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Abstract: A critical discussion of tho statua of yields in fast neutron 
fission of U -238 and Th-232 is presented. After a brief survey of rele-
vant measurements of these yield data and a discussion of the dependence 
on the neutron energy spectrum the experimental data are critically 
compared and the uncertainties assessed. Existing evaluations are dis-
cussed. ilecomrnendationo tire given for suitable measurement techniques 
and further measurements and evaluation work required. Th-232 fission 
yields are re-evaluated. 

1. INTRODUCTION 

In the case of fast neutron fission yield data for Th-232 and U -238 
there are as many different sets of recommended data as there are 
evaluations. This in due to difficulties in evaluation methods employed 
and preferences for certain measurements, as outlined in detail in an 
earlier publication [Lam 73]. Therefore this paper starts vriAh à 'dis-
cussion of the publications of experimental data used in the evaluations 
in order to enable a critical comparison of available yield data. This 
will allow us to detect discrepancies and recommend further experimental 
work required. Th-232 yields are re-evaluated for the Panel and referred 
to as '"'present evaluation-1 in chapter 

2. U-238 FA"T MJTÏiON FISSION YIELDS 

Different methods for fission yield measurements have been discussed 
in derail in [Lam 73]» particularly in the light of the possibilities the 
evaluator has to check and correct the original experimental data. In this 
context it should be borne in mind that radiochemical measurements cannot 
be corrected by an evaluator, if the decay data used in the original work 
are out of date. The only possibility is to check the .nuclear data used. 

2.1.1. Iïathews and Tomlinson [Hat 72] 

The authors report results on mass-spectrometric measurements of 
yields in tho heavy mass peak. Information on experimental details in-
cluded' in the publication is sufficient to allow a check of the corrections 
applied. 
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Hie Ъ% contribution of Pu~239 fission should, he taken into account in 
cases where differences in fission yield ratios between U-23Ö and Pu-239 
fast fission approach or exceed 10%. So, for example, was the measured 
yield ratio 0s-137/ïïd-145 = 1.385, whereas the same ratio for Pu-239 fast 
fission is about 2.2, or 1.6 times the measured ratio (using chain yields 
for Pu-239 fast fission as recommended by Crouch [Cro 73]. Thus a 3f> 
contribution of Pu-239 fission (50 days irradiation) would result in a 
2fo increase in the above ratio, 'for a 30 day irradiation the increase is 
still about ifj. . Such corrections should not be neglected for relative 
yields. 

It is not clear whether 1-133. has been considered for oorrecting the 
measured Xe-133 abundance for decay, which would be important for samples 
E and P. The change of the Xe-133 half-life from 5.27 days (at the time of 
the quoted half-life measurement, Xe-133® wac not known and therefore the 
value is in error) to 5.29 ± 0.01 days [Ude. 73] causée only little changes 
of the decay corrections (about 0.3 and 0.5^ for samples E and P, respec-
tively). The cons-tancy of the Cs~133/Cs-137 ratio does not prove the 
absence of contamination, if the samples are prepared from the same 
material. As all values are within the quoted standard deviations it can 
be concluded that the chemical procedures and mass spectrometric analysis, 
as performed at different times, did not introduce noticeable contamination. 

Other decay corrections introduce negligible uncertainties (Ba-140, 
Ce-144). 

In the case of Ba, Ce and 9m reliable correction for contamination is 
not possible and therefore contamination may cause serious problems. Fur-
ther measurements are required for clarification (see Section 2.3» below). 

2.1.2. Other mass-spectrometric measurements 

Piider et al. [Rid 67]; Nothing is said about irradiation conditioüs^ 
purity of U-238 (including fissions), contamination corrections for Ш iso-
topes or gamtoaspectrometric measurements of Cs-137. Only relative yields 
are given. 

Wahless and Thode [Wan 55] measured relative yields of stable Xe and ICr 
isotopes, including Кг-85. Lro information on the decay correction for 
Kr-85 is given. 

Robin et al. [Hob 71] measured relative yields of M isotopes and the 
absolute yield of M-I48. Details of the data analysis and corrections 
applied can be ohecked. 

2.1.3. Gamma-spectrometric measurements of Larsen et al. [Lar 72:, Lar 74] 

Absolute yields of strong y-emitters among fission products with 
half-lives from 1 - 100 days were measured using a Ge(Li) detector. 

The preliminary publication [Lar 72] contains little information on 
the work. Most of -the details can be found in the recent publication 
[Lar 74]» Half-lives and y-ray data used can be ohecked, but decay correc-
tions by the evaluator are not possible. 

[Lar 74] contains the average of 2 measurements, including the one 
published in [Lar 72]. However, the earlier results [Lar 72] for Zr-97 
and I-I3I appear to be superseded by a later analysis of the data, the 
Te-132 does not appear in [Lar 74]« Therefroe these earlier results are 
shown in brackets in Table I for comparison. 
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2.1.4« Ratio measurements 

Burmey et al. [Bun 58] measured Il-values (see [Lam 73] and. others for this 
technique). 

Ciuffolotti [Ciu 68] and. Dierofoc et al. [Die 71] measured the Ba-140 yield 
relative to ü-235 thermal fission with a ITal detector, thus avoiding errors 
due to detector calibration and у-ray branching. It might be worth noting 
that in [Die 71] the U -235 reference yield was obtained, from a Cd-shielded 
sample. This might be a potential source of error since the thermal 
fission yield value is used. However, so far no significant difference 
has been found between mans peak yields in thermal and epicadmium fission. 
Even the difference between thermal and fast fission yield is less than 
2.5% [Lis 70, Lar 7Л]. 

2.1.5» Radiochemical measurements 

Cuninghame et al. [Cun 72] quote all errors involved in their measurements 
separately, but do not give information on the decay data used. Although 
no check is possible, they should be more up-to-date than those used in 
earlier measurements. 

The decay data used in the earlier measurements [Eng 511 Ivel 54? Bon 60, 
Pet 60] are out of date, but no correction is possible. Corrections for 
wrong half-lives can be applied for long-lived fission products (Sr~90, 
Cs-137) if it can be assumed that the original decay correction introduced 
negligible error and thus the total half-life error appears in the de-
duction of the fission yield from the measured activity. 

Other measurements are not considered here. 

2*2. "fleutron Spectjrorn 

2 . 2 . 1 . Fission cross-section of IJ-238 

Since the fission cross section of U-238 is 
0.001 b below 600 KeV 
0.02 b at 1 i'îeV 
О.3-О.6 Ъ from I . 5 - 2 ïïeV ?uid above;.. 

the neutron spectrum above 1.5 Me/ is significant if any changes in fission 
yield due to neutron spectrum occur. Differences in fast neutron spectra 
below 1 Me1/ can be neglected. I lore important than changes of fission yield 
with discrete neutron energy values would bo studies of yield variation 
with, neutron spectrum above I.5-2 HeV. Borisova et al. (Yad.Fiz. 6 (19^7) 
454) measured .yields of Ba-140, Jd-115, Ag-lll and Ar-77 relative to the 
yield of Mo-99 at 1.5, 2, 3, 3 . 9 , 4 8, 13, 15 , 16.4 and 17.7 MeV. The 
yield ratio Ко~99/Ба~140 is 1.03 at 1.5 KeV and varies slightly around 
1.20 from 3 to I7.7 MoV. The ratio of'cd-115, Ag-lll and As-77 yields to 
that of Ho-99 increase rapidly from 1.5 to 13 HeV by a factor of 100 for 
Cd-115 and remain fairly constant above 15 MeV. 

From these results it can be concluded that yields in the peak 
regions of the mass yield curve can be evaluated with some confidence for 
different fast reactor spectra. For yields in the valley region and. at the 
wings of the peaks an evaluation of best values for all reactor spectra 
is presently not possibler.unless a large uncertainty is allowed for, or 
the high energy tails of fast reactor noutron spectra are similar., 

247— 



2,2.2. lïeutron fluxes used in experiments 

Mat 72; 

Wan 55, 

Rid 61-

1?.оЪ 71: 

Lar 74^ 

Dun 58; 

Ciu 68: 

Die 71' 

Gun 72-

TCng 51' 

Kel 54: 

Bon 60: 

Pet 60' 

Any influence of 11-235 or 141-239 ("built up during; irradiation) should be 
largest in pile neutron spectra (Od-shielded) and smallest in fission 
spectra. 

2.3. ^itatu£ of U-23O fast fission yieldr 

2.3.1« «Comparison of experimental data 

Fission yields for which more thrn one measurement exist arc compared 
in Table I, In the original contribution to review paper lib, sent to 
J.G. Ciminghame, [Lob 71] was not included and neither was the normalization 
to ifd̂ -148. Therefore the data in Table I are partially different to those 
shown in re vi cw paper lib, Appendix 3« 'The normalization pointe, namely 
6 . 1 4 $ for the ЙО-У9 yield, 5 . 9 4 $ for tho J^-140 yield, and 2.40$ for the 
ïïd-140 yield, should not be considered as evaluated values, Reasonable 
values have been елоиen to allow a better comparison of renoxmalized data. 

Except for the valley region largest discrepancies can be observed for 
the important fission products 3r-95 Gs-137» Only the relative mass-
spoctrometrio Nd yields and the Ba-140 yield show good agreement. There-
fore it is recommended that the Ba-140 absolute yield should be used as a 
standard. Furthermore, since more than 20 years the half-life of Ba-140 
is well known and has only changed from 12,80 days to 12.7o9i0.005 days 
[Ede 73], The only objection would be that systematic differences have 
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Thermal reactor neutrons, cample covered by 0.03 inch Cd. U-235 
depleted to 100 ppm (0.01$), 

Fast reactor (Los Alamos, UGA), U-235 depleted to about 0.02$, 

Thermal power reactor ('WlLl, Vellecitos, USA), Cd-filter, depleted 
Uranium. 

ï'ast reactor spectrum ( ̂ АР-ЮЗГ^ Prance), U-235 depleted to 0.04%. 

Past reactor spectrum (ZPV-3» Argonne, UHA), hi#h isotopic purity 
(99.999+ ;') of sample. 

rpectrum similar to fission spectrum (Be bombarded with 12 MeV 
protons), J ci shielded. U— 233 content 0.03,'j. 

2 mm Od shielded, surrounded by 1 mm Uranium converters pre-
dominantly fission neutrons. U-235 depleted to 0.035$. 

Thermal reactor (ispra-I, Italy), 0,1 ram ."Cd, natural and depleted 
Uranium, pure U -238 yield evaluated. 

Past reactor (DPIi, 'Scotland), 0 . 4 $ U-235. 

Cd shielded, surrounded by Uranium converter:, predominantly 
fission neutronu, U-235 content ~0.04$. 

Converter, fission spectrum with median neutron energy of 2.8 HoV. 

Unmoderated ficsion neutrons and Uranium converter, Cd-covered. 

Cd-coveredj Uranium converter. 



been o1)oervo£. [Lar 7 l] between -npecti4>metr_c ~aic mass-spectrometric 
measurements, which are still unresolved. 

It is diffi oult to -draw oonolusion» from the comparison of experimen-
tal data in Table I. " The earlier measurements [Eng fjl, Kel 54, Bon 60, 
Pet 60] suffer fron out-of-date corrections of raw data. For example} the 
Os-137 yield of Г К el 54] deceases from 7.4$ to C . j f if a half-life of 
ЗО years [Ede 73j is used instead of 33 years, if the error in the original 
decay correction is considered negligible (see section 2.1). It would be 
worth estimating the reliability of early measurements with respect to decay 
data by performing model calculations using most recent data in comparison 
with the data used in the original work (sec 2«4»3)• The two more recent 
measurements [Oun 72, Lar 74"! can only be compared for a few fission pro-
ducts which is not very informative. Jhe valuer? of mass-spectrometric 
measurements depend on -the normalisation point chosen. The absolute Hd-140 
yield (common to all mass-spedromctriс measurements) of [коЪ 71] has a 
large uncertainty ( > 0 '?•) „ 

The results of [Сшг 72] and [T<ar 74 ] agree in the case of Ho-99 
Ba-140 (for which fill recent measurements agree within the error limits), 
but disagree for Zr-95 and Zr-97» The Zr~95 yield of [Lar 74] is favoured by 
earlier measurements and has much higher accuracy than that of [Gun 72]. 
Hie agreement between different measurements of the yield;:; of Sr-89, Ш-103, 
Ïîu-Юб, Ag-111, Gd-115g and Eu-l^o varies. Discrepancies in the cases of 
Ag-111 and Bu-156 may be due to differences in the neutron spectrum. 

The situation in the heavy mass peak is very muoh confused by the 
results of [Mat 72]. In their measurements, relative element yields of Xe 
and Cs were linked isobarioally via mass 133, those of Ba, Ce and M via 
masses I40 and I44 . The yield ratio Os-137/Nd-145 was obtained Ъу isotope 
dilution mass spectrometry. It can be seen m 'i'able I that the normaliza-
tion of their relative yields at :'a-140 is favoured by the agreement with 
other measurement с at masses 131, 132 and 140, but disagrees with the 
absolute M - I 4 G yield of [Rob 71]. Moreover, the sum of yields in the 
heavy mass peak ol: tainted in this way would only be about 95$. The normal-
ization of these relative yields to the absolute yield of ?fd-140 brings 
the sum of yields up to about 105/ and results in disagreement xfith other 
measurements, particularly at macs 140, The severe discrepancy of the 
Cs-137 yield with other measurements remains. It is possible that the 
Ce-140 yield suffers from contamination (see section 2.1.1) but this does 
not resolve the di screpancy in the Os-137 yield. Due to the large un-
certainty of the cJbcolute jfd-148 yield, the mass I44 yield is not reliable 
enough to perform the contamination correction proposed in section 2.4«1« 

There is nc possible explanation of tho discrepancies between measured 
Cs-137 yields. Ii is possible that the isotope dilution ratio of plat 72] 
is in error. But raising the Oe-137 yield to the average of other measure-
ments would simuH aneously raise the ;>.e yields ( linked via Xe-133 and Cs-133) j 
resulting in sevei-e disagreement with other measurements at masses 131 and 
132." On the" other hand it is very unlikely that all other Cs-137 yield 
measurements are in error. 

xi comparison of relative Ifd yields suggests that the Nd-150 
abundance measurec. Ъу [Lid .'S7] is in error. Thic argument is supported by 
the general trend of the mass yield curvc. The discrepancy cannot be 
explained. 
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Table I, Comparison of experimental yield data for U -238 fast fission 

FP Yield St. Re f . Yield St. Ref. 
Sr-89 3 . I 2+O . I 9 absol. Cun72 Cd-115g .033±.005 absol. Cun72 

4.410.4 abs'ol. ВопбО .046+.007 absol. ВопбО 
3.4±0.3 Mo-99 PetôO .039+.004 Mo-99 PetöO 

2.8+Ö.3 Ba-140 Kel 54 .033^.006 Ba-140 Kèl54 

3.2 Ba-140 Eng51 
I-I3I ( 3 . 6 2 + 0 . 1 1 ) absol. Lar72 

Zr-95 7 . 24+I . 3 I absol. Cun72 3.05i0.12 absol. Lar74 

5.44+O.I6 absol. Lar74 Xe-131 З.17 Ba-140 Mat72 
5.2+О.6 absol. BonoO 3 .66 Ш - 1 4 8 Mat72 
6 . 1 + 0 . 6 

4.9±0.7 
7.1 

Mo-99 

Ba-140 
Ba-140 

PetöO 
Kel 54 
Eng51 

Te-132 4.23±0.34 
(5 .27+0.32) 

4.I+O.4 

absol. 
absol. 
absol. 

Cun72 
Lar72 
ВопбО 

ZT-97 6 .00±0 .37 absol. Cun72 4«9±0.6 Ba-140 Kel 54 
(5 .91+O . I8) absol. Lar72 Xe-132 4 . 6 4 Ba-140 Mat72 

5.32+O .16 absol. Lar74 5.З6 M - I 4 8 Mat72 
5.2+О .6 absol. ВопбО Cs-137 7 . 6 8 + 1 . 7 2 absol. Cun72 

Ho-99 6 .00+0 .79 absol. Cun72 6 . 1Î0.7 absol. ВопбО 
6 . o 3 i o . i 2 absol. Lar74 7 . 4 i o . 7 Ba-140 Kel 54 
7 . 0 + 0 . 7 absol. ВопбО 5.15 Ba-140 Mat72 
6 . 6 + 0 . 4 absol. PetöO 5 . 9 5 M - I 4 8 Kat72 
6 . 7 i o . 7 Ba-140 Kel 54 7.70 Nd-148 Ridö7 
5.74 Ba-140 Eng51 6 . 5 2 Nd Ilidö7 

Ru-103 6 . 2 9 ± 0 . 2 2 absol. Lar74 Ba-140 6.0310.42 absol. Cun72 
3.9io.5 absol. ВопбО 5 .92+0 .18 absol* Lar74 
6.6Î1.0 Ba-140 Kel 54 5.8+0.5 absol. ВопбО 
7.2 Ba-140 Eng51 6.7ÎO.5 absol. PetöO 

Ru-106 2.85±0.30 
3 .02+0 .30 

2 . 6 3 

absol. 
Ba-140 
Ba-140 

ВопбО 
Kel 54 
Eng51 

Ba-140) 
+Ce-140) 

6.03i0.i9 
5 .72+0 .14 

6 . 8 5 

U-235 
U-235 
Щ - 1 4 8 

Ciu68 
Die71 
Mat72 

A g - l l l . 058+ .011 absol. Cun72 Hd-143 4 . 4 0 Ba-140 Mat 7 2 
,094±.012 absol. ВопбО 5 . 2 2 Nd-148 Hat72 
.087±.008 Mo-99 PetöO 5 .21 M - I 4 8 Kob71 
.067+.006 Ba-140 Kel 54 5.38 Ш - 1 4 8 Kidö7 
. 070 Ba-140 Eng51 
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37P Yield st. .Cef. ГР Yield St. Kef. 

ce-144 З.55 ii-value j'Jun̂ O Hd-140 2„ 40+0.20 absol. Uob71 
+M-144 З.91 .—value Lun58 2.00 Ба-140 Hat 7 2 

5.1+0.5 Ба-140 ï;el54 ïïd-150 1.47 Ш-148 ïlat72 
4.56 Ба-140 Hat72 1.45 ïïd-140 J.iob71 
5.27 Iid-143 Hat 7 2 

1.06 М-14О ;dd67 
5.З4 Hd-143 7îid67 

- — Иг-155 0.042+0.00O absol. Cun72 
iîd-145 З.72 iia-140 Ï(at72 

Иг-155 
О.О72 aï-value Bvm50 

4.29 ;Jd-14u iîat72 О.О65 Ji-value БипЗ'О 
4.35 Nd-140 Гайб7 0.076Ю.010 Ба-140 Kel54 
4.25 ITd-148 ùob71 0.061 Ба-140 Rig51 

ïïà-146 Зоб Ба-140 liât 7 2 
3.88 ÎJd-143 Kat?2 
З.94 Nd-140 kob71 
3*93 îïd-140 i.:iü67 

ffP = Fission product 

Standard. (f!t.): 

absolute (absol»): number of fissions determined for each .sample 

Mo-99: renomalized to Ло-99 yield of 6.14 [Lar72]. 
Da-140: renormalized to Ba-140 yield of 5.93 (unweighted average of [Cun72], 

[Lar74], [wiu63] and [Die7l]). 
M-14Ö; relative to M-I4O yield of 2.4О [;;ob7l]. 
Ш * sum of Ш yields without Hd-150 of [lüd67] normalized to the sum of the 

same yields of [Kat72] (relative to Ba-140). 
П-value: yields rel Ыо-99 aß ratio to IJ-235 thermal yield3, renormalized 

here. 
U-235:, measured relative U-235 thermal fission yield of Bar-140 (6.36/. used 

here). 
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2.3.2« Uncertainties 

Apart from the standards Iïo-99 and Bo-140, used most frequently in 
relative fission yield measurements, I will discuss the uncertainty of 
fission yields important for burnup, namely Zr-95, >cu-103, Ku~106, Cs—133, 
Cs-l37j Ba~140, Oe-144 and. lid isotopes, in more detail and make some general 
statements on the other mass yields. The mass-apeotrometrically determined 
yields of [Hat 72] need further clarification. Presently, their measured 
isotopic abundancies can only be normalized to yielc1 data obtained by other 
authors. 

The absolute Ba-140 yield hat; been confirmed by several measurements« 
using different methods. Its uncertainty is about 2$. 

'Пае 2$ accuracy of the Iïo-99 yield assigned by Larsen et al. seems 
reasonable. However, their value should be confirmed by further measure-
ments of comparable accuracy. In view of the discrepancies among results an 
average value is uncertain to about 4-5/-» 

Рог the Zr-95 yield the 3$ uncertainty of [bar 74I is recommended. 
Portuitously, this value is close to the weighted average of rather dis-
crepant values with large uncertainties. 

Por Os-137 it is difficult to find a best value at all.. In view of the 
discrepancies also among recent measurements the uncertainty of such a yield 
is at least 20$. Consequently, the Cs-137 .yield has the same uncertainty. 

The Ш yields are presently no more accurate than the absolute yield 
of Hd-14.8 [Kob 71], namely 8-9$. This includes the yield of Ce-144, for 
which no other reliable measurement exists. 

'for iîu-103 the 3*5p xmcertainty of [bar 74] iß acceptable, the un-
certainty of the Ru-106 yield is about 10$. 

Other yield data; 

- üelative Xe yields [Uan 55] seem to fit reasonably at masses 131 
[bar 74] and 132 [Cun 72]. ~ 0.4ie uncertainty should be 5-8$. 

- Only relative 3m yields exist [hac 72]. If adjusted to fit the mass 
yield curve (lid isotopes, measurements of [Bun 5^]) the uncertainty is 
about 15$« 

- '.part from those mentioned already, very few yields have been measured 
in the light mass peak (masnen 77, 89, 90, 97, Ю5). Their uncertain-
ties are about 6-0$ ( 8 9 , 97) and 20$ (others). 

It should be kept in mincl that yields below about 0.2$ (valley region 
and wings of the peaks) depend strongly on the neutron spectrum. They can 
be used for all neutron spectra only with about 30-50$ uncertainty. 

2.3•3• Pxi st ing evaluat i ens 

I have not studied the most recent evaluation [Cro 73a, ï'ee 72] m 
sufficient detail to enable an analysis of the treatment of individual data 
and the evaluation method employed. I \ave noticed, however, that only 
few corrections of experimental data have been applied. Generally, only 
relative yields have been adjusted to evaluated reference yields. Por a, 
discussion of evaluation methods see [Lam 73] and 2.4.3« below. 
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а) Meek and. ...Rider [îlee 72]: From a check of some fission products it is 
not clear how individual data were treated and errors assigned, as can he 
illustrated by some examples of fission yields discussed also above: 

Only [kob 71] measured the absolute yield of Hd-143. In [Нее 72] 
this reference appears twice in the list of experimental data, once 
as absolute value, the second time an relative value. The absolute 
value has been "adjusted'', but I cannot sec how this can be done« 
All relative measurements of iïd yields [läd 67, -tob 71 » Hat 6 4 ] 
([Kat 64.] is probably the same as [îïat 72]) have been normalized and 
converted to absolute values, but no information is available how 
this was done, I^irthermore, the adjusted relative yields of Nd-148 
(convertod to absolute values) have smaller uncertainty than the 
absolute yield crncl were averaged with the latter value, although it is 
15/ higher than the others, as shown in [Пее 72]. Clearly, relative 
J M yields with A N accuracy of 1-2/, arc distorte-t by thin averaging 
procedure. 

Similarly, it is not clear how the relative Xo yields of [Wan 55? 
Mat 6 4 ] have been converted to absolute yields. Nevertheless, they 
have higher weight at mr.sces 131 find 132 than the absolute measure-
ments of [Lar 72] (which are superseded by [Lar 74]). 

Consequently, I cannot agree with the uncortaintie3 obtained in 
[liee 72], for example 2-4'/ in the case of Xo and M yields. Since 
relative yields have to be normalized to a reference yield, they can-
not be more accurate than the latter when converted to absolute values. 

I cannot soe how the authors derive an uncertainty of 2-4/ for the 
important Cs-137 yield from the tabulated original reference data. 
The highest accuracy of the data shown have those of [Lev 6l] for 
monoenergetic neutronn of about 2-3 NeV, namely 5«l/« (Other experi-
mental data have assigned uncertainties of 7-1/, 7<>9/, 11/ and more.) 
Also the error assigned to the mass 89 yield does not reflect the 
discrepancies. The errors quoted in [Пее 72] for the other mass 
yields discussed in section 2.3.2. appear to reasonably reflect the 
uncertainties of experimental data. 

k) Orauch [Cro 73a]: In this evaluation the uncertainties assigned by 
authors are shown in the tables. Although I wr.fi info med that these uncer-
tainties are not the same as those assigned by the evaluator and used for 
the recommended yield, I found in n, check that the weighted averages corre-
spond in 4 cases (Zr-95» Mo-991 Ba-140, ^e-144) to the errors shown in 
table 16 of [Cro 73a] m d only for Cc-137 they do not. Errors assigned by 
authors are sometimes optimistic and do not tdce into account nuclear data 
ancertpinties used for corrections. It will be discussed later that 
particularly wrong decay data used in the original ггогк should be considered 
by the evaluator (see also the example of the Jb—137 yield in section 2.3.1.). 

In [Cro 73a] the uncertainties of the average generally reflect well 
the uncertainties of experimental data and existing discrepancies. This is 
iue to the fact that Crouch has used the larger error of weighted and simple 
average (together with the result of the weighted average). I have, however, 
a few comments; 

Although this procedure reflects fairly well the uncertainties of 
experimental data, the yield value itself obtained by the weighted 
average is determined by the uncertainties assigned by authors to their 
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experimental data. Thus it is still necessary for the evaluator to 
make his own judgement of all sources of error. 

- Due to the nuclear data uncertainties in earlier measurements discrep-
ancies may he observed among experimental results. Thus, if reliable 
recent measurements are opposed by discrepant data from earlier 
measurements or with large uncertainty [Gun 72], the yield and error 
of the weighted average or the most reliable measurement could be 
adapted. Among the fission products discussed here, the weighted and 
simple means of [Oro 73a] are, for Зз>-95: 3$ and 6f,t for Iiu-103: 
and 13/6« The higher uncertainties are adopted in [Oro 73a]. 

[Cro 73a] does not include the experimental data of [Nan 55» Mat 72 
(or I-iat 6 4 ) , ïïid 67 , Die 71]* Therefore some mass yields are missing 
and, particularly, the discrepancies among the Os—137 yield data shown 
in table 16 of [C'ro 73a] are not as large as those in Table I in this 
work. 

- In cases where authors have not quoted uncertainties, Crouch has 
assigned errors common to all experiments of a certain type. However, 
I am of the opinion that errors should be assigned by the ovaluator 
individually to experimental results, judging from other measurements 
under similar conditions, îtor (earlier) radiochemical measurements 
such a procedure would, be more complicated as counting statistics may 
differ widely for the зсиле nuclide. In this case the absolute error 
should be higher than the average of similar measurements. 

Principally, higher uncertainties should be assigned for measurements 
of low yield fission products. Otherwise the common error assigned 
during the evaluation may be lowor than those from other experiments. 
The (low) yields of As-77 and Qb-127 in table 16 of [Oro 73a] are 
good examples where the 15//- eri'o i* as a igned by Crouch is opposed by 
author-assigned errors of 25$ and 23'̂ , respectively, of other measure-
ments of comparable reliability. 

When comparing the two evaluations pf;ee 72, ;ro 73a] it should be kept 
in mind that more experimental data, (particularly the mass-spectrometric 
measurements of [?ad 67, Mat 64 ] are included in [Нее 72] and that both use 
the superseded data of [bar 72] for mass numbers 131 and 132. 

2 . 4 . Future work 

2.4.I. Suitable techniques 

The very low fission cross section of U-235 imposes several restric-
tions on suitable measurement techniques. 

uasc-spectrometric measurements require longer irradiations (at least 
a few days) in order to accumulate a sufficient number of fission products. 
Particularly in Cd-shielded samples irradiated in a thermal reactor spectrum 
the buildup of Pu-239 due to resonance capture m U -238 may be significant 
together with the rather high resonance fission cross-section of Pu-239» 
This problem is much less serious for irradiations in fast reactor or 
fission neutron spectra. 

In view of the low fission cross-section of U-238 and hence the low 
bumup, contamination problems are more serious than m other fission yield 
measurements (e.g. thermal yields). This affects particularly the elements 
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Kb, Sr, Cs, Ba and. Ce which have either no isotope not Occurring as fission 
product or the abundances of such isotopes are very low in the natural element. 
Experience has shown-"that contamination Ъу Cs and îb was rare in the past. 
However, Ba and Ce yields often showed discrepancies. I would propose to 
measure the Ea-140/Оe~l44 yield ratio to about 1-2fo accuracy, e.g. by 
у-spectrometry [Deb 73]° Then measured relative Oe abundancies can be coi>-
reoted for contamination using this ratio, rather than by the method em-
ployed by [Hat 72]. 

Corrections for contamination "by natural Sm introduce great uncertain-
ties in the yields of Sm-l_I32 ала rm-154j which have highest abundance in the 
naturally occurring element. In additionf resonance capture in Pm-147 cannot 
be neglected after long irradiations in the ca^e of Cd-shielded samples, and 
calculation of the amount of Чт-^О forwed this way is rather uncertain. 
This difficulty could be circumvented using large samples irradiated 1еаз 
than 10 days. Because of the 11-day half-life of ITd-147 capture in Pm-147 
can be kept negligible. 

Contamination problems for radiochemical measurements are not serious 
as fast neutron capture cross-sections are very low. (As a rough estimate 
it can be shown; if in a fast reactor spectrum the neutron flux in the 
range from 100 to about 700 i:e\. is 10 times the flux of 1.5 - 3 BeV, then 
1000 ppm Ko-9(3 would produce nsi amount of По—99 which would be of the order 
of 1% of the fission product.) 

The determination of absolute yields with the aid of fission chambers 
or fission track detectors requires rather thin samples. The mela-stic 
scattering cross-section of ,-?3u is about 2.5 b in the range of 1-3 bevr. 
Roughly half of that would be responsible for neat te ring 1 , 5 - 3 MeV 
neutrons below U-230 fission threshold, A reduction of the neutron flux in 
this energy range by less than lf> requires a sample thickness of %2 g/cm^. 

Due to these restrictions m sample size, absolute measurements of 
fission yields by radiochemical techniques can only be performed with good 
counting statistics for high activi ty fir.cion products, since short irradia-
tions are required to avoid uncertain decay corrections. 

Relative yields can be determined radiochemically by ß-counting of 
separated fission products from large samples with good counting statistics, 
using the predetermined yield!) of high activity fission products as reference. 

Thin samples are always required for the determination of yields by 
gamma, spectrometry without dissolution of the sample and separation of 
fission products. Although this method has fewer sources of error, it is 
applicable only for a, restricted number of fission products. 

A suitable method for chain yields is the me allurement of R-values rela-
tive to the well-known U-235 thermal fission yields. One source of error, 
the detector calibration, can be avoided» 

2.4» 2. i'Yirther measurements required 

Recommendations for further measurements depend on the accuracies re-
quired in application fields; 

- Star burnup determination ~5"/' accuracy is required for the i'T mentioned 
in 2.3.2. 

255— 



Other application fields probably require an accuracy of 15-20$, 
depending on the significance of the PP. Certainly yields in the 
valley region and at the wings of the mass peakи are needed with lower 
accuracy. 

Presently only the yields of Zr-95, liu-103 and Ba-140 meet bumup re-
quirements. Among these the Zr-95 and Iîu-ЮЗ yield as well as that of the 
standard lIo-99 should be confirmed by other measurements, as discrepant but 
less reliable da,ta exist. 

Further measurements of the yieldo of Itu-lOo, Oc-133, Cs-137, Oe-144 
and M isotopes a,re required. Relative Ш yields are sufficiently accurate, 
thus requiring only a redetermination of the Ш - 1 4 8 yield, or alternatively 
a measurement of the absolute C'e-144 yield. 

All the above-mentioned fission prwiuct yields can be determined by 
gamma spectrometry with sufficient accuracy [Deb 73, Lar 74]. The relative 
yields of .'Js-133 rad Ш isotopes can be normalized to one of these fission 
productc. In addition, the ratio of (Js to Ш yields could be redetermined 
by isotope dilution mass spectrometry. 

Por other applications measured relative end absolute yields in the 
heavy- mass peak together with the measurements recommended above should be 
sufficient. In the light mass peak yields for a number of mass chains are 
missing. These could be measured mont conveniently and with' sufficient 
accuracy by the .U-value technique. ïlasa-spectrometric measurements p.re not 
required, since relative Kr yields are known ['Jan 55]» 

'[be use of Ea-140 as reference yield is recommended until more reli-
able data for other fission products (Zr-95, ïiO-99, Oe-144) exist. Purthoi-
absolute yield measurements would be useful. The dependence of fission 
yields on neutron energy, particularly in the regions of low yields, should 
be investigated. 

2«4»3. Evaluation work 

Up to now all experimental yield data, ranging from Gd-shielded 
irradiations in thermal realtors over fast reactor spectra to fission spec-
trum and 3 Vi<s\f yields, have been evaluated together resulting in a recom-
mended "fast1' fission yield. In future these different types of measure-
ments should be separated and the effect of neutron energy be studied, un-
less there will be evidence that certain yields do not depend on this effect. 

A source of error is the use of superseded decay data in earlier 
measurements» Nuclear data, like half-lives, ß-branchmg ratios, endpoint 
and mean energies, intensities of conversion electrons, are required in 
radiochemical measurements for analysis of raw data, corrections for build-
up and decay, corrections for other fission products present and for counting 
rate as well as for calculation of fission .yields from measured activities. 
Although in earlier measurements no details on error analysis are given, 
nuclear da.ta uncertainties were generally not included m the calculation 
of errors. In addition, earlier measurements suffer from errors due to 
superseded nuclear data which are not reflected by the uncertainties calcu-
lated for the results. 

Such uncertainties should be estimated by the evaluator. In a very 
time-consuming evaluation these additional uncertainties could be estimated 
from model calculations, using the nuclear data, and experimental conditions 
(irradiation and cooling times, samples) of the original work and comparing 
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the results with the calculations using presently adopted nuclear data. The 
results ohoudl "be urjod to estimate systematic errors and check the reli-
ability of these data, as appropriate corrections are hardly possible. 

If time doen not permit this procedure, additional uncertainties should 
be assigned to experimental data individually, according to the evaluntor'o 
judgement of the nuclear data used and the eniperimental details described. 

v\irthermore, évaluât ors should try to resolve discrepansies in order 
to reduce the uncertainties of fission yield data and nave experimental 
work. This requires a thorough check of details of experimental procedures 
end data analysis and justifies to seek pertinent information, which is not 
included in publications, directly from authors. 

3. Th-232 UliST ÏEÏUT €11 M T Ï O J YITILD" 

3.1. liixperiments 

The experiments discussed below and listed m Table II are those in-
cluded in the evaluation presented m [Lam 73]. 

3.1.1. Iyer et al. [lye 63 I 

Iyer et al. measured the most complete set of №-232 fission yields. 
They measured ii-values relative to И-235 thermal fission ueing Ilo-99 as 
standard. By normalising their relative yields in such a way that the sum 
of all fission yields is 200/, they obtained a value of 2.7З/ for îïo-99« 

The table 1 in [lye 63] с ont ai nr, tiro errors: 

The Ba-139 yield for thermal neutron fission of U-235 should read 6.55,-' 
(instead of 5«55)« The value 5.55 has been used to calculate the Th-232 
yield of 6 , 6 4 / . 

The error quoted for the same yield, namely 6.64i0.033, is wrong, as can be 
calculated from the 1Ï-value. Tliero the error is 5/% whereas the error of 
the yield is 0.5'"'« Therefore the value should read 6.64^0,33» 

The errors quoted in [lye 63 j are standard deviations of the measured 
li-values and do not include uncertain-tics of IT-2yields, the Ho-99 refer-
ence yield and systematic errors. Inspite of the measurement of ifc-valu.es, 
additional error?; can be introduced for oxaraple by differences in decay 
curve analysis (between IT—235 and T'h-232 fission products), differences in 
decay corrections, etc. furthermore, a 1.3$ error (Os-137, Zr-97) or 
О . 3 8 / error (Ce-144) aj standard deviation for 2 measurements has to be con-
sidered fortuitous, as long an errors for other high yield fission products 
are 5/ in the average. 

In the present evaluation all yields have been recalculated using the 
published Л-value в and fie U-235 yield« of [Lara 73]. The yields m Table II 
have been normalised arbitrarily to a Ba-140 yield of 0/. 

3.1.2. Kennett and Thode [Ken 57] 

The mass 85 yield has been calculated, using a branching of 22% to 
ICr-85g. The originally measured jn.eld of Kr-05g relative to Kr-06, 
corrected for decay, was O . I 4 5 . The authors quote 5-97-0.15/i as measured 
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absolute yield of Xr-86. This is, however., the «»unweighted average'1 of 
approximately, as the authors say;. 5.8^ (snrartie д) nnd o.lll (sample B). 
Therefore it has not been uned in the present evaluation, although it is 
the only measurement of an absolute yield for Th-232 fast fission. 

In the present evaluation the relative yields have been normalized 
together with the mass-spectrometric measurements of [Гдг 68a"] to the 'Js-137 
yield of [lye 63].. using the Xe Kr ratio of [ .„en 57]. Ibis 's-137 yield 
might, however, be wrong (see 3.4.1»). 

3.1.3. Harvey et al», mass-spectr-ometric measurements [liar 66aJ 
The same impurity problems arise for Os-137 and ïïd isotopes as stated 

for U-23Ö fast fission. Ж contamination should be detected by the abun-
dance of M-I42. However, nothing is said m the publication. 

In the present evaluation the relative ^e and Kr yields have been 
normalized together with those of [Ten 57]. relative r)d yields have been 
normalized at mass 143. The value of 6„64 ir. the average of [lye 63, 
Ear 68b] and [Ere 67] (with l/2 weight). 

3.I.4* Harvey et al », ' -values [liar 6ob] 

In the present evaluation measured , -valuer have been adjusted using 
the TJ-235 yields of [ban 73] with the exception of masses 131 mid 132. ^ecent 
gamma-spect romet ri с measurements of 1—235 yields relative f.'e-144 [Beb 73.] 
have confirmed the mass 131 relative yield quoted by i'arra,r et al, [Par 62], 
The latter value had been obtained crom an unpublished Xe-132/Xe-133 yield 
ratio and therefore not been used in [Lam 73]. Thus the new U-235 yields 
used are 2.93$ for mass 131 and 4.36,'S for mass 132 (with a fractional cumu-
lative yield of О.995 for IJ-235 and 1.0 for Th-232). 

The relative «Й1-232 yields have beer, normalized at mass 132 as ob-
tained from the normalization of rnass-spectrometric measurements. 

3.I.5. Bresesti et al. [i3re 6 7 ] 

Fission yields were measured with a ïïal detector calibrated Ъу a 
4ÜßY coincidence method. The internal standard was -ïe-141 • 

The reported errors с л standard deviation". The uncertainties due to 
4ffpY calibration of the detector are not considered. In [bam 73] the devia-
tions of measured ÏÏ-235 yields from recommended values were considered to be 
sy s t em at i с a,l 1 y due to thi,; detector calibration. Therefore v the Th-232 
yields were adjusted according to these devint^.ons. 

However, fission products have been chemically separated before gamma-
spectrometric measurements and experimental, conditions r,uch as mounting of 
samples, etc., were not explicitly stated to be identical in the determina-
tions of Ü-235 and ir1'-232 yields, Since a readjustment of measured values 
without detailed information from the authors is always critical and should 
not be done without good re&sont., the original relative yields are used in 
the present comparison (Tihle II), although the two measurements could be 
considered as î,'-values. 

At present the discrepancies among measured Th-232 yields are too 
large to make detailed studies of individual measurements worthwhile. Should 
a more thorough and detailed evaluation be attempted when further precise 
measurements become available, such information on experimental details, as 
mentioned above, should be sought from the authors. 
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The reported yields of Pm~149 and Pm-151 were corrected for U-235 
reference yields, as these were used for detector calibration. 

3.1.6. Kobayashi et al. [КоЪ 70l 

These measurements m a fast neutron spectrum (close to a fission spec-
trum) are not yet ptiblished m the open lierature. Ea-140 was used as 
standard and the quoted "uncertainties are high: 1 0 f o r Zr-95, 12;£ for 
Te-132, 15t- for Sr-91 and 23"S for ле-13',. However, the agreement with other 
measurements (mass-spectrometric [har 68., lye 6 3 J ) is far better than the 
quoted uncertainties. 

No experimental details are available, Therefore these measurements 
are mainly used as a check and only the yields of Г,г-91 and Zr-95 are in-
cluded in the average with low weight (see 3 - 3 • 3 * ),. 

3.1.7« Wittenbach and von (Junten [llyt 6 5 J 

The quoted errors are standard deviations resulting from 3 - 8 measure-
ments. Systematic errors are not considered. T̂ u-103, Ag-lll, Pd-112, 
I-I3I, Os-137 v Ба-140 and Ge-141 were measured g^nma-spectrometrically 
using a calibrated counter and disintegration data from Nuclear Data Sheets. 
Sr-90, sbi-lOe and i,e-144 were measured against calibrated 1АБА standards 
in a gas flow proportional counter. îio-99 used as standard. 

In the present evaluation it was assumed that Ko~99 wa,s measured by 
both methods. Gajnma-spectroinetrica] ly determined yields were corrected for 
differences in the emission probabilities of the most abundant gamma ray 
tabulated in lîuclear Data, Sheets up to 1964 to those of the Reibersdorf 
computer library [ГДе 73» Lam 73'4» Mtie relative yields of ï.lU-106 and 
Ce-144 remained unchanged. That of ст-')0 uras corrected for half-life. The 
corrected relative yields were normalised to Qf> for Ba,-140° 

3.1.Ö» Turkevich and Si day jj'Ur 51. j 

At the time of these early measurements data on half-lives and beta 
rays (branching, energy, etc.) were not well known. To vre ver, a number 01 
fission products ("r-91, Zr-97, II0-95, j;u-103, T;b-105v rtu-106, Pd-109, 
Ag-lll, Pd-112 and Cs-1.37) were measured relative to IT-235 fission yields 
with Зг-89 as standard. 

Hie yields measured relative to U-235 have been readjusted in the 
present evaluation. The other yields reported m the article are not used. 

3 . I . 9 . O r o o k a n d foi g i r t [ O r o 6 3 ] 

.All details on measured values arc given in the report. The raw data 
are reduced to counting rates at reference time. In some cases large dis-
crepancies are obvious among individual saturation activities of the same 
fission product. 

As experimental detailp are given, it was attempted to correct the 
measured yields for differences in half-lives used in the original work to 
those reported m [ifäe 73_!<> This was done by calculating yields from the 
raw data as well as by calculating decay correction factors using the 
original half-life valuers and the new ones. 

The severe discrepancies of the yields measured by Grook and Voight 
compared to those of other authors could not be improved by these correc-
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tions. Table II shows "the corrected data normalized to 8,t yield for their 
internal standard J?,a-140. Any other normalization either using the original 
or the corrected values, gave agreement with other authors) for 3 relative 
yields out of 9 measured ones at the most. For this reason the data of Crook 
and Voight have not "been used m the present evaluation. 

3.2. Neutron spectrum 

3.2.1. Pission cross-section of lh-232 

The fission cross-section of Th-232 rises from zero at 1.1 MeV toO.ll Ъ 
at 2 KeV, remains fairly constant from 3 KeV (0.13 Ъ) to б MeV (0.15 h) and 
rises up to 0.3 b between 6 and 7 Le/. The cross-section is roughly similar 
to that of ü-238 and all that has been said for TJ-?38 is also valid for 
ïh-232. The same arguments used for U-238 with respect to inelastic neutron 
cross-section and cample riize can be used for Th-232. 

3.2.2. ïleutron flux used in experiments 

lye 63: Irradiation of bare samples in the core of "Лрзага" reactor. Past 
flux should be close to fission spectrum. 

Ken 57- Camples in cylinder of natural Uranium should be close to 
fission spectrum. 

Ear 68a; Samples wrapped in 2 layers of 0.015 inch Cd. Pile neutrons. 

liar 68b . Thermal flux reduced by B 2 O 3 plug in addition to Cd. №-232 con-
tainers to enhance faut flux of incoming pile neutrons. 

Бге 67" Cd-wrapped samples irradiated in graphite reflector as well as 
close to core» 

Kob 70: Past reactor spectrum close to fission spectrum, 

Wyt 65 : Cd-wrapped samp? es at the side of core. 

Tur 51 and • t 4. „ 
t.- pile neutrons. Cro 63-, 

The samples used were of very high purity, sufficient to malee U fis-
fions negligible, 

1-Jith the exception of [Ken 57j, [Kob 70J and perhaps [liar 68b], essen-
tially pile neutrons were used in all experiments, stated for U-23O, the 
dependence on the hard part of the incoming neutron spectrum might be sig-
nificant at the wings of the mass peaks and m the valley region. Yields in 
the peak regions should be the name witmn a certain confidence limit. This 
should be further investigated. Uork in this direction is in progress at 
Idaho. It might vieil be possible that, if desired, yields will have to be 
determined with high accurary for individual or prototype tast reactor spectra. 

3«3. The present ̂ valuation 

The "'present evaluation11 is not 
tion of [Lam 73]» which I consider as 
remained the same and difference: are 

a new evaluation, but only a modifica-
iinprovement. The general procedure 
discussed in 3-3-4« 
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3.3.1. Général procedure 

Ad 110 absolute Th-2.32 fast fission yields exist, except the very rough 
measurement,? of Kennett and Tho de ; the arbitrary no mal 12 at ion of relative 
yields is justified« As stated in the comments to U-233 fast yields, Ba-140 
has generally been measured most accurately and was therefore chosen as 
standard wherever possible, oven if this fission product was not used as 
standard in the original work. There may be an objection against this pro-
cedure as e.?. [lye 63"] used ",0-99 as intormdL standard for different samples 
which vier с not all analyzed for Ba.-140. furthermore, all reported yield 
values are averages of severed determinations, including the yield of Bar-140, 
which would be different when normalized to the latter for each sample. 

However, published standard deviations for- individual fission products 
are generally smJLl compared to the overall uncertainties, vrhich indicates 
no systematic error chic to the choice of the standard. The reference yields 
used in measurements vary: 1.0-99» Ba-140, Oe-141, Te-132 and Sr-89 (see 
З.1.). jlTO fif.nion product has "been measured more frequently than Ba-140, 
and this normalization showed best agreement among experimental dafa. 
Besides, using the normalization points of the original measurements would 
cause only little changes (see below). 

ïïolative experimental yields in 'П1-232 f-st fission are shown in 
Table II. The data, of [ lye 63] are used as starting point relative to Q% 
for the Ba-140 yield, jfass-speotromotrio date [Xen 57, Tiar 68a."] in the 
mass range o3 - GG and 131 -- 137 '-re nonnalized at mass 137« The data of 
[liar 68b] a„rc normalized to the mass 132 yield obta,ined from [Ken 57]-
Together with other measurements including Ba-140 [Bre 67, Lob 70, Wyt 65] 
normalization points for the data oi [Tur 51] end relative M-yields 
[liar 68b] could be found. 

.(.formalizing the data of [TJyt 65] at i.-.o--99 would have increased them 
by 1.5;'' relative to the data of [lye 63]. The resulting average of the 
Ce-141 yield would bo 7.I5 would increase the data, of [lire 67] by 2f> if 
chosen as reference yield. This would cause changes of about 1-1.5$ in some 
average yields. 

Relative yields were averaged or. explained in 3,3.3. The data obtained 
in this way are shown in the column headed "'average' of Table II. The final 
normoliza/tion a,o shown in the last column of Table II was obtained by making 
the sum of yields in the heavy mass peak total. 100/,, as there are less 
estimated yields than in the light mass peak. 

3»3«2. Quoted uncertainties of experimental data 

With the exception of ['Air 51] and, probably, [Kob 70] all authors 
quote standard deviations relative to the reference yield used. The average 
standard deviations for high yield fission products of more than two 
measurements arc: 

lye 63^ 3-5;'- (except ^r-Ol, fy) 
Ken 57; O.5-1;', 
Ear 68a: 0.5-2« 
liar 68b: 1-2/ (except 1-131, 6,5) 
Bre 67: 2-J?j 
Xob 70, lOf. and more 
Wyt 65- 1-5-j ( average 3/>) 
(Tur 51° 10/j minimum (standard. cjr-09)) 
Gro 6*3: 6-8/' 
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Table II. Th-232 fast yields: experimental data in the normalization 
used in the evaluation 

Underlined: formalization Point 

Mass 
No. Iye63 Ken57 

Har68a НагбОЪ Bre67 КоЪ70 Wyt65 Tur51 с г о б з average final 

72 (3.2-4) 3.2-4 З.4-4 
73 ( / 1 . 4 - 4 ) 4 . 4 - 4 4« 6 - 4 
77 9.8-3 ( 0 . 0 2 ) .01 .01 

83 1.87 1*78 (1.06) l.OO I .90 

84 3.26 3.26 З.44 
8 5 З.54 3.55 З.54 3.74 
86 5.З8 5.З8 5 . 6 9 

87 5.69 5.69 6.01 
88 6.00 6 . 0 0 6.34 
8 9 6.03 ( О . 2 9 ) 6 . 0 8 6 . 4 З 

9 0 7.13 6 . 6 3 (6.80) (8.86) 6.08 7.27 

91 6 . 5 1 6.60 6.2 (5«11) 6.55 6,92 

93 7.24 7.24 7.65 

95 5 . 1 0 5.2 5 . 1 2 5.4I 
97 4.03 3.60 4 . 6 1 3.80 4 . 0 2 

99 2.63 2.59 2 . 4 7 (3.20) 2 . 6 0 2.74 

103 .145 .146 . 1 4 5 .145 .153 
1 0 5 .0279 . 0 6 1 . 0 4 .04 
106 .039 .057 . 0 4 0 .039 . 0 4 1 

1 0 9 .033 . 0 3 9 .033 . 0 4 0 

ill . 0 4 6 .075 . 0 3 5 . 0 4 .04 

112 .073 .083 .061 .06 .06 

113 .055 .055 . 0 5 8 

1 1 5 .054 (.057) . 0 5 4 . 0 5 7 

117 .048 . 0 4 8 . 0 5 1 

121 .053 .053 . 0 5 6 

123 . 0 3 0 . 0 3 0 . 0 3 2 

I25 .032 .032 . 0 3 4 

127 .072 . 0 7 2 . 0 7 6 

131 1.54 1.44 1.29 2.07 ( 1 , 1 7 ) 1.44 1 . 5 2 

I32 2.55 h^L 2 . 6 ( 2 . 3 5 ) 2.55 2 . 6 9 

133 З.46 3 . 6 8 З.55 3 . 7 5 

134 4.79 4-79 5 . 0 6 
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Table II (continued) 

Mass 
!To. Iye63 Ken57 

Har68a IIar68b Bre67 K o b 7 0 Wyt65 Tur51 -.ЗгобЗ average final 

135 4.З1 4.70 4 . 1 4.5 4.76 
136 5.О9 5.О9 5.З8 
137 4.26 4 . 2 6 6 . 0 8 5.78 4.26 4.5О 
139 6.24 6.60 6.42 6.78 
I40 8.00 8.00 0 . 0 8 . 0 (6,06) ( M ) 8.00 8.45 
141 7.18 7 . 0 1 7 . 0 2 ( 8 . 8 0 ) (7.45) 7.IO 7.5О 
143 6.78 6^64 6.53 6.57 (7.77) 6 . 6 4 7.02 
144 5.71' 7« 51 7.4З (6.94) (8.55) 7.09 7.49 
145 5.З9 5.З9 5.7О 
I 4 6 4.62 4.62 4 . 8 8 

147 2.94 2 . 9 9 (3.24) 2 . 9 6 3.I3 
1 4 8 2.О3 2.03 2 . I 5 

149 .823 1.39 1.39 I . 47 
I50 1.02 1.02 I . 0 8 

151 .393 .393 .42 
153 .198 .198 .21 
I 5 6 . 0 0 2 5 .0025 .0026 

It is evident that the measurements of [lye 6 3 , Bre 6 7 and Wyt 6 5 ] 
have about equal precision. As [lye 63] measured iï-value s their results are 
considered more reliable than those of f'fyt 65] and [lire 67]. An assign-
ment of overall uncertainties wa.s not attempted. 

3.3*3. Selection of experimental data 

In Table II those yields of [Tur 5 1 ] are shown in brackets which had 
not been measured relative to U-235. They are not used to obtain average 
yields except for masses nos. 72 and 73« 

The following data were used to obtain the relative yields shown in 
the column headed "average" in Table II (see also discussion in 3»4«1»)• 

As-77: [lye 6 3 ] 

mass 83: [Ken 5 7 ] and with l/2 weight [lye 6 3 ] 

masses 8 4 - 8 8 ; mass spectrometnc data [Ken 57» Har 6 8 a ] 

S3>-90i unweighted average of [lye 6 3 , Wyt 6 5 ] , since the 
latter has much higher precision. 

mass 91: highest weight given to [Ear 68b], lowest to [Kob 70] 
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Z r - 9 5", 

Z r - 9 7 : 

H o - 9 9 : 

masses IO5 - 111: 

mass 112: 

masses 131, 132: 
masses 133, 135• 

Cs-137: 

masses 139 "to 144: 

Pm-149: 

[lye 6 3 ] weighted higher than [iCob 7 0 ] 
unweighted average of (equal precision) results of 
[lye 63, Наг 68b] 
highest weight given to [lye 6 3 ] , lowest to [Tur 5 1 ] , 
in view of the different reliability of the data. 
about equal weight given to [lye 6 3 ] and [Tur 51], Pince 
they show good agreement (except îïh-105, where only an 
approximate value is taken as average). № e data of 
[Wyt 65З have not been used, as the situation of yields 
m the trough region needs further clarification. 
[lye 6 3 ] quote also a result for Ag-112 which would be 
О.О58 in the normalization shown in Table II, Only 
approximate value used as average. 
mass-spectrometric data. 
average of [liar 68a] and [liar 68b]. The ratio I33/132 
has equal precision in both measurements. Therefore 
the normalization of mass-spectrometrically measured 
ratio 135/132 cannot be more precise (see also 3»4»1. 
for further discussion). 
the value of [lye 6 3 ] was chosen an it agreed best with 
mass-spectrometric measurements, combined with 1-131 
yields of [lye 6 3 ] and [Наг 68b] (overall agreement). 
This yield, however, needn further clarification 
(see 3.4.I.)• 
equal weight given to ;-valuer;, l/2 weight to [lire 6 7 ] 
and [T-Jyt 6 5 ] . 

the yield of [~I3re 6 7 ] fits better between mass-spec bro-
metric data and has been preferred. 

3.3«4« Differences between Table II and [Lam 7 3 ] 

The evaluation presented in [Lam 73] was done for internal use at a 
time when new important measurements became available [ïïar 6 8 , Bre 6 7 ] , but 
were not incorporated in evaluations. The normalization was done in one of 
several possible ways. Individual experiments were examined carefully and 
ohecked for reliability. However, no account was taken of the precision of 
individual yields within one experiment, father was the reliability judged 
from an experiment an a whole including the method used, and the specific 
fission products considered for talcing an average since no overall errors 
were estimated by authors (cf. 3»3«2.). 

The values presented in Table II should be considered as a, slightly 
different way of normalizing and selecting experimental data, using the same 
evaluation principle. The influence of such differences may become evident 
from a comparison. 

The differences between the procedure to obtain the two sets of 
data are: 

- In [Lam 73] "the readjustments of Ба-139 (see 3.1.1») and Ce-144 
yields of [lye 6 3 ] was in error (assuming wrong U-235 reference 
yields used in the original work). This time only the Ji-value s 
were used for corrections. 
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- U-235 reference yields for lai-103, 1-131 and Te-132_used now are 
3.09$ [Deb 73], 2,93$ arid 4«3б$, respectively. In |_I;am 73] the U-235 
yields published there have been used. This affects the I - I 3 I yield 
of [lye 6 3 ] and all adjusted A-values of [ïlar 6 8 b ] . 

- liass-spectrometriо relative I(;r, Xe and Cs yields were previously normal-
ised to agree in the stun of mass 83, 131 and 137 yields. 

- The data of [Юге 6 7 ] were readjusted for differences between measured 
and recommended U-235 yields m [bam 73] and thus treated as ̂ -values. 

- The data of [Tur 51] were previously normalized at mass numbers 91 
and 99, this time only at 91« 

- In [Lam 7З] the mass-spectrometnc Ле-133/Хе-132 was averaged first 
with that obtained from the "'-value [jar 63]; relative Os-yields 
were normalized to this average value. 

- The preference of data was: 

1) mass-spectrometric 
2) [Har 68b] 
3) [lye 63] and [Bre 6 7 ] 
4) [!?yt 65] and [̂ Tir 51] 
Other data were not used. 
Exceptions were Ce-141 (y-spectrometric measiirements preferred), 
Je-144([lye 53, ы е 6 7 , T-Fyt 6 5 ] equal weight), mass 143 ([Har 6 8 b , 
lye 6 3 , Bre 6 7 ] equal weight) and Ba-139 ([lye 6 3 , TIar 6 8 b ] equal 
weight). 

3 • 4• Status jof Th-2\2 fast 

3 . 4 . I . Comparison of experimental data 

A comparison of experimental data on displayed in Table II is of course 
influenced by the normalization chosen. The following comments have to be 
understood as "relative to the .Oa-140 yield". 

Apart from the valley region the most striking discrepancies occur at 
mass numbers 131 and 137» With the normalization chosen, the Cs-137 yield 
of [Nyt 6 5 ] is 43$ higher than that of [lye 6 3 ] . If the Xe-131 yield of 
[Ken 57] chosen as reference, the 1-131 yield reported in [Har 68b] is 10$ 
lower, those of [lye 6 3 ] and [Uyt 6 5 ] are higher by 7$ and 4 4 $ respectively. 
All data, sets that include a measurement of the mass 131 yield are normal-
ized at this value m Table III for comparison. The most striking observa-
tion is the good agreement among the 137/131 yield ratios ([lye 6 3 ] 
lower). Also m the valley region the values of [lye 6 3 ] and [Fyt 6 5 ] are 
much closer whereas all other yields (including [Har 63b] exhibit severe 
disagreement. 

It can be cloncluded that the discrepancies are in the mass 131 yield, 
ïbe Сз-137 yield is either around relative yields of 4 . 3 or 6. Averaging 
these two values makes no sense. The reason for the preference of a Cs-137 
yield of 4 . 2 6 m this evaluation is that it is confirmed by 4 measurements, 
3 of which are completely independent ([lye 6 3 ] , m a s s - s p e c t r o m e t r i c , Г liar 63b]; 
U-235 reference yields can be excluded as cause for the discrepancies). 
A normalization to the Cs-137 yield of [Wyt 6 5 ] would raise the mass spectro-
metry data [Ken 57, liar 68a] and those of [liar 68b] by 43$ and cause severe 
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discrepancies of the latter with other data at mass numbers 91, 97, 139 and 
14З (relative yields would exceed 9'Д. except for 3r-97). 

Table III. ̂ experimental 'ila-232 yields relgtive ma.ss no. I3I 

Mass 
ÏFO. 

IYE63 
Ken57 
ПАГБЗА 

IlaröOb WYT65 Mass 
ÏTO. 

ХуебЗ KEN57 
ИАГББА ПагбОЬ Wyt65 

83 1 . 2 1 1 . 2 4 I32 1.77 1 . 9 О 

90 4.63 3 . 2 0 133 2 . 4 0 2 . 8 5 

91 4.23 5.12 135 2.99 3-71 
97 2 . 6 2 2.79 137 2.77 2 . 9 6 2.94 
99 1.71 I . 2 5 139 4.05 5 . 1 2 

106 .0253 .0275 14О 5-19 3 . 8 6 

1 1 1 . 0 3 0 . 0 3 6 141 4.66 3.39 

112 

131 

.047 
(.038) 
1 1 1 

. 0 4 0 

1 

143 

144 

4.40 

4.З6 

5,06 
З.59 

However, there are also severe argument?. against the choice of the 
lowCs~137'yield 

- The yields of j~Wyt 6 5 ] could be corrected for y-ray abundancies and 
the half-life used for Os-137 is correct. There is no evidence for 
distrusting this measurement, 

- There is evidence from recent work ['rtid 73] that the higher value i3 
correct. 

- v in Th-232 fast fission varies from 2.1 - 2.3 in the range 1.4 to 
3 MeV [Man 72]. '£7 calculated according to [Lam 73, 4al 73] from the 
data shown in the last column of Table II is 1.55» 

- There is no correspondence in the light mass peak to high and low 
yields in the heavy mass peak and vice versa, with the possible 
exception of the pair 90 - 140» This cannot be explained by variations 
in neutron emission. 

In addition it lias Ъееп observed tha-t the Cs element yields measured 
mass-spectrometncally at ffcMaster University ([liar 68a] for Th-23^ are 
systematically low [Lam 73b, Wal 73c] and the isobaric link (Xe/Cs)-133 is 
generally in conflict with other measurements [Lam 73» bam 73b] (see also 
U-238 fast fission discussed m chapter 2). 

I have attempted two different renoxmaliaations in order to check 
their effect on {7 <. In the first one all data of [Ken 57? Har 68] were 
adjusted to 6.08 for Os-137 and all high yields of [liar 68b] (see above) 
ignored. In the second one the mass-spectrometric data of [liar 68] for masses 
number 133, 135 and- 137 were ignored, 1*54 for mass 131 was chosen as 
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reference point for [Ken 57, liar 68], and all data of [liar 68b] used as well 
as 6,08 for Cs-137« The resulting values for \7 are 2.79 and I.96 respec-
tively. However, there are too many factors of uncertainties ond no clear 
reasons to favour the one or the other set of experimental data to allow any-
reliable conclusions. 

When comparing experimental data in Table II, other discrepancies are 
also evident, e.g. at mass numbers 90, 97» valley region (105 - 112), 139» 
1 4 9 and, most important, at 1 4 4 . These depend, however, partially on the 
particular normalization chosen. Interesting is the good agreement among 
relative mass 140, 1 4 1 and I 4 4 yields of [Bre 6 7 ] and [Wyt 6 5 ] . 

In order to check the influence of the choice of the reference yield 
and the normalization of relative yields to 100$ in the heavy mass peak, 
I have performed another comparison of experimental data, using the refer-
ence yield of the original work wherever possible, and the absolute yield 
of Kr-86 (5.97$ [Ken 5 7 ] ) as starting point. The other data were adjusted 
in the following steps„ 

a) [Ken 57] 
b) [Har 68a] 

c) [Har 68b] 
d) [lye 63] 
e) Wyt 65; 

'Tur 51' 

ICr hnd Xe at Kr-36 
10-37, Kr-83 at Kr-06, Xe-133 at Xe-134 
relative Си yields not used 
ïl-value yields at mass 132 [lCen 57] 

at masses 33 and 131 [Ken 57] (original; 99) 

at mass 99 [lye 63] 
It-value yields at mass 99 [lye 6 3 ] (original: 89) 

f) [Bre 6 7 ] 

g) [liar 68a] 

at mass 141 (average [lye 6 3 , Wyt 6 5 ] ) 

stable M yields at mass 143 (average [liar 6 8 b , lye 6 3 , 
Bre 67]). 

A simple average was taken, omitting discrepant data of [lye 6 3 ] 
(masses 9 1 , 1 3 1 , 1 3 7 , 1 3 9 , 1 4 4 ) , [Wyt 6 5 ] (mass 13l) and [Tur 51] (mass 97) 
and the results presented in Table IV under '-'absolute" together with other 
evaluations. 

This normalization reduces the discrepancies at masses 90 and 97» hut 
increases the others. However, there is close agreement between the Cs-137 
yields of [Tur 51] and [l-Jyt 6 5 ] and better agreement among all data at masses 
141 and 143» Иге changes in the final yields are not very significant 
(cf. Table IV), except for the Cs-137 yield. 

A common feature of all normalizations is that the sum of yields in the 
light mass peak (including interpolations) is less than that in the heavy 
mass peak. In the last absolute normalization the sum of yields in the light 
mass peak is 97«67? that m the heavy mass peak is 105.32. This and the 
fact that no high yields in the light mass peak correspond to those at masses 
14О and I 4 4 in the heavy mass peak suggest that the yields in the region 
I40 - I 4 4 oould be too high. Clarification by further measurements is 
necessary. 

3 , 4 . 2 , Discussion of evaluations 

As discussed in the previous section the uncertainties of Th-232 
fission yields depend significantly on a particular normalization chosen. 
Therefore we shall discuss evaluations and normalizations of other authors 
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and compare them (Table IV) before we draw any conclusions on the uncertain-
ties of available data. 

Crouch separated pile [Cro 7 3 b ] and fast [Oro 73a] neutron fission yields of 
И 1 - 2 3 2 , which he did not do for U-238. The criteria for the separation are 
not quite clear, as under rfast;' [Cro 73a] the data of [Ken 57] (fission 
spectrum), [liar 68] and [Wyt 6 4 ] , an earlier publication of [VJyt 6 5 ] , (both 
pile neutrons) appear, whereas under -'pile" [VJyt 6 5 ] is listed together with 
the other data (cf. section 3«2.2.)„ Furthermore, we have seen that the shape 
of the neutron spectrum above ~1.5 MeV is the essential critérium. In that re-
gionale spectrum of fission neutrons in a water moderated reactor is closer 
to a pure fission spectrum than the neutron spectrum of a fast reactor. 

a ) [Cro 73a], table 3, .'/fast'1 (the reference numbers are those quoted in 
"Cro 73a]V: This evaluation includes the data of [Ken 57] (=ref. 2 4 I ) , 
*Har 6 8 ] (=ref. 3 6 9 ) and [Wyt 6 4 ] (=ref. 389, which is the same as [Wyt 6 5 ] ) . 
The reference yield chosen for Ho-99 is that obtained by [lye 6 3 ] which is 
not included in this evaluation. It should be noted that the data quoted m 
this table for ref. 369 are those obtained in the final normalization by 
[Har 6 8 ] , which include the data of [Ken 57], arid [lye 6 3 ] . The yields of 
stable ICr and Xe isotopes quoted for ref. 369 (=[llar 68]) are those of 
[Ken 57] in "the normalization of [liar 68] and averaged with those of réf. 2 4 I 
(=[Ken 57]) in table 3 of [Cro 73a]. On the other hand mass yields 91 and 
97 [Har 6 8 b ] are not used. Furthermore, the data of refs. 241 and 3 6 9 were 
not found using a Mo-99 yield of 2.78/. Finally, it is not clear why a 10^ 
uncertainty was assigned to the mass spectrometric data of [Ken 57» Иаг 68] 
and % uncertainty to the radiochemical yields of [Wyt 6 4 ] (cf. section 3«3.2.). 

b) fCro 73b"), table Ул
 i;pile,] (reference numbers are taken from this table): 

This evaluation includes the data of [Cro 6 3 , lye 6 3 , Tur 51, Wyt 6 5 , Ere 6 7 ] 
among others. It has been shown in section 3«3»2. that all authors, except 
[Tur 51]» quote standard deviations of relative yields. In this evaluation 
the standard deviations quoted by authors were used for references 15 
(=[Cro 6 3 ] ) , 228 (=[lye 6 3 ] ) and 326 (=[Tur 51]f> overall error), if they 
exceeded 5$» In "the case of ref. 336 (=[Wyt 6 5 ] ) the quoted standard deviations 
were used for and- Ku-103, whereas for all other yields a common 15$ 
error was assigned, which compares to a 5"!•> uncertainty used for [Wyt 6 4 ] in 
[Cro 73a]. An error of 15/ was also assigned to all data of refs. 348 
(=[Nid 5 0 ] ) and 3 6 7 (=[Бге 6 7 ] ) . To be consistent, either all relative 
measurements should have a common error when converted to absolute yields, 
or all errors should be assigned individually (e.g. by adding an estimated 
systematic to the statistical error in quadrature). [Hid 50] is an earlier 
publication of [Tur 51], but not the same data. 

Ibvalues have been corrected for U-235 reference yields and Mo-99 was 
chosen as reference yield (2.78/ [lye 6 3 ] ) wherever possible. Since no final 
normalization was made, the averages are not strictly absolute yields. It is 
not clear from the experimental data shorn how the high Ce-141 yield was 
obtained. 

c) [Mee 72]; The general statements made in 2.3.3» on how the authors obtained 
their "updated7, yields are also valid here. In particular, the reference 
yields used in a certain experiment are indicated m the table of original 
reference data, but the updated" reference yield does not correspond to 
the average (or recommended) yield (see table >/, mass numbers 141 [Bre 6 7 ] 
and I 4 3 [Har 68a].; some of such errors are, however, corrected in the latest 
uptalee [Mee 74]. This and the comparison of different normalizations in 
evaluations (table V) suggest that experimental data were adjusted to give 
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the best overall agreemënt irrespective of their original reference point. 
It is possible that the adjustment was changed during subsequent iterations 
of the computerized fit to give the smallest overall uncertainty. 

Original and revised data were raised by ~3$ m the light mass peak and 
lowerod by ~4$ in the heavy mass peak in order to m alee the sum of recommended 
yields 100$ in each mass peak, thus causing a 7,': change m originally measured 
relative yields in different mass peaks. On the other hand, this is con-
sistent with the observation made m this work mentioned a/t the end of sub-
section 3.4.1» 

The assignment of relative errors to experimental data appears to be 
reasonable. However, since all measurement". are only relative (also in 
[Kee 72]) these errors are too small when data are converted to absolute 
yields. This is demonstrated by the change of yields in the light mass peak 
by 7'/' relative to those m the heavy macs peck, which is opposed by uncertain-
ties as small as 2? (stable ]_'r and Xe yields cf. table IV"). 

It is not clear why the data of [:;3re 6 7 ] are assigned much higher errors 
than others, as their quoted uncertainties a,re comparable to those of other 
authors (cf. section 3»3«2.). Those yields of [Tur 51] which were measured 
relative to U-233 should be assigned lower uncertainties, as those assigned 
by the authors [Tur 51] are overall errors including those of the reference 
yields. Also in [bee '72] both sets of data [4yt 6 4 , VJyt 6 5 ] arc used as well 
as [Hid 5 0 , Tur 5 1 ] . 

fMee 74] is an update of [tfee 72] published recently. It is included in 
tabl es IV and '/,as a comparison with the previous evaluation [ïïee 72] and 
others is interesting, but will not be discussed in detail. 

In this new evaluation some normalizations of experimental data are 
changed considerably (of. table V). Also the uncertainties of the data are 
increased, some even drastically (e.g. [lye 63]7 Ba-140 and CJe-14-1 yields 
from to -30$) „ It appears from a few checks of the new evaluation that 
for some yields "estimated'' by evaluators (e.g. [Eng 65, Sid 72, Lam 73]) not 
only updated values were calculated,, but they were even included in weighted 
averages. This should be further chocked but m no case should they be mixed 
with experimental data. They should even be omitted from the tables. 

In the new evaluation the duplication [Wyt 6 4 , Wyt 6 5 J is avoided. 

3»4«3. Comparison of evaluations 

Different normalizations made in this work are compared in Table IV to 
the evaluations discussed in the previous subsection. Differences in the 
general trends of yield values are due to the particular normalization chosen 
for each set of data, differences m individual relative yields are, in 
addition, due to the weights (including omissions) assigned by evaluators to 
experimental data. 

The effect of the normalization should be such that the recommended 
yields in the light mass perk of [Mee 72, Нее 74] should generally be higher 
than others, as relative yields were increased by 3$ to make the sum of 
yields 100/'. 'Absolute' yields of Lammer (table IV) should in both mass 
peaks be comparable to those of Grouch [Oro 73a-, b], who used the Mo-99 yield 
as reference. Other yields evaluated by Lammer (see table IV) should be lower 
in the light mass peak, as they were obtained by making the sum of yields in 
the heavy mass peak 100$ (see discussion in previous sections). In the heavy 
mass peak the :îabsolute" yields and these of [Cro 73] should generally be 
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Mass 
no. 

72 
73 
77 
33 
84 
85 
86 
87 
88 

89 
90 
91 
93 
95 
97 
99 
Ю З 
1 0 5 

106 
109 
ill 
112 
113 
115 
117 
121 
123 
125 
127 
131 
132 
133 
134 
135 

IV. Comparison of evaluated Th~232 fast fission yields 
Uncertainties are given m f. in brackets 

Table II 
Lammer 
Lam 73 absol. 

Crouch 
Cro 73b Cro 73a 

Meek and 
Mee 72 

Rider 
Нее 74 

.00034 . О О О 3 6 .000136(15) .00027(16) .00035(16) 

.ООО46 . 0 0 0 5 .00035(50) .00054(32) .0005(23) 

.01 .0102 .01 ,011(24) .0126(8) .0126(8) 
I . 90 I.O7 I . 9 8 1.98(9) 2.03(7) 2.14(4) 2.04(2) 
З.44 З.44 З .62 3.72(7) 3.91(4) 3.72(4) 
3,74 4.02 З.9З 3.95(7) 4.06(2) 3.82(2.8) 
5 . 6 9 5.66 5-97 6 . 1 1 ( 7 ) 6.25(2) 6.09(2.8) 
6.01 5.99 6 . 3 I 6.57(10) 6 . 8 1 ( 4 ) 6.48(4) 
6.34 6 . 3 2 6.66 6 . 9 2 ( 1 0 ) 7.18(4) 6.35(4) 
6.43 6 . 7 2 6 . 7 7 6 . 9 6 ( 5 ) 7.79(8) 7.83(8) 

7.27 7 . 4 0 7.25 7.24(4) 6.99(5) 7.85(4) 7.96(6) 
6 . 9 2 7 . 2 6 7.31 5 . 1 8 ( 1 1 ) 7.33(4) 7 . 1 0 ( 4 ) 
7.65 7 . 2 1 7 . 4 1 7.86(15) 7 . 2 8 ( 1 6 ) 7.75(8) 

5.4I 5 . 3 0 5.ЗЗ 5.30(6) 5.64(8) 5.53(8) 
4 . 0 2 3 . 9 6 4 . 1 0 4.65(9) 4.38(4) 4 . 1 2 ( 2 . 8 ) 

2.74 2 . 7 6 2.75 2.78 - 2 . 7 8 - 2.85(4) 3.02(6) 

• 153 . 1 4 6 .155 .15(6) . 0 1 6 4 ( 4 ) .167(6) 
. 0 4 . 0 5 . 0 7 .072(14) . 0 4 0 ( 8 ) . 0 3 6 ( 1 1 ) 

. 0 4 1 . 0 4 1 .05 .043(10) .053(4) . 0 4 5 ( 1 1 ) 

. 0 4 0 . 0 4 2 . 0 4 .050(7) .051(8) .060(16) 

. 0 4 . 0 4 5 .06 .054(14) .073(8) .085(8) 

.06 .062 . 0 7 .057(14) .038(8) ,091(6) 

. 0 5 8 .06 . 0 6 .045(7) .072(8) .061(23) 

. 0 5 7 .057 . 0 6 .050(13) . 0 6 3 ( 8 ) .038(16) 

. 0 5 1 .049 . 0 5 .040(11) .070(16) . 0 5 9 ( 1 6 ) 

. 0 5 6 .055 . 0 5 .046(15) .047(8) . 0 5 2 ( 8 ) 

. 0 3 2 .031 . 0 3 .027(15) .044(8) . 0 3 6 ( 1 6 ) 

. 0 3 4 .033 . 0 3 .037(15) .034(16) . 0 3 6 ( 1 1 ) 

. 0 7 6 . О 8 9 . 0 7 5 .17(15) .078(4) . 0 9 6 ( 8 ) 

1 . 5 2 I . 52 1 . 6 0 1.27(22) 1 , 8 7 ( 1 1 ) 1.53(2) 1.45(2.3) 

2 . 6 9 2.7О 2 . 8 3 1.76(15) 2.82(7) 2.67(2) 2.66(2) 

3.75 3.74 З.96 3.75(10) 3.85(4) 3.66(2.8) 
5 . 0 6 5 . О 6 5.32 5-48(7) 5.15(2) 4.87(2.8) 

4 . 7 6 4 . 6 5 5.30 4 . 6 6 ( 1 0 ) 5.07(4) 4.05(4) 
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Table II (continued) 

Mass Lämmer Cr ouch Йеек and Iii der ~ 
no. "gable II Lam 73 absol. •Jro 73b Uro 73a hee 72 Нее 74 
136 5.-38 5.ЗО 5.65 5.55(7) 5.20(4) 5.12(2.3) 
137 4.50 4.44 6.45 4-76(9) 5-92(13) 5.28(4) 7.02(6) 
139 6 . 7 З 7.З8 7-З2 7.60(10) 7.00(10) 6 . 5 0 ( 4 ) 6.73(4) 
I 4 0 8.45 8.3I 8 . 4 О 7.59(7) 7.72(5) 7-31(4) 7.91(4) 
I4I 7.40 7.28 7.4З 7.60(6) 7.26(5) 7.29(4) 7-65(6) 
143 7.02 7.12 7.22 6.31(4) 6 . 7 9 ( 1 0 ) 6.87(4) 6.99(4) 
I44 7.49 7.65 7.95 7.10(4) 7-98(5) 7.50(4) 8.22(6) 
I 4 5 5.70 5.7З 5 . 3 6 5 . 5 2 ( 1 0 ) 5.37(8) 5.67(4) 
I 4 6 4 . 8 8 4.95 5 . 0 2 4.73(10) 4.60(3) 4.85(6) 
147 З.13 2.97 3 . 0 0 2.96(6) 3.05(3) 3.27(6) 
I 4 8 2 . 1 5 2.18 2.21 2.08(10) 2.02(8) 2.11(6) 
I 4 9 1.47 1.44 1 , 4 8 1 . 2 2 ( 3 0 ) 1 . 2 3 ( 1 6 ) .94(16) 
I50 1.08 1.09 1.10 1.04(10) .99(3) .34(16) 
151 . 4 2 .41 .42 , 4 6 ( 1 5 ) . 4 0 ( 1 6 ) .175(16) 
15З . 2 1 .21 . 2 4 . 2 2 ( 1 5 ) .19(16) .032(16) 
I 5 6 .0026 . 0 0 2 6 . 0 0 2 6 .0029(15) . 0 0 2 5 ( 1 6 ) .0027(11) 

higher than all others, for which the sun of yields is 100$.l An mspec-_ 
tion of Table 17 shows that these general trends can only be observed approx-
imately in the light mass peak. Whereas relative yields, which were originally 
measured mass-spectrometrically, agree m all evaluations, differences in pre-
ferred values at other mass numbers are large enough to influence the whole 
normalization, particularly in the heavy mass peak. 

Table V compares how evaluators have adjusted experimental data. This 
Table is restricted to measurements discussed in section 3«1. and evaluations 
shown in Table 17. The mass numbers chosen are those for which several 
measured yields exist and waich are essential for the normalizations obtained 
by evaluators. The most important observations can be summarized: 

a) Comparison of normalisations. 
In Meek and riders evaluations [Нее 72, hee 74.] the do,ta of [Tur 51] 
(and [Hid 5 0 ] ) are much higher than in any of the others. The reason 
for this is not clear. A. possible explanation is that the adopted 
yields to which the data were adjusted in the evaluations [îlee 72, 
Mee 74] are rather high (e.g. masses 83, 8 9 , 90, 99, 144, see also 
discussion below) and/or the yields of [Tur 51] particularly low (e.g. 
masses 131, 140). In any case, the good agreement of the yields 
measured relative to U-235 thermal fission, which can be readjusted like 
K-values in evaluations, with other measurements is distorted in this 
noimalization. This suggests that the "'-value type1 data of [Tur 51] 
should bo treated neparatly from the others. 
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Table V. Comparison of different adjustments of experimental Th-232 fast yield 
data by evaluators 
(Reference yields quoted by evaluators are underlined; wnu:î and 
values shown in brackets were not used for obtaining the -'final" value) 

Mass a) Ken57 
no. Eval* I.tar68c i ПагбоЪ 1уебЗ N y t 6 4 W y t 6 5 Bre67 lTid50 Tur51 СгобЗ J'inal 

90 Mee73 7.97 7,41 7.39 7 . 8 8 7.ЗО 3.73 7.З5 
Cro73a 6.99 6.99 
Cro73b •Г7.46 7 . 0 1 6 . 1 8 7 . 2 4 7.55 7.24 
Table II 7.53 7 . 0 1 (7.19) (9.36) 7.27 
absolute 7.45 7 . 0 4 (7.57) (9.З9) 7.25 
Mee74 8 . 2 0 7.63 7.26 7.19 8 . 66 7 , 9 6 

91 Hee72 7 Л 4 7 . 0 0 7 . 6 2 3.33 (nu) 7.33 
Cro73a -

Cro73h 6 . 8 1 5-97 7.З4 4.44 5.I8 
Table II 6.97 6.83 6.12 ( 5 . 4 0 ) 6 . 9 2 
absolute 7.32 (6.81) 7.29 (5.42) 7.З1 
Hee74 7.00 7-45 7.48 (nu) (nu) 7 . 1 0 

131 Mee72 1.49 1.2Э 1.51 2.11 2.10 (nu) 1.45 1 . 5 8 
Cro73a 1,62 1 . 5 6 2 . I 3 1.87 
Cro73h 1.57 2 . I 4 0.68 ,1.18 I .27 
Table II 1.52 (1.36) (1.63) (2.I9) (1.24) I . 5 2 
absolute 1 , 6 0 (1.43) 1,61 ( 2 0 20 ) (1.30) 1 . 6 0 
I-ïee74 1.45 1.34 1.70 (nu) (nu) I . 40 1.45 

137 Mee72 4«§3 4.40 6.5О 6 . 5 0 7.24 7.08 5.28 
Cix>73a 4 . 6 0 6.59 5.92 
Cro73a 4.5О 6.59 6 . 0 7 6 . 4 4 4.76 
Table II 4 . 5 0 4.5О (6.42) (6.11) 4 . 5 0 
absolute (4.73) (4-45) 6 . 4 6 6 . 4 4 6.45 
Mee74 (nu) 7.12 7.53 7 . З 6 7.02 

140 Hee72 8.23 7.63 7 . 6 2 7.97 6.86 6 . 9 З 7 . 0 7 7 . 8 1 
Cro73a 7.72 7.72 
Cro73b 8 . 3 8 7.7З 8.67 5-67 6 . 1 4 6.94 7.59 
Table II 8.45 M 5 ( 6 . 4 0 ) 8.45 8.45 
absolute 8 . 3 6 " 8 . 4 9 8 . 5 4 (6.75) M B З .48 
Hee74 9 . 0 4 0 . 35 8 . 6 5 7.15 7.22 L i l 7.91 

1 4 1 Mee72 7.51 7.16 7 . 1 7 6064 7.49 10.06 7 . 1 3 7 . 2 9 
Cro73a 7.2 6 7 . 2 6 
Cro73"b 7.ЗО 7 . 2 6 7.60 6 . 2 8 8 . 6 9 6 . 5 9 7 . 6 0 
Table II 7.59 7 . 4 2 7.41 ( 9 . З О ) (7.87) 7.50 
absolute 7.51 7 . 4 5 7.4О ( 9 . 3 0 ) ( 7 . 9 0 ) 7 . 4 8 
Mee74 8 . 2 4 7 . 8 4 7.37 7.79 (nu) 7 . 4 9 7 . 6 5 

143 IIee72 6.3,3 6.32 7.05 6 . 5 6 7 . 1 3 6 . 8 7 
Cro73a 

6.3,3 
6.79 6 . 7 9 

Cro73b ?7«02 7.12 6 . 5 9 6 . 8 1 
Table II . 7 . 0 2 6.90 7.16 6 . 9 4 ( 8 . 2 1 ) 7 . 0 2 
absolute 7 . 2 2 " 7.25 7.О9 7.31 ( 8 . 2 4 ) 7 . 2 2 
IIee74 (ТЛИ (6.68) 7.78 7.15 6.99 
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Table II (continued) 

Mas с a) Ken 57 
no, Eval. ЛагбОа IfaroOb .ГуебЗ ЦуЪСЦ. 

144 Иее72 7.01 7,о8 
Ого73а 7-9П 
Ого73Ь 6.90 
Table II 7.09 
absolute (7-02) 
Иее74 7.69 

Uyto5 Lre67 Md50 Tur51 Сгобз Pinal 

7, Co 7.5О 7.74 7.9З 7.0O 7.5О 
7.98 

7--90 О.14 6.49 6.93 7.I5 7.10 
7 « 05 7.94 (7.ЗЗ) (9.О3) 7.49 
7 ' Oy 0.01 (7.73) (9.О6) 7.95 
8 г 62 0 i < 0.10 0,05 0.26 О.19 8.22 

а) [Нее 72, Нее 74] -'updated values are shown. 
•'T-ible 1Г'; The -final" values of Т\Ъ1е II are shown in the last column. 

These were obtained by multiplying the • average-' yields of 
•T'!-ble II by the factor I.O56. In order to allow a better 
comparison with the other evaluations, all experimental 
data, shown in Table II are multiplied, by the same factor 
for this table« 

It can generally be observed that the normalinations of Grouch and 
Lammer are rather similar and different from those of ITeek and rider. The 
data of [Wyt 65] are corrected for [1- and Y-ray intensities in this work 
(Table II and "absolute"') and therefore the adjusted values differ from 
those of other evaluators, but the agreement with other measurements is 
improved. The normalizations of the measurements of [3ro 63] differ 
considerably. 

b) Comparison of recommended yields-
In the evaluations. [Oro 73, 'lee 72, Гее 74] recommended yields were 
obtained from weighted averages, as discussed 111 3«4»2. In the present 
work the reliability of the data was judged from the experimental 
method employed and tho overall agreement, generally a simple average 
was calculated and discrepant data omitted. Those different methods 
are reflected by a comparison of adjusted experimental data and ''final " 
yields in Table In the case of [llee 74] the selection and averag-
ing is not so obvious because additional data sets not shown in Table V 
were used, possible also estimates (see subsection 3*4«2.). 
The high Sr-89 yields of [Нее 72, Нее 74] (see Table IV) are due to 
the normalization of the data of [Oro 63, 'iur 51» Hid 5°], Higher 
values obtained in these evaluations for other yields in the light 
mass peak are due to their final normalization to make the sum of 
yields total 100"5„ The influence of tho high weight given to the data 
of [Cro 63] by Crouch is reflected by the final mass 91 yield. 
In the heavy mass peak mass spectrometric data were preferred in the 
evaluations "Table II', 'absolute'' and [lice 74] > m the latter this is 
done only effectively "by assigning a much smaller error to these data. 

Mass 131 ; The higher weight assigned to [Hyt 64] in [Cro 73a] is reflected by 
the average. In the case of [Cro 73b] -the low average is due to the fact 
that Crouch has assigned a 15* error to the extremely low value of [Hid 50] 
(who quote no error) which is opposed to a 50/> uncertainty for [Tur 51] 
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(аз given Ъу the authors), bimilar observations с cm be made for Зз-13_7. 
except for the strong influence of the low yield measured by [lye~ é>3_|V 

The high Ba-140. yield evaluated in this work is due to the correction 
of the [Wyt 6 5 ] measurements and the omission of other data. In the other 
evaluations the rather high weight given to the measurements of [Oro 6 3 ] , 
which were discarded altogether in this work as being completely out of the 
range of other values, has a noticeable effect on the final value. The same 
is true for the Ce-Idl yield (except [Cro 73b]; see 3.4.2.), and mass I 4 3 in 
the case of ['Jro"73bjT The final mass I 4 3 yield obtained in [Нее 72, Kee" 74] 
is determined by the mass-spectrometric data and it is not clear how they 
were adjusted in these evaluations. 

The lower Ce-1_44 yield of [-Jro 73b] is due to the high weight assigned 
to the Pi-value measurement of [lye 6 3 ] . The comparison of individual data 
adjusted by [Oro 73b] and [ïïee 74] is a good illustration how agreement 
among experimental data is influenced by the particular normalizations 
chosen, 

З . 4 . 4 . Uncertainties 

In [Lam 73] no uncertainties were assigned to individual yields, but a 
minimum of 5$ was estimated to be due to the final normalization. The evalu-
ation procedure outlined in 3.3. did not allow to calculate a variance of 
the mean obtained, as experimental data were not weighted by the reverse of 
the squares of their errors. Errors quoted by measures are generally stan-
dard deviations and lack of time did not allow to analyze experimental results 
in detail and estimate overall uncertainties as discussed in section 3«3' 
In addition it was felt that the absence of absolute yield measurements and 
the rather arbitrary adjustment of relative yields do not allow a reliable 
assignment of uncertainties to individual yields. These arguments have now 
been confirmed by the other new evaluations discussed above, as Table V shows. 
On the other hand, this comparison allows a better estimate of the uncertainty 
introduced by the normalization. 

As in the case of U-238 fast fission we shall discuss the uncertain-
ties of those yields in more detail that are either used in fuel analysis 
(bumup) or which are commonly used as reference yields. Since we are 
essentially dealing with relative yields we shall estimate their accuracy 
first and then add an error for conversion to absolute yields. Individual 
estimates are presented in Table VI. 

Column Г of Table VI lists the precision obtained in the measurements 
discussed in section 3-1. (see also 3«3*2.), expressed as 1 standard deviation. 
This is the average of the most accurate measurements generally (lye 6 3 , 
Вre 67t Wyt 65]. The precision is combined with an uncertainty of 2 - to 
obtain the overall experimental accuracy, listed in column A of Table VI. 
This additional uncertainty accounts for calibration, corrections, nuclear 
data, etc., and is taken to be about 2fj if mass spectrometry or an It-value 
or different independent methods are involved, and about 3 - 4% for more 
recent radiochemical measurements, but in no case iras A allowed to be less 
than 3%•> It has to be kept in mind that the accuracy A represents the 
capability of the experiments discussed but does not include a comparison of 
the actual results. 'The latter depends 011 how sets of measured relative 
yields are adjusted to one another. 5Ъг this purpose the different adjust-
ments as presented in Table V (and Table II) were used and standard devia-
tions of the unweighted average calculated. These turned out to be similar 
for all evaluations and typical values are shown in column avg of Table VI, 
which should reflect the agreement among experimental data. Column "геГ1 

274— 



Table v'l. TJncertaintie s {$) of Th-232 fast yields^ 

relative 
Mass no'. P A PVP' v Cj rel eval total 

95 r О 7 2 7 2.3 11 
99 2 3 - 3 4 7 
103 5 6 2 6 5 10 
1 0 6 5 s Ü 12 20 1 0 25 
133 2 3 3(10) 3 ( 1 5 ) 3 6-20 
137 1(3) 3(5) 10 20(5) 16 9-25 
1 4 0 1.5 3 0 . 6 ( 7 ) 3(7) 4 . 4 7 - 1 2 

143 2 4 3 4 2.1 0 
1 4 4 3 5 4 5 5 9 

All uncertainties are relative (f>) 
P ..o. experimental precision (1 standard deviation) 
A ... « experimental overall accuracy 
avg .„ standard deviation of a simple mean of experimental data 
rel .. assigned overall uncertainty of relative yields 
eval . average deviation of evaluated yields from the mean 
total ... estimated total uncertainty of absolute yields 

lists the estimated uncertainty of presently available relative yield data, 
which corresponds generally to the larger of errorn ' V and :,avgw. There 
are a few exceptions: 

- If a mass 133 yield is derived from the higher Cs-137 yield [Wyt 65» 
Tur 51] using relative mass-speotrometric .Ja yields [Наг 60], it dis-
agrees with other mass 133 yields obtained, relative to Xe-yields. The 
uncertainties due to this discrepancy are shown in brackets. 

- The uncertainties shown for Cs-137 are derived from the inclusion of 
the mass-spectrometric measurements and that of [lye 6 3 ] . H we'ex-
clude these low values, then the uncertainties shown in brackets 
(confirmed by [Fud 73]) would be applicable. 

- In the case of mass 140 there was no agreement among evaluations. The 
lower uncertainty was derived from ^absolute" in Table the higher 
(shown in braclctes) from [Cro 73b]. 

- If discrepancies exceed experimental errors by far, a standard devia-
tion is no more a good estimate of the uncertainty. Therefore the 
uncertainty in column rel 1 £> lilC X*G CuES ed and corresponds approximately 
to the average deviation of individual values from the mean. 
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The uncertainty due to the conversion of relative to absolute yields is 
unknown, but can be estimated in two different ways. Iieek and idder [Kee 72] 
and Lämmer (• absolute-') have tried to derive absolute yields from experimental 
data and have observed deviations of and 4$ respectively Ъ% and 5$ m the 
sum of yields in the light and heavy mass peak from 100,'->. (Crouch has not 
compared the sum of his yields to 100̂ . and in [ïîoe 74] the adjustments ob-
tained finally in [Лее 72] were used.) 7rom thxe we may conclude that the 
uncertainty duo to the final normalization is about 3 - 5;'. As another 
approach we may compare the final values of different evaluators. The 
average deviation of individual evaluated dato, from the mean (a standard 
deviation of the mean itself is meaningless in this case) is shown m column 
"eval° of Table '/I. [_Lam 73] was not used for this comparison, as the data 
are similar to those m Table II'. These aver,age deviations are about 
2 - 5/5 in agreement with the first estimate of 3 - 5.'> except for those mass 
numbers where discrepancies exist already anion,; experimental data,. 

The uncertainty due to the final normalization has to be added to the 
uncertainty of relative yields as the nonnalination ic not independent of 
relative yieldr; and causes a, shift in one direction. An average of 4% is 
added to each of the estimated uncertainties of relative yields and the 
estimated total uncertainty of absolute yields is shown in the last column 
of Table VI. A range is given if 2 imccrt,unties of relative yields were 
estimated. 

Relative wd yields have an accuracy of 1.4/» 3% 1*4$ df, for mass 
numbers 145» 14$, 148 arid 150 respectively [Uar 68a]. Absolute Nd yields 
depend on the accuracy of the mass 143 yield. Their overall uncertainties 
are 8$ for masses 143, 145 and 1 4 8 , 9$ for Ш - 1 4 6 and 1Г', for iJd-150 
(errors combined quadra,tically in this case). 

Other yields: 

- Absolute yields of stable Kr and lie have an accuracy of about 5$ 
(from [Ken 57]), unstable Kr-87, 8 8 and Ke-133 (see also above) about 
Sfo accordingly. 

- Other absolute yields 111 the pealc regions should have an accuracy of 
about 8 - 20;'?. It should bo noted that discrepancies up to about a 
factor of 2 exist among measured mass I3I yields, but the mass-
spectrometric data are considered more reliable by all evaluators in 
this case. 

- yields in the valley region are based mainly on li-value measurements. 
Hero the U-235 reference yields have an uncertainty of for 
experimental data, and about 20 - 30f. for interpolated yields (masses 
113, 117, 119)« Variation of those yields with neutron energy has to 
be checked. 

- Yields at the light wing bolow mass 8 3 are scarce. Measured yields 
in the heavy wing at mass 148 ;nd below show two different trends: 
[lye 6 3 ] on the one hand and [Uar 6 8 a , Bre 6 7 ] on the other hand. 
Although not very likely, these differences could be due to differ-
ences in the neutron spectrum. This effect should be further in-
vest igatedP 

Presently the accuracy of Th-232 fast fission yields is limited by the 
large uncertainty of the conversion of relative to absolute yields. Reli-
able measurements of absolute yields, particularly at reference points, with 
sufficiently high accuracy should reduce this uncertainty considerably. 
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Uncertainties of relative yields could Ъе reduced and combined woth those 
of absolute yields in quadrature. Thus uncertainties of presently 7-9/f could 
be reduced to about 3 - 4/' without additional relative yield measurements. 

3.5, jAiturework 

3.5 • 1 • '"'xii t abl о t echni que s 

These are essentially the Game as mentioned for U-230 fast yields. 
In addition it might be stated that <jnaama.-spect romet ri с techniques as uoed 
by [Wyt 65] and HCre 67] are more suitable especially for measurements of 
Zr-95» 1£ц-103, j-ii-106, Jo-141 » !e~144 .und other fission products for whioh 
daughter productЙ have to be taken into account or which involve decoy curve 
analysis m ß-spectrometry. Possible systematic errors in chemical separa.-
tions are the s cane as in p-epoctiomotxy. 

3.5»2. Purther measurements required 

The recommendations for further measurements are similar to those for 
U-235 fast fission yields, i'irst of all, measurements of absolute yields are 
needed, "suitable fission products are Пг-90, ï»o-99. 1-131 » wS-137 » 
3a-140, Je-141 and Oe-144» or id-isotopes if mass-spoctrometry is employed. 
These proposals include the redetermination of the ratio of yields in the 
light mass peak to those in the heavy ваге peak and a check of yields in the 
mass range 140 - 144 relative to others. 

A fairly large number of reasonably accurate measurements of relative 
yields already eyiots. It can be hoped that the proponed future measure-
ments help to select among these data, resolve the inconsistencies and 
clarify the uncertainties ariso--.ia.ted presently with normalization points. 

As for ü-238, the change of yields with moment neutron energy or 
neutron spectrum should be studied« 

З.5.З. Evaluation work 

In this evaluation the data of [Jro 63I were corrected for half-life and 
those of [Uyt 65] for y-ray abundance, ÏToth corrections vre re not successful 
in resolving the most serious discrepancies, although in the. case of [Uyt 65] 
the agreement with other data could be improved for some yields. 

revaluation work should aim at the proposal put forward in section 
2.4«3. In particular, the causes of the discrepancies should be investigated, 
but further experimental work should be awaited in view of the unclear 
situation. 

4. Pi n~l_rem arks 

This contribution in its present form has been extended and revised in 
1974« l't therefore contains information not included m the original contri-
bution nent to J Ouninghome. 

This original contribution was done rather hastily and therefore in-
complete and unsatisfactory. It was followed by letters with further com-
ments, corrections and additions (e.g. the inclusion of [Job 7lJ in the U-238 
survey and its consequences). Line с the «rtile war; not suitable for publi-
cation, the wholo contribution was revised to include all additional informa-
tion and, as a. consequence of more thorough work, normalizations and evalua-
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tions are now studied, in more detail. It will be noted by the reader that 
references published m 1974 are included for completeness, if they contain 
important information, whereas evaluations not dealt with in Review Faper lib 
are omitted here. Therefore it should be noted that important information 
contained m this paper was not available at the time of preparation of lie-
view Faper lib (e.g. estimates of uncertainties, normalizations other than 
those in Table II', discussion of [/ее 72, I.,'ee 74])-

Just now I became aware of a recent publication on absolute Th-232 fast 
fission yields (j,,;„ Deen, I?„C. Draper Jr., Trans. *jn. jffucl. 8oc, (jJov. 
197З) 5З1)» The results cause more confusion than adding to a clarification 
among the data discussed m chapter 3' 1 have a few reservations about the 
measurement method, but the description given is too brief. Lore detailed 
information on data used and corrections applied is necessary to allow more 
definite conclusions. 

Great care is required in the design of future measurements, calibra-
tion and data analysis, if the results are. to clarify the present situation 
in both Th-232 and U-23O fast fission yields. Also the discussion of whether 
discrepancies con be explained by different neutron spectra rjhoùld be settled 
by a measurement of this effect for various; mass numbers, neutron energies 
and neutron spectra in one experiment, or several coordinated, experiments. 
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