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EVALUATED NEUTRON DATA FOR THERMAL REACTOR CALCULATIONS

L.P. Abagyan and M.S. Yutskevich

THE KORT NEUTRON DATA LIBRARY

The paper describes a library of evaluated neutron data designed for

thermal reactor calculations and other low energy neutron physics applica-

tions. The name of the library is KORT (Evaluated Thermal Reactor

Constants).

The KORT library was established for a number of reasons. At present

we have no library or reference work combining all the information needed

for thermal reactor physics calculations. Existing libraries with files

of evaluated neutron data contain complete data on neutron interactions

with many nuclei, but the large size of these libraries makes it difficult

or even impossible to use them directly for reactor calculations. Further-

more, what is needed for thermal reactor calculations is in reality only

a small part of the total amount of information contained in the evaluated

neutron data files, and the available information is not always in

explicit form (for example the resonance integrals). Furthermore, the

complete files are oriented mainly towards fast reactor calculations, and

in the slow neutron region the data need to be revised.

Thanks to its comparatively small size and the: completeness of the

information contained in it, the KORT library can be used directly for

routine computer-based reactor calculations and also for reference pur-

poses. By the beginning of 1980 KORT held information on 135 nuclides

and 8 reactor moderators, including the main fissile and raw material

isotopes, structural materials, absorbers, detectors, strongly absorbing

fragments and heavy isotopes formed during reactor operation. The full

list is given below.



1. Hydrogen

2. Deuterium

3. Helium

4. Helium-3

5. Lithium

6. Lithium-6

7. Lithium-7

8. Beryllium

9. Boron

10. Boron-10

11. Boron-11

12. Carbon

13. Nitrogen

14. Oxygen

15. Fluorine

16. Sodium

17. Magnesium

18. Aluminium

19. Silicon

20. Phosphorus

21. Sulphur

22. Chlorine

23. Argon

24. Potassium

25. Calcium

26. Titanium

27. Vanadium

28. Chromium

29. Manganese

30. Iron

31. Cobalt

32. Nickel

33. Copper

34. Zinc

35. Gallium

36. Zirconium

37. Niobium

38. Molybdenum

39. Rhodium

40. Cadmium-113
41. Indium-115

42. Xenon-135

43. Samarium-149

44. Samarium-151

45. Europium

46. Europium-151

47. Europium-153

48. Gadolinium-155

49. Gadolinium-157

50. Dysprosium-164

51. Erbium

52. Erbium-162

53. Erbium-164

54. Erbium-166

55. Erbiun-167

56. Erbium-168

57. Erbium-170

58. Lutetiun

59. Lutetium-175

60. Lutetium-176

61. Tungsten

62. Tungsten-180

63. Tungsten-182

64. Tungsten-183

65. Tungsten-184

66. Tungsten-186

67. Gold

68. Lead

69. Bismuth

70. Thorium-228

71. Thoriun-229

72. Thorium-230
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73. Thorium-231

74. Thoriim-232
75. Thorium-233

76. Protactinium-231

77. Protactinium-232

78. Protactinium-233

79. Protactinium-234m

80. Protactinium-234g

81. Uraniun-232

82. Uranium-233

83. Uranium-234

84. Uranium-235

85. Uranium-236

86. Uranium-237

87. Uranium-238

88. Uranium-239

89. Neptunium-236m

90. Neptunium-236g

91. Neptunium-237

92. Neptunium-238

93. Neptuniunv-239

94. Neptunium-24Cm

95. Neptunium-24Og

96. PlutoniviTK236
97. Plutoniim-237
98. Plutonium-238

99. Plutonium-239

100. Plutoniu7>-240
101. Plutonium-241

102. Plutonium-242

103. Plutonium-243

104. Americium-241

105. Anericium-242m
106. AnericiuTi-242g
107. Anericiun-243
108. Aiericium-244m

109. Americium-244g
110. Curiun>-242
111. Curium-243
112. Curium-244
113. Curium-245
114. Curium-246
115. Curium-247
116. Curium-248
117. Curium-249
118. Berkelium-249
119. Berkeliun-250
120. Berkelium-251
121. Californium-249
122. Califomium-250
123. Califomium-251
124. Californium-252
125. Califomium-253
126. Californium-254

127. Califomium-255
128. Einsteinium-153

129. Einsteinium-254m

130. Einsteinium-254g

131. Einsteinium-255

132. Einsteinium-256

133. Fermium-254

134. Fermium-255

135. Fermium-256

136. Water

137. Heavy water

138. Zirconium hydride

139. Benzene

140. Polyethylene

141. Beryllium crystal

142- Beryllium oxide

143. Graphite

The following information is given in KORT:

A general characterization of the nucleus (mass, energy of

capture and fission reactions, parameters of radioactive decay);

Partial cross-sections for neutrons of thermal energy, and the

number of secondary fission neutrons (estimated errors in the

measurements of these quantities are indicated);

- Coefficients defining the deviation of capture and fission

cross-sections from the 1/v law in a Maxwellian spectrum;



- Resonance capture and fission integrals; and the estimated

errors in these quantities (for nuclei with Z > 90);

- Detailed energy dependence of the cross-sections in the

10"4 - 5 eV region at T = 300 K.

For moderators the atomic oscillation frequency spectra are given.

This information makes it possible to calculate the differential slow

neutron scattering cross-sections with allowance for the thermal motion

and the chemical load of the atoms - using Majorov's data [1] for example.

The response speed of this programme is such that we have been able to do

without the storage of scattering laws, as in the American ENDF/B

1ibrary [2 ].

The LIPAR library of resonance parameters, which is linked with a

programme for calculating cross-sections in the resolved resonance

region [3], is a component of the KORT library.

The information which has gone into the KORT library comes from

various sources. The data on cross-sections, resonance integrals and

resonance parameters resulted from an evaluation of experimental studies

carried out by the authors and from a critical analysis of the evaluations

of other authors. For elements with Z •$ 90 and the main fissionable

elements, papers published up to August 1978 were considered, and for

elements with Z > 90 (the actinides) papers published up to August 1979.

The data on v (the number of secondary neutrons per induced or spontaneous

fission event) are taken largely from the handbook cited as Ref. [4],

the nuclear mass data from Ref. [5] and the data on radioactive nuclear

decay parameters from Refs [6] and [7].

The energy released in neutron capture is calculated from the mass

balance. The energy of fission is evaluated by P. Eh. Nemirovskij: this

is the total fission energy Less the energy carried off by the neutrino

and less the energy released in the decay of long-lived (Tx >. 2-3 years)

fission products (amounting to about 0.15 MeV). The atomic oscillation

frequency spectra for the moderators were selected in accordance with

the recommendations of Ref. [9].
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The KORT library is recorded on computer magnetic tapes in a format

similar to that of the UKNDL [10] and SOKRATOR [ll] libraries. It can

effectively use all the aids available from the service complex of the

TEKDA libraries [12], and in particular the user has the possibility of

extracting the desired information from FORTRAN programs for input into

the KORT working memory.
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NEUTRON DATA FOR ACTINIDES

In this section we describe the part of the KORT library concerned with the

actinides, i.e. fissile and raw material isotopes of thorium, uranium and
228 256

plutonium and the isotopes from Th to Fm produced in the operation of a

thermal reactor.

Formation of actinide isotopes

Figure 1 is a diagram of the radioactive transformations which occur in a

thermal reactor. In preparing this diagram we took only (n,-y) reactions into

account; (n,2n), (n,p) and other reactions were not considered as they are not
232 237

characteristic for thermal reactors [the (n,2n) reactions in Th and Np
232

are an exception because they are pathways for the formation of U]. Chains

with Z = const end with short-lived nuclei having a half-life not greater than

ten hours. Horizontal arrows denote (n,y) reactions, the slanting arrows

3-decay.

To avoid complicating the diagram, we have not indicated a-decay and elec-

tron conversion processes except where they lead to the formation of additional

isotopes. For ease of analysis we have separated out the main chain leading to

the formation of heavy isotopes. Nuclei with a half-life less than ten days are

shown within dashed lines.

The list of isotopes included in the KORT library is drawn up in accordance

with the radioactive transformation scheme. The amount of information given for

particular isotopes is governed by the level of experimental investigation they

have reached. Thus for the short-lived isotopes which are last in the Z = const

chain we have only the lifetime and the type of decay; but this is quite enough

for reactor problems.

Thermal cross-sections and resonance integrals

The evaluation of the thermal capture and fission cross-sections and

resonance integrals is described later. Here we give only the final results

included in the KORT library.

Table 1 gives capture and fission cross-sections for a neutron energy of
T T

0.0253 eV, a and a ; resonance capture and fission integrals below 0.5 eV, RIex. c
and RI,; and the numbers of secondary neturons for induced fission (v, v , v )

r Pa

and spontaneous fission (v ). For isotopes in which the capture of a neutron

leads to the formation of a nucleus in the ground (g) and metastable (m) states,

the partial cross-sections and partial resonance integrals are also given.
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In Table 1 we give g and gf factors describing the deviation of the capture

and fission cross-sections from the 1/v law:

\ 6{E^ex<;£

For T = 300 K the g factors are calculated from the energy dependence of the

cross-sections, which is included in the KORT library. If no g factor is given,

this indicates that the energy dependence of the cross-sections is not known for

the element in question. The second column of the table gives half-lives of
9

unstable nuclei (T < 10 years) and the main type of decay. Percentage ratios

between the different types of decay are included in the KORT library but are

not shown in Table 1.

Unresolved resonance parameters and cross-section energy dependence

For some of the nuclei considered the energy dependence of the cross-

sections has been measured and the resonance parameters obtained. For these

nuclei, resonance—parameter—reduced cross—sections are included in the KORT

library. The calculation of these cross-sections appears in the earlier CROS

program [3]. Since various methods of cross-section parametrization were used

for the different isotopes, the CROS program relies on a number of calculation

algorithms:

1. The Breit-Wigner formalism, allowing for interference from potential

and resonance scattering and the Doppler effect;

2. The Adler-Adler multi-level R-matrix formalism, allowing for the

effects mentioned above and also for interference between resonances

in the first approximation; and

3. The Kadura-Peierls multi-level formalism.

Table 2 contains a brief characterization of the resolved resonance region

and also indicates the method of cross-section characterization used and the

source of the resonance parameters quoted for particular isotopes. For the

actinides not mentioned in Table 2, the energy dependence of the cross-sections

in the low-neutron energy range of interest to us is not known.

Certain changes have been introduced in order to adjust the independently

evaluated thermal cross-sections and those determined from the resonance para-

meters to the parameters evaluated by other authors. All these changes - which

as a rule relate to fictitious negative levels - are shown in Table 3.
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The resonance parameters evaluated in the present paper are set out in

Tables 4-13. Only the parameters of the first resonances are given (not more

than 50), although the resonance parameter library [3] contains the parameters

of all resolved resonances, all of which were taken into account in calculating

the cross-sections.

Brief remarks about the evaluation

In 1973 the manual BNL-325 [4] was published, containing what was at that

time the most complete information available on evaluated thermal cross-sections

and resonance integrals. The IAEA organized, at Karlsruhe in 1975 and again at

Cadarache in 1979, international meetings of experts to elaborate recommendations

for various users of actinide nuclear data. At the first meeting, P. Benjamin

[13] presented a survey paper on data for thermal reactors, giving a complete

analysis of differential and integral experiments designed to measure the cross-
c , • -J r 231^ 254 , _,.

sections and resonance integrals of the actinides from Pa to Es - excluding
23? 233 235 2)8 239

only the main reactor isotopes ( Th, U, U, " U, Pu). Papers published

up to 1975 were considered - including work not available to us. The proceedings

of the second meeting contained no review paper on thermal cross-sections; there

is a review of existing nuclear data libraries [25], but it concentrates on the

fast neutron region.

In compiling the KORT library, the evaluations in Refs [4, 13] were revised

to take account of new experimental data. The results of the evaluation are set

out in Table 1.

For the main fissile isotopes ( U, U, Pu, Pu) the IAEA has

organized periodic evaluations of cross-sections and other thermal neutron data

[26-28]. The evaluation method is a multiparametric fitting process which yields

values with minimum mean-square deviation from the totality of the experimental

results. At the same time certain normalizing parameters are fitted as well
252

(the number of fission neutrons from Cf etc.). The experiments were divided

into two groups which were analysed separately. One group included experiments

with 0.0253 eV neutrons, the other experiments with neutrons in a Maxwellian

spectral distribution. For the isotopes of plutonium the two groups gave results

that were in agreement to within the experimental errors, but for the isotopes of

uranium they diverged. The average values have been taken as recommended data.

In 1977 the author of the latter IAEA evaluation [14] once again evaluated

the same experimental material and analysed the reasons for the divergence.
233 235

Table 14 gives the results of this work for U and U.
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It is possible to harmonize the results of spectrometric and spectral experi-

ments only by accepting Westcott g-factor values which are inconsistent with the

evaluated energy dependence of the cross-sections (for example, for

U g = a/a° = 1.06 whereas the calculated g = 0.981). Lemmel has come to the

conclusion that this discrepancy is linked with a systematic error in some

measurements or other, but the source of the error has not been found.

The spectrometric experiments are the more reliable, since they are not

affected by uncertainties regarding the neutron spectrum, the high energy contri-

bution and so on. Furthermore, measurements on the Maxwellian spectrum give an
233 235

unjustifiably high value for v = n(o /of), namely 2.50 for U and 2.46 for U.
3 L

233 235 239
Accordingly, the data included in the KORT library for U, U Pu and

Pu are those from Lemmel's evaluation [14] of the 0.0253 eV neutron experiments

and g-factors calculated on the basis of the evaluated cross-section energy

dependence.

It is important to note that the discrepancies between the spectrometric

and spectral measurements are significant for the fission and capture cross-

sections. The quantities which govern the criticality of a reactor (the absorption

cross-section, o , and the number of secondary neutrons per absorption, n) are the

same for the two methods of measurement to within the error limits.

The resonance integrals for U, U, Pu and Pu are taken in accord-

ance with the multigroup system of constants in the BNAB-78 library [29].

The most complete compilation of resonance parameters in the literature

published up to 1973 is to be found in Ref. [30], but this work contains no

recommendations. Evaluated resonance parameters are given in the manual of

Mughabghab and Garber [4], an evaluation based essentially on the same experi-

mental material as Ref. [30]. After 1973 there appeared a large number of

measurements and evaluations. For isotopes for which the evaluations were out

of date we have evaluated the resonance parameters anew. The evaluations for

each isotope are discussed below, and the results are reproduced in part in

Tables 4-13.

Cross-sections calculated on the basis of the evaluated resonance parameters

have been compared whenever possible in the energy range up to 5 eV with the

experimental data in Garber and Kinsey's compilation [31] or with more recent

data. The results of this evaluation were in turn compared with the evaluated

nuclear data files submitted for international exchange [32]. The most complete

libraries of files on the actinides are the American ENDF/B-V [2] and ENDL-A [33]

libraries. By and large KORT is in agreement with these libraries; the dis-

crepancies that do exist are due to the fact that the KORT library includes later

experimental work.
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The ENDF/B-V and ENDL-A files lay claim to completeness, which means that

in some cases cross-sections are "constructed" artificially, in our view, without

sufficient justification. Thus in the ENDF/B library the cross-sections in the

low-energy region are determined from average resonance parameters measured in

the high-energy region, in accordance with the GENPAR library formula [34]. This

procedure is justified for the fast neutron region, but in the first resonance

region it is bound to lead to large and indeterminate errors.

The KORT library includes the energy dependence only in cases where there

is at least one measurement in the region up to 5 eV from which the resonance

parameters can be determined. In what follows we offer brief explanations con-

cerning the individual isotopes. Elements for which all the available experi-

mental work has been taken into account in earlier evaluations are not discussed.

228
Th. For this isotope the parameters of two resonances at 1.896 and

7.55 eV are known [4]. The capture cross-section calculated on the basis of

these parameters is five times less than the recommended value. This discrepancy

might be explained by, for example, the presence of a resonance below 1 eV. It

was decided not to attempt to give the cross-section energy dependence in the KORT

library in situations like this.

229
Th. The thermal cross-sections and resonance integrals for this isotope

are taken from Ref. [4], The number of secondary neutrons per fission, v, is

based on Refs [35, 36], i.e. with allowance for the new normalization. The

resonances of this isotope are resolved below 51 eV [4]. However, above 9.15 eV

the neutron width has not been determined and we know only the area beneath the

fission curve a F for certain resonances. The LIPAR library includes parameters

up to 9.15 eV: the fission widths are determined on the basis of o V data and
o f

the radiation widths are taken to be 40 meV.
231

Pa. The thermal capture and fission cross-sections in the evaluations

cited as Refs [4] and [13] coincide although there is some inconsistency in the

data given in Ref. [4], Thus the total cross-section in accordance with the

measurement report in Ref. [37] is taken to be 211 ± 4 b, whereas the capture

cross-section is 210 — 20 b. Just recently activation measurements of the fission

cross-section have been published giving a value of 201 ± 22 b [38], and there are

preliminary data giving 201 - 20 b [39], This prompted a revision of the recom-

mended capture cross-section values in Refs [4, 13].
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The thermal fission cross-section is several orders of magnitude less than

the capture cross-section, which explains the large scatter of the data on the

fission cross-section: 0.010 ± 0.005b [4], 0.006 ± 0.001 b [40] and

0.020 i 0.001 b [41]. We have taken the average fission cross-section from all

the measurements with a 50% error derived as a root-mean-square deviation.

In Mughabghab and Garber's evaluation [4] the neutron width of the resonance

(0.494) represents an average value between the data of Refs [37] and [42].

However, judging from the total cross-section peak, Patterson and Harvey's experi-

mental data [42] were obtained with poorer resolution and we did not take them

into account.

231
The resonance integral for Pa is very sensitive to the lower limit of

the integral E . This is explained by the influence on the resonance capture

integral of resonances with E = 0.396 and 0.494 eV. Figure 2 shows the res-

onance capture integral calculated by us, RI (E ) = / " o ( E ) — as a function

of E and also the measurement results and evaluations of other authors. From
c

the figure it can be seen that when E goes from 0.3 to 0.5 eV the resonance

capture integral decreases by 1000 b, and it is this circumstance which causes

the substantial data scatter we have noted for this resonance. For RI above
c

0.5 eV a value of 470 b has been taken, derived as the sum of the integral cal-

culated on the basis of the resonance parameters below 10.7 eV (305 b) and the

integral evaluated in Ref. [37] for the region above 10.7 eV (165 b).

233
Pa. The resonance parameters of the first two levels are taken fromRef. [45] whereas the parameters of the resonances from 0.795 to 17 eV are based

on the data of Ref. [4]. Since the 0.4 eV level is extremely weak

(2gT = O.OOO253 meV) the resonance capture integral is almost completely

insensitive to the magnitude of E .

232

U. The recommended value of the fission resonance integral is based on

measurements of Gryntakis and Kim [40] performed in 1976 (RI (0.55 eV) =

348 — 116 b). The thermal fission cross-section from this work (74 — 8 b) was

not included in earlier evaluations but it is in agreement with the recommend-

ation of Benjamin [13] which we have in fact taken (75.2 ± 4.7 b).
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234.
U. James, Dabbs and Harvey [18], whose resonance parameters are used

here, made simultaneous measurements of the total cross-section in the region

above 20 eV and of the fission cross-section above 3 eV. Harvey's measurements

of the total cross-section made in 1958 with much poorer resolution (see Ref. [4])

were not taken into account. All other measurements were made only for the

resonance at 5.16 eV and their results are in agreement with the data of Ref. [18],

The radiation widths of all the resonances were taken to be equal to r for the
Y

first resonance. The evaluations of the resonance capture integral, which have

given 630 b [13], 665 b [46] and 645 b [40]»while not the same, are in agreement

to within the error limits. The recommendation of Gryntakis and Kim [40]is taken.

9 ̂  f\

U. The resonance parameters for this isotope have been evaluated again

because Ref. [4] did not include two analyses: Ref. [47], where transmission

was measured by the time-of-f1ight method for the 40 eV-4 keV range with high

resolution, and Ref. [48] in which the time-of-flight method was used to measure

the capture and scattering cross-section as well as transmission in the energy

region up to 2 keV.

Since the data in Ref. [47] cover a larger energy range than all the other

studies and since the energy spread is not large, the resonance locations have

been taken in the main from Ref. [47], The neutron and radiation widths for

each resonance were averaged over all the available experimental data. If the

radiation width of the resonance had not been measured, it was assumed to be

T =23 meV. Values of r are given for some resonances, but the fission

cross-section was not calculated in view of its small size. The parameters of

the first fifty resonances are given in Table 4.

237
U. The energy dependence of the cross-sections has been measured only

in the region above 43 eV [49], and the positions of the resonances and the

areas beneath the fission cross-section curve have also been determined. From

these data it is apparent that the average level spacing is about 4 eV, which

means that the cross-section is most unlikely to have a non-resonance character

in the region up to 5 eV.

There is a discrepancy in the resonance integrals between Refs [4] and

[13], Our choice follows the recommendation of Ref. [13].

238
U. The data on this isotope are taken entirely from the evaluation in

Ref. [20].
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237

Np. In Ref. [4] the resonance parameters of this isotope are evaluated

on the basis of a number of transmission, capture and fission cross-section

measurements, including the measurements of o (E) in Ref. [50]. Recently there

have appeared simultaneous measurements of the capture, elastic scattering and

total cross-sections by the time-of-flight method in the 8-204 eV range [51];

from an analysis of these measurements the authors of the paper obtained neutron

widths for 200 levels and radiation widths for 25 levels. The resonance

locations are in agreement with the evaluation in Ref. [4]. Monotonic resonance

omission (Fig. 3) is observed with the variation in energy. For this reason the

authors of the present paper included resonance parameters only up to 150 eV in

the LIPAR library.

The resonance spins, J, were not determined for all levels, and the statis-

tical weight (g) data were supplemented on the basis of the rule that the level

density is proportional to 2J+1. Ref. [51] does not give the values of g which

were used in determining r from 2gT . For this reason we did not take r from

Ref. [51] into account, but we have noted that these values are close to the

neutron width in Ref. [4]. The radiation widths for each level were averaged

over the different data sources. When data on T were missing, it was assumed

that r = r - r (since rc « r ) or r = <r >. The value <r > = 40 meV was
Y n t y Y Y Y

taken from Ref. [51].
237

Table 5 shows the resonance parameters of Np for the first 50 levels.
237

The level at E = 0.489 eV makes the resonance integral for Np sensitive to

E - the lower limit of the integral. This, in particular, explains the strong

scattering of the integral measurement results. The same scatter is found in the

evaluations: 660 b [4, 13], 756 b [52] and 946 b [40].

Calculation of the resonance capture integral on the basis of the resolved

resonances up to 150 eV gives a value of 760 b. Of this 190 b represents the

contribution of the resonance at 0.489 eV up to 0.5 eV (Fig. 4). We recommend

the evaluation of Ref. [13], i.e. RI (0.5 eV) = 660 ± 50 b.
c

O O Q

Np. The evaluations of thermal cross-sections and resonance integrals

for this isotope are not very reliable because of its short half-life. Thus the
T

recommended value of a = 1600 b from the evaluation in Ref. [52] is 25% lower

than the recommendation in Ref. [13], viz. 2070 ± 30 b.
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For the recommended fission resonance integral no lower limit is indicated

by Benjamin [13]. At the same time, since the position of the resonances is not

known, the question of the sensitivity of the fission resonance integral to E

cannot be answered either. The resonance capture integral in Ref. [46] was

evaluated on the basis of an approximate relationship RI * Rlf(<rY>/<Tf>).
T T

We have taken the values of o and RIf from Benjamin's evaluation [l3] and a

and RI from Menapace [46].

238
Pu. The independent evaluations of this isotope in Refs [4] and [21]are based on the same experimental information and give closely agreeing values

of the thermal cross-sections, resonance integrals and resolved resonance

parameters. The cross-sections recommended in Ref. [13] diverge somewhat because

the author has left a number of analyses out of consideration. For the thermal

cross-sections and resonance integrals we have taken the evaluation of Ref. [4];

the resonance parameters are based on the evaluation in Ref. [21]. Note that the

a (E) and af(E) curves in the ENDF/B-IV library (see Ref. [31.]) do not agree with

the experimental data in Ref. [31] as well as the cross-sections calculated by us.

240

Pu. The thermal cross-sections for this isotope are based on the multi-

group constants of the BNAB-78 library [29]. The energy dependence of the

cross-sections was calculated from resonance parameters evaluated by us in 1977.

Table 6 shows the parameters of the first fifty resonances. In the energy

region under consideration sub-threshold fission occurs; for example, at the peak

of the first resonance (E = 1.059 eV) it amounts to 37 b. However, against the

background of a 170 000 b capture cross-section, fission can be disregarded. The

KORT library includes only a(E).

The resonance capture integral is taken from the system of constants in

Ref. [29]. The 12% error quoted by Benjamin [13] seems somewhat high as the

resonance capture integral is determined to the extent of 977» by the parameters

of a thoroughly studied resonance at 1.059 eV. We have accordingly assigned an

error of 3% to this quantity.

241
Pu. The resonance integrals for this isotope were taken from Ref. [13].

The resonance parameters have been evaluated independently by different authors

[4, 22, 53, 54]. It would seem natural to use the results of the most recent

evaluation [54], but for a number of reasons this has not been done. In the

second part of the review in Ref. [54] we find evaluated Adler-Adler resonance

parameters with two negative levels, and from these the single-level Breit-Wigner

parameters have been derived. However, as the authors of Ref. [54] point out,

these parameters should not be used in calculating the detailed cross-section

behaviour (Part II, p. 23). The authors themselves used them only to obtain the

average parameters. At the same time Reich-Moore parameters without a negative

level from Ref. [55] have been entered in the Pu file.
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In calculating the energy dependence of the fission and capture cross-

sections, the authors of the present paper have used multi-level parameters

derived by Weston and Todd [22] from a simultaneous analysis of the a and a,

cross-sections using the Adler formalism. The calculated cross-sections were

compared both with the experimental data of Ref. [31] (and the measurements

[55-57] not included therein) and with the evaluated cross-section curves from

various libraries [25].

242
Pu. All existing evaluations and Bendt's new measurement of the capture

cross-section [58], not included in the evaluations, are in good agreement with

each other. There are large discrepancies (orders of magnitude) in the fission
T T

cross-section because of the fact that o- « a . Accordingly, we have assigned
t c

an error of 100% to the fission cross-section. The resonance integral was taken

from the evaluation in Ref. [13], corrected by the value of RI in the

0.5-0.625 eV range.

241 . 241 , , , c 242
Am. Neutron capture in Am leads to the formation or Am in the

ground (T1 = 16.01 a) and metastable (T, = 141 a and 13 s) states. The cross-

section of the Am(n,y) Am1"2 reaction, namely 0.1 ± 0.05 mb, is several

orders of magnitude smaller than the total cross-section and therefore has not

been included in the library.

After Benjamin's evaluation [13] had been completed, there appeared a

paper by Gavrilov and co-workers [59] who used the cadmium difference method

in the channels of the high-flux SM-2 reactor to measure thermal cross-sections

and resonance fission and capture integrals on microgram samples. In deriving

the recommended values of the capture cross-section we have taken this experi-

ment into account. The isomeric ratio of our evaluation agrees to within the

error limits with the results of the measurements performed in Refs [59], [60]

and other evaluations (notably Ref. [61]).

In evaluating the fission cross-section not only Gavrilov's measurements

[59] (2.8 ± 0.25 b) but also the data of Ref. [62] (3.2 ± 0.15 b) obtained in a

horizontal channel of the SM-2 reactor were taken into account. The value

v = 3.121 i 0.030 is recommended in accordance with Benjamin [13] and differs

from the value given in Ref. [4], namely v = 3.219 - 0.038.

The resonance parameters in the present paper were evaluated with allow-

ance for the new data in Refs [63-66]. The results of the measurements in

Ref. [67] have not been included in our evaluation because they were not

available to us. The authors of Refs [63] and [65] measured the fission cross-

section in the ranges up to 150 and 10 eV respectively. In Ref. [64] resonance

parameters up to 50 eV were obtained from measurements of the absorption cross-section.
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Finally, Ref. [66] also determined resonance parameters on the basis of the trans-

mission measurements of Refs [68, 69] up to 30 eV. For a number of reasons the

resolved resonance region was limited to E = 50 eV. In the first place, above

50 eV parameter data are to be found only in one paper [63] and analysis of <D>

(the average level spacing) indicates that in this region a systematic omission

of resonances begins. Secondly, large r (2-2.5 x <r >) appear in this energy

region.

Let us give a short description of the evaluation. The resonance energies

E are taken from Ref. [63], apart from the first two levels which are taken

from Ref. [64]. The spin of the target nucleus, I = -V2, was the same as for
237

Np; accordingly the spins of the compound nuclei were taken on the basis of

that isotope, as detailed measurements are available for it. The neutron

widths, 2gT , were averaged over all the papers with a weight equivalent to the

inverse square of the errors. It should be noted, however, that the results of

the early measurements which Mughabghab and Garber's evaluation [4] took into

account had very little effect on the averaging results owing to the large

errors, despite the very different values of 2gT . The radiation widths were

also averaged. However, in the region above 4 eV the F values are virtually

the same as those given by Lucas and co-workers [63], since the T in Ref. [66]

are quoted with much larger errors. To resonances with unknown V we have

assigned the average radiation width derived by us, namely <T > = 44 meV.

Below 10 eV the fission widths were averaged in accordance with Refs [4, 63-65].

Above 10 eV the value of T follows the data of Lucas and co-workers [63]: we

have averaged the two T systems given in that paper. One system, derived from

our own measurements of the fission cross-section in the range up to 40 eV gives

< r, > = 0.23 meV and obeys a relatively broad xz-distribution with four degrees

of freedom; the second system, derived from the measurements of Ref. [70] in the

22-52 eV region, gives <^ f
> = 0.52 meV with a very narrow X2-distribution

(15 degrees of freedom).

Thus the discrepancies between the two Tf systems are large and systematic.

Nevertheless, in the 22-40 eV region, where the fission width data overlap, we

have averaged them. For levels with unknown fission widths it would have been

possible to take T = <r > in view of the narrowness of the x2-distribution;

however, given the large scatter around the average fission width [63] we did

not do this, especially as r << r (see Table 7) and accordingly af(E) << a (E).

A few words about the parameters of the negative level. Ref. [64] intro-

duced a level with E = -0.22 eV, but it was assumed that a background equal

to (2O.5//E) b had to be added to the calculated cross-section. The authors of
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the present paper, using the parameters in Ref. [66] as their guide, took the

energy of the resonance to be -0.425 eV, the remaining parameters being varied.

The recommended parameters of the first 50 resonances are given in Table 7. The

cross-sections calculated on the basis of these parameters were compared both

with the experimental curves of Ref. [31] and with the o values of Ref. [68]

and the CJ of Ref. [71], These papers also quote the ENDF/B-IV evaluation, which
SL

is in poorer agreement with experiment.

Figure 5 shows a plot of the resonance integrals as a function of E , since
241 C

Am has low-lying resonances (E = 0.31 and 0.584 eV). A comparison of the

calculated curve with the experimental and evaluated values of the resonance

capture integral shows that the largest discrepancies are found for data with
indeterminate E .

c

Am (isomeric state with T^ = 141 years [92]). Benjamin [13] recommends

a thermal fission cross-section of 7600 — 300 b. Allowing for the measurements

in Ref. [62], where the fission cross-section is 6100 — 500 b, we have taken
T
Of = 6900 b. On the basis of Hann's measurements from 1951 (see Ref. [4])

T
with a = 8000 b, the thermal capture cross-section has been determined as the

T T
difference a - af.

The resonance parameters quoted in Ref. [4] are based entirely on Ref. [72],
T

where the relative measurements of cfc(E) normalized to a f = 6600 b are described.
T

We have renormalized af(E) to a, = 6900 b. As a consequence the parameter 2gr

has been proportionally changed for all resonances. Since 2gr << T c + r > we
n i y

have assumed that all levels relate to a single system with g = 0.5. The

resonance parameters of Bowman and co-workers [72] were obtained for the range

up to 3.25 eV, and a,(E) was accordingly calculated for this same range. From

Bowman's o (E) curve [72] it is apparent that up to 5 eV there is at least one

more resonance.

Table 8 gives the recommended resonance parameters. The fission resonance

integral for Am was measured by Perkin in 1968 (1570 ± 110 b - see Ref. [13])

and by Zhuravlev (2260 ± 200 b) [62]. As can be seen, the scatter of the data

goes well beyond the error limits. A calculation on the basis of the resonance

parameters indicates that Benjamin's recommendation [13] is somewhat too low.

At the same time, the data of Zhuravlev and co-workers [62] may have been

affected by the uncertainty of the cadmium cut-off (Fig. 6). We have taken the

fission resonance integral to be the average value between the data of Refs [13]

and [62].
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The data on the capture resonance integral are not altogether accurate.

In Mughabghab and Garber's evaluation [4] it is given as 7000 - 2000 b. This
T T

is erroneous if only because RI cannot be greater than RI when a << a f and

T < r . The capture resonance integral has been evaluated approximately in
T (1) ~

the following manner: up to 3.25 eV we have RIC "* 170 b on the basis of the
resonance parameters; above 3.25 eV we have RI^2) ~ RI<2) (<r >/<rf >) ~ 60 b; and

finally RI = RI ( 1 ) + RI ( 2 ) = 230 b.J c c cc c c
243Am. Independent evaluations o£the thermal capture cross-section

[13, 21] are in agreement with each other and with Ref. [4], but none of these

take the results of Ref. [59] into account. Inclusion of these data in the

evaluation in Ref. [21] gives a capture cross-section of 79 i 4 b instead of

75.:
244.

243
75.3 b. Capture of a neutron by the Am nucleus leads to the formation of

Am in the ground and metastable states. The ratio between these two

reactions was taken in accordance with the work of Van der Bosch in 1964

(see Ref. [45]).

The fission cross-section is much smaller than the capture cross-section,

and there is a broad scatter of the data around it: les than 0.07 b [4], around

zero [13], 0.45 b [46], 0.9 b [33]. We took al = 0.20 ± 0.11 b, following

Gavrilov's measurements [59],

243
The resonance parameters for Am were re-evaluated in the present paper

in view of the publication of new transmission measurements up to 35 eV [66].

The resonance energies were taken in accordance with the data of Simpson and

co-workers [73], where the parameters were determined up to 250 eV; 2gT and r
n Y

were averaged over all the papers, and <r > was taken to be 37 meV. The

parameters of the first 50 resonances are given in Table 9.

It should be noted that the evaluated a (E) curves in contemporary

libraries are not in agreement with each other [25]. We find for example at

0.01 eV a discrepancy by a factor of four. Our calculation of a (E) agrees

with the data of the JENDL-2 library [25].

Despite the fact that there is a resonance at 0.42 eV, the resonance

capture integral is not sensitive to E because the resonance in question

is very weak (0.5% RI ). The evaluated resonance capture integral was obtained

with due allowance for the measurements in Ref. [59]. If the resonance capture
244

integral in the reaction leading to the formation of a Am nucleus in the

ground state is taken in accordance with Schumann's 1968 data (see Ref. [4]),

then the isomeric ratio of RI is close to the ratio measured by Van der Bosch
c J

in a reactor spectrum (see Ref. [45]), i.e. close to the thermal cross-section

ratio. The fission resonance integral is less than 170 RI . Even so we evaluated

it, allowing for Benjamin's data [ 13] and the measurements in Refs [59] and [62].



- 18 -

242.
"Cm. At present there exists only one time-of-flight measurement [23]

of o (E) in the region above 1 eV; there are no other measurements for the
t 242

energy dependence of the cross-sections. The first resonance of Cm is found

at E 13.6 eV and the average level spacing is evaluated at about 18 eV. This

gives some (though not a very convincing) reason to suppose that there are no

resonances below 5 eV. However the capture cross-section determined from the

parameters from Ref. [23] amounts to only 0.9 b instead of the 16 b previously

assumed. This discrepancy has been removed by the introduction of a negative

level. The cross-section energy dependence curve has no basis for comparison,

and so we must be cautious in accepting the a (E) dependence given in the library.

243

Cm. The recommended fission cross-section was obtained by averaging

three sets of measurements: Hewlett, 1957 (see Ref. [13]) - 690 ± 50 b;

Bemis et al. [74] - 609 ± 26 b; and Zhuravlev [75] - 672 ± 60 b.
There are large discrepancies in the capture cross-section. Mughabghab and

T T
Garber [4] derived the cross-section as a -o and quote a result of 225 b.

a f

Benjamin [13] offers no recommendation. We have taken the capture cross-section

to be 131 — 10 b in accordance with the most recent and most accurate experi-

ment [74].

Transmission measurements are available in the resonance region [76].

Multi-level Reich-Moore resonance parameters have been obtained. This formalism

is not performed in the CROS program [3], so we have not taken the magnitude of

a(E) into account, even though there are no less than five resonances in the

region below 5 eV.

243
The fission resonance integral for Cm was averaged over the results of

three measurements: Thompson, 1971 (see Ref. [13]) - 1860 ± 400 b; Bemis et al.

[74] - 1575 ± 136 b; and Zhuravlev [75] - 1480 ± 150 b. The resonance capture

integral was taken from Ref. [74] for E =0.54 eV. We have introduced no

corrections in E .
c

244

Cm. The cross-sections of this isotope have been evaluated by a number

of authors: apart from Refs [4] and [13] we have comparatively complete evalu-

ations, for example, in Refs [21] and [24]. As a basis we have taken the most

recent evaluation [24] supplemented by resonance integral measurements [62, 77]

and measurements of the thermal capture cross-section [77].

245
Cm. Refs [4], [13] and [78] show a scatter which goes beyond the errorlimits in the evaluated data, giving for the thermal capture cross-section

345 ± 20, 383 ± 20 and 328 ± 31 b, and for the thermal fission cross-section

2020 ± 40, 2161 ± 110 and 2000 - 35 b, respectively. We re-evaluated the thermal

cross-sections allowing for the measurements in Ref. [77] for capture and

Refs [59, 62 and 79] for fission, obtaining values of aT = 350+ 30 b and a =2030 ±60 b.
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245
The resonance parameters of Cm were evaluated on the basis of parameters

derived from Berrett's o (E) measurements (see Ref.[4]) and Moore's a (E) measure-

ments [80]; the data in Ref. [81] and [82] are for the total cross-section up to

20 eV and the data in Ref. [79] for the fission cross-section up to 36 eV. The

resonance energies E up to 20 eV were based on Ref. [82] where the 13.75 eV

doublet is resolved (13.58 and 13.91 eV); there is also a level at 3.44 eV which

was noted by Dabbs et al. [81]. In the 20-60 eV range the resonance energies

are based on Ref. [80] inasmuch as the E values up to 36 eV coincide fairly

precisely with the data in Ref. [79], whereas for the region above 36 eV Ref. [80]

is the only experimental paper. Let us just note that by now the value of a,(E)

has been measured throughout the energy range 0.001-10 000 eV [83], but we do not

yet have these data. Up to 36 eV the neutron and fission widths were averaged

taking into account all the results mentioned above except Ref. [81], where apart

from E only 0 , namely the cross-sections at the resonance peaks, were determined.

Since r << r the values of r are not determined, and for all levels we have

taken T = <F > = 40 meV. The cross-sections show little sensitivity to the
Y Y

resonance spin: nevertheless, in the interest of more precise determination, we
239

have taken the J sequence to be the same as for Pu where the target nucleus

spin has the same value (0.5). The evaluated resonance parameters are given in

Table 10.

245
The resonance integrals for Cm were evaluated on the basis of

RI = 108 i 80 b [77] and RIf = 805 i 80 b [62] and 850 ± 60 b [59].

Cm. The data of Refs [62, 77] have been added to the thermal cross-

section and resonance integral measurements taken into account by Benjamin [13].

For this reason the evaluation was carried out anew, and the resonance parameters

were evaluated as well. The parameters of the first six resonances

(up to E * 160 eV) obtained from a measurements are given in four papers, two

of which [66, 84] did not figure in the evaluation in Ref. [4]. Furthermore,

for energies above 80 eV we have Moore's measurements of the fission and capture

cross-sections (see Ref. [4]). Below 80 eV there are two levels for which the

fission width was selected arbitrarily in order to harmonize the calculation

with independently evaluated thermal cross-section values. This approach is

justified in part by the fact that r, « r and F • The remaining resonance

parameters were averaged on the basis of all the papers. The evaluated reso-

nance parameters are shown in Table 11.
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247
Cm. In obtaining recommended values of the thermal capture and fission

cross-sections for this isotope we have taken into account, in addition to

Benjamin's evaluation [13], the data of Ref. [77] on the capture cross-section

and Ref. [62] on the fission cross-section. In the region below 20 eV there is

just one measurement of the total cross-section [85] from which single-level

Breit-Wigner parameters have been derived. In the region above 20 eV Ref. [4]

gives multi-level Reich-Moore parameters derived from a burst experiment to

determine a (E). In Ref. [86] these multi-level parameters were transformed

into single-level Breit-Wigner pseudo-parameters on the basis of which the

cross-sections can be constructed by the addition of a small background. Since

in Ref. [86] there are certain imprecisions (level with E = 37.76 eV follows a

level with E = 37.8 eV; the neutron width quoted for the resonance with

E = 39.5 eV is negative; the radiation width fluctuates by an order of magni-

tude for the levels at 39.5 and 41.72 eV), we have used these parameters only

up to 37.8 eV, i.e. we have left out of account 19 resonances up to 60 eV.

A negative level has been introduced in the cross-sections in place of the back-

ground. The recommended parameters are given in Table 12.

T
Note that the quantities af, RI and RIf are showing a marked tendency to

decline over the years. New measurements of the resonance capture integral

[77] and the resonance fission integral [62] confirm this pattern. Nevertheless,

we have not altered RI = 500 b [13] since calculation of this integral up to

38 eV on the basis of the resonance parameters already gives a value of 500 b.

The calculated value RI,. = 510 b is substantially smaller than the experimental

value. The existing imbalance between experimental and calculated resonance

integrals indicates that the resonance parameters need further refinement,

especially in the range below 20 eV, which contributes to the resonance integral.

248
Cm. The recommended values of the thermal capture cross-section in

different evaluations [4, 13, 52, 87] vary almost by a factor of two. The new
T

measurement of a on the SM-2 reactor using the cadmium difference method [77]

worsens the situation rather than improving it. The lowest value, 2.9 b

evaluated by Benjamin [13], took account of Drushel's 1973 measurement (see

Ref. [13]) which gave 2.63 - 0.02 b, and which was carried out with high
T

precision. In Gavrilov's measurements [77] with a = 10.7 — 1.5 b the error is

an order of magnitude larger and the cross-section four times larger. We have

not taken Gavrilov's measurements [77] into account and have adopted Benjamin's

recommendations [13]. The thermal fission cross-section was derived on the

basis of Benjamin's measurements [88] (0.34 ± 0.07 b) and Zhuravlev's [62]

(0.39 ± 0.07 b).
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2'48
The evaluation of the resonance parameters for ' Cm in Ref. [4] was based

on measurements of af(E) above 20 eV [80] and the preliminary data (only E ) of

Benjamin [88]. Later work of Benjamin [84] involved a complete analysis of

a (E) and provided a set of single-level Breit-Wigner parameters for 47 resonances

up to 3 keV. Further, parameters for the first five resonances were obtained by

Kolesov and co-workers [66] in the course of transmission measurements. In

evaluating the resonance parameters we took resonance, energies in accordance with

Benjamin [84]. The neutron and radiation widths of the first resonances were

averaged over the results of all papers. The radiation widths of the remaining

resonances were taken at 26 meV. A point to note is that the fission widths in

Refs [4] and [80] differ even though they ought to be the same. Since the authors

of Ref. [4]observe that their data are preliminary, we have taken the fission

width directly from Ref. [80], The evaluated resonance parameters are given in

Table 13. The measurement giving RI = 250 — 24 b [77] is in excellent agreement

with Benjamin's recommendation [13] (251 ± 25 b). Nevertheless, Drushel's

measurement in 1973 (267 ± 27 b) and Thompson's in 1971 (275 ± 75 b) (see Ref. [ 13 ]),

as well as Benjamin's calculations in 1974 [84] (259 ± 12 b) and our own calcu-

lation (264 b), give higher values. For this reason we have recommended RI =265 b,

a value obtained by averaging all the experimental data.

The situation with regard to the fission resonance integral is different.

Benjamin [13] revised the value of RI, = 13.2 ± 0.8 b recommended in Ref. [4]

which he himself had measured in 1972 [88] and quoted 14.7 ± 2.2 b. Then

Zhuravlev's measurements appeared [62], giving 13.1 ± 1.5 b. The value recommeded

in the present paper was obtained by averaging the results of Refs [13] and [62],

where E = 0.625 eV. However, as the first resonance is located at E = 7.25 eV,

the resonance integral does not depend on the value of E . We were unable to

calculate RI. because fission width data are not available for most of the

levels.

249
Bk. A 5O7<> error has been assigned to the thermal cross-sections for

T T
this isotope (o ~ o = 1600 ± 800 b) recommended by Benjamin [13]. Gavrilov's

c a r̂

later measurements [59] giving a', = 1800 — 100 b were done with greater accuracy

(by a factor of 8) on samples with a mass of less than 1 microgram for which

blocking effects are small. We have taken Gavrilov's results [59]. The agree-
T

ment among all evaluators on a :- 0 fails only in the case of Kon1shin's data

[87] where the thermal fission cross-section is given as 554 b. In the present
T

paper we have taken a * 0.
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The energy dependence a (E) has been measured only by Benjamin [89].

Below 20 eV the energies of only 17 resonances have been determined, five of

these being located in the region below 5 eV. Since the first resonances are

located at 0.197 and 1.343 eV, the resonance capture integral should not

depend strongly on the magnitude of E . This being so, it is hard to explain

the large (factor of four) scatter of the data on the resonance capture

integral. Apart from the work included in Mughabghab and Garber's evaluation

[4], we have taken into account Harbour's results [60] where Rl = 1850 b and

Gavrilov's [59] where RI = 1100 ± 100 and 1300 ± 300 b. A 50% error (as in

Ref. [13]) has been assigned to the resonance capture integral thus obtained.

Note that the recommendation of RI = 4000 b [13] does not agree with ours

(difference about a factor of three), but the paper upon which Benjamin [13]

based his evaluation proved to be unavailable.

249
Cf. In evaluating the thermal cross-sections and resonance integrals

for this isotope, account was taken of the results of Refs [59, 60, 62] which

did not figure in Benjamin's work [13]. In Benjamin's measurements of a (E)

[89], 12 resonance energies were determined, two of these resonances being

below 5 eV (E = 0.7 and 3.89 eV). For energies below 16 eV we have no infor-

mation on the widths of the resonances, which means that it is impossible to

construct the a(E) curve in the region of interest to us. Above 16 eV multi-

level parameters are available (see Ref. [4]), derived from measurements of

af(E).

250
Cf. In recommending the thermal capture cross-section we have taken

account not only of the experimental data included in Benjamin's evaluation
T

[13], where a = 1700 b, but also of Gavrilov's measurements [77] giving
T C

a = 1800 b. It can be said that the evaluations of the fission cross-section
c
in Ref. [4] (< 350 b) and Ref. [13] (af ~ 0) are in agreement.

We have no measurements of the energy dependence of the cross-sections, so

it is impossible to say anything about how E affects the resonance integral.

Refs [4] and [13] recommend a resonance capture integral based on Halperin's

measurements in 1971 which were performed with high accuracy (11 600 b). At

the same time we have three sets of measurements which are in agreement,

namely Folger, 1968, Rukhe, 1971 (see Ref. [4]), and Gavrilov [77], which give

a value only half as large for this integral (about 5100 b). We have

recommended RI = 8300 b with a 50% error,
c
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252
Cf. The number of secondary neutrons per fission (v) for this isotope

is based on Boldeman's recommendation [90], derived Ifrom a detailed analysis of

\> measurements for fission by thermal neutrons. The energy dependence of the

fission cross-section has been measured only above 20 eV [91]. The area beneath

the a,(E) curve has been determined for 35 resonances.

253

Es. For this isotope Benjamin's evaluation [13] was used, although it

is difficult to reconcile the small thermal cross-section (155 b) with the

large value RI = 7300 b. The resonance integral is given for E > 0.412 eV,

and the influence of E on the resonance capture integral is not known.



- 24 -

LIST OF REFERENCES

1. MAJOROV, L.V., IAE P r e p r i n t 2777, Moscow (1977) 24.

2. Garber D.I. , Dunford C., Pearlstein S. EREF-1O2 data formats and procedures for the evalu-

ated nuclear data f i l e : BNL-HCS-50496. N.T.: BTTL, 1975.

3 . TEBIN, V.V., YUDKEVICH, M.S. , Voprosy atomnoj nauki i t ekhn ik i (Questions

of atomic sc ience and t echnology) , Nuclear Constants S e r i e s , 2 (29)

(1978) 2.

4. Mnghabghab S.P., Garber D.I. Neutron cross-sections, resonance parameters! BHI/-325* 3

edition, 1973, v. 1.
5- Wapstra A.H., Bos K. Atomic Data and Nuclear Data Tables, 1977, • • 19, p. 175J • • 2O,p. 1,126.
6 • First coordinated research meeting on the measurement of transactinium isotope nuclear

data (7ienna, 20-21 April 1978). Summary report. Vienna: IABA, 1978.
7- Table of Isotopes. 7 edition. Sditors Lederer CM., Shirley 7.H. N.T., 1978.

8. NEMIROVSKIJ, P. Eh. , IAE P rep r in t 3230, Moscow (1980) .

9. IGELSTAFF, P .A. , POOLE, M.G., i n : Metody rasche ta po le j teplovykh

ne j t ronov v reshetkakh reaktorov (Methods of c a l c u l a t i n g thermal neutron

f i e l d s in r e a c t o r l a t t i c e s ) , Atomizdat, Moscow (1974) 54. [Russian

t r a n s l a t i o n of o r i g i n a l Eng l i sh t e x t ]

10. Parker K. Rep. AWHE-O-70/63.

1 1 . KOLESOV, V . E . , NIKOLAEV, M.N., Yadernye kons t an ty (Nuclear Cons t an t s ) No. 8,

P a r t 4 (1972) 3 .

12. CHISTYAKOVA, V.A. , YUDKEVICH, M.S. , IAE P r e p r i n t 3038, Moscow (1978) .

13 . Benjamin H.W. Status of measured neutron cross-sections of trans actinium isotopes for ther-

mal reactors. - In: IAEA-186. Transactinium isotope nuclear data. Viennat IAKA.1976, v. 2,

p. 1.
14. Lommel H.D. Remarks on the 2200 a/s and 200°C Maxwellian neutron data for U-233, 0-235,

Pu-239 and Pu-241. - In: NBS International special is ts symposium on neutron standards
and applications.(USA, Gaithersburg, 28 march 1977). CONF 770321, NBS N 493, p. 170.

15. Adler D.B., Adler ?.T. Phys. Hev., 1972, • • 6, N 3i p . 986.
16. D« Sauasure G., Perez R.B., Eolar W. Ibid . , 1973, v. G7, N 5, P» 2018.
17. Do Saussure G., Perez H.B., Derrian H. Proc. of the second IAEA conf. on nuclear data -.for

Heactora (Helsinki, 15-19 June 1970): Rep. CN 26/9*. Vienna: IAEA, 1970, T. 2, p . 799.
18. James G.D., Dabbs J .S.T. , Harvey J.A. e.a. Phys. Rev., 1977, • • G15, N 6, p . 2083.

19. ABAGYAN, L . P . , PETROVA, L .V. , i n : Rezonansnoe pogloshchenie n e j t r o n o v

(Resonance a b s o r p t i o n of n e u t r o n s ) ( P r o c . Ail-Union Seminar on Resonance

Absorp t ion of Neu t rons , Moscow, 21-23 June 1977) , Moscow, C e n t r a l S c i e n t i f i c

Research I n s t i t u t e , Atominform (1978) 179.

20. NIKOLAEV, M.N., ABAGYAN, L . P . , KORCHAGINA, Zh. A. e t a l . , Nej t ronnye

dannye g lya urana-238 (Neutron da ta for u ran ium-238) , Pa r t I , A n a l y t i c a l

Review OB-45, Obninsk (1978) .



- 25 -

2 1 . ABAGYAN, L . P . , DOVBENKO, A.G. , ZAKHAROVA, S.M. e t a l . , Voprosy atomnoj

nauki i t e k h n i k i (Ques t ions of atomic s c i e n c e and t e c h n o l o g y ) , Nuclear

C o n s t a n t s S e r i e s , 23 (1976) 40 .

22. Tfeaton L.,Y., Todi J.H. Sucl. Sol. and Sngng, 1978, v. 68, N 1, p . 125.

2 3 . ARTAMONOV, V . S . , IVANOV, R.N. , KALEBIN, S.M. e t a l . , i n : Nej t ronnaya

f i z i k a (Neutron P h y s i c s ) ( P r o c . 4th Al l -Union Conference on Neutron

P h y s i c s , Kiev, 18-22 A p r i l 1977) , P a r t 2, Moscow, C e n t r a l S c i e n t i f i c

Research I n s t i t u t e Atominform (1977) 257.

24. Caner M., r i f tan 3. Curium - ?juv neutron, data evaluation (Rap. IA-1353). - In: Proc. of
the Second advisory group see Ting on trans actinium Isotope nuclear data. (Gadaraciie, I ASA,

2-5 aay 1979).
25 . Igaraai S., Naxagawa T. Present status, c r i t i c a l 3 amp aria on and assesament of different

evaluations and - l i e s of neutron cross-aectlon data for selected actinidea. - Ibid.,p.337.
26. 7estcott C.H., Zkbar? £., Haaiia l.C. e.a. Atomic Energy fiev., 1965, v. 3. N 2, p . 3.
27. aanna 5.2. , Vestcott Z.E., Ie:^nel H.D. a.a. Fbid., 1969, v. 7^ JT 4-, p. 3.
28. Lemuel a.D. rhe t t i rd lAili eTaluation sf the 2200 m/3 and 20°C JTarweliian neutron

data for 'J-233, 235, ?u-239 iiid P^i-^i . - In: Proc. of the fourata coaf.nuclear croas-aec-
tions and tecitcic^y ''Nazhisi^on, 3-7 aarcix 1975). NB3 opecial Publication 4-25, 1975,
v. 1, p. 2S6.

29 . ABAGYAN, L . P . , BAZAZYANTS, N . O . , NIKOLAEV, M.N., TS1BULYA, A.M., Gruppovye

k o n s t a n t y g lya r a s c h e t a r e a k t o r o v i z a s h c h i t y (Group c o n s t a n t s for r e a c t o r

and s h i e l d i n g c a l c u l a t i o n s ) , Moscow, Ehnergoi2;dat ( 1981 ) .

30 . GORBACHEV, V.M., ZAMYATNIN, Yu. S . , LBOV, A.A. , Yadernye k o n s t a n t y

(Nuclear c o n s t a n t s ) , Atomizdat , Moscow, 16 (1974) 121 .

3 1 . Garber D.I . , Xlasey H.H. Neutron oroas-sectiona, current BHL-325. 3 ^ edition, 1975,y.2.

32 . Catalogue of numerical nuclear date available from the IAEA nuclear data section. Idi tors
I h a l i l M.A., Bchwerer C. crKTDC-1'., Supplement 1. Vienna: IAIA, 197?.

3 3 . Plechary E.P., Culleu D.E., Howerton E.J. e.a. Tabular and graphical presentation of 175
neutron group constants derlvea frci the LU, evaluated neutron deta library (KNDL): UCHL-
50400, Livermore, 1976, v. 16. Bev. 1.

34 . McCrOBSon F.J, A practical model lor generating resonance energy crosa-sectione for heavy
nuclldea. - Ix: Proc. of the thirc conf. ceutroi. cross-sections and technology (Knoxvllle,
15-17 march 1971). COOT-710301, 1971, v. 2, p. 71^.

35. FEDOROVA, A.F., Yadernye konstanty (Nuclear constants), No. 12, Part 1

(1973) 36.

36. FEDOROVA, A.F., in: Nejtronnaya Fizika (Neutron Physics) (Proc. 2nd All-

Union Conferences on Neutron Physics, Kiev, 28 May-1 June 1973), Part 1,

Obninsk (1974) 197.



- 26 -

3 7 . Simpson F.B., Bur-gus I . E . , EvanE J.£. ,Eirby E..H. Hucl. Sc i . and Engng, 1962, v. 12, K 2,

p . 2*3.

3 8 . GiTTitaklB E.K., Kl» J . I . J. Inc-rg. Hucl. Chen.., 197*+, v . 36, B 7, p. 1447.

3 9 . tobayaahi I . Bep. IEDC (Jap.) 231. Vienna: IAEA, 1974.

4 0 . GiyntakAe E.M., t i a J . I . J. Eadioan&iytical Chem., 1976, v. 42, Ii 1, p . 181.

4 1 . lagwuans C , Aegliar U., Gaitucoli F. e .a . Ann. Bucl. Energy, 197B, v. 5, K 6-7, p. 267.

4 2 . Patterson J . E . , Harvey J . A . Eep. ORKL-3266, 1962, p. 47. ( E £ pa6oTK A / ) .

4 3 . Drake U.K., Kichols P.P. Bep. GA-7462, UEABC, 1967 (K3 paOOTH / 3 6 / ) .

44. YUROVA, L.N., POLYAKOV, A.A. et al., ITEhF (Institute for Theoretical and

Experimental Physics) Preprint 46, Moscow (1977).

45 . Stehn J.E. , Goldberg U.I)., Wlene -̂Chaflmai. E. Heutrot cross-sectione: HRÎ -325. 2 t b edition.
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Table 1. Principal characteristics of elements in the KORT library

Isotope

23°Th
231Q!
2*2Ui
233B,

2 3 1 p .

2 5 2 P *
233pa
233p a
2 J3p f t
2yi>« (g)
25*Pa (•)

232,,

233,,
23^,
235 ,̂
2 * U

237D

238D

2 3 6 "P («O

257»p

P e r i o d (and

mode) of decay

1.913 yr (<*)
7300 y (pi)

BOOOn yr (oc)
1.063 d (p)

-
22,3months (0)

32760 yr <<*)

1,31 d (p)
27 d ( jb )
27 d (ft)
27 d (£)
6,75 h(^)
I.ITSmonths (3)

72 yr(oi)

159200 yr (*)
244600 yr U)

-
2.342-I07 yr

6,75 d (js)
-

23,5 months (0)

IfI(|f ̂
22,5 h (BC.fl)

2.I4-I06 yr
U)

2 . i n d (e.)

123*15
54*6

23,2*0,6
-

7,40*0,08
I5QP*IOO

201*20

760*100
41*6;
20*3(g);
2I*3(«)

—
-

73.1*1.5

40,6*2,5
100*1,5

91,9*2,3
5,2*0,3

380*100
2,71*0,02

22*5

-

-

169*3

9c
_

1.043

1,013
-

0.995
—

1,020

_
0.98

-
-
—
-

0,973

1.022
0,989
0,981
1,002

-

1,002
-

-

-

0,952

_

RI c ,0

>I000
1000*180

1.010*30
-

85+3
400*100

470*100

-
895*30

-
-
_

-

280*15

140*6
645*70
144*6
365*20

1200*200
278*5

-

-

-

660*50

6 ] , 6

<0.3
30,5+3.0

< 0,0012
-

o.i.Ai'jiii.u'M
15*2

0,012*0,006

700*100
<0,I

-
-
-
-

75,2*4.7

533,2*3,0
< 0,65

588,1*1,9
-

< 0.35
0,(f'53

14*3

2500*150

-

0,019+0,003

2070*30

1,025

—
-
—
-

-

_
-
-
—
_
-

0,976

0,998
-

0,980
-

_
-
-

-

-

-

-

464*70

-

-

0,619
-

-

_

-
—
-
_

-

350*100

764*13
-

275*5
-

_
2.W

-

-

-

6 , 9

880*70

—

2,08*0,(13

-
-

Vsp-2,12*0,W
-

-

-
-
-
-

-

V -3,13*0,06

2.469*0.008
-

2,404+^,006
Vsp-I.89*0,05

V' -1.98*0.03
sp

Vsp«3,I2±0,I4

-

-

-

.iterature

/4 /
present
paper

CM
-

iresent
)aper

Z13/
ZI37
/I37
-
-

present
paper

ZT47
D-V

/T37

Z137
/2Q7
N
M
-

present
paper



Table 1 (continued)

24<Vu(.O
24°l>u (a)

2 i U Pu

2 i i 4Vu

^ ^ u

^ u

^ 1
A u

JH2Ali(rf)

' ^ A a U )

^ a

if*..

2,354 d (p)
2.354 d (j»)
2,354 d (j»)
1.117 h (jj)

7,b months (g)

2,86 yr U)

40,4 d (&;)
87,74 yr U)

45x20
I4xl4( ts)
31x6(m)

-

-

-

-
547 x^O

24110 yr (u) 265,91-4,1

6553 yr (u)

14,7 yr (_p)

3.76-10* yr

4,956 h (ji)

2b7>I,4

35bx8

lb,bxO,4

d7xI3

432,d yr (ex) d35,£>x>Jlj
432,6 yr U )
432,6 yr (u)
16,01 h {ji,)
141 yr(l'J')

73dO yr (u)

V360 yr w»J
7360 yr (u)

10 ,1 h (j4>

^ 6 m o n t h s ( g )

162,ti d U )
28,5 yr ' ^ )

lfa.il yr U)

7b2x20(s)
6 3 , 6 x 2 , 6 ^

-

11OOxl10U

'/9x4

4,1x0,2(6
'/b 2^1,b

-

-

20x10
131x10

13,5 .2,0

-
-
-
—

-

-

-

0,956

1,131

l.ikb

1.04

1.01

-

0,9b4
-
-
-

1.104

1,013

-
-

-

-

0,927
-

1,001

-
-
-
—

-

-

-

162x15

190x20

0260x250

I62x«

I2«0x00

265x60

1400x90

22Ox It) (ui
- 3 0 0
23OxlUO

2050x100

110x10(6

(»)

-

-

I5Qt40
216x20

625x50

^ 1
-
-
-

-

162^0

2200x400
16,5x0,5

74b,1x2,b

O.Ub^O.Ob

10*3x11

lb0x30

3,14x0,10
-
-

2lu0xl200
6lJL)0x4U0

U, 20o.O.Il

-
-

23uJxOOU
16OJx300

- b
ti 09x25

1,0x0,2

-

-
-
-

-

-

-

0,956

1,06b

-

1,046

-

-

1,014
-
-
-

l.IOU

-

-
-

-

-

o/jyu

-

-
-
-

-

-

-

23x5

310x10

-

570x17

4.7x4.7

540x140

22^2
-
-
-

Iy00x-3U0

10x6

-
-

-
-

_

1550+200

i9x~

_
-

-

-

V? ==2,90x0,03;
Vsp =2,24^0,06

2,b60iO,u09

2,bbtO,30;
^p-2J7x0,0l

2,915x0.010

l^p -2,1x0,02

-

r =3,12x0,03
r

-

-

N

-

ay
Dresent
paper

present
paper

ibid

• 1

Dresentpaper
ibid

/I37
V =3,264jO. 024 present

-

-

_ \

-

-

Vsp=2,48x0,03
Vn =3,43-^0,05

P ~
3,24x0,02;
V -2,69x0,01

paper-
ibid

"
n

LM

present
paper
ibid

o

I



Table 1 (continued)

Isotope

1

Period (and
mode) of decay

btiOO yr U )
4700 yr U ) '
I , 6 - lU ? yr (u)

l]otJ3 h ( p )

321.4 d (^)
3.22 \\U)
b6 months (3)

3Gl yr U)

13,1 yr (u)
900 yr U)
2,64 yr U)
17,a d (f>)
60,5 d (3K)
2,0 h (_p)

20.47 d U)
20.47 d U)
20,47 d (ct)
276 d {pi)
1.637 d (^)

7.6 h (p)

3.24 h U)
20.1 h U )
2,63 h(t»i)

1,3*0,3

1800*100

50^*30

17bO*̂ i5O

ou-90*30

155*20

43*10

76*76
26*3

I.OUb
1,002
1,002

-

-

-

117*8

1400*700

660*120

43*4
12*2

7300*400
4300±220(g)

-

2030*60
0.15*0,07

80*7
0,37*0,07

960*150

1660*50

32*4
1100*220

2900*110
1840*80

h

1.006

-

-

-

12*2
VbO*lUO

14*2

-

1900*100

5400*800
110*20

2000*500

2200*100

-

\> .3,832*0.34
V^ -2,96*0,03
V'p «3.79*0,lb
^ * 3 , 1 5 7 * 0 , Olb

^ . 3 8 f 0 . 0 3

v p -4.06*0.04

^ - 3 , 5 0 * 0 . W

WSH-3,745*0,010

-

^ap -3.96*0.19

Literature

present
paper
Ibi ^

•

til

present
paper
ibid

/la/
/la/
/la/

/ia7

/ia/
/ia/
/la/

/•y
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Table 2

CHARACTERISTICS OF THE RESOLVED RESONANCE REGION

Isotope

2 2 9 ^
2*°Th
232-Th

2*1Pa
2 5 3Pa

252^

235y

234y

23^j
256Q

2 3 bU

2 3 ePu
2 3 9Pu
2 4 OPu
2 4 1Pu
2ii2Pu

2 * 2 ^

2*31*

2*2 C B

24*c»

2 4 6 0 B
2 4 ?C»

Energy of

last

resonance,
eV

9.15

294
3994

99
17

74,2
64,3

I486
101

3967
b756

150

496
647
5692
100
3836

49,3
3,3

250.

265
25,8
972
60
313
38

2391

Total

number

of
reso-

nances

12
?:2

351"

119
23

14
7G
110
143
188
480

188

53
255
262
86
131

78
6

220

13
15
65
41
9
16
47

Number

of
reso-

nances

in
0-5 eV

range

6
I
0

II
8

0
7
0
7
0
I
7

I
I
I
3
I
8

>6
7

»0
5
0
5
I
3
0

Mode of

'cross-

section

calcu-
lation

I
2

1
I
2
3
2
3
I
2

I

I
I
2
3
I
I
I
I
I
-
I
I
I
I
I

Literature

M
M
/V
M
A/
M

Present paper

/I9,2Q7
Present paper

fzij

M
Present paper

M
Present paper

•i H

n n

/237

M
Present paper

II n

II II
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Table 3

CHANGES MADE IN RESONANCE PARAMETERS PUBLISHED EARLIER IN OTHER PAPERS
(see Table 2)

Isotope

25°Th

231Pa

232^

23\,
2 3 5 u

23bu

££;
2^pl
2 4 2 Pa

2A20m
2 4 4 C B

Energy of
resonance,

eV
0,609

-V.9
-4,4

-0,310
0,494

-0,2
U.4

-0,6
-2,81

-2 f0
-1,05

-1,14

-10

- 0,4
- 1.3
- 1,470
- 0,209

2,67

- O.I
- 6.8

meV

0.152
7.26
3.2

0.108
0,0242 *
0.00917
0.00040

0.287
-

7.45
-

I J 6

10
1.322
1.87

-

2.48

0.0038
2.68

meV

40
24
21

55

40
50
55

45
Gc=I02.9;
HtfO.48

25
0^340.8;
Ho= 20,0

23,5

36
36
22.7

G0=445.0
ac= 21.76

25

40

36

meV

10
-

• -

0.0028
0,013

_

-

-33
B^-2315.3;
:HJ= -551,99

_

-

i*o
l&

171.27
0^6960
Cî  19.2
0,0153

_

Notes: (1) Altered values are underlined;

(2) The parameters H and G are in units, of a/eV 7:
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Table 4

EVALUATED RESONANCE PARAMETERS FOR 2 3 6U (FIRST 50 RESONANCES)

I,. eV -- • meV! -T meV -t • meV eV meV

I
r;
i.

3

4

c.

6

n/

€
c

10

II

12

13

14

15

ie
17

If

19

20

21

22

23

24 .

25

' -9.7

5,45

29,7

34 ,C

43,91

63,1

; 71,47

66,57

; 102,2:

1 12C,9L
: 124,8t

134,5^

137,7£
; 164,70

I8S.9C

192,90

194,4C

212,8C.

22S,t

243,C

261,9

272,9

286.7

303,2

320,5

i 5,5 ; 21

\ 2.16 24,5

! 0,585 25

2,4 2C.9

; 0,035 23

19 23

''' 27 21

0,6 23
1 5" 22

, r? 2:

, ^ 23
0,49 23

2,1 23

2,5 . 23

9,C ! 23

44,4 | 20

- 8 7 ! 25

2 .1 j 23

u,3 . 2S

Z.C 23

32 24

13 25

77 23

5,4 23

: 0.29

i c . ie

O.Ifc

! 0,43

-

0,29

i 0.3C

-

0,34

c . z :
! -
•
; -
>

-
-
0.32'

-

-

-

0,52

0,53 .

0,46

-

! 2c

j 27

1 *
3C

: s:
; 3:

35

34

: 3c

; 37

| 39

40

41

42

45

44

45

46

47

46

4S

50

336,C

357, C

3C7.C

371,2

37s, E

415,4
4 3 : , :

440, e
AC r. c

478,4

500,4

507,1

536,4

542, £•

563,6

576,2

607,1

617, f

637,8

647,6

655,6

673,6

691,3

706,0

720.6

6,4
0,65

0,4

14

ie

5J

61

14

3t

19

10,3

80

145

14

55

77

6,6

9S

57

33

29

96

123
25

( 2 3

1

-

-

24 0.41

! 23 0.3C

22

t~z

24

IE

21

-

-

-

-

-

4.Z . -

-

22

3C ! -

22 -

26 ; -

2C

24 ; -

24 ; -

25 ' -

25

24

27

21

21

-

-

-

-

-

Tkble 5
237

EVALUATED RESONANCE PARAMETERS FOR Np (FIRST 50 RESONANCES)

I

2
*.o

4

5

E r . eV

-0,2

0,489

1.33

1.46

1.97

2

2

3

2

3

meV

0,0392

0,032

0,032

0,143

0,0166

41

34

39,6

48,2

41,2

1~,,meV

0,0051

0,00124

0,0051

0,00141

0,00543

i

6

7

8

9

10

I , . eV

3,8£

4,26

4.87

5,77

6,36

?

3

2

2

3

3

^ -
meV

0,24

0,027

0,034

0,628

0,094

41,4

37,5

36,7

44,2

36,1

I, . meV

0,003

0,0002

0,00007

0,005
0,0014
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Table 5 (continued)

i

II

12

13

14

15

16

17

16

19

20

21

22

23

24

25

26 '

27

28

29

X

Eo. eV

6,67

7,19

7,43

8,31

8,98

9.30

10,23

10,68

10,84

11,09

12,20

12.62

13.14

15,81

16,08
16,87

17,02

17,59

17,89

18,88

D

2

2

3

3

3

2

2

3

3

2

3

2

3

3

2

2

3

3

2

2

meV

0,012

0,0078

0.148

0,107

0,125

0,522

0,025

0,51

0,87

0,89

0.062

0,795

0.02

0.12

0,93

0,243

0,006

0.184

0,018

0,037

48

35

40

38

39

41

38

36

44

43

50

42

40

41

50

42

41

4C

40

40

T ,meV

0,0029

0,0015

0.0042

0.0021

6,0088

0,0003

0,0013

0,0015

0,0008

0,0004

0.0019

0,0005

0,0016

0,0018

0,0005

0,0003

0,0049

0,0005

0,0039

0,0026

i

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

90

c

19,12:

I9.9C

20,3S

21, OS

21, X

22,01

22,86

23,67

23,97

24,97

26,19

26.56

27,07

28,48

28,92

29.46

X.42

X.75

31,32

31,65

D

3

3

2

3

2

2

3

3

2

3

3

3

3

2

2

3

3

2

3

2

meV

0.106

0,071

1.13
0.53

0,023

1.26

0,44

1,69

0,17

4,61

0,26

2 ,8

0,025

0,146

0,17

0,086

3,76

0,30

0,26

0,048

r^ev

42.6

36

42

48

40

41

43

41

61

41

40

41

40

40

40

40

41

54

36

40

T, ,meV

0.0031

0.003

0,0007

0,0019

0,0058

o.eoio
0,0041

6,0003

0,0006

0,0036

0,0306

0,0225

0,0043

0,0002

0,0001

0,0099

0,0796

0,0051

0,0069

0,0039

Table 6
240

EVALUATED RESONANCE PARAMETERS FOR Pu (FIRST 50 RESONANCES)

I

I

2

3

4

5

6

7

8

9

10

II

3 0 . eV

1,059

20.45

38,32

41,62

66,62

72,78
90,77

92,51

105,0

121.6

IX,7

r n

2,

2,

17

15,

52

21

13.

3

43

14,

0,

meVl

38

65

5

5

5

15

rr
32

32

28

31

X

29

28

X

34

31

X

meV

2

2

5

.5

,5

.8

.5

.8

0,

o,
o,
o
o
0

0

I
0

0

, rneV

007

5

2

13

38

49

I

,5

,5

i

12

13

14

15

16

17

IB

19

20

21

22

Eo

135,

151

162

170

185

192

199

239

260

287

304

.eV

3

9

7

I

,8

,0

.6

.2

.5

.1

.9

rn.meV

18,5

14,2

8.6

13,7

16,3

0.2

0,94

12,2

23.2

132

7.2

T
32

29.

28

29,

31.

X .

X .

29

32

X .

X ,

meV

5

5

5

8

8

5

8

*

-

-

-

-

-

-

-

-

-

-

-
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Table 6 (conttiued)

i

23

24

25

2*

2*>

2c

2?

30

£1

34

35

36

318, S

320,7
336,4

346,0

372,0

405.C
419.C
44.5,6

449,8

466,5

473,3

493,9

499,3

I n . meV

5.2

19,3
5,7

16,5

32,5

13,6

106

6.1

i .e

16,5

S.I

4,~

5,8

IS,3

r ,meV
(

30,8

I", ,meV

30,8

30.8 -

30,8

34 i
26,5

X 2.C

30,6 1

30,6

30,6 !

30,6 ;

30,6

30,6 -

34,5

i

37

36

3S

40

41

42

43

44

45

4€

47

46

49

50

I0 .eV

514,3

526,1

530,6

546,4

553,2

566,3

5%.6

606,1

632,5

637,5

665,1

676,6

712,1

745,3

I n . m e \

21,5

0,91

0.7

31,0

16.5

31,5

57.5

2£.e

13,3

H . 7

195

2€

1,3

1

1 I meV

30,6

30,6

30,6

34,E

30,6

26

30

3o,e
30.6

31,6

30,e

X . 6

30,6

T4 , meV
j

—

-

-

-

-

-

o.oe
0,44

0.17

0,46

L,7£

0,6

3.0

Table 7

241
EVALUATED RESONANCE PARAMETERS FOR Am (FIRST 50 RESONANCES)

i.

1

2

3

4

5

e
7

B

9

ID

II

12

13

14

15

16

K.- eV

-C.425
C.306

C.584

1,28

1,95

2,37

2.60
3,97

4,97

6,42

5,8C

6,12

6.75

7,66

6,17

9,11

2

2

3

3

3

2

3

3

2

2

3

3

2

*

0,9415

0,056

0,092

0,316

0,112

0,072

0,152

0,193

0,177

0,766

0.002
0,127

0,029

0,038

0,106

0.381

V m e 1
45

46,7

47

48,7

44,5

42,6

46,2

•4,3
43,6

44.1

44

43.7

44

44

42,6

44,3

?,, meV

0.1463

0,29

0.15

0,34

0,07

0,17

0,14

0.14

0,33

0.52

-

0,35

0,15

0,IC
0,15

0,12

i

17

18

19

20

21

22

23

24

25

26

27

28

29

X

31

32

H r eV

9,85

10,11

10,4

II. 0
11,58

12.14

12,88

13,87
14,36
14.66

15,69

16,39

16,85

17,73

18,17

19,45

2

3

3

2

3

2

3

3

2
2

3

3

2

2

3

3

Tr meV

0,415

0,025

0,325

0,407

0,017

0,007

0,131

0,011

0,071
2,31

0,244

1,214

0,£2$
0,394

0,43

0,212

I_rneV

44

44

42,5

46,6

44

44

**
44

44
40.4

39,2

42

41

37,4

44

37

I, meV

0,97

0,16

0.06

0,13

-

-

0,06

_

-

0.27

0,10

0.11
0.32

0,30
-

0,03
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Table 7 (continued)

i

33

34

35

36

37

38

39

40

41

1 E . eV
i °
1

j 20,33
| 20.88

! 21,74

j 22,75

; 23,08

i 23,34
; 24.19

: 25,01

; 25,63

! 3
t

i

! 2

I 3

2

i 2

i 3

• 3

2
1 3

• 3

:n .nieV:

0,044 '

0,088

0.080 :

0,069

3.415

0.446

1,3 :

0,014 ,

1,26

F r .me_V|

44

44

44

44

42

42

39

44

36

7. , meV

_

-

0,27

0.58

0,5yJ

0,24
0,31

-

0,56

- I

42

43

44

45

46

47

43 ;

49 i

50 :

I , . eV

26 .50

26.6-

27,58

27,73

28.36

28,9C

29.50

29.96

30.82

: 3

3

2

: 2

3

3

2

3

2

i > e V ,
i

0.54

0,206 '

0.167

0.5B

i 0,567

' 0,474 ;

i 0,694

; 0,060 ;

I 0,176 !

r^.meV

22

44

44

71

45

49

45

44

44

T, . meV

0,26

0.34

2,54

0,44

0,35

0,26

0,27

1,2

Table 8

EVALUATED RESONANCE PARAMETERS FOR

:„. ev ,. meV meV. • meVi ev. :cr.meV ~r • meV i r. , meV

I

2

3

! o
0

I

.173

,610

.02

! 0

i 0
; 0

,2144

,081

.356

; 4 I

50

; *

i 243 1

170

i 1000

4

5

6

! i

i 2

.65

.09

,25

: o
! 0
i

! 0

,113

,195

,844

' 50

i *

400

325

650

EVALUATED

j

2

3

4

5

6

7

8

9

10

I I

'0'

-2,0

0.42

0,983

1,356

1,744

3,14

3,424

3.845

5.125

6.554

7,067

RESONANCE PARAMETERS

eV j

2

3

' 3
2

3

2

3

3

2

3

2

meV
1 i.o
i 0,0013
: 0,0147

• 0,89

i 0.175

! 0.0066

0,15

j 0.0061

| 0,13

i 0,36

' 0,027

! * r
!
|39

39

38

47

39

37

41

32

51

43

43

FOR 2 4 3 A m

meVI ;

)

12 !

13 |

14 !
15 !

1 6 I

I? :
is ;
IS

20 •

;| 21

! 22 j

(FIRST

I . . e V

7,863

8.377

8.77

9,314

10,314

10,877

11,278

11,693

12,122

12,877

13,152

50
i

j

I

j

I

1

i

I

i

i

i

1

Table

RESONANCES)

• J

3

3

t*

3

2

3

3

2

3

2

3

-> — 0

meV

0.5C

0.003

0,040

0,047

0.13

0,004

0,083

0,031

0,047

0,65

0,36

_ 9

~ mê
J

38

40

40

41

48

37

45

30

39

40

43
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Table 9 (continued)

i Ec. eV meV' I c . e V
i r

meV
* • ? - ' • •

me.V

I r . meV

23 15,143

15,404

25

2 t

27

26

29

3C

3"

32

33

34

35

3£.

• 16,210
' ie.5t:-
! 17,874

i I6,I5£.

I 19,535

[ 16,915

j 20,974

i 21,IIE

2:.872

22,011

i 22.600

; 22,73?

3

2

2

0,023
0,2C

o.i3:
0,04£

0,05c

0,012

0,017

0.022

0,11

0.22

C.03I

o.oi:
0,15

0,21

3£

; 40

• 4 c

: 31

3£

i 2^

2T'

4C

29

I If

: 27

T

'• 3 3

! I?

; 3"
St

39

4C

i 41

: <:-

4c

! 44
: 45-

:' <?

' 4£

I 4?

! 50

! 24,454

j 25.4IJ

i 26,23'

; 26.75C

27,35i
1 2b ,73 :

i 29.3OC

30.I3C

3:,07C

3I.49C

32.42C

: 33,2a

| 33.94C

! 34.99C

! 3

0 TP

0,05:

0,009

0,270

:C,OS

O.IP

0,13

O.OSL

!«

i 3 :
1 37

r>~

\ 37
: ?r

37

0,02£

! C.25

i 0,23

! 0.17

3"

: r
1 37

Tab le 10

EVALUATED RESONANCE PARAMETERS FOR
245

Cm

i.

3

4

£
n

e
. 9

10

II

12

13

14

15

16

17

I c , eV

C,£

2.0

2.49

3,44

4,71
c 7 r

7.53

e.e
9.22

10,17

11,39

13,56

13,91

15,60

21.4

24.6

0

1

I

I

I

1

0

I

I

I

I
0

0

I

I

meV

0,04-

0,05

C,2€

0,11

0,02

2

c.n
1 9

0.5?

0,45

0,35

0.75

0,059

0,263

0.7S

2.S

3,4

7. .meV I
7

4:

4C ;

40

4C

40 ;

40 '

4C

40 i
40 !

4 0 •

40 |

40 |

40 i

40 !

40 :

4c ;

• 40 I

•

222

72C

2IC

340

160

340

300

260

520

130

390

xao
45
120

330

490

210

If

19

! 2C

21

22

23
1 24

26
j

27

26

29

30

31

32

33

3*

L. . eV

25,f

2C,6

27,6

2S.4

3: ,7

33, C

34.C

3€,3

3£.<

40,44

42,45

43,1

44,57

45,74

47,51

49,2

-.

I

0

0

I

I

1

0

0

I

o
1

I

1

I

0

meV

'C,O45

C,£

0,75

13,7

|o ,e
(0,37

| 0,25

J 7 . C
i 1.54

j 0.65
J4.4E
15,37

|l ,V3

| 2,61

i 0,55

! 3,56
| 5.04

I, •

40

40

40

40

40

40

4C

40

40

40

40

40

4C

4C

40

40

40

tneV ~s • meV

55:-

I3C

2OC

| 350

1 730

4,C

e:
! 420C

189
1

102

j 10,0

I 537
| 694

; 90i

I »
j 1400
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Table 10 (continued)

i-

35

36

37

36

Z c e V

50,48

51,64

53,63
54,63

3

T

I

o
1

meV

1.79

0.63

12,4

0,33

^r • -meV

40

40

40

40

^ • me\

751

207

896

1057

i

39

40

41

VeV

56,32

58,54
59,99

D

I

I

0

meV

1.4

13,9

0,61

F_, meV

40

40

40

r , , meV

505

393

518

EVALUATED RESONANCE PARAMETERS FOR
246

Cm

Table 11

i

I

2

3

4

5

I , . eV

4,31

15,29

84,43

91,84

158,4

I o
: 0

i 22

1 I 2

i 30
I

meV

.33

.54

- ^ -meV

32

32

34

34

34

^- • meV

4,2

0,1

0,7

0,17

0,73

i

6

7

8

9

-o-eV

250,7

278,3

288,2

313,4

rn,meV

9

7

55

25

34

34

34

34

meV T\, meV

0,38

1,3
0,31

0.15

EVALUATED RESONANCE PARAMETERS FOR
247

Cm

Table 12

L

T

2

3

4

5

6

7

8

E o . eV

-i.c

1.247

2,919

3,189

9,55

18.1

21,31

24,04

3

5

4

5

4

5

4

5

4

Car:. meV

0,331

0,5015

0,0585

0,56

0,294

0,87

0,0133

0,0045

Tf , meVj r , . meV

40 73

40 34

40 | 30

40 63

40 126

40 '170

40,5 549

40 1176

i

9

10

II

12

13

14

15

16

"? eV

25,35

26.20

28,04

30,25

30.62

32,23

36,36

37,87

:

5

4

5

4

5

4

5

4

2nr°, meV

0,001

0,0015

0,0055

0.3134

0,0171

0,0446

0.1353

0,0078

•p meV

T'

39,6

40,9

40.5

40

39

40

40,1

49,9

T, meV
T

X

310

73

4

72

27

84

708
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EVALUATED RESONANCE PARAMETERS FOR
248

Cm

Table 13

i

I

2

3

4
t

6

7

c

IC

12

15

14

IE

16

17

ie
IS

2C

21

22

23

I c . eV

-13,0

7,247

26,?

35,01

7£,3

96,9i

I4C.5

18-1,4

23^.9:

25t,7

321,6

380,6

415,7

457,7

484,9

541,E

605,3

647

68£,e

694.3

721, £

769,4

865,9

?rn,meV

0.46

0.66
4,2

1,6

II .4

I t

0,I2fc

0,311

1,07

3.9

4,6

2,45

3,53

C.44

16,5

3,0

4.2

1,4

2.7

3,4

2,2

16,7

j _ meV

26

23

32

30,2

2€

2t

2c

2£

2£

2€

2c

26

26

26

26

26

ae
26

2€

26

26

26

26

28,6

0,06

O.OC

-

3,5

0,47

-

-

-

-

-
_

-

-

-

-

-

-

-

-

1

24

25

2f

27

2£

2i

30

3:

32

33

34

35

37

36

3£

40

41

42

: 45

44
45

r,

T eV

887,1 "

95fc,6

994,2
T r- f r

1105,5

1195,6

1205,7

1262,0

I27£,£.

128fc,l

I3S&

1505

164£

1612

19 IC

2O4C

2071

2I3b

2156

2215

2234

22SI

236£

2391

0^- meV

3,3

«»"
3.S
c C

6,e
c t

I.C

7,e
5,C

* » v

10,9

17,6
3,2

12,6

2,7

4.4

17,2

10,2

5,4

12.9

1.6
6,9

10.2
6,6

T meV

*r26

2t

2£

2L

2t

2t

2c

2£

2£

2t

2£

2£

2£

2L

2£

2£

2£

j meV

—:

-

-

_

_

-

-

-

-

-

-

-

-

-

-

2£

2£

2t

•26
2€
26
26

-

-

-
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Table 14

Parameter measurements by d i f f e r en t methods;
233 . 235

for U and

Para-
meter

I

Measurements
with

E = 0.0253 eV

2

I
ai

a
V

573,8+1,3
533,2+3,0

40.6+2,5
0,076^0,005
2,294^0,009
2,469+0,008

*a

I
oC

a
V

o80,0+1,3
588,1+1,9
91,9+2.3

0,156+0,004
2,079^0,008
2,404^0,006

U

Maxwellian spectrum average

Measurement with
i: = 0.0253 eV and
calculated g ,g.

3

2 3 3 u
573.1+2,1
531,4+3,1
41,7+2,7

0,076+0.005
2,289+0.010

-

2 3 5 a
665,1+2,0
574,9+2,0
90,3^2,3

0,157+0,004
2,077^0,008

—

Measurement
over the
spectrum

4

574,3+3.7
526,3+3,4
47,4^0,4

0.090fD,001
2,296+0,019

-

663.6+4,5
566,0+3,8
97.5^0.8

0,172+0,004
2,090+0,016

—

Dif-
ference
between
columns
3 and k

5

+0,8
-4.5(0.9?)
+5,7(13?)
+0,012(15?)
+0,007

-

-1.5
-8,9(1,5?)
+7,2(8?)
+0,015(10?)
+0,013

—
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Fig. 1 Diagram of actinide formation

a thermal reactor
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-: rooo-

o

500-

ac

solid curve - calculated by the
authors of the present
paper

• -. Ref. [37] X - Refs [ 4 , 13]
A - Ref. [38] 0 - Ref. [44]
• - Ref. [43 ]

0,6 0,7-Qt8 0 9 1,0

0,1 0,2 0,3 0,4
E-.eV

231,
Fig. 2 Energy dependence of the resonance capture integral for Pa

eV

1,0--

0,5 i i i i i i

100 200 E, eV

237.
Fig. 3 Mean level spacing <D> versus energy for Np

a:

- calculated by the authors
of the present paper

- ENDF/B-II evaluation [13]

Ec» e V

237
Fig. 4 Energy dependence of the Np resonance capture integral
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I D

I

1000 •

500 -

10

-900

ex.

Energy dependence of r e s o n a n c e c a p t u r e (
i n t e g r a l s fo r 2^1Am [RI ( 0 . 5 eV) = 1400 b ; R I f ( 0 . 5 eV) = 22 b ] :

T - R e f . [ 4 ] , E = 0 . 5 eV

) and fission (_ _ _)

f

0 - Bak, 1968, taken from
Ref. [13], E not determined

c

V - Gavrilov et al. [59], E not determined
c

t - Macmurdo, 1973, taken from Ref. [ 1 3 ] ,
E 0.369 eV

- Schumann, 1969, taken from A - Ref. [64], E = 0.369 eV
Ref. [13], E not determined

c

1 - 4

a:

3000"

2000. .

1000 -

o

-1000

0,1 0,2 0,3 0,4

J 0,6 OJ 0.8 0,9 1,0 3C,eV

Fig . 6 Energy dependence of the resonance f i s s i o n i n t e g r a l for Am
[RI f (0 .5 eV) = 1900 b ] :

• - R e f . [ 6 2 ] ; A - P e r k i n s ( see R e f . [ 1 3 ] )


