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Abstract

The Tokai University Reactor Simulator (TURS) has been developed and improved for research and
education, and two models of critical cores (TCA and KUCA) have been installed in the TURS. Functions for
uranium-plutonium mixed cores and reactor kinetic parameters have been additionally expanded. The parameters

in uranium cores and uranium-plutonium mixed cores are computed with the comprehensive calculation code
system, and the estimated parameters are put into the TURS. The performance of TURS was verified by
comparing the results through different processes, and was validated by comparing the simulated results with the

real experimental data of critical TCA cores.

Educational training programs using the TURS have been composed mainly of approach to criticality,

reactor operations, control rod calibration and neutron flux measurements. The programs are included in the

educational course for nuclear reactor physics in our nuclear engineering department, and provide significant

effects and benefits for the students after learning the theories of nuclear reactor physics. Experiments at a real

research reactor follow the TURS training programs to complete the purpose of the educational course.
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Fig.1 Overview of TURS.
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Table 1 Density and composition of UOX and MOX fuel.

UOX fuel MOX fuel
(*PU 2.6 wt. %) (Pu 3.0 wt. %)
Density [g/cm’]
10.40 | 6.06
nuclide Composition [wt.%]

150 11.853 11.816
By 2.292 0.608
By 85.855 84.917
29py - 1.810
240py - 0.584
Z1py - 0.186
242py - 0.054
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b) Vertical cross-section view of control rods
Fig. 2 View of TURS core with 21x21 lattices of UOX or
MOX fuels and four control rods.
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Fig. 3 Simulation processes and flows of TURS.
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Table 2 Water levels of critical cores.
Critical water UOoX MOX
level 17x17 21x21 21x21
TCA [mm)] 1145.9 460.1 614.9
TURS [mm] 1182.6 464.7 597.9
Difference [%] 3.2 1.0 -2.8
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Table 3 Kinetic parameters of critical cores.

UOX MOX

Core

17x17 21x21 21x21

¢ [s] 3.8678x107 | 3.6805x10” | 4.1973x10°
By 7.7088x107 | 7.7448x107 | 3.8484x10°

A [1/s]
1 group 1.2486x10 | 1.2487x107 | 1.2776x107
2 group 3.0666x107 | 3.0670x107 | 3.0342x10
3 group 1.1399x107" | 1.1407x10" | 1.2102x10"
4 group 3.0772x10" | 3.0791x107" | 3.1966x10’
5 group 1.1902x10™° [ 1.1917x10™° | 1.1036x10™
6 group 3.1826x10™° | 3.1874x10°° | 3.0128x10™°

0, =PBi e/ Berr

1 group 3.0897x107 | 3.0822x107 | 2.9454x10
2 group 2.0841x10" | 2.0809x10" [ 2.4453x10’
3 group 1.9366x10" | 1.9356x10" | 1.9290x10’’
4 group 3.9096x10" [ 3.9091x10" | 3.5307x10"
5 group 1.2992x107" | 1.3036x10™" | 1.2903x10"
6 group 4.6153x107 | 4.6271x10 | 5.1020x107

TCA FBR ¥ CHUfG S 7z B/ €t L TURSIZ AT L7z
Bey | €L7% Table 4 12 L 5. Mitbid TCA EERE DO
ZOFPANT—H L7272, TURS I[ZHW 2 BEFIE T
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Table 4 Comparison of kinetic parameter ratios between
TCA experiments and TURS calculations.

UoX MOX

P/ LL1S] 17x17 21x21

TCA (experiment) 20143 9142
TURS (calculation) 199 91
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Fig. 4 Control rod worth in UOX 21x21 core and MOX
21x21 core by rod drop method.
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Table 5 Control rod worth in UOX 21x21 core and MOX
21x21 core by period measurement method.

=

Control Ts] M d Difference from
s easure

rod type P calculated p [%]
UOX 21x21 core

Safe 536,68 1.675x10 -7.0

Coarse 1 106.04 6.955x107 5.0

Coarse 2 67.81 9.771x10* 1.0

Fine 91.00 7.838x10 4.6
MOX 21x21 core

Safe 303.19 1.509x107* -2.6

Coarse 1 48.94 6.486x107" 0.5

Coarse 2 26.50 9.468x10 -0.7

Fine 39.39 7.467x1077 0.2
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Fig. 5 Neutron flux distributions in TURS: all control rods
withdrew (upper), Coarse 1 rod full inserted (middle) or
Coarse 2 rod full inserted (lower) in UOX 21x21 core. Core
power is normalized to the standard of 1W.
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