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 A series of research on a high conversion type innovative water reactor for flexible fuel 
cycle (FLWR) with thermal output of 3926MW has been conducted. FLWR mainly based on 
established light water reactor (LWR) technology has been investigated by the Japan Atomic Energy 
Agency (JAEA) in order to ensure sustainable energy supply in the future. This FLWR is a boiling 
water reactor (BWR) with a tight triangular fuel rod lattice and the uranium plutonium mixed oxide 
(MOX) fuel. FLWR is designed for two types of cores to be developed in succession. The preceding 
core is a high conversion type FLWR (HC-FLWR) and the other core is Reduced Moderation Water 
Reactor (RMWR) of which the conversion ratio is more than 1.0. 
 Three design studies and a senario study on HC-FLWR are presented in this report. The 
first design study is for a representative core. Using a nuclear and thermal-hydraulic coupled 
calculation code MOSRA which is under development at JAEA, a representative core has been 
designed of which the fuel rod diameter is 1.12cm, fissile plutonium (Puf) enrichment of MOX fuel 
is 10.75%, height of MOX region is 85.5cm, coolant flow rate is 10 ton/s, coolant inlet temperature 
is 550K, discharge burnup is 52GWd/t and converion ratio is 0.84. The second design study is for a 
transition core from HC-FLWR to RMWR. In the transition core, both assemblies for HC-FLWR 
and RMWR exist. By cell and core burnup calculations, adequate fuel rod Puf enrichment 
distributions in the assemblies and an adequate assembly loading patten were found which can 
flatten the power distribution not only in the core but also in the aseemblies. The third design study 
is for a core to recycle minor actinides (MAs). It was found that the core design must be changed 
from the represetative core for MA recycling to conpensate core reactiviy and void reactivity 
coefficient getting worth. MA recycling core has been succesefully designed of which the discharge 
burnup is 55GWd/t and the void reactivity coefficient is negative value. Using exact perturbation 
theory, it was shown that how MA loading effect change in core reactivity. Increase of spent fuel 
heat generation by MA loading was also studied. Regarding to the scenario study, based on design 
result of the representative core, effective plutonium utilization in future LWR was considered 
within general framework. Through the evaluations in terms of both economic aspect and effective 
use of plutonium, advantageous feature and potential of high conversion LWR (HC-LWR), into 
which the HC-FLWR is classified, were clarified. 

Keywords : FLWR, High Conversion, MOX, Plutonium, Nuclear and Thermal-hydraulic Coupled 
Calculation, MOSRA, Minor Actinide, Scenario Study 

���������������������

�



iii 

 ························································································································· 1 

HC-FLWR  ··············································· 2 

 ············································································································· 4 

 ············· 4 

 ········································································· 4 

 ····························································································· 4 

 ··································································································· 10 

 ··················································································· 10 

MOSRA-LWR  ·················································· 10 

MOX  ···························································· 11 

 ······························································································· 11 

 ······························································································· 15 

 ··················································· 19 

 ······································································· 21 

   3  ··· 21 

    ······································· 28 

 ··························································································· 35 

 ······················································· 38 

 ······························································· 41 

MA  ························································································ 43 

HC-FLWR MA  ···················································· 43 

MA  ··························· 43 

FLWR MA  ··························································· 44 

HC-FLWR MA  ···· 46 

HC-FLWR MA  ···· 47 

 ··········································· 48 

 ··································· 52 

 ··································································· 56 

 ··················································· 62 

MA  ···································· 76 

 ··········································································································· 77 

 ··································································································· 77 

 ··········································································· 78 

MOX  ···························· 79 

 ··························································································· 81 

MOX  ····························· 84 

 ······················································································· 84 

 ··············································· 85 

 ··········· 87 

 ··························································································································· 89

  ······································································································································· 91 

 ······························································································································· 91 �

���������������������



iv 

Contents 

1. Introduction  ························································································································ 1 
2. HC-FLWR Core Concept ···································································································· 2 
3. Design of Representative Core ···························································································· 4
 3.1 Computer Codes and Libraries Used for Representative Core Design ··························· 4 
 3.2 Generation of Macroscopic Cross Section for Nuclear Calculation ······························· 4 
  3.2.1 Fuel Assembly ············································································································ 4 
  3.2.2 Reflector ··················································································································· 10 
 3.3 Nuclear and Thermal-hydraulic Coupled Core Burnup Calculation ····························· 10  
  3.3.1 Calculation Using MOSRA-LWR Code ·································································· 10 
  3.3.2 Change of MOX Region Height ················································································ 11 
  3.3.3 Calculation Methods ································································································· 11
  3.3.4 Calculated Results ···································································································· 15 
4. Analysis of Transition Core from High Conversion Type to Breeder Type Core ·············· 19 
 4.1 Local Power Distribution in Assembly ········································································· 21 
  4.1.1 Calculation on Local 3 Dimensional System of High Conversion and 
   Breeder Type Assemblies ·············································································· 21 
  4.1.2 Rod-wise Power Distribution by Assembly Calculation ·········································· 28 
 4.2 Evaluation of Whole Core Characteristics ···································································· 35 
  4.2.1 Core Characteristics in Transition Cycles ································································ 38 
  4.2.2 Effect of Assemblies Loading Pattern ······································································ 41 
5. Design of MA Recycling Core ·························································································· 43 
 5.1 Study on MA Recycling in HC-FLWR ········································································· 43 
  5.1.1 Reprocessing of Current LWR Fuel and Environmental Burdon due to MA ·········· 43 
  5.1.2 MA Recycling by FLWR ·························································································· 44 
  5.1.3 Effect on Core Characteristics of HC-FLWR Representative Core Concept 
   by loaded MA ······························································································· 46 
  5.1.4 Design Demands and Method of HC-FLWR Core Concept for MA Recycling ······ 47 
  5.1.5 Parameter Survey by Cell Calculation ····································································· 48 
  5.1.6 Parameter Survey by 1D Core Calculation ······························································ 52 
  5.1.7 Core Design by 3D Core Calculation ······································································· 56 
 5.2 Reactor Physics Consideration for Void Reactivity Coefficient···································· 62 
 5.3Increase in Decay Heat from Spent Fuel due to MA Recycling····································· 76 
6. Consideration on introduction merit·················································································· 77 
 6.1 Objective of the consideration ······················································································· 77 
 6.2 The future trend of uranium supply ··············································································· 78 
 6.3 Economic superiority of plutonium utilization ····························································· 79 
 6.4 Evaluation of cost of electricity ···················································································· 81 
 6.5 Consideration on effective plutonium utilization in MOX-LWR ·································· 84 
  6.5.1 Performance and feature ··························································································· 84 
  6.5.2 Assumption of mult-recycling and its evaluation ····················································· 85 
 6.6 Analysis of introduction capacity of HC-LWR in terms of conversion ratio ················ 87 
7. Summary  ······················································································································ 89 
Acknowledgement ················································································································· 91 
References  ······················································································································ 91 

���������������������

�



v

Tables and Figures 

Table 3.1 Brief specifications of fuel assembly and control Rod 
Table 3.2 Plutonium isotope composition 
Table 3.3 Coolant void fraction for macroscopic cross section generation (%) 
Table 3.4 Neutron energy group structure (1/2) 
Table 3.4 Neutron energy group structure (2/2) 
Table 3.5 Results of core burnup calculation 

Table 4.1 Local power peaking factor in a MOX assembly and multiplication factor and void 
coefficient of 1 BR + 3 HC (B1H3) or 1 HC + 3 BR (H1B3) 4 assemblies system 
without and with rod-wise Pu enrichment distribution at axial positions shown in 
Figs.4.6, 4.7 and 4.9 

Table 4.2 Number of assemblies and cycle length of FLWR core in each transition cycle from 
HC-FLWR to RMWR 

Table 5.1 MA composition separated from LWR spent fuel 
Table 5.2 Pu composition separated from LWR spent fuel 
Table 5.3 Half-lives and Q-values of actinides contributing to decay heat 
Table 5.4 Design value of representative core and low DF fuel core of RMWR 
Table 5.5 Design value of representative HC-FLWR core by 3D calculation 
Table 5.6 Effect of MA loading on core characteristics by 1D calculation 
Table 5.7 Relation between fuel rod diameter and degree of neutron moderation 
Table 5.8 Core design and characteristics 
Table 5.9 Dancoff factor with different fuel rod diameter and coolant void fraction 
Table 5.10 1-D core calculation condition 
Table 5.11 Condition of burn-up calculation 
Table 5.12 Puf enrichment and MA content of each fuel 

Table 6.1 Front end fuel cycle cost of uranium and MOX fuel 
Table 6.2 Plant parameters for cost evaluation 
Table 6.3 Unit price setting for evaluation 
Table 6.4 Specifications of HC-LWR and HM-LWR 
Table 6.5 Various mass flow quantities in the assumed multi-recycling scheme 

Fig. 2.1 Horizontal core arrangement. 

Fig. 3.1 Fuel assembly and control rod arrangement. 
Fig. 3.2 Assembly cell burnup calculation model. 
Fig. 3.3 Structure of MOSRA-LWR and information flow. 
Fig. 3.4 Vertical direction nuclear and thermal-hydraulic calculation model. 
Fig. 3.5 Horizontal nuclear calculation model. 
Fig. 3.6 Fuel loading pattern. 
Fig. 3.7 Vertical distribution of core average coolant void fraction at MOC. 
Fig. 3.8 Vertical distribution of core average fuel rod linear power density. Profile of the first half 

of the cycle is “BOC to MOC” and of the second half is “MOC to EOC”. 
Fig. 3.9 Radial power peaking factor along the horizontal arrow. Profile of the first half of the 

cycle is “BOC to MOC” and of the second half is “MOC to EOC”. 
Fig. 3.10 Radial power peaking factor along the arrow at the upper boundary. Profile of the first 

half of the cycle is “BOC to MOC” and of the second half is “MOC to EOC”. 
Fig. 3.11 Radial power peaking factor along the arrow at the lower boundary. Profile of the first 

half of the cycle is “BOC to MOC” and of the second half is “MOC to EOC”. 

Fig. 4.1 Assembly specification changes from HC-FLWR to RMWR. 

���������������������

�



vi 

Fig. 4.2 Difference in core axial regions arrangement between HC-FLWR and RMWR. 
Fig. 4.3 Horizontal geometry model of 1 HC + 1/3 BR assemblies local system. 
Fig. 4.4 Axial geometry model of 1 HC + 1/3 BR assemblies local system. 
Fig. 4.5 Axial power distribution in 1 HC and 1/3 BR assemblies local system. 
Fig. 4.6 Axial power distribution in 1 HC and 1/3 BR assemblies local system after adjustment of 

MOX region elevation. 
Fig. 4.7 Axial power distribution in 1 BR and 1/3 HC assemblies local system after adjustment of 

MOX region elevation. 
Fig. 4.8 Axial power distribution in local system of 1 HC assembly after 6 cycles burnup and 1/3 

fresh BR assembly. 
Fig. 4.9 Axial power distribution in local system of 1 fresh HC assembly and 1/3 BR assembly 

after 6 cycles burnup. 
Fig. 4.10 Axial power distribution in local system of 1 fresh BR assembly and 1/3 HC assembly 

after 6 cycles burnup. 
Fig. 4.11 Axial power distribution in local system of 1 BR assembly after 6 cycles burnup and 1/3 

fresh HC assembly. 
Fig. 4.12 Assembly calculation model of 1 BR + 3 HC assemblies system. 
Fig. 4.13 Deformation of fuel rod arrangement between BR and HC assemblies in calculation 

model. 
Fig. 4.14 Local power peaking reduction in BR assembly surrounded by HC assembly at axial 

position (1) by considering rod-wise plutonium enrichment distribution. 
Fig. 4.15 Local power peaking reduction in HC assembly at axial position (2). 
Fig. 4.16 Horizontal power profile in BR assembly in 1 BR + 3 HC assemblies system in upper 

blanket region at axial position  (5). 
Fig. 4.17 Local power peaking reduction in BR assembly at position (5) in upper blanket region. 
Fig. 4.18 Local power peaking reduction in BR assembly in 1 HC + 3 BR assemblies system by 

using plutonium enrichment distribution in common with 1 BR + 3 HC system. 
Fig. 4.19 Local power peaking reduction in BR assembly in 1 BR + 3 HC assemblies system by 

using plutonium enrichment distribution in common with 1 HC + 3 BR system. 
Fig. 4.20 Local power distribution in BR assembly in 4 BR assemblies system by using plutonium 

enrichment distribution in common with 1 HC + 3 BR and 1 BR + 3 HC systems. 
Fig. 4.21 Axial MOX and blanket regions arrangement in current core calculation model. 
Fig. 4.22 An example of fuel assemblies loading pattern in 1st transition cycle from HC-FLWR to 

RMWR core. 
Fig. 4.23 Horizontal distribution of peaking factor of assembly averaged power density by using 

fuel loading pattern in Fig. 4.22. 
Fig. 4.24 Effective multiplication factor in each transition cycle. 
Fig. 4.25 Maximum core horizontal power peaking factor in each transition cycle. 
Fig. 4.26 Void reactivity coefficient in each transition cycle. 
Fig. 4.27 Core horizontal power peaking factor in transition cycles obtained with different fuel 

loading patterns. 
Fig. 4.28 Burnup reactivity change in transition cycles by different fuel loading patterns. 
Fig. 4.29 Void reactivity coefficient in transition cycles by different fuel loading patterns. 

Fig. 5.1 Axial direction core configuration and void fraction distribution of HC-FLWR 
representative core. 

Fig. 5.2 Geometry model of cell calculation. 
Fig. 5.3 Infinite multiplication factor with Puf content of 13wt% at burn-up of 30GWd/t. 
Fig. 5.4 MA conversion ratio with Puf content of 13wt% at burn-up of 50GWd/t. 
Fig. 5.5 Void reactivity coefficient with Puf content of 13wt% at burn-up of 30GWd/t. 
Fig. 5.6 100% void reactivity coefficient with Puf content of 13wt% at burn-up of 30GWd/t. 
Fig. 5.7 1D Core calculation model. 
Fig. 5.8 Effect of blanket on 100% void reactivity coefficient by 1D core calculation. 
Fig. 5.9 Effect of blanket on discharge burn-up by 1D core calculation. 
Fig. 5.10 100% void reactivity coefficient by 1D core calculation. 

���������������������

�



vii 

Fig. 5.11 Discharge burn-up by 1D core calculation. 
Fig. 5.12 3D core calculation model (1/2). 
Fig. 5.12 3D core calculation model (2/2). 
Fig. 5.13 Shuffling pattern of MA recycling core (1/4). 
Fig. 5.13 Shuffling pattern of MA recycling core (2/4). 
Fig. 5.13 Shuffling pattern of MA recycling core (3/4). 
Fig. 5.13 Shuffling pattern of MA recycling core (4/4). 
Fig. 5.14 Burn-up distribution of Np loaded core. 
Fig. 5.15 Burn-up distribution of Am loaded core. 
Fig. 5.16 Radial peaking factor of Np loaded core. 
Fig. 5.17 Radial peaking factor of Am loaded core. 
Fig. 5.18 Void reactivity coefficient and 100% void reactivity coefficient by exact perturbation 

theory in infinite system. 
Fig. 5.19 Void reactivity coefficient without MA (1/3). 
Fig. 5.19 Void reactivity coefficient without MA (2/3). 
Fig. 5.19 Void reactivity coefficient without MA (3/3). 
Fig. 5.20 100% void reactivity coefficient without MA (1/3). 
Fig. 5.20 100% void reactivity coefficient without MA (2/3). 
Fig. 5.20 100% void reactivity coefficient without MA (3/3). 
Fig. 5.21 Forward spectra in state of voided without MA. 
Fig. 5.22 Forward spectra in state of 100% voided without MA. 
Fig. 5.23 Adjoint spectra in reference state without MA. 
Fig. 5.24 Effect on loaded MA to scatter term at fuel rod diameter of 11mm. 
Fig. 5.25 Adjoint spectra in state of 50% voided at fuel rod diameter of 11mm. 
Fig. 5.26 Spectra in the state of voided at fuel rod diameter of 11mm. 
Fig. 5.27 Spectra in the state of 100% voided at fuel rod diameter of 11mm. 
Fig. 5.28 Macroscopic cross section and -value. 
Fig. 5.29 Void reactivity coefficient and 100% void reactivity coefficient at fuel rod diameter of 

9mm. 
Fig. 5.30 Adjoint spectra of cell calculation with neutron leakage effect using buckling. 
Fig. 5.31 Decay heat of each core type of HC-FLWR cooled for 2 years and 4 years. 
Fig. 5.32 Decay heat of actinides in fresh fuel and spent fuel cooled for 4 years. 

Fig. 6.1 Transition image from LWR to FBR cycle. 
Fig. 6.2 Front end fuel cost vs. natural uranium price. 
Fig. 6.3 Plutonium credit vs. natural uranium price. 
Fig. 6.4 Parameters affecting the cost of electricity. 
Fig. 6.5 Comparison of cost of electricity. 
Fig. 6.6 Cost of electricity for MOX-LWR against the parameter variation. 
Fig. 6.7 Cost of electricity of advanced LWR in terms of natural uranium price. 
Fig. 6.8 Mass flow diagram of assumed multi-recycling scheme for evaluation. 
Fig. 6.9 Evaluation results for HC-LWR in terms of conversion ratio (1/2). 
Fig. 6.9 Evaluation results for HC-LWR in terms of conversion ratio (2/2). 

���������������������

�



����������������������

���� �� � ����� �����

���������������������



1

FBR

FBR Na-FBR 2050 FBR

1-1, 1-2) Reduced Moderation Water Reactor

RMWR RMWR BWR

LWR

LWR

MOX

1

Pu

RMWR

MOX MOX

Pu

LWR

RMWR

LWR

RMWR

RMWR MOX Pu

MOX

J-MOX RMWR

BWR

RMWR

Innovative Water Reactor for Flexible Fuel Cycle FLWR 1-3, 1-4, 1-5)

0.85

High Conversion type FLWR

HC-FLWR 1-6, 1-7)

HC-FLWR

MA

2005

HC-FLWR

 HC-FLWR  HC-FLWR

JAEA 1-7)

1-6) MOX

MOX Puf

MOSRA-SRAC MOSRA

HC-FLWR RMWR HC-FLWR

RMWR HC-FLWR

���������������������

���



2

RMWR RMWR

RMWR

Puf HC-FLWR RMWR

Puf

MA MA

MA MA

Puf

MA

MA

HC-FLWR

HC-LWR

HC-FLWR

HC-FLWR RMWR

900

283 Y Fig. 2.1

217

Y 3 1 FLWR

BWR

10
10B 90%

B4C

HC-FLWR MOX

HC-FLWR BWR 4mm

50% MOX Puf

J-MOX MOX 1

MOX MOX

���������������������

���



3

MOX

Pu

MA

Puf MA

RMWR 1

MOX

HC-FLWR HC-FLWR

HC-FLWR RMWR

HC-FLWR HC-FLWR RMWR

RMWR HC-FLWR RMWR

RMWR

Fig. 2.1   Horizontal core arrangement. 

���������������������

���



4

HC-FLWR

MOSRA Modular Code System for Reactor Analyses 3-1) MOSRA-SRAC MSRAC
3-1) 1-7) 1-6)

2007

MOSRA-SRAC MSRAC2K7 MOSRA

MOSRA-LWR

MSRAC2K7 SRAC 3-2) PIJ

SRAC-PIJ HC-FLWR

MSRAC 107 10MeV

MSRAC2K7  200 20MeV

MOSRA-LWR MOSRA

FP

Xe-135 Sm-149

JENDL-3.33-3) SRAC2K7

MSRAC2K7
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Table 3.1  Brief specifications of fuel assembly and control rod 

Fuel Assembly  

Surface to surface distance (Outer) 22.76 cm 

Channel box wall thickness 0.2 cm 

Channel box material Zry-4 

Fuel Rod  

Number 217 

Pitch 1.5 cm 

Diameter 1.12 cm 

Cladding thickness 0.071 cm 

Cladding material Zry-2 

MOX Fuel Pellet  

Material PuO2-UO2

Diameter 0.96 cm 

Pu-fissile enrichment 10.75 wt% 

Density 10.50 g/cm3

Y- Shaped Control Rod  

Blade number 3 

Blade span 13.08 cm 

Blade thickness 1.44 cm 

Blade sheath material Stainless steel 

Follower meet material Graphite 

Table 3.2  Plutonium isotope composition 

Isotope Composition (wt%) 

Pu-238 2.7 

Pu-239 47.9 

Pu-240 30.3 

Pu-241 9.6 

Pu-242 8.5 

Am-241 1.0 
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MVP3-4)

Fig.3.1
1-6, 1-7)

MSRAC2K7 MOSRA-LWR

MOSRA-LWR

MOSRA-LWR

V1 V2 V3

V1

V2

V3 V1 V2 V3

V2 V3

Table 3.3

1

200 200

9

Table 3.4

MOSRA-LWR Xe-135 Sm-149

Table 3.3  Coolant void fraction for macroscopic cross section generation (%) 

 MOX Blanket 

V1 75 75 

V2 45 40 

V3 10 0 
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Table 3.4 Neutron energy group structure (1/2) 
200

Group 
9

Group 
Energy range (eV) 

200
Group

9
Group

Energy range (eV) 

1

1

2.00000E+07 1.73325E+07 51 

3

3.43067E+04 3.18278E+04 

2 1.73325E+07 1.49182E+07 52 3.18278E+04 2.84982E+04 

3 1.49182E+07 1.38403E+07 53 2.84982E+04 2.70001E+04 

4 1.38403E+07 1.16183E+07 54 2.70001E+04 2.60584E+04 

5 1.16183E+07 1.00000E+07 55 2.60584E+04 2.47875E+04 

6 1.00000E+07 8.18731E+06 56 2.47875E+04 2.41755E+04 

7 8.18731E+06 6.70320E+06 57 2.41755E+04 2.35786E+04 

8 6.70320E+06 6.06531E+06 58 2.35786E+04 2.18749E+04 

9 6.06531E+06 5.48812E+06 59 2.18749E+04 1.93045E+04 

10 5.48812E+06 4.49329E+06 60 1.93045E+04 1.50344E+04 

11 4.49329E+06 3.67879E+06 61 1.50344E+04 1.17088E+04 

12 3.67879E+06 3.01194E+06 62 1.17088E+04 1.05946E+04 

13 3.01194E+06 2.46597E+06 63 1.05946E+04 9.11882E+03 

14 2.46597E+06 2.23130E+06 64 

4

9.11882E+03 7.10174E+03 

15 2.23130E+06 2.01896E+06 65 7.10174E+03 5.53084E+03 

16 2.01896E+06 1.65299E+06 66 5.53084E+03 4.30743E+03 

17 1.65299E+06 1.35335E+06 67 4.30743E+03 3.70744E+03 

18 1.35335E+06 1.22456E+06 68 3.70744E+03 3.35463E+03 

19 1.22456E+06 1.10803E+06 69 3.35463E+03 3.03539E+03 

20 1.10803E+06 1.00259E+06 70 3.03539E+03 2.74654E+03 

21 

2

1.00259E+06 9.07180E+05 71 2.74654E+03 2.61259E+03 

22 9.07180E+05 8.20850E+05 72 2.61259E+03 2.48517E+03 

23 8.20850E+05 7.06512E+05 73 2.48517E+03 2.24867E+03 

24 7.06512E+05 6.08101E+05 74 2.24867E+03 2.03468E+03 

25 6.08101E+05 5.50232E+05 75 2.03468E+03 1.58461E+03 

26 5.50232E+05 4.97871E+05 76 1.58461E+03 1.43382E+03 

27 4.97871E+05 4.50492E+05 77 1.43382E+03 1.23410E+03 

28 4.50492E+05 4.07622E+05 78 1.23410E+03 1.01039E+03 

29 4.07622E+05 3.50844E+05 79 1.01039E+03 9.14242E+02 

30 3.50844E+05 3.01974E+05 80 9.14242E+02 7.48518E+02 

31 3.01974E+05 2.94518E+05 81 7.48518E+02 6.77287E+02 

32 2.94518E+05 2.87246E+05 82 6.77287E+02 5.54516E+02 

33 2.87246E+05 2.73237E+05 83 5.54516E+02 4.53999E+02 

34 2.73237E+05 2.47235E+05 84 4.53999E+02 3.71703E+02 

35 2.47235E+05 2.12797E+05 85 3.71703E+02 3.04325E+02 

36 2.12797E+05 1.83156E+05 86 3.04325E+02 2.49160E+02 

37 1.83156E+05 1.49956E+05 87 2.49160E+02 2.03995E+02 

38 1.49956E+05 1.22773E+05 88 2.03995E+02 1.67017E+02 

39 1.22773E+05 1.11090E+05 89 1.67017E+02 1.48873E+02 

40 

3

1.11090E+05 9.80365E+04 90 1.48873E+02 1.36742E+02 

41 9.80365E+04 8.65170E+04 91 

5

1.36742E+02 1.11955E+02 

42 8.65170E+04 8.25035E+04 92 1.11955E+02 9.16609E+01 

43 8.25035E+04 7.94987E+04 93 9.16609E+01 7.57998E+01 

44 7.94987E+04 7.19981E+04 94 7.57998E+01 6.79040E+01 

45 7.19981E+04 6.73795E+04 95 6.79040E+01 5.55951E+01 

46 6.73795E+04 5.65622E+04 96 5.55951E+01 5.15780E+01 

47 5.65622E+04 5.24752E+04 97 5.15780E+01 4.83321E+01 

48 5.24752E+04 4.63092E+04 98 4.83321E+01 4.55174E+01 

49 4.63092E+04 4.08677E+04 99 4.55174E+01 4.01690E+01 

50 4.08677E+04 3.43067E+04 100 4.01690E+01 3.72665E+01 
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Table 3.4 Neutron energy group structure (2/2) 
200

Group 
9

Group 
Energy range (eV) 

200
Group

9
Group

Energy range (eV) 

101 

5

3.72665E+01 3.37202E+01 151 

7

9.98097E-01 9.88166E-01 

102 3.37202E+01 3.05113E+01 152 9.88166E-01 9.73454E-01 

103 3.05113E+01 2.76077E+01 153 9.73454E-01 9.49420E-01 

104 2.76077E+01 2.49805E+01 154 9.49420E-01 9.30620E-01 

105 2.49805E+01 2.26033E+01 155 9.30620E-01 9.12192E-01 

106 2.26033E+01 1.94548E+01 156 9.12192E-01 8.63377E-01 

107 1.94548E+01 1.59283E+01 157 8.63377E-01 8.54786E-01 

108 1.59283E+01 1.37096E+01 158 8.54786E-01 7.93022E-01 

109 1.37096E+01 1.12245E+01 159 7.93022E-01 7.81215E-01 

110 1.12245E+01 9.90555E+00 160 7.81215E-01 7.06873E-01 

111 9.90555E+00 9.18981E+00 161 7.06873E-01 6.30083E-01 

112 9.18981E+00 8.31529E+00 162 6.30083E-01 5.42317E-01 

113 8.31529E+00 7.52398E+00 163 

8

5.42317E-01 5.00622E-01 

114 7.52398E+00 6.16012E+00 164 5.00622E-01 4.85826E-01 

115 6.16012E+00 5.35535E+00 165 4.85826E-01 4.33049E-01 

116 5.35535E+00 5.04348E+00 166 4.33049E-01 4.13994E-01 

117 5.04348E+00 4.12925E+00 167 4.13994E-01 3.99755E-01 

118 4.12925E+00 4.00721E+00 168 3.99755E-01 3.89885E-01 

119 

6

4.00721E+00 3.38074E+00 169 3.89885E-01 3.49272E-01 

120 3.38074E+00 3.29727E+00 170 3.49272E-01 3.19211E-01 

121 3.29727E+00 2.76792E+00 171 3.19211E-01 3.14458E-01 

122 2.76792E+00 2.72671E+00 172 3.14458E-01 3.00621E-01 

123 2.72671E+00 2.60673E+00 173 3.00621E-01 2.80297E-01 

124 2.60673E+00 2.55511E+00 174 2.80297E-01 2.48601E-01 

125 2.55511E+00 2.37049E+00 175 2.48601E-01 2.20490E-01 

126 2.37049E+00 2.13421E+00 176 2.20490E-01 1.89777E-01 

127 2.13421E+00 2.10243E+00 177 1.89777E-01 1.80522E-01 

128 2.10243E+00 2.02000E+00 178 1.80522E-01 1.60108E-01 

129 2.02000E+00 1.93111E+00 179 1.60108E-01 1.52300E-01 

130 1.93111E+00 1.84614E+00 180 1.52300E-01 1.40000E-01 

131 1.84614E+00 1.76490E+00 181 1.40000E-01 1.34000E-01 

132 1.76490E+00 1.67883E+00 182 

9

1.34000E-01 1.15000E-01 

133 1.67883E+00 1.59695E+00 183 1.15000E-01 1.00001E-01 

134 1.59695E+00 1.50395E+00 184 1.00001E-01 9.50000E-02 

135 1.50395E+00 1.48156E+00 185 9.50000E-02 8.00000E-02 

136 1.48156E+00 1.44498E+00 186 8.00000E-02 7.70000E-02 

137 

7

1.44498E+00 1.37451E+00 187 7.70000E-02 6.70000E-02 

138 1.37451E+00 1.34057E+00 188 6.70000E-02 5.80000E-02 

139 1.34057E+00 1.30095E+00 189 5.80000E-02 5.00000E-02 

140 1.30095E+00 1.23750E+00 190 5.00000E-02 4.20000E-02 

141 1.23750E+00 1.17128E+00 191 4.20000E-02 3.50000E-02 

142 1.17128E+00 1.15384E+00 192 3.50000E-02 3.00000E-02 

143 1.15384E+00 1.12535E+00 193 3.00000E-02 2.50000E-02 

144 1.12535E+00 1.10860E+00 194 2.50000E-02 2.00000E-02 

145 1.10860E+00 1.09757E+00 195 2.00000E-02 1.50000E-02 

146 1.09757E+00 1.07047E+00 196 1.50000E-02 1.00000E-02 

147 1.07047E+00 1.04404E+00 197 1.00000E-02 6.90000E-03 

148 1.04404E+00 1.03365E+00 198 6.90000E-03 5.00000E-03 

149 1.03365E+00 1.01826E+00 199 5.00000E-03 3.00000E-03 

150 1.01826E+00 9.98097E-01 200 3.00000E-03 1.00001E-05 
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Frame
Control whole calculation,

Core burnup, Number density Correction

Thermal-hydraulic calc. module :
Hydro

Feed-back cross section
supply module :

Macron

MACRO

MICRO

Power distribution

Power
distribution

Coolant density distribution

Fuel temp.
distribution

Cross section

Control informationControl information Control
information

Control
information

Nuclear calc. module :
Citation

Fuel temperature calc. module :
Fondu

Fig. 3.3  Structure of MOSRA-LWR and information flow. 

MOX

HC-FLWR MOSRA-LWR MOX

5.0cm MOX 85.0cm

5.0cm MOX 0.5cm 85.5cm

85.5cm RMWR MOX MOX

HC-FLWR RMWR HC-FLWR HC

RMWR BR

HC BR MOX

BR MOX

HC-FLWR MOX MOX 0.6%

Puf

Citation Triangular-Z 9

Fig. 3.4 Fig. 3.5
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Top Reflector2
(Chimney)

Top Reflector1
(Plenum)

Upper Blanket

MOX

Lower Blanket
Lower Tie-plate

Bottom Reflector

50.0

30.0

5.0

85.5

5.0

50.0

2.0
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1

1

2

30

2

1

1

Hydro Calc.
Node Division

20
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2

30
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20

1
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Fig. 3.4  Vertical direction nuclear and thermal-hydraulic calculation model. 
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Reflection
Boundary Condition

Reflection
Boundary Condition

23.4 cm

Extrapolated
Boundary Condition

Extrapolated
Boundary Condition

Radial Reflector

(Saturated Water)

Radial Reflector
(Pressure Vessel)

Fuel AssemblyBlack Absorber

Fig. 3.5  Horizontal nuclear calculation model. 
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3926MW 12 4.55

Fig. 3.6 5

1 4

2 3

1 3

BOC MOC EOC

Haling 3-6)

EOC 90%

100%

1st Cycle Fuel

2nd Cycle Fuel

3rd Cycle Fuel

4th Cycle Fuel

5th Cycle Fuel

Fig. 3.6  Fuel loading pattern. 
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Xe-135 Sm-149

MOSRA-LWR FP Xe-135 Sm-149

Xe-135 Sm-149

Xe-135 Sm-149

RMWR FP

HC-FLWR

MOSRA-LWR

Table 3.5 Case1

MOX 85cm MOSRA MOX

Puf 11% MOSRA-LWR MOX

85.5cm Case2 Case2 100%

MOX 0.5cm

Case2 Xe-135 Case3 Xe-135 Sm-149

Case4 Xe-135 EOC

Xe-135 Sm-149 EOC

Case3 0.005 Case2 0.004 Sm-149

1keV 100keV Xe-135

HC-FLWR Sm-149

Sm-149

Sm-149

Pu EOC

Puf 10.75%

Case5 Case5 HC-FLWR Case1

Case5

4

Table 3.5

MOC Fig. 3.7

Fig. 3.8 Fig. 3.9~3.11 Fig. 3.8

70% Fig. 3.8~3.11

Haling

Haling

Haling Haling
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”BOC to MOC” ”MOC to EOC”

Fig. 3.8

MOX

MOX Fig. 3.9~3.11

Fig. 3.9

Fig. 3.10 Fig. 3.11

1.3

Table 3.5 Results of core burnup calculation 

Case number 1 2 3 4 5 

Calculation code 
MOSRA 

old version
MOSRA 
-LWR 

MOSRA 
-LWR 

MOSRA 
-LWR 

MOSRA 
-LWR 

MOX height (cm) 85 85.5 85.5 85.5 85.5 

Blanket height 
(upper/lower, cm) 

5 / 5 5 / 5 5 / 5 5 / 5 5 / 5 

MOX region Puf 
enrichment (%) 

11 11 11 11 10.75 

Cycle length (day) 365 365 365 365 365 

Refueling batch number 4.55 4.55 4.55 4.55 4.55 

Coolant inlet temperature 
(K) 

550 550 550 550 550 

Coolant flow rate (kg/s) 10000 10000 10000 10000 10000 

Burnup method Haling Haling Haling Haling Haling 

Xe-135 equillibrium 
density correction 

No No Yes Yes Yes 

Sm-149 equillibrium 
density correction 

No No No Yes Yes 

keff at EOC 1.001 1.002 1.001 1.006 1.000 

Discharge burnup 
(GWd/t) 

52.4 52.1 52.1 52.1 52.1 

MOX region discharge 
burnup (GWd/t) 

55.6 55.4 55.4 55.3 55.3 

Puf conversion ratio 0.84 0.84 0.84 0.83 0.84 

Core average coolant void 
fraction at EOC (%) 

44.6 44.7 44.8 44.8 44.9 

Void reactivity coefficient 

at EOC (Dk/k/%void) 
-5.7E-05 -4.6E-05 -5.0E-06 -1.5E-04 -2.3E-04 

100%void reactivity 
coefficient at EOC 

(Dk/k/%void) 

-3.4E-04 -1.2E-04 -9.3E-05 -1.8E-04 -2.6E-04 
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Fig. 3.7  Vertical distribution of core average coolant void fraction at MOC. 
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Fig. 3.8  Vertical distribution of core average fuel rod linear power density. Profile of the first half 
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Fig. 3.9  Radial power peaking factor along the horizontal arrow. Profile of the first half of the 
cycle is “BOC to MOC” and of the second half is “MOC to EOC”. 
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Fig. 3.10  Radial power peaking factor along the arrow at the upper boundary. Profile of the first 
half of the cycle is “BOC to MOC” and of the second half is “MOC to EOC”. 
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Fig. 3.11  Radial power peaking factor along the arrow at the lower boundary. Profile of the first 
half of the cycle is “BOC to MOC” and of the second half is “MOC to EOC”. 
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3

rod diameter=11.2mm
Puf enrich.=11wt.%
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Puf enrich.=18wt.%

HC-FLWR assembly RMWR assembly
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Fig. 4.1 Assembly specification changes from HC-FLWR to RMWR. 

HC-FLWR core RMWR core

1 axial MOX region 2 axial MOX regions
and inner blanket

1.
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MOX region
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0.
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Fig. 4.2 Difference in core axial regions arrangement between HC-FLWR and RMWR. 
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Fig. 4.3 Horizontal geometry model of 1 HC + 1/3 BR assemblies local system. 
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Fig. 4.4 Axial geometry model of 1 HC + 1/3 BR assemblies local system. 
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Fig. 4.6 Axial power distribution in 1 HC and 1/3 BR assemblies local system after adjustment of 
MOX region elevation. 
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Fig. 4.8 Axial power distribution in local system of 1 HC assembly after 6 cycles burnup and 1/3 
fresh BR assembly. 
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Fig. 4.9 Axial power distribution in local system of 1 fresh HC assembly and 1/3 BR assembly after 
6 cycles burnup. 
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Fig. 4.12 Assembly calculation model of 1 BR + 3 HC assemblies system. 

���������������������

����



29

(a) actual geometry (b) calculation model
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11wt.% Puf (HC fuel rod)
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Fig. 4.13 Deformation of fuel rod arrangement between BR and HC assemblies in calculation 
model. 

Fig. 

4.6 (1) BR 1 HC 3

BR

Fig. 4.14 "Rod position" 1 9

BR 18wt.% Puf

Fig. 4.14  "Rod 

position" 9 1.2  10-13

Puf 13.8wt.% 17.3wt.%

Puf 18wt.%

Puf 18.3wt.% Fig. 4.14

1.05

BR 1 +HC 3 Fig. 4.6 (2) HC

Fig. 4.15 HC
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position" 5 1.3
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HC 1 BR 3 Fig. 4.7
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(1) (2) Table 4.1 BR

1 +HC 3 B1H3 HC 1 +BR 3 H1B3

"system" "position" BR HC
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Fig. 4.14 Local power peaking reduction in BR assembly surrounded by HC assembly at axial 
position (1) by considering rod-wise plutonium enrichment distribution. 
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4

5% B1H3

H1B3

Table 4.1 Local power peaking factor in a MOX assembly and multiplication factor and void 
coefficient of 1 BR + 3 HC (B1H3) or 1 HC + 3 BR (H1B3) 4 assemblies system without 
and with rod-wise Pu enrichment distribution at axial positions shown in Figs.4.6, 4.7 and 
4.9

system position 
target 

assembly 

Puf enrich. in 
target 

assem.(wt.%)

peaking 
factor in 

target assem.

k-inf of 
system 

void coeff. of 
system 

(10-4Dk/k/%void)

B1H3 (1) BR 
18.0 1.246 1.2759 +5.0 

13.8-18.3 1.042 1.2764 +5.0 

B1H3 (2) HC 
11.0 1.324 1.0856 +0.7 

7.0-12.0 1.058 1.0858 +0.6 

H1B3 (3) BR 
18.0 1.268 1.3801 +39 

13.8-19.0 1.069 1.3814 +39 

H1B3 (4) HC 
11.0 1.430 0.7439 -188 

6.0-11.9 1.066 0.7449 -188 

B1H3* (5) BR 
x1.0** 1.642 0.7461 -18 

x0.5-1.0** 1.089 0.7342 -13 

*:results at 40GWd/t 
**:rod-wise fuel density distribution is considered at position (5) 

BR

BR 1

HC 3 Fig. 4.9 (5) Fig. 

4.16 Fig. 4.9

40GWd/t Fig. 4.9

1.7

Fig. 4.16

Fig. 4.17

0.5 0.8

1.1

40GWd/t

Table 4.1
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Fig. 4.16 Horizontal power profile in BR assembly in 1 BR + 3 HC assemblies system in upper 
blanket region at axial position (5). 
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Fig. 4.18 Local power peaking reduction in BR assembly in 1 HC + 3 BR assemblies system by 
using plutonium enrichment distribution in common with 1 BR + 3 HC system. 
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Fig. 4.21 Axial MOX and blanket regions arrangement in current core calculation model. 
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Fig. 4.22 An example of fuel assemblies loading pattern in 1st transition cycle from HC-FLWR to 
RMWR core. 
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3 BR RMWR

135 15 135 BR

6

BR 8

RMWR 135 BR

10%

Table 4.2 Number of assemblies and cycle length of FLWR core in each transition cycle from 
HC-FLWR to RMWR 

cycle No. 
number of assemblies cycle length 

(months) loaded BR total BR total HC

1 282 282 618 12 

2 198 480 420 15 

3 135 615 285 15 

4 135 750 150 15 

5 135 882 18 15 

6 135 900 0 15 

7 135 900 0 15 

8 135 900 0 15 

Fig. 4.24

1 X EFPD 0

2X 0 HC-FLWR

1.0 3

1.0 15

135 BR 8

RMWR

RMWR

8 1.0

Fig. 4.25 1 8

BOC EOC

1.4 2

1.4 HC BR

1:1
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Fig. 4.29 Void reactivity coefficient in transition cycles by different fuel loading patterns. 
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237Np 241Am 243Am 214 432 7370

214 237Np

MA 51.9% 244Cm

18.1 (Q ) Table 5.3

Cm

Np

Cm

Table 5.3 Half-lives and Q-values of actinides 
contributing to decay heat 

T1/2 (years) l (s-1
) Q-Value (J/Bq)

238
Pu 87.8 2.50E-10 8.96E-13

239
Pu 24080.4 9.13E-13 8.33E-13

240
Pu 6541.7 3.36E-12 8.42E-13

241
Pu 14.4 1.53E-09 8.38E-16

241
Am 432.5 5.08E-11 8.98E-13

244
Cm 18.1 1.21E-09 9.45E-13

FLWR MA

FLWR MA RMWR MA

RMWR FLWR

MA

Table 5.4 RMWR

MA MA

2.1wt% MA

4wt% 1-1)

FLWR MA

Nuclide Contents(wt%)
237

Np 51.9
241

Am 30.2
242m

Am 0.1
243

Am 13.8
244

Cm 3.7
245

Cm 0.3

Nuclide Contents(wt%)
238

Pu 2.6
239

Pu 50.1
240

Pu 28.0
241

Pu 10.1
242

Pu 8.2
241

Am 1.0

Table 5.1 MA composition separated 
from LWR spent fuel 

Table 5.2 Pu composition separated 
from LWR spent fuel 
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MOX 1cm

1cm MOX

-5x10-5Dk/k/%void MOX

MA 5GWd/t

Puf 1.04 1.03 FLWR MA

MA

FLWR RMWR

HC-FLWR RMWR MA

HC-FLWR

MA

MA

HC-FLWR MA 5-1) HC-FLWR

PWR Pu

BWR Pu
5-2) MA

MA HC-FLWR

Cm

Np Am

Np Am

Np Am

Table 5.4 Design value of representative core and low DF fuel core of RMWR 

Item Units Representative With low DF fuel

Core average burn-up GWd/t 65 54

Total average burn-up GWd/t 50 45

Puf conversion ratio - 1.04 1.03

Void reactivity coefficient Dk/k/%void -5x10
-5

-5x10
-5

Cycle length month 15 18

Batch No. - 6.82 4.76

Height of upper blanket cm 22.0 15.0

Height of upper MOX cm 22.5 21.5

Height of inner blanket cm 40.0 41.0

Height of lower MOX cm 23.0 22.0

Height of lower blanket cm 18.0 15.0

Puf content of MOX wt% 18.00 18.00

MA content of MOX wt% 0.00 2.10

FP content of MOX wt% 0.00 0.04
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HC-FLWR MA

HC-FLWR MA HC-FWLR MA

HC-FLWR

MA FLWR 1-6)

Fig. 5.1 3D Table 5.5

11.2mm Puf 11wt% MOX 85cm 5cm

MOX 56.1GWd/t MOX

MA Np Am 1wt% 2wt%

MA MA

MA

HC-FLWR MA Table 5.6

1D 3D

MA

Case 1 Np Am 1wt% Case 2 Case 4 MA 1wt%

100%

15GWd/t

RMWR MA

HC-FLWR MA

Table 5.5 Design value of representative HC-FLWR core by 3D calculation 

Item Design value

  Fuel rod diameter (mm) 11.2

  Puf content (wt%) 11

  MOX length (cm) 85

  Average void fraction (%) 45.8

  Void reactivity coeff. (Dk/k/%void) -6.7x10
-5

  100% void reactivity coeff. (Dk/k/%void) -3.4x10
-4

  Burn-up of MOX region (GWd/t) 56.1

  Conversion ratio 0.84

Table 5.6 Effect of MA loading on core characteristics by 1D calculation 
Case No. 1 2 3 4 5

  Np content (wt%) 0 1 2 0 0

  Am content (wt%) 0 0 0 1 2

  Number of batch 3.71 2.43 1.16 2.42 1

  Burn-up of MOX region at EOC (GWd/t) 29.5 21.5 13.6 21.5 12.1

  Discharge burn-up of MOX region (GWd/t) 46.5 30.4 14.6 30.4 12.1

  Void reactivity coeff. (Dk/k/%void) -2.69x10-4 -1.39x10-4 -5.11x10-5 -5.56x10-5 1.35x10-4

  100% void reactivity coeff. (Dk/k/%viod) -1.71x10
-4

1.17x10
-4

3.40x10
-4

1.39x10
-4

4.03x10
-4

  Average void fraction (%) 47.8 47.9 48.0 47.9 47.8

  Operating days from BOL to EOC (day) 859.9 625.2 394.0 624.6 349.1

  Cycle length (day) 365.0 365.0 365.0 365.0 349.1
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Fig. 5.1 Axial direction core configuration and void fraction distribution of HC-FLWR 
representative core. 
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Table 5.7
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Fig. 5.3 MA

Np Am

MA 2wt%

Puf 13wt%

MA Fig. 5.4 Puf 13wt%

MA HC-FLWR MA

2wt% Fig. 5.4 11mm Am

2wt% MA 1.05 1.0
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100% Fig. 5.6
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9mm 9mm

100% MA

Am

Puf

13wt% MA 2wt% 9mm

Table 5.7 Relation between fuel rod diameter and degree of neutron moderation 

Rod diameter (mm) Vm/Vf H/HM

7 2.93 6.47

8 2.09 4.63

9 1.52 3.35

10 1.1 2.44

11 0.8 1.76
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Fig. 5.2 Geometry model of cell calculation. 

Fig. 5.3 Infinite multiplication factor with Puf content of 13wt% at burn-up of 30GWd/t. 
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Fig. 5.4 MA conversion ratio with Puf content of 13wt% at burn-up of 50GWd/t. 

Fig. 5.5 Void reactivity coefficient with Puf content of 13wt% at burn-up of 30GWd/t. 
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Fig. 5.6 100% void reactivity coefficient with Puf content of 13wt% at burn-up of 30GWd/t. 
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Fig. 5.8 Effect of blanket on 100% void reactivity coefficient by 1D core calculation. 

Fig. 5.9 Effect of blanket on discharge burn-up by 1D core calculation. 
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Fig. 5.10 100% void reactivity coefficient by 1D core calculation. 

Fig. 5.11 Discharge burn-up by 1D core calculation. 
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105eV

MA

100%

100%

MA

120cm

100%

Table 5.9 Dancoff factor with different fuel rod diameter and coolant void fraction (Ref. 5-3) 

50% voided 55% voided 100% voided

f=7mm 0.25495 0.27640 0.72480

f=9mm 0.35234 0.37518 0.76789

f=11mm 0.46423 0.48561 0.79946

Table 5.10 1-D core calculation condition (Ref. 5-3) 

Core Type 1 2 3 4 5 6

  Core height (cm) 80.0 100.0 120.0 80.0 100.0 120.0

  Am content (wt%) 0.0 0.0 0.0 2.0 2.0 2.0

  Cycle length (day) 365.0 365.0 365.0 284.5 365.0 365.0

  Number of batch 2.84 4.90 6.80 1.00 2.58 4.34

  EOC burn-up (GWd/t) 40.4 49.7 54.7 16.4 30.1 37.5

Fig. 5.18 Void reactivity coefficient and 100% void reactivity coefficient by exact perturbation 
theory in infinite system (Ref. 5-3). 

(5-13) 
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Fig. 5.19 Void reactivity coefficient without MA(1/3) (Ref. 5-3). 

Fig. 5.19 Void reactivity coefficient without MA (2/3) (Ref. 5-3). 
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Fig. 5.19 Void reactivity coefficient without MA (3/3) (Ref. 5-3). 

Fig. 5.20 100% void reactivity coefficient without MA (1/3) (Ref. 5-3). 

���������������������

����



70

Fig. 5.20 100% void reactivity coefficient without MA (2/3) (Ref. 5-3). 

Fig. 5.20 100% void reactivity coefficient without MA (3/3) (Ref. 5-3). 
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Fig. 5.21 Forward spectra in state of voided without MA (Ref. 5-3). 

Fig. 5.22 Forward spectra in state of 100% voided without MA (Ref. 5-3). 
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Fig. 5.23 Adjoint spectra in reference state without MA (Ref. 5-3). 

Fig. 5.24 Effect on loaded MA to scatter term at fuel rod diameter of 11mm (Ref. 5-3). 
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Fig. 5.25 Adjoint spectra in state of 50% voided at fuel rod diameter of 11mm (Ref. 5-3). 

Fig. 5.26 Spectra in the state of voided at fuel rod diameter of 11mm (Ref. 5-3). 
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Fig. 5.27 Spectra in the state of 100% voided at fuel rod diameter of 11mm (Ref. 5-3). 

Fig. 5.28 Macroscopic cross section and -value (Ref. 5-3). 
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Fig. 5.29 Void reactivity coefficient and 100% void reactivity coefficient at fuel rod diameter of 
9mm (Ref. 5-3). 

Fig. 5.30 Adjoint spectra of cell calculation with neutron leakage effect using buckling. 
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MA

MA 238Pu MA

MA

SWAT5-5) ORIGEN5-6)

5-7) HC-FLWR Np Am

Table 5.11 Puf MA

Table 5.12 Fig. 5.31

Np 1.5 Am

2 FP

Fig. 5.32 Np
238Pu 2

237Np 238Pu Am
238Pu 1.7

MA 244Cm

Am 243Am
244Cm 238Pu

241Am 242Cm a

MA

Np 1.5 Am

2

Table 5.11 Condition of burn-up calculation 

Representative Np Core Am Core

Burn-up (GWd/t) 52.4 54.9 54.9

Specific Power (MW/t) 31.6 38.4 38.4

Burn-up Time (day) 1659.1 1427.6 1427.6

Table 5.12 Puf enrichment and MA content of each fuel 

Puf content (wt%) Loaded MA

Representative 11 None

Np core 13 2wt% of Np

Am core 13 2wt% of Am
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Fig. 5.31 Decay heat of each core type of HC-FLWR cooled for 2 years and 4 years. 

Fig. 5.32 Decay heat of actinides in fresh fuel and spent fuel cooled for 4 years. 
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2007

$130/kg 550

2005 470 80

RAR Reasonably Assured 

Resources EAR-I Estimated Additional Resources- Category I

EAR-II Estimated Additional Resources- Category II SR

Speculative Resources

IAEA 2050
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IIASA/WEC

2050

52 177 283

2006 67

2031 2041
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Table 6.1 1kg MOX
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Table 6.1 1kg

MOX $294

4.4% 1kg MOX

4.4g

$7/gPuf Fig. 6.3

MOX

MOX

Table 6.1  Front end fuel cycle cost of uranium and MOX fuel 

natural uranium price [$/kgU]
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M
]

MOX fabrication $1100/kgHM

MOX fabrication $2000/kgHM

superior if uranium price over $30

superior if uranium price over $160

reduction $294/kgHM

natural uranium price [$/kgU]
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M
]

MOX fabrication $1100/kgHM

MOX fabrication $2000/kgHM

superior if uranium price over $30

superior if uranium price over $160

reduction $294/kgHM

Fig. 6.2  Front end fuel cost vs. natural uranium price. 

 Uranium fuel (1kg) MOX fuel (1kg) 

Natural uranium $509  ($70.1*7.267kg) 

Conversion $58  ($8*7.267kg) 

Enrichment $552  ($110*5.014SWU) 

Fuel fabrication $275  ($275*1kg) $1100  ($1100*1kg) 

TOTAL $1394 $1100 
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Fig. 6.3  Plutonium credit vs. natural uranium price. 
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Fig. 6.4  Parameters affecting the cost of electricity. 

Table 6.2  Plant parameters for cost evaluation 

LWR 
Advanced 

LWR 
MOX-LWR FBR 

Construction unit cost (yen/kWe) 300,000 200,000 200,000 200,000 

Burnup (GWd/t) 45 70 50 115 

Capacity factor (%) 85 95 90 95 

Plant life time (yr) 40 60 60 60 

Table 6.3  Unit price setting for evaluation 

Item Unit price 

Natural uranium 5.5  (M yen/tU) 

Conversion 0.5  (M yen/tU) 

Enrichment 17  (M yen/tSWU) 

Uranium fuel fabrication 80  (M yen/tHM) 

MOX fuel fabrication 262  (M yen/tHM) 

Reprocessing 263  (M yen/tHM) 

HLW disposal 170  (M yen/tHM) 
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Fig. 6.5  Comparison of cost of electricity. 
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Fig. 6.6  Cost of electricity for MOX-LWR against the parameter variation. 
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Fig. 6.7  Cost of electricity of advanced LWR in terms of natural uranium price. 
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Table 6.4  Specifications of HC-LWR and HM-LWR 

 HC-LWR HM-LWR 

loading 

Total heavy metal (t/GWe/yr) 18.14 21.06 

Total Pu   (t/GWe/yr) 3.11 1.57 

Fissile Pu  (t/GWe/yr) 1.79 0.90 

Puf ratio   (%) 57.5 57.5 

Fissile Pu content (%) 9.8 4.3 

discharge 

Total heavy metal (t/GWe/yr) 17.12 19.99 

Total Pu   (t/GWe/yr) 2.76 0.93 

Fissile Pu  (t/GWe/yr) 1.50 0.44 

Puf ratio   (%) 54.3 47.5 

Fissile Pu content (%) 8.8 2.2 

Fissile Pu consumption (t/GWe/yr) 0.29 0.46 

Conversion ratio 0.84 0.49 

3 10%

63

MOX

Fig. 6.8

Fig. 6.8  Mass flow diagram of assumed multi-recycling scheme for evaluation. 
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1GWe

Table 6.5

Table 6.5  Various mass flow quantities in the assumed multi-recycling scheme 

 HC-LWR HM-LWR 

Required U-LWR for 1GWe MOX-LWR (x)
(GWe) 

5.86 5.30 

Introduction capacity ratio (%) 14.6 15.9 

Puf from U-LWR (t/GWe/yr) 0.700 0.636 

Puf from MOX-LWR by itself (t/GWe/yr) 1.090 0.264 

Stored MOX-SF (t/GWe/yr) 4.79 8.00 

Stored Puf in MOX-SF (t/GWe/yr) 0.420 0.176 

Puf content in MOX-SF (%) 8.7 2.2 

Table 6.5
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Fig. 6.9  Evaluation results for HC-LWR in terms of conversion ratio (1/2). 
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(d) capacity ratio of HC-LWR
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Fig. 6.9  Evaluation results for HC-LWR in terms of conversion ratio (2/2). 
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