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 ABSTRACT 
 

The project described in this article had two goals. The main goal was to compare technological 
and radiochemical data from two units of nuclear power plant. The other goal was to check the 
collection, organization and interpretation of routinely measured data. Monitoring of analytical 
and radiochemical data is a very valuable source of knowledge for some processes in the primary 
circuit. Exploratory analysis of one-dimensional data was performed to estimate location and 
variability and to find extreme values, data trends, distribution, autocorrelation etc. This process 
allowed for the cleaning and completion of raw data. Then multiple analyses such as multiple 
comparisons, multiple correlation, variance analysis, and so on were performed. Measured data 
was organized into a data matrix. The results and graphs such as Box plots, Mahalanobis distance, 
Biplot, Correlation, and Trend graphs are presented in this article as statistical analysis tools. 
Tables of data were replaced with graphs because graphs condense large amounts of information 
into easy-to-understand formats. The significant conclusion of this work is that the collection and 
comprehension of data is a very substantial part of statistical processing. With well-prepared and 
well-understood data, its accurate evaluation is possible. Cooperation between the technicians who 
collect data and the statistician who processes it is also very important. 
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1. INTRODUCTION 
 
This article describes the statistical analysis [1] of technological and radiochemical data. The 
main task was to compare data from two units of a nuclear power plant and to consider the 
influence of different technologies and operating conditions. Monitoring of analytical and 
radiochemical data (operating parameters, corrosion products) is a very valuable source of 
information on certain processes in the primary circuit.  
 
The other task of this project was to process routinely collected data. Statistics makes it possible 
to design better data collection, organization, and interpretation. Statistics (data mining) can also 
be very useful for picking out other relevant information that has not been previously 
discovered [2]. 
 
Statistical processing was performed with the following operating parameters: power, 
temperature, pressure, H3BO3, H2, O2, HN4, K, Li, SiO2, Cl, pK, and pH-K. The same procedures 
were applied to selected corrosion products: 110mAg, 57Co, 58Co, 60Co, 51Cr, 59Fe, 54Mn, 95Nb, 
122Sb, 124Sb, 65Zn, and 95Zr. Values of other corrosion products were under detection limits or had 
some unexplainable errors. The measurements were organized into a data matrix, with columns 
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representing the variables (power, pressure) and rows representing individual cases (when the 
measurements were made). Data was processed for one cycle (300 days) of each unit.  
 
Initially, exploratory analysis of one-dimensional data was performed to estimate location and 
variability and to find extreme values, data trends, distribution, autocorrelation, etc. This process 
allowed for the cleaning and completion of raw data. Then multiple analyses such as multiple 
comparison, multiple correlations, variance analysis (MANOVA), and so on were performed.  
 
Statistical analyses were performed with QC.Expert version 2.7 [3]. The x-axis in most graphs is 
a time sequence of cases. Each case is assigned a sequence number (date) in ascending order.  
 
 

2. DESCRIPTION OF STATISTICAL METHODS 
 

 Listing the data matrix in this article would be unsuitable and confusing because of its 
large size. Using visual representations (graphs) to present data and results of analyses makes 
them easier to interpret, as graphs condense large amounts of information into easy-to-
understand formats. Diagnostic graphs can give quick information on data behaviour, easily 
detect outliers, show trends, and compare data sets. Some facts or analysis results should be 
confirmed with additional statistical methods. Methods mentioned here were selected to show 
the relevant possibilities of statistical data processing.  
 

2.1. Box Plots 
The green box contains the middle 50% of data. The edges of the box indicate the 75th and 25th 
percentiles of the data set. The white line in the box represents the median value of data with its 
confidence interval. The ends of the vertical lines (whiskers) indicate the smallest and largest 
observation (1.5 times the inter-quartile range). The red points outside the ends of the whiskers 
are outliers. The box helps to indicate the degree of dispersion, skewness, and outliers. Multiple 
Box plots can be drawn side by side to detect location and variation changes among different sets 
of data. Fig. 1 illustrates a Box plot graph of operating parameters. The x-axis represents relative 
measurement of parameter values. The boxes have different shapes, with the narrow boxes near 
value 0 on the x-axis corresponding to parameters that are close to detection limits, and long 
boxes representing parameters with high variability. 
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Figure 1. Box plot of operating parameters. 

 
 
 
2.2. Mahalanobis Distance 
 
Euclidean distance is sensitive to the scale of the variables. All variables are measured in the 
same units. The Mahalanobis distance (MD) uses covariance among variables in calculating 
distances. The MD stretches the Euclidean sphere to correct for the respective scales of different 
variables. The MD is often used to detect outliers and its definition does not require the 
distributions to be normal. The distance from selection average for every variable is calculated 
using matrix operations. The classic MD (green line) uses the mean of the set point for which the 
determinant of the covariance matrix is minimal. The robust MD (red line) uses the centre of the 
minimum volume ellipsoid of this set. Fig. 2 shows the classic and robust MD for corrosion 
products. There are many outliers. The greatest outlier has sequence number of 62. This point 
corresponds with the date when the reactor operated at lower power. 
 
2.3. Biplot 
 
The Biplot is a plot that aims to represent both the cases and variables (parameters) of the data 
matrix on the same plot. According to the least square method it is an optimal projection of the 
plot. Usually variables are represented by arrows (green), while points (blue) represent cases. 
Arrows (variables) closer to each other have a higher correlation than arrows farther apart. The 
axes of the Biplot represent the two most important principal components of the principal 
component analysis method. Fig 3 shows an example of the Biplot for operating parameters. 
Some parameters are very closely correlated, with the arrows being almost the same.  
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Figure 2. The Mahalanobis distance for corrosion products. 

 
 
 
 
 

 
Figure 3. Biplot of operating parameters. 
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2.4. Correlation 
 
Correlation is one of the most common and most useful statistics. Correlation is a number that 
describes the degree of relationship between two variables. Fig 4 shows the correlation of the 
corrosion products 58Co and 60Co (R=0.91). All calculated correlations confirmed the results of 
the Biplot. Arrows close to each other have high correlations. 
 
 

 
Figure 4. Correlation of the corrosion products 58Co and 60Co. 

 
 

2.5. Trend 
 
A trend is a long-term movement in a series. It is the general direction (upward, downward or 
without tendency) and rate of change of a series. Fig. 5 displays the downward trend of the K 
parameter. The trend of the moving average is green and the trend of the moving median is red. 
 
Trend, correlation, outliers and other results of statistical analysis were confirmed using 
additional methods. Some outliers were excluded if there was a valid reason (incorrect 
measurement).  
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Figure 5. Downward trend of the K parameter. 

 
 
 

 3. CONCLUSIONS  
 
It is very important for statistical processing to have perfectly prepared data. Detailed analysis 
showed that it is necessary to find a better way to obtain relevant data and to dedicate more effort 
data preparation. Many activity measurements are under detection limits. It would be useful to 
move on-line gamma spectrometry to lower the high background activity. More frequent 
measurements can also reduce variability and allow more accurate evaluation of data.  
 
The characteristics of most of measured variables for both units were similar. Only a few 
radionuclides (54Mn, 122Sb or 124Sb) have different significance at each unit. A detailed analysis 
should be carried out to find the causes of such effects. 
 
The main conclusion of this work is that the collection and comprehension of data is a very 
important part of statistical processing. Data can only be accurately evaluated if it is well 
prepared and understood. Cooperation between technicians responsible for data (what types of 
data is collected) and statisticians is very important. In some cases, the behaviour of data 
(outliers, trends, correlation etc.) and the relationship among data can be explained only by the 
technician. Such cooperation enables more complex data processing. 
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