OOOOE+OO 99 2151 73 
7 . 9874E+04 3 .OOOOE+OO 7 .2898E+01 2. 1965E-•01 0. OOOOE+OO 0. ,OOOOE+OO 99 2151 74 
8 . 1890E+04 4 .OOOOE+OO 2 .6678E+02 3. 7565E-•01 0. OOOOE+OO 0, .OOOOE+OO 99 2151 75 
8 .3567E+04 3.OOOOE+OO 2 .2735E+02 5. 7917E-•01 0, OOOOE+OO 0. ,OOOOE+OO 99 2151 76 
8 . 4508E+04 4 .OOOOE+OO 3 .5231E+02 7. 2039E-•01 0. OOOOE+OO 0. ,OOOOE+OO 99 2151 77 
8 . 6692E+04 4 .OOOOE+OO 6 .3939E+00 4.4538E--01 0, ,OOOOE+OO 0 ,OOOOE+OO 99 2151 78 
8 . 6765E+04 3 .OOOOE+OO 7 .1725E+00 4. 4562E-•01 0. ,OOOOE+OO 0.OOOOE+OO 99 2151 79 
8 . 8726E+04 4 .OOOOE+OO 1.1932E+03 4. 7247E-•01 0. ,OOOOE+OO 0 .OOOOE+OO 99 2151 80 
9 .0228E+04 3.OOOOE+OO 9 .1334E+00 4. 4469E-•01 0. . OOOOE+OO 0 .OOOOE+OO 99 2151 81 
9 .1946E+04 4 .OOOOE+OO 2 .5621E+01 4. ,4534E' •01 0. .OOOOE+OO 0 .OOOOE+OO 99 2151 82 
9 . 3131E+04 3 .OOOOE+OO 2 .6337E+03 4, 4726E. •01 0. ,OOOOE+OO 0 .OOOOE+OO 99 2151 83 
9 .3172E+04 4 .OOOOE+OO 4 .0929E+02 3. 4881E' •01 0. .OOOOE+OO 0 .OOOOE+OO 99 2151 84 
9 .5247E+04 4 .OOOOE+OO 5 .1611E+02 3, , 5762E -01 0 .OOOOE+OO 0.OOOOE+OO 99 2151 85 
9 .5599E+04 3 .OOOOE+OO 5 .0376E+01 6, ,6657E -01 0, .OOOOE+OO 0 .OOOOE+OO 99 2151 86 
9 .7471E+04 4 .OOOOE+OO 7 .4570E+01 6, ,1119E -01 0 .OOOOE+OO 0 .OOOOE+OO 99 2151 87 
9 .8109E+04 3 .OOOOE+OO 8.0773E+02 3, •7789E -01 0 .OOOOE+OO 0 .OOOOE+OO 99 2151 88 
9 .8837E+04 4 .OOOOE+OO 2 . 0759E+03 4, .4453E -01 0.OOOOE+OO 0 .OOOOE+OO 99 2151 89 
1 .0028E+05 3 .OOOOE+OO 2 .7601E-02 4.4451E -01 0 .OOOOE+OO 0.OOOOE+OO 99 2151 90 
1 .0164E+05 3 .OOOOE+OO 8 .2197E+00 4.4451E -01 0 .OOOOE+OO 0 .OOOOE+OO 99 2151 91 
1 .0533E+05 3 .OOOOE+OO 4 .1242E+03 4, .4451E -01 0 .OOOOE+OO 0 .OOOOE+OO 99 2151 92 
1 .0663E+05 4 .OOOOE+OO 4 .8468E+03 4.4451E -01 0 .OOOOE+OO 0 .OOOOE+OO 99 2151 93 
1 .0883E+05 4 .OOOOE+OO 1 .9995E+02 4 .4451E -01 0 .OOOOE+OO 0 .OOOOE+OO 99 2151 94 
1 .1005E+05 4 .OOOOE+OO 1 .4486E+02 4 .4451E -01 0 .OOOOE+OO 0 .OOOOE+OO 99 2151 95 
1 .1095E+05 4 .OOOOE+OO 6 .7843E+01 4, ,4451E -01 0 .OOOOE+OO 0 .OOOOE+OO 99 2151 96 
1 .1140E+05 3 .OOOOE+OO 2 .1904E+01 4 .4451E -01 0 .OOOOE+OO 0 .OOOOE+OO 99 2151 97 
1 .1212E+05 4 .OOOOE+OO 1.0706E+02 4.4451E -01 0 .OOOOE+OO 0.OOOOE+OO 99 2151 98 
1 .1321E+05 3 .OOOOE+OO 1 .8322E+02 4.4451E -01 0 .OOOOE+OO 0 .OOOOE+OO 99 2151 99 
1 .1411E+05 4 .OOOOE+OO 1 .3265E+01 4.4451E -01 0 .OOOOE+OO 0 .OOOOE+OO 99 2151 100 
1 .1487E+05 3 .OOOOE+OO 1 .6922E+03 4.4451E -01 0 .OOOOE+OO 0 .OOOOE+OO 99 2151 101 
1 .1644E+05 4 .OOOOE+OO 8 .3767E+01 4 .4451E -01 0 .OOOOE+OO 0 .OOOOE+OO 99 2151 102 
1 .1726E+05 4 .OOOOE+OO 6 .0864E+02 4 .4451E -01 0 .OOOOE+OO 0 .OOOOE+OO 99 2151 103 
1 .1863E+05 3 .OOOOE+OO 2 .1343E+03 4 .4451E -01 0 .OOOOE+OO 0 .OOOOE+OO 99 2151 104 
1 .1940E+05 4 .OOOOE+OO 4 .0196E+02 4 .4451E -01 0 .OOOOE+OO 0 .OOOOE+OO 99 2151 105 
5 .8493E+01 6 .6720E-01 1 0 390 65 99 2151 106 
1 .3858E+03 3 .OOOOE+OO 7 .6800E-03 4 .9312E -01 0 .OOOOE+OO 0 .OOOOE+OO 99 2151 107 
2 .2772E+03 4 .OOOOE+OO 1 .4306E-02 4 .9002E -01 0 .OOOOE+OO 0 .OOOOE+OO 99 2151 108 
2 .8615E+03 3 .OOOOE+OO 1.7718E-01 4 .7215E -01 0 .OOOOE+OO 0 .OOOOE+OO 99 2151 109 
3 .9882E+03 4 .OOOOE+OO 9 .8229E-02 2 .0944E -01 0 .OOOOE+OO 0 .OOOOE+OO 99 2151 110 
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9. 4392E+03 3. OOOOE+OO 2. 0684E-01 4. 2233E-01 0. OOOOE+OO 0. OOOOE+OO 99 2151 111 
1. 1678E+04 4. OOOOE+OO 2. 1304E-02 2. 1994E-01 0. OOOOE+OO 0. OOOOE+OO 99 2151 112 
1. 1872E+04 3. OOOOE+OO 2. 0034E+00 2. 9847E-01 0. OOOOE+OO 0. OOOOE+OO 99 2151 113 
1. 3232E+04 3. OOOOE+OO 1. 0734E-01 2. 4811E-01 0. OOOOE+OO 0. OOOOE+OO 99 2151 114 
1. 3656E+04 4. OOOOE+OO 3. 1706E-01 2. 1997E-01 0. OOOOE+OO 0. OOOOE+OO 99 2151 115 
2. 0887E+04 3. OOOOE+OO 2. 5446E-01 2. 1997E-01 0. OOOOE+OO 0. OOOOE+OO 99 2151 116 
2. 7240E+04 4. OOOOE+OO 1. 5801E+00 2. 2003E-01 0. OOOOE+OO 0. OOOOE+OO 99 2151 117 
2. 9210E+04 3. OOOOE+OO 5. 9473E-01 2. 1989E-01 0. OOOOE+OO 0. OOOOE+OO 99 2151 118 
2. 9956E+04 4. OOOOE+OO 2. 0172E-02 2. 2000E-01 0. OOOOE+OO 0. OOOOE+OO 99 2151 119 
3. 1897E+04 4. OOOOE+OO 6. 3895E+00 4. 0008E-01 0. OOOOE+OO 0. OOOOE+OO 99 2151 120 
3. 3388E+04 3. OOOOE+OO 6. 5747E-01 3. 0997E-01 0. OOOOE+OO 0. OOOOE+OO 99 2151 121 
3. 4666E+04 4. OOOOE+OO 2. 9890E+00 2. 5993E-01 0. OOOOE+OO 0. OOOOE+OO 99 2151 122 
3. 5586E+04 4. OOOOE+OO 5. 7795E-01 4. 6000E-01 0. OOOOE+OO 0. OOOOE+OO 99 2151 123 
3. 6271E+04 3. OOOOE+OO 1. 1601E+00 2. 2000E-01 0. OOOOE+OO 0. OOOOE+OO 99 2151 124 
3. 6908E+04 3. OOOOE+OO 1. 8267E+01 3. 7000E-01 0. OOOOE+OO 0. OOOOE+OO 99 2151 125 
3. 9748E+04 4. OOOOE+OO 1. 2189E-01 2. 2000E-01 0. , OOOOE+OO 0. OOOOE+OO 99 2151 126 
4. 6367E+04 3. OOOOE+OO 1. 1455E+00 2.4000E-01 0. , OOOOE+OO 0. OOOOE+OO 99 2151 127 
4. 6566E+04 3. OOOOE+OO 1. 0160E+00 2.4000E-01 0. , OOOOE+OO 0. OOOOE+OO 99 2151 128 
4. 6852E+04 3. OOOOE+OO 1. 0787E+01 2 . 2001E-01 0. , OOOOE+OO 0. OOOOE+OO 99 2151 129 
4, , 7728E+04 4. OOOOE+OO 1. .4128E-01 2, ,8000E-•01 0, .OOOOE+OO 0. OOOOE+OO 99 2151 130 
4. , 7977E+04 4. . OOOOE+OO 6.0650E-02 2. .2000E-•01 0, .OOOOE+OO 0. OOOOE+OO 99 2151 131 
4, , 9707E+04 3. .OOOOE+OO 4. ,G530E+00 1, .7004E-•01 0, .OOOOE+OO 0. OOOOE+OO 99 2151 132 
5, .0378E+04 3, .OOOOE+OO 5, .6686E-01 1.7000E-•01 0, .OOOOE+OO 0. OOOOE+OO 99 2151 133 
5 . 0959E+04 4.OOOOE+OO 2, .8529E+00 2, .2030E-•01 0, .OOOOE+OO 0. OOOOE+OO 99 2151 134 
5 . 1263E+04 3. .OOOOE+OO 2, .4242E-01 3, .8500E-•01 0, .OOOOE+OO 0. OOOOE+OO 99 2151 135 
5 . 3567E+04 4, .OOOOE+OO 9 .2353E-01 5 ,0999E--01 0 .OOOOE+OO 0. OOOOE+OO 99 2151 136 
5 . 6761E+04 4, .OOOOE+OO 2. .1786E+00 1, ,OOOOE-•01 0, .OOOOE+OO 0. OOOOE+OO 99 2151 137 
5. . 7434E+04 4.OOOOE+OO 9, .7101E-01 9 . 9998E--02 0 .OOOOE+OO 0.OOOOE+OO 99 2151 138 
5 . 8070E+04 4, .OOOOE+OO 1, .3303E+01 3 .6009E-•01 0 .OOOOE+OO 0. OOOOE+OO 99 2151 139 
5 . 8308E+04 3, .OOOOE+OO 2, .1454E-01 3 .6006E-•01 0 .OOOOE+OO 0. OOOOE+OO 99 2151 140 
5 .8922E+04 4, .OOOOE+OO 1, .0018E+00 3 . 5991E-•01 0 .OOOOE+OO 0, OOOOE+OO 99 2151 141 
6 . 0600E+04 4. .OOOOE+OO 1, .3537E+00 2 . 9003E-•01 0 .OOOOE+OO 0. OOOOE+OO 99 2151 142 
6 . 1329E+04 3. .OOOOE+OO 4 .2346E-01 2 .9002E-•01 0 .OOOOE+OO 0. OOOOE+OO 99 2151 143 
6 . 1973E+04 4. .OOOOE+OO 3 .8367E-01 5 .2995E-•01 0 .OOOOE+OO 0.OOOOE+OO 99 2151 144 
6 . 2437E+04 3. .OOOOE+OO 2 .2014E+00 2 .5999E-•01 0 .OOOOE+OO 0. .OOOOE+OO 99 2151 145 
6 . 2585E+04 4. .OOOOE+OO 2 .5802E-01 5 .3002E-•01 0 .OOOOE+OO 0. .OOOOE+OO 99 2151 146 
6 . 2772E+04 3. .OOOOE+OO 2 .6178E+00 5 .3017E-•01 0 .OOOOE+OO 0. .OOOOE+OO 99 2151 147 
6 . 7367E+04 3 .OOOOE+OO 1 .2689E+00 4 . 7002E-•01 0 .OOOOE+OO 0. .OOOOE+OO 99 2151 148 
6 .8033E+04 4 .OOOOE+OO 1 .7625E+00 4 . 7016E-•01 0 .OOOOE+OO 0. .OOOOE+OO 99 2151 149 
6 .8708E+04 3 .OOOOE+OO 1 .2606E+00 3 .OOOIE •01 0 .OOOOE+OO 0, .OOOOE+OO 99 2151 150 
7 .4853E+04 3, .OOOOE+OO 2 .9148E+00 2 .6004E •01 0 .OOOOE+OO 0. .OOOOE+OO 99 2151 151 
7 .6314E+04 4, .OOOOE+OO 6 .2293E+00 6 . 7160E-•01 0 .OOOOE+OO 0. .OOOOE+OO 99 2151 152 
7 . 7653E+04 3, .OOOOE+OO 1 .4589E+01 4 .6152E-01 0 .OOOOE+OO 0. .OOOOE+OO 99 2151 153 
7 .9201E+04 3 .OOOOE+OO 2 .7100E+00 5 .4185E-01 0 .OOOOE+OO 0. .OOOOE+OO 99 2151 154 
7 . 9388E+04 4 .OOOOE+OO 2.0063E-01 3.4858E' -01 0 .OOOOE+OO 0. .OOOOE+OO 99 2151 155 
7 .9512E+04 3 .OOOOE+OO 2 .2453E-01 3 .3020E-01 0 .OOOOE+OO 0. .OOOOE+OO 99 2151 156 
8 . 2674E+04 3 .OOOOE+OO 1 .0575E+00 4 .6039E -01 0 .OOOOE+OO 0 .OOOOE+OO 99 2151 157 
8 . 2881E+04 4, .OOOOE+OO 3 .5664E+01 6 . 2139E' -01 0 .OOOOE+OO 0 .OOOOE+OO 99 2151 158 
8 .4760E+04 3 .OOOOE+OO 7 .2265E-01 3 .9000E -01 0 .OOOOE+OO 0 .OOOOE+OO 99 2151 159 
8 .5503E+04 4 .OOOOE+OO 9 .6409E-01 3 .6003E -01 0 .OOOOE+OO 0.OOOOE+OO 99 2151 160 
8 .8924E+04 3 . OOOOE+OO 1 .5739E+00 4 .4451E -01 0 .OOOOE+OO 0 .OOOOE+OO 99 2151 161 
8 .9298E+04 4 .OOOOE+OO 8 .5020E+00 4 .4453E -01 0 .OOOOE+OO 0 .OOOOE+OO 99 2151 162 
8 .9511E+04 4 .OOOOE+OO 3 .1431E+01 4 .4461E -01 0 .OOOOE+OO 0 .OOOOE+OO 99 2151 163 
9 .1338E+04 4 .OOOOE+OO 1 .1665E+00 4 .4452E -01 0 .OOOOE+OO 0 .OOOOE+OO 99 2151 164 
9 .1438E+04 3 .OOOOE+OO 5 .0063E+00 4 .4472E -01 0 .OOOOE+OO 0 .OOOOE+OO 99 2151 165 
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9.1636E+04 
9.2133E+04 
9.4080E+04 
9.6620E+04 
9.8704E+04 
9.9389E+04 

4.OOOOE+OO 
3.OOOOE+OO 
3.OOOOE+OO 
4.0000E+00 
3.OOOOE+OO 
4.OOOOE+OO 

3.9151E+00 
3.9342E+00 
4.9873E-01 
5.8607E+00 
2.8036E+01 
5,9426E-01 

4.4482E-01 
4.5098E-01 
4.3446E-01 
6.8504E-01 
4.4531E-01 
4.4451E-01 

0.OOOOE+OO 
0.OOOOE+OO 
0.OOOOE+OO 
0.OOOOE+OO 
0.OOOOE+OO 
0.OOOOE+OO 

0.OOOOE+OO 
0.OOOOE+OO 
0.OOOOE+OO 
0.OOOOE+OO 
0.OOOOE+OO 
0.OOOOE+OO 

99 2151 166 
99 2151 167 
99 2151 168 
99 2151 169 
99 2151 170 
99 2151 171 

30 


