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ABSTRACT: In this project, these fuel and moderator temperature coefficients were calculated in APR1400
nuclear reactor by MVP code. APR1400 is an advanced water pressurized reactor, that was researched and
developed by Korea Experts, it’s electric power is 1400 MW. The neutronics calculations of full core is very
important to analysis and assess a reactor. Results of these calculation is input data for thermal-hydraulics
calculations, such as fuel and moderator temperature coefficients. These factors describe the self-safety
characteristics of nuclear reactor. After obtaining these reactivity parameters, they were used to re-run the
thermal hydraulics calculations in LOCA and RIA accidents. These thermal-hydraulics results were used to
analysis effects of reactor physics parameters to thermal hydraulics situation in nuclear reactors.

I. INTRODUCTION

The Advanced Power Reactor 1400 (APR1400) [1,2,4] is of the pressurized water type
using two reactor coolant loops. This reactor used uranium dioxide fuel, and many characteristics
that were improved from OPR1000 reactor. The simulation and calculation of this new reactor is an
important work that helps to obtain experiences and skills in analysis and assessment NPP
technology.

Fuel temperature coefficient (Doppler effects) and Moderator Temperature Coefficients
(MTC) are two important parameters that have to consider in design and operating of NPP. These
parameters have to be negative in Pressurized Water Reactor (PWR), and also in APR1400. We
carried out these factors to investigate change of reactivity that depend on temperatures of fuel and
moderator. Then these results were used to assess effects of reactor physics factors to TH state in
RIA and LOCA accidents.

II. FUEL AND NUCLEAR DESIGN OF APR1400 REACTOR

APR1400 reactor is the newest water reactor that was result of Korea government project
from 1992. This reactor has lager power, 1400 MWe. And there are many enhancements in fuel and
nuclear design. Figure 1 and table 1 describe the full core of APR1400.
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Figure 1: Reactor Core Cross Section 241 Fuel Assemblies [5].
Table 1: Mechanical Design Parameters [5].
Number of fuel assemblies in core, total 241
Number of CEAs 93
Number of fuel rod locations 56,876
Spacing between fuel assemblies, fuel rod surface to surface | 0.208 (0.528)
inches (cm)
Spacing, outer fuel rod surface to core shroud, inches (cm) 0.214 (0.544)
Hydraulic diameter, nominal channel, feet (cm) 0.0393 (1.198)
Total flow area (excluding guide tubes), ft* (m?) 60.8 (5.649)
Total core area, ft? (m?) 112.3 (10.433)
Core equivalent diameter, inches (cm) 143.6 (3.647)
Core circumscribed diameter, inches (cm) 152.46 (3.872)

Total fuel loading, Ib U (kg U) (assuming all rod locations are fuel
rods)

228 x 10° (103.42 x 10°%)

Total fuel weight, Ib UO, (kg UO,) (assuming all rod locations are
fuel rods)

258.6 x 10° (117.3 x 10%)

Total weight of Zircaloy, Ib (kg)

74,950 (33,996.7)

Fuel volume (including dishes), ft® (m®)

409.6 (11.6)

This data is adequate for thermal-hydraulics and neutronics calculations in full core of

APR21400 reactor.

1. CALCULATION OF MULTIPLIER FACTOR (K-

COEFFICIENTS IN FULL CORE OF APR1400 REACTOR

EFF) AND REACTIVITY

Dopler effect is very important to design and operate a nuclear reactor [6,7,8]. When fuel
temperature changes, cross section of U?® and neutron reaction changes, and reactivity is changed.
In this project, this effect was claculated when fuel temperature changes from 68 F (293 K)-room
temperture to 2500 F (1644 K), that is reached when accident happens.
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Fiure 2 is result of calculation for change of multiplier factor and reactivity when fuel
average temperature varies.
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Figure 2: Dependent of multiplier factor and reactivity
on fuel temperature by MVP code.

Results that were obtained by MVP code, run in personal computer and windows OS, has
0.036% errors. This is fit with results in Safety Analysis Report (SAR) [4].

Moderator Temperature Coefficient (MTC) strongly affects to reactor physics state, too.
When moderator temperature changes, H-2, O-16 and B-10 nuclide densities change, that affects to
neutron flux and reactivity in nuclear reactor. In this project, MTC was calculated in two states, the
first state: hot zero power, 555°F (290.6°C) water temperature, no control element assemblies
(CEA), clean, 1210 ppm acid boric; and the second state: Hot full power, 588°F (308.9°C), no
CEAs, clean and 1088 ppm acid boric. The results are -2.19E-04 Ap/°F and -2.63E-04 Ap/°F ,
corresponding to the first and second states. These results have large different that comparing to
results in SAR, MTC coefficients are -0.11E-04 Ap/°F and -0.51E-04 Ap/°F.

IV. USING THE NEUTRONICS CALCULATION RESULTS FOR THE THERMAL
HYDRAULICS CALCULATIONS

The thermal hydraulics code - RELAPS code, was used to carry out the Reactivity Initial
Accident (RIA) and Loss Off Coolant Accident (LOCA) calculation in WINDOW OS [3], on PC.
The calculations used the neutronics calculation results, that showed above. Figure 3 indicated
change of DNBR parameter in control valve - 777 in 6 s after RIA accident. Results obtained from
the new and old input data, are similar. That indicates that MTC and Doppler effects affect to
thermal hydraulics state of reactor very weakly.
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Figure 3: DNBR change in RIA accident.

V. CONCLUSION

In this project, the calculated group completed all of proposed works, described detailed
structure of fuel assembly and full core in APR1400, knew and calculated multiplier factor,
reactivity coefficients, and using nuclear physics results for thermal-hyraulics calculation.
Calculated results are used for nuclear reactor safety analysis, although this data is not high correct
level but it was the first step in full core calculation for APR1400 technology, and understood effect
of and neutronics results to thermal-hydraulics states.
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