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Abstract
In low-level waste disposal, acceptable activity concentration limits are regulated for individual
nuclides and groups of nuclides according to the conditions of each disposal site. Such regulated
limits principally concern total alpha and beta /gamma activity as well as nuclides such as C-14,
Ni-63, and Pu-238 which are long-lived and difficult to measure (hereinafter referred to as
difficult-to-measure nuclides). Before waste packages are transported to the disposal site, the
activities or activity concentrations of the regulated nuclides and groups of nuclides in the waste
packages must be assessed and declared.. A generally applicable theoretical method to determine
these activities is lacking at present. Therefore, to meet this requirement, for NPP waste each
country independently samples actual waste and carries out radiochemical analyses on these
samples. The activity concentrations of difficult-to-measure nuclides are then determined by
statistical correlation of the measured data between difficult-to-measure nuclides and Co-60 and
Cs-137 which are measurable from outside the waste packages (hereinafter referred to as key
nuclides). This method is called " Scaling Factor Method". It is widely adopted as a method for
determining the activity concentrations of the limited nuclides in low-level waste packages from
NPP, and it is also approved by responsible authorities in the respective country. In the past,
each country independently determined scaling factors based on measurements on samples from
the local NPPs. In the first part of this study, the possibility of an international scaling factor
assessment using a database integrating data from different countries was studied by comparing
radiochemical analysis data between Germany, Japan, and the United States. These countries
have accumulated a large number of those nuclide data required to determine scaling factors.
Statistical values such as correlation coefficients change with an accumulation of data. In the
second part of this study, these changes were assessed, and a method was proposed to decide on
the necessary number of samples required to determine scaling factors considering the results of
fluctuation analysis.

1. COMPARISON OF DIFFICULT-TO-MEASURE NUCLIDE DATA BETWEEN
DIFFERENT COUNTRIES

Scaling factors, although empirical in nature, are an essential prerequisite for the determination
of activity concentrations in wastes from NPPs. Up to now, each country has independently
analyzed and assessed scaling factors, but has in general obtained similar results. The present
study firstly investigates the consistency of the scaling factor method by comparing evaluation
results from different countries for comparable conditions with respect to the generation and
transport of the nuclides to be declared. Secondly, the study checks the possibility to enhance the
applicability of the scaling factor method by using a database integrating data from different
countries. If consistency has been demonstrated in the first step, the second may improve the
quality of the activity determination or increase the number of nuclides for which the method is
applicable.
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1.1 Assessment of corrosion product nuclides

One source for the generation of radionuclides in NPPs is the activation of reactor materials and
their corrosion products in the reactor core. Ni-63 is among the activated corrosion product
(CP) nuclides whose concentrations are limited in most low-level waste disposal facilities. To
determine the activity concentrations of these difficult-to-measure nuclides, each country usually
selects the CP nuclide Co-60 as key nuclide and determines the concentration of Co-60 by direct
measurements on waste packages. The activity concentrations of the difficult-to-measure
nuclides are then calculated according to the functional relationship established between the
activity concentration of Co-60 and the difficult-to-measure nuclides such as Ni-63. Main
reactor materials differ depending on the reactor type: carbon steel or stainless steel are
dominating for BWR and Inconel or Incoloy for PWR. As the element composition of these
reactor materials differs, it was considered reasonable for CP nuclides to be differentiated
according to the reactor type. If this is done the differences of the scaling parameters and the
calculated activity concentrations for difficult-to-measure nuclides should be small. Fig.-l shows
a comparison of nuclide data on Ni-63 and Co-60 between different reactor types and between
Germany [1], Japan [2] and the United States [3]. As expected, the nuclide data shows an
appreciable difference between different reactor types, but shows no remarkable difference
between different countries. This demonstrates the consistency of the method applied.
Accordingly, it is considered that CP nuclides can be assessed using cumulated data from
different countries for each reactor type.
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Figure -1 CP nuclide correlation with regard to reactor type and country (Ni-63/Co-60)

1.2. Assessment of fssion product nuclides

Another source for radionuclides in NPP wastes to be declared are the fission products (FP) from
the fission of uranium contamination on the fuel rods and from leaking fuel pins. Sr-90 belongs
to the FP nuclides, whose activities or activity concentrations are limited for most disposal
facilities. Activation products of uranium, mostly alpha emitters, are often treated together with
the FP since they originate from the same source. In assessing these difficult-to-measure
nuclides, most countries select Cs-137 as a key nuclide and determine the activity concentrations
of these difficult-to-measure nuclides in the same manner as in the case of CP nuclides. For FP
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nuclides, the effects of the difference in the reactor type on the scaling factors were in a first
approach assumed to be small because the difference in the fission rates is small. However,
observations from measurements partially contradict this expectation as appreciable differences
between BWR and PWR data for the correlation of Sr-90 to Cs-137 exist. This effect is less
pronounced for the alpha emitters. This behavior is attributed to the fact that different
physicochemical conditions in the reactor primary system induce changes in the ratio between
Cs-137 and Sr-90. Since Cs-137 remains soluble in any chemical environment, while Sr-90 is
observed with varying distributions between the solid and the soluble phase for PWR and BWR
respectively a different ratio of these FP appears in the concentrates. This effect is less
pronounced in agreement with the scaling factors determined for the alpha emitters as they
remain insoluble in both reactor type environments. In conclusion, the behavior of the FP
nuclides can not be derived from their generation ratio alone, but has to take into account their
transport behavior as well. If this is observed the results from the different countries can well be
considered as consistent. However, before combining data from different countries more care
has to be taken in checking comparability of the physicochemical conditions responsible for the
nuclide transport behavior in the primary cooling system and the adjacent auxiliary systems.

2. NUCLIDE DATA NECESSARY FOR THE SCALING FACTOR METHOD AND
DATA ANALYSIS METHODS

2.1. Method for assessing the required number of data

To determine scaling factors (SF) used for activity concentration assessment, each country has
collected a certain amount of data by independently carrying out sampling and radiochemical
analysis. Since the scaling factor approach is an empirical method relying on statistical
evaluations the accuracy of its results largely depends on the number of available measurement
data. However, none of the countries concerned has presently definite conditions on the required
number of analysis data, and this number often becomes a subject of discussion. A method for
assessing the required volume of analysis data to be collected is proposed here.

(1) Basic philosophy on the required number of data:
The required number of data was assessed here by applying the following basic philosophy " The
number of data beyond which statistics show small improvement and investment for obtaining
further data produces no appreciable effect ". This criterion is formulated in a qualitative
manner since it is the responsibility of the competent authority to fix quantitative criteria for the
required number of data. In the following paragraphs, however, a mathematical method is
described, how these quantitative criteria can be derived in a transparent and theoretically based
manner.

(2) Method for assessing the required number of data:
To apply the scaling factor method to the assessment of difficult-to-measure nuclides, it is
required that collected activity data show a correlation between difficult-to-measure nuclides and
key nuclides. The quality of this correlation normally is expressed as a correlation coefficient
describing the degree of dependency between these nuclides. The correlation coefficient changes
with an accumulation of data. The variance of this correlation coefficient expressed by the
confidence limit was examined, and the quantity of accumulated data beyond which the results
observe the above criterion of the basic philosophy was regarded as the required number of data.
Practically, as shown in Fig.-2, nuclide data is picked at random from a database of nuclide data
collected in the past, and statistical data such as the correlation coefficient and the lower limit of
reliability are calculated. This calculation was repeated several tens of times for each data plot,
and the mean value of the correlation coefficient and the minimum value of the lower limit of
reliability were plotted and evaluated. Fig.2 shows the results for a 95% confidence limit taken
as an example.
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Figure -2 The changes in correlation coefficient with the number of
samples

(3) Results ofnuclide data assessment:
For pairs of nuclides with a correlation coefficient of 0.80 or so, when the number of data
reaches about 30, the lower limit of the reliability for a 95% confidence level of the correlation
coefficient levels off. It is seen from Fig.-2 that a large change of the statistical parameters
cannot be expected even if further data are added. From this fact, it can be said that when the
correlation coefficient is 0.80, the number of data required determining SF is about 30, though it
is necessary to at least qualitatively judge whether the correlation coefficient levels off. In other
cases, however, the number of data required until statistical data reaches the plateau region
varies depending on the value of the correlation coefficient between nuclides. These results are
collated and the number of data required according to the correlation coefficient is as shown in
Table-I. As can be seen, the number of required data to comply with the above criterion
decreases , if the scatter of the data is low, i.e. the correlation coefficient is high.

Table-1 Required number of data according to the correlation coefficient and based on a 95%
confidence limit

Required
number of

data

Correlation Coefficient

0.6

40

0.7

35

0.8

30

0.9

25

0.95

20

Therefore, if the required number of data shown in Table-I are collected according to the
coefficient of correlation between nuclides, it is considered that the number of data is sufficient
to determine SF. As has been mentioned, there still remains some judgement necessary for a
final decision.

2.2. The basic policy of applying scaling factor methods

The previous consideration have provided a criterion for the application of the scaling factor
method in case sufficient data is available. Since the method is based on empirical evidence the
term "sufficient" has been defined by statistical means. In case the criterion for "sufficient" data
is not met, the available data can still be used for the scaling factor method. However, care has to
be taken for the higher range of fluctuation that may appear for the scaling parameters under
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these conditions if additional data is added to the evaluated database. The method suggested
here takes this into consideration by calculating an upper bound of the SF as long as the criterion
for "sufficient" data is not fulfilled. The method is based on the interval estimation method
which is a statistical analysis technique. It calculates the upper limit of the scatter of the SF for a
given confidence limit. The applied SF assessment equation (geometric mean Eq.-l) shown
below as an example is adopted in the U.S., Spain, and other countries. If correlations can be
observed between difficult-to-measure nuclides and key nuclides and the correlation shows log-
normal distribution as shown in Fig.-l, Eq.-2 will be applied if the number of obtained data is
below the required number of data given in Table-I. The resulting SF has an upper confidence
limit of 95%. When the number of data is above the required number, Equation-1 can be applied
to SF assessment.

When the number of data is above the required number:

SF = !{j(yi/xi x y2/x2x¥¥¥x yn/x« ( Eq. 1)

When the number of data is below the required number:

SFCL = SF + t0.95 S , (Eq. 2)

here ; x Concentration of key nuclide
y Concentration of difficult-to-measure nuclide
s Variance of sample (s2 )
n Number of Sample
10.95 t- distribution, level of significance is 5%

Similar expressions can be derived for other functional relationships applied for the scaling
factor method in other countries. Again, the confidence limit is a parameter the competent
authority or the disposal facility operator has to decide on.
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