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ABSTRACT 
 
 
The paper discusses a well-known condition [95%/95%], which is important for monitoring 
some limits of core parameters in the course of designing the reactors (such as PWR or 
VVER). The condition ensures the postulate “there is at least a 95 % probability at a 95 % 
confidence level that” some parameter does not exceed the limit. Such conditions are stated, 
for instance, in US standards and IAEA norms as recommendations for DNBR and fuel 
temperature. 
A question may arise: why can such approach for the limits be only applied to these 
parameters, while not normally applied to any other parameters? What is the way to ensure 
the limits in design practice?  
Using the general statements of mathematical statistics the authors interpret the [95/95] 
approach as applied to VVER design limits. 
 
 
 
Approach 95/95 is stated in some western reactor regulatory documents, and aimed at 
avoiding the departure to nucleate boiling and fuel meltdown. For instance, NUREG says: “At 
least a 95% probability at a 95% confidence level, that the peak centreline temperature of the 
fuel rods will not exceed the UO2 melting temperature”. “In the thermal-hydraulic analysis to 
calculate the DNBR, uncertainties in the values of process parameters … should be treated 
with at least a 95% probability at a 95% confidence level”. Long ago the authors were 
concerned by the problem: why was figure 95% chosen? And why were only the DNBR and 
fuel temperature were chosen? 
 
 
Most likely, the condition (hereinafter, referred to as condition 95/95) appeared due to 
application of interval estimates in mathematical statistics. Such estimates allow evaluation of 
the parameters that characterise a random quantity y proceeding from evaluation of limited, 
including small, sample of the values out of m number of this magnitude values: 1 2,, ... my y y . 

Thus, if the deviation distribution is close to normal, average y  and dispersion  may be 
evaluated using the average value and dispersion value obtained for the samples of m: 
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m sample and rated reliability (confidence level), which could be easily denoted as  
(1 - p).  The estimates can be expressed as  
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where:  and (1 / 2)pt −
2
pχ  are the quantiles of Student and Pirson distributions stated in 

statistics reference books.  
 
 
At the same time, should the distribution of random quantity significantly differ from the 
normal law, the mathematical statistics may offer alternative estimates, for example, the 
estimate based on the following Chebyshev inequation  
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Further along, the examples of interval estimates of probability are given with the assumption 
that the deviations are distributed in accordance with the normal law. Let us assume that 
effectiveness of reactor emergency protection was measured. There were three measurements 
conducted, and the average effectiveness was determined as 3 10 efρ β= . The dispersion was 

determined on the basis of three measurements and makes 3( ) 0.5 efσ ρ β= . If assume  

(1 - p)=0.95 as reliability index of obtained data, quantile will be , and, in 
accordance with (1), we obtain the following estimate 
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realβ ββ ρ β− ≤ ≤ + , which is true for - measured effectiveness of 

emergency protection – with a 95% confidence, that is, 

rea lρ

8.76 11.24realβ ρ β≤ ≤ . With  

(1 - p)=0.99 the estimate will be 7.14 12.86realβ ρ β≤ ≤ . 
 
 
As another example of interval estimate of probability, let‘s discuss the case of simulated 
reactor operation. Let it be the maximum temperature of fuel in design basis accident to be 
determined. In this case it is required to account a methodological error, and any probable 
technological or operation deviations. Fuel temperature shall be determined with reliability of  
(1 - p)=0.95 and error within 30 °С.  
 
 



In order to solve the problem it is possible to use the methods of statistical testing. Earlier, the 
methods were discussed in [3-5]. Let’s select all the parameters of calculation model (let it be 
the parameter of code package), whose values are known with a certain error, and assign a 
certain distribution for these parameters. Let’s determine the distribution parameters for all 
the input data, which were also determined with some error. Let’s simulate the accident many 
times (m times) using the selected model, every time randomly simulating the model 
parameters and input data in accordance with their distribution. Each calculation determines a 
maximum fuel temperature, then, the average fuel temperature mT for this temperature 
selection, and standard deviation ( )m Tσ . Using (1), the margins of possible temperature 
values shall be determined 
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Let it be 30 calculations performed (m=30), which determined mT =2500 °С, ( )m Tσ =80 °С, 
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between  with a 95% confidence. 2500 28 2500 28realT− ≤ ≤ +
 
 
Let’s refer to condition 95/95, which is stated by some regulatory documents. These 
conditions can be formulated anew as: the calculated value of the parameter shall be obtained 
using the methods that ensure a 95 % confidence level confirmed by testing, as well as the 
statistical characteristics of probable deviations. Moreover, the calculated value of the 
parameter with allowance for deviation statistics shall ensure a 95 % probability and without 
exceeding a design limit.  
 
 
Let’s discuss in more details this interpretation of the conditions. The calculation outcome is a 
certain calculated estimate of parameter  of quantity x. Actually, in the course of reactor 
operation, another “genuine” value of parameter  is realised. The difference may be 
caused by the methods inaccuracies, process deviations and operation deviations of reactor 
parameters from nominal values. If the statistical values of deviations are well known (for 
example, average value and dispersion value for normal distribution), a 100 % confidence 
level could be ensured for the satisfaction of established limits by means of imposing 
sufficiently guaranteed margins. For example, if we want the genuine value of the parameter 
to be in 95 % of realistic conditions lower than the ultimately tolerable value, we must make a 
shift to the left from it by 1.645σ, etc.  
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realx

 
 
The deviation statistics is not known exactly in every realistic case. This can be especially 
related to complicated functionals, such as departure from nucleate boiling. This is the case, 
plenty of factors, such as heat flux, temperature, coolant flow and coolant pressure, the 
channel configuration, etc. affect the result.  
 
 



For the purpose of required true estimates, the investigated case shall be referred to a set (a 
sample) of other similar cases, which were studied earlier, i.e. which subjected to direct or 
indirect measurements for the parameter we are interested in. The case may be understood as 
a sum of all factors that affect the parameter we are interested in. With reactor application, 
these parameters include the composition of core section, fuel and coolant temperature, 
pressure and flow. After the sampling is made, the parameter value shall be determined for 
each element of the sample. Then, a mathematical model shall be plotted to determine average 
value of the parameter as a function from effective factors (in case of DNBR the model is 
called correlation). Also, a dispersion of the parameter deviations from such average value 
shall be determined. It is obvious, that the larger is the sample, the more accurate will be the 
calculation model, and the more precise will be the calculated dispersion of deviations. As it 
was above mentioned, on the basis of a limited number of comparisons, mathematical 
statistics is capable of evaluating with a rated reliability the interval within which the genuine 
average values and dispersion values lie. The quantitative probability is reflected by formulas 
(1 - 3).  
If the fuel temperature is discussed anew, it is required to carry out a certain number of 
measurements for close to realistic conditions, plot a calculation model, which will simulate 
both testing conditions, and realistic reactor conditions. The compare the measured and 
calculated data using the model (determine a dispersion of deviations), and using formulas (1) 
and (2) access the average fuel temperature and dispersion. The genuine fuel temperature may 
differ from average fuel temperature by the value of random deviation, so, in order to ensure a 
95% confidence in the absence of meltdown, it is required to fulfil the following condition for 
a normal distribution of deviations  
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A second component characterises a probable maximum error of the average value, a third 
component characterises 95 % probability.  
Similar considerations may be cited for departure from nucleate boiling. Let us remind that 

( , , )crq p T vDNBR
q

= , where  is a critical heat flux on the surface of fuel pin, 

which depends on pressure p, coolant temperature T and coolant velocity v; q is a heat flux 
that passes to the coolant from the surface of fuel pin.  
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To ensure a correct DNBR assessment, measured data q and are important to be measured 
in the conditions close to the realistic reactor conditions. Using the measured data it is 
necessary to plot a model («correlation»), which could simulate both the realistic reactor 
conditions, and testing facility conditions for the purpose of calculating a heat flux. This is the 
way for deriving formula , for example. At that, the error obtained as a 
result of this calculation is mainly affected by the deviation of arguments p, T and v from 
genuine values, but not a selected functional dependence upon the arguments (however, the 
contribution of this component can not be rejected, either).  
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Thus, in order to calculate DNBR it is required to get true data for q and , while in order to 
get true data for it is most important to get true data for p, T and v at the point of pin 
surface, which is interesting for us. Therefore, the basis for true DNBR calculation shall make 
the measurements of active reactor factors, which enable the calculation of q and , and, 
consequently, DNBR. 
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A set of such measurements carried out for the conditions identical to the case of our interest 
(similar FA types, identical operation conditions, similar power distribution) allow us to 
evaluate the interval, within which the genuine average DNBR value lies, as well as the 
statistics of probable deviations from the average DNBR value (deviation dispersion). Then, 
we shall assume that the condition of interest may be characterised by the identical statistical 
data, and the condition parameters shall be selected in such a manner, that they could satisfy 
the following inequality  
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here m is the number of measured data used for assessment of deviation between calculated 
and measured DNBR, while all other symbols are similar to (1 and 2). Should the number of 

measured data be large we have: (1 / 2) 0pt
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It is necessary to point out that the Russian practice of reactor design has been using a more 
conservative assumption, as compared to (7), such as  
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where, typically,  α=2, or α=1.645 in some modern designs. 
 
 
In order to ensure a true assessment of fuel temperature and DNBR a specific attention is 
given to transient conditions of reactor operation with a developed time lag of detectors that 
show the power density distribution and coolant parameters. The methods of these parameters 
calculation shall take into consideration this time lag and must be tested in applicable 
experiments that shall be conducted in the most realistic conditions.  



 
The selected 95 % used for calculating probability and confidence are, obviously, only 
reasoned by the peculiarities of people’s psychology: 90 % is too little; 99 % is not easy to 
achieve, while 95 % is quite sufficient. 
 
 
And one more general remark to wind up. It goes without saying that the application of 
probability interval estimates, even only in relation of some safety important reactor 
parameters, is a good idea. However, it seems that the requirements shall be specified in more 
detail and account common specific features of reactor calculations and measurements. In this 
process, the defining element of safety assurances still remains the physical intuition of design 
and testing personnel, when they select measured data to justify their calculation methods.  
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