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X2 VVER-1000 benchmark

• defined by TUV, Munich and SSTC NRS, Kyiv
– 19-20th AER Symposiums

• describes KhNPP-2 with VVER-1000 reactor 
– TVSA fuel types 

– reflector

– 1-4 fuel cycles

• plant measurements:
– startup experiments

– boron letdown

– reconstructed power distributions 
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Serpent model – radial cut
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Serpent model – axial cut
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Serpent results
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Serpent results
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Average of 10 independent runs, each 2000 cycles (200 inactive) x 3*106 = 6*109 neutron histories
1/6 core averaged, resulting σ=0.1% 
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Serpent results uncertainty

std of each assembly power in 10 independent runs
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Serpent results uncertainty

std of each assembly power in 10 independent runs / average value
𝑠𝑡𝑑(𝑃 ) 𝑃⁄
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1.312
1.312

-0.1

91
0.774
0.774

0.0

92
0.981
0.982

-0.1

93
0.590
0.591

-0.1

94
0.749
0.750

-0.1

95
0.474
0.474

0.0

96
0.474
0.473

0.0

97
0.749
0.749

0.0

98
0.590
0.590

0.0

99
0.981
0.980

0.1

100
0.774
0.772

0.2

101
1.312
1.310

0.2

102
1.021
1.018

0.3

103
1.263
1.263

0.1

104
1.413
1.413

-0.1

105
0.742
0.743

0.0

106
0.860
0.860

0.0

107
0.590
0.590

0.0

108
0.859
0.858

0.1

109
0.749
0.749

0.0

110
0.859
0.859

0.0

111
0.590
0.590

0.0

112
0.860
0.860

0.0

113
0.742
0.741

0.2

114
1.413
1.410

0.3

115
1.263
1.259

0.4

116
1.305
1.306

-0.1

117
1.309
1.309

0.0

118
0.742
0.742

0.1

119
0.981
0.979

0.3

120
0.887
0.886

0.1

121
0.590
0.589

0.1

122
0.590
0.589

0.1

123
0.887
0.885

0.2

124
0.981
0.980

0.1

125
0.742
0.741

0.1

126
1.309
1.306

0.3

127
1.305
1.302

0.3

128

1.305
1.304

0.1

129

1.413
1.412

0.1

130

0.774
0.773

0.1

131

0.679
0.677

0.2

132

0.981
0.979

0.3

133

0.860
0.858

0.2

134

0.981
0.979

0.2

135

0.679
0.678

0.1

136

0.774
0.773

0.1

137

1.413
1.409

0.4

138

1.305
1.302

0.3

139

1.263
1.264

0.0

140

1.312
1.309

0.3

141

1.211
1.205

0.5

142

0.774
0.771

0.3

143

0.742
0.739

0.3

144

0.742
0.740

0.2

145

0.774
0.770

0.4

146

1.211
1.205

0.6

147

1.312
1.307

0.5

148

1.263
1.258

0.5

149
1.021
1.019

0.2

150
1.230
1.223

0.7

151
1.312
1.302

1.0

152
1.413
1.406

0.7

153
1.309
1.303

0.6

154
1.413
1.404

0.9

155
1.312
1.304

0.8

156
1.230
1.224

0.6

157
1.021
1.017

0.3

158
1.021
1.012

0.9

159
1.263
1.254

0.9

160
1.305
1.298

0.7

161
1.305
1.298

0.7

162
1.263
1.257

0.7

163
1.021
1.017

0.4

1

1.021
1.007

1.3

2

1.263
1.248

1.6

3

1.305
1.290

1.5

4

1.305
1.290

1.5

5

1.263
1.251

1.2

6

1.021
1.014

0.6

7

1.021
1.010

1.1

8

1.230
1.216

1.4

9

1.312
1.296

1.6

10

1.413
1.395

1.7

11

1.309
1.294

1.5

12

1.413
1.400

1.3

13

1.312
1.303

0.9

14

1.230
1.224

0.6

15

1.021
1.015

0.6

16

1.263
1.253

1.1

17

1.312
1.300

1.2

18

1.211
1.199

1.2

19

0.774
0.766

0.8

20

0.742
0.734

0.8

21

0.742
0.736

0.7

22

0.774
0.768

0.6

23

1.211
1.204

0.7

24

1.312
1.306

0.6

25

1.263
1.259

0.5

26

1.305
1.292

1.3

27

1.413
1.399

1.3

28

0.774
0.766

0.7

29

0.679
0.673

0.6

30

0.981
0.971

1.0

31

0.860
0.851

0.9

32

0.981
0.974

0.7

33

0.679
0.676

0.4

34

0.774
0.771

0.3

35

1.413
1.410

0.3

36

1.305
1.306

-0.1

37

1.305
1.294

1.1

38

1.309
1.297

1.2

39

0.742
0.735

0.7

40

0.981
0.972

0.9

41

0.887
0.880

0.7

42

0.590
0.585

0.5

43

0.590
0.587

0.4

44

0.887
0.883

0.4

45

0.981
0.978

0.3

46

0.742
0.741

0.1

47

1.309
1.313

-0.3

48

1.305
1.310

-0.5

49

1.263
1.254

0.9

50

1.413
1.402

1.1

51

0.742
0.737

0.6

52

0.860
0.853

0.7

53

0.590
0.585

0.5

54

0.859
0.854

0.5

55

0.749
0.745

0.4

56

0.859
0.856

0.3

57

0.590
0.590

0.0

58

0.860
0.861

-0.1

59

0.742
0.745

-0.3

60

1.413
1.422

-0.9

61

1.263
1.277

-1.3

62

1.021
1.013

0.8

63

1.312
1.302

1.0

64

0.774
0.770

0.4

65

0.981
0.976

0.6

66

0.590
0.586

0.4

67

0.749
0.745

0.4

68

0.474
0.471

0.2

69

0.474
0.472

0.1

70

0.749
0.749

0.0

71

0.590
0.592

-0.2

72

0.981
0.987

-0.6

73

0.774
0.782

-0.8

74

1.312
1.328

-1.6

75

1.021
1.035

-1.5

76

1.230
1.223

0.7

77

1.211
1.206

0.5

78

0.679
0.677

0.2

79

0.887
0.884

0.3

80

0.859
0.856

0.3

81

0.474
0.472

0.2

82

0.632
0.632

0.1

83

0.474
0.475

-0.1

84

0.859
0.864

-0.5

85

0.887
0.895

-0.8

86

0.679
0.688

-0.8

87

1.211
1.228

-1.7

88

1.230
1.250

-1.9

89

1.021
1.016

0.5

90

1.312
1.307

0.5

91

0.774
0.772

0.2

92

0.981
0.980

0.1

93

0.590
0.589

0.1

94

0.749
0.749

0.0

95

0.474
0.473

0.0

96

0.474
0.475

-0.2

97

0.749
0.755

-0.6

98

0.590
0.596

-0.5

99

0.981
0.993

-1.2

100

0.774
0.785

-1.1

101

1.312
1.334

-2.2

102

1.021
1.040

-1.9

103

1.263
1.262

0.1

104

1.413
1.411

0.2

105

0.742
0.742

0.0

106

0.860
0.860

0.0

107

0.590
0.591

-0.1

108

0.859
0.860

-0.1

109

0.749
0.750

-0.1

110

0.859
0.864

-0.5

111

0.590
0.596

-0.6

112

0.860
0.871

-1.1

113

0.742
0.752

-1.0

114

1.413
1.436

-2.3

115

1.263
1.285

-2.2

116

1.305
1.308

-0.3

117

1.309
1.313

-0.3

118

0.742
0.743

-0.1

119

0.981
0.983

-0.2

120

0.887
0.888

-0.1

121

0.590
0.591

-0.1

122

0.590
0.592

-0.1

123

0.887
0.893

-0.6

124

0.981
0.993

-1.2

125

0.742
0.753

-1.0

126

1.309
1.330

-2.1

127

1.305
1.327

-2.2

128

1.305
1.308

-0.3

129

1.413
1.415

-0.2

130

0.774
0.775

-0.1

131

0.679
0.679

0.0

132

0.981
0.983

-0.1

133

0.860
0.861

-0.1

134

0.981
0.985

-0.4

135

0.679
0.685

-0.5

136

0.774
0.783

-0.9

137

1.413
1.432

-1.9

138

1.305
1.326

-2.0

139

1.263
1.264

0.0

140

1.312
1.314

-0.2

141

1.211
1.212

-0.1

142

0.774
0.774

0.0

143

0.742
0.743

0.0

144

0.742
0.744

-0.2

145

0.774
0.776

-0.2

146

1.211
1.220

-0.9

147

1.312
1.326

-1.4

148

1.263
1.279

-1.6

149

1.021
1.022

-0.1

150

1.230
1.232

-0.2

151

1.312
1.311

0.1

152

1.413
1.412

0.1

153

1.309
1.309

0.0

154

1.413
1.415

-0.2

155

1.312
1.318

-0.6

156

1.230
1.240

-1.0

157

1.021
1.032

-1.2

158

1.021
1.021

0.0

159

1.263
1.262

0.2

160

1.305
1.306

0.0

161

1.305
1.307

-0.2

162

1.263
1.267

-0.4

163

1.021
1.025

-0.4

1
1.021
1.028

-0.7

2
1.263
1.271

-0.8

3
1.305
1.311

-0.6

4
1.305
1.310

-0.5

5
1.263
1.265

-0.2

6
1.021
1.023

-0.3

7
1.021
1.028

-0.7

8
1.230
1.238

-0.8

9
1.312
1.322

-1.0

10
1.413
1.422

-1.0

11
1.309
1.316

-0.7

12
1.413
1.417

-0.4

13
1.312
1.313

-0.1

14
1.230
1.231

0.0

15
1.021
1.022

-0.1

16
1.263
1.274

-1.0

17
1.312
1.322

-1.0

18
1.211
1.218

-0.7

19
0.774
0.778

-0.4

20
0.742
0.746

-0.4

21
0.742
0.745

-0.3

22
0.774
0.775

-0.1

23
1.211
1.211

0.0

24
1.312
1.311

0.1

25
1.263
1.262

0.1

26

1.305
1.318

-1.3

27

1.413
1.426

-1.3

28

0.774
0.779

-0.5

29

0.679
0.683

-0.3

30

0.981
0.985

-0.4

31

0.860
0.863

-0.3

32

0.981
0.982

0.0

33

0.679
0.678

0.1

34

0.774
0.772

0.2

35

1.413
1.409

0.4

36

1.305
1.300

0.5

37

1.305
1.321

-1.6

38

1.309
1.324

-1.5

39

0.742
0.748

-0.6

40

0.981
0.987

-0.6

41

0.887
0.892

-0.5

42

0.590
0.591

-0.1

43

0.590
0.591

0.0

44

0.887
0.883

0.3

45

0.981
0.977

0.4

46

0.742
0.738

0.4

47

1.309
1.302

0.8

48

1.305
1.297

0.8

49
1.263
1.279

-1.6

50
1.413
1.430

-1.8

51
0.742
0.750

-0.8

52
0.860
0.866

-0.6

53
0.590
0.593

-0.3

54
0.859
0.862

-0.3

55
0.749
0.748

0.1

56
0.859
0.856

0.3

57
0.590
0.587

0.3

58
0.860
0.854

0.6

59
0.742
0.736

0.6

60
1.413
1.399

1.4

61
1.263
1.252

1.1

62
1.021
1.034

-1.4

63
1.312
1.330

-1.8

64
0.774
0.784

-1.0

65
0.981
0.990

-0.9

66
0.590
0.594

-0.4

67
0.749
0.752

-0.2

68
0.474
0.474

-0.1

69
0.474
0.472

0.2

70
0.749
0.743

0.6

71
0.590
0.585

0.5

72
0.981
0.973

0.8

73
0.774
0.766

0.8

74
1.312
1.296

1.6

75
1.021
1.008

1.2

76
1.230
1.249

-1.8

77
1.211
1.228

-1.7

78
0.679
0.687

-0.7

79
0.887
0.894

-0.8

80
0.859
0.863

-0.4

81
0.474
0.474

-0.1

82
0.632
0.631

0.1

83
0.474
0.470

0.3

84
0.859
0.852

0.8

85
0.887
0.879

0.8

86
0.679
0.672

0.7

87
1.211
1.197

1.4

88
1.230
1.214

1.6

89
1.021
1.034

-1.4

90
1.312
1.329

-1.7

91
0.774
0.783

-0.9

92
0.981
0.990

-0.9

93
0.590
0.594

-0.4

94
0.749
0.752

-0.3

95
0.474
0.474

0.0

96
0.474
0.472

0.2

97
0.749
0.744

0.5

98
0.590
0.586

0.5

99
0.981
0.972

0.9

100
0.774
0.765

0.9

101
1.312
1.296

1.6

102
1.021
1.007

1.4

103
1.263
1.276

-1.2

104
1.413
1.428

-1.6

105
0.742
0.749

-0.7

106
0.860
0.866

-0.5

107
0.590
0.593

-0.3

108
0.859
0.862

-0.2

109
0.749
0.748

0.1

110
0.859
0.854

0.5

111
0.590
0.586

0.4

112
0.860
0.852

0.8

113
0.742
0.734

0.8

114
1.413
1.396

1.7

115
1.263
1.247

1.6

116
1.305
1.316

-1.1

117
1.309
1.319

-1.0

118
0.742
0.747

-0.5

119
0.981
0.985

-0.3

120
0.887
0.889

-0.2

121
0.590
0.590

0.0

122
0.590
0.589

0.2

123
0.887
0.882

0.5

124
0.981
0.974

0.7

125
0.742
0.734

0.8

126
1.309
1.292

1.7

127
1.305
1.286

1.9

128

1.305
1.313

-0.7

129

1.413
1.420

-0.8

130

0.774
0.777

-0.3

131

0.679
0.679

0.0

132

0.981
0.980

0.1

133

0.860
0.858

0.3

134

0.981
0.977

0.5

135

0.679
0.676

0.4

136

0.774
0.766

0.8

137

1.413
1.395

1.7

138

1.305
1.288

1.7

139

1.263
1.271

-0.8

140

1.312
1.318

-0.6

141

1.211
1.212

-0.2

142

0.774
0.773

0.0

143

0.742
0.739

0.3

144

0.742
0.739

0.4

145

0.774
0.770

0.4

146

1.211
1.203

0.8

147

1.312
1.297

1.5

148

1.263
1.248

1.6

149
1.021
1.024

-0.3

150
1.230
1.232

-0.2

151
1.312
1.310

0.2

152
1.413
1.409

0.4

153
1.309
1.304

0.5

154
1.413
1.407

0.6

155
1.312
1.305

0.7

156
1.230
1.222

0.9

157
1.021
1.010

1.0

158
1.021
1.019

0.2

159
1.263
1.259

0.5

160
1.305
1.301

0.4

161
1.305
1.302

0.3

162
1.263
1.259

0.5

163
1.021
1.015

0.6

Deviation of individual calculations from the average

Serpent results uncertainty

1

1.021
1.018

0.3

2

1.263
1.262

0.1

3

1.305
1.305

0.1

4

1.305
1.308

-0.2

5

1.263
1.264

-0.1

6

1.021
1.021

0.0

7

1.021
1.018

0.2

8

1.230
1.228

0.2

9

1.312
1.311

0.1

10

1.413
1.410

0.2

11

1.309
1.310

-0.1

12

1.413
1.415

-0.2

13

1.312
1.311

0.1

14

1.230
1.226

0.4

15

1.021
1.016

0.5

16

1.263
1.261

0.2

17

1.312
1.308

0.3

18

1.211
1.210

0.1

19

0.774
0.774

0.0

20

0.742
0.742

0.0

21

0.742
0.742

0.0

22

0.774
0.772

0.1

23

1.211
1.206

0.4

24

1.312
1.304

0.8

25

1.263
1.254

0.9

26

1.305
1.303

0.2

27

1.413
1.409

0.3

28

0.774
0.773

0.1

29

0.679
0.679

0.0

30

0.981
0.983

-0.1

31

0.860
0.861

0.0

32

0.981
0.979

0.2

33

0.679
0.678

0.2

34

0.774
0.769

0.5

35

1.413
1.402

1.1

36

1.305
1.295

1.0

37

1.305
1.305

0.1

38

1.309
1.307

0.2

39

0.742
0.742

0.0

40

0.981
0.982

-0.1

41

0.887
0.888

-0.1

42

0.590
0.591

-0.1

43

0.590
0.591

0.0

44

0.887
0.885

0.2

45

0.981
0.977

0.4

46

0.742
0.737

0.5

47

1.309
1.301

0.9

48

1.305
1.296

0.9

49

1.263
1.265

-0.2

50

1.413
1.413

-0.1

51

0.742
0.743

-0.1

52

0.860
0.863

-0.3

53

0.590
0.591

-0.1

54

0.859
0.861

-0.2

55

0.749
0.749

0.0

56

0.859
0.859

0.1

57

0.590
0.588

0.2

58

0.860
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Serpent results uncertainty

Deviation of 360° average from the 60° average
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Serpent results with UFS

Deviation of single run UFS (double neutron histories to preserve running time) from 
the 60° average
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1.020

0.1

16

1.263
1.263

0.1

17

1.312
1.312

0.0

18

1.211
1.208

0.3

19

0.774
0.770

0.4

20

0.742
0.736

0.6

21

0.742
0.736

0.6

22

0.774
0.769

0.5

23

1.211
1.205

0.6

24

1.312
1.310

0.2

25

1.263
1.262

0.1

26

1.305
1.308

-0.3

27

1.413
1.413

-0.1

28

0.774
0.774

0.0

29

0.679
0.677

0.2

30

0.981
0.976

0.5

31

0.860
0.854

0.6

32

0.981
0.974

0.7

33

0.679
0.677

0.2

34

0.774
0.772

0.2

35

1.413
1.410

0.3

36

1.305
1.303

0.2

37

1.305
1.311

-0.6

38

1.309
1.313

-0.4

39

0.742
0.743

-0.1

40

0.981
0.980

0.1

41

0.887
0.884

0.3

42

0.590
0.588

0.3

43

0.590
0.588

0.3

44

0.887
0.882

0.5

45

0.981
0.977

0.4

46

0.742
0.739

0.3

47

1.309
1.303

0.6

48

1.305
1.296

0.9

49

1.263
1.270

-0.6

50

1.413
1.420

-0.7

51

0.742
0.744

-0.2

52

0.860
0.862

-0.1

53

0.590
0.590

0.0

54

0.859
0.857

0.2

55

0.749
0.747

0.2

56

0.859
0.854

0.5

57

0.590
0.587

0.4

58

0.860
0.855

0.6

59

0.742
0.736

0.6

60

1.413
1.400

1.3

61

1.263
1.251

1.3

62

1.021
1.028

-0.7

63

1.312
1.319

-0.7

64

0.774
0.779

-0.4

65

0.981
0.987

-0.6

66

0.590
0.592

-0.2

67

0.749
0.750

-0.1

68

0.474
0.473

0.1

69

0.474
0.472

0.2

70

0.749
0.745

0.4

71

0.590
0.587

0.4

72

0.981
0.972

0.9

73

0.774
0.766

0.8

74

1.312
1.297

1.5

75

1.021
1.009

1.2

76

1.230
1.240

-1.0

77

1.211
1.221

-1.0

78

0.679
0.684

-0.5

79

0.887
0.892

-0.5

80

0.859
0.862

-0.3

81

0.474
0.474

-0.1

82

0.632
0.633

0.0

83

0.474
0.472

0.1

84

0.859
0.855

0.4

85

0.887
0.881

0.5

86

0.679
0.672

0.8

87

1.211
1.196

1.5

88

1.230
1.216

1.5

89

1.021
1.031

-1.0

90

1.312
1.326

-1.4

91

0.774
0.781

-0.7

92

0.981
0.989

-0.8

93

0.590
0.594

-0.4

94

0.749
0.753

-0.4

95

0.474
0.476

-0.2

96

0.474
0.474

-0.1

97

0.749
0.747

0.2

98

0.590
0.587

0.4

99

0.981
0.972

1.0

100

0.774
0.764

1.0

101

1.312
1.294

1.8

102

1.021
1.008

1.3

103

1.263
1.277

-1.4

104

1.413
1.427

-1.4

105

0.742
0.750

-0.8

106

0.860
0.868

-0.8

107

0.590
0.595

-0.5

108

0.859
0.866

-0.7

109

0.749
0.753

-0.4

110

0.859
0.861

-0.1

111

0.590
0.589

0.1

112

0.860
0.855

0.6

113

0.742
0.734

0.9

114

1.413
1.392

2.1

115

1.263
1.246

1.8

116

1.305
1.317

-1.2

117

1.309
1.323

-1.3

118

0.742
0.749

-0.7

119

0.981
0.991

-0.9

120

0.887
0.893

-0.7

121

0.590
0.594

-0.4

122

0.590
0.593

-0.3

123

0.887
0.888

-0.1

124

0.981
0.979

0.2

125

0.742
0.737

0.5

126

1.309
1.294

1.5

127

1.305
1.285

2.0

128

1.305
1.316

-1.1

129

1.413
1.425

-1.3

130

0.774
0.781

-0.7

131

0.679
0.685

-0.6

132

0.981
0.989

-0.8

133

0.860
0.867

-0.7

134

0.981
0.986

-0.5

135

0.679
0.681

-0.2

136

0.774
0.773

0.1

137

1.413
1.405

0.8

138

1.305
1.293

1.2

139

1.263
1.274

-1.1

140

1.312
1.323

-1.1

141

1.211
1.222

-1.2

142

0.774
0.781

-0.7

143

0.742
0.750

-0.8

144

0.742
0.749

-0.7

145

0.774
0.778

-0.4

146

1.211
1.214

-0.4

147

1.312
1.310

0.1

148

1.263
1.260

0.3

149

1.021
1.030

-0.9

150

1.230
1.241

-1.0

151

1.312
1.326

-1.4

152

1.413
1.427

-1.5

153

1.309
1.324

-1.5

154

1.413
1.426

-1.3

155

1.312
1.319

-0.7

156

1.230
1.234

-0.4

157

1.021
1.020

0.1

158

1.021
1.030

-0.9

159

1.263
1.277

-1.3

160

1.305
1.320

-1.5

161

1.305
1.320

-1.5

162

1.263
1.274

-1.1

163

1.021
1.029

-0.8
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Fuel XS:
- single assembly in periodic BC
- transport-corrected (TRC) diffusion coefficient
- other XS from infinite spectrum INF_
- ADF from DF_SURF_DF

XS for DYN3D
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Axial reflector XS:
- single 3D fuel assembly in

periodic boundaries
- transport-corrected (TRC)

diffusion coefficient
- no axial ADF were used

XS for DYN3D
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Radial reflector XS:
- reflector has 30° symmetry, 5

cells in first row and 5 cells in
second row

- all reflector cells XS are
calculated in single run ¼ of a
core in reflective boundaries

- transport-corrected (TRC)
diffusion coefficient

- ADF from DF_SURF_DF,
side which faces fuel used for
all 6 sides

- ADF for reflector are
corrected by single-assembly

fuel ADF

XS for DYN3D
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2D test model

2D model with inserted CR

Deviation in the rodded assembly 2.8% 

1

0.507
0.502

0.005

2

0.377
0.369

0.008

3

0.680
0.676

0.004

4

0.733
0.731

0.002

5

0.646
0.638

0.008

6

1.305
1.313

-0.008

7

1.381
1.388

-0.007

8

0.587
0.583

0.004

9

0.442
0.434

0.008

10

0.820
0.817

0.002

11

0.792
0.785

0.007

12

1.453
1.469

-0.016

13

1.156
1.157

-0.001

14

0.442
0.434

0.008

15

0.457
0.428

0.028

16

0.695
0.687

0.008

17

1.532
1.544

-0.013

18

1.418
1.429

-0.011

19

0.820
0.817

0.003

20

0.695
0.687

0.008

21

1.400
1.410

-0.010

22

1.450
1.453

-0.003

23

0.792
0.785

0.008

24

1.532
1.544

-0.012

25

1.450
1.453

-0.003

26

Reference (keff = 0.99792)

HEXNEM3 (keff = 0.99878)

difference  (d.keff = 85 pcm) 1.453
1.468

-0.015

27

1.418
1.429

-0.011

28

1.156
1.157

-0.001

Maximal value 1. FA # 24, (1.532)
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2D test model

SA and colorset models of rodded assembly
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2D test model

2D model with inserted CR

1

0.507
0.502

0.005

2

0.377
0.369

0.008

3

0.680
0.676

0.004

4

0.733
0.731

0.002

5

0.646
0.637

0.008

6

1.305
1.311

-0.006

7

1.381
1.386

-0.005

8

0.587
0.583

0.004

9

0.442
0.434

0.008

10

0.820
0.818

0.002

11

0.792
0.784

0.008

12

1.453
1.467

-0.014

13

1.156
1.156

0.000

14

0.442
0.434

0.008

15

0.457
0.451

0.005

16

0.695
0.687

0.009

17

1.532
1.542

-0.011

18

1.418
1.427

-0.009

19

0.820
0.818

0.002

20

0.695
0.687

0.009

21

1.400
1.408

-0.008

22

1.450
1.451

-0.001

23

0.792
0.784

0.008

24

1.532
1.542

-0.010

25

1.450
1.451

-0.001

26

Reference (keff = 0.99792)

HEXNEM3 (keff = 0.99880)

difference  (d.keff = 87 pcm) 1.453
1.467

-0.013

27

1.418
1.427

-0.009

28

1.156
1.156

0.001

Maximal value 1. FA # 24, (1.532)

Deviation in the rodded assembly 0.5% 
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Serpent vs DYN3D 3D full core

Preliminary results in 2G

1

0.632
0.628

0.004

2

0.474
0.466

0.008

3

0.859
0.856

0.003

4

0.887
0.886

0.000

5

0.679
0.672

0.008

6

1.211
1.216

-0.005

7

1.230
1.232

-0.002

8

0.749
0.746

0.003

9

0.590
0.582

0.008

10

0.981
0.981

0.001

11

0.774
0.767

0.007

12

1.312
1.324

-0.012

13

1.021
1.018

0.003

14

0.590
0.582

0.008

15

0.860
0.860

0.001

16

0.742
0.735

0.008

17

1.413
1.422

-0.009

18

1.263
1.271

-0.007

19

0.981
0.981

0.001

20

0.742
0.735

0.007

21

1.309
1.318

-0.009

22

1.305
1.306

-0.001

23

0.774
0.767

0.007

24

1.413
1.422

-0.010

25

1.305
1.306

-0.001

26

Serpent (keff = 1.00069)

DYN3D  (keff = 1.00146)

difference (d.keff = 77 pcm) 1.312
1.324

-0.012

27

1.263
1.271

-0.007

28

1.021
1.018

0.003

Max deviation 1.2%, RMS = 0.7% 
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Serpent vs DYN3D

Preliminary results in 4G

Max deviation 1.2%, RMS = 0.6% 

1

0.632
0.628

0.004

2

0.474
0.474

0.000

3

0.859
0.855

0.004

4

0.887
0.888

-0.001

5

0.679
0.684

-0.005

6

1.211
1.219

-0.008

7

1.230
1.231

0.000

8

0.749
0.748

0.001

9

0.590
0.592

-0.002

10

0.981
0.979

0.002

11

0.774
0.781

-0.006

12

1.312
1.321

-0.009

13

1.021
1.010

0.011

14

0.590
0.592

-0.002

15

0.860
0.859

0.001

16

0.742
0.747

-0.005

17

1.413
1.415

-0.002

18

1.263
1.257

0.006

19

0.981
0.979

0.002

20

0.742
0.747

-0.005

21

1.309
1.315

-0.006

22

1.305
1.293

0.012

23

0.774
0.781

-0.007

24

1.413
1.415

-0.002

25

1.305
1.293

0.012

26

Serpent (keff = 1.00069)

DYN3D  (keff = 1.00064)

difference (d.keff = 5 pcm) 1.312
1.321

-0.010

27

1.263
1.257

0.006

28

1.021
1.010

0.011
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Summary

• Issues with Serpent full core modelling
– Relatively high deviations on periphery, despite high flux
– Slightly tilted power and fission source distribution
– UFS does not help
– Probably, problem is only relevant for cases without feedback

• Very satisfying agreement between Serpent and DYN3D 

• Issues with XS
– XS for rodded assembly in reflected single assembly fails
– Serpent diffusion solver (for ADF) has problems in multi group 
– Proper critical spectrum correction might improve results 

• Future work
– refine baffle model and evaluate influence 
– Apply CMM for diffusion coefficients
– compare DYN3D with Serpent (nodal and pin-wise)
– solve full power and burnup exercises with coupled Serpent-TH  
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Thank you!


