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Study on Nuclear Physics of High Burnup Full MOX PWR Core
Teruhiko KUGO, Syoichiro SHIMADA, Tsutomu OKUBO and Masaaki OCHIAI

Department of Nuclear Energy System
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received September 11, 1998)

As one of options for future light water reactors, we have been studying a new concept of a high
burnup full MOX PWR core. We have proposed a core of 600MWe to ensure discharged burnup of
100GWd/t by increasing a moderator to fuel volume ratio to 2.6 with enlarged fuel pin pitch of 13.8mm,
and have investigated its feasibility in neutronics. A plutonium fissile content of 12% is needed for
this core. A soluble boric acid with B-10 enrichment of 40% is able to control burnup reactivity without
increasing a capacity of boron tanks. A control rod cluster with use of natural boron carbide(B4C) per
three fuel assemblies ensures a shutdown margin of more than 2%dk/kk’. A moderator temperature
and void coefficients are negative through an operating cycle. Although the use of burnable poisons
like Gd203 and Er:0s; is not necessary to reduce an excess reactivity, it can lower a radial power
peaking factor by about 0.1.

Keywords: Future Light Water Reactor, MOX, PWR, High Burnup, Neutronics, Plutonium,
Moderator to Fuel Volume Ratio, Soluble Boric Acid, Control Rod Cluster,

Burnable Poison
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Table 1 Isotopic composition of fuel material

Pu(wt%) Pu(wt%)
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Table 2 Specification of a fuel assembly

assembly

A% A%

type

dimension(mm)

the number of fuel pins

the number of thimble tubes
pin pitch(mm)

2.6
17x17
235x235
264
24 +1
13.8

fuel pin

pin diameter(mm)

cladding thickness(mm)
cladding material

gap between fuel pellet and
cladding(mm)

9.5
0.57
Zircaloy-4

0.085

fuel pellet

pellet diameter(mm)
fuel material
density(%T.D.)

8.19
MOX
95

Table 3 Core configuration

the number of batch
thermal output (MWt)
electoric power (MWe)
the number of fuel assemblies
effective core diameter(cm)
effective core height(cm)
geometrical buckling (cm?®)
average linear heat rate (kW/m)
average power density (kW/1)
coolant condition
inlet temperature (C)
outlet temperature (TC)
pressure (atm)

3
1685
573

109
277
366(12ft.)
3.7521E-4
16.0
76.5

289
325
152

Table 4 Configuration of control rod clusters

thicknes of thimble tube (mm)
material of thimble tube
control rod outer diameter(mm)

cladding material
absorber
absorber density(%T.D.)

outer diameter of thimble tube (mm)

control rod cladding thickness(mm)

134

0.4
SUS-316

10.9

0.5
SUS-304

natural B4C
80
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Fig. 12 A schematic cross sectional view of a fuel assembly
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Fig. 13 A schematic cross sectional view of a reactor core
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Table 5 Enerugy structure fore a core calculation
energy group upper energy (V) lower energy (eV)
1 1.0000E+7 1.0540E+6
2 1.0540E+6 1.1109E+5
3 1.1109E+5 1.1709E+4
4 1.1709E+4 1.3007E+2
5 1.3007E+2 3.9279E+0
6 3.9279E+0 2.3824E+0
7 2.3824E+0 1.4450E+0
8 1.4450E+0 4.1399E-1
9 4.1399E-1 1.3700E-1
10 1.3700E-1 1.0000E-5
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Fig. 14 A shaffling pattern of a three-batch refueling scheme
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Table 6 Core characteristics of equilibrium cycle

Average of discharged burnup (GWd/tonne) 60 100
Cycle length (EFPM) 20 33
Plutonium-fissile enrichment (wt%) 7 12
Plutonium-fissile inventory loaded 1140 1990

for equilibrium cycle (kg)

Isotopic composition of discharged fuel
(Pu-238/239/240/241/242)

4.8/34.1/30.5/17.1/13.6

5.7/33.9/30.1/16.1/13.5

Peaking factor

Fxy (BOC-HFP) 1.33 1.45
Fxy*Fz (BOC-HFP) 1.69 1.94
Flocal (BOC-HFP) 1.11 1.11
Maximum linear heat rate (kW/m) 29 34
Burnup reactivity(%dk/kk’) 9.8 10.6
Boron efficiency (pcm/ppm) (BOC/EOC) -3.5/-4.1 -2.5/-2.9
Critical boron concentration (ppm) (BOC) 2800 4200
Moderator temperature coefficient at critical -26 -11
boron concentration (pcm/T)  (BOC)
Moderator temperature coefficient at no boron -61/-65 -49/-54
(pemvC) (BOC/EQC)
Doppler coefficient (pcm/C) (BOC/EOC) -2.7/-2.8 -2.5/-2.6
Moderator void coefficient at critical boron
concentration (pcm/%void) (BOC) -99/-147/-240 -43/-69/-22
0~ 10/ 0~40/ 0~90%void
Effective delayed neutron ratio(BOC) 0.0038 0.0036
Prompt neutron life time (x sec) (BOC) 8.8 7.2
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Fig. 15 A distribution of assembly averaged power density normalized

by core averaged power density at the beginning of cycle (60GWd/t)
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Fig. 16 A distribution of assembly averaged power density normalized
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Table 7 Reactivity for
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hot shutdown and control rod worth

Burnup (GWd/t) 60 100
BOC EOC BOC EOC
Reactivity (%dk/kk’)
- Doppler 0.82 0.85 0.74 0.79
- moderator temperature 1.09 1.17 0.88 0.98
- reconstruction of neutron flux distibution 1.0 1.0 1.0 1.0
- limit of insertion of control rod 0.5 0.5 0.5 0.5
- shutdown margin 2.0 2.0 2.0 2.0
Total(%dk/kk’) 541 5.51 5.12 5.27
Number of control rod clusters 36 36 40 40
Control rod worth with one-rod stack
condition(%dk/kk’)
Calculational method 1 ' 6.02 6.27 5.24 5.92
Calculational method 2 6.21 6.48 545 6.22
< 4
4 4 y
4 v, 7 7
) 2) 7/ 7/
7, 7 7 7
A 2 /4
7 7 7
/47 2, 47
4 4 % g
7, 7 Z 7
y 4 4 g
4 74 4
y 4 4
7, 7,

QO : Control rod cluster

Fig. 19 Position of forty control rod clusters
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Table 8§ Isotopic composition of burnable poison

Gd203

154 155 156 157 158 160
Isotopic composition of Gadolinium (wt%) 2.1 148 206 157 248 21.8
Er203

162 164 166 167 168 170
Isotopic composition of natural Erbium (wt%) 0.1 1.6 334 229 27.1 149
Isotopic composition used in calculations (Wt%) 0.0 0.0 334 229 00 00
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Table 9 Comparison of core characteristics among various use of burnable poison
Case number 1 2 3 4 5 6
Bumable poison None | 0.02wt% | 0.05wt% | 0.1wt% | 0.4wt% | 0.8wt%

Gd203 | Gd203 | Gd203 | Er203 | Er203
Maximum of assembly averaged power
density normalized by core averaged power | 1.31 1.20 1.21 1.42 1.18 1.20
density (BOC-HFP)

Reactivity(%dk/kKk’)
Initial excess reactivity 10.6 10.3 9.9 9.5 10.0 9.4
Residual reactivity - — - - 0.2 0.4
Cycle length(EFPD) 1020 1020 1020 1020 1000 980

Moderator temperature coefficient at critical

boron concentration (pcr/ C) (BOC-HFP) -16 -14 -12 -10 -15 -15
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f% 3.6x10° 3.67098 x10° I 8.59999x 10 341213 2.65522x10% | 2.24694 x10* = 4.18681 (HEXLE)
S| oo 0.426858 | 116279x10 ¢ 1 3.96759x10 *|  3.08747 | 261272x10"  fpgpm | pS(nE )
[ 1055.06 107.586 | 2.93072x107"| 252.042 I 778172 6.58515 x 10% ~ 75 kgf-m/s
5 55 376616 x10 7 28506 3 18
1.35582 0.138255 3.76616 <10 0.323890 1.28506 x10 1 8.46233x10 - 735.499W
1.60218 %10 ™ | L63377 %10 *'|4.45050 x107% 3.82743x1072"] 1.51857x10 | LISI7TIx10 * 1
Fve Bq Ci 0% Gy rad ;{; C/kg R ) Sv rem
gg 1 2.70270x10"" %Eé 1 100 séz 1 3876 % 1 100
3.7 x10" 1 ) 0.01 1 2.58x1074 | " 0.01 1

(BBHEIZH26 HIRA)
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