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Kinetics calculation of fast periodic pulsed reactors using MCNP6
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a b s t r a c t

Fast periodic pulsed reactor is a type of reactor in which the fission bursts are formed entirely with
external reactivity modulation with a specified time periodicity. This type of reactors could generate
much larger intensity of neutron beams for experimental use, compared with the steady state reactors. In
the design of fast periodic pulsed reactors, the time dependent simulation of the power pulse is majorly
based on a point kinetic model, which is known to have limitations. A more accurate calculation method
is desired for the design analyses of fast periodic pulsed reactors. Monte Carlo computer code MCNP6 is
used for this task due to its three dimensional transport capability with a continuous energy library.
Some new routines were added to simulate the rotation of the movable reflector parts in the time
dependent calculation. Fast periodic pulsed reactor IBR-2M was utilized to validate the new routines.
This reactor is periodically in prompt supercritical state, which lasts for ~400 ms, during the equilibrium
state. This generates long neutron fission chains, which requires tremendously large amount of
computation time during Monte Carlo simulations. Russian Roulette was applied for these very long
neutron chains in MCNP6 calculation, combined with other approaches to improve the efficiency of the
simulations. In the power pulse of the IBR-2M at equilibrium state, there is some discrepancy between
the experimental measurements and the calculated results using the point kinetics model. MCNP6 re-
sults matches better the experimental measurements, which shows the merit of using MCNP6 calcula-
tion relative to the point kinetics model.
© 2018 Korean Nuclear Society, Published by Elsevier Korea LLC. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Pulsed reactors are a type of reactors which could generate
controlled and recurrent neutron fission burst [1]. The neutron
fission burst (pulse) could be generated aperiodically or periodi-
cally. For the aperiodic pulsed reactor, the fission bursts are initi-
ated by rapid insertion of excess reactivity and quenched by
negative reactivity temperature feedback. While for the periodic
pulsed reactor, the fission bursts are formed entirely with external
reactivity modulation (e.g., part of reflectors are in periodic mo-
tion). Periodic pulsed reactor stand closer to the steady state reactor
than the aperiodic pulsed reactor, in their thermos-physical and
dynamic properties [1], and it operates in the regime of periodic,
very short duration of pulse with a high peak to average power
ratio.

IBR-2M [2], which is a modernization of IBR-2 [3], is a sodium
cooled fast periodic pulsed reactor, using plutonium dioxide as fuel
material. It is used for research purposes as a neutron source in the
field of condensed matter physics, biology, and material science. A
unique feature of this reactor is the periodic variation of its reac-
tivity by the rotation of two movable reflector (MR) parts. At fre-
quency of 5 Hz, the reactor is brought from a deep subcritical state
when theMR parts are rotated off the core to a prompt supercritical
state when the two MR parts meet at the core centerline. Such
reactivity variation results in a large power pulse, as well as pulsed
fast neutron flux up to 1017 n cm�2 s�1. Therefore, the IBR-2M
reactor produces one of the most intense pulsed neutron flux on
the moderator surface of ~1016 n cm�2 s�1. Due to the rotation
scheme of MR parts, the total time period of IBR-2M is 0.2 s. When
the two MR parts are rotated off the core, the reactor is in
subcritical state and it is driven by delayed neutrons. Some fission
products (precursors) produced during the pulse decay after the
pulse to generate these delayed neutrons. At certain reactivity level,* Corresponding author.
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an equilibrium state is reached so the intensity of the delayed
neutron source is the same at the beginning and the end of the time
period. At equilibrium state, the reactor parameters are the same
for each pulse and the coolant removes the same heat from each
pulse period.

Accurate kinetics calculation for fast periodic pulsed reactor is
essential to determine the equilibrium reactivity level as well as the
pulse parameters. In the design analyses of this type of reactors
including IBR-2M, point kinetics models combined with some as-
sumptions were used to predict the pulse parameters. To improve
the accuracy of these analyses, a coupled MCNP6/Point Kinetic
calculation procedure was developed. The reactivity profile was
obtained by MCNP6 [4] steady state criticality calculation, with the
MR parts rotated to different angular positions corresponding to
the pulse period. In addition, the kinetics parameters could also be
calculated using MCNP6, or obtained from the reference data. A
simple point kinetics code was developed, using the reactivity
profile and the kinetics parameters to calculate the time dependent
power and search for equilibrium state. Using this procedure, the
time dependent power curve and pulse parameters could be
calculated, without any assumptions or approximations for the
reactivity curve. However, the limitation of point kinetic method
still exists and an accurate method is desired for the design ana-
lyses of this type of reactors.

The Monte Carlo computer code MCNP6 was selected for accu-
rate analyses, due to its three dimensional transport capability with
a continuous energy library. Also because MCNP6 tracks the real
neutron history, which starts from source particle and includes the
whole neutron fission chain, it could tally the time dependent
behavior of neutron flux and power. However standard MCNP6 can
calculate the neutron flux and the power as a function of time only
for stationary geometries. To simulate the rotation of the movable
reflector (MR) parts in the fast pulsed reactor like IBR-2M, new
routines were added. This MCNP6 modification was tested using
the IBR-2M reactor model. In this test case, the maximum reactivity
is kept below zero (i.e. subcritical state) to save the computation
time by adjusting the control rod positions. The time dependent
power calculated with MCNP6 agrees well with the results ob-
tained from point kinetics calculation, which validates the MCNP6
modification. However for the IBR-2M at equilibrium state, the
reactor is in prompt supercritical state with r > b for ~400 ms at each
time period, and this prompt supercritical state generates
extremely long neutron fission chains. This requires huge compu-
tational resources, which is not possible to get. To resolve this issue,
Russian Roulette was applied against the very long neutron his-
tories combined with other approaches. With this methodology, it
was possible to perform MCNP6 calculation for the IBR-2M equi-
librium demonstration case. The power pulse was calculated with
relatively small statistical errors. The power pulse calculated with
MCNP6 agrees well with results from the point kinetics for most of
the simulation time, except for a small time interval right after the
pulse. In this time interval, MCNP6 results are significantly higher
than point kinetics. This difference is consistent with the discrep-
ancy between the experimental data and the point kinetics results
[5,6]. This confirms that the MCNP6 results are more accurate than
the results obtained with the point kinetics model. The time
dependent MCNP6 calculation is still time consuming and hard to
be utilized as the major design code for fast pulsed reactor, but it
can provide reference data to correct and improve the point ki-
netics calculation [5,6].

2. MCNP6 time dependent calculation with movable
geometry e method & verifications

MCNP6 can calculate the time dependent reactor characteristics

(e.g. neutron flux and reaction rate) easily, because it can track the
real history of neutron transport (from birth from source, with all
the daughter reactions included, to removal out of the system).
However for standard MCNP6, the geometry is fixed during the
calculation. To simulate the rotation of the MR parts in the fast
pulsed reactor, new routines were added to MCNP6. The procedure
is relatively simple as follow:

The surfaces of the MR parts can be specified as rotatable in the
calculation, which means that the coefficients of those surfaces are
changeable. To minimize the modification of MCNP6 source code,
fixed ‘external boundary’ surrounding each piece of MR is desired
and a boundary cell is introduced. The boundary cell itself, with a
very tiny thickness (e.g. 0.1 mm), is not rotating and usually empty.
When neutrons arrive on the ‘external boundary’ of each piece of
MR, the arrival time t is recorded. With the rotation scheme of MR
known, the angular position of the MR surfaces is determined
based on t, and the coefficients of MR surfaces are changed based
on the angular position. That's to say the surfaces of the MR parts
are only changed when neutrons reach the ‘external boundary’.
One approximation is introduced in this procedure. It is assumed
that the time period in which neutrons are transported inside the
MR is trivial, and MR is not moving when neutrons transported
inside. This is because it would be very complicated to change the
cell surfaces with particles transported inside. This approximation
is especially good for fast reactors, with neutrons velocity in the
magnitude of 107 m/sec, also due to the small thickness of MR
(~7.0 cm for IBR-2M), the average neutron transport time inside
each piece of MR should be only several nanoseconds. Within this
short time period the angular movement of MR parts can be
reasonably ignored.

To test and validate this modification, the IBR-2M reactor model
with MR rotation was used and the horizontal configuration of this
geometrical model is shown in Fig. 1. The movable reflector (MR) of
IBR-2M has two parts, main movable reflector (MMR) and auxiliary
movable reflector (AMR), which rotate in opposite direction at
constant speeds. The MMR has an angular rotation speed of 3600�/
sec (10 Hz) and the AMR has an angular rotation speed of 1800�/sec
(5 Hz). For every 0.2 s the MMR and AMR meet at the reactor
centerline, which causes the maximum reactivity. Therefore, the

Fig. 1. Horizontal Configuration of the IBR-2M reactor model, with both pieces of MR
rotated to the core center position for maximum reactivity.
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total time period of the pulse is 0.2 s [2]. To save the computation
time, only part of the whole time period is selected for the MCNP6
time dependent simulation and the control rods positions are
adjusted to keep the reactor in subcritical state all the time. Within
the calculation time period relatively short (4.2 msec), the delayed
neutron source changes very little, and a constant delayed neutron
source was used during this calculation.

The total length of the time period in the simulation is 4200 ms,
and the reactivity curve was obtained by a series of MCNP6 steady
state criticality calculations, with MR parts positioned at corre-
sponding angular positions. To get an accurate reactivity curve, the
statistic error of the calculated k-eff is very small, less than 2 pcm.
Previous studies show the shape of reactivity curve has very little
dependence on the control rods positions. Therefore, the reactivity
curve shown in Fig. 2, for this subcritical test problem, has similar
shape as the reactivity curve during the equilibrium state. The
maximum reactivity occurs at t ¼ 2100 ms, when two parts of MR
meet at the core centerline.

The reactivity curve shown in Fig. 3 was used in point kinetics
calculation to obtain the time dependent power distribution.
MCNP6 time dependent calculation was also performed to obtain
the power distribution. The time dependent power curves calcu-
lated by MCNP6 and point kinetics are compared in Fig. 4. In both
calculations, 10 ms constant time step is utilized and the power is
normalized to unity at t ¼ 100 ms?

For this subcritical test case, the neutron fission chain in MCNP6
calculation is not very long, and totally 200 million neutron his-
tories (NPS) were simulated. The total fission power of the core was
tallied in MCNP6 calculation at each time step, with the statistic
error ~1.5 %. From Fig. 4, it can be seen that the time dependent
power curve calculated by MCNP6 agrees well with that from point
kinetics model. This agreement validates the MCNP6 modification
to simulate the dynamic behavior of the IBR-2M reactor.

3. Russian Roulette for long neutron fission chains in MCNP6
e method improvement

For the fast periodic pulsed reactor like IBR-2M, one important
parameter is the pulse multiplication factor M. It is defined as the
total number of fission neutrons generated in the pulse with the
delayed neutron source before the pulse normalized to one
neutron/second [1]. For IBR-2M reactor at equilibrium state, the
pulse multiplication factor M is ~85 based on the benchmark
calculation. This number can be explained in another way. For the
IBR-2M at equilibrium state, the power pulse lasts for ~750 ms,
which starts when rprompt (r - b) is first above 0. At the end of the

pulse, the power returns to the same level at the start of the pulse.
In this time period, the number of (delayed) source neutrons
released is ~7.5 � 10�4 and 85 fission neutrons are generated,
ignoring the change of delayed neutron source, or on
average ~ 1.1 � 105 (85/7.5 � 10�4) fission neutrons are generated
per source neutron. This indicates that during the power pulse the
source multiplication factor, the total number fission neutrons
generated per source neutron particle, on average, is ~1.1 � 105.

In MCNP6 calculations, the computational time is proportional
to the number of fission neutrons generated per source neutron.
Therefore, large amount of computation is needed for IBR-2M at the
equilibrium state. Due to the stochastic nature of MCNP calculation,
the length of fission chains caused by different source particles
could be very different. For example for a subcritical systemwith k-
eff ~0.99, the average number of fission neutrons generated per
source neutron is ~100, however lots of source neutrons generate
no fission while some source neutrons could generate more than
50,000 fission neutrons, and the ratio between the maximum and
average length of fission chain is more than 500. This example was
obtained from a short MCNP6 test calculation, with routines
modified for debug purpose to print out the total number of fission
neutrons caused by each source neutron. It is also realized based on
these test calculations that with higher k-eff, the ratio of maximum
to average length of fission chain could be higher. Considering the
large value of the average source multiplication factor (length of
fission chain) in the IBR-2M power pulse, as well as the stochastic
nature of MCNP calculation, the neutron fission chains for some
source particles could be extremely long. These very long chains
cause difficulties in the parallel computation of MCNP6, because
the computer processors with the very long chains will run for an
extremely long time while the other processors are finished and
waiting for the completion of the long neutron chains.

MCNP6 has several techniques to improve the parallel efficiency.
For example, load balancing option, larger size patches for
rendezvous, and analog instead of implicit (default of MCNP6)
capture scheme. (The analog capture might be less efficient for
most of the problems, but it could improve the parallel efficiency
especially for the problem with long fission neutron chains.) These
options are helpful; however, they are still not sufficient for the
long fission neutron chains during the power pulse. A new pro-
cedure was introduced to reduce the computational time of the
long neutron fission chains. Russian Roulette is applied for these
long fission chains, based on checking the total number of fission
neutrons in current history with minor modifications of MCNP6
routines. Some neutrons in long fission chains are killed and the
weight of the survived neutrons are increased to preserve the
neutron balance. Some MCNP6 routines were modified to add this
feature. It is also realized that using Russian Roulette for the long
fission chains impact the statistical error of the calculated results
because of the generated neutrons with large weights. Therefore,
the Russian Roulette is not played for neutrons with weight above a
certain limit. If the neutron weight is above this limit, it is tracked
normally.

A supercritical test case of IBR-2M was analyzed. The control
rods positions of IBR-2M were adjusted to limit the maximum
prompt reactivity (rprompt ¼ re b) to ~ 0.00034. With this reactivity
level, the pulse multiplication factor M is ~5.4. This small pulse
multiplication factor allows the use of MCNP6 time dependent
calculation without the proposed Russian Roulette procedure for
the long fission chains. The obtained results are used to study the
impact of the Russian Roulette procedure for long fission chains on
the calculated results. In addition, results from point kinetics was
also obtained for comparison. The reactivity curve is shown in Fig. 6
and the reactivity change occurs in the time interval from 200 ms to
820 ms is caused by the rotation of MR parts, and the maximumFig. 2. Vertical Configuration of MMR and AMR
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Fig. 3. Reactivity curve of IBR-2M subcritical test problem.

Fig. 4. Comparison of time dependent power calculated by MCNP6 and point kinetics for the IBR-2M subcritical test problem.

Fig. 5. Upper weight limit for Russian Roulette, as a function of Nfis/Lf.
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reactivity appears at t ¼ 510 ms?
With modified routines of MCNP6, the total number of fission

neutronsNfis of the current history is updated at each fission events,
and compared with reference values to decide whether Russian
Roulette is needed. For this IBR-2M supercritical test case, the
average source multiplication factor in the power pulse fm, is
~1.1� 104. A parameter Lf, which is 100 times of fmwas used for the
Russian Roulette. In this case Lf is equal 1.1 � 106. The reference
values to compare against Nfis are shown in five steps, as follow.
When Russian Roulette was played, the fission neutrons has a
survival probability of 0.8 and the weight of survived neutron is
adjusted by a factor of 1.25.

1) Nfis < Lf: The history is not ‘long’, and Russian Roulette is not
used. The neutrons are tracked normally.

2) Lf < Nfis < 3Lf: Russian Roulette is used if the neutron weight is
less than 2.5

3) 3Lf < Nfis < 9Lf: Russian Roulette is used if the neutron weight is
less than 2.52

4) 9Lf < Nfis < 27Lf: Russian Roulette is used if the neutronweight is
less than 2.53

5) Nfis > 27Lf: Russian Roulette is used if the neutron weight is less
than 2.54

The upper weight limit for Russian Roulette, of this five steps as
described above is shown in Fig. 5. Analog MCNP6 calculation was
utilized in the simulations. Russian Roulette was played in step 2 to
5. At each stage, the upper neutron weight limit is increased by a
factor of 2.5 from previous step. In any step, if the neutronweight is
above the weight limit of current step, Russian Roulette is not used
and the neutron is tracked normally. The selected stage parameters
for Russian Roulette shown above were obtained after several it-
erations of MCNP6 test calculation.

The time dependent power calculated by MCNP6, with and
without the use of Russian Roulette for long fission chains, and the
point kinetics results are compared in Fig. 7, with the power
normalized to unity at t ¼ 200 ms? In all these results, a fixed time
step size of 10 ms was utilized. Based on the results shown in Fig. 7,
both MCNP6 results agree well with that from point kinetics
calculation.

The statistical error of the time dependent power calculated by
MCNP6, with and without Russian Roulette procedure for long

fission chains, are plotted and compared in Fig. 8. For the MCNP6
results without the Russian Roulette procedure for long fission
chains, the statistic error is relatively flat in the total simulation
time period. For the MCNP6 results with the Russian Roulette
procedure for long fission chains, the statistical error in the time
range of power pulse is large as shown in Fig. 8, due to killing part of
neutrons by Russian Roulette. However, the difference between the
results is relatively small and it is within the statistical error.

For the MCNP6 calculation, the average source multiplication
factor in the whole simulation time of 1000 ms for this IBR-2M
supercritical test case, referred to as fm,tot, could be tallied in the
summary table. It is also utilized to validate the accuracy of the
calculated results. Because the statistical error of the MCNP6 power
at each time step varies, the statistical error of fm,tot is utilized to
evaluate the Figure of Merit (FOM) of the calculation. The com-
parison of fm,tot values and the MCNP6 parallel efficiency values are
shown in Table 1, and the computation time is the wall clock time.

The Figure of Merit is calculated as FOM¼ 1/(R2 T), where R is the
statistical error and T is the total computer time in minutes. Here T
is equal to the wall clock time multiplied by the number of com-
puter processors. MCNP6 could also output the effective compu-
tation (MCRUN) time Teff, and the parallel efficiency is obtained by
Teff/T.

The average source multiplication factor in this 1000 ms, calcu-
lated by point kinetics code, is ~5.94 � 103. Both MCNP6 calcula-
tions were executed on 128 computer processors, using the load
balancing parallel option. The rendezvous size is also maximized in
both MCNP6 calculations, which is equal to the total nps, to get the
best parallel efficiency. It can be seen that both MCNP6 calculations
can tally the average source multiplication factor accurately. The
calculation with the Russian Roulette improves significantly the
efficiency of parallel calculation, although the Figure of Merit is not
improved for this IBR-2M supercritical test case.

4. MCNP6 calculation for the IBR-2M equilibrium
demonstration problem - application

At equilibrium state, the IBR-2M reactor has a pulse multipli-
cation factor M of ~85, a maximum prompt reactivity of ~0.00110
[3], and an average prompt neutron generation time ~ 65 ns [3].
However, the calculated average prompt neutron generation time
using MCNP6 is only ~48 ns? The difference could be due to the

Fig. 6. Reactivity curve of IBR-2M supercritical test case.
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missing geometrical details for the reactor surroundings. Due to the
difference in average prompt neutron generation time between
MCNP6 calculation and reference IBR-2M data, the MCNP6 results
cannot be accurately compared with the experimental data of IBR-
2M.

The MCNP6 computational time for the fast-pulsed reactor is
majorly determined by the pulse multiplication factorM. Therefore,
an IBR-2M demonstration model with about the same M factor as
the equilibrium state was used for MCNP6 calculation. In this case,
the control rods positions were adjusted to make the pulse

multiplication factor M ~85 and the maximum prompt reactivity
rprompt is ~0.00078. For this IBR-2M equilibrium demonstration
model, the coupled MCNP6/point kinetics calculation was first
performed, and the average source multiplication factor fm in the
power pulse is ~1.30 � 105. The Russian Roulette methodology was
utilized in the MCNP6 time dependent calculation combined with
the load balancing option. The Russian Roulette parameters were
shown in previous section except that the Lf value is 1.30 � 107. In
addition, at the end of the run for the last few histories (three or
less), the upper limit of the neutronweight for the Russian Roulette

Fig. 7. Comparison of time dependent power pulse calculated by MCNP6 and the point kinetics model for the IBR-2M supercritical test case.

Fig. 8. Statistical errors of reactor power calculated by MCNP6, for the IBR-2M supercritical test case.

Table 1
Comparison of fm,tot and the parallel efficiency of MCNP6 calculations without and with the Russian Roulette for long fission chains for IBR-2M supercritical test case.

MCNP6 calculation fm,tot nps
(Million)

Computation time (hours) Parallel efficiency FOM

Without Russian. Roulette 5.70eþ03
(±5.59%)

4 203.0 42.7% 2.053e-04

With Russian. Roulette 6.02eþ03
(±6.03%)

40 185.3 81.4% 1.933e-04
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used in step 5 is ignored.
The reactivity curve is shown in Fig. 9, with the MR parts

rotating in the time interval of 260 mse2600 ms, and the maximum
reactivity occurs at t ¼ 600 ms? The total simulation time is set to
2700 ms, which is sufficient to show the power pulse during and
after the reactivity pulse. The MCNP6 time dependent power pro-
file is compared with the results from point kinetics model in
Fig. 10, with the power normalized to unity at t ¼ 260 ms? A fixed
time step of 10 ms was used. Russian Roulette for the long fission
chains was utilized in the MCNP6 calculation. In this case, it is not
possible to perform MCNP6 calculation without the use of the
Russian Roulette for the long fission chains even with the use of a
very large amount of computational time.

For this IBR-2M equilibrium demonstration problem, the
MCNP6 calculation used 160 computer processors. Four rendezvous
were performed, each has 50 million source neutrons. The
computation time and the parallel efficiency are shown in Table 2.
The total computation (wall clock) time of these four rendezvous
exchanges is ~1800 h and parallel efficiency is ~80%. The average
source multiplication factor fm,tot in the 2700 ms time interval,
calculated by point kinetics code, is ~3.31 � 104, while the value
calculated by MCNP6 is ~3.38 � 104 (±4.79%).

Table 2 results show the statistical error of fm,tot decreases
consistently with the number of rendezvous exchanges and the
difference between the tallied fm,tot is always within the statistic
error. No oscillations were observed for the fm,tot and the statistical
error.

The difference between MCNP6 and the point kinetics results at
each time step is shown in Fig. 11. The power pulse results calcu-
lated by MCNP6 and the point kinetics model agree for the time
period before and during the pulse for t < 1000 ms and the differ-
ences are within the statistical error. However, for the time period
right after the pulse (1000 ms < t < 1300 ms), large differences be-
tween MCNP6 and the point kinetics results are observed, with the
maximum difference is ~190 %, while the statistical error of MCNP6
is only ~ 5%. This large difference cannot be explained by the sta-
tistical error. The same discrepancy was also observed between the
experimental measurements and the results from the point kinetics
model [5,6]. This discrepancy might be due to the limit of point
kinetics model. Although an absorber layer is located outside the
stationary reflector, a small fraction of thermal neutrons could still
be scattered back to core from the surrounding components [5,6],
which can cause such differences. These thermal neutrons scat-
tered back, called ‘room neutrons’ [5], has delayed time effect due

Fig. 9. Reactivity curve of IBR-2M equilibrium demonstration problem.

Fig. 10. Comparison of the time dependent power calculated by MCNP6 and the point kinetics model for the IBR-2M equilibrium demonstration case.
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to the transport time spent outside the core. The impact from ‘room
neutrons’ cannot be considered in the point kinetics calculation but
it is included in the MCNP6 calculation.

The statistical error of MCNP6 power at each time step, is shown
in Fig. 12 for different NPS numbers. The statistical errors decreases
as the NPS number increases as expected. With 200 million source
neutrons, the maximum statistical error is 6 % during the power
pulse, relative to the less than 2 % after the pulse. The use of the

Russian Roulette during the pulse leads to such increase in the
statistical error. The maximum statistical error of the calculated
power occurs ~300 ms after the peak power.

5. Summary and conclusion

Fast periodic pulsed reactors require kinetics analyses, which
were historically done with point kinetic models. These models

Table 2
Comparison of fm,tot and parallel efficiency of the MCNP6 calculations, at the end of rendezvous exchanges for IBR-2M equilibrium demonstration problem.

Rendezvous
Exchange

nps (million) fm,tot Computation time (hour) Parallel efficiency

1 50 3.585eþ04
(±9.66%)

~499 ~76 %

2 100 3.431eþ04
(±6.86%)

~421 ~81 %

3 150 3.383eþ04
(±5.60%)

~439 ~78 %

4 200 3.377eþ04
(±4.79%)

~439 ~80 %

Fig. 11. Difference between the pulse power profile calculated with MCNP6 and the point kinetics results for the IBR-2M equilibrium demonstration case.

Fig. 12. Statistical error of MCNP6 power profile results for different number of source neutrons of the IBR-2M equilibrium demonstration problem.
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were modified by introducing some empirical formulation to
match the experimental results from these reactors as much as
possible. An accurate calculation methodology is needed for the
design analyses of these fast periodic pulsed reactors. Monte Carlo
computer code MCNP6 is used for this task due to its three
dimensional transport capability with a continuous energy library.
New routines were added to MCNP6 to simulate the rotation of the
movable reflector parts in the time dependent calculation.

IBR-2M fast pulsed reactor was utilized to validate the new
routine changes. A subcritical IBR-2M test problemwas introduced,
for which theMR parts were rotatedwithin a time period to change
the reactor reactivity but the maximum prompt reactivity was less
than zero. The time dependent power curves calculated by MCNP6
and the point kinetics model were compared, and they did match.

The IBR-2M stays in prompt supercritical state for ~400 ms
during the equilibrium state. This generates long neutron fission
chains, which requires tremendously large amount of computation
time during Monte Carlo simulations. To solve this problem,
Russian Roulette was applied for the very long neutron chains in
MCNP6 calculation, combined with other approaches to improve
the efficiency of the simulations. A supercritical IBR-2M test
problem was introduced to test the Russian Roulette methodology
for long fission chains. TheMCNP6 results with and without the use
of the Russian roulette methodology did match but the parallel
efficiency was improved significantly with the use of the Russian
Roulette methodology.

Due to the inconsistency of average prompt neutron generation
time between MCNP6 and IBR-2M reference data, an IBR-2M
equilibrium demonstration problem was introduced, which has
the same pulse multiplication factorM as IBR-2M equilibrium state.

For this IBR-2M equilibrium demonstration problem, the time
dependent power calculated by MCNP6 agree well with the point
kinetics results, except for a small time period after the pulse. It was
observed in the power pulse of the IBR-2M at equilibrium state that
there is also some discrepancy between the experimental mea-
surements and the calculated results using the point kinetics
model. The MCNP6 results matches better the experimental mea-
surements, especially after the pulse, which shows the merit of
using MCNP6 calculation relative to the point kinetics model for
such analyses.
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