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STATISTICALLY NRETRRMINED PRECISION
OF PLUTONIUM COWTEWT OF SHAPES

1. INTRODUCTION

Kaasurement of the plutonium content of shapes is accomplished by weigh-

ing the shapes and multiplving the cbserved wveight by a constant factor
{currently 0.9G) to orrect for impurities. It is ihus seen Lhat there
are tuwo pessible sources of error ir these measurements:

a. Error in weighing
b. BRrror in the conatant correction factor

The primary purpose of this paper is ta remart the mecnitude of random
exrror® found in these “%wo sources.

<. SUMMARY
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2.

I* i3 recommended taat, in correcting shape weights for impurities,
a facter of €. 083% be used, unless so many significant digits are not
needed,
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c. It is recommended that provision be made for periodic re-exsmina-~
tion of the correction factar and precision wmentioned above.

d. As incidental results, the preciaions of measurements of two impuri-
ties vere found to be as follows:

Standard Error

Japurities Of Measurement Precision (95% Level) _ _
10~ 53" 758.78 ppm. 1437 opm. {(or 14.78 relative to averags impurity, 101%0 nem
Spectro- '
rhemica . * 279.33 ppm. 5,3 ppm. (or 60.4% relative to average impurity, 906.7

* Impurities measured speciro-chemically, as rollows: Al, Be, Cs, Cr,
¥e, La, i, Mg, Mn, Ba, Ri, and Si.

3. VEIGHING OF SRAFES

In the veighing of shapes, one scale is used before coating and one after.
Twenty pairs of measurements were made on the forwer and found to agree
exactly to the five significant digits used in reporting weights. Twenty-
five vere made on the latter and found to agree exactly to the six signifi-

cant digits used. Therefore, it is concluded that the error in weighing is
negligible.

~

CORRECTION FOR IMPURITIES

a. Data bt

For August, October and December of 1952, data were taken for use from
"234-5 Apalytical Laboratory Daily Sample Report, 1952" and "234-5

Analytical Laboratory Daily Sample Report, Spectro-Chemical Analysis,
15527,

b. Tabular Summary

The reader's attention is invited to the following table of results;
these findings will be discussed in more detaill in the subsequent
paragraphs.
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S.D. Of 8. D. Of
Observed True Fo. of Measurements Upon
Impurities Average Amount _Amount Amount Which Results Are Based

058" 10,130.82 ppm. 862,08 ppm. 409.19 ppms. 292 (2 on ea. of 146 ltems)
Spectro-

Chemical , 906.72 406.31 295.01 318 (2 cn ea. of 159 items)
Carbon 351.29 128,42 £128.42 151

Fluorine 3.47 2.79 < 2.7 153

Boron 0.96 0.69 = 0.69 153

Total

Amcunt 11,293.26 ppm. 962 ppm. 2504; 522 —

c¢. Discussion of Results

(1) The total amount of there impurities was “ound %0 average 11,393
parts per mil'ion {or 1.14 percent). However, the impurities vary
from one shape to another, as reflected in the standard deviations
of observed amounts. Yet, not all of this variation 13 due to
fluctuation in the acthal impurities; some can be traced to random
errors in their messurement. Fortunately, duplicate measurements
were available for the two major impurities, thus permitting an
evaluation of measurement error as reported in paragraph (2.d).
For these two impurities, the standard deviations of actual
amounis vwere ovtained by subtracting the variances of measurement
errors from the variances of observed amounts. Finally, the stand-
ard deviation of the actual total amounts of impurities was esti-
mated to be between 504 and 521 ppm., for which 510 will be used
here as a reasonable compromise. However, it is rather immaterial
which of these three valnes 3 used since, correct to the two sig-
aificani digiis recommended for use, the same precision figures
follow from all three values.

(2) Since it is desired to use the same average to correct all shapes
for impurities, the precision of this procedure will depend upon
the standard deviation of 510 ppm. as an index of the variation

of actual total impurities in individual shapes. Thus, content of
a single shape may be stated as:

Impurities = G {0.C114 + 0.0009996)
Plutonium = G (0.9836 t (.0009996)
= G (0.9886) (1.00000 # 0.00101)

where G « gross welghi before correction

o o
and where 0.0114 remesents the 1,4 percent average total im-
purities found by the presernt study,

0.9886 is the correction factor indicated by the present
study,
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0.0009996 remresents the precision expressed as 999.6
0.00101
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represents the precision as 0.101 percent of

the estimated net weight.

® (A1l precisions stated on 95 percent level.)

Also, the averc~e or total content of n shapes may be stated as:

Impurities

Plutonium

where G

n

0.0009996
I0.0 t i i—
G 114 - )

average or total gross weight.

In other words, the preclsion in units of weight may be obtained
by multiplying G by (0.0009996/ 41 ) or by mltiplying the cor-

rected ar not welchkt

weight by {0.00101/ 4§ ). Ikwever, for either
multiplication a factor of (o. 0010/ 41 ) shculd be used since
it carries as many digits as is justified by the underlying com-

= -8

putations.

The results of this study are presented in brief form in para-
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5. RE-EXAMINATION

©

It is recommended that provision be made for periodic re-examination of
the correction factior and the precision applicable to the plutonium con-

tent of shapes.
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