Joint International Conference on Supercomputing in Narckepplications and Monte Carlo 2013 (SNAMC 2013)
La Cité des Sciences et de I'Industrie, Paris, France, @ct®h-31, 2013

Optimised Iteration in Coupled Monte Carlo — Thermal-Hydra ulics Calculations

J. Eduard Hoogenbodtand Jan Dufek

1Delft Nuclear Consultancy, 1Jsselzoom 2, 2902 LB Capelteden IJssel, The Netherlands
2Royal Institute of Technology (KTH), Nuclear Reactor Tebbgy, AlbaNova University Center, 10691 Stockholm, Swede

We address the problem of arfieient solution to the coupled Monte Carlo and thermal-hylicasteady-state
problem. Depending on the strength of the feedback betweepdwer and thermal-hydraulic conditions this problem
can become highly non-linear, requiring a stable iterasoheme to achieve convergence, such as the stochastic
approximation scheme derived in our previous work. Thisesnh varies the relaxation factor and the sample size
(number of simulated neutron histories) at each iteratiep ® ensure stability andfeciency. In this paper we provide
detailed and practical instructions as to how the scheméeamplemented. The scheme is demonstrated for a BWR
type fuel pin cell problem with axially varying fuel enrictemt. Results are shown for the axial power distribution
during the iteration steps and the behaviour of the numbsimofilated neutron histories in all iteration steps, which
shows a nearly linear increase per iteration.
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I. Introduction problem and prepares with these data a new input file for the
next MC run.

As Monte Carlo calculations do not need approximations with

regard to the neutron transport model, reactor geometry, Oy 1athod

nuclear data as in deterministic calculations, it is usedemo

and more often for full-size reactor analysis. In coupleg determine optimised relaxation parameters for the MC-TH
Monte Carlo-thermal-hydraulic steady-state reactoruaic jterations, the method of stochastic approximafida applied.
tions a Monte Carlo (MC) criticality calculation will prote \ve denote the number of simulated neutron histories in-itera

the spatial power distribution in the reactor given the isattjon stepn by s,. The cumulative number of histories up to
distribution of temperatures and coolant densities. Thegpo and including step is

distribution is then input to the thermal-hydraulic (TH)aa

lation to produce updated temperatures and coolant degsiti 4

which can be fed back into the Monte Carlo criticality calcu- Sn = Z S

lation to update the power distribution. This representsra n =1

linear problem that may diverge when solved with the stafhe number of histories simulated determines implicitlg th

dard fixed-point iteration scheme. We base our method on #hatistical accuracy of the estimated power distributlbp, ()

stochastic approximation - the relaxation scheme derinedid the spatial power distribution calculated by the Monte&€a

our previous work? code in then™ iteration step, it can be used as input to the
As the MC calculation will normally take the major part ohext thermal-hydraulic calculation. However, it will be aste

the necessary computing time, it is of utmost important to ag all Monte Carlo criticality runs in previous iteration®tn

timise the Monte Carlo runs in the MC-TH iteration proceds. use their results. Therefore, we define the relaxed power

Optimisation regards two main points: the number of neutrdistributionP,(F) for iteration step as:

histories simulated in each iteration step and the way the re

sults are combined over all iterations steps. Pn(") = (1 = an)Pn-a(7) + anpn(F) 1)

SC;I;he speC|_f|c couplmg _procedd?b consists of a I:,ythona/vith ap the relaxation coicient withay = 1 for the first iter-
pt that drives the iterations and calls the MC and TH so Gion. The relaxation cd@cient is taken 43
successively. To prepare the input for the TH code a conver-

sion program reads the output file from the MC calculation to an = l )
obtain the estimated power distribution and include it ia th Sh

proper format in the input file for the TH calculation. Afte,rb\s the best convergence rate possible with Monte Carlo algo-
the TH run the driver script calls another conversion PrOUM3ithms is of the order 08Y2, this leads to
to read the output of the TH code, selects the axial tempera-

ture distributions for the fuel, cladding and coolant, a8l e S

the density distribution of the coolant, for each fuel rodtie @n = \/S:n
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iter 59

S = 5 )

At the start of the calculation the numb®rof simulated his- ~
tories for the first Monte Carlo run can be chosen. Mostly the
number of successive (active) cycles (or batches) musghg in -~ 0.5

to the MC code, as well as the number of histories percycle . |/ | | | [Tmell o o=s
(batch). One of these quantities.car? be ghosen and the other 50 100 150 200 250 300 350 400
follows from s;. For all successive iteration steps the num- .

ber of histories follows from Eq.5), from which the number Height [cm)

of cycles or the number of histories per cycle can be dedutfé@ij”e 1:. Normalised axial power distribution for successve MC-
for that iteration. Once the MC run provides the estimate bf! lterations

the power distributiorpy(F), the input for the TH code can be

composed from Eq1j with the relaxation coicientgiven by 6000 ' ' ' ' '
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Elimination ofa, shows that 4 - - - - - - .
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IIl. Application 5
P S 000 f .
1. Description E 3000 b i

The MC-TH iteration scheme is applied to a single BWR
pincell problem with axially varying enrichment in the fueln: 2000 T
MCNP35? is used as the Monte Carlo code and SubChaa-
Flow® as the thermal-hydraulics code. To start the coupled 1000
calculation an axial cosine distribution was chosen foritie
tial thermal-hydraulics run. In the MC runs the number of 0 ' ' ' ' )

histories per cycle was fixed at 1000. For each run the results 0 10 20 30 40 50 60
from the first 30 cycles were skipped to let the fission source Iteration number
distribution converge. Due to the stochastic behaviouhef tFigure 2: Number of active cycles in MC calculation for succe-
results, the convergence criterion was taken as sive MC-TH iterations
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