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INTRODUCTION
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 Monte Carlo (MC) approach became inefficient for nuclear applications requiring a large

 The concentration of all other main constituents at SU can be assumed to be unchanged to
the one at EOC in the previous burnt cycle.

Table Il. Comparison of k_ at SU, BOC, and EOC.
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physicists, is one of the time-consuming problems of this type with MC approaches.

* An efficient and self-consistent approach, PRELIM approach, is developed to reduce the
computational overhead on MC models when applied to feasibility studies in multi-cycle core
design and analysis.

 The primary objective of this work is to provide a simplified but rigorous shortcut to quickly
generate an equilibrium core configurations for routine reactor calculations using MC models,
particularly for feasibility or optimized studies on a new reactor design.

 The approach starts with an initial estimate of the fuel material for an equilibrium core at the
end of cycle (EOC) given basic core design parameters.

* For simplicity, the Sm-149 and Pu-239 concentrations at BOC are obtained as the average of
the SU and EOC values for a specific fuel material.

NUMERICAL EXAMPLE — OPAL LIKE CORE

The computational time demanded by the BURN approach is far more than the time needed
in the PRELIM approach. In this problem, with the same number of starting particles
provided for the kcode calculation in MCNP (200 active cycles with 5000 particles per cycle),
the average computation time is about 200 minutes per iteration cycle in the BURN
approach, while the proposed PRELIM approach only takes about 6 minutes to complete
one iteration cycle calculation. Note the time compared here is the wall clock time on
executing MCNP6 in a single desktop with 8 processor CPUs at 3.40 GHz.
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* The initial values of the core inventories are adjusted in subsequent iterations using reaction Table Ill. Prediction of mass fractions of some key isotopes in burnt fuels at EOC.
rates of interest and thermal fluxes calculated by MC simulation. | | u235 | Pu-239 | Xe-135 | sm-149 |
e At the end, fuel contents in the startup (SU) and beginning of cycle (BOC) cores can also be t?unr(;\et p?::::n 123581 122582 :E;ZESZ giiigg
produced by using the results in EOC, fuel cycle length and core configuration. I Difference (%)  -0.61 8.51 1.78 5.17
 The goal of the approach is to generate fuel inventories of these selected materials for Twice BURN 1.10E-01  2.05E-03  7.66E-07  6.46E-06
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such as U-235, U-238, Pu-239 are explicitly treated as well as the most significant fission Third BURN 9.40E-02 2.74E-03 6.69E-07 5.94E-06
oroduct poisons such as Xe-135 and Sm-149. (a) X-Z view (b) X-Y view burnt PRELIM 9.14E-02 2.87E-03 6.72E-07 5.70E-06
. S . . . [l Difference (%)  -2.75 4.75 0.46 -4.06
THE PROCEDURE OF THE PRELIM APPROACH Fig. 1. A Schematic view of cutaway side-plane (left) and mid-plane (right) of the reactor. P—— ST = |5 o | e (e
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* Update Xe-135 concentration at EOC: N = RN TR /N , ,
x Rl Ny x RN Fig. 4. The power factors of fuel elements predicted by the two approaches. A group
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Update consumed U-235 mass at EOC: N, N, , Where Vis the fuel volume, T_ 5 105 SUMMARY

is the fuel cycle length, M,. is the atomic mass of U-235, N, is the Avogadro constant.

* Update Pu-239 concentration at EOC: =g | e _eﬂegn}
/149 /149 _239

Note: The highlighted quantities in the equations are MC tallies from the pervious iteration. 1.035
Step 3: Startup (SU) Core Model 1.03

* For the SU core, there is no Xenon in any fuel, and there is no Sm, Pu, B nor Bi in fresh fuels. teration cycles .
If the period between cycles is a week or so, we can assume Pm-149 has all converted to Sm-

149, and Np-239 has all converted to Pu-239.
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1.045 » A fast and self-consistent approach, PRELIM approach, is presented to quickly achieve

multi-cycle equilibrium core for feasibility studies in new reactor design using MC models.
 The computational time required to produce an equilibrium core, as shown in the
example problem, is significantly reduced comparing to the approach introduced by the
latest MCNP code.
The primary advantage of the approach is that it enables conceptual core design
calculations in a repeated manner with sufficient accuracy on key design performance.
parameters such as kg, flux and power distribution, etc.
The approach is desirable in core feasibility studies but once a conceptual design is
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Fig. 3. The k_; changes with iterative cycles in both approaches. The k_ yielded from the

e Sm-149 concentration at SU: two approaches have significant difference in the first few iterations, this is mainly because o
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ZSAP e e the BURN approach used all fresh fuel at the starting point. After about 4 iterations, the chosen, more rigorous methods are needed for fuel depletion analyses and the reactor
e Pu-239 concentration at SU:  Na=Ng* = Gyﬂ':'”% = 228, NSY = NEOC 4 NEOC two ki curves both asymptotically converge to roughly the same value at EOC. safety analysis.
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