o | Céwt, . %3037 -~/

COWF-630371--1
pDES3 014353

U-235 Sample-Mass Determinations and Intercomparisons

by
W. P. Poenitz and J. W. Meadows
Argonne National Laboratory

Argonne,I11., U.S.A.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completencss, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not nccessarily constitute or impiy its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof, The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

NOTICE

PORTIONS OF THIS REPORY ARE ILLEGIBLE.
it has been reproduced from the best MASTER

available copy to permit the broadest
DISTRIBUTION"OF THIS DOGUMENT 1S UNLINTER Z&B

. possible avallability. myonuy. . .

. sad
A SRR ATE LR
[FRERF THE TAL TSRS u.:."-n.:.u'!.!’t]



Page 1
I. Introduction ’

The neutron-induced fission <cross section of U-235 is not only
one of the most - frequently wused references but is also of direct
importance in reactor applications. As a consequence, knowledge of
this cross section 1is required with ~ 1% uncertainty as reflected in
corresponding entries in request lists (1,2), which have persisted
since the 1last 10-15 years. Measurements to that level of accuracy
require the investigation of the contributing components, one of which

is the fission mass. The latter is most often determined by others
than the experimenter who measures the differential cross sections or
integral reaction-rate ratios in a reactor test facility. The

Isotopic composition and the sample mass are usually obtained from
associated chemistry departments or standard laboratories, however,
the experimentor has still the responsibility to assure that the
values he uses are adequately described by the quoted uncertainties.

This can be achieved by comparing samples from different origins. It
was in this spirit that an intercomparison of fission samples obtained
from different US 1laboratories, which were involved in cross section
measurements, was carried out in 1979 (3). The notable outcome of
this effort was that a bias of~0.7% was found between the standard
laboratory and other contributing 1laboratories (which was, however,
within the stated uncertainty). The National Bureau of Standards
(NBS) has since then worked on a redefinition of the mass asignments
of its reference samples, has revised its mass scale by 0.8%, and has
reduced 1its wuncertainty by a factor of +two (to about % 0.5% ).

However, this new mass scale includes values relative to others. In
the present work these have been removed in order %to compare mass
scales as independent from one another as possible. Independence
already appears hard to come by. For example, the Los Alamos National
Laboratory (LANL) sample mass specifications are mainly determined by
the highest-weight entries which are for the isotopic composition from
MBS, and for the specific activity (determined by isotopic dilution)
from the Central Bureau for Nuclear Measurements (CBNM)}. The same
material, INS-1, s apparently "used by LANL and NBS, and sanmples
obtained from the Centre D'Etudes de Bruyeres le Chatel (BRC) and CBNM
ggg the present work were made with the same material originating from

. One of the interesting developements in recent times in the aresa
of precision neasurements has been the 14-MeV--neutron fission cross
sections of U-235. The praise has surely to go to Cance and Grenier
(4) who first observed and reported values which were substantially
ltower than the data accepted at that time. These new values were
subsequently confirmed by Arlt et al. (5) and later by others (6-10).

The 14-MeV values are not of great interest in appltied areas at
the present time, however, they have substantial importance because of
their impact on the normalization of the evaluated U-235 cross
section, as  will be discussed in Section V. The very precise ld-Mev
value§ affect the evaluated c¢ross sections at much lower neutron
egnergies and as some inconsistencies appear to emerge it was
considered inteéresting to assure that these inconsistencies ar2 not
que to discrepant mass scales wused in the various experimen:s.
_Lonsequently, the present authors inquired at the 1979 Knoxvills
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conference whether one or two of the samples which were used at the
Khlopin Radium Institute {in Leningrad (KRI) and at the Technical
University of Dresden (TUD) for 14-MeV measurements could be made
available for an intercomparison. This sample +transfer was
subsequently arranged by the International Atomic Energy Agency (IAEA)
and the present report describes the comparison which was made at

Avrgonne National Laboratory (ANL).

In order to improve on the validity of possible conclusions, the
authors had also asked BRC, the AERE Harwell, and CBNM for
contributions to this intercomparison. Samples were obtained from
these laboratories and included in the present measurements. All
samples are described in Section II.

The measurements consisted of two parts. The first part was the
determination of the alpha-decay rates of the samples and the
derivation of the absolute sample masses from these data. This is
described in Section III. The second part was a set of relative
fission-rate measurements and 1is described in Section IV. Updated
data from the 1979 measurements are included in Sections III and IV.

The intercomparison of &all the mass scales could only be made
after all the reference values became available. This exchange of
data took place at the present meeting. The results of the
interconparison are discussed in Section V.
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II. Sample Descriptions

Six different fissile materials were 1involved in the 1979 and
1982/83 intercoparisons discussed here. The isotopic compositions and
data on the specific activities which were made available or derived
in the present work are given in Table I. Values given for the
specific activities based wupon the isotopic compositions (IC) and
Palf-lives were derived with the reported IC's and the half-lives
given in Table 2. The laboratories which contributed the samples may
have used different half-lives. The half-1lives given in Table Il were
mainly from the recent evaluation by Holden (11), however, for the so
important U-234, his downweigthing of the latest measurement by
Geidel 'man et &l1.{(12) was not accepted, and the value obtained by
Meadows (13) was not used. This, however, changed the result only
from 2.455 to 2.456 - 105 ys. The reason for leaving out the value
reported by Meadows 1is that it was concluded that the material M-TH
(which figured prominently in the T determination by Meadows) was
too uncertain to be used further as a reference. It was excluded in
the present work and all data measured with the corresponding sample
SST5 were made relative to the first ANL mass scale U5-S-U4,

The isctopic <compositions given in Table 1 are as reported, or
averages were several values were available. The IC values for the
KRI material are as given by KRI. A value for the U-234 content
derived from present alpha spectroscopy is in good agreement with the
coresponding value from KRI. A material which appears rather similar
has been defined in Ref. 10. The coresponding values for the isotopic
composition are given in Table 1 in brackets. These values lead to &
specific activity which differs by 0.2% from our determination.

The physical descriptions of the samples are sumarized in Table
3. Knowledge of the chemic¢al compound and approximate thickness of
the fissile deposit is required for the calculation of corrections for
the total fission-fragment absorption. Knowledge of the diameter of
the fissile deposit and the material, diameter and thickness of the
backing s required for the <calculation of the <corrections for
transmission and scattering effects. The values for the thickness of
the deposits given in Table 3 (in pug/cm®) are approximate values used
For the <calculation of the fission-fragment absorption. Most sample
backings were plain discs, exceptions were the BRC and the KRI
samples. The BRC sample backing was a 0.05-cm thick Ta disc with the
thickness under the fissile deposit reduced to 0.03cm. The
information on the KRI samples given in Table 3 is from Ref. 5, and as
oQtained during the present meeting. The Cr-Ni ratio and the density
of the baclking material is unknown. A 50-50% ratio and & density of
7.9g/cm  was  assumed. The KRI samples were (apparently by soldering)
mounted in carrier rings as indicated in Fig. 1. The additional
amount of solder was unknown and has been neglected. The material of
the_ moumting ring 1is brass. The mounting procedure had apparently
positioned the sanples slightly and unevenly above and below the ‘op
surface of the mouating ring, which was important for determining the
alpha-counting-geometry factors. )
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III. Alpha Counting

The al,ha-decay rates of all samples were determined with a
low-geometry  surface-barrier detector. Samples obtained for the
present intercomparison were counted before and after the fission
ratio experiments. The ANL samples have been counted repeatedly
during the last 10 years. Samples with low decay rates (NBS, KRI,
ANL-R5,N3, LANL-S1) and the samples from CBNM were counted with a
geometry factor of ~1/220. Other samples were also counted with a
geometry factor of ~1/1000 (ANL-5-1, 5-2, SST5, LANL-53, and BRC).
Some of the samples were counted in addition in a second low-geometry
counter of similar design with a somewhat different aperture and
geometry factor (LANL-S3, ANL-R5,5-2,SST5, AERE-B, KRI-VI). Geometry
factors were determined with Monte-Carlo simulations and with a
series-expansion approximation. Backgrounds of typically less than
0.3% was subtracted. Decay rates from 1979 were slightly revised for
a redetermination of the counter geometry.

The accuracy of the present LG alpha counting has been tested: a)
the comparison with the second LG counter shows agreement within 0.1%,
b) this second LG counter has been compared with another LG counter at
ANL-Idaho (agreement within 0.1%), and ¢) various uranium, plutonium
and neptunium sample counts on different shelves have been compared
(1st. shelf/2nd. +0.04%, 2nd./3rd. -0.05%, 1st./3rd. ~-.16%, and
1st./5th. -0.07% ).

Representative alpha spectra obtained with the low-geometry
counter are shown in Figs. 2 and 3. The spectra obtained for the KRI
samples were used to obtain the contribution from the U-234 decay. A
fraction of 3.1+0.1% of the total count rate was found. The AERE
samples show an 0.8% count-rate contribution from impurities with
energies above the U-234-decay alpha energy for one samvle and 1.1%
for the other. Decay assignments of these impurities :ndicate the
Th-228 decay <chain. It is unknown whether additional contributions
from impurities are in the U-235 - U-236 - U-234 alpha-energy range,

The ANL samples were also counted with a 2w counter for which
the «calibration factors were known for different thicknesses of
uranium on SS backings as determined with the second LG counter.
Samples of the same material and on identical backings were also
counted with this 2mw counter 1in order to determine the ratios with
negligible statistical uncertainties.

The results from the present alpha counting and their total
unc§rta1nt1es are given in Table 4. Statistical uncertainties were
0.2% or less. The systematic wuncertainties are determined by the

"known® uncertainties of the  geometry factor (aperture and
iumple-depos1t diameters, sample to aperture distance) and unknown
components: 1) nonuniform area  densities, which are probably

negligible for a11 but the electroplated samples, 2) sample-backing
warping which affects the sample-to-aperture distance, and 3) alpha
Impurities within the U-235 - U-236 - y-234 alpha-enerqgy range. Sonme
corréctions were applied for sample warping based on measurements with
3 microscope (BRC, NBS, KRI) and estimates have been made on these
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uncertainties and included in the given systematic uncertainties.

The present values for the ANL samples are identical with the
quoted values as they include previous counts. The only other direct
alpha-decay rates reported so far are those by AERE and KRI. The
average difference of between the. present values and the AERE decay
rates is o0.2%, The values given in Table 4 for the NBS samples were
derived from the value quoted by NBS for the alpha-decay rate of its
standard-reference sample and relative measurements by NBS between its
reference and the sample NBS 25-S-5-2 used in the present experiments.
These ratics were obtained by alpha counting (1X) and by fission
counting (2X). Our value agrees with NBS within 0.1%. The values
quoted for CBNM were derived from the given masses based on alpha
counting and the slightly different T,,used. Agreement between the

present counts and those from CBNM is within 0.06%.

The wvalues for the absolute uranium masses given in Table 4 are
based on the present alpha-decay rates and the specific activities
given in Table 1. Also listed in Table 4 are the values quoted by the
owners of the samples. The agreement between the values from ANL and
LANL is within 0.13% implying agreement between the alpha counting at
both laboratories within that uncertainty. The LANL values were
recently revised by a minor amount (¢0.1%). Agreement with NBS is
very good after the aforementioned revision of the NBS mass scale by
0.8%. The value given in the Table for NBS is as quoted, thus
includes measurements relative to LANL samples. The bias of 0.3%
between the present values and those quoted by CBNM is due to the high
weight of the values based on isotopic dilution. Agreement with the
values based on alpha counting is within 0.14%, the difference being
mainly due to the different U-234 half-life values used. The value
quoted by BRC 1is based on the U-234 half life of 2.446 10° ys., thus
0.4% of the difference with the present value can be understood with

the different half-life values. :



Page 6
VI. Fission Ratio Measurements

It should be c¢lear from the outset that in comparing sample
masses of different material and with different backings by fission
ratio measurements, one compares a variety of other features of
fission-rate measurements besides fission masses. The measured
fission rates are proportional to the sample masses, but also to the
counting efficiency, e. g. the total fission-fragment absorption is
involved.

The present fission-ratio measurements were carried out in a

back-to-back ionization <chamber (14}. Measurements were made at
600+£100-keV-neutron energy utilizing the 7 Li(p,n)-source reaction and
a pulsed and bunched proton bean. The samples were located at a

distance of 5 c¢m from the neutron source. A random-pulser signal
which was time correlated with the accelerator pulse was split on an
odd-even basis and added to the two preamplifiers. These events were
found to be processed by the on-line computer and associated
electronics with a better than 0.1% parity. Identifying tags (pulser,
detectors 1 and 2) were used to store 8 time-of-flight spectra (TOF)

in the conputer. Inspection of these TOF spectra showed some
random-coincidance events (~0.2%), which did, however, not affect the
ratio results. Different choices of background ranges in the TOF

spectra did not affect the result either. Various test measurements
(interchange of detector electronics, measurements at different
distances fronm the target, interchange of detectors, proof of
reproducebility) were described in the previous report (3).

Measurements were carried out for each of the ratios in two
steps: once with one sample facing the target, then with the other
sample facing the target. These two sets were obtained with
approximately the same statistical uncertainties of typically 0.3%.

Corrections were applied for:
1. Sample distances from the target.

The two samples were separated by the sum of their backing
thicknesses, and, 1in some <cases, by an additional 0.0127-¢m thick
center mounting plate. The required corrections were typically 2-3%
but substantially larger where the KRI samples were involved (8-10%).
However, by averageing the results from the measurements tfor the two
directions of the fission chamber, the uncertainty for this correction
becomes negligible.

2. Transmission losses and scattering gains.

) Lorrections were applied for the transmission losses which occur
For the sample facing away from the target by area-weighting the
losses through the contributing structural components. Scattering
gains for both samples were computed for the various scattering
components with the Monte-Carlo technique, taking into account the
angular  distributions of the elastically scattered neutrons and
1nelast1c processes., The cembined effect of transmission losses and
scattering gains on the measured ratios was typically less then 1%.
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Averaging the measurements for the two directions of the fission
chamber results in an effective correction ~factoer of 1.0 for a
completely symmetrical arrangement = of identical samples. The
*residual® correction for transmission and scattering effects for the
more common case of asymmetric samples was typically ~ 0.0-0.3% and
largest for measurements between the ANL 5-2,SST5 and the KRI samples
{0.5%), because the 1large diameter ANL sample deposits overiap the
brass mounting rings of the KRI samples. The uncertainty of the
correciions for transmission and scattering was assumed to be 50% of

the residual corrections.
3. Detection losses below the electronic threshold.

The threshold for the detection of fission events was set close
to the alpha (pile-up) pulses in the pulse-height spectrum. The
fissionw puise losses below this threshold were determined based upon a
linear extrapolation from the pulses above the threshold to zero-pulse
height. Though this is probably a good approximation, it is not quite
correct as Monte-Carlo calculations for thicker samples show a
none-linear shape (15). However, the possible error should be
substantially reduced in a ratio measurement and should be negligible
if both samples have similar thicknesses.

4, Fission events from isotopes other than U-235

The present measurements were interpreted to yield total
uranium-mass ratios. The primary neutron energy was choosen to result
in only small contributions from fission in isotopes other than U-235.
Thus, the correction depends mainly on the U-235-wt fractions of the
materials involved and results in a negligible contribution to the
uncertainty of the ratio result.

5. Angular distribution of the sorce neutrons.

A correction was applied for the measurements of ratios between
samples of different diameter. The evaluation by Liskin et al. (16)
was wused for the anisotropy of the "Li(p,n) reaction. This correction
was most frequently 1.5% but 3.7% for ratios between samples with the
smallest and largest deposit diameters.

6. Total fission-fragment absorption.

This <correction 1is surely the most important as it is the most
uncertain. The present procedure of measuring the ratio with the two
directions of the fission chamber averages over the effect of the
neutron momentum. The effect of the angular distribution of the
fission fragments s small. The major remaining effect is determined
by the range of the fission fragments, R, in a specific deposit
material. Experimental values of R were known for several of the
sample materials (ANL 5-2, 5-1, SST5, NBS). Values <can also be
calculsted 1f the chemical composition is known (e. g. R=6.6 mg U/cm>
For U0, , 4.7 for UFy , 5.9 for Us0g ). However, the material of the
KRI .samples was unknown by the present authors until the present
meeting toolk place. Thus the following consideration was made: the
average energy loss of the 4.397 MeVv alpha which occurs with 573
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probability in the decay of U-235 should indicate to some extend the
energy loss of charged particles in an unknown material. The energy
loss of these alphas, determined from the energy spead ( detector
resolution subtracted ), in the lowesgeometry alpha spectra 1s
proportional to the sample thickness,d , (for thin samples), thus:

Aband -

The fission-efragment range would be expected to be in some form
inversely related to the alpha energy loss, therefore

pigk ad

was considered, searching for an empirical relationship with the help
of the many other samples for which the range was known. Fig. 3 shows
that the relationship appears tc¢ be linear and clearly indicates that
the assumption of a vrange of 7.5 mg U/cm®* for the KRI samples was
wrong. The fission fragment absorption losses of the KRI samples were
finally determined based on the FF ranges which follow from the
straight 1line 1in Fig. 3. This may not have been the best choice, the
dashed 1line in Fig. 3 represents the majority of the data better and
the consequent failure to explain the heaviest sample S3 could be
accepted based on the energy dependence of dEsx/ds.

The fission-fragment range alone is not what determines the total
absorption. The structure or smoothness of the backing affects in
addition the total absorption to be accounted for. Consideration of
the geometry of the ionization chamber leads to the understanding of
the observed pulse-height spectrum: the sharp drop from the maxinum
in the pulse-height spectrum toward lower pulse heights comes from a

"geometrical" cut-off of the FF due to the collector plate. Smaller
pulses are from FF's emmitted with angles close to 90€, thus loosing
most of their energy. Because total FF losses are caused by those

emmitted extremely «close to 90°, one would expect that the number of
pulses below the geometric cut-off are in first order proportional to
the total FF losses -- for a perfect backing. However, an imperfect
backing would cause additional pulses in the low energy part of the
spectrum and additional FF losses net explained by the FF range of the
material. This would be specifically expected for thinner samples.
The vratio between the fraction of pulses below the geometrical cut-off
and the fraction of total FF losses calculated with the ranges for the
various materials 1is shown in Fig. 4. Some features are as expected,
For example, the KRI samples appear to have the best polished backing
(based on qualitative inspection under & microscope) and the ratic in
Fig. 4 s consequently low. The backings of the ANL samples SSTS and
5-2 had not been polished but appear to be smooth though & few larger
scrqtches can be observed. The backing of the sample RS has been
polished, bup_ polishing marks are visible, thus it is not surprising
to f1nd. & nigh ratio as it is a very thin sampla. Ia most other
cases, howsver, the ratio does not c¢learly correspond to the mers2ly
qual:tat!"e nature of the microscope observation and the figure seems
to 5Se dncouclusive as to required additional corrections. No further
action wWas rtakgn..but measurements are planned for the ANL samples i
whilh the <dW=ionizationechamber count rates will be compared with LG-
FF Countina.
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V. Results and Discussion

Fifteen samples were involved in the present intercomparison,
thus measurements of 14 ratios would be sufficient to obtain the ratio
between any two sSample masses. A sensible 105 ratios could be
measured between the 18 samples, however, one of the ratio
measurements took about an average of 6 hours and a total of 28 ratios
was measured. This overdetermines the number of unknowns by a factor
of 2. A consistent set of 14 wunknowns can be derived with
least-squares adjustments

=T c-'a)y? aT ¢

where A is the coefficient matrix, and C is the variance-covariance
matrix of the measurement vector M. This has been simlified with C -
I, the identity matrix, thus neglecting the correlations:

d = (aTay' aTn,

The corresponding results are given in Table 6. Measured values are
identified by the % difference between the measured and the consistent
value. Besides the 28 fission ratio measurements (round brackets)
additional 10 ratios derived from the alpha counting were included in
the «consistency fit (winged brackets). The latter were confined to
ratios between samples of the same material with the exception of two
ratios where materials were involved for which the isotopic
composition was exceptionally well known.

The uncertainties of the input data were typically 0.3-0.5%. The
uncertainties of the results from the present measurements given in
Table 6 are typically 0.2-0.3%. The results from the present ratio
measurements can be wused to determine absolute sample masses either
based wupon the values derived from the present alpha counting or with
masses quoted by the owners of the samples. Both types of data are
given for each sample in the Appendix.

Comparison of all four values which can be obtained fFor the mass
of each sample from:

) The mass quoted by the owners of the sample,

) The mass determined from the present alpha countiag,

) The mass determined from the present ratio measurements relative
to all other sample masses and the masses determined by the present
alpha counting

4) The mass determined as under 3), but using the masses quoted by
the owners of the samples, )

D

<

are t"pically within & range of 0.2 or better, thus indicate a
better knowledge of the sample masses tnmn the quotAd uncertainties.
Know ]quv of the U-235 sample mass in 3 <ross section measuremant or
re%ct:) Eute—ratio measurement in a reactor within 0.3% is considered
surficien

rcoaparison was tnut the

Gne of the conclusions of the 1973 jnte
of some of the inconsistenci=2s noted

U-234 half life may be the source
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at that tinme. Very accurate values were available for the isotopic
compositions of two of the fissile materials involved in the present
intercomparison (AERE, CBNM). The ANL, LANL, NBS, and CBNM mass
scales are mainly determined by independent isotopic dilution
measurements (though the isotopic dilution measurement for the LANL
samples was done at CBNM, this was quite some time ago). Thus, the
half 1ife of U-234 <can be determined from the present alpha decay
rates for +the AERE and CBNM samples and their masses based on the
ratio measurements and the quoted masses for the ANL, LANL, NBS, and
CBNM samples. The value is

T (U-234) = (2.4595+0.00 ) 10 yrs.

which 1is 1in very good agreement with +the Jlatest measurement by
Geidel 'man et al. (12):

T (U-234) = (2.459+ 0.007 ) 10 yrs.

It 1is «concluded from the present investigations, that U-235
sample masses are well enough known ror future measurements and have
not been a source of errors in recent high accuracy measurements.
However, corrections for total ff absorption may have been too low.
The U-234 half life is now known with sufficient accuracy to determine
sanple masses of spiked U-235 material to within 0. 3%.
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Table 1.

Isotopic Compositions/wt%

Isotopic Compositions and Specific Activities

Specific Activities/apmpug

Isotopic Isot. Comp.
Material| U-234 U-235 u-236 U-238 Dilution Half-L.(b) Lolorim. Others Average(c)
LANL (a)| 0.0607 99,7457 0.0655 0.1277 13.338 13.26 [ ———- 13,30 13.33
INS-1 t .024 £ .13 .08 .02
INS-1 * ,067 £ ,13 t .16 £ ,07
ANL 1.027 98.397 0.450 0.125 146.24 147.2 146.1 146.3
US-S-U4 t .25 .7 £ .9 £ .3
ANLAZ5 | 0.852 93.244 | 0.334 5.570 122.6 (2) | 124.1 (¢)
M~Th (D[) t .7 £ .7
0.Q9Hl4\
! 72 | p.0017 4

KRI %9# | 0.00111 99.99689- | " —3—~ | T 4.95¢
T5=p {0, 0010519939955~ | 0.0035)(£) |}, £.015

(4.941)
AERE
B 1.1104 92.409 0.315 6.165 158.3
U5~92 X 05
CBNM/ 1.6582 97.663 0.1497 0.5296 233.9
BRC + .7
us-97

(a) Tfsotopic composition is an average of CBNM, NBS and LK‘L determinations.

(b) Present values.
(¢) Uncertainty limited to lowest uncertainty of individual values.

(d) From present alpha spectroscopy.
Mass defined relative to ANL US5-S8-U4,

(e) Values not used.
(f). From Ref, 10. Wt% assumed.

It is not sure that this is the same material.




Table 2. Constants used for the Present Specific—activity

Determinations.

Isotope Half-life, Y Atomic weight, g/mol
U-234 2,456 » 105 234.0409
U-235 7.037 « 108 235,0439
U-236 2,342 « 107 236.0456
U-238 4,468 + 10° 238.0507

1 mol = 0.60225 « 102%
1 year = 235.25 days

365




Table 3. Sample Specifications.
Fissile Sample Deposit Backing
Approx.
Dep. Diame. Thickness /J@ickness i ameter
Sample Material Compound Techn. cm ug/cm2 Material Lfyl (<gz
ANL-R5 U5-5~U4 U304 EP 2,22 20.6 SS 0.0127 4,445
ANL-N3 U5-S-U4 U30g EP 1.27 4i.1 SSs 0.0254 1.905
ANL-5-1 U5-5-U4 EP 2.49 210.4 SS 0.0254 6.985
UOZ' Hzo
ANL-5-2 Us-S-U4 EP 2.50 164.2 SS 0.0254 6.985
ANL-SST5 U5-7h UF,, EV 2.54 81.2 SS 0.0254 6.985
LANL-S!1 INS-1 U30g EV 2.00 95.1 Pt 0.0127 4,763
LANL-S3 INS-1 U304 EV 2.00 537.9 Pt 0.0127 4,763
NBS25-5-52 | INS-1 U0, EV 1.27 182.0 Pt 0.0127 1.905
KRI VI U5-P L‘JOB HF S 2.1 220.7 Cr-Ni 0.010+ 2.100+
Yo7~
KRI XV us-? U 30g HFS 2.1 26C.2 Cr—-Ni 0.010+ 2.100+
BRC U5-NBS U304 ? 1.2945 85.8 Ta 0.03 2,771
AERE- A (0.05)
HAR~AL U5-UK U304 EV 2.0 110.4 Ss 0.0394 2.699
ALCRE~-(
nyR=-B-- U5-UK U304 EV 2.0 110.6 SS 0.0394 2.699
CBMN-13 U5S-NBS UFy, EV 1.27 %6.0 Ss 0.015 1.905
CBMN-36 U5-NBS UF,, EV 1.27 197.0 SS 0.015 1.905

EV = Evaporation, EP = Electroplating, HFS = High Frequencv Sputtering,
SS = Stainless Steel

+ = Addikoust faleanl dwn Jo A Bram Mowudivg Riuj

(@2¢/



Table 4,

Alpha Decay Rate, aps

Results from the Present Alpha Counting.

Sample Masses,

ug Uranium

Sample Quoted Present Quoted Present

ANL R5 194.1 £ 0.6 79.60 £ 0.29

ANL N3 127.2 * 0.4 52.17 % 0,19

ANL 5-1 2602 * 6 1067 * 4

ANL 5-2 2035 * S 834.6 % 2.7

ANL SST5 847.,8 * 1,7 418,1 % 1.6

LANL Sl 66.52 t 0.2 298.7 £ 0.3 299,4 % 1,2

LANL S3 375.1 % 1.1 1688.3 % 3,0 1688.6 % 5.7

NBS 50.66 * .25 (al) 50,97 * .13 228.5 % 1.2 228,6 * 1.3

51,00 £ ,25 (a2)
KRI VI .G % 62.94 £ 0.2 (b TR 2 25 762.7 % 3.3
62-6 i'?'g ) | 728 59% (&

KRI XV 744 2.2 73.97 £ 0.2 (b) | 901 230 896.2 * 3.9
golezr 1.0()

BRC 454.9 * 1.4 115.6 116.7 * 0.5

AERE A !

HAR- A 9;’1.2 * 4,6 914.1 % 3.2 (c) | 343.4 % 2.7 (d)| 346.5 * 1.%

AERE B | 4]4.5

HAR—B~ 97738 *t 4.6 914.9 * 3,2 (c¢) | 345.1 * 2.8 (d)| 346.8 % 1.6

2.1 )

CBNM 33 H76.%31H.1 476.7 = 1.2 %ﬁf;g% 122.3 * 0.5
750.403 2.1 ()

CBNM 36 976.9t 6.5 977.3 * 2.5 2250 3 24 Galf) 250.7 + 1.0
249.9 2 2.9 (P

(a) Obtained from NBS ratio measurement relative to NBS standard by

(1) alpha counting, (2) fission counting.

(b)
(c)
(d)

Including the 3.1% contribution from U-234,
Excluding contributions from impurities with alpha-energies above 4.77 MeV.
Preliminary.

/ f Y Baced om ALpha ountiv ol /7/;(5,'/,-5 achmdy

(j) Pased on /‘oa/oyn'( A




Table 5.

Results from the Fresent Rlatio Measurements.

Nonfoator
Deaarminator] K3 3 5-1 5-2 SST5 51 S3 N$S | KRI VI | KRL XV BRC HAR A HAR B | CBM33 [ CBi#36
ANL K5 = 06562 | 13.461 | 10.515 | S.2576|" 3.765 | 20.23T | 2.8828 | 9.5904 | 11.249 | 1.4700 | 4.3725 | 4.3791 | 1.5421 [ 3.365¢
(+.3)
ANL N3 1.5240 - 20.53 | 16.033 | 8.0128) 5,738 | 32.357 | 4.3936 | 16.616 | 17.143 12,2404 | 6.6627 | 6.6759 |2.3502 | 4.8245
ANL 5-1 0.0743 | 0.0487 - 0.7816 | 0.3906f 0.2797 | 1.5773| 0.2142 | 0.7125 0.8357 !0.1092 | 0.3248 | 0.3253 |O0.1146 |0.2352
{+.4}

ANL 5-2 0.0951 | 0.0624 | 1.2795 - 0.4998{  0,3579 | 2.0182 | 0.2740 | 0.9117|  1.0693 {0.1397 | 0.4156 | 0.4163 |0.1466 |0.3009

{+.3) (+.1 (+.2) (=.5)
ANL SSTS  {0.1902 | 0.1248 | 2.5602 | 2.0009 - 0.7t61 | 4.0382| 0.5483 | 1.8241}  2.1395 }0.2796 | 0.8315 { 0.8329 10.2933 |0.60zL

(0) (-.5) (-1 (+.1) ©] (=1 +.2) | (-.1) (+.3)
LANL St 002652 | 0,1743 | 3.5752 | 2.7941 | 1.3965 - 5.6402 [ 0.7657 | 2.5473|  2.9877 [0.3904 | 1.1612 | 1.1631 |0.4096 |0.8408
LANL §3 0.0471 | 0,0309 | 0.6340 | 0.4955 | 0.2476| 0.1773 - 0.1358 | 0.4517|  0.5298 [0.0692 | 0.2059 | 0.2063 |0.0726 |0.1491
{0}
NBS 0.3669 | 0,2276 | 4.6693 | 3.6496 | 1.8238| 1.3060 | 7.3649 - 3.3256] 3.9021 {0.5099 | 1.5165 | 1.5191 }0.5349 |1.0981
(=6) {+.1} :
KRI VI 0.1043 | 0.0684 | 1.4035 | 1.0969 | 0,5482| 0.3926 | 2.2138 | 0.3007 - 1.1729 [0.1533 | 0.4558 | 0.4566 |0.1608 |0.3306
(+.1) (-.6} (--2) {+.3} (+.8)
KRT XV 0.0839 | 0.0583 | 1.1966 | 0.9352 | 0.4674| 0.3347 | 1.8875| 0.2563 | 0.8526 - 0.1307 | 0.3886 | 0.3893 |0.1371 |0.2814
BRC 0.6803 | 0.4464 | 9.1567 | 7.1563 | 3.5765| 2.5612 | 14.443 | 1.9612 | 6.5247|  7.6520 - 2.9742 | 2.9789 |1.0490 |2.1538
(0) (+.2) (0

HAR A 0.2287 | 0.1501 | 3.0790 | 2.4063 | 1.2026 | 0.8612 | 4.8565| 0.6594 | 2.1938f  2.5731 |0.3362 - 1.0017 | 0.3527 }0.7242

(=.1) {0} -7 -.D - (=e3) {+.1}
HAR B 0.2284 ] 0.1498 | 3.0738 | 2.4023 | 1.2006 | 0.8598 | 4.8484 | 0.6583 | 2.1901}  2.5687 |0.3357 | 0.9933 - 0.3521 |0.7229
CBNM 33 0,6485 | 0.4255 | 8.7289 | 6.8212 | 3.4095 | 2.4415 |13.768 | 1.8694 | 6.2192| 7.2946 |9.9533 | 2.8350 | 2.8398 - 2.0527

(+.3) {~.1}

CBNM 36 0.3159 10,2073 | 4.2521 | 3.3230 | 1.6609 | 1.1893 | 6.7069 | 0.9106 | 3.0248| 3.5534 10.4643 | 1,3808 | 1.3833 0.4872 -

{+.2) (+.3) .2 ~- -

[ NENS -
<>
X

(A
¢




Fig. l. Schematic of the KRI, BRC, ANL SSTS5+5-2 Samples.



r;,-_u_;_umuxi T I T[T Wi} ””i : 1l

-

i
("

LS S AN S Y1218 1 N B SR A8 I BN RS {1140 0 I B N 11044 B I AR

RO E o

pe=—

AR e o E I e e L Ml & o SRRt RO L S TT S R

-

Fig. 2,

.nf
p

il

|usdill

800

!

NBS

T T T T

LWAARERI TTTT T 7 MOTTT T

LLLLLERIR R 1 2 e

L

T
600

‘m@gﬂﬂ

i1

I

T

T
800

BRC

thit A T T Y""'—E'-—

SUNoD

Representative LG Alpha Spectra.

BAMAS S untaunanied4 S U B B 114 A S SR SR 1)) 2 0 S L

T
600

‘..
il

Ilﬁfl

fl
J
1

iy

i

'lullﬂi'!"

.
P
1

nrry T

Channel



,.hmrmmﬂ«w [




20 ) 1 } ] !
o~ S3
E (o]
L 15}- -
)
o
<
2
= 1.0 -
o
L
< 0.5 -
0.0 I | | | I
0 200 400
Thickness, ugU/cm?

Fig. 4. Alpha Energy Loss Multiplied with the FF Range as a Function

of the Sample Thickness. The Values for the KRI Samples is shown
for an Assumed U0j.

600



5 T I I
4 BRC ]
(o]
RS
° 3
3
2 |- -
o NBS
] o
:g 36
e 2F SSTS 0 ]
(v} 0 o
1+ A 52 y
0 l | l
0 100 200 300
Thickness ,ugU/cm?2
Fig. 5. The Ratios of the Fraction of Pulses Below the Geometricail

Cut~off vs. the Fraction of Calculated FF Absorption Losses.



-y

DA B iy )Y

@SOS FuN A rIS]TON palTn 4EASURFMTS//

MASS BAGEN On
AN AP Coln! AUNTED MASSES

é oy

LLORTI A3 o o0

ATiL el TOe™ e 9

RO T Ry 76,13 «n

Nl e 7.4 on

AL SSTH TSe s -

av, Al 79,4 79,4

Ladl g 79.5 79,3

Lol g ¢ T8 79.5

_yy et 79,5 79 .6
as 79,3 7949

Ve MR 76,1 79.3

oy T e 19«0

ATTORY TG 8.1

Ay . wadd 73 A 79,6
AL 7TV 4 « N

YA RN .4 o0
R . 29,0 ]H.z;

Y RV ’f‘n. fﬂ.,q

VWV ak [ 18.7

oot 3% r 2o TR 9.0

Lo g ro3a ra D 1S ,.n

Ve (Grseo 46,7 79,0
Ay PRON kal o T4

Bt AP e LY g T A

th oo {0 TIL Yo ""‘1!\) LR JPRLEN



mA A M A A A

(e

Sa O Femdpng 4

SARS FROM FISSIUN RATTN GRASURRMTS//

MASS RASEN On
ra acd. apia counlt QuUATELY MASSES

ST o

|

A 0™ An,2 «0

anl M3 « + A

adl b=t LR .0

WL SR 52,1 o0

adl. §5TH 577 eN )

ad, AT 32,1 52,1 |
Lol g 52,2 521

Lada s 57,2 572 :
av. lail 53,2 52,1 :

45 g2, 0 5240 .

AV IS 52,0 52,0 :
ned Nt 9 ) 91.0 l
ASEE SR R2.3 52.4

AV, KRT

i ] ‘:‘: q:’.‘ .n
Ve an( G“2,] o0
A A 52N Sten
NE R G520 1.7
Wy Gl E 52,0 sl.6
[ ro43 R, 0 D19
N R 14 12,0 9518 ;
ST I od LIVRY 52,0 5l.53 ‘
WM FROY L wnl To RO ) §
Chloal B e L ey LSRR E
ov e {raTlageall gn) G i
3
i
i
i
*
¥



DY AL F il e

Cans FRO P ISSION DaTra aEaASHREMTY/

MASS HASED Own

e e e T T

~

—n;'l_ « '

Ay ALBHA Calnd

QAUNTEU MASSES

Lo tof1,3 .0
TN Turted N
Al ey N o N
tal H=2 i'."ﬁ?.“ o
i, 58T 1v70,4 o0
v, A 1070 .2 1070,2
YRR I3 1079 ,4 1067.5
Loodl, 93 Luga g 1010,4
ay Lt 10fa.5 1059,2
i) HU T S 106Be«R
W 4Hg 1Gnar, 2 108648
Al 192761 1n63.7
DRSS 17~ .4 107843
), . ol T 14)71.“ l‘JTU.q
TR, T N
- ar TO6R3,7 ol
Pl 1l 'Aked 11573
T R 1and 9
Ve AR Luss 9 105',9.1
Pt 1,a?e 2 1H3«7
. odn 1 0G4 . 10929
U inhh g 10h3,3
PEPEEE TR A I TR I B Vg de Y
O e, T LI

te S T hae b gt

[ .
Ve by g b



~

SA W Kaaiin, W

mARS Fioo PTSSTON RATTO ARASURFMTS//

T e T e

REL. 10 AL ALPHA Counl QUOTEVY MASSES
4
i S, S 47,0 o0
RENTIE I | N
Al e 83340 on
Sl hep o ' 9
i ANL, §STH 33645 .
C v, Al 335,.9 835,9
hank s R2K .8 A34.4
(’ Lanp g3 N3G, 7 8'56-_5
Ay, Lati B36,6 B35.6
4 n's H34,3 g33.0 '
Ve WWHS 834,3 833.9
( Al VI Haheh R31+3
nEAY B3R, 84246
e KR 337 .3 837,y
( ~,-{: 318 . 4 «N
ERUPSENT T oy ais 4 Y
¢ SEE B1za7 B26. 72
GEeE 4 137, 829 .0
( [RTEN "Ll = -"3}-3.4 H?‘y.b
Crd 1 7 e ? A3ley
) (_‘_ Lyt Qe “1’;.:’ Rjnca
e, T 43,7 831,2
L TP S A RE TS B B [N LTI
( B T PR R I R R LN TS o 1a e
i Trea T lue AL ) B n



e T T T R o

£y

~ ~ ~

MY “"Li';""“\NL. qsr‘

SASS PR FTSSIO RATTO

ele TV

L Ll
AN, SSTH
: wif
iy 3 .

nNee | v}

AR BN
Ve mT
i
¥] e (T
[N
| SN

o bl

{ 373

Loy b A
VIR =y

o PO

et

e e THOE G an!

ral o

[GRIFAR IRY' r

AN

H1RGH
R I
G1A LN
417.1

n

41741
“«ln, @

Lrie, 7

LR (Y

+1 7

G4 ] Fg

EASURNMTSZ/

MASS EASED
AL RHA Cotin

417 .6

418,

4la,9

4195

417.4

4165

4]*1.7

O

o N
« N
o
o0
0

4l7.1
4lg

416.7

41545
421 41

o

AUNTEY MASSES

417 .5

417,6

416,.7

418,13

o9

413,7

415.4



SR Emmb pint, §1

vASRS FROt FTSSTUN AT MEASUHFMT§//

nels O
fan @D
ant, i3
anl 5=

Al Bel

A, g8TS

u\‘. i\l\1|'
L Sy
Lo, 53

i \I. vl S

ne? [ v
N LRV

*Mae KT

VMR A
[

Uil 33

el 36

ey

wWVe RO T [0
s e i T
AV . era T el o)

NEINEE B UL IR S

AilL ALPHA Caund

3an,n
fane}
9”4
can,?7
nqQo, 4

L e
(.’.qq. O

290 A

1% e &
3nn g

2909

MASS BASEN ON

o0
N
s
o N
N

299,72
o0
299,13

239 .4
290 ,4

238,56
P97e5
3014

299 7
o N

298,93
“’qcio 7
2947

249R,3
E N YA
9147 ..‘

240 4

1(,"‘0"

QUOTED MASSES

299,2

299,3

29844

299 ,.6

290,22

297,58



e T R T e

"N

~

£

D
‘atrs.

 ~

SAavH Fmaloaivl, §7

FASS FROG P 1ISSTON RATTO CFRASUREMTS//

MASS BASED ON

Hid,e TO AN sLBHA Counl AUOTED MASSES
T | u‘q Jhg"".ﬁ )
l\:\lL R thH..1 o f)
all, Y= 16R7 .0 N
AN Heap 1684 .4 «0
r“‘JL quq ]6"‘“.‘\ .0
T L 1686,9 l1686,.9
Lal 5y 1607, 7 16864,7
Locat, 83 . .0
A, Latl ©OlG6ER T 1624,7
Y 16"\?.5& 16“2.‘\ .
Ve HING 1a83,.4 l682,6
Nl VT 1681,5 1677.9
AR 1o9t,4 170044
b, KT l,bqﬂ.o 1639.3
RIS 1606 .4 N

e R Taxa_ 4 o0
CEYE ) 1687273 16678
UL S 1Ha o0 ) 16778

R “".('F 1()}§)..U 1670.3
Cod b 579 HGREINS 147941
Lo 3 16RY o 4 . _ 1aTae7

Ce. OB 1653, 0 1677,9
aV e FHOM Kkalln 1HIGR, 9

RS SRR FANR LA YIS ¢ 1 15 gty

A e LA LU AL P int 16H337 ¢ 3

PR I B IR PR NEN 1R



‘t\\i“xp‘_[‘;nul\‘nb

EASS FROW FTSSIUuN RATTO MEASURFEMTS/Z/

hElLe TO

AN ALPHA Ccoun

MASS BASED ON

QUNTEV MASSES

AT 227.0 «N
AL WY 20,2 N
anl, Rel 229 5 L
ANL Hep A2R T o
e Anl ST cfo, 2 . "
) ( Ay, ahl 229,10 229.0
Ly~ 8y 220,72 ?_'2."'\.7
C Lanil, 8§71 220,73 29,2
av, Lathh 229.,3 229,90
( hes o0 «N
LV g .U .0
C hi Vi 7293 2270
AR AT 22(1.7 2.30.Q
‘e KHT 2295 229 4%
C PN 22849 Xt
Yoe |§NC Edﬂ,q .(-'
( P S PhLG Pdhen
S 27743 227 2
( [RUNSEIFIY O 2@8.4 an.B
Goa a3y PEL IS 2270
. Lot A6 AP 1 PET o7 )
T Sy R 22f 5 227,89
( Ve FRO RaT 1o 220
( o ALEe O :')_2:‘.:0(1
v TRAT LU+l pegnt AT
L ST R e ND Pty



vy

~NA A M A

I

e

SAPLEe=bpey V]

FASS FRO™ FISSION waATIn HF.:‘\SURFMT§//

sELe 10

A W
sl TR
Al Sel
ANl W=
AivL K8TS

no l_\l\x'._

I‘J\l‘"'- \\]
ool 33
n'\)'. lI\r'L

o x;g
W oa '[)S
DNER IRV

el x v
(LI "PT

i-;.f_'

e B

bR
PR O B R 3
Ve ok GF

Laviosi 47

Loy 3k
e Ol

M RO ) TN

FERT PN BN E T PR SR N |
v ke T i)
ot RN

AL ALPHA CoUN!

7.
n3,p

T 7
Tanan
Tanew
Ta .7

tan.a

oy
767 4 &

.,ﬁ')o?.

o )
Ten

Yr\‘l [ ] 'q

7‘\”.??

7395

Te tefn

T9wide }

7‘\‘,0/5
lee cul

/A?. ]

MASS BASEN ON

o N
s N
N
2 )
N
761 .q
760,
76206
762,7
759.0
T6N,2
o
TOR 2
7(\4.1
N
761,3
79.4
TH5.q
7‘3‘).9
o T26 2
IHQ.Q
AN AP}

NUDTFL MASSES

761,9

76).7

7599

768,22

ol

7154 6

7‘%7.1



)

C

o T T R e

SRR eali) Xy

FAaSS FRoi rISSIan QAT MEASUREVMTS//

k&L . 0

Al ]
Al ™3
RS
Yl HYmF
Ak SSTR

<
“v. A N

L_.A'\l.. 'w]
Lol 83
4 1.
N - LI\ ”“
1y
WM T

hd [ V]
LS 3

" oe F'([
21O

LV, wee
B R
cEE
R VN i‘."'j‘-';_.
Lot 33

Gyt 36
Chyog

A\, 4

v e FHOY iaTTO
P A I L PR U R AN
A, TR TEUral gy )

(PEUTU S BN R T B NN

Ay ALPrA Colind

895 4
B834.9

8517

B33 ,4

85Gh eS8

894 ,5
aq4 (A

bBay 9

Hqﬂsﬁ

1

RIS R

B#at,7
Ban R

2 I I

BO( a9

PO Ve N
136, 9

133y o b

0.

MASS BASED Om

s+ N
e
LI
4]
L

892 ,4
894,55

894 6

RY1,&
391,9

R8H,N
oD
#Hu4 6
.
"Nal
BY2,9
R46, S
BR91,2
QEQ.I
‘ Rﬂguh
891 .5
L

QuUOTEU

MASSES

8q03,8

82848,9

o0

B8R5%. 1

898 8



-

f\

N T T T T . §

ANIVH E ==,

Fasy Fras r1SSI00 2ATTo MFASURFMTSZ/

KELe TO

TR
Al N3
Akl Bl
R Qe
nllL SSTH
A o A il .

L“HL K‘]
Laigl, S3
“v, Latil

SN
Ve RS
[N AT
Nt ooV
Ve I’-_"’.‘t
-G

-
.

ot
A
"

AV e Phiia

o |_ B =AY I

Ve "k'ul'ltnnl,!hin)

11"-”
1l1tve®
Ll1a el
ll1Aa .6
lll‘\.q

[——
o —t
Y
-

T
* a
L

l]H.f)

L1hen

].]"' Pyras

NMeen

] 19/ ade

I 1¢ae?

1];”7

Mass HASEN On

Al ALPHA Count

116,98

116,9

11().6

116 %

QuUATFY

MASSES

116.8

116,8

116.5

117.0

0

11,7

16,1



C -
' ( SAMN L~y mk, A
( FASS Fogt rTSSION RBATTA NEASURFMTS/Z/
MASS BASED ON
( LN 10 Acdl, ALPHA GouNd QUOTEY MASSES
.8
;.f ( e : K o
\ . ;\.L [F2al J/q. 01. o
L wid -347l A .n
n":L iy=1 :i/ﬂ'\oq N
( I'\iL R...',‘ 34(’»"‘ N
: N
al AL SSTS da7.,7 "
= ( av, alh 347 .3 347,.,3
i Lant. Sy 47,7 46,8
Lam, s d47,7 347.6
(. Ay, hatl 347 .7 347,2
R 34k,7 346 .5
( Ve GBS A4i T 34645
rl vl YoTe? 345.5
C |\|\] \\I _Mg_f; 35“'? . . .
SR 34a o 347 %
( L 3af N
Ve IR 3“7.1 P
C PSR L o e
AL e AT S 34’; Py
C AV b UF 46,2 344,49
waether 2y lama ER LR
- Civ P Ak A e 2 RGR e
= my o, b Jah & 345,4

L Pt A

Ve ral o 34T
Ve UM T LU ) A et
(‘ TR B SR PR RN TS



I
e

m A DA A AR M A A

"™

SariPLEs=intrl R

FANS Froee pISSTON pATTO NEASURFE#TS/Z/

(A8 S I TN

. t
Higl, Kk

PRE N T

"u l.. ‘_.“-,
“,\,L Bal
whifs S8THS

ARV . .ﬂ'\”

ta vl Sy
LA 83
TR | Al‘-L

AR US|

Ri“p RNV

i e FVET
G

Py l“i-(
B A

ST O

Lisra 33
LI R VEr
Mo LAy

Ve FHOY tenT
TR R S =X IR UY R RN F §
cvw AT LAl P

TR N

MASS RASED

At ALPHA CQUN!
3/“’. 3
34741
34?44
Ifa,?
347,58
Jaa.p
Jﬁn.a
348 ,3
Ja7..3
347,3
;1/‘ [P RPN
das PR
348 &
L]
S6T et
347 .6
;i/LTQ 1
o U
3T 01
36745
REYPRL
367,
RY A
L DU {
Ao led
Jah,

ON
NUATEL MASSES

en

o0

o N

o0

o N
3/;7.‘;

347.4

34p,?
34T 48

347 .1
347,1

3“6“.

350.q
3484

e f
o0

M4 .0

o N
34"*0')

I4AeD

145 .0Q
34640



SAMPLE =m=lgingy 33

FEASS FROM FISSION RATTN SEASURFEMTS/Z/
MASS BASED UM

N A o A A

atl. TN Al ALPHA COUNT AUOTEY MASSES
N 122.7 o0
akil w3 1206 N
Al G-} 1P2.7 o)
- ANl K 12n.4 on
sl Akl SSTS 122,64 N

Ay, Al 122.5 122.5

N\

»

Ll sy
Lanl 83
av, bl 122,6 122,5

St ot
AV IV ]
nre
HVRV]
® w

o % |

M

C RN 1272, 122.2
Ve MHS 1e2,3 12,2

( SRR IEAYA § 12PeA 12149

ni- oy 120 .4 123.5
R N 122,7 T 122.7

C e 1224 o
Ve hH(C 122.4 o 0

( LR SE A 122,72 12141

It 1771 121.8

( AN . AELE 132.2 121,3

it 33 . «N
iy G Citsvn 36 Lp2at 121.8
A by, Gl 1221 171.8
(‘ sNMe FhOY pat o LR eS
C LAY i 1221
N e lHﬂY!v#uLPqL\ LR I
L IS RN N S P R N V2] e



