
 

509 

TIME  TO  REACH  A  GIVEN  LEVEL  OF  NUMBER  OF  NEUTRONS 
IS  STOCHASTIC  ANALOG  OF  REACTOR  PERIOD 

 
V. V. Ryazanov 

 
Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv, Ukraine 

 
In theory and in practice the operation of nuclear reactors to control the safety of the reactor is widely used 

deterministic value - the period of the reactor. It is proposed along with the period of the reactor using a stochastic 
analogue of this magnitude - a random amount of time to achieve a given level of a random process for the number of 
neutrons in the reactor. The paper discusses various features of the behavior of the mean and variance of time to achieve 
a specified level. This kind of features can be associated with impaired behavior of the reactor system. Introduced the 
value of time required to reach the level can be used to monitor and improve the safety of nuclear power plants. 
 

1. Introduction 
 

In [1] the random variable characterizing the evolution of neutron time intervals, the time to reach the level of the 
number of neutrons in the reactor. Time to reach the level of neutron number is a random time to obtain the random 
process of the total number of neutrons in the reactor of a given level. In [1] is show that this value can be regarded as a 
stochastic analogue of the reactor period. In this paper we investigate the value fundamentally different from the reactor 
period - the time to reach the level of the number of neutrons in the reactor. It is defined from other assumptions in 
comparison with the period and has a physical meaning, corresponding to its name. The relations obtained for the 
statistical quantities - time to reach the level of the number of neutrons in the reactor, and distribution of this quantity 
are important, reflecting the behavior of real-life physical quantities finite time to achieve a given level of the number of 
neutrons in the reactor. The characteristics and behavior of this quantity will be useful in various problems of physics, 
the theory and methods of calculation of nuclear power reactors. 

In [1] the distribution of time to achieve the level of the number of neutrons in the reactor, from which you can 
record not only the average level of achievement, but also all moments of this value, and such probabilistic 
characteristics as the probability that the time to reach the level of the number of neutrons in certain prescribed limits 
are calculate. The advantage of this approach is that at the points of a dangerous change in reactivity, which can lead to 
emergency situations, the moments (e.g. mean and variance) of the random variable time to achieve the level of the 
number of neutrons in the reactor have singularities. They may, for example, take the complex or negative values. 
Estimate of the average time required to reach the level of the number of neutrons in the reactor and of the variance of 
this quantity may serve as one of the practical applications of the proposed description of the various options by 
changes in reactivity over time. These changes are assumed to be given. Features of the behavior of the moments of 
time required to reach level will indicate the instability of the neutron system. Thus, taking into account the different 
effects that contribute to the reactivity, it is possible to choose a safe change. Mathematical expressions for the mean 
time to achieve the level of neutron number is simpler and clearer relations connecting the period of reactor with 
reactivity. These expressions are easily calculated. The algorithm is as follows: given change in reactivity over time. 
According to the obtained relations and graphs are determined the moments in which the change in reactivity can lead 
to the values of the average time required to reach the level of neutron number corresponding to the low periods of the 
reactor. 
 

2. Features of the behavior of the moments of time required to reach level 
 

For the average time to achieve, calculated in accordance with the expressions of [1], the numerical calculation 
gives the following feature at a value of reactivity is equal to β, reactivity jump on the prompt neutrons (Fig. 1). We also 
give an example of behaviors of dispersion of time to achieve the level for the case of a jump to the prompt neutrons, 
Fig. 2. 

 

 

Fig. 1. Average time to achieve of level by ρ = β. 
 

Fig. 2. Dispersion of time to achieve the level by ρ = β. 
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By simulating the behavior of these moments in the various processes in the reactor, it is possible to track their 
characteristics, thereby controlling the safety of the reactor. In [1] are obtained expressions for the moments that take 
into account the dynamics of changes in reactivity over time. But on the same temporary value the averaging is carried 
out. Therefore, in this paper, we propose to distinguish two times: we must distinguish between the integration over the 
possible time required to reach the level of Γ, the averaging time and the current time t. These are different times. In [1] 
is assumed as the same time, ρ(t = Γ). This, apparently, can serve as a first approximation. In the general case, we must 
distinguish ρ(t,Γ). The dependence of the time required to reach the level of the current point in time can be allowed, for 
example, by introducing dependence of the effective neutron multiplication factor k from the current point in time t, and 
from the moment of the lifetime of Γ: 
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where fΓ  is a random moment of the end of the lifetime. In terms of the form (2) (after substituting in them (1)) can be 
integrated over Γ, and the dependence on the current time counted by k(t). By the time Γ averaging is carried, and the 
current time t takes into account the real dynamics of the system, occurring in the system changes due to external 
influences and internal factors. Another approach is possible, when taken into account the dependence of reactivity 
from the current time ρ(t). As in [1], carried out the averaging on t. In the above relations substituted time-dependent 
reactivity ρ(t). It is assumed that spent an averaging over time to achieve the level at one point in the current time can 
also be performed at any other time of the current time, and write the relation [1] 
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[1]: lef = 1/vΣa ≈ 10- 8- 10-3 s is mean effective neutron lifetime; v , Σa  are the average velocity and the cross section of 
neutron absorption, respectively; for thermal neutrons lef = 1/vΣa ≈ 10-3 s, Z(t) is partition function, ρ ( 1) /k k= −  is the 
reactivity of the reactor; 1λ 0,077 s−=  is the effective decay constant of delayed neutron precursors, β 0,0065=  is the 
fraction of delayed neutrons, ω1,2 are return value for a period of effective groups of delayed neutrons, b = λlef, maxΓ R=  
is maximum possible time to reach of level. 

Thus, there are three main possibilities describing of the temporary change of reactivity. 
1. As in [1]. Current time coincides with the space of possible averaging time of averaging, ρ(Γ = t). 
2. For each current time t is carried out averaging over Γ, then take into account the dependence of ρ(t), as in (1). 

Considering the dependence of ρ(Γ, t). 
3. Just as in (2), but not allocated time Γ, and assume that for each time averaging is carried out, and after 

averaging takes into account the dependence of ρ(t), as in (2). When Γ = t, averaging over Γ is carried out taking into 
account that ρ(Γ = t). That is, first averaging over Γ in ρ(Γ, t), and then take into account the dependence of ρ(., t). 

This calculation gives a more "smooth" dependences on the increase in reactivity, the average time to reach the level 
falls are not as dramatically as without depending on the current time in considered in the following example- in the 
case of two peaks of reactivity when connecting of loop of main coolant pump (MCP). 

Estimates of moments of time to achieve the level of the number of neutrons can be made when the reactivity is 
changes due to in the composition of the core, fuel burn, poisoning of the reactor, xenon oscillations and other 
phenomena that accompany the reactor. 

Consider the following example. In [2] investigated the connection of a loop which has not previously worked when 
reactor plant on two MCPs. In the regime of "connection MCP previously broken loop" increase consumption and 
decrease the temperature of the coolant at the reactor inlet of the plug-in loop causes a pronounced asymmetric behavior 
of the characteristics of the active zone. As a result, the connection previously broken hinges on the first ten seconds of 
the transition process is an increase in coolant flow through the reactor. The increase in consumption leads to a decrease 
in heating the coolant to the core and, consequently, to reduce the average temperature of the coolant in the reactor. Due 
to the negative temperature coefficient of reactivity in the reactor is introduced positive reactivity (Fig. 3, the first peak 
of reactivity was 0.13 %). The introduction of positive reactivity leads to an increase in neutron and thermal power of 
reactor (Fig. 3). 
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Fig. 3. Changing the reactivity and the neutron and thermal power in the transition process. 

 
At the seventh seconds cold coolant of the connected loop begins to flow into the core, causing an additional 

increase in reactivity (Fig. 3, the second peak) and a further increase of the neutron power of reactor (Fig. 3), the 
maximum value of which reaches 2924 MW on 9.1 s. The second peak of reactivity is lower of the first and is 0.09 %. 
The maximum value of the thermal reactor power in the transition process is 2653 MW. In the future due the feedback, 
the reactivity tends to zero, and neutron and thermal power are stabilized at the level of 2255 MW by the end of the 
transition process.  

A pronounced imbalance of energy release causes an increase of integrated neutron power of the maximum loaded 
fuel rod with 55 kW to 126 kW (129 % power ramp-down), and the heat power from 55 kW to 110 kW (power ramp-
down 100 %). In this case, the maximum fuel temperature in the transition process reaches 1998˚C for the fuel rod, and 
the minimum value of the safety factor is 1.15, ie observed the eligibility criteria for this type of accident.  

Consider the changes in magnitude of the first and second peaks of positive reactivity and the effect of these 
changes on the average time to achieve the level. m denote the value of the first peak of reactivity. Numerical 
calculation of the dependence of the average time to achieve the level from m is shown in Fig. 4. 

 

 

Fig. 4. The dependence of the average time to achieve 
the level from m. 

 

Fig. 5. The dependence on the magnitude of the reactivity 
of the second peak, designated m1. 

 
It is seen that with increasing m values of the average time required to reach a level corresponding to the period of 

the reactor, are reduced to dangerously low values (less than 10 seconds). Similarly, the dependence on the magnitude 
of the reactivity of the second peak, designated m1. This dependence with m = m2 = 0,127·10-2 shown in Fig. 5. 

In Fig. 6 shows the dependence from m1 for m = 0,0069. 
In Fig. 7 shows the dependence of the average time required to reach the level for the example considered in [1] 

from [4] for different values of the initial perturbation of reactivity ρpert = p. It is seen that for certain values ρpert = p 
there is no value of the average time to achieve the level of Tm (R, p). 
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Fig. 6. The dependence of the average time 
from m1 for m = 0,0069. 

 

Fig. 7. The dependence of the average time required 
to reach the level for different values of the initial 

perturbation of reactivity ρpert = p. 
 

3. Conclusions 
 

There are many examples of various features of the behavior of the average time to achieve the level. The goal is to 
systematize such examples, to identify patterns in them. It should also investigate in detail the ways to incorporate these 
temporal behavior of the time required to reach the level, analyzing their advantages and disadvantages. 

 
REFERENCES 

 
1. Ryazanov V.V. Distribution of time to achieve the level of neutron number and the period of the reactor // Atomic 

energy. - 2011. - Vol. 110, No. 6. - P. 307 - 317. 
2. Ryazanov V.V. Stochastic analog of reactor period - time to reach a given level of number of neutrons // Problems of 

nuclear power plants safety and of Chornobyl. - 2012. - Vol. 19. - P. 8 - 18. 
3. Ovdienko N. Safety assessment of VVER-1000 transients and reactivity accidents operation using the model of the 

spatial kinetics: Thesis for the degree of candidate of technical sciences. - Kyiv, 2010. 
4. Sarkisov A.A., Puchkov V.N. Physical principles of operation of nuclear steam supply systems. - Moscow: 

Energoatomizdat, 1989. - 504 p. 
 


